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Assembly 

To provide for efficient and high-quality assembling, the design 
of connections, units and assemblies must satisfy the followirlg con- 
ditions: 

(1) full interchangeability of parts and units; 
(2) elimination of the fitting together of parts during assernbly; 
(3) easy access for fit,ter's tools; the possibility for using power 

tools; 
(4) principIe of unitized assembly, i.e., connection of parts into 

primary subunits, subunits into units and units into assemblies, and 
mounting the assemblies on the machine. 

Should these requirements be fulfilled, the mariufacturing pro- 
cess can be organized along the lines of parallel and simnltaneous 
performance of operations, a cycle of constantly repeated operations 
allotted to each workplace and the process of assembly mechanized. 
In large-lot and mass production progressive assembly can be effec- 
ted, if these requirements are met. 

The interchangeability of parts is ensured by specifying proper 
tolerances and limiting form deviations (nonparail~lism, nonper- 
pendicularity, etc.). The grades of fit are selected depending on the 
conditions in which connections are to operate. The required grade 
of accuracy is established by a dimensional analysis which verifies 
the operating ahilit y of tlte joint when clearances (interferences) in 
the joint have extreme values. 

Sometimes operatir~g conditions rcqilire that clearances (interfe- 
rences) be maintained within Iiarrower limits than those obtainable 
when the mating parts are machined even to the first grade of accu- 
racy. 

Thus, joints assembled by heavy drivc fits to ordinary grades of accuracy 
will not be strong enough in the event of unfavourable combinatjons of sizes 
(holes machined to the maximum plus tolerance and shafts, to the minimum 
plus tolerance). In the reverse case (holes machined to  the nominal size arrd 
shafts, to the maximum plus tolerance) excessive stresses arjse in the parts 
being connected. 

When a pin is inserted into piston made of an aluminium alloy, the initial 
(cold) &arance between the piu arid the bosses of the piston sharply increases 
at the working temperatures due to the  high linear expansion coefficient of 
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a l ~ ~ r ~ ~ i r ~ i n m  alloys, rvhich may cawe darllagu t t r  the joint. This r~~:iht,s i t  nrcrls- 
sary to f i t  the pins into the holes of the br~sses n i t h  ark initial interlr~rrnee whirh 
disappears with tIlc h ~ a t i ~ l g  of the piston wid is replaced by a clcurnnce of the  
ruquircd size. Calculations show that s ~ c 1 1  a narroit field of tcllerances rrlust 
be adopted for the diamcters of thr pill and  h o l ~ ~  that can hardly be nbtairled 
vrPr1 with t he  first gradr: of accuracy. 

I n  such cases selectice ussembly is oftell emplol-ed. Parts are divi- 
ded into several groups depending on the amourlt of deviation from 
the nominal size of the parl.  During assembly, i t  is common prac- 
tice to connect a~t ly  the parts of suc11 groups which in  combination 
with each other provide the required amount of clearance (interfe- 
rence). I t  stands to reason thal the principle of interchangeability 
is violated in this  case. The need for breaking in advance the parts 
in to  dimensional groups complicates and retards the productiorl 
process. 

For joints of thib kind i t  is e ~ p t d i r n t  t o  introrluce :r higher (preclsiori or zero) 
grade of accuracy. Thc presmt-(lay lnulhods c ~ f  finish 1nat.hining (precisior~ 
grinding of shafts, lbrrtaching and honing r ~ f  holes) allml- d i l~~ens ion ;~ l  accuracies 
r)f 0.5-1 pm to 1 ) ~  obtainturl, which is  rnough for the joints rvllich arc now assemb- 
led by the selective method. The highrr rusts oI machining \ ~ o u l d  be compcnsa- 
I r d  for by the s~mplcr  and clieapcr assembly. 

Much att,crltion should be giver1 to the elimination of matching 
and finishing operations during assembly, and the mounting of parts 
and units in posit,iori with individual adjustment of their rnutnal 
arrangement. Matching means bench fitting or additional machi- 
ning, which slows down the ass~mbly ,  impairs its quality and makes 
the parts na longer interchangeable. Malching operalions are, as a 
rule, very laborious. They rcquirc a prclirninary, sometimes repea- 
ted,  assembly of units, measurements, testing the fr~nctioning of 
each unit, and subsequent disassembly to introduce the necessary 
corrections. Every disassembly-assembly operalion also irlvolves 
the washing of parts. 

Parts  i n  a correctly designed unit should be made to such an accu- 
racy as would p r o ~ i d e  for t,he unit assembled from any components 
supplied from the finished parts store to he capable of operation. 
The position of parts i n  a unit,  and of units in an assembly or a ma- 
chine should be determined by locating surfaces arid elements machi- 
ned in advance. 

Evcn today manual operations, s11c11 as the lapping oI parts in the joints 
where high t,iyt~tness is required (fitti r~g of taper valups, plug cocks, flat. diutri- 
butor slide valves, plurlgers and r:ylindricaI slidc \ alves, ctc.) are madu use 
uf w h t : ~ ~  ;issembling some joints. Lapping is also utilized ior heavily Inaded 
taper joirits t o  urlsure a clvse eautact and prcvcilt the cold hardening and brc:~k- 
ing of the  sea t i r ~ g  surfoccs. Lapped parts arc nut intprchange;~ble bec,ause they 
art3 lapped in  pairs. 
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l l u n c ~ r r ,  hcrc too, rnonunl oprrations can be ~r~echa~i i zrd  not only at the 
p~cllrninai-y but also at the final stag<,? nf machining. For uxa~riplr, the laborious 
oppmtion of lapping together the Ilat surfaces ot inctaI-to-nlutal joints is repla- 
c15d l)y a nicc~~anicnl  lapping of each surface to a staudord plate to make the 
mating parts interchangeablr.. 

1.1. Axial and Radial Assembly 

Thp assembly pattern of a unit largely affects its design and ope- 
rational propcrtics. 

For i l n i t s  with longiludinal and transverse axes of symmetry the 
following two basic assernbly pattcrns m a y  be adopted: axial! assem- 
bly wherein the parts of a unit ape joined in the longitudinal {axial) 
direction, and radial as- 
sembly wherein the  parts 
are connected in the tran- 
sverse (radial) direet,ion. 
Will1 the axial assembly 
the  joint,ing planes are 
perpendicular t o  the longi- 
tndinal axis. and in thc 
case of thc radial asserribl y 
t hcy pass t,hrough this axis. 

Figurc 1 shows by way 
of exarlrple the assembly 
of a gear shaft in a hou- 
sing. The axial assernblv 
is presented i n  Fig. l a .  TI). 
llo and its as Fig. I. 11s~ernbly nl  gear shaft into housing 

well al the  bearing bushirigs 
accommodated therein, are solid. The shaft is in-qerled into the 
housing axially and locked by the cover which is cc l i t r~d  with 
respect to the housing by means of a cylindrical shoulder. 

In the case of the radial assernhly (Fig. I b )  t h e  honsir~g and the 
hushiilgs are parted along the longitudinal axis. The shaft is fitted 
inlo one half of the housing and covered by the other half. Both hal- 
ves of the housing are located with respect t o  each other by adjus- 
t ing pins and clamped by trarlsvcrse bolts. 

Figure Ic  illuslrates a corrlbined radial-axial assembly. In this 
case the housing is split and the cover. solid. 

A multi-step centrifugal pump (Fig. 2) may be lake11 as an example 
to show the advantages and sltortcornir~gs of the axial and radial 
assembly. 

In  the design consistently following-the principle of axial assem- 
bly (Fig. 2a) the  housi~lg of the pump is made up of a number of sec- 
tioris carrying dilfusors 1 and diaphraglns 2 with guide vanes 3. The 
uriil is ass~mbled  by slackiiig i rnpel l~rs  on he shaft (preliminarily 



Fig; 2. Issurnhly uf multi-step ccntrifugai Ilrlrnp 
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placed into the bearing of thc rear cover) consecutively in all the 
sections, the sections being individually bolted together. The as- 
sembly ends with the tightening of the impellers by a nut on the free 
end of the shaft in the front-cover bearing. 

With a purely radial assembly (Fig. 2b) the housing consists of 
two halves parted in the plane of the shaft. The casings of the bea- 
rings and guide vanes 3 aro cast integral with the pump housing. 
Diffusers I are also parted. The diffusor and guide vanes are butted 
together in the parting plane of the pump housing. The pump is as- 
sembled i n  the following order. The impellers are stacked and clam- 
ped on the shaft, the assembled shaft is installed in the bearings in 
the lower half of the housing and covered by the other half after 
which the housing halves arc tightened by internal and side bolts. 

A comparison of the axial, and radial assembly patterns leads us 
to the foilowing conclusions, common to multi-step units. 

In the case of the axiaI assembly i t  i s  easy to cast a sectional hou- 
sing and its machining is convenient. The surfaces being machined 
are open to view, accessible for cutting tools, and can easily be meas- 
ured. Since the machining is performed on continuous cylindrical 
surfaces, high-speed methods can be employed t o  make individual 
compartments. 

The design as a whole is highly rigid, and its intesrlal cavities 
are sealed off well. 

The shortcomings of the axial assembIy are as follows. 
1. Complicated assembly of the unit. I t  is difficult t o  check and 

adjust axial clearances, particularly the face clearances between 
the impellers and the back surfaces of the diaphragms primarily 
because the shaft is secured only in one bearing at all assembly sta- 
ges, including the  final stage. Correct clearances can be maintained 
either by means of special fixtures or by increasing the accuracy of 
the axial dimensions of the structural dements. 

2. Complicated inspectior] of the interrial members, because all 
the preceding stages have to  be dismantled to opcn any one stage. 

r *  I b e  radial assembly is opposite in its advantages and shortcom- 
ings to the axial assembly. I t  is difficult to make thc housing com- 
prising two massive castings, and its machining is intricate. The 
interhnal cavities are machined cither by an opcn method, i .e . ,  sepa- 
rately in each half of the honsing with their subsequent matching, 
or by a closed method when the halves of the housing are assembled 
by means of set pins, with t he  mating surfaces being finish machi- 
ned earlier. Either method requires special tools, measuring instru- 
ments and highly skilled personnel. 

Since the housing sections are not symmetric, the housing has 
unequal rigidity. The rigidity is less in the jointing plane and lar- 
ger in the direction perpendicular Lo it. As the structure is weake  
ned by the  longitudinal parting, thc sections of the  housing walls 



have to be increased, which makes the unit heavy. The housing cavi- 
ties are in need of carcful scaling along thc shaped jointir~g plane 
without disturbing the  cylindrieity of the int crnal machined surfa- 
ces. This is usually attained by lapping together the mating surfa- 
ccs and using jointing compounds. The diffusor and gilide varles 
have to be matched i r t  the jointing plane, or orjr has to  us^ sets of 
stacked vanes which arc individually installed in to  the annular re- 
cesses of the housing. 

On the other hand, assembly and disassembly arc extremely con- 
venient. During assembly the shaft with the impellers fitted the- 
reon previously is placed into the bearings of the lower half of t he  
housing. The axial clearances can thus be easily measused and pro- 
perly adjnstctl. The internal cavities of the unit can likewise be 
easily inspected. The removal nf Ihe upper half of the housing re- 
veals the internal spaces of the unit and  providrs free access to a l l  
t h e  parts installed in tile housirlg. 

I t  follows thereforbe that the axial assembly is mow snitable when 
a strong and light design is required ( t~ansport ing machines) and  
a few operational inconveniences may be allowed. If the mass of 
the construction is not important and higher manufactnring costs 
may be allowed t o  make assembly and ope~a l ior~  more convenient, 
the radial assembly is used. 

Varioils cumbinalions of the clerner~ts of the axial and radial as- 
sembly patterns are in common use. 

I n  the radial assembly (Fig. 2c) lo makc the casting process easier 
the housing halves are assembled of separale hall-rings clamped by 
fitted longitudinal bolts 4. The housing halves thus assembled are 
machined together on the parting surfaces and f ~ ~ r l h e r  the clamping 
l ~ o l t s  are not rcrnoved. Thc shortcomings of the dcsigi~ are tkc increa- 
sed volume of machining operations and a larger number of burrs 
perpendicular to each other. 

In  the design shown in Fig. 2d ,  diaphragms 5 are made separa- 
tely, each of the two l~alves bcing bolted together with the use of 
set pins arid fittcd into thc split honsing. 

In the combined radial-axial assembly (Fig. 2e) t h ~  middle pol3- 
tion of the  housing consists of two halves that  can be detached along 
the axis of the shaft. Front (6) and rear (7) covcrs carrying the bea- 
rings arc attached to  the end faces of the housing. During assembly 
the shaft with the impellers is placed into thc lower housing to  which  
thc covers are afterwards attached, and the shaft is centred in the 
bearings. Then, the upper half of the housing is mounted and the 
upper bolts of the covers are tightened. Dnring disassembly for 
inspection the covers remain screwed to the lower half of t h e  
housing. 

With such a design the manufacture of split llousings is simpler 
and assembly and disassembly are as convenient as before. 
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In  the combined assembly (Fig. 2f )  each diaphragm 8 is made up 
uf two halves and inserted into Lhe solid housing together with  the 
shaft and the irnp~llers  according to t.he axial assembly principle. 

The assembly pat lerns of a singlc-step reduction gear in which 
the axes of the gcars arc arranged in a horizontal plane are illustra- 
ted in Fig. 3. 

In the axial assembly (Fig. 3a) the presence of the base docs rlot 
allow t . 1 ~  housing to  be split along the axis of symmet.ry. The gears 

Fig. 3. Iissernbly of single-ctep redurtion gears 

are mounted in the wall of the  housir~g on one side, and on llle other 
i n  its detachable cover I localed on ihe  housing by set pins. The 
design provides for the convcnier~t n~acl~inir lg of the  housing.  11s 
distinct from multi-step units, inst allation is also convenient. Ins- 
pection 11ole 2 is used to check the meshing of the gears and irisp~ct 
the  jnt eriors of the reduction gear. 

In  the radial assembly (Fig. 3b) thc  hol~sing consists of two par ts  
joined i n  t 1 1 ~  plane of the gyar axes, the  parls of the housing being 
fixed with respect t o  each other by set pins. Like other radial as- 
scrnblies this design is difficult to  machine. The seaiing lloIes to re- 
c e i ~ ~  the shaft bearings are machined in the assembled housing, the 
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mating surfaces of the housing halves being machined previously, 
or individually in both halves with the subsequent finish machi- 
ning of the jointing surfaces. The'latter mathod is moro complica- 
ted than the former one. 

The sealing of the joint involves some difficulties. Elastic gas- 
k e t , ~  must not be used lest the cy1indricit.y of the bearing seats 
should be spoiled. The mating surfaces should be lapped togat.her and 
sealed with jointing compounds. I t  is especially difficult to seal off 
simultaneously the flat joint and the external cylindrical surfaces 

Fig. 4. Detacllirig the housing of rotory machine 

of the bearings (if t,he bearing bushings are solid). An inspection hole 
should be provided in the housing lost  the joint should be distur- 
bed during operation. 

In this case the axial a.ssombly is preferable. It allows easy ma- 
chining and good installation. 

In the combined radial-axial assembly (Fig. 3c) the shafts of the 
gears are supported in the walls of the housing provided with a cover 
having its parting plane arranged above the bearing seats. 

The assembly takes the following course: the gears are introdu- 
ced in to  the housing, the shafts are passed through one of the bea- 
rings and through the gear hubs (the shafts should be stepped) and 
the gears arc fastened to  the shafts. This design is much better than 
the previous ones because of simpler machining and more stable 
position of the shafts in the housing though the installation i s  more 
difficult. 

Figlire 3 d-f shows a reduction gear with gears arranged in a ver- 
tical planc. The axial (Fig. 3 4 ,  radial (Fig. 3e) and radial-axial 
(Fig. :<.f) assemblies have respectively the same advantages and short- 
comings as the designs shown i n  Fig. 3a, b and c, the only difference 
being that the shortcornings of tlle radial assembl>- arc here more 
evident due t o  the presence of two butts. 

Sometimes the pattern of assembly is unambiguously defined by 
the design of the unit. Thus, the axial assembly (Fig. 4a) is out of 
the question in the case of a stationary rotary machine mounted on 
a foundation, because it would be necessary to remove the machine 
from its fouridation to inspect its internal mechanisms. Only the 



I.I. A x h l  and Radial Assemblu 17 

radial assembly (Fig. 4bj or the 1iruitedIy combined assembly (Fig. 
4c artd d)  is possible in this  case. 

I t  is practically impossible to use the axial assembly for crank- 
sliafts of multi-cylinder piston engines because of the shape of the 
shafts and t he  installation conditions of the split ends of the con- 
rlccti~lg rods. 

The radial assembly is not always possible for cup-type parts 
such as impellers (Fig. 5). The design illustrated in Fig. 5a can be 
assembled only by the axial method 
because the radial assembly of the hou- 
sing is impeded by the projection (by 
amount  m) of the impeller disk with 
respect to the housing hubs. 

For the radial assembly the hub should 
be shortened (Fig. 5b) and an axial clea- 
rance s left between the impeller and 
the hub. 

In most cases several assembly ver- 
sions may be utilized. The task of the 
designer is to select the one most sui- 
table for the given conditions of opera- 

(0) 
lion. ibl 

Let us discuss the methods of the ~ i ~ .  5.  Assrmbly of er,clo- 
radial and axiaI assembly of a standard sed impeller 
gearbox (Table 1). 

All the radial assembly versions (drawings 7-4) fully ensure uni- 
lized assembly, allow convenient gear engagem~nt checking and 
adjustment of the gear positious with respect to  t h e  adjacent parts. 

IIowever, manufacture is more complicated. The joint bctween 
the  housing halves must be thoroughly machined and the seating 
surfaces and their end-faces machined conjointly in the assembled 
housing halves. Soft sealing gaskets in the joint must nover be used 
lest the fit of the bearings in their seats should be spoiled. The par- 
ling weakens the housing, and its rigidity has to  be increased by  
making the walls thicker, employing ribs, etc. The pattern can only 
be applied if the axes of the other gears of the drive are also arran- 
ged in t h e  parting plane. 

The axial assemblies (drawings 5-19) are more simple to manu- 
facture. The strength and rigidity of housings are as a rule higher. 
In  mechanisms with multiple gears the gear axes map be located 
in different planes. The centre distance between the adjacent gears 
is restricted in some designs (drawings 8-11), 

Mounting is more complicated in the systems of axial assembly. 
I n  both systems inspection holes erisure convenient servicing du- 

ring operation (drawings 2-4, 8-19). 
- - 

2 - 01658  
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Table l 
Cluster Gear Assembly Patterns 

Radial assembly 

t 

The partin plane of the housing 
passes tbroug% the axis of the cluster. 
The bearings of the shaft with assemb- 
led gears are placed on the seating 
surfaces of the lower half of the hou- 
sing and covered by the upper one 
which i s  located with respect to the 
lower half by set pins. The left-hand 
bearing is fixed by cover a, the right- 
hand bearing is floating. 

The upper half of the housing is 
located with respect to the lower one 
by the outer bearing races. The right- 
hand bearing floats on the shaft. 

The shortcornin of this design i s  
that it is impossi%le t o  through-pm 
machine bearing seating surfaces. 

The haIvcs of the housin arc loca- 
ted with respect ta each otfer by the 
outer bearing races and rings b. The 
right-hand bearing floats on the shaft. 
The hearing seating surfaces can be 

through-pass machined. 

The halves of the housing -0 l ~ -  
with respect to each 0 t h  by 

the bearing races and covers c -  The 
design may be applied when the dis- 
tance between the bearings is not too 
large. 
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Table 1 (continued) 

Axial assembly 

The detachable mall d is located 
with respect to the housing by set 
pins. During assembly the cluster is 
installed with its right-hand bearing 
into the housing and covered by the 
detachable wall (lock ring e of the 
bearing should first be removed) af- 
ter which the cluster is secured by 
cover f. 

The shortcomings of the design are 
the reduced rigidity of the housing 
and the position oE the soaIing gasket 
below the oil level. 

The cluster is secured in the axial 
direction by the bearing in the hous- 
ing. 

Another design version (suspended 
housing). 

The housing (drawing 8) has a hole with a diameter exceeding that of the 
larger gear. The cluster is installed in cover g and inserted into the housing 
(drawing 9) .  

The centring surfaces in the housing are machined in one operation. 
The diameter of the cover restricts the arrangement of adjacent gears in the 

gearbox. 
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Table I (continued) 

I 

The cluster is fixed by the bearing arranged in the housing. Thc hoIe in 
the cover is intended for f,he through-pass machining of the seating surfaces. 

The largcr gear i:: insertrd through the upper hole in the housing (drawing 12) 
and the shaft carrying the ~ ~ n a l l e r  gear is pass~d through it after n-hieh nuts h 
are tightrncd and the cluster is secured with rovrr i (drawing 13). 

I f  the diameter of the 3maller gear exceeds that of the bearing seat, both 
gears are inserted into the  housing from abor-e (drawing 14). 

When gears are mounted on bhe shaft on sliding-contact bearings, the assemb- 
ly is cvmmonly done by paasing the shaft through the gears (drawing 15). 
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4 Table I (continued) 

I .  
The shaft assembled with the gears is inserted in an inclined position through 

the upper hole in the housing (drawln 16) and turned, after which the bearings 
arrl mounted and the cluster is ierurcf with the cover (drawing 17). 

The cluster eorupletu with thc bcarings can also be assembIed by the same meth- 
od (drawing 18), i f  the bearings are mounted in intermediate bushings j (dra- 
wing 19) and the upper hole is somewhat enlarged. 

1.2. Independent Disassembly 

The assenlbly pattern should be selected so as t o  ensure a conve- 
nient inspection, checking and adjustment of the units. The remo- 
val of a part or unit should not  disturb the integrity of the other 
units to be checked. 

The gear shown in Fig. 6a is obviously mounted unhappily. The 
gear is locked by nut 1 also serving t o  fasten the stud shaft in the 
housing. The entire unit has to be disassembled t o  remove the gear. 
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In the improved design (Fig. 6b)  the shaft and the gear are secured 
separately, and the gear can be t,aken off without removing the shaft. 

In  the fastening unit  of a bearing (Fig. 6c) the cap and the bot- 
tom member are clamped by through bolts. The bearing falls apart 
as soon as the cap is removed. In  the design shown in Fig. 6d the 
cap and the bottom member are disassembled separateIy. 

Figure 6e shows a bevel transmission to  a camshaft. The bottom 
members of the bearings are made integral with the frame and the 

Fig. 6. Assembly patterns 

caps form a single whoIe with the housing of the frame. When the 
housing is removed, the shaft remains in the lower half-liners, and 
i t  is impossible t o  check the operation of the unit. 

It is better to make the housing of the frame independent and 
fasten each cap to the bearings separately (Fig. 6f). After the hou- 
sing is removed, the entire mechanism is open to inspection. Apart 
from convenient disassembly, this design makes i t  easier to accu- 
rately machine the bearing holes. 

1.3. Successive AssembIy 
When several parts are successively mounted on a single shaft 

by an interference fit, one-diameter fits should be avoided (Fig. 7a, 
c and e). The mounting and dismantling grow in complexity beca- 
use the parts have to be moved over the seating surface, and there 
is a hazard of damaging it. In  such cases i t  is more expedient to em- 
ploy stepped shafts with the diameter of the steps increasing suc- 
cessively in the direction of assembly (Fig. 7b,  d and f). 

I t  is especially difficult to asscrnble a large number of parts on 
long shafts with a heavy drive fit (Fig. 8a). The assembly can be 
facilitated by heating the parts to  be fitted on to a temperature that  
allows them to  be freely mounted on the shaft (although this ope- 
ration complicates the assembly). This cannot be done during disas- 
sembly. 

A correct design with a stepped shaft is shown in Fig. 8b. 
If there are many steps, the standard shaft diameters have to  be 

relinquished and individual dimensions introduced to prevent ex- 
cessive increases in the diameter of the last steps of the shaft. The 



Fig '7. Assembly with several seating collars 
a. c, e-wrong; b ,  d, f-correct 

Fig. 8. Pitting of axial compressor disks 
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diffc~cnce belwecn the diameters of the steps is reduced in this case 
to the minimum (about several tenths of a millimetre) enough to 
f i t  the parts on easily. 

It is better if the assembly is effected from both ends of the shaft  
(Fig. 84. In this case the shaft and t h e  hubs can be machined milch 

Fig. 9. InslalIation x j th  two seating surfaces 

easier. The number of nominal diaructers and the range of special 
cutting tools (rcan~er~.  broaches) arid measuring tools (snap and plug 
limit gnnges) are halved. 

If parts are n l o u n t ~ d  on a &aft by a slide or easy slide f i t ,  i t  is 
good practice to  l ive a smooth shall. This also refers to spline-fit- 
ted eonr~eclions (Fig. 84: stepped tlinmeters make the manufacture 
of the un i t  much more difficult since each hub requires special bro- 
aches, and  special hob cutters are needed for each step of the shaft 
when c ~ n t r i n g  i s  done from the internal diameter of the s p l i n ~ s .  

W h ~ u  a s s ~ m b l i r ~ g  parts having two seating surfaces, the parts 
shouId be fitted into their seats locating in a proper s e q t ~ ~ n c e .  Jf 
the part first fits into  tlte first seat (in the direction of motion) ant1 
a clearance m (Fig. 90) remains between the end face of the part end 
the second seat, the inevitable skewing of the part hampers its pro- 
per irlstallation, and even makes it a l t oge th~r  impossible when hea- 
vy drive fits arc employed. A11 the seating surfaces of a part (Fig. 
9b)  should never come i n  to contact with their mating surfaces sim u1- 



taneously. Correct designs are ilIustrated in Fig. Oc. The part 
should first fit into the  second seat to a distance n (2-3 mm) enor~gk 
to  guide i t  properly, and then into the first seat. 

1.4. Withdrawal Facilities 

Such facilities must, bc provided ~ ~ i t h o u t  fail in interference-fit- 
ted connections, in connections using sealiug cornpolulds or  haying 

Fig. 10. Withdrawal facilities 

parts difficult of access, and also in conrl~ctions operating ~ l r ~ d c r  
cyclic loads when cold h a r d ~ n i n g  and frictional corrosion may oc- 
cur. 

Disassembly is made much easier if parts are designed with beads, 
flanges, threaded surfaces and holes, etc. 

Figure 10 shows a bushing inferferaence-fitted into a frame. The  
design shown in Fig. 10a is difficult to disassemble. The dismant- 

Fig. 11. Withdra\\,al facilities lor tightly fitted hubs 

ling process can be facilitated by increasing the height of flange m 
(Fig. l ob ) ,  by introducing annular clearance h (Fig. 10c) or recess 
g for a withdrawal tool (Fig. 10d) between thc flange and the liou- 
sing, or  by providing threaded holes for puller screws either in t.he 
bushing (hole s in Fig. 10e) or in the housing (hole t i n  Fig. 10f). At 
least three threaded holes spaced (at 120") are necessary to remove 
t,he part without skewing. 

Figure 11 shows withdrawal facilities employed to pull tightly 
fitted hubs off cylindrical surfaces. 



Fig. 12. Withdram1 facilities in  standard machine clcmcnts 
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The hub in the designs in Fig. 11 a and b is provided with a thread 
for a puller. In Fig. I l c  and d the circlips introduced into the hub 
serve as pullers. 

A system of differcntial threads is shown in Fig. I le  and f. The 
clamping nut has two threaded surfaces each with a different pitch. 
As the nut is unscrewed, the hub is removed from the shaft. 

Figure 12 illustrates some examples of withdrawal facilities (des- 
ignated by figure I) incorporated into the design. 

It is practically impossible to replace the press taper-fitted valve 
seat in the design shown in Fig. 12a. The joint can be made deta- 
chable if the hole in the body is enlarged with respect to the seat 
edges (Fig. 12b) or the seat is 
provided with an internal ta- 
per (Fig. 12c). Then, it bcco- 
mes possible t o  press out the 
seat by applying a force to 
the top of the seat. 

Stuffing-box glands (Fig. 
12d) frequently jam because 
the packing is  forced into the 
clearance between the gland 
and the shaft. A stuck gland 
can be removed from the box 

(b) 
orlly if a withdrawal means, 
in the form of a flange (Fig. 1%) Fig. 13. Hydraulic witlidrawal 
for example, is provided on 
t i l e  gland. 

The best method is to install a lock ring in the gland nut (Fig. 
12f) .  In such a design the gland leaves the box as the nut is unscrewed. 

A bushing press-fitted into a hollow shaft is shown in Fig. 12g 
and h. In Fig. 12g the bushing can be pressed out only by damaging 
i t ,  for example, if a threaded taper rod is screwed into i t .  In Fig. 
12h the bushing can be forced out by pressing against its end face. 

Other examples of wrong and correct designs are illustrated in 
Fig. 12i and j (press-fitting of a pin) and k and 1 (installation of a 
swirler in an injector). 

Some methods to ease the dismantling of hubs are presented in 
Fig. 12m and n. The hub in Fig. 12m is provided with holes for a 
puller. In Fig. 12n (a hub mounted on centring cones) the flange of 
the clamping nut is inserted into an annular groove in the split cone. 
When the nut is unscrewed, it  first draws out the cone which then 
thrusts against lock ring 2 and takes off the hub. 

Lips (Fig. 120) or holes (Fig. 12p) for tongs are used to facilitate 
the removal of circlips fitted into holes. 

Figure 12q shows a feather key provided with a tapped hole for 
a puller screw. 



Of Inte, parla aswmbled by heavy drive and wringing fits arc ta- 
ken apart h y  a I~ytlraulic method (Fig. 130) whereby oil at a pres- 
sure of 1,500-2.060 kgf 'crnVs supplied to the mating surfaces. 

TIlc hydraulic n ~ ~ t h o d  of forcing a bushing out of a blind hole is 
i l l~~strated in Fig. 13b. A plunger is inlradttced into the bushing 
bore previously fillcd with oil. When a force produced by a press 
is applied to the p l ~ ~ n g e r .  the pressure developed in the oil layer for- 
ces the  bushing out of its seat. 

1.5. Dismantling of Flanges 
Considerable diffici~fties are frequeiltly met with when disass~m- 

bling large-diameter flanged joinls sealed off by means of gaskets 
or jninfinr compounds, clr 

operating at increased tpmpc- 
ratnres, becalise the jointing 
snrhfaees stick to get he^. The 
simplest withdrawal means for 
eucli Flanges are illustrrttetl in 

-@ 
Fig. f4 r * . ~  of the f1.ng.s 
(Pig. Ida-cj is provided u-ill! 
projections or recesses (ilsually 
three, spaced at 120") which 

(cj <- allow axial forces to IN applief~ 
to detach the flanges. Figure 
14d-f shows designs with pro- 
jections or recesses on both 
flanges which can he taken 
aparl with a screw driver i r i -  

sertcd between the flangcs. 

(fS 

Fig. i4. Withdrawal facilit.ies for flan- Fig. 15. Separation 01 llanges by 
ges nlearls of pressurr bolts 

Better withdrawal facilities are preserlted in Fig. 15. Three Ilirca- 
ded holes spaced a t  120" are made  in orle of the flanges. The flanges 
are separated by means of pressure bolts (Fig. 15a) screwed into the 
Iroles. The crushing of the jointing surface (especially in parts made 
of light alloys) is prevented by hardened inserts installed under the 
ppessure bolts (Fig. 156). Tlie lloles for the bolts are reinforbced with 
threaded bushings. 
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1.6. Assembly Locations 

The posit.ion of parts during assembly should unambiguously be 
determined by assembly locations. Any uncertainties i n  design when 

1 

Fig. 16. Locking of parts* during as- 
sum bl y 

--- the fitter has to carry out  ihe 
assembly according to his own 
ideas should never be permitted. 
Undesirable are also designs re- 
quiring adjustment or matching 
of parts during assembly. As- . , semblg errors committed in ma- 
rlufacture can be revealed through 
quality control. But in actual 
service, especially if the machine 
is handled by unskilled personnel, 
there is no guarantee of its being 
assembled correctly. 

Any uncertainty in assembly 
inrolvcs more labour and time to 
correct the faults and reduces 
thc  cfficiencg of the assembly. 
The quality of the  assembly in 
this case depends mainly on the 
skill of fitters. 

An example of a wrong design i s  shown in Fig. 16a. The gear is 
tightened on the shaft from both ends with two annular nuts I .  In  
this design there is no location determining the axial position of 
the  gear and the shaft. Additional time is needed to adjust the posi- 
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tion of t.he gear when the unit is built or reassembled. An unskilled 
or careless fitter is likely to assemble t h e  unit wrongly. 

In the design shown in Fig. 1Eb a poor attempt is mado to secure 
the position of the gear. Locating bearing 2 is tightened against the 
shaft collar rn. The gear is  tightened so that it rests against the inner 
race of the bearing. I f  t,he locating bearing is tightened first and 
then the gear, the posit.ion of the gear is quite definite, but it isbalso 

possible tha t  the gear will be tightened 
first through bearing 3, and then through 
bearing 2. In this case the gear may be 
displaced from its nominal position. 

The correct design in  Fig. 16c has a 
rigid location in the form of shoulder n 
against which the bearing and the gear 
are tightened independently. The position 
of the gear and the shaft is properly secu- 
red and may vary only within the machi- 
ning tolerance limits. 

In  Fig. 16d an overhung gear is moun- 
ted in radial-thrust bearings clamped in 
the housing a t  both ends with annular 
nuts. There is no location and the posi- 
tion of the gear in the unit may vary 
within the stroke of the nuts. 

(a) In the correct design shown in Fig. 16e ' the gear is fixed in position by means 
Fig, 17. Mounting the bla- of a location (bolted-on washer 4). 
des of an axial compressor The radial position of the blades on 

the rotor of an axial compressor (Fig. i7a) 
is uncertain. The un i t  can be assembled correctly only with a spe- 
cial fixture used to adjust the blades t o  the same distance from the 
centre of the rotor. In the design in Fig. 17b the position of the 
blades is fixed by a location although i t  is unilateral. The con- 
centricity of the blades is maintained during assembly by thrusting 
their bases against the outer cylindrical surface of the rotor. The 
best designs are those in which the blades are rigidly fixed in both 
radial directions (Fig. 17c). 

1.7. Prevention of Wrong AmembIy 
Not infrequently errors in mounting parts, negligible at first 

sight and difficult t o  detect, may derange the operation of the as- 
sembled unit and even cause i t s  breakdown. In  such cases the cor- 
rect position of the parts in the assembly should never be indicated 
by means of marks, notches, etc. The only correct solution is t o  take 
proper design measures to ensure the assembly of the parts in the 
required position only. 
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In the bearing unit  shown in Fig. is the cap is located with res- 
pect to t h e  housing by two set pins I (Fig. I&). The error lies in the 
symmetrical arrangement of the pins: the cap may be turned thro- 
ugh 180" relative to its initial position and then installed; this will 
impair the cylindricity of the seat and the alignment of the end faces 
attained during previous machining on the assembled bearing. An 
asymmetrical arrangement of the pins (Fig. 18b and c)  prevents 
wrong assembly. 

In the sliding contact bearing presented in Fig. 18d the shells are 
installed in a split housing, the upper shell being held by oil-feed 
sleeve 2 and the lower one, by set pin 3, both having the same diame- 
ter. During assembly the lower shell may be erroneously installed 
a t  the top and the upper one a t  the bottom. The error can be preven- 
ted if the sleeve and set pin 3 have different diameters (Fig. M e ) .  

In the bearing unit shown in Fig. 28f-i the bush should be ins- 
talled so that the oil-feed hole in the housing coincides with the hole 
in the bush. I n  the design in Fig. f8f the bush may be turned by mis- 
take through 180" in which cise the oil-feed hole will be shut off. 

In the design in Fig. 18g wrong assembly is prevented by a check 
pin 4. A flat is provided a t  the oil-hole errtranee in the bush to allow 
for its lower positional accuracy. 

This can also be done by means of two diametrically opposite 
holes with flats made in the bush (Fig. 18h). 

The bush in the design in Fig. 18i is provided with an annular 
groove that feeds oil with the bush in any position. 

Figure 18j-1 shows cover 5 with a recess connecting two oil holes 
in the housing. The design in Fig. 18j is wrong because the cover 
may, by mistake, be mounted on the fastening bolts so that  the ho- 
les in the housing will be shut off. The unit will operate properly 
if the recess is made in the housing (Fig. 18k) and not in the cover, 
or if the recess in the cover is made cylindrical (Fig. 181). 

Figure 19a-c shows the installation of a flange with an inner mo- 
unting pad m. When the fastening bolts are arranged symmetrically 
(Fig. 19a) the pad is likely to be displaced from the required angu- 
lar position. This can be prevented either by locating the flange 
with a set pin (Fig. 19b) or by placing the fastening bolts in an asym- 
metric order. The displacement of a single bolt through an angle 
a = 5-10" (Fig. 19c) will be sufficient t o  ensure correct assem- 
bly. 

Figure 19d-i shows studs screwed into a housing. In the design 
shown in Fig. 19d the ends of the studs have the same thread, but 
the lengths of the threaded portions are different, and the studs 
may be screwed into the housing with their wrong ends. 

Various distinctive features such as different shapes of the stud 
ends, for example, making one end spherical (Fig. 19e) or elimina- 
ting the smooth portion on the other (Fig. 19n have little effect. 
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Fig. 18. Prevention of wrong assembly 
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Assembly will always be correct if the stud threads have d i f f e  
rent pitch (Fig. 19 g) or, better still, different diameters (Fig. 19h). 

Besides, the ends of a stud may be imparted the same shape and 
the same axial dimensions (Fig. 19i) in which case the position of 
the stud in assembly is indifferent. 

Tbe principle of foolproof m~embly precludes the possibility of 
errors, increases the efficiency of assembly operat ions and saves 

Fig, 19. Prevention of wrong assembly 

the fitter's time otherwise necessary to find the proper position of 
the part. 

Figure 191 shows a bush press-fitted into a housing. The bush has 
a slow entry chamfer c at one end for installir~g a rolling-contact 
bearing. In the case of wrong assembly the chamfer will be on the 
opposite side making it difficult to install the bearing. In the de- 
sign shown in Fig. 19k where both ends are chamfered the position 
of the bush during assembly is indiffcrent. 

Fastening nuts with only one chamfer (Fig. 19I, n) are unprac- 
ticable because the fitter must see to it that the nut is placed cor- 
rectly. I n  mechanized assembly such nuts delivered to the nut-run- 
ning tool must be properly oriented. Preference should be given to 
nuts with chamfers on both sides (Fig. 19m, o) which can bc fitted 
by either side. Also, it is not advised to employ washers of asym- 
metric shape (Fig. 191, m). 

In the oil-seal unit with split spring rings (Fig. 19p) seal I is 
asymmetric and must be installed in one position only. The uni t  
will not operate if thc installation is wrong (Fig. 19 g). I n  the de- 
sign in Fig. 19r the seal is symmetric and the unit will funct,ion pro- 
perly irrcsp~ctive of its position. 
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1.8. Access of Assembly Tools 

Fasteners should be easily accessible for assembly tools to facili- 
tate mounting and dismantling. A poor design is illustrated in Fig. 
20a (mounting of a V-belt drive pulley with a sealing gland). 
A wrench can approach the bolts of the neck bush only after the pnl- 
ley is removed from the shaft. In the design shown in Fig. 20b t.he 
error is corrected by removing the pulley to a distance s enough to 
apply a box-end wrench to the bolt heads. 

Fig. 20. Access 01 assembly tools 
a. d ,  a-wrong; L. c, f ,  g-correct 

The disk of the pulley in the design in Fig. 20c is provided with 
holes n to admit a socket wrench to tighten up the bolts of the neck 
bush. 

Figure 20d-g shows the cylinder fastening of an air-cooled engine. 
The design in Fig. 20d is wrong: clearance h, between the lower rib 
and the ends of the clamping studs that remains after the cylinder 
is fitted onto the studs is Iess than thickness It of the fastening nuts. 
This unit can only be assembled by a single, highly inefficient, meth- 
od: the cylinder is raised up by the studs (Fig. 204  and the nuts 
fitted on the ends of the studs are then tightened up in succession. 
For an effective assembly clearance h, should be provided between 
the lower rib and the end of the stud exceeding thickness h of the 
nut (Fig. 20f) or recesses na for the nuts made in the lower ribs 
(Fig. 20 g). 

Generally, it is recommended that the design should permit the 
use of socket wrenches for screwing nuts and bolts, because these are 
more convenient t o  handle, improve the efficiency of the assembly 
work, damage the nut flats to a lesser degree and enable the tighte- 
ning force to be increased. In mechanized assembly nuts and bolts 
are usually screwed with electric or pneumatic tools equipped with 
socket-type work heads. 

Some exampIes of design changes in fastening units to-make them 
suitable for mechanized assembly are presented i n  Fig. 21. 
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In the design in Fig. 21a the nuts can only be tightened with an 
open-ended wrench. Clearance s in the design in Fig. 21b permits 
the use of a socket wrench. The most convenient for assembly is the 
design in Fig. 21c wherc thc nuts are arranged on unobstructed sur- 
faces of t.he part. 

In the bracket fastening unit (Fig. 21 d) soclret-wrench tightening 
is only possible if the bolts are at a distance s (Fig. 21e) from the 

F i g .  21. Tightening up of nuts 

bracket boss or if they are 
arranged on the side op- 
posite to the bracket 
(Fig. 21f). 

I t  is difficult l o  reach 
the inner nut in the faste- 
ning unit of an elbow 
pipe (Fig. 21g) and i t  is 
impossible to use a socket 

wrench to tighten the nut. In tho design in Fig. 21h the error is 
corrected by turning the flange through 90" with respect to the pipe 
axis. The design in Fig. 21i where tho nuts are arranged above the 
pipe surface is still better. 

When nuis are arranged in confined places, minimum clearances 
for wrench application should be assigned that will suit the dimen- 
sions of standard nut-runners and their replaceable socket work heads. 

The heads of bolts should be locked against rotation during ti- 
ghtening, for example, by butting the hexagon against a shoulder 
(Fig. 22a and 6) by means of flats (Fig. 22~1, nibs (Fig. 22d), ete., sn 
that the head need not be held by a wrenchwhen the nut is tightened. 

I t  is just as important to prevent the axiaI displac~ment oE bolts 
being tightened and prevent them from falling out especially i f  
the assembly is carried out vertically. It  i s  unpracticable to lock 
the bolts by an annular stop (Fig. 22e) sincc the groove for the stop 
weakens the bolt. The designs in Fig. 22f and g are better. 

Slow entry chamfers on the cuds of fasteners will make nut engal 
gement much simpler when the tightcnine is done mechanically . 

3% 
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F~R. 22. Locking of bolts against rotation and axial motion 

1.9. Rigging Devices 

Large, heavy machine components and units should be provided 
with some rigging devices to ennbte them t o  be easily handled during 
assembly and trailsportat ion. 

Fig. 23. Suspension of parts in load handling 

If the shape of the machine permits, lifting slings and grips are 
attached t o  lugs or projections (Fig. 23a), fIangm (Fig. 23b), holes 
(Fig. 2%) or bars passed through the holw (Fig. 23d) available on 
the machine. 

If the machine has no such elements it must be equipped with 
eye-bolts. 

A machine or a large part may be suspended from one point only 
if its centre of gravity is low and the axis of gravity passes through 



the suspension point, i .e. ,  when the part is high and has a small cross- 
section (Fig. 23e). 

If a wide part is suspended from one point (Fig. 23f) it may get 
out of balance and topple oyer. Parts of such shape sholild be suspen- 
ded from at least two points (Fig. 23g). Low, wide and long parts 
must never be suspended from one or two points (Fig. 23h, i ) .  Such 

Fig. 2 4 ,  Rib'fiing bolts 

parts should generally be suspended from three or, better still, four 
points (Fig. 23j).  Cylindrical shaft-type parts are handled by means 
of rigging bolts screwed into threaded holes usually located at centre 
holes (Fig. 24a). 

Ring bolts (Fig. 24b) are most commonly used. Standard ring bolt 
sizes are selected t o  suit the acting load. 

Cylindrical cantilevered rigging bolts with necks for slings and 
grips (Fig. 24c) are employed for side mounting. Figure 24d shows 
a cantilevered sling bolt intended to carry a heavy load. 

Extrema care should bo taken when designing non-standard rigging bolts 
since their poor design may cause a machine to fall from the pulley blocks, thus 
breaking tho machine and pos ib ly  injuring personnel. Rigging bolts should 
have large margins of safety. The u s  oI cast rigging bolts should be avoided. 
The portions where the bolts contact thc lifting slings should be smoothly round- 
ed. 

1.10. Spur Gear Drives 

During manufacture, the quality of gears is controlled either by 
checking individual gear elements determining the correctness of 
engagement (tooth thickness, pitch, runout, to0t.h profile, etc.), 
or by testing the gears as a whole against a master gear in a double- 
or single-prof ile meshing (without or with backlash, respectively). 
In the latter case subject to evaluation are the kinematic accuracy 
of the drive, smoothness of run, backlash, and contact between the 
teeth. The master gear is made to drive the gear under test, which 
is being sIightly braked, first in one direction and t.hen in the other. 
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A recorder registers on a profilograph the doviations in the run of 
the gear undcr test as compared t o  that  of a calibrated reference 
gear also meshing with the master gear. 

The kinematic accuracy is determined by the value h F ,  showing the maximum 
variations in the angular velocity of the gear during one revolution (Fig. 25). 

This value nrimarilv indicat~s the run- . .. . . 

out of the hitch cilinder with respect - to  the locating surfaces of the gear 
df (journals, seating, holes). 
+ 

, 

Pig. 25. Engagement chart Fig. 26. Co~ltact between teeth 

The smoothnass of run is rsl imatcd hy the arithinctic mean vaIue of the 
cyclic errors durir~g one revolutiori ol the gear 

showing the composite error in the tooth thickness itch and tooth form. P The changc i n  the backlash depending on the ang e of the gear rotation is 
expreserd by the di slancr: r b e t w e n  the extremc points of the profilographs for 
the right- and lrft-hand rotations, which are separated from each other by 
distancc c,  equal t o  thr mean backlash value. 

Confact between the teeth is checked by applying a thin layer of a marking 
cornpourid (for example, Prussian blue) onto the teeth of the master gcnr, rota- 
ting the gears and then measuring thc gear-contact patterns on tho tceth of the 
gear being tested. Another method consists in coating the toeth of the gear under 
test with soot and ~neasuring the bright s o h  on the teeth after rotation. ! Tooth contact is characterized by i,hc re ative size of the gear-contact pat- 
terns (Fig. 26a): 

over the face width 
Q - zoo % 
B 

ovcr thc depth of tooth 
h 

-100 % H 

where a .= mean widt11 ol  the gear-contact patterns (minus interruptions) 
B = face width 
h = mean depth of the gear-contact patterns 

H = depth of tooth  
The displacement of the patterns towards the tooth t ip (Fig. 26b) s h o w  

that the diameter of the pitch cylinder is dccreased:and:their shift to  the root of 
tooth (Fig. 2 6 ~ )  shor\-s that the diameter is increased. Contact near the edges 
(Fig. 28d) indicates that  the teeth are wodge-shaped or misaligned. 
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USSR State Standard rOCT 1643-56 provides for twelve grades 
of accuracy in the manufacture of gears (the 1st grade ensuring the 
lowest and 12th grade, the highest accuracy). Each grade establishes 
the  norms of the kinematic accuracy, smoothness of run, quality 
of contact, and backlash variations. The choice of the grade of accu- 
racy depends on the purpose of the given gear and the conditions 
i11 which it will operate. The kinematic accuracy and smoothness 
of run are most important for high-speed drives, while the size 
and arrangement of the gear-contact patterns are of greater 
consequence for heavily loaded gears. The gears of general-purpose 
drives are usually manufactured to the 7th or 8th grade of accuracy. 

The operating ability of gears in a unit cannot be wholly deter- 
mined by individual tests of any kind. Apart from the inaccuracies 
registered by instruments, the operation of a drive is affected by 
the errors of the centre distances in the housing, inaccuracies in 
the manufacture of the housing bearings (misalignments) and the 
faults of the mating gear. Besides, operation under load significant- 
l y  changes the characteristics of run and contact in  view of t.he elastic 
deformation of the gear toeth and rims. Heating during operation 
appreciably changes the amount of backlash. 

As a rule, gears heat more during operation than the housing. 
If the housing is made of cast iron (whose coefficient of linear expa- 
nsion is about the same as in steel), the heating will reduce backlash. 
If the housing is manufactured from light alloys whose coefficient 
of linear expansion is much larger than i n  steel, backlash can increa- 
se.  

Example. Calculate backIash in the case of a east-iron housing (a = 21 X 104) 
and in that of a housing made of an aluminium alloy (a = 25 X 10-O). Given: 
the working temperature of the gears-10O0C and 01 the housing-50°C. The 
centre distance iu 200 mm. 

Bcating changes hacklash by 

AC = bA tan a (1.1) 

where Ad = differonce between the increase of the centre distance and that  
of the radii of the gears 

a = pressilre angle (for a standard gear system a = 20', tan a = 0.365) 
For the cast-iron housing 

i s . ,  backlash is apyreciabl y diminished. 
For the alurniniu~n huusi ng 

i-e., backlash i s  slightly increased. 
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Possible variations in backlash re~ul t ing  from the inaccurate centrc distance 
may ho found from the relation 

A'c = A'A tan cx 

where I ' A  i s  the tolerance for tbe centre distance. 
In the case of ordinary accuracy (A'A = r+_0.05 mm) 

Thus, in an unfavourable case (cast-iron housing and the centre distance 
to the minus tolerance) backlash may become smaller than the nomilla1 value 
by 0.04 + 0.018 c 0.06 mm. 

Except for the thermal ones, most of the other factors affecting 
the operation of gears are accounted for by checking the backlash 
between the teeth of the gears mounted in pairs in the housing. 

Backlash is commonly checked with a thickness gauge inserted 
into the spaces between the meshing teeth with the gears in several 
positions (within one revolution of the gear wheel). With this me- 
thod, free access to the engagement area must be ensured. If the 
access is difficult, backlash is determined by swinging one of the 
gears, with the other being fixed, with the aid of an indicator the 
contact point of which is applied to one of the accessible teeth in 
a direction tangential to the pitch circle. Measurements are taken 
with the gear wheel in several angular positions. 

In  designs having gears difficult of access backlash is measured 
by an indicator with a pointer secured t o  the free end of the gear 
wheel shaft. Backlash in this case is found by multiplying the mea- 
sured values by the ratio of the pitch cylinder radius to the arm of 
measurement. 

FOP a rough check-up, a thin lead strip is passed between the teeth, 
the thickness of the strip then being measured in sections correspon- 
ding to the engagement areas. 

The minimum amount of backlash determined by one of the above 
methods should exceed the possible backlash reduction due to hea- 
ting, on average, by not less than 0.05 mm. 

USSR State Standard rOCT 1843-56 establishes backlash values 
for each grade of accuracy. For medium-accuracy general-purpose 
drives backlash may be determined from the formula 

c = (0.04 to  0.06) rn 
where m is the module. 

Contact between the gear teeth is checked with a marking 
compound. The check-up will only be effective if it is carried out 
under a load equal to the working load. 

The possibilities for adjusting the engagement palameters of spur 
gears are limit.ed. Should the check-up reveal too small a backlash 
or unsatisfactory cont,act, an individual selection of gears is practi- 
cally the only method of obtaining the needed parameters. This 
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complicates the assembly. For this reason, when designing gear dri- 
ves i t  is import.ant to select such gear accuracy grades, size t .o le  
rances, and form of the bearings as would ensure the intercbangea- 
bility of the gears without compli- 
cating excessively the production 
process. 

'Diifercnt hardness is frequently impa- 
rted to the teeth of meshing gears to 
increme their durability and improve 
running-in. The pinion teeth are harde- 
ned, carburized (58-62 Rc) or nitrided 
(1.000-1.200 VPHl while the pears are 
itkcturally improved (30-35 " RC) or 
medium-temner hardened (40-45 Rc). Fig. 27- Mounting of gears .. . .. 

In such d r i k s  the -pinion; should be 
made wider than the gears (Fig. 27c) so 
that the pinion tceth overlap the gear tecth whatevsr are the variations iu the 
axial poaition of tho gears. If  the width of the pinions and gears is thc same 
(Fig. 27a), a displacement of the gears (because of manufacturing and mouriting 
inaccuracies) will cause a stepwise wear of the softer teeth (Fig. 27b)  and in 
the case of subsequent changes in the axial position of the gears this will  
disturb the engagement. 

Mi.  Bevel Gar  Drives 

A frequent error in designing units with bevel gears is that the 
gears are only fixed in one direction, namely, in the direction of 
the acting axial forces (Fig. 28a), assuming that the gears are fixed 
i n  the reverse direction because they thrust against the teeth of 
the mating gear. Gears should always be fixed in both axial dire- 
ctions (Fig. 28b) for the drive to operate reliably and noiselessly, 
especially under dynamic load conditions. 

Provision should be made for the adjustment of the axial position 
of both gears, for otherwise it will be impossible to match the api- 
ces of the pitch cones and obtain the required backlash and satisfac- 
tory contact between the working faces of the teeth. The design in 
Fig. 28c is wrong, while that  in Fig. 28d is corrcct. 

Engagement is usually checked with a marking compound by 
rotating the drive under a load as near as possible to the working 
load. Engagement is satisfactory if the gemontact  patterns on all 
the teeth extend to 0.6-0.8 of the face width and are located in the 
middle of the tooth (Fig. 29a) or closer to the thickened end of the 
tooth (Fig. 29b). The concentration of the gear-contact patterns 
near the edges of the teeth (Fig. 29c and d), and especially at the 
edge of the thinned portion of the tooth (Fig. 29d) must not be per- 
mitted. The design of a drive should allow for an easy inspection 
of the gear teeth to dispense with disassembly during each check-up. 

The method of adjustment by moving the gears until the end faces 
of the teeth are matched (on the outer side of the gears) is less accu- 



Fig. 28. Adjustment of axial position of herel gears 
1, 2-adjusting waahers 

Fig. 29. Location of contart spots 
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rate. With this method the end faces of the teeth i n  the engagement 
area should be open t o  view. 

Because of the smaller accuracy in the manufacture of bevel gears 
the backlash i n  such gears is made slightly greater [ (0.06 to O.l)m, 
where m i s  the module]. The backlash between meshing gears is che- 
cked either with a thickness gauge introduced into the spaces bet- 
ween the meshing teeth from their ends (on the outer side of the 
gears) or with an indicator the contact point of which is applied to 
one of the teeth or t o  n pointer secured on the gear shaft. 

There are two methods of adjusting the axial position of gears. 
With the first method the position of the gear on the shaft is chan- 

ged. The shaft secured by its bearing surfaces remains in place. This 
method can be only applied if the gear is not made integral with the 
shaft. 

With the second method the gear is shifted togethm w i h  t h  shaft. 
This method may be applied if the change in the axial position of 
the shaft within the adjustment range (usually 0.51mm) does not 
affect the operation of the parts mated with the shaft. 

Otherwise i t  is necessary to  dividc the shaft into two portions, 
one sf which can be shifted axially while the other is fixed in the 
axial direction. and connect, both portions by means of a compen- 
sator (for example. a spiined compensator). 

This is the only possible method for gears made integral with 
the  shaft. I t  is also frequently employed for fitted-on gears. 

Some methods of adjusting the axial position of gears mounted 
in rolling co~itact  bearings are illustrated in Fig. 30. 

The axial position of a gear on a shaft is commonly adjusted by 
means of changeable calibrated washers 7 (Fig. 30a). For adjustment 
the gear has to  be taken off the shaft in which case the unit must be 
disassembled. Tn order to make the adjustment easier, the calibra- 
ted washers are manufactured i n  the form of half-rings 2 (Fig. 30b) 
inserted into a recess made i n  the gear. I n  this case i t  is enough to 
shift t,he gear on the shaft to a distance equal t o  t he  depth of the 
recess after which the half-rings can easily be removed and replaced 
by other ones. 

The gear can be made t o  shift together with the shaft by replacing 
thrust washers 3 (Fig. 30c - gear made integral with the shaft; 
Fig. 30d - fitted-on gear). 

Figure 30e-j shows the adjustment by shifting the bearing housing. 
In the design in Fig. 30e the adjustment is done by means of a set 

of shims 4 made of metal foil and placed under the housing flange. 
Theshortcoming of the method is that the unit has to be disassembled. 

In the desig~i shown i n  Fig. 30f the adjustment is done by repla- 
cing calibrated half-rings 5 fitted into  a recess made in the housing 
flange. I t  is enough to  move the housing forward to a distance equal 
t o  the depth of the  rcccss to replace the half-rings. 



Fig. 30. Adjustment of axial position of gears 
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In the design in Fig. 30g the adjustment is carried out without 
disassembling the joint with the aid of pressure screws G (usually 
three in number). In ordor to move the gear towards the centre of 
the drive it is necessary t o  slacken the screws by the required amorint 
and then tighten up the fastening bolts. To move the gear away 
from the centre of the d r i v ~  one shoilld unscrewlt hc fastening bolts 

Fig. 31. Adjustment of axial position of gears 

and then screw in the adjusting screws. An essential shortcoming 
of this design is that i t  is difficult to locate the housing from t.hree 
points simultaneuusIy; as a result, there is a possibility of the 
housing being skewed when tightening the bolts. 

In the design shown in Fig. 30h the axial shift is effected by tur- 
ning the housirig which is thread-fitted in the bnd (with a smooth 
centring portion). The adjusted housing is secu~ed by means of a 
lock nut.. 

In the design in Fig. 30i the housing is shifted in the axial di- 
rection by means of annular nuts installed on both sides of the hou- 
sing. 

All  these methods slightly impair the  centring of the shaft becau- 
se the housing must be installed by a slide f it .  

Convenient .adjustment is shown in Fig. 303. Here, the housing 
is shifted by rotating annular nut 7 screwed onto the housing and 
fixed in the axial direction by washer 8. The potation of the bearing 
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housing is prevented by screw 9. Thc joint will inevitably have 
an end play equal t o  the sum of the clearances in the thread and 
on the faces of the annular nut. As distinct from the designs s h o r n  
in Fig. 30e-i, the housing is not tightened, an undesirable feature 
under dynamic loads. 

In the design in Fig. 30k (radial assembly) the adjustmcrlt is done 
with the aid of half-rings 10 (a loose joint.), and in Fig. 301, by means 
of half-rings I 1  tightened with a nut. 

The methods of adjustment for gears mounted in sliding contact 
bearings are presented in Fig. 31. In the designs in Fig. 31a-c the 
gear is shifted along the shaft and in the designs in Fig. 31d-f, toge- 
ther with the shaft. 

1.12. Spur-and-Bevel Gear Drives 
As distinct from bevel gear drives in which the generatrices of the active 

surfaces of the teeth convsrgo at the  point of intersectiol~ of the gear axes 
(Fig. 32a),  in the co~rlbined spur-and- 
bevel gear drlr;es one of the gears (pi- 
nion) has straight teeth (Fig. 32b). In 
the mating gear the tooth spaces 
correspond to t,he pinion tooth profi- 
les, i.e., the generatrices of the spa- 
ces arc mutually parallel and the 
teeth become thinner towards the ce- 
ntre of the gear to a larger degree than 

, in ordinary bevel gem. 
Friction without sliding over the 

tooth width usually observed in 32' Gearing diagrams ordinary bevel gear drives is absent a-bevel drive; b-spurand-bwel drive in the spur-and-bevel gear drives. In 
many cases this fact is immaterial. 

Pure !rolling Iriction in any involute gearing is only observed in tooth 
sections close to the pitch circle; sliding friction is added to rolling friction 

Fig. 33. Spur-and-bevel drives 

at the root and the top of the tooth. SIiding over the tooth rvidthIalso occurs 
in  drives with skew gear axes, but nevertheless this does not pre\.cr~t these 
drives from operating reliably for a long time. 
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In  the combined spur-and-bevel gear drives sliding diminishes as the angle IF 
bctn-een the gear axes becomes smaller (Fig. 33b-d). Khen tp = 0 (Fig. 330 
a ~ i d  s) a spur-and-bevel gear drive becomes a purely spur gear drive. Sliding 
is reduced with a smaller face width u~ith respect to the diameter of the gear, 
and with a higher gear ratio. 

Spur-and-bevel gear drives are manufactured on the gear-cutting machines 
used for spur gears. Pinions I with straight teeth are machined by the usual 
shaping and milling methods, and the mating gears with n~edgeshaped teeth 
are generated using a gear cutter whose aha e corresponds to that of the spur 
pinion. Both can easily be ground, and a big surface hardness can be imparted 
to their teeth. 

B 
Helicd tseth are cut by the usual shaping methods with a heiicalrgear cutter. 
The spur pinion (with straight teeth) is not subjected to axial pressure and 

does not require any axial adjustment if ib teeth overlap those of the bevel 
gear. 

Spur-and-bevel gcar drives can be engaged and disen aged by moving the 
spur pinion, in the same way as the ordinary spur gear f rives. 

Spur-and-bevel gear drivea are employed with small and medium tor ues 
and with gear ratios from i and higher. Such drives are known to be us% in 
high-power installations, ' 



Chapter 2 

Convenience in Maintenance 
and Operation 

Whcn designing units, assemblies and machines one should pro- 
vide for their convenient, maintenance, operation, disassembly, 
reassen~bly and adjustment, make them easily accessible for inspec- 
tion, and preverlt their possible breakdowns due to unskilled or 
careless handIing. 

Also, t,he ruachirie should have an attractive external appearance. 

2.1. Facilitating Assembly and Disassembly 

Let us considor some examples of how to facilitate the assembly 
and disassembly of connections which have to be frequerltly dis- 
mantled when in use (Fig. 34). 

Fig. 34. Ways to facilitate assembly 

I t  is difficult to fit a flexible hose onto the pipe shown in Fig. 34a. 
In the design in Fig. 34b the guiding portion with rounded-off edges 
makes the process much more easier. 

In seals with split spring rings (Fig. 34c) the assembly is simplified 
if the housing is provided with a slow entry chamfer of diameter D 
exceeding the  diameter d of the rings in their free state (Fig. 34d). 
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In the ease of hard-to-reach joints, especiaIly with blind 
assembly, it is good practice to provide the male parts (Fig. 34e) 
with a taper, and the holes, with guiding cones (Fig. 34 f). 

The inner spaces and ducts of oil systems should periodically 
be cIeaned to remove dirt a r ~ d  the products of thermal decomposi- 
tion of oil. Oil  ducts should preferably be plugged up (Fig. 35 c, d) 
and not seaIed permanently as shown in Fig. 35a, b. 

Figure 36a illustrates an irrational design of the oil space in the 
neck of a crankshaft. The space is sealed by end caps made of sheet 
steel and press-fitted into the crankshaft webs. Tho spacc can be 

Fig. 33. Sealing of oil ducts Fig. 36. Sealing 01 oil  spaces 
i n  a cranksh:~it 

cleaned only by inject,ing a washing solutior~ into the interiors of 
the shaft, The design with detachable caps (Fig. 36b) is far more 
better. 

Joints which are frequently disassembled and assembled when 
in use should be made readily detachable. Figure 37 shows the tip 
of an ignition system conductor. In the design in Fig. 37a the faste- 
ning nut of the contact screw has t o  be unscrewed completely to 
remove the conductor. In the design shown in Fig. 37b where the 
conductor has a split tip it wilI be enough to unscrew the nut to 
the height h of the fixing flange on the tip to remove the lat- 
ter from the screw. 

Figure 38 illustrates a quick-acting clamp with a swing bolt (fre- 
quently used to fasten the covers of autoclaves). Tho nut is unscre- 
wed to the height ensuring its free passage over the corner of the 
cover and tho bolts are then swung back to release the cover. 

The fastening of a cylindrical part in a spring U-clamp is illu- 
strated in Fig. 39. 

Quick-acting connections widely employ clamps with a swing 
arm. The clamp operating on the toggle principle consists of arm I 
(Fig. 40a) swinging on pin 2. Stirrup 3 engaging the hook of part 4 
being tightened is attached to the arm. When the arm is swung to 
the position shown in Fig. 40b it tensions the hook. By the well- 
known property of the toggle mechanism the tension reaches its 
maximum at the dead centre. Beyond the dead centre (angle a)  the 
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arm is secured by the elastic forces of the system which press the 
arm against stop rn. 

The use of such a snap-action toggle for fastening a cylindrical 
tubular part I is exemplified in Fig. 41. 

Fig. 37. Tip of a conductor Pig. 38. Swing bolt Fig. 39. Spring clamp 

Figure 42 illustrates the adjustment of the axial position of a 
shaft in a split sliding-contact bearing by means of adjusting ring8 
(radial assembly). In the design 
in Fig. 42a the adjusting rings I 
are solid. To carry out the adjust- 
ment, it is necessary t o  take off 
bearing cap 2, remove the shaft 
and take off the fitted-on part 3. 

Pig. 40. fast-aclir~g lock Fig. 41. Tubular part fixed by 
fast-acting lock 

I n  the design shown in Fig. 42b where t.he adjusting rings are 
split (half-rings 4, 5) i t  is only necessary to remove bearing cap 2 
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and then, leaving the shaft in place, remove half-rings 4 and then, 
half-rings 5 after turning them around the shaft axis through 180". 

Fig. 43. Arljust~nent of axial position of a shaft 

If the operating conditions require a full bearing surface not, inter. 
rupt,ed by splits, additional solid rings 6 are introduced {Fig. 4 2 ~ ) .  

Fig. 43. Cover with compartments Fig. 44. Dcsigns of jack screw 
for fasteners handles 

During adjustment these rings remain in place. Adjust,ing half-rings 
7, 8 can be taken off without disassembling the shaft. 

For a more convenient disassembly and reassembly the detachable 
covers of housing-type components should be provided with parti- 
tions (Fig. 43)  to form several c,ompartments for t,he taken-off faa- 
teners, each compartment aocommodating fasteners of a definite 
size and type. 

Handles, handwheels, hand nuts, etc., should have convenient 
shape. 

Figure 44a presents an irrat,ional design of a jac,k screw handle. 
Improved designs are illustrabed in Fig. 44b, c, d. 
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Knurlcd nuts (Fig. 45a) cannot be tightened forcihly by hand. 
In the design in Fig. 45b the sharp edges of the nut  may cut the fin- 
gers. Besides, a dirt trap is formed in t,he upper hollow of the nut. 

Fig. 45.  Hand-driven nuts 

Correct designs that permit good tightening by hand are illustrated 
in Fig. 45c and d. If hand nuts are t o  be forcefully tightened, use is 
made of additional elements in t h e  form of flats or hexagons {Fig. 45e). 

Fig. 46. Attached na t  Fig. 47. Designs of handwheels 

To accelerate and simplify the assembly of joints which are fre- 
quently disassembled while in use it is good practice t o  employ the 
so-called non-losable nuts which are held in the part being attached, 
for example, by means of circlips (Fig. 46). Each single nut is held 
with a minimum axial clearance m. Such nuts are used as pullers. 
tn a joint with severaI nuts the axial clearance rn should slightly 
exceed the length n of the bolt thread. Otherwise, it wilI be difficult 
t o  screw the nuts on and off {as all nuts would have to be turned in 
succession by a small amount each time to avoid the misalignment 
'and pinching of t.he part). 

Hand nuts, handwheels, etc., should be designed t o  provide free 
access to the hand and a firm grip. The handwheel design shown in 
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Fig. 47a is wrong. The small clearance m between the handwheel 
and the fastening bolts does not admit the hand. In the design in 
Fig. 47b the handwheel rim is farther from the housing wall. If sunk 
]laxagonal bolts are used (Fig. 47c) the clearance m is increased by 
tile height of the bolt head h. 

The minimum clearance rn necessary to conveniently grip a hand- 
wheel is equal to 20-25 mm. I t  should never be less than 35-40 mm 
for machines operating in open air, especially if gloves are worn. 

Fig. 48. Designs of handles Fig. 49. Designs of nuts and 
bolts 

Handwheels and handles intended for rapid rotation (for example, 
the gear shifting handles of metal-working machines, handwheels 
used in worm drives, etc.) should possess an increased flywheel 
mass which makes it easier to overcome the nonunifom torque of 
the drive. Drive handles (Fig. 48a) should carry counterweights 
(Fig. 48b) or be made in the form of handwheels with massive rims 
( ~ i i ,  48cj. 

Hand-operated controls should be noliehed to the Il th or 12th 
class of sirface finish to prevcnt injuri to the bands. improve exter- 
nal appearance and avoid corrosion. 

For general-purposc screw joints one should use nuls chamfered 
on both faces, which may be installed by either side. 

For screw joints which have to be frequently taken apart while 
in use, it is advisable to apply thicker nuts and bolts with taller 
heads f H = (1 to 1.4) dl, as in Fig. 49b, e, instead of ordinary nut3 
and bolts I h = (0.7 t o  0.8) dl, as in Fig. 49a, d, and increase their 
hardness (35-40 Rc) in order to prevent the crushing of their flats. 

A collar at the base of the hexagon (Fig. 49c, f) makes the nut 
application easier for i t  prevents wrench slip. However, this design 
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is not suitable for mass production (as the nuts cannot be manufac- 
tured from hexagonal rolled stock). 

Whenever the design permits, box or socket wrenches should be 
used. 

As a rule, the hexagon dimensions shouId be unified as much as 
possible to rsducc the size range of wrenches. But if the bolts are 

Pig. 50. Distinction marks for fasteners with left-hand thread 

secured by lock nuts, it is advisable to use different tools for the 
bolts and the nuts (Fig. 49h, t ) .  In the case of identical hexagons 
(Fig. 49g) one has to keep duplicate wrenches in his tool set. 

Nuts and bolts with left-hand threads should be marked to pre- 
vent unscrewing them in the wrong direction, as this may cause 

Fig. 51. Structural altach~rlent of parts 
a, c-wrong; b.  d-correct 

damage t o  the clamped parts. Such marks for fasteners with left- 
hand threads are illustrated in Fig. 50a-h. 

Individual parts belonging t.0 the basic outfit of a machine should 
be structurally attached to it as loose parts may be lost when the 
machine is transported or repositionad. Examples are shown in 
Fig. 51a, b (an inspect.ion cover) and c, d (a leg wit.h a self-aligning 
shoe). 

2.2. Protection Against Damage 

Measures should be taken to safeguard the brittle dements of ma- 
chine cornponcnts and their precision surfaces against careless 
handling. . I )  . 

Let us take, by way of example, the head of an air-cooled engine 
cyIinder made of an aluminium alloy {Fig. 52a). The thin ribs can 

1 



2.2. Protection Against Damage 55 

be safeguarded against breakage by making the lower rib thicker 
(Fig. 52b) or press-fitting a steel rib on the cylinder (Fig. 52c). 

The end faces of splines will be effectively protected from dents, 
in the case of chance impacts, dropping, etc., by chamfers of diame- 
ter D that exceed the major diameter Do of the splines (Fig. 524 

Fig. 52. Protection of design elements against damage 

or by sinking the splines with respect to the end face of the part 
(Fig. 5%). 

To avoid damage, set pins (Fig. 52f) should be sunk in the part 
being located (Fig. 52g). 

Parts carrying the heaviest stress are liable to fail and for this 
reason measures should be taken to prevent their breakdown with 
the resulting serious damage to the machine. 

Fig. 53. Protmtion against the consequences of breakdown 

One example is the valve of an internal-combustion engine 
(Fig. 53a). Should the valve spring break, the valve hangs in the 
guide and hits the piston crown, and if, in addition, taper valve 
retainer blocks I leave their seats the valve drops into the cylinder. 
The result is a serious breakd~wn~because of the valvo stem butting 
against the combustion head. 

In the design shown in Fig. 53b, the breakdown is prevented by 
retainer ring 2 fixed on the stem at a distance h from the end face 
of the guide, the distance somewhat exceeding the valve stroke. 
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Two (Fig. 53c) or three concentric valve springs will practically 
exclude the  possibility for the valve to  fall into the cylinder. The 
coils of tho adjacent springs are oppositely inclined so that  if one 
spring breaks, its coils do not get into the spaces between the coils 
of the adjacent intact spring. 

Figure 53d shows torsion spring 3 used for an elastic transmissiun 
of torque from shaft 4 to shaft  5. As in all other springs, higher desigi~ 
stresses are adopted for torsion springs and, as a result, their failure 
in the case of ovcrloads, for example, when torsional oscillations 
develop, cannot be excluded. 

To prevent ovcrloads, tbc spring is enclosed in splined sleevc G 
meshing with the same splines as thespring but  with a larger backlash. 
The torsion spring operates in its normal conditions. When the ra- 
ted torque is exceed~d the  load is taken up by the sleeve, which p r o  
vents the spring failure. If the spring breaks the torque is trans- 
mitted by the sleeve, although with reduced elasticity. 

2.3. Interlocking Deviccs 

Machines and their units should be reliably protected against 
damage that  may  be caused by careless or clumsy handling. The 
machine must be designed so as t o  exclude any possibility for i t s  
wrong operation. In machine t.ools this is achieved by means of 

Fig. 54. Interlocking devices Fig. 55. Prevention of an accidental 
switching of push buttons 

a-wrong: b-correct 

automalic interlocking device? which c u l  out thr  machine or; i(s 
mechanisms i n  t h e  case of overtravels. I n  change-over mechanisms 
provisiun should also bc made for devices that  will not allow simul- 
taneous cngagment . 

Figure 54a shows the  hand drive of directional conlrhol valves. 
Thc conditions of operation require that each v a h e  bc turned only 
when the other one is i11 a dclinite posit ion. This is done by means 
of lock pin I contrc~lled by disks 2 rigidly attached to the actuating 
handles. Whcn handle 3 is turned, handle 4 is held in place by the  
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lock pin. Handle 4 can only be turned when handle 3 is in a defini- 
t e  position. 

An interlocking device widely applied in gearboxes in which t h e  
gears are shifted by means of selector bars is illustrated in Fig, 54b. 
Rar 5 can only be moved when bars 6 and 7 are locked, bar 6 can b e  
shifted when bars 5 and 7 are locked, and bar 7, when bars 5 and 6 
are locked. Thus, this device allows for each gear to be engaged only 
when all the other gears are brought out of mesh. 

The problem car1 often be solved by introducing mechanical Iinks between 
the elements to be shifted, tho drive being effected in a centraIized manner 
by means of a single bandlo (single-handk control). 

The design of hand-operated push buttons should be such as to 
prevent accident.al switckings. Protruding push buttons (Fig. 55a) 
are not safe because they may , 

be accidentally depressed. 
Sunk buttons (Fig. 55b) are 
the best design. 

2.4. External Appearance 
and Finish of Machines 

The machine as a whole 
and its structural elements 
must have smooth outlines. 
This is a very important pro- 
vision for facilitating the 
maintenance of the machine 
and keeping it tidy. 

Undesirable are high ribs, 
sharp corners and cavities 
which accumulate moisture, 
dirt and dust, making it 
difficult to wipe and wash tho 
machine. I t  is more practicable 
to replace outer ribs (Fig. 56a) 
by inner ones (Fig. 56b). 
Fasteners should never bc h c i )  :j~ (4  (11 (4 
arranged in recesses (Fig. 56c). 
I t  is better t.0 place them Fig. 56. Elimination of recesses and 
beyond the surface of thefaste- protruding parts 

ned part (Fig. 56d). 
Figurc 5Be shows. a poor design of a trough-shaped lug. I t  is diffi- 

cult t o  clean the trough of dirt accumulating between the ribs. A 
better design closed on the top is presented in Fig. 56f, but the  
closed box-shaped design shown in Fig. 56g is the best. 
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Recessed covers (Fig. 56h) should be avoided. Flat (Fig. 56i)  or 
slightly convex (Fig. 563) covers are more preferable. 

In the sight glass fastening (Fig. 56k) the protruding heads of 
the bolts impair the general appearance and make it difficult to 
wipe the glass clean. The design in Fig. 561 is better because the 
holts are replaced by countersunk screws. In the best design shown 
i n  Fig. 56m the outer surface is smooth and the glass frame is fastened 
from the internal side of the housing by means of studs resistance- 
welded to the frame. 

Aesthetic aspects are as important. Smooth, streamlined contours 
are  undoubtedly pleasant to the eye. 

The aesthetic aspect of a machine in the first place is determined 
by its engineering reasonableness. When a rational compact layout 

Fig. 57. Machine housing shapes 
a-irrational. b-rational 

is combined with an eIfective power scheme the machine always 
have a beautiful appearance. A machine with slap-dash units, with 
open operating members, with openings and hollows between the 
structural elements loses much in  its appearance. 

For all their compact layout and smooth external appearance 
machines should never take the form of mere box-like structures. 
I t  is expedient to adhere to a dofinito architectural pattern agreeing 
with the shape of the machine and accentuating its general hori- 
zontal or vertical design. Such a pattern can be produced by using 
cornices, ribs, abutting welts, etc., emphasizing in relief the prin- 
cipal structural elements. 

,4 machine with a box-like shape and having smooth joints 
(Fig. 57a) produces an impression of a heavy block of metal. The 
-machine assumes a much lighter and well-proportioned appearance 
if the alternating horizontal components are made of slightly 
different length and width with welts along the contour of the joints 
,(Fig. 5 7 b ) .  

The welts have not only a decorative, but also a practical purpose. They 
can be filed to correct casting inaccuracies and match the contours of the  con- 
tacting surfaces. 
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I t  is advisable t o  enliven long surfaces, panels and shields by a 
simple and austere reliefed pattern that  conforms to the shape of 
the machine, for example, in the form of parallel ribs directed ho- 
rizontally or vertically, depending on the general design of the ma- 
chine. Besides, reliefs increase the rigidity of the shields. 

Much attention should be given to the arrangement, external 
appearance and finish of control members. They should be mounted 
near the operator's station, in a place convenient for manipulation 
and inspection, and, as far as possible, on a single panel. It  is good 
practice to  polish metal parts or coat them with chromium or colou- 
red enamels. Glittering coatings (decorative chrome plating) should 
be avoided because they fatigue and even blind the eyes with bright 
illumination. Lustreless chrome plating is most effective. 

All sorts of trade marks, tables indicating the parameters, diag- 
rams, etc., should be imprinted on massive plates in clear and large 
characters by means of phototype or engraving (but not punched on 
thin tin sheets), The plates should be positioned in a place convenient 
for reading, and, if necessary, illuminated (if installed in recesses 
or boxes). 

A beautiful finish of a machine will without any doubt make the 
personnel treat it with greater care. 

A machine should never be excessively beautified. Abundant 
glittering surfaces, diversity of colours, bright and flashy hues in 
the finish will impair the external appearance of the machine. The 
finish of a machine should be technically justified, correspond to 
the functional purpose of the parts and make control and servicing 
easy and convenient. The forms should be simple and austere, and 
the colours, serene. 

I t  is good practice to paint machines operating in  enclosed pre- 
mises with light colours (pale blue, light green, light grey) which 
possess a higher reflection coefficient and intensify the illumination 
of the premises. Where sanitation is the prime demand (food indust- 
ry, medicine) preference should bs given to milky-white or ivory 
colours. 

Machines operating i n  open air and subjected to the action of 
dust, soot, exhaust gases, etc., should preferably be painted with 
dark colours. 

A coating should be durable and wear resistant, proof against atmospheric 
effects, possess good adhesion to  metal surfaces and reliably protect the metal 
against corrosion. Oil varnishes are now being ousted by new, more stable 
synthetic coatings (nitroceIluloa enamel, escapone varnishes, alkide, phenolic 
andfepoxy coatings, etc.). Ogano-silicon coatings are the best. They cffecti- 
vely repel water, dust and dirt and are stable against light and heat. 



Chapter 3 

Designing Cast Members 

Casting is widely used for making shaped parts ranging from 
small elements to  very large beds and housings. I n  many machines 
(internal-corn bustion engines, turbines, compressors, metal-cutti r~g 
machine-tools, etc.) the weight of cast parts comes t o  60-80 per cent 
of the total  machine weight. 

Casting can producc most intricately shapcd parts which cannot 
be made by any other forming method. The casting proccss is highly 
productivc and inexpcnsive. 

Characteristic of cast parts are reduced strength, diff erenccs in  
mechanical parameters between their different portions and Iiabi- 
lity to the formation of internal defects and stresses. The quality 
of a casting depends on its design as well as manufacturing process. 
For this reason the designer must know the basic casting practices 
and the methods for obtaining high-quality castings at the minimum 
production costs. 

The following casting methods are commonly in use. 
Sand mould casting. This is the most widespread and universal method and 

practically the only one used to make lage-size castings. Moulding is donw 
to  wooden or metal patterns in flasks acked with sand-clay mixtures. The 
internal cavities in castings are formed y means of cores moulded from sand 
mixtures with binders in core boxes. 

!b 

The dimensional accuracy of a casting de ends on the quality of the mould r manufacture and properties of the casting a1 oy (average dcviation from norni- 
nal dimensions is f 7°/oo). The surface finish is within cIasv 3-4. 

The efficiency of the casting process and tho quality of castings arc ap reciably 
improved by using rndcnniral moulding when the flasks are packed wit1 squeeze 
moulding, jolt moulding and sand-throwing machines. 

Critical and large-size parts are cast in core moulds the external and internal 
surfaces of which are famed by blocks of corrs connected mechanically or by 
bonding. 

Shcll mould casting. The moulds in the form of shells 6-15 mm thick are 
pre ared to metal patterns from a mixture 01 eand with a thermoeetting resin 
(bsEelitei which is then set by heating to 150-350°C. This method is mainly 
employrd-to cast open (through- or cup-shaped) parts with a size of up to one 
metrr. The dimensional arcurac3 is 550;ro a n d  the eu1far.r: finish, up to the 6th 
class. 

Chill casting. Metal is  ycurrd into permanent iron or eterl n~oulda (chills). 
For small-~jze and nonferrous castings the internal cavities arc Forn~rd by metal 
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cores and in the case of medium- and large-size castings, by sand cores (ssmi- 
permanent mould casting). This method provides for increased strength of the 
castings, an accuracy of 1 4 0 / r n  and surface finish of up to tho 6th class. 

Centrifu a1 casting. This method is utilized t o  cast hollow cylindrical com- 
ponents sue% sr pipes. Metal is poured into revolving cast-iron or steel drum- 
shaped moulds whore i t  is compacted by centrifugal Iorces. The casting accuracy 
(wall thickness) depends on the accuracy of metering the metal feed. 

Small parts are cast on centrifugal machines with permanent metal moulds. 
Investment casting. Patterns are made of easily fusible materials (paraf- 

fine, stearine, )tax, colophony) by pressuro casting into metal moulding dies. 
The patterns are joined into blocks, coated with a thin laycr of a refractory 
material (quartz owder with ethylsilicate or Iiqllid glass) and moulded into 
unspiit aarrd mourds which are then heated to  850-900'C with the result that 
the patterns are eomplctely removod. The remaining cavities are filled with 
metal at normal pressure or undcr a pressure of 2-3 atm. 

This method is used to east small- and medium-size parts of arbitrary shape. 
The high dimensional accuracy (+20Io0) and surface finish (up to the 7th class) 
i n  many caws make i t  possible to dispense with subsequent machining, and 
for this reason this method i a  frequently applied for making parts from difficult- 
to-machinc materials (for example, turbine blades from heat-resistant alloys). 

Gavityles (full-form) casting. Patterns of foam polystyrene (density 0.01- 
0.03 kgf/dma) are moulded into unsplit sand moulds. When rnctal is poured i n ,  
the patterns are gasified, the vapnurs and gases escaping through the overflows 
and ventilation holes. Suhlimatiur~ (heating to 300-450°C without accaM of 
air) and dissolution of the pattern in  dichloroethane or benzane are another two 
methods employed to remove the moulded patterns. 

The lull-form casting makes i t  possible to obtain accurate castings of prac- 
tically any shape. 

Pressure dic casting. Metal is pourcd into permanent steol moulds under 
a pressure of 30-50 atm. This method i s  highly productive and ensures accurate 
dimensions (fZ0tW) and good surface finish (up to the 8th class), and generally 
does not require any further machining. The method is used for the mass pro- 
duction of small- and medium-size parts predominantIy from easily fusible 
a l l ~ y s  (aluminium, copper-zinc, etc.). The moulding dies for steel and iron 
castings must be manufactured from heat-resistant steol. 

Tow we consider tho most widespread method - sand mould 
casting. Many of the design rules for sand castings are also applicable 
t o  castings ob ta ined  by other methods. 

3.1. WalI Thickness and Strength of Castings 

Thc walls of cast members foature unequal strength in their cross 
section because of the different conditions ol crys ta l l iza t ion .  The 
strength is the highest in the surface layer where the m e t a l ,  as a 
result of the increased cool ing  rate, gets a fine-grained structure and 
where rosidual compressive stresses favourable for the strength de- 
velop. In  the surface layer of iron castings there p reva i l  pearlite and 
cementite. The core which solidifies at a slower rate has a coarse- 
grained structure with the predominance of ferrite and graphite. 
Dendritic crystaIs and shrinkage cavities and porosity often deve- 
lop in the core. 

The thicker the wall, the greater the difference in strength between 
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the core and the skin. For this reason an increase in the wall thickness 
is not accompanied by a proportional increase in the strength 
of the entire icasting. The dependence of strength on the sample 

diameter is illustrated in Fig. 58. 
GB For these reasons, and also to 

reduce weight, i t  is advisable t.o 
make the casting walls t o  the 

60 minimum thickness permitted by 
casting conditions. The required 

50 rigidity and strength should be 
ensured by ribbing, using rational 

40 profiles, and imparting convex, 
vaulted, spherical, conical and 

30 
similar shapes to castings. This 
aIways results in lighter structures. 

The quality of the shape of a casting 
20 may be approximately estimated by the 

ratio of its surface to the volume, or 
when the length is known, by the ratio 

10 of its perimeter S t o  cross section F 
S 

Q=- 
P (3%) 

I0 20 30 40 53 Dmm 
Figure 59a-c specifies the values of Q 

Fig. 58. SCrength of casting alloys for ssveral eouivalent sections with 
different wall 'thickness. Massive shapes 

(Fig. 590, b) are impractical as to their strength and weight. Thin-walled shapes 
greatly dvveloped on the periyhcry (Fig. 59c) are the correct casting shapes. 

Fig. 59. Shapes of cast parts 



Figure 59d shows irrational designs of cast parts in the shape of massive 
castings while their rational designs in the shape of thin-walled structllw= nre 
presented in Fig. 598. 

The machining of cast parts should be minimized not only to 
reduce thc manufacturing costs but also for strength considera- 
tions. The machining results in the removal of the strongest surface 
layer from the casting. Thc surfaces t o  be machined are reinforced 
by making the adjacent walls thicker. 

3.2. Moulding 
The design of a casting must ensure simple and convenient mould 

manufacture. This condit,ion is broken down into the following 
particular ones: 

(a) the pattern must bc easily extractable from the mould; 
(b) the cores must be easy t o  mould in core boxes; 
(c) t.he shape and fastening of the cores must not hamper t.he as- 

sembly of the mould. 

(a)  Elinbination of Undercuts 

A pattern can easily be removed from the mould if its surface 
carries no undercuts - projections or recesses perpendicular o r  
inclined to  the direction of withdrawal - which are liable t o  cut 
off some portions of the mould when the pattern is extract.ed. 

A scheme of undercutting is illustrated in>,Pig. 60a. The part 
has inclined ribs. When the pattern is withdrawn (t.he withdrawal 

Fig. 60. Undercuts and their elimination 

direction is shown by the hatching perpendicular t o  parting plane 
A-A of the mould) the ribs cut off the mould portions shown bla- 
ckened in the drawing. The undercutting can be eliminated if the 
pattern portions hampering thc extraction are made detachable or 
movable. Before the pattern is extracted these portions are taken 
away or drawn inside the pattern, after which the pattern can freeIy 
leave the mould. In  another method the pattern is made so that the 
portions subject to undercutting are completely filled. This pattern 
takes the form shown in Fig. 60b. The required shape is obtained by 
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means of cores installed in the mould after removing the pattern 
(Fig. 60c). 

Ali these methods make moulding more complicated and expen- 
s ive.  I t  is better to shape the p a r t s o  as to exclude undercutting. 
When the ribs are parallel to  the pattern withdrawal direction 
(Fig. 60d) the pattern can easily be taken out of the mould. 

When designing a casting one must havo a clear idea of the arran- 
gement of the parting plane and the position of the part in the mould 
during pouring. As a rule, parts are cast with critical sudaces down, 

Fig. 61. Undercuts in moulding the Fig, 62. Elimination 01 undercuts 
bosses 

since the metal in the lower portions of the castiiig is denser and 
better than in the upper portions. After establishing the parting pla- 
ne, all the elements of the design must be inspected in succession 
and undercuts eliminated. 

The rule of shadows is helpful in this case. Imagine that the park 
is illuminated by parallel rays normal to tho parting plane (Fig. GOa). 
The shadowed portions show the presence of undercuts. 

Figure 61a presents examples of undercuts when moulding bosses 
{the direction in which the pattern is extracted is shown by arrows). 
Figure 61 b shows how the undercuts can bc eliminated. 

Examples of typical undercuts and the methods for t h ~ i r  elimina- 
tion are presented in Table 2. 

Undercuts are not always seen clearly on drawings and can easily 
be overlooked by the designer. An example of an unapparent under- 
cut is presented in Fig. 62a (the unit is shown in the moulding po- 
sition; the parting plane is designated by the letter A ) .  

The box fillet forms a dead volume (shown blackened in the drn- 
wing) in the bottom half mould. 

This corner can be moulded if the vertical wall of the box is conti- 
nued to the parting plane (Fig. 62b), or if the parting plane is trans- 
ferred to the section where the fillet merges with the wall. In this 
case the lug must be extended to the parting plane (Fig. 62c). 
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Table 2 
Elimination of Yndercuts 

TranduheeI Housing 

Changing the 
- 

shape of the part 

Pipe connection 

Arranging the 
flange axcs a t  right 
angles 

Tubular part  

Changing the 
boss shapc 

Housing 

Eliminating the 
flangc by changing 
over from the bol- 
ted to studded fas- 
tening 

Housing 

Extending the 
bosscs t u  t,he hous- 
ing top ; 

Fan irnpaLler 

Eliminating the 
bladc overlap 

Ifandwheel spokes -=- 
tcrnal cavity of 
the housing 

Turning the 
s uke I-section 

Housing t%pougtr W" 
Bosses 

- - 
Extending the 

bosses t o  the hou- Merging the bm- 
sing bottom sea together 
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Table 2 (contrnued) 

Cul reclcd dcsian dnd C(~rrcclwl r l r - s ~ r l !  ,mtt 
I f I nlrthnd cbf ~l!r~nrlnt ion 

I - 
Ilotlsr,lg r n a t , ~  rx trr l rnl  I.ov.cs n r ~ d  'I Heusin? 

pads 

Ellm~natlng the  
lou~pr flange 

Huurlng w ( t l ~  skcw and cr~sscross 
rrbs 

Cl~ariglng the ar.; 
rnn,orrnrb~lt uT tho Changing over 
hoses  to atra~ght riha 

I 

In the cup-shaped part (Fig. 62d)  the surface of recess m is too 
close to the adjacenl rough wall. 

The machining allowance n ~rovided in the pattern (Fig. 62e) 
forms an undercut (blackened portion). The undercut can be elimi- 
nated, if the recess is deepened with respect t o  the rough surface by 
the machining allowancc value (Fig. 62f). 

( b )  JJould Parting 

The part.ing of moulds along inclined or stepped planes should be 
avoided as this complicates the mould manufacture. 

Fig. 63. Elimination of stcpped parting of a mould 

A stepped part.ing is required t o  mould a lever with offsetTarms 
(Fig. 63a). The moulding will be easier, if the arms are arranged in 
one plane (Fig. 63b).  



The moulding of a curved pipe connection (Fig. 64a) can b~ sirnpli- 
fied, if the connection axis is made straight, fhr position of the 
attachment points being slightly chang~ct  (Fig. G 4 l j ) ,  or @\-en brpt  
unaltered, if rlecessary (Fig. 6%). 

Fig. 64. 3louldirlg 01 curvrd pipe connections 

Figure 64d-f illustrates a change in the design of the outlet con- 
nection of a centrifugaI pump. The most rational design is that i n  
Fig. 64/, which simplifies t.he cast,ing process and reduces the hyd- 
raulic losses in the pump because the fluid fIow turns only once, 
and not t.wico as in the designs shown in Fig. B4d a11d e.  

(c) Open Castings. Cored Cadings 

O p ~ n  castings should preferably bc moulded to  pat,terris without 
the use of cores. In this case the pattern is shapcd so as t o  conform 

Fig. 65. Moulding of internal cavitirs 

accurately to the shape of the final product. When a pattern is m o d -  
ded a negat iv~  imprint of thc cavity (cod) is obtained. This method 
can only be used if there are no undercuts on the internal surface 
of t he  part. 

An example of internal undercutting is scl~cmatically shown i n  
Fig. 65n. The pact has a flange projectir~g into t,he cavity. When the, 
pattern is removed the cod is damaged. 
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In the presence of internal undercuts the use of cores is the only 
way of mouidirig the cavity. Jn this case a solid pattern leaves in 
the mould t.he impression shown in Fig. 65b. The int,ernal cavity 
is formed by means of a core (Fig. 65c). 

k'ig. G G .  Corcd and corclcss mouidirig 
a, h - e v e r ;  c ,  d--bracket: e ,  f-lever; g ,  h-housing; i ,  j-adapter; k. 1-rotor; m,n-bearing 

shell 

The part can easily be modified t o  suit cor~less moulding by 
placing the flange 011 the outside (Fig. 65dj.  

Examples of adapting standard parts to coreless moulding are 
illustrated in Fig. 66. 

The retyuircments of s i ~ n p l ~  arid inexpensivc production do not alway 
coincide with the dc~nands lor the propcr strength and rigidity of parts and 
their convenisrit operation. 

The open desigri of a cover (Fig. G R h )  is simpler to manufacture than the 
design in Fig. 66a,  which requires core moulding. Rut the design shou~n in 
Pig. 6fia has a inore attractive appearance. 1 

The upen dcsign of o rotor (Pig. 66I) i s  simpler and can be made at a lower 
cost. But the box-like design shown i n  Fig. 66k, that requires the use of corss, 
i s  much stronger and stiffer. 

In other cases, conversely, a less oxpensire design proves stronger and more 
convenient. Thus, the hearing bwdg cast without corm (Fig. 0 6 n )  is stronger 
and more attractive than the one cast with cores (Pig. fi6m). 

The morilding of internal surfaces by means of cods is limited 
by the maximum permissible height of the latter. With the usual 
composition of moulding mixtures the height of bottom cod1 should 
be H .= 0.8s and that  of the top ones, h < 0.3s where S and s are the 
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mean cross sections of the cods, respectively {Fig. 67). In the case 
of reinforced moulds (moulds made from mixtures wit.h bentonite 
or binders, skin-dried moulds, chemical-set moulds, etc.), and also 
when the moulding is done mechanically, t.he height of the cods can 
be increased by 30-50 per ccnt as against the above values. 

The designs oi cast elements should be devoid of narrow cavities, 
deep pockets of small cross section, e lc .  (Fig. tj8a). Such cavities 

Fig. 67. Determining the height ul Fig. 68. Strengthening of weak ele- 
cods monts of a mould 

are poorly filled with the moulding mixture and form in the mould 
weak pillar- or band-type protrusions rn which crumble when the 
pattern ia extracted and are easily washed away by thc pressure'of 
liquid metal. The methods of eliminating these faults are illustra- 
ted in Fig. 68b. 

( d )  Cores 

When designing internal cavities the core sbould be given such 
a shape as ensures its easy ~x t rac t ion  from the core box. 

Fig. 69. Moulding a core 

Figure 69a illustrates a core used t o  form in a part a cylindrical 
cavity with internal ribs. The shape of the core allows the box par- 
ting t o  be made in plane A-A only (because of the presence of annu- 
lar rib rn in the cavity). The ribs form undercuts i n  t he  box. In such 



case3 t h e  corcs 1iii1-r t o  be made up of sppara tc  parts b o n d ~ d  tog* 
thrr. which complicaf PS t h e  core m a n i ~ f ~ c t u r c  nrtd reduces the casting 
accuracy. In  t h e  good designs shown in Fig. 69b and c tlic ribs are 
arranged in the parting plane or perpendicular to i t ,  and the core 
is easily ex t r ac t ed  from the box. 

Parlirmular difficultius arose whcri ~l~oulding  corca for structures with skew 
axes. Figure 70a shows a manifold i r ~  the form nf cylindrical header m with 
drop-slraped branches n the axrs of ~r-hich are offset wit11 rrspcct to  the  Itcader 
axis. 

In this design the core cannut he moulded. JTith any arrangement of the  
core 110s parting plant-horizontal (planc A - A ,  Fig. 5 0 b ) ,  rertieal (plane B-8 ,  

Fig. 70. IIouldi ~ l g  a rlmp-~l~apt~{l cyli~idrical htlnder 

Fig. 7 0 c )  or, thc nlorc so, inclined-r~r~dercuts are formrd (shaded alkd blackorled 
portions nn thc dra\\-irtp). 

Cnderculs arc also forr~led when thc pat,tern is mtluldrd inlo :I mould parlcd 
a11)11g p1;irir A - A  (Fig. iOd) .  The moilld cannot bc nswmbled. Thrl core lllalcrs 
it impossihlc In joiri the top and bnttr~rn half moulds (sr!etione v ,  p in Fig. T o e  ). 

Rrirlgir~g the hvader and bra~tcli iri l ine (Fig. :Of ,  CI makes it possible to 
mould the cort: i r ~  a bo-i parted alorig plarw A-11 or B-6r. The pattrrn can he 
moulded i n  if thn mould parting pasws through ylalir A - A .  

I f  t1:c skew axrs  arc to be rna in ta inrd  the shape of t.he mauiiol~l should he 
changed according to Fig. i0h. ln this c:lsrX thr: cortb car) 1111 moulded if the core 



box parting is in plane A-A or B-By and the pattern moulded in if the mould 
parting is in plane A-A. 

In the design show in Fig. 70i the branches arc given a trctangular cross- 
section. The core and the mould can be made with the parting alon plane A-A 
or along any other plane passing along the branches and arranpbwithin tho 
limits of the straight porbion of the side walls of the branch. In this case the 
niar~ifold retains its a s a i ~ i ~ d  shape. 

(e )  Installation of Cores in a lllould 

The shape of the int.erna1 cavities in a mould must permit the 
easy installation of cores. The design of the drop-shaped manifold 
in Fig. iOeis an exampleof a mould 
that cannot be assembled. 

Figure 71a shows the  head of an 
internal combustion engine with 
a spark plug well formed by a sus- 
peridcd core 7 ,  Wliun assembling 
the mould, ihe core inslalleci i n  the 
top  half mould comes (in scctiorl m) 
against core 2 formirig the wat.er Fig, Assrlnblq. a mould 
jacketof the head and installed prhe- 
rinusly in the bottom half moold. 

In the corrcct clesign (Fig. 716) t.he well is shapeti so that, t.he top  
half mould can be easily mounted. 

( f )  h'scape of Gases 

Tlie design of internal ca~i t . ies  should permit the escape of t,lie 
gasus e v o l v ~ d  from {he cores when the mct.al is poured in .  

Fig. 7 2 .  hacapr of gases horn a core 

An unsatisfactorby design is illustrated in Fig. 72a. The gascs ac- 
cumulating i n  the upper part of the core form blowholes in SPC- 

tions rn. 
Provision should be made for holes n {stopped u p  afterwards) for 

the escapc of gases (Fig. 726). The v a u l t ~ d  shape of the upper portion 



72 Chlaptst 5. Designing Cast Members 

of the casting (Fig. 72c) ensures the escape of gases through the top 
core print. 

Blowholes can be prevented by using core mixtures with a low gas 
formation. 

(g) Band Cores 

Slender Gores are usually reinforced with a wire frame in order to 
increase their strength. When removing the core from the casting 

the frame has to be taken out, and this limits 
the minimum cross section of the core and calls 
for a well t.hought-out arrangement of holes for 
core prints. 

For castings of small and medium size the 
thickness of cores reinforced with wire should 
be at least 6-8 mm. The core thickness can be 
reduced to 5 mm in Iocal nicks. 

The width of cavities should be not less than 

F!g. 73. Determi- b = S + s where S and 5 are the thicknesses 
nlrlg the minimum of the walls forming the cavity (Fig. 73). I t  is 
u~jdth of core-mo- better to make the cores as thick as the averall 

ulded cavities dimensions of the castings permit i t .  

(h) Unification of Cores 

When designing castings with several cores of about the same 
shape, it is advisable to unify the cores in order to shorten their 
type list. 

An example of the unification of cores for the crankcase of an in- 
line reciprocating engine is shown in Fig. 74. In the dcsign in Fig. 74a 

Fig. 74.  Unification of cores 

the internal cavities of the crankcase are formed by cores 1 ,  2 and 3 
of three different t.ypes. A slight change in the shape of the rear crank- 
case wall (Fig. 74b)  makes it possible to reduce the number of the 
core types to two (1, 2). 



The n m b e r  can even be reduced t o  one (Fig. $ 4 ~ ) .  However, this 
entails the shortening of the middle crankshaft bearing which in 
engines of this type is loaded more lxavily than a 1  the  other bearings 
and therefore must be longer than t.hey are. 

In the design in Fig. 74d all the large coyes are unified and the  
middle bearing is made longer by mpans of an additional core m 
that imparts a box-like shape t o  the middle crankcase partition, 

(i) Fastening of Cores in a Mould 

In castings with open lower cavities the cores are installed with 
their bases in the bottom box (Fig. 75a). The cores forming the upper 
cavities are suspended in  the t,op box from an inverted cone (Fig. 75b)  

Fig. 75. Installation a£ cores 

or from a wire (Fig. 75c) attached to a bar resting against the box, 
It is good practice to make the top core rest upon t.he bottom one 
through a hole in t he  horizontal wall of the casting (Fig.' 75d)). 

(bl (cl 

Fig. 76. Core prints 

In closed cavities the cores are secured on core prints which take 
the form of projections moulded integral with the corps and installed 
in the  seats made in the mould by the respcct.ive projcctions on the 
pattern. To make the mould assembly possible the  core print,s are 
arranged either in the mould parting plane (Fig. 76a) or perpendicular 
to  it (Fig. 76b). 
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Core prints may he cylindrical (Fig. iGn, b) or conical (Fig. 76c). 
Coriical corc prints ensure a more accurate irlstallatiorl of the cores 
in the t.ransvcrse direction, but their axial location is less definite 
than wit.h cylindrical core prints which rest with their end faces 
against t.he core seats in the mould. Combinations of cylindrical 
and conical core prints {Fig. T6d) are frequent .1~ employed, the for- 

mer being nlountcd with their flat end 
E-. .,, r-1 face supported i n  the direct,ion of 

tl*j o! .., :; I:: . ,. 5~ . . 

the axial force acting on the  core 
during the r u ~ t a l  pouring process. 

. . . 
. - ,-. To simplify the core manufacture 

i t  i s  recommended to avoid fillets 
on the  edges of holes in cast.ings 
(Fig. 77a) and make the core prints 
plain (Fig. 77b). 

Core prints are usually fixcd in tlic 
(b) holes available in the casting. Irr ca- 

stings with closed internal cavitics 
Fig. 77. SIlapes of core Prints the cores are fasterled by means of 

special prints brought out through 
l~oles  in Ills casting walls. I n  the finished product these llolrs 
may remain open, if the functional prlrpnse of the part permits i t .  
The holes that impair the cxt,ernal nppearancr: of the part, and also 
those i n  cavities which must be hermelically sealed. are stmopped up. 

To i m p r o v ~  the fasleninfi st.ability of cores an0 fac,ilitilte lhcir 
knockout, the boles for the corc prirlts should be made as large as 
it is permissible without materially u ~ e a k ~ n i n g  the casting and im- 
pairing its external appeareance. 

Core  print.^ should be arradged so as to provide for the st.ablc and, 
as far as possible, accurate locatiorl or the core in  all  thc llirce coor- 
dinate planes. The fastening should be strong enough t o  ~ n d u r e  the 
weight of the cure and resist, during the pouring process, the dyna-  
mic action of the  liquid metal stream and the hydrost.atic forces that  
cause the core to rise due t o  the difference in the specific weights of 
the metal and the core mat.erial. I n  practice t.he hydr0stat . i~ force 
is most important, 

The hydrostatic buoyartt force acting on  a core in a liquid metal is 

P -- F ( y ,  - y,) (3.2)  
r e  V - ~-111unie of the core 
y, :lnd y ,  = sp~lcific weights of the rnclial and the corc maberial, resp~clively 

Lct the v o l u m ~  of the core be 13 dm3: y,, 7.4 kg£ldru3 (mtrlt~n iron) and p, ,  
1.4 kgf/dm3 (akin-dried core). Thr hydrustatic force P = 15 (7.4 - 1.4) x 
z 100 kgf, i.r., it  exceads the weight or the core (G = 1.5 x 1.4 -7 21 kgf) by 
about five times. 

To prevent Ihc core rising the core prints must be made t o  abut 
against t l iu  top half r n o ~ l d .  



Cores must n w c r  be installed with a large overhang with respect 
t o  the fastening point (Fig. 78a) becaus~  the hydrostatic forces tend 
t o  twist the core out  of it.s seat. 
Such cores should be secured a t  t.wo ? 
points (Fig. 78b). L The core for a curvcd pipe 

OLD: 
(Fig. 79a) under the action of the , . 

I 

Fig. 78, F;i~t~yr)ir~g or rorrs Fig. 79. Fnstenir~g of a cortb for 
a curverl pipe 

hydrostatic forces applied t o  ils huoyancy centre tnrris about, its 
prints, as if about an axis. An additional support, ix~ the form of core 
print I should be provided on thc  bent portion of the pipe (Fig. 70b).  

Somstim~s,  corrs are spcnred agaillst sngqing, rising and la  tcral displace- 
rncnt wit11 th r  aid uf chaplpts madr in thr form of mrt;rl cramps or with heads 
one of which is pril~srd against the 111ould and ihc other against ihc core. During 
pouring thr chaplets fuse to thr  metal .  ror iron and atrrl rast i r~gs these are 
lnade ol stt9el: and in the ease oi noib-ferrous rastirlgs, oE the s;ime rr~etal as [he 
casting. 

The lise or (,haplets d i s t t i r b ~  the  ho~r~ogcnrity of the unll rrietal and reduces 
the rastinys etrcngth. Ch:iplrts must never h r b  employrd i n  cavities requiriilg 
hermrtic sealing. 

The fastening ol n solid rylindricnl C ~ I - P  rorming a cavit.y in a 
cylindrical housing is illustrated i n  Fig. 80. The COIT pri ilts arranged 

Fig. 80. tlrrangement of core prints 

i r ~  the parting plane of the mould (Fig. #On) do not allow the gases 
t o  escape from the cow.  IVhen the carp prints are placed in the hot- 
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tom half mould (Fig. 80b) the core is not secured against rising and 
also there is no escapc for t,he gases. In the correct dcsign shown in 
Fig. SOc t.he core is held hy core prints in all directions, the upper 
prints ensuring at thc same time proper core ventilation. 

To secure the core reliably, provision should be made for several 
paired core prints along !,he periphery (best of all, three pairs of 
prints). The core mixture can easily be knocked out, if the prints 

Fig. 81. Arrarlgenicnt of corc prints 

arc arranged in pairs along t h e  same axis. For parts with very long 
cores the holes for the core print.s should preferably be arranged in 
a staggered order (Fig. 80d). 

Core prints should not hamper the mould assembly. Figure 81 
shows a housing with an internal cavity formed by a core. When 
the core prints are positioned as shown in Fig. 81a, it  is practically 
impossible to assemble the mould. In the correct design (Fig. 81b) 
the prints are arranged in the parting plane. 

Figure 81e, d shows t.he arrangement of the core prints on the side 
walls. 

The mould cannot be assembled when the prints are placed at an 
angle to the parting plane {Fig.8lc).With the correct arrangement the 
prints are perpendicular to the parting plane {Fig. 81d). 

( j )  IIoles for Core Prints 

The edges of holes for core prints are as a rule reinforced with 
collars to compensate for the reduced wall strerrgth. In iron castings 

the collars prevent t.he ehill'ing of 
cast iron caused by the rapid cooling 
of the hole edges. A. 

Thc planes where the core print 
contacts the core and also the pla- 
nes where the print passes into its 
seat in the mould should preferably 

Fig. 82. Casting holcs be perpendicular to the print axis. 
Figure 82u. b shows a wrong and 

Fifi. 826, correct nrrangcment of the holes in inclined walls. 
To ease the manufacture of core prints and prevent thc weakening 

of the casting walls in the case of an accidental displacement of the 



prints, tho holes for tho prints should be removed from the nearest 
walls to a distance s m 4-5 mrn (Fig. 82c). 

The methods of stopping up the core print holes are illustrated 
in Fig. 83. 

Cylindrical hnks of small diameter (up lo 60 mm) are stopped up 
with threaded plugs (Fig. 83a-f). 

TigIllness is attninrd by installing gaskets (Fig. 83a and d ) ,  using 
Zaper thrcnds (Fig. 83A and c) or a n  incomplete thread tightened 

Fig. 83. Methods of stopping up the casting holes 

until, the last thread is forced into the threaded hole (Fig. 8%). The 
threads are coated with sealing compounds. Heat-resistant compounds 
(siloxane enamel) arc used for parts operating under high tempera- 
tures. 

To improve the external appearance, the tightening means on the 
plugs are usually made sunk (Fig. 83c and d ) .  The tightening hexagons 
and tetrahedrons arc cu t  flush with the hole cdges aftcr screwing the 
plugs home (Fig. 83b). 

Large-size or shaped ports are closed with bolted plates or cast 
coven (Fig. 83g). 

Screw plugs are locked by embossing or flaring (Fig. 83i). 
In castings made of plastic metals (steel and non-ferrous casting) 

the plugs are secured by rolling in the casting surface (Fig. 83j). 
Centre holes rn must be provided in the plugs to centre the rolling 
tool. 



Spherical deformable plugs (Fig. 83k) are made of plastic low- 
carbon steel. During installation the plug is flatt,ened and it.s edges 
cut, into the N-alls of the hole, fuming a strong and tight seal. Use 
is also made of plugs flared ciiher from the  ont.side (Fig. 831) or 
from the inside (Fig. 8:Jm). I n  steel members the plugs are fastened 
by soldering UP welding (Fig. 83n). The plugs car1 also be fixed in 
place with epoxy adhesives (Fig. 830 and p). 

Out of all these methods preference should be g i ~ e n  to designs 
requiring minimum machining, for example, in the case of small  
holes, t o  screw plugs with a t.aper thread. 

A smooth surface is very important icir the holcs arrangcd on the 
outside. Recesscs and pockets which accum~llate dirt are undesirable 
(Fig. 83e, f ,  1 and n). In this respect the designs in Fig. 83m, o and p 
are preferable. 

3.3. Simplification of Casting Shapes 

The shape of castings should be simplifed to reduce the costs of 
production and increase the casting accuracy. The outlines of parts 

Fig. 84. Si~rlplifieation of casting shapes 

and inner cavities should be formed by simpIe st,raight, lines, circular 
arcs, ct.c. 

The bracket shown in Fig. 84a has unreasonably int.ricat.e profile 
and cross section. The transitions between cross sections are complex, 
and it is difficult t o  maintain identical the transitions in the pattern 
and corc box.The walls of t h e  casting will therefore inevit.ably differ. 
In  t,he practicable design shown in  Fig. S4b the cross sections have 
a simple rectangular shape. 

3.4. Separation of Castings into Parts 

I t  is good practice t o  separate large and intricate castings in to  
parts. 

Because of t.he convex bottom the housing of a vertical reductiou 
gear (Fig. 85a) requires east.ing into a mould with cover cores. Upon 
separation (Fig. 8%) the parts of the housing take the shape of 
simple open castings moulded without cores. 
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Figure 85c, d shows an csample of separating a framed bed into 
plairl frames of simple shape. 

In units consisting of several cast pack it, is n d ~ i s a b l e  to simplify 
t h ~  most intricate and largest casting while slightly complicating 

Fig. 85. Separation of castings 

Fig. 8(i. Simplification of castirlgs 

Fig. 87, Simplification of castings Fig. 88. Solid-cast ( a )  and wel- 
ded-cast (bl  designs 

the simpler ones. In the design of the cylinder block of an internal- 
combustion engine (Fig. Ma), integrating the walls rn with the cover 
(Fig. 8Gb) simplifies the casting and machining of t.he block and 
eases tho access to the valve mechanism. 



80 Chapter  3. design in^ Cast Members 

The projecting pacts of housing-type components (Fig. 87a) should 
preferably be made detachable {Fig. 87b).  

Figure SSa, b shows an example of simplifying a steel casting by 
using a welded-cast1 design. 

3.5. Moulding Dxaf ts 

To Eacilitatc Ihe extraction of the casting pattern from the mouId 
the pattern surfaces perpendicular to the mould parting pIane are 
given the so-called pattern drafts (tapers). 

Table 3 
Standard Pattern Drafts 

- - - - 

Table 3 presents standard pattern drafts, dependirlg on I h e  height 
h of tho t.apered patt,era surface above the mould parting plane, and 
the correspondifig transverse displacement h tan a of the est.rcrne 
points on this surface. 

The values of standard pattern drafts are not indicated on drawings, 
and cast parts are drawn wit.hout such drafts. However, the drafts 
should be taken into account when designing cast,ings of a large 
height in the direction perpendicular to the mould parting plane. 

In a cylindricail part (Fig. 89a) the flange is machined to a diameter of 
560 mm, i . e . ,  i t  is 10 mm larger than the diameter of the rough surface (550 nin~). 
This shape is impossible to produce because with a st,andard pattern draft of 
1 : 100 the diamcter of the rough surface at the base of tho cylinder is 350 + 
+ 2 x '750 X 0.01 = 565 rnm and the tool cuts into the s o l 1  (Fi 89b). I t  is 
oecrslary either to enlarge tllr diamr:krr of the surface to hc rnac%ised up to 
575 mm, which cr~tnils incre:~sing in tht: diameter of the bolt. circlc from GOO 
to  613 mm (Fig. 89c), or reducv the diameter of thr: upper portiorl of the cylinder 
down to 535 inrn (Fig. 89d),  i f  the flange shape is specified. 

h,  tan a, lnnl 

Up to 1 
0.5-1.25 
o.9-z.sa 
1.3-2.60 
2.0-8.00 
5 .0 -12 .0  
Ovvr 8 

I t  is better to indicate the d r d t  for large-size castings, or more 
preferable, to provide for design tapers that deliberately exceed the 
pattern draft.s. I t  is not obligatory t o  adhere strictly to standard 
design tapers (Fig. 90). The shape of a part should be designed so a s  

lkatt (tan a) 

0.0520 
0.0260 
0.0175 
0.0230 
0,0100 
11 .0~)60 
0.0040 

H e ~ g h t  h al~rlve rn,>uld I Pattcrn draft  
partlnl: plane, mm anple  a 

Up t o  20 
20-50 
50-100 
IOU-200  
201)-80,1 
800 -2W0 
Over 2300 

3" 
T"30' 

f 0  
45' 
30' 
20' 
15' 
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to ensure it.s maximum strength and rigidity, and good external 
appearance as well, account being taken of the moulding, casting 
and machining conditions. 

Fig. 89. Effect of casting drafts on the design 

Fig. 90. Standard desig~i tapers 

Fig. 91. Shapes of cast parb 

Examples of shaping a cast part in the order of its increasing rigi- 
dity and improving itscasting conditions are illustrated i n  Fig. 91a-c. 
6-01658 
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3.6. Shrinkage 

Shrinkage is contraction in the size of a casting in cooling. Linear 
shrinkage (in per cent) is expressed as 

L-LO = a ( t ,  - to)  100 36 
Lo 

where L = size of the casting at temperature t, of the metal solidi- 
fication (solidus point) 

Lo = size after cooling to temperature to in the premises 
a = mean value of the linear (thermal) expansion coefficient 

of the metal within interval t ,  - to 

The value of the linear expansion coefficient, specific for each 
metal, somewhat diminishes as the metal temperature drops and 
changes in a step-like manner during phase transformat.ions in the 
process of cooling (increase of volume in the pearlitizing of steel, 
pearlitizing and graphitizing of grey iron within the eutectoid trans- 
formation interval of 720-730°C). 

Volume shrinkage characterizes the change (in per cent) i n  the volume of 
a casting in cooling. From the previous formula 

i.e., volume shrinkage is about three times greater than linear shrinkage. 

Shrinkage is one of the main casting properties of a material and, 
alongside other properties (castabilit,~, thermal capacity, heat con- 
ductivity, oxidability, liability to segregation), shows whether the 
given metal is suitable for casting. ' 

The smaller the shrinkage, the higher the dimensional accuracy of 
the casting and the less the hazard of shrinkage stresses, cavities, 
cracks and warpage in the casting. 

The linear shrinkage values for the main casting alloys are as 
follows: 

Material Linear shrinkage, % 

Phosphoric iron 0.7-0.8 
Grey iron 1.0-1.2 
High-tensile cast iron 1.5-1.8 
Carbon steel 1.8-2.0 
AHoy steel 1.8-2.5 
Phosphor bronze 0.6-0.8 
Tin bronzo 1.3-1.6 
AIurniniiim bronze 2.0-2.2 
AIuminium-copper alloys 2.4-1.5 
Aluminium-magnesium alloys 1.2-1.3 
Aluminium-silicon alloys 1.0-2.2 
Magnesium alloys 1.5-1.7 
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These figures refer to  the  case of free shrinkage determined from samples 
cast in open horizontal moulds. The actual shrinkage depends on the  resistance 
to the contraction in the dimensions of the casting offered by the internal por- 
tions of the mould (restricted shrinkage). With rigid cows, shrinkage may be 
30-50 per cent less than irec shrinkage, but in this caaa highcr shrinkage strcsses 
develop in the casting walls. 

The shrinkage of a casting is taken account of by correcting the 
dimensions of the mould, using for the manufacture of patterns and 
core boxes shrinkage (patternmaker's) rules with dimensions increased 
by the amount of shrinkage as compared with normal ones. 

3.7. Internal Stresses 

Tnternal stresses arise in the casting walls whose shrinkage is 
restricted because of the resistance of the mould elements or the 
action of the adjacent walls. Shrinkage cavities and porosity appear 
in those parts of the casting t.hat solidify last, i.e.,in thick and solid 
po~t.ions from which heat withdrawal is difficult (hot spots). 

Increased internal stresses make t.he cast.ing warp and may lead to 
the development of cracks. 

In the course of time, internal strcsses aro redistributed and partly dispsr- 
sed as a result of slow dillusion processes (natural ageing). After two or three 
years the part changes its original shape, u~hich in  precision machines (metal- 
cutting machine tools, for example) is impermissible. 

Shrinkage stresses develop only during those stages of cooling 
when the metal loses its plasticity (within 300-600°C for cast iron 
and 600-700°C for steel). At higher temperatures the change in dimen- 
sions is compensated for by the plastic flow of the metal and the 
shrinkage manifests itself only i n  the thinning of the walls. 

In the box-shaped casting of length L and width 1 (Fig. 92a) the internal 
partition (shown black in the drawing) cooIs a t  a slower rate than the  horizon- 
tal walls. Assume that  a t  the given moment the partition has a temperature t, 
corresponding to the temperature at which the metal passes from pIastic into 
elastic state. and the walls have a lower temperature 1 ,  at which the metal 
is already elastic. 

While cooling further, beIow t,, the partition material hardens and, con- 
tracting, undergoes tension. Since the contraction occurs in two directions 
(along axes x and gl, by the cnd of cooling, biaxial tensile stresses develop 
in the partition and compressive stresses of reaction, in the walls. 

I f ,  corirorsely, the partition temperature a t  the initial moment is below 
the temperature of the walls (Fig. 9 2 b ) ,  by the end of cooling, biasial compres- 
sive stresses will arise in the partition and tensile strcsscs, in the walls. 

As a rule, the portions of a casting which coo1 first undurgo compression, 
and those conling later are sul~jrcted to tension. 

Let us find the shrinkage stresses for the case when the partition cools Iater 
(see Fig. F)2a\, considering deformation along axis x only. 

By the end of cooling, the partition mould have shortened by the amount 
1, = a1 ( t ,  - 1 , )  and the walls, by a smallrr amount I, = al ( t ,  - to ) ,  where 
is the length of the walls along axis x,  and t o  is the final temperature. The dif- 

6* 
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ference 
Ak = il - k, - zz ( t l  - t*) 

determirles the magnitude of the stresses in the casting. 

Fig. 92. ;\ppcararice of shrinkage stresses 

According to Hooke's law 
P1 Pt 

A h e a L  ( t l - tp )=  - + - EFi hFa 

where P = force devclopir~g in the system 
E = mean modulus of elasticity within the temperature range t ,  - 

F, and F ,  = cross-sectional areas (normal to axis x\ of the partition and 
walls, respectively ( F ,  = s,L, P, = 2s,L) 

Force P is 
Ea ( t i - t z )  

P =  
1 I 
T+K 

The tensile slress in the partition 
P Ea ( t i - - t ? )  ai=-= 
Fi Fi I+x 

The compresive stress in the walls 
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Tho ratio between the stresses 

These for~llulas show tha t  the stresses are dirertly proportional to the pro- 
duct Ea and the temperature difference t, - t? and depend on the rat io  F l / F 2  
between the cross-sectional areas of the partition and the  walls and do not 
depend on their length I .  

To reduce the stresses i n  the partition, it is advisable to invrcase the thick- 
nrss uf the partition and reduce that of the horizontal walls. Danger can bc 
expected from thin and narrow (L' < L )  inner l inks  (Fig. 92c) in which do~slop 
high tensile strcsses (if they cool after the walls) or compression stresses (if they 
cool first). 

The magnitude and distribution of struases can aIso be controlled by intro- 
ducing rihs. I t  ahould be borne in mind that transverse ribs (Fig. 92d) orily 
affect the shririliage stresses acting along axis x ,  and longitudinal ones {Fig. 92e), 
along axis y. 

Thc stresses cause the \valls uC castings to deIorm, as shown i n  Fig. 92f (tho 
case of the artition solidifying after the rvnlls). Thcir magnitude can appreciably 
be diminisEd, if the casting is made yielding in  the shrinkage direction. For 
example, to  reduce the shrinkago stresses acting along axis x ,  i t  i s  oxpedient 
to  make tho partition (Fig. 92g) or both the partition and the horizontal walk 
(Fig. 9Zh) curved, or to  introduce shrinkage cornpensatin buffers (Fig. 921). 
The nartition and tho walls should be irnnarted a doude-vaulted shape to 
decreke the shrinkage slrusses acting simu~taneously along axes s and u. 

The primary cause of shrinkage stresses is the difference in tem- 
perahre between the walls. With t,  = t,, the stresses are zero. 1 t is 
on this principle that the method of simultaaeous solidification is 
based. A casting can be freed of shrinkage stresscs by making i t  
cool uniformly, i.e., without any difference in temperature between 
the walls at each given moment. 

3.8. Simultaneous Solidification 

A combinat.ion of design and manufacturing measures is required 
t o  obtain simultaneous solidification. 

(a1 (4 
Fig. 03. Casting diagrams 

a-silnultaneous solidilication; b-directional solidification 

When designing castings on t.hc principle of simultaneous solidi- 
fication (Fig. 93a) the following rules should be adhered to: 
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(1) casting walls should preferably be of uniform thickness; 
(2) casting elements cooling under conditions of reduced heat 

removal (int ecnal walls) should have smaller cross sections t o  accele- 
rate  their solidification; 

(3) transitions between casting walls of different thickness should 
be smooth; 

(4) casting walls should have no abrupt changes but be connected 
by smooth transitions; 

(5) local metal accumulations and massive elements should be 
avoided, if possible; 

(6) sections where casting walls join massive elements should be 
gradually thickened towards the latter or reinforced with ribs. 

It  is good practice to increase the pliability of the casting i n  the 
direction of shrinkage deformations by introducing thermal buffers, 
making t,he walls vaulted, etc. 

In  practice, uniform cooling is ensured by active control of the 
cooling rate. Massive portions of a casting and also those from which 
heat removal is poor are cooled by means of metal chills and inserts 
made of heat-conductivo moulding sands (moulding sand mixtures 
containing chromite, magnesite, etc.). 

The formation of shrinkage cavities and porosity in massive por- 
tions is prevented by feeding molten metal lo  the parts which are the 
last to solidify (installation of ball gates, additional runners and 
risers, use of feeders). 

The restriction of shrinkage by the inner mould elements is elimi- 
nated by employing pliable moulding sand mixtures, and porous, 
cellular and hollow cores. 

Remaining stresses are removed by a stabilizing heat treatment. 
Iron castings are subjected to artificial ageing (soaking for 5-6 hours 
a t  500-550°C with subsequent retarded cooling in  the furnace). The 
castings are dressed-off prior to the ageing. Final machining is done 
after the ageing. 

Parts subjected to artificial ageing hardly change their dimensions 
while i n  use. 

h11 effective way of eliminating internal stresses and increasing the uality 
ut castings g~nera l ly  is thcir controlled roul ing.  Metal i s  poured into h a t e d  
moulds. Aftcr solidilication (solidus po~nt) ,  the mould is slorvly cooled, being 
held for some time at the phase transformation temperatures whereat the greatest 
volume changes take place, and also a t  those whereat the metal changes from 
plastic into elastic state. 

This method eliminates the primary cause of shrinkage stresses because the 
temperature 01 all casting parts is the same a t  each given moment. The stresses 
due tothcrestriction from the mould arc prcrerited by making use of pliable cores. 

The heating of the mould before pouring removes From the rnoulding sand 
mixture moisture. vapours and gases which, when casting into cold moulds, 
cause Xapour and gas cavities and porosity. 

The cost of the process only slightly exceeds that of ordinary casting with 
subsc~luent stabilizing treatment. 
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3.9. Directional Solidification 

This method is cmployed t o  cast parts from alloys with moderate 
casting properties. The wall sections are made to progressively in- 
crease from bottom upwards (see Fig. 93b). Solidification proceeds 
from bottom to top. While solidifying, the bottom sections are fed 
with molten metal from higher ones. The top sections which are the 
last to  solidify are fed from massive risers on top of the casting. The 
transverse walls are inclined and grow thicker towards the top, and 
are connected with the adjacent walls by smooth fillets. The shrin- 
kage cavity is formed in the riser. Non-metallic inclusions, slag, 
scabs and dirt go up into the riser. 

Tho gradual movement of the solidification zone ensures correct 
shrinkage of the vertical walls. Rut the temperature differences in 
the vertical direction remain. The bottom horizontal elements of the 
casting that solidify first restrict the shrinkage of the top ones, and, 
as a result, tensile stresses develop in  the top elements and compres- 
sive stresses, in the bottom ones. The shrinkage stresses reach their 
maximum i n  the top of the casting because of the considerable differ- 
ence in cross section between the risers and the casting walk. 

The shortcomings of the directional solidification method are as 
follows: 

(1) increased casting weight due t o  the upward expansion of the 
walls (the shortcoming especially evident in high castings); 

(2) great metal consumption; 
(3) complicated moulding due t o  the presence of risers; 
(4) difficult removal of the risers. 
The mcthod of directional solidification is predominantly used for 

steel castings, part,icuIarIy when the weight of the part is of no great 
concern. The method i s  employed to cast (in a horizontal position) 
disk-t ype parts of small height (gears, pinions, diaphragms). For 
such parts the directional solidification principle consists in thicke- 
ning the walls, making the disks conical, and increasing the transi- 
tion fillets. 

The simultaneous solidification method i s  preferable for intricate 
box-shaped parts. 

3.10. Design Rules 

(a )  Conjugation of Walls 

To provide for simultatleous solidification the thickness of the 
internal walls should be approximately equal to 0.8S, whcre S is 
the thickness of the external walls. 

The transitions from wall to wall should be smoothly curved 
(Fig. 94b). When walls are joined at right angles (Fig. 94a) the lines 
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of the heat flu?; meet in the inner cornpr of the joint and form a hot 
spot which slows down the cooling process. In addition, such joints 
make i t  difficult l o  fill the mould with metal and hamper shrinkage. 

Figure 95a-d shows standard shapes of wall corner joints. With 
standard conjugation radii R = (1.5 t o  2) s described from the 

same centre (Fig. 95a) tho 
wall i n  the transition portion 
may be thinned if the core is 
displaced. Radii described 
from differbent centres make 
belter connections. The outer 
radius is made equal from 1 
(Fig. 95b) to 0.7 (Fig. 0 5 ~ )  of 

(b) the inner radius. To improve 
lieat removal, increase rigidi- 

Fig. 04.  IIeat flus i n  a wall corner joint ty and prevent shrinkage 
cracks, conjugations of small 

radius should be provided with internal ribs (Fig. 95d). 
Whenever the design allows, it is expedient to use the maximum 

transition radii permitted by the shape of the part (Fig. 95e). 
'C17alls converging at an obtuse angle (Fig. 95f) are connected with 

radii R = (50-100) s. In such cases preference should be given to 
curved walls described by one large radius (Fig. 95g). 

Fig. 95. Wall corner joints 

The minimum conjugat.ion radii of walls of different thic,kness may 
be found from the above ratios, having replaced s by the arithmetic 
mean so = 0.5 (S + s) of the wall thicknesses (Fig. 95h and i). I t  
may be adopted that so = S if the difference in the wall t.hickness 
is small. 

Walls diflering largely in cross sections should preferably be 
connected by a wedge-shaped portion of length 1 2 5 (S - s) 
(Fig. 95j) .  
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Walls should never be connected a t  an acute angle (Fig. 95B). If 
this is inevitable, the conjugation radius should not be less than 
(0.5 to 1) so. 

Figure 9 3 ,  m illustrates the recommended ratios for T-connoctiuns, 
and Fig. 95n, o, for connections of walls with flanges. 

Walls of different thickness (Fig. %a) should be connected hy wed- 
ge-shaped transitions with tapers of from 1 : 5 to .I : 10 (Fig. 9Cib 

Fig. 96. Joints between casting sections of various thickness 

and c). I t  is good practice to reinforce the transition section with 
ribs (Fig. 96d). 

Figure 96e-p illustrates connection of walls with bosses. In the 
profile projection the bosses arc linked with the  walls by radii K = 2s 
(Fig. 96e and i )  or by tapers of from 1 : 1 t o  1 : 5 (Fig. 96f, g, j, k) 
reinforced with ribs (Fig. 96h, I ) .  In the plan projection, connection is 
made with radii R = (3 to 5 )  s (Fig. 96m-p). 

The radii found from these tentative ratios are rounded off to the 
nearest standard dimension (X = 1, 2, 3, 5 ,  8, 10, 15, 25, 30, 40 mm). 
Since a slight change in the conjugation radii affects but little the 
quality of casting, it is ~ccomlnended to unify these radii. 

The predominant transition radius is as a rule not marked a t  each position 
on the dranir~g of a part, but is indicated in a drawing margin (or i n  specifica- 
t ion)  bg an inscription such as: C'nsp~c i f i ed  radii 6 mm. 

In the case of curved external cortiers t h e  main radius i e  indicated by a n  
inscriptiorl, ~ u c h  as: I'n#pceified ouier f i l l e t s  R3.  

( b )  Elimination of i l lusive  Elernen& 

Cast members should be free from local metal accumulations, and 
thick, massive elements forming hot spots. When designing a casting, 
one must carefully examine all places of material accumulation and 



account for machining allowances whicli to a large degree affect 
metal di~tr ibut~ion.  

Figure 97 shows how massive clernents (designated by the 1ett.er m) 
in a cast fastening flange (Fig. 97a-c), mount.ing pad (Fig. 97&f), 
frame (Fig. 97g-i) and engine jacket (Fig. 9Tj and k) can be eliminated. 

Fig. 97. Eliminabion of massive elcments 

Rapid cooling should be p r o v i d ~ d  in the sections nliei-e massive 
elements arc inevitable. 

I t  is useful to enlarge t h ~  surface of co~itaci .rvith thc muulding 
mixture by ribbing the walls. To improve t he  filling oi  the mould, the 
connection of massive elements with the nearest walk should be 
reinforced with fillets (Fig. H a ) ,  wedge-shaped transitions (Fig. 98b), 



bell mouthing3 (Fig. 9%) and ribs (Fig. 98d). I t  is advisable to use 
corrugated (Fig. 98e) and box-shaped (Fig. 98f) walls. 

Fig. 98. Reinforcing t t i ~  wctions conjunct with bosses 

These types of connection improve casting conditions and increase 
the rigidity and strengt,h of castings. 

(c)  Redraction of Shrinkage Stresses 

Tho shape of castings should facilitate shrinkage. 
Figlire 99 illustrates a largc-diameter gear wheel whose rim is 

connected with the hub hy spokes. The design wit.h straight spokes 

Fig. 99. Increasing the ductility of wheel spokes 

{Fig, 99a) is wrong: the spokes solidify earlier and retard the shrink- 
age of the rim which is therefore subjected t o  a wave-like deformation. 
Thc internal stresses in such designs often cause the breakage of the 
rim. 
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I1 is more expedient t o  use tangential (Fig. 99b). spiral (Fig. 99c) 
or conical (Fig. 99d) spokes. 

In a disk-type sheave with a massive rim (Fig. IOOa) the disk 
solidifies before the rim and retards the shrinkage of the latter. Com- 
pressive stresses develop in t he  disk and tensile stresses in the rim. 

Fig. 100. Increasing the ductility of castings 

If the rim solidifies first (Fig. 100c) the disk, while contracting, un- 
dergoes tension, and comp~esdve stresses deveIop in the rim. In  
either case shrinkage stresses can effectively be diminished by making 
the disk conical (Fig. 100b and d) .  

In a cast frame (Fig. 100e) the partitions m located i n  one plane 
with massive flanges ret,ard the shpjnkage of f he Iaiter. The shrinkage 
conditions will somewhat be improved if the partitions are displaced 
from the  plane where the flanges are arranged (Fig. 100f). But 
most advisable it is to make the partitions conical (Fig. 10Ug) or 
spherical. 

Vaulted and convex shapes reduce shrinkage stresses, improve 
casting conditions, and increase the strength of parts because the 
resisting moments of crow sections of such shapes are greatcr. The 
rigidity of structures is a150 enhanced, which is especially imporl a n  t 
for castings made of alloys with a low modulus of elasticity (grey 
iron, light alloys). 
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(d) Preuention of Blowholes 

The shape of a casting must provide for the rising of nonmetallic 
inclusions and the escape of gases which emerge as the casting cools 
down, because of their solubility i n  metal decreasing with tempera- 
t.ure. 

When a sump is cast with its bottom up (Fig. 101a) gas bubbles 
accumulate at the tops of the ribs and appreciably weaken them. 
It. is better t o  malre the bott.orn inclined and transfer the ribs onto 

Fig. 101. Escape of gasea 

the internal surface (Fig. 101 b).  Such parts are recommended to be 
cast with the ribs down (Fig. 101~). I n  this case the blo~vhole porosity 
is concentrated in the riser on the flange, which is removed in subse- 
quent machining. Casting with thp inclination of the mould is like- 
wise used. 

For cylindrical parts (Fig. 10ldj  i t  is good practice to make the 
upper walls conical (Fig. 1014 or slightly spherical (Fig. 101f). 

In  disk-shaped parts (Fig. 101g) the disks and ribs should be 
inclined (Fig. 101h, i). 

The internal partitions (Fig. 101j) should preferably be vaulted. 
Gas bubbles and nonmetallic inclusions can best of all  be with- 
drawn by means of lugs (Fig. 101k) or bosses (Fig. 1011) in theupper 
part of the partitions, or with the aid of risers (dashed lines). 

Casting under vacuum and addition of gas absorbing substances 
(cerium) t o  the casting metal are the  process methods used t o  prevent 
blowhole porosity and cavities. 
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(e)  Rimming 

The external outlines of cast parts are usually rimmed (Fig. 102a, b )  
to obtain proper rigidity, uniform solidification and prevent chilling 
spot,s (in iron castings). 

In parts joined by their end faces (Fig. 102c) the rims help to uni- 
formly distribute tightening forces. With such rims it  is much 

Pig. 102. Rimming 

easier to remove irregularit,ies and projections formed in joints due 
to inaccurate casting, and to match the outer contours of the joints. 

As a rule, the lightening and process holes in the casting walls 
(Fig. 102d and e) should be rimmed to increase the strength of t.he 
casting and improve its cooling conditions. 

Approximate dimensions of rims are given in Fig. 102a and d. 

(f) Flanges 

The thickness of flanges to be machined on one side (Fig. 103a) is 
made equal to (1.5 to 1.8) s, on the average, and that of flanges to b e  
processed on two sides (Fig. 103b), 
(1.8 t o  2) s, where s is the thickness of 
the adjacent wall. 
In order to increase their strength 

and rigidity, flanges are connected - 1 - 
with walls by ribs (Fig. 103~)  or are 

Fig. 103. Determining the thickness of Fig. 104. Elimination of heavy 
flanges sections in flanges 

made box-shaped. hlet,hods of eliminat,ing heavy sections in thick 
flanges are illustrated in Fig. g04a-c. 
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Long holes of small diameter should be avoided in castings. 
The minimum diameter of holes in castings may be found appro- 

ximately from the formula d = do + 0.11, where I is the length of 
t,he hole in mm (Fig. 105). For aluminium . - 
alloys and bronze do - 5 ,  for cast iron d, = 7 
and for steel do = 10 mm. Holes of smaller 
diameter are to be drilled. I t  is better to make 
long holcs (such as oil ducts) by drilling or 
by casting-in tubes, or replacc them wit,h de- 
tachable pipelines. 

The s l l a ~ e  of cast oil ducts and cavities 
should all& their surfaces to be cIeaned 
completely of burnt-on sand and other conta- 
mination. After careful cleaning the surfaces Fig. 105. Determining 
should be coated with oil- and heat-resistant the diameter of holes 
compounds (bakelite or silosane enamels). in castings 

(h) Ribs 

Ribs are used to increase the rigidity and st.rength of cast parts 
and to improve casting conditions. A rational arrangement of ribs 
improves the feed to casting elements and prevents shrinkage cavities 
and internal stresses. 

The shapes of ribs are illustrated in Fig. 106. Ribs arranged in a 
plane perpendicular to the mould parting should have casting drafts, 

Fig. 106. Shapes of ribs 

The thickness s, of the rib at. the top is its basic dimensional para- 
meter (Fig. 1 0 6 ~ ) .  For ribs 20-80 mm high the standard drafts in 
current use (see Table 3) give practically the same rib thickening of 
2-3 rnm towards the base (on both sides of the rib), the t.l~ickening 
being almost independent of the rib height. 

Fillets with a radius of at lcast 1 mm are obligatory at the top of 
the ribs. The tops of ribs with a thickness of less than 6-8 mm are 
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rounded off with a radius I? - 0 . 5 ~ ~  (Fig. 106b). The bass of the ribs 
is conilrcted with the  wall by fillets of radius K w 0.5s. 

Bulb-shaped (Fig. 106cj and T-shapcd (Fig. 106d) ribs are superior 
i n  strength. Such ribs are moulded with the aid of cores. 

If a rib (Fig. 107a) solidifies in casting later than the wall (as is 
freqnently the case with internal ribs), then during shrinkage (the 
shrinkage direction is sh0a.n on 
the drawing by dashed arrows) in 
t he  rib there develop tensile stres- 750 

ses (solid arrows). Converse1 y, if  
the  rib solidifies first (Fig. 105b), 
it develops compressive stresses, 
which enhances the rib strength. 5fl 

Faster cooling is effected by dec- 
reasing Lhe rib thickness. The thick- 30 

ness of cxternal ribs is usually 
taken at (0.6 t o 0 . 7 ) S  and that of I5 

Fig. 107. Appearance 01 shrinkage Fig. 108. Diagram for deter~nining 
stresses i n  ribs the ~l~aximuln  relative pitch of 

ribs i,'~' 

internal ones, allowing for the worse heat removal. a t  (0.5 to 0.6) S, 
where S is the wall thickness (the upper l imits refer to walls less than 
10 mm j n  thickness and the lower ones, to those thicker than 10 mm). 

Short, thin and sparsely distributed ribs with a small ratio of 
their total cross section to cross section of the wall reduce the resis- 
ting moment in bendirlg of the section and strength of the part,  
although they increase iis rigidit),. This weakening can be avoided 
by distrihnting the ribs more dense1~-. The rnaliimllm pitch at which 
no  weakening occurs inag be fourid from the formula 

where s' and h = mean thickness and height of the rib, respectively 
S = wall thickness 

The diagram in Fig. 108, drawn on the basis of Eq. (3.3), makes 
it easier to select, the  rib parameters. 
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1. Let the rib thickness be sf  = 5 mm; h/S = 2. According to the diagram, 
the maximum allowable ratio 11s' = 8 and the maximum pitch t = 8 X 5 = 
= 41) mm. 

2. Let the rib pitch be t .= 100 mm; S = 10 mm; s' = 5 mm (t/s'= 20). 
Frorn the diagram the minimum allowable ratio h/S = 3.1 and the minimum 
rib height h = 3. i X 10 = 31 mm. 

Practically, ribs are made with a height of (2 t o  6) S .  Shorter ribs 
weaken the part without essentially increasing its rigidity, while 
taller ribs are difficult to cast. 

Figure 109 illustrates examples of irrational and rational rib 
designs. 

The design of the bracket in Fig. 109,l is unpracticable as the rib 
is subjected to tension. I n  design 2 the rib undergoes compression. 

In the profile projection, ribs should have the simplest shapes. 
Concave ribs (design 3) have the disadvantage of poor strength. 
When such ribs are subjected to  bending and tension they develop 
high stresses proportional to the degree of concavity. Convex ribs 
{design 4) are ugly in appearance and make the part heavier. Straight 
ribs (design 5) are the best. They exhibit a high strength when sub- 
jected to tension or compression and bending. 

In parts subjected t o  bending i t  is bad practice to connect the rib 
with the wall in the plane where the bending moment has a large 
magnitude (design 6) because the resisting moment of the section in 
t h e  plane AA where the rib merges with the wall js lowered. I t  is 
betler to continue the ribs up to the part edge (into the region where 
the bending moment is less) and attach them to the belts of rigidity 
(design 7). 

Machining is liable t o  weaken the ribs and shouId be avoided. 
Design 8 of a plate with internal wafer-type ribbing is wrong. The 
ribs are brought out onto the plate surface to be machined, and the 
tops of tho ribs will be shorn off during the machining. I n  the correct 
design 9 the ribs are arranged below the surface t o  be machined. 

Measures should be taken to  prevent undercutting of the ribs that 
adjoin surfaces to be machined. I n  designs 10 and 13 the ribs are 
arranged too close to such a surface. Deviations in the production 
coriditions may be the cause of undercutting (designs I 1  and 14). 
The ribs should be positioned below this surface (designs I 2  and 15) 
by the amount k = 3-6 mm. 

Ribs should never be extended to the rough surface of the flanges 
(desigu 16) since moulding becomes difficult in the sections m where 
the  ribs merge. I t  is advisable to arrange the ribs below the rough 
surfaces by an amount R equal to the radius of curvature of the flanges 
(design 17). 

The sections where the ribs pass into the body of the part (design 28) 
should be described by radii R not less than 3-6 mm (designs 19 
and 20). 



Fig. 109. Hib designs 
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Ribs connected (in plan projection) at an angle (design 21) should 
have smooth transitions (design 22). 

As a rule, ribs shollld be brought t o  the rigidity nodes, i.e., sections 
where thc wall directior~s change (design 24) and fastening points 
{design 26). Designs 2-? and 25 are not recommended. 

In shell-type parts (design 27) subjected to bending internal ribs 
{design 28) are preferable brcausc irk llris case most of the bending 

(dl 

Fig. 110. Increasirig the ductility oC ribs 

load is taken up by compressed ribs (on t.11~ side nearest. to thc direc- 
tion of action of the bending force). Internal ribbing makes i t  pos- 
sible to increase the radial size of thc walls within t.he same overall 

Pig. 121. S ~ D ~ I : S  of ductile ribs 

dimensions and t,hus obtain a significant gain in rigidity and strength- 
This also improves the external appearance of t,he part and facilitates 
care of t,he product. 

In t.he case of double-sided ribbing (design 29) ribs should preferab- 
ly be arranged in a staggered order (design 30) to avoid local accumn- 
lations of met,al and reduce shrinkage stresses. 

Metal accumulations in sections where ribs join walls at an angle 
(design 31) should be eliminated by spreading the ribs farther apart 
(design 32). Heavy sections where several ribs meet (design 33) arc 
eliminated by providing lightening holes (design 34). 
In parts subjected t o  nonuniform heating when in operation,. ribs 

undergo thermal stresses. I f  the  walls of a part (Fig. I l n a )  are heated 



11K) Chapter 3. D e s i ~ n i n p  Cnsl Members 

more than the ribs, tensilo st.resses arise in the latter. Ribs with a 
temperature higher than t,hat of the walls are compressed. 

Thermal stresses can effectively be reduced if straight radial ribs 
(Fig. 110~) are replaced by tangential (Fig. 110b), spiral (Fig. floe), 
sectional (Fig. 110d) and elliptic (Fig. 110e) ones. 

Figure I l ia- f  presents types of ribbing of increased pliability, 
Such ribs can effectively be moulded only on flat or slightly curved 
surfaces parallel to thc parting plans of the mould. I t  is difficult to 
mould such ribs on curvilinear surfaces and on solids of revolution. 

(i) Wall  Thickness 

It, is generally better to use walls of the minimum thickness per- 
mittcd by the casting conditions and the strength of the part. 

Fig. 122. Mir~imurn \vall thickncss 
I-steel: 2 --grey iron; 3-bronze; 4-aluminium alloy 

Figurc 112 illustrates thc minimum wall thickness s for various 
casting alloys, depending on the rcduced overall size of the part cal- 
culated from the formula 

wlicre 1 = part length, mm 
b == part width, mm 
h = part height, mm 

The diagram is plotted for external walls in sand-mould castings 
to the 2nd and 3rd grades of accuracy. The thickness of the internal 
walls, part,itions and ribs is, on the average, 20 per cent smaller. 

This diagram can only be used for the rough wall thickness estimates. The 
allowable wall thickness greatly depends on the casting shape. Intricate castings 
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m n ~ ~ l d e d  in several flasks with the use of a large number of cores should havc 
thicker walls. 

Thc casting process is as important: tho composition of rthe mouldin: 
and core mixtures, feeding and cooling conditions, the design of the gating 
system, etc. 

The wail thickness in heavily loaded parts (beds of hammers, stands of 
rolling mills, etc.) is determined by the magnitude of the acting loads'and ihe 
rigidity requirements of the design, and considerably exceeds the values speci- 
lirrl in Fi 112. However, in this case too it i s  advisable to use walls of mini- 
lnlrrn thisnoss and ensure the required strength and rigidity by imparting 
rational shapes to the casting. 

3.1 1. Casting and Machining Lacations 

The casting (rough) location is a surface or an axis with reference 
to which the initial machining operation is performed. 

The rough surface location (locating surface) is a rough' (as-cast), 
sufficiently long surface parallel or perpendicular to the machining 
location, i .  e., the surface to  be machined first. The shape of the rough 
locating surface should allow convenient and stable fastening of the 
part ready for machining, and tightening over this surface must not 
deform the cast blank. 

h work surface must never be selected to serve as a rough 
location. 

In the part shown in Fig. 113a, the rough location may be either 
t,he flange surface marked by a blackened lozenge, or the upper plane 
of the part (Fig. 113b). The machining location is indicated by a 
1 ight lozenge. 

The rough location is used to coodinate all the other rough surfaces 
of the casting (dimensions h),  and the machining location, all the 
ot,her work surfaces (dimensions h'). The machining location is dc- 
signed with thc minimum machining allowance so that allowances 
are uniformly distributed among the remaining work surfaces. 

Sometimes, rough locations have to be specially provided by in- 
t roducing process lugs (Fig. 1 1 3 ~ )  or by changing as required the shape 
of the part (Fig. 113d). 

In the general case there must be three rough locations, one for 
each axis of the three-dimensional coordinate system used. 

Axial locations (locating axes) are the axes of holes in the bosses. 
.An axial location determines casting dimensions in the plane per- 
pendicular to this axis, and a surface locat.ion, along the axis 
(Fig. 113e). 

More often than not blanlis during machining are located from 
two holes and a surface. 

Solids of revolution have only two locations: an axial location 
which coincides with the axis of the solid and a height one t , l~at  
determines the dimensions along the axis (Fig. 113f). If there are 
axial locations, the casting and machining locations are made t.o 
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coincide, the common location being the axis of a hole selected l o  
serve"as a datum hole (half-shaded lozenge in Fig. 113g and h). 

Fig. 113. Hough and machining locations 

3.12. Variations in Casting Dimensions and Their Effect 
on the Design of Castings 

Sand castings are liable to considerable dimensional variations 
which increase as the cast.ings grow in size and complexity. 

USSR State Standards rOCT 1855-55 and 200955 specify three 
grades of accuracy for the dimensions of groy-iron and steel cast.ings. 
Figure 114a-c illustrates averaged values of permissible deviations 
for iron and steel sand mould castings, depending on their maximum 
overall size, for varioi~s distances from the casting location. Figure 
i l4d shows the same dimensions for castings made from nonferrolls 
alloys. 

In sand mould casting with wooden patterns and cores morllded in 
wooden boxes the attainable accuracy does not exceed that of the 



Fig. I l 4 .  Permissible de- 
viationa in dimensions 
versus tho maximum ovc- 
rall aize A of R cast.ing 
a-iron and steel castings, 
uradc 1; b-iron and steel 
castings, grade 2; c-iron 
and steel castings, grade 3; 
d - ~ a s t i n ~ s  from Ilontcrrous 
alluvs ( 3  nominal dirnwl- 
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3rd grade. Accuracy can be enhanced by using metal patterns and 
core boxes, mechanizing moulding, moulding in core and permanent 
moulds, and also by conducting the casting process properly. 

The minimum deviations in the dimensions of a casting occur when 
moulding is done in one box. If a part is moulded in two or several 
boxes, there develop deviations because the boxes are displaced. 
The top box (Fig. 115) can be displaced with respect to the bottom 

one by the amount of clearance a in the loose pins, which is attended 
by respective displacement of 

-, ,g-a-b , , N + u + ~  all the vertical surfaces mo- 
ulded in the top box. This 
may greatly change the nomi- 
nal thickness iV of the walls. 

The surfaces moulded b y  
cores may be shifted with 
respect to the surfaces moulded 
by the pattern due to innccu- 
rate core installation in the 
mould (shift b in Fig. 115). 
Displacements reach their 
maximum in the top half mo- 
uld where the shifts of the 

Pig. 115. Apparance of inaccuracies in half moulds and the core are 
casting in tn70 moulding boxes summed up. 

In an unfavourable case 
(displacements of the core and 

half moulds are in opposite directions) the variations in the 
thickness of the vertical walls in the top half mould, equal t,o 
&(a + bj ,  exceed those in the lower half mould ( k b )  about twice. 

Dimensional deviations of horizontal surfaces occur as a result 
of inaccurate instalIation of cores in the vertical direction, 
because of foreign matter getting on the parting planes of moulding 
boxes and cores, etc. 

As a rule, the surfaces moulded in the bottom box are more accu- 
rate than the ones moulded in the top box, Surfaces moulded by 
the pattern are more accurate than those moulded by inner cores. 

-4mong the other causes of inaccuracy are the deviations in the dimeneions 
of thc pattern set from the nominal sizes, the change in the dimensions of sores 
upon drying, cracking of the patterns in storage, the change in the dimensions 
of the mould occurring when rapping the patterns during extraction, variations 
in shrinkage due to the different pliability of cores, and warpage of the castirig 
under the action of shrinkage stresses. 

Variations in the dimensions of castings are reflected in the sys- 
t.em of machining allowances according with the USSR State Stan- 
dards rOCT 1855-55 (grey irons) and 2009-55 (steels). The amount 
of allowance depends on the accuracy grade and dimensions of 
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castings, the nomirlal distance of the given surface from the loca- 
tion, the position of the surface in pouring (bottom, t.op, side) and 
the type of casting alloy. 

Figure 1 1 6 ~ - c  illustrates avoraged values of standard allowances 
for grey iron castings of various grades of accuracy, depending on 
the maximum overall dimension A of the casting for various distan- 
ces L of the surface from the location. 

The diagrams show allowai~ces for upper surfaces of type rn 
(Fig. 117) which have the maximum values because such surfaces 
are less accurate mainly due to the accumulation in the top stock 

of nonmetal inclusions. slag and 
other admixtures which'are subject 
t o  removal in machining. The 
machining allowances for bottom 
surfaces n and side surfaces o are 
20-30 pcr cent less than those for 
the top surfaces. Allowances for 
stmeel castings are 2540 per cent 
great,er than for iron castings. 

Variations in casting dimensions 
are especially important in sections 
where rough walls join work surfa- 

Fig. 1 2 7 .  Determining thc  amount ces. Machining accuracy is many 
of ,;~Ilon-ance times higher than casting accuracy. 

A cast, part may schematically be 
considered R rigid frame made up of work surfaces surrounded 
by a "floating" envelope of rough suriaces. 

Let us denote the magnitude of possible displacements of rough 
surfaces by the letter k. 

The following rules should be observed when designing castings: 
(1) protruding work surfaces must lie above the adjacent rough 

surfaces by the amount k (Fig. 118a), this preventing the tool from 
cut t ing  into t,he adjacent rough surfaces (Fig. ii8b); 

(2) sunk work surfaces must lie below the rough surfaces by the 
amount k (Fig. 11%) t o  allow a full reach by the too1 (Fig. 118d) 
and prevent rough spots; 

(3) Ihe thickness of walls adjoining work surfaces (Fig. 118e) must 
be greater by the amount k than the thickness m requirod by t,he 
.design. Otherwise, the walls may he impermissibly thinned should 
the cast surfaces be displaced (Fig. i l 8 f ) .  

Figure 119 shows how these rules are applied to hubs (Fig. 119a), 
bosses (Fig. 119b and c }  and flanges (Fig. 119d and e). 

Jointing planes should be connected wlth the nearest rough walls 
by surfaces perpendicular to the mac,hining plane, the height of 
such surfaces being not leas t,han k (Fig. 120), otherwise the contour 
af the joint may be distorted. 



Fig. 118. Transitions hel\\-cen machined Fig. 119. Trnnsitiuns bctu~een machined 
and rough surfaces and rough surfaces 

1 -assigned shape. 9-shapa that can be obtain- 
ed with castink errors; a-shapes accounting 

for the diaplacement k of cast surfaces 

Fig. 220. I:n~ljr~nction ol joint.irlg surfaces 
( I ,  r. e - a r 0 1 I ~ :  b,  l a ,  f-corrcct 

(a) (6) (c) 

Pig. 121. Shapr! o l  joint surfaces 
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Mounting pads on housing-type c,omponent,s (Fig. 121a) should be 
designed with reserve k over the contour (Fig. 121~)  so that the rnoun- 
ted part does not overhang (Fig. 121bj. 
The value of k depends on the accuracy and overall dimensions of 

the casting and the distance of a given element from the casting and 

fa) (a) 

Fig. 122. Diagrams for determining the value of k ( A  is the maximum overall 
dimension of casting) 

a-iron casting; b-steel casting 

machining locations as well, and, in the general case, is determined 
by calculating dimensional chains. Practical designing, however, 
requires a simpler method. 

The value of k can be found from the machining allowances (see 
Fig. 116) since the lat,ter are determined by the same parameters as k 
(the maximum overall size of the casting, distance from the casting 
locations, grade of casting accuracy). To dispense with calculating 
the distances to the locations, the upper limits of allowances (dashed 
lines in Fig. 116) may be taken, which will go into t,he safety margin. 
_Accounting for t.he fact that the diagrams give the maximum allow- 
ance values (for the top surfaces), a reduction factor of 0.7 should be 
introduced. 

Figure 122a, B shows the values of k caleulat.ed by this met.hod for 
iron and steel castings of the 2nd and 3rd grades of accuracy. The 
values of k may be directly utilized t o  find the required distance 
between rough and work!surfaces. 

The wall thickness uf l~osses Iriay easily be found from the relation S = as 
n-liere s is the mean wall thickness of the casting and u is a coefficient equal 
ti) 1.5, 1.7 and 1.8 for thc I s t ,  2nd and 3rd grades of accuracy. respectively. 
These relations practically assure against excessive reduction in the wall thick- 
Il(:SS. 



3.13. Dimensioning 

The dimensions of cast parts on drawings must specify the position 
of casting and machining locations, and also account for size devia- 
tions. 

The  principal rulcs for the dimensioning of cast parts are as follows: 
(1) rough surfaces must be related to a casting location either 

directly or by means of other dimensions; 
(2) the initial machining location must be related t.o a casting 

location, all the remaining dimensions of the work surfaces being 
related t o  the machining location either directly or by means of 
other dimensions. 

Casting dimensions must never be related to the dimensions of 
work surfaces or vice versa, except for the case when the casting and 
~nacltining locations coincide (the case of axial locations). 

These rules must be observed for all three coordinate axes of the 
casting. 

L)ituensioning of a cast part is illustrated in  Fig. 123. Dimcnsiorling accor- 
ding to Fig. 123a is wrong. The distance betwccn the work surfaces, related 

Fig. 123. Dimensioning of a cast 
part 

to the rough surfaces by the surn of the dimensions 15, 175 and 10 ma, varies 
i n  this case within wide limits together with the variations in the dimensions 
of t,he rough slirfaces. 

The san~e  error is made in the design in Fig. 123b, where the distance bct- 
\wen the work surfacos is specifiad by the sum of the dimensions 185 and 15 mm. 

)\'hen dimensioning is as i n  Fig. 123c the distance between the work surfaces 
(200 mm) is maintained within the necessary narrow limits (within the muehi- 
i~irlg tolerance). The error lies in that tho rough surfaces are related to the 
adjacent work surfaces (dimensions 15 and 10 mm). I t  is practically impossiblc 
to  maintain this coordination. The positron of the rough surfaces varies within 
the casting accuracy limits, entailing r~ariations in the distance t o  the work 
surfaces. 



Fig. 124. Dimensioning of cast parts 

Fig. 125. Ilimenaioning bosses 



In Fig. 123d the error is aggravated I)y the fact that the thickness of t t ~ c  
upper horizontal ~ ~ n l l  (directly specified i11 t h ~  previous c a m  by the dimension 
5 mm) is determinrd by the  height of the irlocr cavity,  which is related to the 
lower work surfacc (dimcnsion 185 mm). This introduces one more source of 
inaccuracy. The thickness uI the wall will vary within wide limits.  

In the dinlensionirig system according to Fig. 12% the position of t h ~  lower 
work surfacr: is specified by two dirne~lsions-one measured from t,he upper 
rough surface of the part (dimensiori 190 mm) and the other, from the upper 
rough surface of the flange (dimension 15 mm). It is praeticalIy impossihlu to 
preserve this coordination. 

Figure 123f show a correct system. The casting location is the top rough 
surface of the flange (blackened loz~ngc). The initial machinin location (the 
bottom surface 01 thc flange. marlccd by a light lozenge) is related to the casting 
location by the dimrnsion 15  mm. The top xork surface is rclated t o  thc machi- 
ning location (dimension 200 mm). The top rough surface is coordinated from 
thr casting location (dimcnsion 175 mm), and from it, thc tliickness 01 the upper 
wall (dimension 5 mm). 

The distance k betueen the top work surfare and the upper rough wall i s  
the closing link in thr: dirnensior~nl chain and serves as a compensator for the 
deviations in the positior~ of cast surfaces. Since the value of k is not specified 
on thc drawing, i t  is not accounted for when checking the part. It stands to 
reason that thc nominal value of k must be Iarger than the maximum possible 
displacement oI the uppcr wall caused by casting inaccuracies. 

Examples of wrong and correct dimensioning of cast parts are il- 
lustrated in Figs. 124 and 125 (wrong dimensions are given in squa- 
res). 



Chapter 4 

Design of Parts to Be Machined 

IIachining is one of the most laborious and expensive methods of 
manufacture and amounts to 70 per cent of the cost of a product. 

The principal production methods of increasing the machining 
cff iciency *'are as foIlows. 

4. Reduction of machining time (intensification of cutting proces- 
ses). These methods include high-speed cutting (increasing the main 
cut t ing speed), heavy-duty cutting (increasing the cutting feed and 
depth), and high-productivity processing (machining with multipoint 
tools; internal and external broaching; turn-milling; etc.). 

2. Reduction of handling time (the use of quick-acting appliances; 
automatic feed, mounting, fastening and removal of the blank; 
machining to preset operations; automatic readjustment of the 
~nachine  set-up; and automatic control). Another form of this method 
ia t Re consecutive machining of blanks i n  multistation fixtures. 

3. Matching of process operations in time (proper sequencing of 
operation elements). This method includes machining with com- 
bination tools and multiple-tool machining (multi-cutter turning and 
planing; milling with a set of milling cutters). The method is most 
fully embodied in unit-head machine tools in which several surfaces 
of a blank areymachined simultaneously. 

4. Simultaneous machining of several blanks (parallel and paral- 
lel-consecutive machining in multi-station fixtures; continuous 
machining on rotary and drum-type machine tools and on vertical 
turret lathes). 
5. Rapid transfer of blanks from machine to machine (mechanical 

transportation of blanks; rational arrangement of equipment). 
X 11t omatic and semi-automatic transfer lines, especially those of 
rotary type, are most productive. 

Mass and stable production and all-round unification of designs 
with few models are requisite for the application of highly productive 
machining methods, special manufacturing riggings and special- 
purpose machine tools. 

When designing parts t o  be machined the labour required by the 
machining process should be reduced to the minimum, and high 
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quality, reliabiIit y and durability of machines ensured a t  the same 
time. 

When designing parts for machining the following rilles are to  be 
observed : 

reduce the length of work surfaces to t he  design minimum 
required ; 

decrease the machining allowances to the minimum; 
manufacture parts by the moat prodnctive methods which do not 

involve chipping (forging, cold upsetting, coining, etc.); 
widely use shape steel rolled stock, leaving most of the surfaces 

in the as-rolled condition; 
make parts from blanks having their shape as close as possible t o  

that of the final producl; 
use composite structures to make easier the manufacture of labour- 

consuming parts; 
avoid unnecessary precise machining. In each particular case use 

the lowest gradc of accuracy ensuring propcr functioning of the unit 
and meeting interchangeability requirements; 

provide for the use of the most effective machining methods (with 
calibrated multipoint tools, etc.}; 

provide as far as possible for through-pass machining, which is 
the principal condition for increasing productivity and obtaining 
high-accuracy and finish standards of the machincd snrfaces; 

if through-pass machining proves impossible. ensure that t he  tool 
overtravel is sufficient to obtain well-finished and accnrate surfaces; 

ensure convcilient approach of the cutting tool to the work surfaces; 
make i t  possible to  machine the masimlxm number of surfaces dur- 

ing orie operation on one machine in a single setting and with one 
and the same tool; 

shape parts of repeated and mass application so as to make the111 
suitable for group machining with the use of combination tools; 

provide for the machining uf accura t c coaxial and parallel holes 
i n  a single setting to obtain good aligritnenl and precise centre dis- 
tances; 

assure a clear distinction belween the surfaces machined i n  diffe- 
rent operations, by different tools and to different accuracies; 

provide for the d i s t anc~s  between the work and nearest rough sur- 
faces which will make maellining possible with the masimum varia- 
tions in t he  blank sizc; 

avoid joint machining of assembled parts, which disturbs the 
continuity of the production process, impairs interchangeability and 
makes it difficult t o  replace parts during operation; 

reduce the range of the tools employed by unifying thc size and 
shape of the elements lo  be machined; 

in piece and small-lot productio~l reduce the number of special 
cutting tools to a minimum, using standard tools as far as possible; 
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impart to the work surfaces such a shape as will make the tool 
operate smoothly wit,hout impacts; 

relieve cylindrical mult,ipoint tools (drills, reamers, counterbores, 
etc.) from a unilateral pressure in operation; 

impart to the portions to be machined a high and uniform rigidit,y 
ensuring an accurate machining to good finish and making for the 
use of efficient processing methods; 

provide convenient datum surfaces for size control with the use 
as far as possible of universal measuring tools. 

4.1. Cutting Down the Amount of Machining 

The examples in Fig. 126 show how superfluous machining can be 
eliminated. In t,he fastening unit of a guideway (Fig. 126a) i t  is 

Fig. 126. Cutting down the amount of machining 

advisable to reduce the depth of t,he 1ocat.ing d o t  in the housing 
(Fig. 12Gb) to an amount sufficient for reliable locking. 

I n  cast parts {pit for a fastening bolt, Fig. 126c and d ;  cover, 
Fig. 126e and f ;  housing,Fig. 126g and k) the surfaces to  be machined 
should be arranged above the adjacent rough surfaces. 

In an antifriction bearing unit (Fig. 126i) precision machining 
should be applied to strictly limited portions of the working surfaces 
(Fig. 126j). 

Figure 126k and I shows the shortening of the press-fitted portion 
of a bushing in a housing, and Fig. 126m and n, the reduction of the 
centring portion of a dowel bolt. 

For parts made of round rolled stock the  labour required for ma- 
chining and the amount of chips removed can be reduced mainly by 
decreasing the difference between the diameters of the part,s, espe- 
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cially t,he largest diameters which determine in the first place bhe 
amount of the cut-off material. 

The shoulder on a stepped shaft (Fig. 127a) increases the diameter D 
of the blank and sharply increases the amount of the cut,-off metal. 
The large difference between t,he step diameters requires in turn 
more machining. The volume of the cut-off metal amounts to 135 per 

Fig. 127. Parts made of round 

0 (kl 

rolled stock 

cent of that of the final product. The coefficient of utilization of the 
material of the blank is 0.43, i.e., more than half of the blank metal 
is rejected as chips. 
In the shaft design without shoulder and with a smaller difference 

in the step diameters (Fig. 127b) three times less metal is removed as 
compared with the previous case, thanks to the smaller diameter D.  
Most of this reduction to diameter Dl (80 per cent) is due to the eli- 
mination of the shoulder. The coefficient of utilization of the material 
is increased to 0.7. 

Figure 127c illustrates a further reduction in the amount of the 
metal removed, made on account of the part being manufactured 
from a cold-drawn bar with a diameter equal to the maximum diame- 
ter D, of the shaft. In this case the coefficient of utilization of the 
material is increased to 0.8. 

Examples of cutting down the amount of machining by reducing 
the maximum diameter of parts are illustrated in Fig. 127d-f (pressure 
screw), Fig. 127g, h (tommy bar head), Fig. 127i, j (cap) and Fig. 127k, 

(leg). 
The diameter of a product should correspond to the standard diarnetcrs of 

round rollcd stock. The maximum diameter of a product should be Iesa than 
the nearest standard diameter of the bar by an amount equal to the diametral 
machining aIlowance a. 

The value of a mag be found from the ratio 

a = b m  
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where D = diameter of the surfacu t,o be machined, mrn 
I ,  = length of the blank, mm 
b =. coefficient equal in carious types of machinir~g to: 

- - - 

I t  is better to make mass-produced fasteners from sized rolled stock, 
leaving the maximum possible portion of the blank surface nn- 
machined. 

Figure 128a and b shows how labour input can be reduced by 
making a st,ud from a cold-drawn sized bar. 

The design of a hexagon nut with an annular collar (Fig. 12&) 
is unsuitable for mass product,ion. Such nuts chn be manufactured 

only by t.he piece. The nuts 
in Fic. 128d and e are made 
of hexagon bar steel. 

A cylindrical serrated nut 
in which thc serrations come 
onto the si~rfacc of the cylin- 
der (Fig. 128f) is unsuit,able 
for mass productiorl beca~lsc 
such nuts have to be milled 
individually. C o ~ r e c  tb desip- 

Total 
allowance 

0.9 
0 . 3  

Omration 

Turning 
Grinding 

ned nuts which car1 be man;- 
Fig. 128. Mass-produced fasteners made factured from cold-drawn sized of rolled stock 

bar are shown in Fig. 128g 
and h. 

Much less machining will be required if pipes are used to make 
hollow cylindrical parts. 

Figure 129a presents a hollow pillar made from solid bar sleel. 
The amount of machining will be less if tile pillar is ~ n a d e  of scam- 
less pipe and the internal surface left rough (Fig. 129b), and still 
less, if the collar diameter is reduced (Fig. 129c). 

Figure 129d shows the shell of an antifriction bearing. I t  takes 
much labour l o  make part I (Fig. 129e) from a cylindrical blanks; 
besides, 85 per cent of the blank volume is wasted in chips. 

In Fig. 129f the shell is divided into three parts. The side cheeks 
are made of plate steel and the middle portion, of thin-walled pipe. In 
mass production part I is preferably forged (Fig. 129g). 

When making machine parts by slitting cylitldrical blanks 
(Fig. 129h-k), thc angular dimensions of the parts sllould be assigned 

Machining 

roWh I finish 

0.5 
0.2 

0.4 
0.1 
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so as to f i t  an integral numbcr of them within the blank circum- 
ference, with due regard for the slitting cutter thickness, thus making 
the maximum use of the blank. 

The parts in Fig. 129h and j are designed without allowance for 
the slitting critter thicknesss. Thereforein the first case about half 

Fig. 129. Manufacture uf cylindrical parts, 

and in the second, one third of t,he blank is wasted. I n  Fig. 12!)i and 
k the dimensions of the parts are selected with due regard for the 
slitting, and the entiro blank is completely utilized. 

4.2. Press Forging and Forming 

I t  is most advisable to make parts from bIanks having their shape 
close to that of the final product,, obtained by hot forging in closed- 
impression dies. This reduces the amount of machining and increases 
the strcrtgth of the part, thanks to the compaction of the metal, for- 
mation of fibre structure and fine equiaxial grains resulting from 
recrystallization which occurs as the blank cools down. 

All other conditions being equal, forgings are stronger and lighter, 
and require less machining than composite parts. 

The use of dies is economically justifiable in mass production where the 
initial inrcstmer~ts in thc manufacture uf dies are rapid1 y recouped because 
of increased output and reduced machiriiug. However, thanks to the high strength 
of forged parts, the method is often used in the manufacture of important machi- 
rips irrespective of the scalc of output and manufacturing costs. 
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The highest accuracy and surface finish st.andards are provided 
by cold sizing (coining) applied as a final operation after hot forging. 
In  some cases coining completely dispenses with machining. 

Fig. 130. Methods of making a cup-shaped part 

Figure 130 illustrates methods of making a cup-shaped part (shown 
on the drawing by thin lines). 

Much labour is required t.o turn the part, out of a cylindrical blauk 
(Fig. 130a). Besides, the part is weakened because the metal fibres 
are cut. 

Figure 130b shows a blank obtained by hammer forging in open 
dies with a profiled lower die and flat upper die; Fig. 130c and d 

05 all mumi 

Fig. 131. Sin~pliIied machining of shaped parts 

illustrates the same blank made with the use of profiled lower and 
upper dies. 

When the blank is forged in a closed single-impression die (Fig. 130e) 
most of the surfaces take t,he final shape except for t h e  surfaces to be 
machined. The hoIe is marked by recesses I .  The flash in the  hole is 
removed by machining or subsequent forging operations. 

Forging in a finish impression (Fig. 1,701) provides a higher wall 
accuracy and in this case smaller machining allowances can be as- 
signed. The partition in t,he hole is cut out by a punching die. 

A blank with pierced hole obtained on a horizontal forging ma- 
chine is presented i n  Fig. 130g. 
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CoId sizing (coining) imparts the final shape to all  surfaces 
(Fig. 130h) except for the surfaces which require a most precise 
machining (seating hole, centring recess, end face of flange). 

Flat shaped parts are advisably made of plate material. 
The laborious contour machining of the part shown in Fig. 131a 

can be simplified by making the parts of plate material (Fig. 131b) 
with gang foim milling or shaping of the external contour. The requi- 
red section can also be obtained by extrusion. The parts in this case 
are produced by cutting the extruded section t o  the required length 
{Fig. 131~). 

The clamp shown in  Fig. 131d requires arduous contour machining 
or die forging followed by all-round trimming. If the design is slight- 
ly  changed (removal of lug projections m) such clamps can be made 
from plate {Fig. 131e) with form milling of the external conto~rr. 

4.3. Composite Structures 
Composite struclures are used in small-scale production when the 

manufacture of dies is economically unjustifiable. 
Some examples of dismembering parts as a means of reducing the 

amount of metal wasted in chips are illustrated in Fig. 132, 1, 2 
(plug cock), 3, 4 (piston) and 5-7 (pillar faslening). Parts are often 
dismembered t o  reduce the labour required for machining. 

In the unit comprising a labyrinth seal and a self-expanding ring 
seal (Fig. 132, 8) i t  is practically impossible t o  make part a because 
t he  cutting tool cannot approach the crests of the inner labyrinth 
and the spring-ring grooves. When the part is separated into two 
elements (Fig. 132, 9) i t  can easily be machined. 

Figure 132, 10, 11 shows the simplification of the machining 
of an annular T-shaped slot by separating the part into two 
eleme~lts. 

The part with an  internal hub (Fig. 132, 12) can be machined to 
thc  required accuracy only with the aid of a cup-shaped grinding 
wheel (Fig. 132, 13).  With the composite design (Fig. 132, 14) the 
detachable hub is ground externaIly. 

Figure 132, 15-34 shows examples of separating intricately shaped 
parts-pipe union (Fig. 132, 15, 16), cup-shaped part with an inter- 
nal spherical surface (Fig. 132, 17 ,  18) and holIo\v shaft with an 
interrlal partition (Fig. 132, 19, 20). 

I t  is difficult t o  machine cylindrical and spherical projectiorls 
wliose axes do not coincide with the rotation axis of the part. They 
can be machined on lathes only with the aid of special attachments 
(offset centre fixtures) and ground by means of cup-shaped wheels. 
Such parts are preferably made detachable. 

The design of the carrier with rings mado integral with the carrier 
housing (Fig. 132, 21) is not sound. I t  is more practical t o  fit  Ihe 
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Pig. 139. Composite structures 

pins in holes {Fig. 132, 22, 23) which can be accurately manufact.u- 
red and coordinated with ease. 

Projections may be made integral with the part if t.here are not 
more than two projeclions arranged on different sides of the part 
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(for example, frontal cranks, Fig. 132, 24). The composite structure 
(Fig. 132. 25) is however more practical although i t  is inferior in 
strength to the integral one. 
Other cxamplcs of composite structures are presented in Fig. 152, 

26, 27 (cross-shaped carrier) and 28, 29 ( l e v e ~ w i t k  a spherical stri- 
ker}. In the latter case, another design (Fig. 132, 30) wherein the 
striker head is replaced by a spherical cup is just as valid. 

External threads on the projecting members of housing-type coiu- 
ponents (Fig. 132, -31) have to be cut manually. This is unsuitable 
for mass production, and it will be more practicable to make these 
parts detachable (Fig. 132, 32). 

Centring from external shoulders on housings (Fig. 132, 33) shor~ld 
preferably bo changed to cenlr i~ig from holes (Fig. 132, *?4). 

4.4. Elimination of Superfluously Accurate Machining 

Close-tolerance dimensions should be applied only when absolutely 
necessary. One should always select the lowest grade of accurac,y 
permissible from the standpoi~lt of interchangeability of parts and 
reliable o p o r a t i o ~ ~  of the given unit. 

Surfaces whose manufacturing accuracy does not affect the opera- 
tion of the unit as a whole shollld bc made to lower grades of accuracy 
than the working surfaces. 

Figure 135a shows a shaft mounted i n  rolling-contact bearings. 
The seating surfaces for the bearings conform to the 2nd grade of 
accuracy. The cent,ring su~faccs of intermediate bushings 1, 2 and S 
and of grooved seal body 4 are machined to the same accuracy al- 
though rougher tolerances (to the 3rd or 4th grade of accuracy, 
Fig. 133b) car1 safely be assigned for these surfaces. 

It  is r ~ o t  necessary to assign close-tolerance dimensions for thc 
internal diameter of the seal body 4 and for the external diameter of 
bushing 3 because a radial clearance of 0.5 mm exists between thcsc 
surfaces. These dimensions may be given without tolerances. 

When a ball bearing is locked with rings on tho shaft and i n  the 
housing (Fig. 133c, d)  it is not necessary to install the locking rillgs 
into grooves by a slide f i t  and machine them to the 2nd grade of 
accuracy since the fit of the rings and the accuracy of the bearing 
location are determined only by the overall dimension 24 A ,  bctween 
the extreme cnd faces of the grooves and t he  total thickness of the 
parts included in this interval (locking ring3, bearing race). In  ocder 
to simplify machining it is advisable to fit the locking rings into the 
grooves with an axial clearance of about 0.3 mrn (Fig. 133d). 

Figure 133e shows axial locking of a ball bearing in the housing by 
means of checks 5, To ensure clearance-free installation the end faces 
of tho housing are machined to the 2nd grade of accuracy to a dimen- 
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sion equal t o  the width of the out,er bearing race (20s). The manu- 
facture of the mi t  can be simplified by machining the end faces of 
the  housing u7ithout keeping t o  d o s e  tolerances, the clearancefree 
installation of the bearing being ensured by means of a sized ring 6 

Fig. 133. Eliminatiorl of rxre~s ivc lr  accurate machining 

(Fig. 133J). Another, and muc.h simpler method is to make the housing 
wall tliickness 0.1-0.2 mm smaller than the width of the bearing 
(dimension 19.8 in Fig. 133g). When fastening bolts i' are tightened 
u p  the cheeks are elast,ically deformed and securely lock the bearing 
axially.  
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4.5. Through-Pass Machining 

The t hrough-pass rnacbining where the cutting tool freely appro- 
aches and leaves the work surface is of great value for raising produc- 
t ivity and improving surface finish and accuracy. 

The housing design in Fig. 134a is not good since the traverse of 
t.he cutting tool (face miIling cutter) along the work surface is limited 
by the housing walls. 

The cut,ting conditions vary with different portions of the surface. 
At first the blank is brought to  the cutter axially, t.hen the cutter 

Fig. 134. Through-pass machining of frames 

bites illto the metal, in which case it is difficult t o  obtain fine sur- 
face. Several cuts are required to obtain more or less identical finish 
o r c r  the entire length of the machined surface. 

S t~ch  productive methods as high-speed cutting, machining to 
preset operations and also gang machining cannot be applied in this 
casc. Each workpiece has to be machined individually, much time 
bring wasted to feed the milling cutter in and back it out, and adjust 
t he  setup to size. 

In the correct design with the protruding work surface (Fig. 134b) 
t he  milling cutter operates with through feed and cuts the surface 
to the same finish at a high productivity. 

Figure 134c sliows a plate desigrl unsuitable for mass prnduction. 
The work surfaces are arranged at different levels, each surface 
reqrlirir~g individual machining. Due to the presence of internal 
bosses, the contour of the upper flange m has to be machined with a 
combincd cross and longitudinal feed of the work. Tho bracket with 
a transverse hole, which protrudes below the lower surface of the 
plate, makes i t  difficult  to  machine this surface and mount the plate 
properly when machining the upper surfaces. It  is illconvenient to 
drill  the transverse hole in lhe bracket, especially if the hole is far 
frorrl the exterrial edges of the plate. 
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I n  the good design (Fig. 134d) all the work surfaces are brought to 
the same level. The bracket is made detachable. The machining is 
done in two stages: first the upper surface is cut and then the lower 
one. 

Figure 13.5 5hows examples of machining accurate holes. In desigil I 
the  bearing is installed i n  a split  housing (radial assembly), in a 
recess limited on both sides by walls. It  is extremely difficult to 
machine the seating st~rface of the recess. 

Design 2 of axial assembly (a bearing mounted i n  a solid housing) 
is likewise unsuitable. Accurate machining of the seating surface is 
hampered by the shoulder that locks the bearing in the axial direction. 

The designs wherc the seating surface is through-pass machined 
are correct. In this case the bearing is secured axially by locking 
rings (desigrt 3) or intcrn~cdiatc bushings (design 4) one of which is 
fastened in the housing and the other serves t o  tighten up the bearing 
race. Figlire 135, 5, ti illustrates irrational (5) and rational (6) moun- 
ling of a rolling-contact bearing. 

The mounting of rolling-contac t bearings in a gear with a collar 
used to lock the bearings (design 7) is unsuitable. In this case i t  is 
cspecially difficult to ensure the concenI rici ty of the seating surfaces 
machined in different settings. When t h o  collar is replaced with a 
locking ring (design 8) the bole can be through-pass machined. 

If a ram is fitted into a blind hole (design 9) ,  it is difficult to 
machine the hole and lap-in the ram. In this case a through hole is 
required (design 10). 

In a cover wilb a shaped flange m machined by milling (design T I )  
i t  is better to make the flange of such a shape as will allow through- 
pass machining (design 12). 

In design 13 the nu t-sealing surfaces are face milled individually. 
Changing the shape of the scating surfaces (design 14) makes it 
possible to machine them all in orle go, thereby appreciably increa- 
sing the efficiency of machining. 

Slots (design 15) sholilrl prefecably be made open (design 16) as 
in this case their machining is simplified and their side faces can be 
made more accurately. 

Some changes in design tha t  allow through-pass machining are 
illustrated in Fig. 135, 17, 18 (fitting a bushing into a housing); 
19, 20 (torque-unit transmitting in a flariged connection); and 21, 22 
(fastening a shaft by means of a pin). 

Figure 135, 23, 25 shows wrong designs of housings with Iioles 
arrar~ged i n  line. If there are solid walls thc holes must be machined 
with an end cutting boring bar whose end is unstable and deflects 
under the effect of the cutting force. 

In Fig. 135, 24, 26 the housings are provided with holcs for passing 
the boring bar and in this case the end of the bar car1 be steadied 
with a rest. 



Fig. 135. Throug11-pass mavlliniug oi  holes 
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Figure 135, 27, 30 shows how machining can be simplified by ar- 
ranging the work surfaces in one plane. In t h e  design of an engiqe 
head (Fig. 135, 27) the machining is done on plane b where the head 
joins t h e  cover, on plane a where the camshaft bearings are mounted, 
and on the seating surfaces of the fastening nut.s. 

A good design is the one in which all the three surfaces are brought 
t o  t he  same level and machined in one go (Fig. 135, 28). 

Fig. 136. Through-pass machining of I~olcs and surfaces 

In t,he crankcase bearing unit (Fig. 135,29) the bearing cap is loca- 
ted by means of shoulders, which prevents tho through-pass machi- 
ning of the jointing surfaces of the crankcase and bearing. 

In the design shown in Fig. 135, 30, the cap is located wit.h set 
pins, and the through-pass machining of the surfaces is thus made 
possible. 

The design of the gear pump in Fig. 136a is unsuitable for mass 
production. The seats for the gears are blind and are arranged in 
different halves of the housing. In such conditions i t  is difficult to 
coaxially align the seats. A better design is presented in Fig. f36b 
where the seats are situated in one half of the housing. The best design 
is the one where the housing is composed of three parts (Fig. 136c). 
The seats in the middle portion of the housing and the working sur- 
faces of the housing cheeks are through-pass machined. 

Figure j36d shows an irrational design of a flat slide valve. The 
working surface rn of the housing is in a cylindrical recess, and it 
is impossible to grind this surface to t,he required accuracy. The 
conditions of grinding the working surface of the slide valve are 
likewise unfavourable. Even a slight out-of-squareness of the surface 
with respect to the valve axis may dist,urb the tightness of the seal. 

In the design shown in Fig. 136e, the working surfaces of the hou- 
sing and the slide val-ve can be through-pass machined on a surface- 
grinding machine. 
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This design also incorporates other improvements. The slide valvc is con- 
nected with the shaft by splines which makes for an easy self-alignment of the 
slide valve with respect to the housing and increases the reliability of the seal. 
The spring that presses the slide valve rests against the corer of the housing 
via a spherical joint. This unilormiy distributes the pressure force acting on the 
slide valve and reduces friction when the slide valve rotates. 

4.6. Overtravel of Cutting Tools 

Sometimes through-pass machining is impossible for design con- 
siderations. In such cases provision should be made for an overlraue:e6 
of the cutting tool with respect t o  t,he work surface to a distance suf- 
ficient. to obtain the specified finish and accuracy. 

Fig. 137. Grooves for the overtrave1 of cutting tools 

When machining accurate stepped cylindrical surfaces the over- 
travel of the tool is ensured by means of grooves several tenths of a 
millirnetre deep cut at the section transitions. 

If a cylindrical surface alone is subject to precision machining, 
use is made of cylindrical recesses (Fig. 137a), and when end faces 
are to be accurately machined (Fig. 137 b) end recesses are cut. Diago- 
nal grooves are made when a cylinder and the adjoining end face are 
to be precision machined (Fig. 137c). The shapes of grooves for the 
overtravel of a grinding wheel are illustrat,ed in Fig. 137d (cylindrical 
grinding), e (face grinding) and f (cylindrical and face grinding). 

The dimensions of the grooves (in mm), depending on t,he diameter 
do of the cylinder, are given below. 

. . . . up to 10 10-50 50-100 over 100 
b . . . . .  2 3 5 8 
h . . . . .  0.25 0.25 0.5 0.5 
R . . . .  0.5 1.0 1.5 2.0 
R1 . . . .  - m2 h - - 

Figlire 138 presents the shapes of adjoining surfaces cf standard 
parts used in mec,hanical engineering. 
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I t  is impossible t o  finish machine the portion of a stepped shaft 
(Fig. 1 3 8 , l )  where the cyli~ldrical surface adjoins the end face of the 

Fig. 138. Adjoiri i~ig surfaces 

collac. To ensure tool overtrarel, a groove should be provided at 
the point of transition (Fig. 138,2). This method is not recommended 
for heavily loaded parts because recesses act as stress concentrators. 
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In such cases a filleted transition (Fig. 138, 3) is required, made with 
a round-nose tool in turning, end with a round-face wheeI in grinding. 

To obtain accurate inner surfaces (Fig. 138, #), it is necessary to 
introduce undercut groovw (Fig. 138, 5) or, better still, to ensure 
throngh-pass machining (Fig. 138, 6) .  

Designs inTwhich threads on cylindrical stepped portions are cut 
close to the end faces of the steps (Fig. 138, 7 , 1 3 )  are practically im- 
possible. Threads should terminate a t  a distance 1 >, 4s from ahoul- 
ders or end faces (Fig. 138, 8 ,  14) ,  where S is tho thread pitch, or 
separated from tho adjacent surfaces by a groove (Fig. 138, 9 ,  15) 
with a diameter d, ,< d - 1.53 for external threads and d, >, d + 
+ 0.25 for internal threads, where d is the nominal thread diameter 
in mm. 

When cutting external threads with threading tools or dies t,he 
width of the grooves is, on the average, b = 2S, and when cutting 
inlernal threads, b - 3s. It is advisable to observe this rule also 
in the case of smooth shafts (Fig. 138, 10, 11) and holes (Fig. 138, 
IS, 17). 

Surfaces adjacent to threads should preferably be arranged lower 
(Fig. 138,12,  18) to allow through-pass machining. The diameters d, 
and d, of such surfaces are determined from t h t  relations iven 
above. 

When cutting longitudinal slots in holes, provision should be 
made for tho slotting tool exit, for example, into a transverse bore m 
(Fig. 138, 19) or into an annular groove (Fig. 138, 20) of radius 

R ~ J ~ P  4- (where h is the distance from the slat bottom to 

thoTcentre and c,  the d o t  width). I t  is better for the adjacent surface 
to be located below the slot bottom (Fig. 158, 21). 

The design of a blind liolc with splines machined by broachirlg 
(Fig. 138, 22) is wrong: thc width b of the groove beyond the splines 
is not enougli for the overtravel of the broaching tool. In the design 
shown in Fig. 138, 23 the length of the splines is reduced and rhe 
groove is made of greater width b'. The lowering of t he  adjacent sup- 
face (Fig. 138, 24) enables one to broach the splines more effectively 
and accurately. 

Figure 138, 25, 28, 31 shows u~lsuitable shapes of tapering surfaces 
which do not allow 0vert~rave1 and infeed of the tool. Correct dcsigns 
are illustrat,ed in Fig. 138, 26, 27, 29, 30, 32, 33. Figure 138, 34, 35 
shows irrational and Fig. 138, 36, rational designs of spherical sur- 
f aces. 

Let us discuss examples af wrong and correct designs of standard 
units and parts used in mechanical engineering. 

In the design of a splined shaft with stcaight-sided splines (Figu- 
re 139, 1 )  it is impossible to g ~ i n d  thc working faces and the cenirir~g 
surfaces of the shaft. To permit overtravel of the grinding whecl the  
9--01658 
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surface of the shaft should be lowered at the base of the splines (Figu- 
re 139, Z), or grooves should be made (Fig. 139, 3). 

Figure 139, 4, 5 shows wrong and correct designs of an inverted 
V-guideway, respectively, and Fig. 139, 6, 7 ,  t,hose of a snap limit 
gauge. 

The internal space of a step ball bearing (Fig. 139, 8) can be ma- 
c,hined easier if a groove is made at the base of the  space (Fig. 139,9) 
or if use is made of composite structures (Fig. 139, 10, 11). 

In the free wheel (Fig. 139, 12) the spiral active surfaces of teeth 
(usually worked on relieving grinding machines) should be provided 
with undercuts to allow for overtravel of the grinding wheel (Figu- 
re 139, 13). 

It  is impossible to mill the slot,s in the slotted bushing (Fig. 139,14) 
because the cutter comes against the bushing wall. If four instead 
of three slots are used (Fig. 139,151 they can be through-pass milled. 

I t  i s  very difficult to machine the end slot in the shaft (Fig. 139216). 
If the cut.ting tool overtravel is permitted into a transverse bore at 
the base of the slot (Fig. 139, 171, the shaft end then can be drilled 
at the slot edges (dashed lines) and the partition between the drilled 
holes removed by planing. A composite design comprising a rim 
press-fitted onto the slotted portion of the shaft requires still sim- 
pler machining (Fig. 139, 18). 

End slots on a shaft (Fig. 139,19) can only be formed by upsetting. 
Separating the slots from the cylindrical surface of the shaft by an 
annular groove (Fig. 139, 20) enables one to make them by planing. 
In the composite design (Fig. 139, 22) the slots can be machined 
more accurately and efficiently by through-pass milling. 

In the cup-shaped part (Fig. 139, 22) the neck of the shaft can be 
ground only by a very expensive and inefficient method using a cup 
wheel mounted eccentrically with respect to the shaft (Fig. 139, 23). 
To make cylindrical grinding possible t,he shaft journal should pro- 
trude beyond the cup to a distance s sufficient for overtravel of the 
wheel (Fig. 139, 24). 

In another cup-shaped part (Fig. 139, 25), the grinding of the 
internal surface is  hindered by the projecting end of the hub. The 
design in Fig. 139, 26 is also wrong because the end of the surface 
being ground coincides with the end of the hub, and a burr appears 
on the extreme portions of the surface. 

In the correct design shown in Fig. 139, 27 the end of the hub is 
displaced relative to the surface being ground to a distance s thus 
ensuring a good finish of the entire surface. 

In the clust,er gear (Fig. 139,25) the teeth of the pinion canibe cut 
if the distance a (Fig. 139, 29) is made sufficient for overt.rave1 of the 
gear cutter (Fig. 139, 30). The minimum value of a (mm) as against 
the tooth module rn is given below. 

m 1-2 3-4 5-7 8-10 12-14 
a 4-5 6-7 8-9 10 14 

9' 
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When teeth are formed by a hob cutter much larger distances are 
required, determined by the diameter of the cutter (Fig. 139, 31) 
and tho plan approacli angle with rcspect to the shaft axis. I f .  the 
rims have to be close together, com~osi te  designs are used (Figu- 
re 139, 32). 

To prevent the hob cutter from cutting into the thrust shoulder of 
the shaft (Fig, 139, 33) when the splines are machined by the genera- 
ting method, the shoulder must be positioned at such a distance from 
the shaft end as will permit the machining of the splines without 
the tool cutting into the shoulder (Fig. 139, 34). The best way is to 
through-pass machine the splines and replaco the shoulder with a 
circular stop (Fig. 139, 35). 

Fig~lre 139, 36 shows a conical valve with a guiding shank. The 
valve chamfer and the centring surfaces of the shank are plunge- 
cut ground with a form wheel. 

In this design it is impossible to finish grind the portion where the 
chamfer adjoins the shank. The design with a recess (Fig. 139, 37) is 
also wrong because the diameter d of tlie shank is equal to the smaller 
diameter of the chamfer and a burr may appear on the chamfer. 

In the correct design shown in Fig. 139, 38 the diameter d, of the 
shank is smaller than the minor diameter of the chamfer, and the 
surfaces of the shank and the chamfer boing ground are overlapped 
by the grinding wkeel. 

4.7. Appmaeh of Cutting Tools 

To increase the efficiency and accuracy of the machining process 
the cutting tool should have an easy approach to the work surfaces. 
For this reason one must have a clear understanding of the machining 
operations, know the dimensions of the cut.ting tool and its 
fastening elements and the methods of mounting and clamping the 
work. 

Figure 140, 1 presenls a sheave of a V-belt transmission with a 
threaded hole n in the hub for the fastening screw. The shape of the 
part allows the hole to be drilled and t,hrcaded only through the 
bore m in the rim (Fig. 140, 2 )  which should be provided in  the 
design. 

Some methods of making the hole n in a bracket (Fig. 240, 3) aro 
shown in Fig. 140, 4-6. 

When determining the inclination angle of a skew hole (Fig. 140, 5), 
the drill chuck dimensions should be considered. 

In the design of a pin-type fastening a cup-shaped part on a shaft 
(Fig. 140, 7) it is impossible to drill and ream hole rn for the pin 
and also insert the latter. En this case it is necessary either to provide 
hole m in t,ho sheave rim (Fig. 140, 8) or t,o change the position of the 
hub (Fig. 140, 9). 



Fig. 140. .i\pprr>och nE cutting tools 
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Hole n (Fig. 140, 10) in the lug between the flanges of a cylinder 
can be drilled through hole rn (Fig. 140, 11) or recess q in one of the 
flanges (Fig. 140, 12). 

When knurling the knob of the dial in t h e  design shown in Figu- 
re 140, 13, the knurling roller cannot reach the base of the knob. 
The knob should be displaced from the dial to a distances = 3-4 m m  
{Fig. 140, 14) sufficient to let pass the cheek of the roller holder. 

When the dial is large in diameter a composite design (Fig. 140,15) 
is 'preferable, allowing the use of a short and rigid roller 
holder. 

Shaped slot t in the face cam (Fig. 140, 16) cannot be formed as i t  
is impossible for an end mill to approach the slot because there is 
a gear made integral with the cam. 

To make the machining possible, the cam must be made detach- 
able from the gear (Fig. 140, 27). 

In the dwign'of a gear with an internal splined rim (Fig. 140, 18) 
the splines can be cut only by slotting. The more efficient and accu- 
rate generating method can be employed, if the splined rim is brought 
out beyond the hub: Fig. 140, I J ) ,  or if the hub is displaced (Fig. 140, 
ZO), or else if a composite design is employed (Fig. i40, 21). 

The internal facos of the disks in the one-piece turbine rotor 
(Fig. 140,22) can be machined i f  the disks are arrangad farther apart 
by increasing distances b and reducing the width of the disk rims 
(Fig. 140, 23), or if a split design (Fig. 140, 24) is employed. 

I t  is possible t o  mill the impeIler blades of a centrifugal machine 
(Fig. 140, 25) if the radius at the base of the blades is increased to 
an amount that permits approach of a milling cuttor (Fig. 140,26). 

Figure 141 shows examples of changes in design making the ma- 
chining of hard-to-reach surfaces easier. The machining of inner 
space rn of a stop valve housing (Fig. 141, 1) can be simplified by in- 
creasing the diameter of the threaded portion of the llousing (Figu- 
re 141, 2). In this case, ordinary or core drilling may be used instead 
of turning on a lathe. 

Figure 141, 3-5 shows the methods applied to facilitate the rnachi- 
ning of internal space n of a turnable pipe connection. 

The threads in holes should not be too deep (Fig. 141, 6), but made 
as close as possible t o  the upper end face of the part (Fig. 141, 7). 

I t  is simpler t o  machino a labyrinth seal (Fig. 141, 8) if the ridges 
are made outside of the seal housing (Fig. 141, 9).  

I t  is practically impossible to cut  the thread on the rod of a cup- 
shapad part (Fig. 141, 10). The machining can be done if the thread 
is cut beyond the cup (Fig. 141, 11) or if a composite design (Figu- 
re 141, 12) is employed. 

The grinding of a deep hole in a shaft is illustrated in Fig. 141, 13. 
The deflection and r unout of the cantilever spindle carrying the 
grinding wheel make it impossible to obtain a well finished and 



Fig. 141. hlct hods of making the macbinirlg easier 
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accurate surface. In the correct design shown in Fig. 144. 14 t,here 
is a through hole and the spindlc now can be mounted on two sup- 
ports (the shaft rotates in a chuck arranged eccentrically with re?- 
pect to the spindle). With this design the grinding may be replaced 
by fine boring, reaming or broaching. 

Figure 141, 15 shows difficult-to-machine surfaces t for fastening 
bolts in a bracket with a base connected by an H-section rib with a 
bushing. 

Milling (Fig. 141, 16) is impossible in t.his case because the ribs 
hamper approach of the milling clitt,er (dashed line). Planing 
(Fig. 141, 17) is difficult since overtravel is not provided for the 
tool. Inverse spot facing (Fig. 141, 18) can he applied only if the 
hole diameters are large. 

Tlle boss raised above the surface of the base can be planed (Figu- 
re l / i l , 19 )  or the base can be secured wi th  bolts (Fig. 141, 20) moun- 
ted on the other side of the housing (in this case i t  is not necessary 
to machine the upper side of the base). 

In the case of high-precision casting (for example, casting into 
metal moulds) the surface for nuts may be left rough (Fig. 141, 21). 
However, tho bearing surfaces in critical joints should be machined 
to  prevent the skewing of the bolts. 

I t  is extremely difficult to  machine surfaces in deep cavities (pad 
for mounting part u, Fig. 141, 22). The internal surfaces may be 
left unmachined, if the part is mounted on external pads and passed 
through a holo in the wall (Fig. 141, 23). 

If i t  is impossible to make the hole of the required size, t,he part 
is introduced into the cavity and fastened on bushings I (Fig. 141,24, 
25) flange-mounted on tho outer pads of the housing, and the part 
being located in the bushings from set pins 2. 

Transverse holes arranged in housings a t  a considerable distance 
from the edges (Fig. 141, 26) or in recesses (Fig. 141, 28) can be ma- 
chined only with an extended tool, a rat.chct drill or, an angular 
drilIing head, et.c. In such cases it, is more practical t o  use detachable 
brackets mounted on pads in the housing (Fig. 141, 27, 29). 

4.8. Separation of Surfaces to Be Machined 
to Different Accuracies and Finish= 

Surfaces t o  be machined with different tools and to  different accu- 
racies and finishes should be designed with some separating elements 
between them. 

In a forked lug (Fig. 142, 1) t,he surfaces of the slot and the base 
coincide. In the correct design (Fig. 142, 2) the bottom of the slot 
is raised above the base surface to  a distance s (at least by several 
tenths of a millimetre). 



Fig. 142.  Separation of surraces t o  

(32) 

be machined by various   net hods 
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The design of a shaft with a square shank for a fitted-on part 
{Fig. 142, 3) is wrong: it is practically impossible to  machine the end 
face f of the shaft steplessly when the faces of the square are milled. 

In the design shown in Fig. 142, 4 the faces are raised above the 
end face t o  a distance s. The face is undercut when the cylindrical 
surface of the shank is turned. On the fitted-on part a recess is pro- 
vided to  overlap the cylindrical shoulder. 

The square of the shank can be separated from the shaft end face 
by an annular recess with a diameter slightly smaller than the dis- 
tance between the square faces (Fig. 142, 5) .  

In the wrong gear design (Fig. 142, 6) the root surface of teeth 
coincides with cylindrical surface g of the gear rim. In the correct 
design shown in Fig. 142, 7 the root surfac,e is  raised above the hub 
surface to  a distance s that ensures overtravel of the gear-cutting 
tool and prevents i t  from cutting into the rim surface. 

I t  is practically impossible to manufacture a connecting rod end 
{Fig. 142, 8) whose merging surfaces are machined by different ope- 
rations. 

En the design shown in Fig. 142, 9 the surfaces machined with dif- 
ferent tools are separated. The external surface h of the H-section 
rod, which is machined with a plain milling cutter, is raised t o  a 
distance s relative to  the connecting rod end. The internal spaces i 
of the rod, machined with a face cutter, are removed from the rod 
end to a distance s,. The rod-end cantilevers, worked by turning, 
are separated from the rod by a distance s,. 

In the cam design (Fig. 142, 10) the accurate surface of the cam 
merges with the cylindrical surface of the shaft which is machined 
t o  a lower accuracy. I t  is impossible to  grind the back surface I 
of the cam flush with the shaft cylinder. In the correct design shown 
in  Fig. 142, 11 the surface of the cam is raised above that of the shaft 
t o  a distance s ensuring the required machining of the cam. 

In tho dog plate design (Fig. 142,12) surfaces m and n of the dogs 
are turned together with annular sections q and r of the disk end face, 
and portions t are milled. I t  is impossible t o  match these surfaces. 
In the correct design shown in Fig. 142, 13 the surface to  be milled 
is raised above the adjacent surfaces of the disk end face to a distan- 
ce S. 

Similarly, i n  the ridged plate design (Fig. 142, 14, 15) surface u 
t o  be milled should be higher than all the other surfaces of the end 
face which are turned. 

It  is difficult to  machine the block with cylindrical pins (Fig. 142, 
16). I t  is necessary to turn surfaces v adjoining the pins in two cuts 
so that  the surfaces are matched precisely. The design with cylindri- 
cal bases w raised to  a distance s (Fig. 142, 17) is correct only if the 
surface v of the block between the pins can be left rough, becallse it 
is difficult t o  machine this surface. 



4.8. Separation of Surfaces of Different Accuracy 139 

If the surface adjoining the pins is to  be machined, it should be 
shaped as shown in Fig. 142, 18. The bases w of the pins are turned 
on a lathe and the surface u is through-pass milled. 

In  hexagons adjoining cylindrical surfaces (Fig. 142, 19) the faces 
should be arranged above the cylindrical surface (Fig. 142, 20). 

In the design shown in Fig. 142, 21 i t  is impossible to merge the 
ground working faces of the slot with its drilled base. The precision- 
and rough-machined surfaces should be separated (Fig. 142, 22) or 
the base of the slot drilled to a diameter larger than the slot width 
(Pig. 142, 23) t o  ensure overtravel of the grinding wheel. 

Examples of wrong and correct merging of accurate and rough 
surfaces are illustrated in Fig. 142, 24, 25 (push rod with a spherical 
head) and 26, 27 (dowel bolt). 

The design of the joint between the crankpin, main journal and 
webs of a crankshaft (Fig. 142, 28) is erroneous: the ground fillets of 
the journals pass directly into the milled webs. In the correct design 
shown i n  Fig. 142, 29 the fillets are separated from the web surfaces 
by shoulders s. 

I n  the bevel gear (Fig. 142, 30) the ground bearing surface z passes 
into the turned fillet of the end surface of the teeth. It  is practically 
impossible t o  obtain the smooth mating shown on the drawing. In  
the correct design (Fig. 142, 31) the surface to be ground is separated 
from the rough surface by step s. 
In the disk valve (Fig. 142, 32) the guiding surface of the rod, 

machined to a high accuracy and finish, gradually forms the fillet 
of t , ke  head. This Cillet, can be obtained in practice only by filing 
manually the transition section. In the correct design shown in 
Fig. 142, 33 the surface of the rod is separated from the fillet by a 
recessed portion s. 

I t  is expedient to separate cylindrical surfaces of the same diame- 
ter machined to different classes of finish (Fig. 143a) by a shallow 
groove [Fig. 143hj or to throngh-pass machine the entire surface to  
the same finish. 

SurEaces having the same nominal diameter, but machined t o  dif- 
ferent tolerances so as t o  ensure different fits (Fig. 143c) should pre- 
ferably have their soating sections separated by a groove (Fig. 143d), 
or one of the sections should be made of a smaller diameter than the 
othor (Fig. 143e). 

If the nominal diameter of the seating surface on a shaft is equal 
t o  the major diameter of the adjacent thread (Fig. 143f), an increase 
in the thread diameter (due to  the threads' "rising" during cutting) 
often makes i t  impossible to install the fitted-on part on the shaft. 

In such cases the major diameter of thread should be through-pass 
machined together with the seating surface, a special note being 
made for the purpose on the drawing. But it is better t o  reduce the 
thread diameter (Fig. 163g). 
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Figure 143h shows wrong and Fig. 143i, j ,  correct designs of sepa ra- 
ting internal cylindrical surfaces machined to different classes of 
finish. 

Fig. 143. Separation of surfaces machined t u  different finish for various f i ts  

4.9. Making the Shape of Parts Conformable 
to Machining Conditions 

The shape of parts t.o be machined must conform to  the type of 
machining, the shape and size of the c.utting t.aol, and the sequence of 
operations. 

Figure 144 shows a connecting rod end joined to an H-scction rod. 
rhc design shown in Fig. 144a can be obtained only by closed-im- 
pression die forging and cannot be machine cut. With the shape shown 

Fig. 144. Joining a connecting rod end to an H-section rod 

on the d~awing. the recess rn between the flanges cannot be milled. 
The contour machining of the external surface n of the end and the 
sections q where t,he flanges pass into the end is likewise impossible. 

The recess can be milled with a plain cutter (Fig. 144b) or with a 
face cutter (Fig: 1 4 4 ~ ) -  Bot,h methods fully determine the shago of 
tlie joint, wItich must be show11 on the drawing. 
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Heavy sections t (Fig. 144b) and u (Fig. 144c) at the joint between 
the rod and its end are eliminated by face milling the transition 
portions [Fig. 144d, e). 

Ends x of the flanges are milled with a face or plain milling 
cutter up to  surface y which is undcrcut when turning ends 2 of the 
bushings. 

The con jn~a t ion  of a round bar and a forked lug (Fig. 145a) 
cannot bo machined and is only obtainabla by closed-impression die 
forging. 

I n  the design in Fig. 145b, the bar is turned, and the lug, milled. 
In the esign in Fig. 145c, the lug takes a ~yl indr ica l  shape, and only 

Fig. 145. Machining ul a forkad lug 

faces m and n are milled. In the design with the lug tapering towards 
the bar (Fig. 1454 the taper and cylinder surfaces are turned, and 
the side faces and rounded end g, millcd. 

In the most rational design (Fig. t45e)  the lug having the shape of 
a sphere with a taper t,owards the bar i s  turned on a lathe and only 
side faces t aro milled. 

4.10. Separation of Rough Surfaces from Surfaces 
to Be Machined work 

On blanks produced by casting, stamping, forging, etc., the work 
surfaces must be separaled from the nearest rough surfaces by a dis- 
tanre 1; exceeding the amount nf possible displacement of tlie rough 
surf aces. 

Figure 146 illustrates the application of this rule to work surfaces 
arranged above (Fig. 146a) and below (Fig. 246b) rough surfaces, 
and also t o  those adjacent t o  rough walls (Fig. 1 4 5 ~ ) .  

If the distance k is inwfficisnt, an upward displacement of the 
rough surface in casting (Fig. 146a) will came the tool to cut into 
the wall, and in the case of a downward displacement the tool will 
fail f o reach the  wall leaving it rough. I n  Fig. 140h, if the rough sur- 
face is displaced downwards, the tool may not reach the  metal. The 
displacement of side walls (Fig. 1 4 6 ~ )  may callse the  tool to cut into 
the  wall metal. 
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Figure 146d-f shows this rule as applied t o  separating the work 
surfaces on fastening flanges. 

Sometimes, dimensions do not allow rough walls to be removed 
from the work surfaces. In such cases the required distance k can be 

Fig. 146. Separating of rough surfaces from surfaces to be machined 

maintained by making local recessss, cavities, etc. in the walls 
(Fig. 146g, i-wrong designs, Fig. 146h, j-correct designs). 

The value of k mainly depends on the manufacturing accuracy of the blank 
and its overall dimensions. The values of k for cast parts can be found from 
Fig. 122. 

For parts made by smith forging the valum of k are about the same. In the 
case of die-forged parts, k varies within 0.5 to 2-3 mm, depending on the forging 
accuracy and dimensions of the blank. 

Figure g47a shows a case of facing a boss on an internal wall of 
a cast housing, effected through a hole in an external wall. The 
diameter of the hole in the external wall is equal t o  the diameter d 
of the boss. If the boss is displaced from its nominal position in cas- 
ting, an unmachined burr may appear on the boss. In this design 
the end face can be machined only with the aid of a boring bar with 
an extensible tool. 

The correct design is illustrated in Fig. 147b. The diameter of the 
hole in the external wall is made larger than the boss diameter by 
the amount 2k of possible displacements. 
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In the design shown in Fig. 147c the faced surface of the boss is 
arranged below the rough surface, and the diameter of the boss ia 
increased. As a result, the facing tool cuts a correct cylindrical sur- 
face in the boss. 

Figure 147d shows the spot facing of a boss in a pit with rough walIs. 
The size of the pit does not permit the use of a spot facer of such a 

Fig. 147. Pacing of bosses 

diameter as is required to correctly machine the boss and keep a t  
the same time proper clearance k between the spot facer and the walls 
of the pit. 
Tn the design shown in Fig. 147e the diameter of the pit is increased 

so that the boss is overlapped by the spot facer. In the design in 
Fig. 147f the work surface is sunk in the bottom of the pit. 

Figure 147g-i illustrates t,he facing of a boss adjoining the wall of 
a part (Fig. 147g-wrong design, Fig. 147h, i-correct designs). 
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4.1 1. Machining in a Single Setting 

Surfaces which require precise mutual coordination should be 
machined in one setting. 
In the speed reducer with overhung gears (Fig. 148a) the holes for 

the input and output shafts are machinod from different sides of the 

Fig. 148. Machining in a single setting 

housing. In this case it is difficult t o  maintain ccntre distance 11 
and make the  hole axes strictly parallel. 

In the good design shown in Pig. 248b provision is made for an ad- 
ditional hole rn which makes it possible to machine the seating 1 1 0 1 ~  

from one side. 
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In the speed reduc.er with stepped holes for t,he doubly-supported 
gears (Fig. 14&) the hole steps are wrongly arranged and cannot be 
machined from one side. 

I n  the correct design shown in Fig. 14W an idle bushing n rnakcs 
it. possible t.o machine the holes from one side. 

It  is difficult to  align t o  holes in the housing (Fig. 14%) because 
the small diameter of'the middle hole hampers the through-pass ma- 
chining of the lioles. 

Holes of the same diameter (Fig. 148f) or stepped holes of a diarne- 
t.er diminidling in the direction of the cutting tool run (Fig. 1 4 8 ~ )  
are preferable for housings. The latter design is simpler and t,he ef- 
ficiency of machining in t.hiu case is higher. If the difference s bet- 
m e n  the radii of the adjacent holes is larger t,han the machining 
allowance, the stroke of thc boring bar with respect t.o the work is 
reduced t o  a rnagnihde slightly great,er than the maximum width m 
of the holes being machined, and all  the holes are machined sirnul- 
taneousl y. 

In  the design with  holes of t,he same diameter (Fig. 148f) the boring 
bar stroke is many tirnes longer and must exceed the dist.ance I 
between the extreme points of the surfaces being machined. 

Holes of the samc diameler can effective1 y be machined by means of boring 
bars ni th extensible tools w~hich are set to the required size after introducing 
thr boring bar illto the blank. 

I n  the unit, with bushes mounted in a housing (Fig. 148h) the sea- 
ting surfaces for the bushes can be rnachincd only from the different 
sides of the housing because 
tlic dinrnct.cr d of tho interme- 
diate hole is small. I t  is diffi- 
cult to obtain proper asial 
alignment of the holes. 

In the improvad design 
sllown in Fig. 14% the diame- 
ter d, of the intermediate holo 
is increased t o  the size which 
allows the press-fitted bushes 
t o  bc reamed simultaneously. 

The design in Fig. 148j is (a) (b! 
most advisable. Here, the 
diameter d ,  of the int,ecmedia- Fig. 149. Centring of parts in a housing 
t e  hole i s  increased to such a 
size as makes it possible t o  througli-pass machine the seating 
holes for the bushes and ream them toge.t.her. 

Figurc 149 shows the centring of parts I and 2 arranged on the dif- 
ferent sides of a housing. In the design shown in Fig. 149a the centring 
surfaces rn are made i n  the form of collars on the housing, and i t  is 
practical1 y impossible to align them. 



In  the design i n  Fig. 149b the centring is effected from holes in 
the housing which are machined i11 a single setting, this ensuring 
uomp1ct.e alignment of t,hc parts being centred. 

When macki ning the housing for. rolling-contac t bearings (Fig. 150) 
i t  is necessary t o  keep the alignment of the centring surface m of the 

Fig. 150. Machining of concentric surfaces 

lioilsing and the seating surfaces n for the hearings t o  the given strict 
tolerances. 

This can be attained by either of the following two methods: 
(1) the housing is located on a mandrel from surface n finish ma- 

chined in advance and then surface rn is machined; 
(2) the housing is clamped in a chuck on finish machined surface 

m and then surface n is machined. 
Seither method can be applied with the design shown in Fig. 150a 

because the thrust shoulder o is arranged wrongly. Suck a possibility 
occurs if the shoulder is transferred to the right-hand side of the 
housing (Fig. 150b) or replaced by a stop ring (Fig. 150~). 

Surfaces m and n can be made concentric more simply and accura- 
tely, i f  the part is clamped in a chuck on surface p machined previous- 
ly  and the surfaces then machined in a single setting. In this case 
it will be 1%-rong to  arrange the thrust shoulder o on the right {Figu- 
re 150d). For correct machining the shoulder should be transferred 
to the left (Fig. 150e) or replaced by a stop ring (Fig. 150f). 

4-12. Joint Machining of Assembled Parts 

The joint, machining of assembled parts should be avoided, for this  
complicates and splits the flow of production and spoils the inter- 
changeability of parts i n  a given design. 
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Elcept io l~s  to this rule are the cases when thc joint machir~ir~g is ihr or~ly 
method that can ensurr the operating abi l i ty  of thc rlesign. Thus, for eramplc, 
in the case of mu1 tiplc-hcaring crankshafts, the splitting of the crankcase along 
the bearing oxis is a prerequisite for assenibly, axid the joint machining oI the 
bcariug srba t halves iri the assem bled crankcase i s  the only method to ensum. llle 
alignment of the bearings. The housings of rotory-type machines are frequently 
made split along the axis to facilitatc asa~rnbly and d i s a s ~ m b l y  anrl simplify 
inspection. 

Thc joint machining of the internal surfaces and end fares of the 
bearing scats is requirbcd in the gear drive housing split along the 
shaft axis (Fig. 1 5 1 ~ ) .  Prior t o  the machining of ihe  bearing seats, 

Fig. 151. Combined machining in assellib1 y 

the jointing faccs of the housing lnalvcs mnst be finish machined 
and the halves positioned properly with respect t o  each other by 
means of set pins. The sealing of the joint with a gasket in this rase 
is impermissible, and the butt-jointed surfaces are ordinarily lapped- 
in, the design losing its property of interchangeability of parts. 
Only the jointly machincd housing halves can be accepted for as- 
sembly. It is impossible to replacc a housing half during operation 
as this disturbs the cylindricity of the bearing seats and the align- 
ment of their cntl fares. 

The parts of the housing split i n  a plane perpeiidicular t o  the shaft 
axis (Fig. 151b) can be machined separatsIy. The manufacture of the 
housing isgreatly simplified,and the housing partsare jaterchangeabIe. 

Figure 151c shows the cylinder of a rotary filler mounted on a tank. 
Thc cavities of the cylinder and tank communicate through by-pass 
hole B. Two errors are committed in this  design: (1) the hole is drilled 
simultanaousiy i n  the cylinder flange and the tank body; and (2) 
cover I enclosing tlie by-pass holes is mounted at the joint between 
the cylinder flange and the tank wall. It is necesFary t o  machine the 
Ilolc and the joint surface together when the cylinder is assembled 
with the tank. The cylinder cannot be replaced during operation. 

In the correct design shown in Fig. 151d the holes in the tank and 
thc cylinder can be drilled separately. The joint surface is provided 
on the tank wall, and the cylinder can be replaced even when machi- 
ned to ordinary accuracy. 

lo* 
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4.13. Transferring Profile-Forming Elements 
to Male Parts 

Internal snriaces are much more difficult to machine than external 
ones, and for this reason i t  is good practice to  arrange profile-for- 
ming element on cxt ernal surfaces. Figwe 152a, b iihstrates a lahy- 
rinth seal. The ridges made on the male part (Fig. 152b) are much 
simpler to manufacture than those in the hole (Fig. 15Za). 

The needle bearing in which the retaining shoulders are provided 
on the inner race (Fig. 152d) is better from the viewpoint of manu- 
facture than the one with the shoulders on the outer race (Fig. 152c) 
since the hole in the  outer race in  this case is through-pass machined. 

Fig. 152. Transferring profile-forming elements lo  male parts 

The design of the unit for fastening a spring cap on a valve rod 
by means of split tapering blocks centred by the outer cylindrical 
surfaces A of the ridges (Fig. 152e) is irrational. The sound design 
is the one in which the accurate centring surfaces B are through-pass 
machined in blocks (Fig. 152f). 

In a roller overrunning clutch the profiled elements (usual1 y having 
the shape of a logarithmic spiral) should not be arranged on the outer 
race (Fig. 152g). They can be machined only by broaching and only 
when the hole in the race is a through onc. In the design shown in 
Fig. 25% the external profiled elements can easily be processed, for 
example, on a relieving lathe. 

Long threads in holes should be avoided (Fig. 152i). A long thread 
is good on a bar and a short one in a bushing (Fig. 1523). 

4.14. Contour Milling 

Complex and irregular profiles are more difficult to mill than flat 
or cylindrical surfaces. 

The lever design requiring an all-round machining (Fig. 15%) is 
bad. The re-entrant angles do riot permit, the external contour of the 



part t.o be machined with a plain milling cutter. I t  is also very dif- 
ficult t o  machine surfaces rn confined within the cylindrical u-alls of 
the bosses. 

I n  the design shown in  Fig. 153b the external contour is described 
by straight lines and circumfe~ences and can be form milled. Sections 
rz between the bosses, which arc bordered by straight lines, can be 
th~bough-pass milled. One side of t,he lever (surface p) is made f la t  to 
simplify machining. 

It, is practically impossible t o  mill the contour of the flange 
(Fig. 153~)  because the fillets a t  the base of the bosses are too small. 

Fig. 153. Contour milling 

The portions between the bosses should be profiled t o  a radius at  
least equal to the radius of the milling cutter (Fig. 153d) or along 
straight lines (Fig. 153e). 

Figure 153f shows a wrong and Fig. 153g, h, correct designs 01 a 
lever requiring circular milling. 

The design of the block in Fig. 153i is technologically incorrect: 
the cylindrical contour t can be machined only with a form milling 
cutter and cross blank feed, or by form planing. 

In the more practical design shown in Fig. 1533' the cylindrical 
surface is connected with the  side flanges by a fillet having it,s radius 
equal t o  the radius of the milling cutter, which allows this surface 
to  be milled with a standard plain cutter and longitudinal blank 
feed. 

In the design shown in Fig. 153k the entire surface of the part is 
made cylindrical. The part can be milled in a swivelling fixture or 
turned in an attachment. 

The milling efficiency and durability of milling cutters can be 
increased, if the cutters of the maximum permissible diameter are 
employed. 
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When machining the flat recess (Fig. 1531) the assigned contour of 
the recess can be obtained only with a small-diameter end milling 
cut ter  on a vertical-milling machine. The inadequate rigidity of the 
cutter makes it impossible t o  obtain a correct surface. 

In the design shown in Fig. 153m the surface is machined with a 
Iargar cutter mounted on a doubly-supported spindle (milling ma-  
chine). 

Machining with an end mill (Fig. 153n) is allowed only as an ex- 
ception, when a surface has to be imparted a nearly rectangular 
shape. This is a very ineffective method and it is impossible to ob- 
tain a well finished surface. 

Figure 1530 shows a case of machining with an end cutter ol in- 
creased diameter, which overlaps the surface being milled. 

4.15. Chamfering of Form Surfaces 

The chamfering of form surfaces should bo avoided. Form milling 
with a special cutter i s  required t o  chamfer the flange shown in 

Remove sharp 21nmx45' Rmove sf~urp 

Fig. 154. Charnlcrir~g form surfaces 

Fig. 154a. It is more advisable to break the corners (Fig. 154b), an 
operation carried out more simply (especially by the electrochemical 
etching method). 

The chamfering of the face cam base (Fig. 1 5 4 ~ )  is simplified, if 
the diameter d of the cylindrical portion of the cam is reduced rela- 
tive to the base diameter D by an amount exceeding the doubled 
c,hamfer width (Fig. 154d). If. for design eonside~ations, diameter d 
cannot he decreased, it is then necessary t o  simply remove all sharp 
corners (Fig. f 54e). 

The chamfering of the square faces (Fig. 154f) requires a special 
milling operation with many resets of the part in the process of 
machining. In this case i t  is more practical t o  mill the faces on a 
previously turned cylinder with an end chamfer wtlosc minor dia- 
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meter d must be smaller than the distance S between the faces (Figu- 
re 154g). The chamfers at the corncrs where the faces meet will then 
be the traces of the previous machining of the cylinder. 

4.16. Machining of Sunk Surfaces 

Contour milling with cutting into a rough surface (Fig. 155a) should 
be avoided. Such surfaces can be machined only with an end milling 
cutter whose diarncter corresponds to the minimum radius R of the 

Pig. 155. Milling of sunk surfaces 

rounded portion of the surface. The surface has t o  be machined i n  
several c i t s ,  the operation is ineffective, and i t  is impossible t o  
obtain good suplace finish. 

The machining can be simplified if the surface is given a round 
shape with a diameter exceeding the maximum diagonal of the form 
surface (Fig. 155B). Such a surface car1 easily be face milled. A shaped 
flange can then be connected t o  it .  

I t  is better t o  make the form surface as a pad protruding above the 
rough surface (Fig. 155~) and machine the pad with a face cutter. 

Tho design should ensure the ilse of a milling cutter that overlaps 
the entire work surface. 

In the design show11 i n  Fig. 155d the latter condition is not satis- 
fied: the maximum diameter D of the milling cutter. limited by tlie 
adjacent walls, is insufficient and thc surfacc has t o  bo machined in 
several passes with a cutter of a smaller diameter. 

In the design in Fig. 155e tho walls are brought farther apart  by 
an amount that  permits the entire surface t o  be overlapped by the 
cutlerb. llacbining i s  done with infeed, moving the blank in the 
direction perpendicular to the work surface. 

Through-pass machini~lg with a longitudinal feed (Fig. 155f) gives 
t he  best resulls as t o  the machining efEiciency and surface finish. 
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4-17. Machining of Bosses in Housings 

The machining of int.eroa1 end faces of l~olcs in hoilsings (Fig. 156a), 
counterboring (Fig. 156b) and chamfering (Fig. 156c) are rather dif- 
ficult operations. 

In housings with hlind walls such surfaces can only be machined 
by means of boring bars with extensible tools. Boring bars of usual 

Fig. 156. Machining of bosses in housir~gs 

design can bo used if an aperture is provided near the holes (Fig. "16d) 
for mounting the tools. 

In order to increase the  machining efficiency the diameter of the 
hole on the side where the tool is admitted (Fig. 156e) is made larger 
than the diameter of the boss of the second hole by the amoilnt 2k 
of the maximum possible displacements of the boss in casling. Jn 
this case the end face of the smaller hole is machined with a spot 
facer. The other end bearing surface is obtained by inserting bushing 
I into the larger hole. 

The design of a unit for such a case is presented in Fig. 15Bf (moun- 
ting of an idle gear wheel). Another design is also possible: a stepped 
shaft with the wheel resting against the shaft shoulder (Fig. 156g). 

When counte~boring the end face of the smaller hole (Fig. 156h) 
the diameter d' of the larger hole must not he smalIer than the coun- 
terbore diameter d .  To prevent the formation of weak thin edges the  
diameter D, of the rough surface of the boss should exceed the coun- 
terbore diameter d by not less than 8-10 mm. 

Instead of facing, adapter sleeves 2 (Fig. 156i) may be employed 
the  ends of which can serve as bearing surfaces (Fig. 156j). 

In llousingrr split along the axis of holes (Fig. 156k) the same rliles 
should be observed because the  end faces sllould be machined together 
after both halves of the housing are assembled. 
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In housings wllere the parting plane is perpendicnlar to the axis  
of holes (Fig. 156E) the holes are machined with the halves assembled 
and located one with respect to the other by set pins. The cud faces 
of the bosses can be machined when the housing lialves are detached. 

1.18. Microgeometry of Frictional End Surfaces 

The frictional end surfaces of holcs should preferably be machined 
by the methods involving the rotation of the tool (or the part) about 
the hole centre (turning, boring, count.erboring). The microscopic 
lines left after such machining are oriented more favourably with 
respect to tlie direction of the working motion than the longitudinal 

Pig. 157. Machir~ir~g of fric tionaI crid surfaces 

or transverse lines formed by planing and milling. Surfaces machined 
by this method arc run in much faster. Besides, with such a machining 
it is easier to ensure the squareness of the frictional surface with the 
rotation axis. 

The design of a gear wheel unit mounted on a housing wall where 
the whecl rests against the milled surface A (Fig. 157a) is irrational. 
I t  is better to  spot-face (Fig. i57b) or counterbore (Fig. 1.5'7~) the 
frictional surlacc. I t  is also possible to mount a bearing ring washer 
(Fig. 157d) .  

4-19. Elimination of Unilateral Pressure 
on Cutting Tools 

When machining holes with cylindrical tools (drills, counterborrs, 
reamers) it is necessary to prevent unilateral pressure on the tool, 
which impairs machining accuracy, intensifies wear and sometimes 
causes breakage of the tool. 

In the design shown in Fig. 158a the tool at the section rn cut,s 
into the rough vertical wall of the product. During the process of 
machining the tool is subjected to a unilateral pressure, and the hole  
deflects t o  the opposite side. 
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The design in Fig. 158b is better. The tool experiences a unilateral 
pressure only during the last machining st ages. 

Proper machiriing conditions will be ensured when t lrc tool enga- 
ges the metal with its whole surlace. For this purpose the end of the 
hole should be positioned below the sough surface (Fig. 158c) or 
raised above it  (Fig. 158d). 

Fig. 158, Elimination of unilateral pressure on cutting t~lols  

When spot-facing the fastening holes of .a steel flange (Fig. 158e), 
cutting into the taper n which corinects the  flange with t11e cylinder 
walls will displace the tool mainly because the dimensions of the 
part do not allow the tool to be secured on a rigid arbour. If the shape 
of the flange i s  not changed, Ihe flange has t o  be madlined with a 
cutler of an increased diameter mourlted on a rigid arbour advariced 
sideways (Fig. 158f). It is likewise possible to  increase the diamcier 
D i ~ n d  machine the flanges by turning (Fig. 158g). 
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Figure 158h-I illustrates the arrangement of boles on a stepped sur- 
face. The holes intersecting the step (Fig. 158h-j) can be drilled only 
with the aid of a jig. I t  is possible first to drill holes through the  
previously machined surface m (Fig. 1583) and then turn the recess n. 
R u t  this method disturbs the sequence of turning operations. 

Tt would be better to offset the holes to one or the othcr side of the 
s tep  (Fig. 158k, I). I n  this case the drilling can be done without dis- 
turbing the sequence of turning operations. The offset should be 
large enough to  prevent the formation of a thin partition between 
the drilled hole and recess (Fig. 1581). 

Holes with intersecting axes should be avoided as far as pos- 
sible. I t is bad when the centre of the drill presses against the inclined 
wall of a transverse bore (Fig. 158m). I t  is somewhat better when the 
vertical bore is offset with respect to the axis of the cross drill  by 
a n  amounts sufficient to centre the drill  over the entire cutting path 
(Fig. l58n). 

I t  is good practice to drill  the hole through the centre of the  trans- 
verse hole or with an offset e relal ive to it (Fig. 1580). The  maximum 
value of e with which the drill  functions properly can be found from 

the formula e = 0.2 D 1 - - ( 3 
If B considerably excceds d the vertical hole can be drillcd f iwl ,  

and then the transverse one. In  this case t he  amount of offset e is 
immaterial. 

It is also recommended t o  ensure crlttir~g over the entire hole 
circumfererice at the exit of the tool. 

I n  Fig. 158p thc lhreaded hole i n  the ilange in section p cuts into 
t h e  wall of tlie part and the tool (drill and tap)  is subjected t o  a unila- 
teral pressure, which may cause its breakage. 

Tn the design shown in Fig. 1589 the riornirlal dimensions of the 
hole allnw it t o  be brought out beyond i l ~ e  wall limits, but t he  tool 
may c l l t  in to  the waIl due to production deviations (especially if 
thc  wall is rough). 

The tool will cut properly if the hole is removed from the wall l o  
a distance k {Fig. 15%) sufficient to prevent cutting into the wall 
wllatever its dimensional variations. 

Tf this is not possible the llole then should be arranged in a boss 
(Fig. 158s). 

4.20. Elimination of Deformations Caused by Cutting Tools 

To obtain the required accuracy of machined surfaces, ihc first 
coridition to he met is their sufficient and uniform rigidity. Other- 
wi?e, ihe less rigid portions arc liabtc to sag under. the action of the 
cutting forcc and will r ~ g a i r ~  their  former position after the cuttir~g 
is done. This impairs the dimensional accuracy. 
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The requirrm~rlt for uniform rigidity is especially important with 
the present-day highly productive machining methods involving 
increased cutt.ing forces. 

Figure 159a showrs an erroneous desigll of a housing with a brac,ket 
machined on the upper surface m. The cutting force deflects the bra- 
cket down (Fig. 159b) which straightens aftcr machining (Fig. 159~);  

m I 

Fig. 159. Elimination o f  deformations caused hy cutting tooIs 

the straightness of the surface is impaired. When the brackct hends 
too much the resulting vibrations do not allow a well finished surface 
t o  he obtained. 

In thc design shown in Fig. 159d ribbing increascs the rigidity of 
thc brack~t .  If outer ribs are not a l lo~red  for size reasons the rigidity 
can be improved by increasing the height of the bracket walls and 
tising internal ribbing (Fig. 159e), or else by inclining the bracket 
walls (Fig. 159j). 

A wrong rod bead design is illustrated in Fig. 159g: the nonuniform 
rigidity of the walls at sections rn and n makes the hole deflect when 
boring towards the weaker -wall and the hole becomes oval. An ac- 
curate hole car1 only be obtained by removing very fine chips, for 
example with a diamond-tipped tool operating at a fine feed and 
small depth of cut. 

I n  the design shown in Fig. 15% the walls of the head arc made 
thicker to  reduce their deformation during machining. 
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I t  is prac,tically impossible to obtain accurate 11oles in parts with 
local recesses (Fig. 159i,  j )  OP tapers (Fig. 159B). The machining 
tool knocks against the recessed sections forming steps at the points 
of transition in to  the full profile. When using reamers and broaches, 
these tools deflect towards the weaker wall. The machined walls regain 
their initial position making the hole oval. The following method is 
possible: the hole is first finish machined and then thc recesses are 
milled (dashed lines in Fig. 159i-k). But in this caw, too, the walls 
of the hole are slightly deformed during milling and the hole cylin- 
dricity is impaired. 

Figure 1591 shows a hole machined in a cup-shaped part. If the  
hole is machined first, the force applied by the cutting tool will 
cause the cup section of minimum rigidity (at its end) to  spread out 
(Fig. 159m). Aftcr the machining is over thc cup walls return to their 
origir~al position and the blank assumes the shape shown in Fig. 159ra. 

Further external machining deforms the walls in the opposite 
direction (Fig. 1590). The machined part takes the shape shown in 
Fig. 159p.The external and internalsurfacesarenolongercylindrical. 

The same occurs when the order of machining is reversed, i .e . ,  
whcrl the external surface is machined first, and the internal surface 
n e s t .  

Thc annular rib provided at the cup end for rigidity (Fig. 150q, r) 
improves the design. However, in this case, too, the shape may bc 
distorted, if the cup is very long. If the internal surfacc is machined 
first, the hole will be accurate enough due to the increased wall ri- 
gidity (Fig. 159q). During subsequent outside machining (Fig. 159r) 
the cutting force causes the cup walls over the' nonrigid portion n 
t o  deflect inside. After machining the deflected walls diverge and the 
part  becomes barrel shaped. 

This can be prevented by providing for another stiff rib at the 
section n, or by making the walls thicker over the entire cup length. 

In practice, the accuracy of manufacture is a preciably affcctcd by the 
rigidity of t h ~  cutting tool, operating members o! the machine and fixtures 
used to clamp the blank. Distortions of this nature are eliminated by increasing 
the rigidity of the tools, proper clamping of the blank, etc. 

4.21. Joint Machining of Parts of Different Hardness 

The joint machining of part.s made from materials of different hard- 
ness should as far as possible be avoided. 

It is practically impossible to fast.en a steel bearing bushing in an 
aluminium alloy housing with a screw entering partly into the bush- 
ing and partly into the housing (Fig. 160a), because when drilling 
is done along the joint line between two such elements the drill 
deflects towards the softer metal. In  this case the fast.ening should be 
such as will allow t.he housing and bushing to  be drilled separat.ely 
(Fig. !Bob, c). 
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If an aluminium alloy bushing and a steel shaft are drilled logetl~cr 
(Pig. IBOd), t h e  drill will inevitably deflect towards the bushing. I t  
is better to secure the bushing with a central pin (Fig. 160e). 

Figure 160j shows a steel bearing cap attached to a hotising made 
of an aluminium alloy. I t  is difficult to jointly bore or ream the 
bearing seats in the housing arid cap because the metals diffcr i n  

Fig. 160. Machining of parts of different hardness 

hardness. The hole deflects towards the soft.er metal. A t  the  joint 
between t h e  soft and hard metal t.he tool operates with shocks and 
is rapidly blunt,ed. I t  is impossible to  obtain a well finished and ac- 
curate surface at the transition port.ion. 

For correct machining the cap should also be made of an aluminium 
alloy (Fig. 160~) .  

4.22. Shockless Operation of Cutting Tools 

During operation t he  tool shoilld always be kept i n  contact with 
the metal. Local recesses. cavities and other irregularities on work 
surfaces, which 11 am pcr the continuous cutting process. shonl d be 
avoided. As it leaves the work sni-face the tool i s  elastically forced 
towards the  recess. and pushed back by the next projcctian. In lhrse 
condit ions i t  is difficillt to obtain a well finished and smooth surface. 
A tool subjected t o  periodic impacts rapidly wears out. 

The ribbed bushing design (Fig. 1 6 i a )  is irrational.The tool pcriodi- 
cally strikes the ribs and they should therefore be arranged helow the 
cylindrical surfaces being turned (Fig. 161b). 

When turning flanges will1 projcctirlg (Fig. 16 lc )  or raised 
(Fig. I t i l d )  bosses, and also shaped flanges (Fig. 161e) thc  tool expe- 
riences impacts. It is better to make turned flanges round (Fig. 1 G l  f). 
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Fig. 161. Shockless operation of cutting tools 

4.23. Machining of Holes 

It is good practice to make unimportant holes with a surface 
finish of up to class 5 and a diameter of up to  40 mm by drilling 
only, without additional machining, leaving the bottom coliicnl 
(Fig. 162b, e). The shapes of holes in Fig. 162a, c and d, which 
require additional machining. are inadvisable. 

The operations of preliminary drilling and the features of the 
finishing tools must be considered when llolcs are to be machined 
to a higher grade of accuracy (by coiinterboring, boring or reaming). 

h hole with a flat bottom (Fig. 162f) cannot be counterbored or 
reamed. Thc cutting cone of the counterbore leaves an linmachiiled 
layer of melal in the seclion m. 

In the design shown in Fig. 162g the hole is drilled first, but the  
drilling depth is insufficient and an unmachined layer of metal 
remains in tho section n after counterboring. 

In the correct design in Fig. 162h the bore is sunk into the lmle 
bottom to a depth I enollgh for overtravel of thc drill cutting cone, 
which makes it  possible 10 maintain the specified length I' of finish 
machilling. The drilling diameter is determined by the amount of 
allowance s for the finish machining. 

The same rule sliould be observed for holes with an undercut 
groove for tool o~ertravel .  In designs where the drill docs not reach 
the bottom of the hole (Fig. 1621) there remains an unmachined 
layer 1 which has to be removed when the undercut is bored out. 
In the advisable design (Fig. 1623) the bore is deeper than the bottom 
of the undercut and the machining of the latter is much easier. 

tTndercut groovcs m (Fig. 162k) should be avoided in small-dia- 
meter holes (< 15-20 mm). 

I t  is practically impossible to ream the hole shown in Fig. 1621 due 
to the presence of the cutting cone on the reamer. The bore should 
be deepened to a distance 1 (Fig. 162m) enough for overtravel of the 
reamer cone. 
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Figurc lli21t, o shows wrong and Fig. 162p, correct- designs of 
t.hreaded holes. The minimum distance I between the hole bottom 
and finished threads with a full profile is determined by the length 

Fig. 162. Machining of holes 

oE the tap starting section. In finishing taps the length of the starting 
section is, on the average, 1 = (0.3 to  0.4) d where d is the thread 
diamet,er. 

It is bad practice to drill holes at an angle a < SOo to the surface 
(Fig. 163a). This method requires preliminary drilling (Fig. 163b) 
or milling (Fig. 163~)  of the hole entrance portion, which complica- 
tes manufacture. Machining will be easier if the hole is arranged at 
an angle larger than 70" to the suriace (Fig. 163d). 

It is better to drill a hole at right angles. Some methods of straigh- 
tening out the work elements for skew bores in cast part,s {Fig. 163e) 
are illlistrated in Fig. 163f-iz. 

Examples of wrong and correct arrangement of holes are given 
in Fig. 163i, j (pinning a handwheel) and in Fig. 103k-rn (pinning 
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a cylindrical part on a shaft). The designs in Fig. 163j, 1, rn are 
correct. 

Figure 163n-p presenta methods of drilling holea in a crankshaft, 
the holes being intended to  feed oil from the main journal to the 

Pig. 163. Drillirtg of skew holes 

crankpin. Most rational is the design with a straight hole through 
the web (Fig. 163p). 

Holes obtained by means of ordinary helical drills should never 
be more than 6-8 diameters deep for otherwise the hole may be mi- 
saligned and the drills broken. 

Fig. 164. DrilIirig of deep holes 

I t  is advisable to reduce the drilling depth to the minimum per- 
mitted by the design. Long and thin bores (Fig. 164a) should be 
replaced by stepped ones (Fig. 164b). 

The long and narrow oil duct (Fig. 164c) connecting the bores 
in the shaft is not just as good as the duct of a larger 'diameter 
(Fig. 164d). I f  the cross-section of the duct has t o  be reduced (for 
example, for faster oil feed during starting), this can be done by 
means of insert I (Fig. 164e). 

4.24. Reduction of the Range of Cutting Tools 

The range of cutting tools can be reduced if the diameters of 
accurate surfaces are unified. This is especially important for holes 
machined by such tools as drills, counterbores, reamers arid broaches. 
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One and the same tool is prelerred for the maximum numbcr of 
operations so that t,ime is not lost in resett,ing and replacement,. 

I t  is good practice to make the t,ransitions between steps and 
shoulders on turned shafts, which do not serve as bearing surfaces 
(Fig. 165a, e), tapered at an angle equal to the plan approach angle 

Fig. 165. Reduction of the range of cutting tools 

of the cutting edge of a turning tool (usually 45") and with a fillet 
at  the base equal to the standard tool top rounding R = 1 mm 
(Fig. 165b, d). This makes it unnecessary to change the cutting 
tool arid undercut the step ends. 

Figure 165e shows a valve seat with a centre hole of diameter 10A 
for the rod of t h e  valve and with six holes 10 mm in diameter for 
the passage of working fluid. Two drills are needed to make the 
holes: one with a diameter of 9.8 mm for a rough machining of t,he 
centre hole with a reaming allowance and the other with a diameter 
of 10 mm to drill the peripheral holes. Only one drill  may be used 
if the peripheral holcs have a diameter of 9.8 mm (Fig. 165f). 

Figure 165g illustrates methods of drilling oil ducts in a housing. 
One of the ducts, stopped with a plug having a thread hf14 x 2, 
is made by a drill with a diameter of 11.7 mm to leave some metal 
for the thread. 

The adjacent ducts have a diameter of 12 mm. In this case it is 
expedient to machine a11 the ducts with the 11.7 mm drill (Fig. 185h) 
used to drill the threaded hole. 

Special tools are not recommended for piece and small-lot pro- 
duction. 
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In t-he forked lever design (Fig. 165i) the transition portion bet- 
ween the rod and the fork should be milled with a special radiused 
cutter. The trailsition in Fig. 165j can be machined with a standard 
plain milling cutter. The best design is the one with smooth transi- 
tion portions between the rod and the fork machined with a standard 
milling cutter (Fig. 165k). 

Figure 165l, rn {cross-shaped part) shows how form milling can 
be replaced by plain milling if the shape of the  space to be cut out 
is changed. 

435. Centre Holes 
Parts intended for machining on circular grinding machines or 

lathes, where the blank is mounted either bet,ween centres or in 
a chuck, with the free blank end being supported by the tailstock 
centre, are provided with centre boles. 

Standard types and sizes of centre holes (according to the USSR 
St.ato Standard I'OCT 14034-68) are shown in Fig. 166. Centre holes 

Fig. 166. Centre boles 

with a chamfer (Fig. 166b) or recess (Fig. 166c) which protect the 
centring cone against dents are used when a part is mounted between 
centres during t.ests and also when it is necessary to keep t,he centres 
intact in case of returning or regrinding during repairs. Centres 
with a threaded hole (Fig. 1B6d) are used when a bolt has to  be fitted 
in, and also (for heavy shafts) as a means for lifting the shaft. 

The main parameter of a centre hole is the outer diameter d of 
thc cone equal, according to  the USSR State Standard FOCT 14034- 
68, to 2.5, 4 ,  5, 6, 7.5, 10, 12.5, 15, 20 and 3 0 m m .  

Diameter d l  of the protective chamfer (Fig. 166b) is made equal 
t o  (1.3 t.o 1.4) d and diameter d, of t h e  protective recess (Fig. 166c), 
lo  1.3d. The depth of the rccess a is equal to (0.1 to 0.15) d (the 
lower limit for holes of large diameter, and the upper one, for those 
of small diameter). 

The working surfaces of centre holes are made to a finish of class 
9-10. 

A blank can be installed between centres much more accurately 
and reliably if the maximum size of the centre hole, allowed by the 
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design of the part, is used. The more massive and longer the part, 
the larger should the diameter of the centre hole be. The relation 
d M 0.50 (D - shaft diameter) is preferred for the centre holes 

shown in Fig. i66a, and 
Mucentreholes onend faces d m  0-&), for centre holes 

with a protective chamfer or 
recess (Fig. 166b, c). 

Centre holes are, as a rule, 
depicted on drawings as shown 
in Fig. 167a and designated 

Fig. 167. Centre hoIcs according to standards. The 
absence of centres on a dra- 
wing {Fig. 167b) means that 

the part is machined without mounting it between centres (turning 
with the part fastened in a chuck, centreless grinding, etc.) or 
that centres cannot be pcrrnitted by the functional purpose of the 
part. In this case a corresponding inscription should be made on 
the drawing t o  prevent, a mistake being made (Fig. 167bj. 

Centro holes can be removed by cutting off the centred ends of the shaft. 
The result is a greater waste of metal and surplus machining. Therefore this 
method is only used when absolutely necessary. 

Centre holes often predetermine the design shape of parts. Such 
cases are illustrated in Fig. i68a, b (curvilinear lever), Fig. 168c, d 
(bolt with an asymmetric head), and Fig. 168e, f (part with three 
journals). 

The centring surfaces in hollow shafts are made in the form of 
chamfers with a central angle of 60". The choice of manufacturing 

Fig. 168. Centre holes i n  asymmstric parts 

operations can be broadened, the weight of parts reduced and their 
shape approximated to the form of a body of equal resistance to 
bending, if the ends of the holes of hollow cylindrical parts are made 
in a11 cases with a conical chamfer having a central angle of 60" 
(F!g. 169bj instead of the usual chamfer with an angle of 45" 
(Fig.' 169~) .  If a part is machined in the centres the surfaces of the 
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centre chamfers are machined t o  t.he required finish and provided 
with protective chamfers or recesses (Fig. 169c-fl. 

Centre chamfers should never be made on interrupted surfaces, 
for exampleon shafts with end slots (Fig. 170a) and splines (Fig. 170b). 

Fig. 169. Centre chamfers 

A centre chamfer should be removed t o  a distance enough for the 
centre to pass (Fig. 170c). When the hole is large in size and stubbed 
centres may be employed (Fig. i70d) this limitation may be disregar- 
ded. 

A thread should never impinge on the centre chamfer (Fig. 170e). 
If the first threads are crushed in screwing in and o u t  the centring 

Pig. 170. Shapes of cuntre chamfers 

surface wiIl be damaged and the centre chamfer cannot be used for 
the sccond t,ime. The t.hreadcd portion should be separated from 
the  chamfer by a recess (Fig. 170f) of length 1 enough for the passage 
of the centre. 

4.26. Measurement Datum Surfaces 

These surfaces are usually existing designed elements but  s o m e  
times special measuring features have to be introduced. 

I i is difficult t,o measure the major diameter D of the cone of 
a tapered plug (Fig. 171aj because of its sharp edge. I t  is practically 
impossible to measure the minor diameter d of the part, Parts shaped 
so can only be measured with the aid of a taper ring gauge. 
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To make measurement easier it is more practical to provide the 
major diameter of the cone with a cylindrical belt with a width 
of b = 2-3 mm (Fig. 171b). 

In a spherical part (Fig. 171c) it is difficull to measure the diame- 
ter D of the spharical surface because of its sharp edge. In t h e  sound 

design {Fig. 171d) the edge is cylindrical. In addition to  making 
the measurcments casier this dcsign of hoat-treat ed parts prevents 
overheating of the edge. 

I t  is difficult to ensure the proper axial dimension L due to tho 
sharp edges on thc end of the tapered part (Fig. 17ie). The f lat  
seciion on the ertd (Fig. 171f) makes ~ n a n ~ l f a c t u r e  and measurement 
easier. 

A wrong annular rib design is show11 in Fig. 171g. and a cocrbect 
one in Fig. 171h. 

I t  is good practice to provide cylindrical sections of width b 
(Fig. 171j) on thc toothed rims of worm wheels (Fig. 171i) which 
facilitate measurement, simplify the axial assembly of [he worm 
drive and prevent concentration stress on the edges of the teeth. 

The cylindrical scctions b on the teeth of bevel gear wheels 
(Fig. 171k, I )  form a ~neasuring datum surface and prevent stress 
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concentration on the top of the tooth. The seclions b' make axial 
mounting of the wheel easier. 

Figure 173m, n diows an example of cylindrical datum surfaces 
being provided in the design of a ratchet wheel. 

Parts with splines can be measured much easier if the number of 
splines is even. The outer diameter D of a spline shaft with an  odd 
number of splines (Fig. 1710) can be measured only by the ring 
gauge; it is still more difficult to measure the internal diameter d. 
Tn the design with an even number of splines (Fig. 171p) the 
diameters D and d can be measured with all-purpose measuring 
tools. 

Figure I'ilr (shank of a tapered valve) shows the design with an 
ever1 number of centring ribs which is more advantageous than the 
design in Fig. 171q with an odd number of ribs. 

4.27. Increasing the Efficiency of Machining 

Machining efficiency will undoubtedly increase if tile maximum 
number of surfaces are processed on onc and the same machine-tool, 
a t  one setting, in one operation with one tool utilizing all the pos- 
sibilities of the machine on which the main operation is carried out. 
In the design of a cylindrical shaft with an eye (Fig. 172a) the 

shaft and the adjacent end of the eye K are machined on a lathe. 
The surface rn is milled to a templet. 

In design b the eye 11as a cylindrical form, and in design c the eye 
is spherical. A11 machining operations (except for drilling the hole 
and milling the faces n) are performed on a lathe, which appreciably 
increases the efficiency of machining. 

Figure 172d ilJustrates the shoe of friction clutch whose external 
surface p is t o  be turnod. The fastening flange is of a rcctangular 
shape and requires additional complicated milling operations. 

In the rational design e the flange is cylindrjcai, and the entire 
part is machined on a lathe as an annular blank which is then cut 
into sectors. To reduce waste the length of the sectors s l ~ o i ~ l d  be 
such as l o  accommodate them a whole number of times in the circurn- 
frrence of the blank including the slitt ing saw thickness. 

In the flanged shaft with a square flange (Fig. 172j) the side faces 
of the squara are milled to a templet. The shaft with a cylindrical 
flange {Fig. 172g) is machirlod wholly on a lathe. 

The r~umber of resets should be reduced to the minimum on each 
machine tool so that the maximum possible number of surfaces can 
be machined in one setting. 

Figure 17% presents an adapter with two centring bores of dif- 
ferent diameter and two rows of offset fastening holes. h slight 
design chaogo (Fig. 172i) makes i t  possible to through-pass machine 
t h e  centring bores and fastening holes simultaneously. 



Fig. 172. Increasing of the machining efficiency 
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The design of the slotted washer (Fig. 172~)  is poor. The hnb s 
protruding in to the washer hampers a through-pass machining 
of the slots which in this instance can be machined only by an 
unproductive slotting operation. 
In the rational design k the slots are through milled. 
In a four-jaw driver with radial jaws (Fig. 1721) the side faces or 

the jaws are milled in four settings, the blank being each time 
rotated through 90". The surfaces t between the jaws are planed or 
milled t o  a templet. 

In design in Fig. 172m tho radial jaws are replaced by side ones 
milled in two settings. At each setting two jaws are machined simuI- 
taneously. The working faces of each pair of jaws are through-pass 
machined and the accuracy of the arrangement of the jaws is 
therefore increased. 

The same advantage can be derived if radial slots (Fig. 172n) 
are replaced by side ones (Fig. 1720). 

The number of slots and their layout should agree with the condi- 
tions required by through-pass machining allowing the maximlrm 
number of surfaccs t o  be machined at the same time. 

If the faces of slots areilocated radially the number of slots should 
preferably be uneuen (Fig. 172q). This makes it possible to through- 
pass machine two opposite faces simultaneoitsly (dash-and-dot lines). 
When the number of slots is even (Fig. 172p) machining is inconv* 
nient and non-productive. 

Conversely, in the case of straight-sided slots t hrougk-pass 
machining requires an even number of slots (Fig. 172s). Machining 
is difficult when the number of slots is uneven (Fig. 172r). 

Machining at an angle to datum surfaces should bo avoided. 
This complicates setting up of the machine-tool because the product 
has to be mounted on swivel tables or attachments. 

Figure 173a, c shows examples of unsound arrangement of holes 
in frames. Machining is considerably simplified if the holes are 
parallel (Fig. 173b) or normal (Fig. 173d) t o  the datum surfaces. 

In the design e of an eye (Fig. 173) the threaded hole for an oiler 
is positioned at an angle, which means that a jig isnecessary for 
drilling the hole. In design f the hole is positioned on the axis, and 
can be drilled and threaded when the eye is turned on a lathe. 
In the design g in Fig. 173 of a sealing unit the inclined drain 

hole m can be made parallel to the shaft axis if a slot n is milled 
in the seal cover (Fig. 173h) or if the diameter of the cover recess 
(Fig. 173i) is increased to D = 2h + d (h is the distance of the 
drain hole to the shaft centre and d the drill diameter). 

I n  the impeller of a centrifugal machine;(Fig. 1733') the thickening 
of the impeller disk towards the hub required for better strength 
can be attained if the surfaces s between the blades are inclined. 
This makes i t  necessary when milling for the impeller to be held 
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in a fixture on a canted centring pin. In the design k in Fig. 173 
the disk can be thickened towards the hub if the back surface t 

Fig. 173. Elimination 01 machining at  an angle 

(dl re) (0 
Fig. 154. Machining a hr:rt.kct, with a set of milling cutters 

of the impeller machined by turning is slightly tapered. The wrfa- 
CPS s betwecn the blades are milled. 

Machining productivity can appreciably bc increased by the use 
of combinatioli tools which aimullar~eously machine several surfaces 
(core drills, block cutters, sets of n~illing cutters, etc.). 
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The bracket (Fig. 174a) processed over the external m and inter- 
nal n side faces of the eyes and also over the surfaces o of the faste- 
ning bosses is machined with a set of plain milling cutters in two 
settings. The first setting i s  used t,o machine the side faces rn and n 
of thc eyes with a set of three milling cutters (Fig. 174dj. Then, 
the part is swivelled through 90" and the boss surfaces o are milled 
with a set of two cutters (Fig. 174e). 

Dislocatiorl of the bosses in  relation to the eyes (Fig. 174b) allows 
the part to be machined in a single setting with three milling cut- 
ters. The cutter side faces (Fig. 174f) cut the surfaces rn and n of 
the eyes, and the  peripheries of the two outer cutters process the 
surfaces o of the bosses at the same time. 

In the very compact design c,  the fastening bosses are arranged 
between the eyes and are machined by the periphery of the internal 
cutter (Fig. 174g) at the  same time as the internal side faces n. 

4.28. Multiple Machining 

In large lot and mass production, the tendency is to machine 
parts in groups to a preset operation with establishment of the 
blanks in quick-acting machining fixtures. 

Consecutiue machini~lg (Fig. 175a) reduces handling timo (the 
time needed lo mount the blank and adjust the machine tool). 

Pig. 175. Diagrams of group machirling 

Parallel machining (Fig. 1T5b) reduces machining time in propor- 
tion l o  the  number of blanks being simultaneously machined. 

Parallel-consecutive machining (Fig. 1'7Sc) is the most productive. 
FO r a11 t hesc methods t hrough-pass machining is obligatory. 
Figure 176a illuslrales a circular nut with radial wrench slots 

which are  located below t h e  thread by t h ~  amount m. The slots are 
machined by non-productive indexing lnelhod (only by planing 
or  slotting). The shape of the part does not permit milling. 
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In the dmign b in Fig. 176 the slots are milled, but as in the pro- 
vious case the part cannot be group machined. I f  the slots are located 
higher in relation to the thread by the amount n pig .  176c) a number 
of nuts mounted on a mandril can be consecutively machined together 
in groups by the generation method with the aid of a hob. 

The lug (Fig. 1764 with a slot profiled to a circumferential arc 
is suitable only for piece machining. A straight slot (Fig. 176e) 
permits consecutive group through-pass machining. 

Figure 176f shows plat= I and 2 clamped by distance bolts 3. 
The bolts can be turned only individually. The manufacture of the 

Fig. 176. Examples of group macl~ininq 

bolts is coalplicated because an accurate distance 1 has to be rnain- 
tained between the shoulders. 

In the design g in Fig. 176 the plates are lightened up against 
bushing 4. The centring shoulders make group machining of the 
bushings impossible. 

In the design h in Fig. 176 the distance bushing 5 has flat end- 
faces and the plates and bushings are mut,ually centred by means 
of dowel bolts 6. In this design the distance 1 bctween locating 
surfaces of the bushings can easily be maintained by machining 
the bushings in groups on a surface grinding machine, the bushings 
being clamped on a magnetic chuck. Bushings can be machined 
much more quickly on a rotary table grinding machine. 

Parts intended for consecutive and parallel-cnnsecutive group 
machining should have datum surfaces that will ensure their correct 
mutual posit ioni~~g during machining. When milling, datum surf a- 
ces may be the bases of the parts and their side faces. JVhen cylind- 
rical parts are machined, the datum surfaces are usually centre holes. 
The parts are mounted on a mandril and machined in a group. 

The sections of workpieces intended for machining should be 
durable enough to withstand deformation under the action of the 
cutting forces. 

Gears in which hub faces protrude in relation to rim faces (Fig. 177a) 
are not suitable for group machining as the gear rims are not secured 
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rigidly during machining and can deform and vibrate under the 
cutting force. 

I t  is preferabIe to make hubs flush (Fig. 177b) or with a small 
(0.1-0.2 mm) clearance s (Fig. 177c) in relation to the rim. 

Fig. 177. Elimination of deformation of blanks in group machining 

I t  is good practice to clamp blanks using not t he  hubs but special 
er~d disks resting against the rims. 

Figure 177d-f shows a lever requiring milling over its external 
contour. The protruding hub faces (Fig. 177d) do not allow the  set 
to be clamped tightly. Design e allowing the parts t.o be clamped 
in pairs is better but the best design f for group machining has all 
faces arranged in one plane. 



Chapter 5 

Welded Joints 

In mechanical engineering, welding is extensively employed t c ~  
manufacture structures from plate rolled stock (reservoirs, tanks, 
hoppers, coverings, linings, etc.) and from pipes and shaped rolled 
stock (frame structures, trusses, columns, pillars, etc.). Nowadays 
housings and base members are also made by welding, including 
the most massive and stressed parts (for example, the beds of pres- 
ses and hammers). 

To simplify the manufacturing process i t  is somctimes expedient 
to separate intricate forgings and castings into simpler elements and 
connect them by welding (weld-forged and weld-cast structures). 

In individual and small-lot production welded structures are used 
instead of one-piece forgings when the manufacture of dies is not 
justified by the scale of production, and also as a means lo  make 
the manufacture of complicated parts less expensive. Low-carbon 
steel (<0.25 per cent C), low-alloy steel with a small content of C 
and nickel steel weld very well. High-carbon, medium- and high- 
alloy steels are more difficult to weld. 

It is difficult to weld nonferrous metals  (copper and aluminium 
alloys) in view of their higll heat conduction and easy oxidation 
(formation of refractory oxide spots), which makes the use of flux 
necessary. 

The strength of welds is inferior t o  that of solid material because 
of the cast structure of t h ~  welded joir~ts with its dentritic and aci- 
cular crystallites typical of cast metal. h coarse crystalline slruc- 
ture forms in  the metal adjacent to the weld seam and in t h e  affected 
zone. 

The strength and resilience of the material i n  a weld are impaired 
by penetration of slag, formation of pores and gas bubbles and also 
because of chemical and structural changes in the weld (alloying 
elements burn-out, formation of carbides, oxides and nitrides). 

If the matmerial of a weld is saturated with air nitrogen even in 
small quantities the weld will lose much of its plasticity (Fig. 178) 
and will became much more bri t t Ie. 

Metal contraction during solidification causes internal stresses in 
the weld and in the adjacent area with possible warping 01 the 
product. 
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The reduction of strength in parts made of low-carbon ?tee1 (m-hose 
plasticity prevents the appearance of iriternal stresses) is not large, 
and is almost immaterial in structures operating u n d ~ r  a ~ t a t i c  
load and under moderate stresses. However, this reduction is very 

10' Number u f  cyc 

Fig. 178. Effect of nitrofi.cn or1 the Fig. 179. Fatigue curves 
mechanicai properties of low-carbon I-solid specimen; 8-specimen with  a 

steel circular weld 

tangible in structures loaded cyclically, especiaIly if they are made 
of high-strength steel sensitive to stress concentration. 

The effect of wolds on cyclic strength is plotted on thc diagram in Fig. 179 
illustrating the test of a solid cylinrirical sprrirrlen made of a low--alloy steel 
(curve 1)  and a specimen of the same st.ecl with a circular V-meld (curvc 2). 
The presonce of the welded joint reduces the fatigue limit more than twice (from 
20 t o  9 kgflrnmz). A stress oI 15 kgfirnm*, safe for a solid specimen, is liable 
to destroy a welded specimen already at 3 x 10B load cycles. 

Submerged arc welding or welding in the atmosphere of inert or 
reducing gases is employed to prevent chemical transformations 
in the welded metal. 

Welding causes warping of parls. which is more severe the greater 
the heat-affccted zone (gas welding) and the greater the length 
and cross section of t h e  welded joints. 

Warping can be prevented if a part is welded in rigid holding 
fixtures and by special methods (intermittent, multilayer or multi- 
pass and stcp and step-back welding). The warping can be removed 
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Principal Welding Methods 
. . 

W e l d t n ~  method 

h,lanual electric arc welding 

- /' 

. < .  

Automatic subm~rged arc welding 

,. . 

Description 

The most widespread and universa1 
mcthod of welding. It is erformed 
by mcam of an arc struck &twoen a 
fusiblc metal clcctrodc: I (direct arc) 
and metal surface. 

The weld is protected against oxi- 
dation by thick-coated electrodes with 
the first coat liberating liquid slag 
and reducing gases (GO, Hz) when the 
arc burns. 

Welding by carbon electrodes with 
a direct (b )  or an indirect (c) arc with 
the rods 2 is mainly reserved for 
thin-walled parts made of nonferrous 
alloys. 

Carbon electrodes are very 
for arc cutting (especially ORY~; 
steels) 

Used in large-scale prcduction to  
join parts by ~traight and circular 
welds. This method implies using 
bare wire I as elr!ctrodu and the wel- 
ding is conducted under a layer of 
f l u s .  

The productivity 01 the process is 
5-10 times higher than that of the 
manual el~ctric arc welding, and the 
weld has a high quality. 

Shapcad (in plan), short and scat- 
tered welds are accomplished by 
semiautomatic welders in which the 
welding wire is fed through fIexible 
hoses. 



C h a p t p r  5. Welded Joints 177 

Table 4 ( ~ ( ~ n t i n u s d )  

Welding method Description 

Ga5-+hielded welding W~lding is done hy nonconsumahle 
, ,..- 

Atomic hydrogr>ri welriiug 

-- 

Elrctroslag ~ r i d i n g  

I 

I 

Resistance ~wlding 

,,, 

:bJ ':: 

Carbon sterl is welded with a less 
exppnsive c;trhtm dioxide gas. 

Weldina is done by an indirect arc 
with the us: of nonconsumable eluc- 
trodus in a hydrogen flux ~vhicil ,  
being an active reducing agent, effec- 
tively prer7cnts o?rirl:~tion rlf the weld. 

U ~ e d  t o  connect large blanks (fra- 
mes of large machines, high-prcssure 
reservoirs). The wcld is formed in the 
clearance hct .~v~en the parts being 
joined by the luzion of laminated 
electrodes I undur a laycr of syn- 
thetic s h g .  The outflow of molten 
metal and slag from the cluarance is 
prevented by watcr-cooled slide blocks 
or ceramic linings 2. 

Resisfance butt welding (a) is em- 
ploycd to join parts with small cross 
section. The rlnd-faces of the parts 
are compressed hy a hydraulic press, 
and the current is switched on to 
bring the metal in the joint to a 
plastic state. 

In tho case of flask welding the 
joint is first compressed by a small 
force and then the currrlnt is switched 
on. This generates a large number of 
microarcs in thc joint whic,h fuse the 
metal (b).  

-- 
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Tuble 4 (continued) 

Welding method 

Gas-prcssure welding 

Thermit welding 

: 1 :--? 

(*I  

,?, 

Friction w ~ l d i s ~ g  

nescription 

The edges to  be connected are bea- 
ted by oxyacetylene flame and pres- 
sed togethcr by an up-setting mecba- 
nism. Tho method is widely utilized 
to weld pipelines on site, the joint 
being heated by burners arranged in 
a circle. 

This m e t h ~ d  is mainly employed 
to  wcld structures on site. 

The source of heat is the exother- 
mic reaction of reduction of iron oxi- 
des by aluminium (aluminium ther- 
mits). The cleaned joint of the parts 
boidg welded together is enclosed in 
a detachable ceramic mould'l{(a) with 
thermit which is ignited by a y h w  
phorus primer. The reaction produces 
aluminium oxide that floats up-in the 
form of s l a g ,  and molten iron wbicb 
fills the gap in the joint. Welding is 
completed after the joint is compres 

Y sed. - 
- <  An improved method consists bin 

burning the thermit in a separate 
mould 8 and filling the joint with 
molten iron ( h ) .  

Power tranbmission lines are cow 
nected b muffle welding with mag- 
nesium iterrnit (mixture of i r ~ - o x i -  
des with magnesium). 

The ends of conductors az&erted 
into muffle I (c) and are presaed 
together with a screw clamp. 

Performed by the heat Iiberated 
when one of the part,s (I)' being wel- 
ded is rotated in relation to the 
other stationary part (2) under an axi- 
al  force. The method js used for 
butt-welding oE small, mainly cylin- 
drical, parts. 
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Tahle 4 (continued) 

Welding mctilod 

Explosion ~vr~ltlirlg 

fcRg x ,  

, , 

Furnace weld iug 

0- 
'0, I ~ J  

Press coid welding 

& 
,O' IF 

4z/ 
R I  

13escription 

Uscd to join thin sheets to massive 
oncs (plating of stecl with copper, 
brass, titanium alloys, etc.). A layrr 
of explosive 3 (ammonittl) is placed 
on tha surface of t h ~  parts to bc 
mclded and is exploded hy a detona- 
tor. The explosion pressure joins the 
sheet tightly to the base material. 

Used to join parts un cylindrical 
shoulders (connection of flanges to 
pipes, or of pipes in frame structu- 
res). 

A bronze or brass ring I (a) is fit- 
ted in the joint, or the joint is gre- 
ased with a paste of powdercd bronze 
and flux ( b ) .  Prepared products are 
heated in an electric furnace in a 
reducing atmosphere (natural gases) 
up to a temperature of 1100- 
1150 "C. 

Used t o  connect plastic metals (Cu, 
Ni, Al, Zn, Cd, etc.). The cleancd 
and degreasr:d joint surfaces (a) are 
compressed by a pressure exceeding 
the yield point of the material. The 
surfaces are strongly joined due t o  
tlir dif iusion and recrystallization 
processes occurring in the compres- 
sion zone. 

Lapped sheets are welded undcr a 
pressure of round or straight dies 
(fipnt welding, b)  or by roll welding 
( c ) .  Parts mada of nonferrous metals 
(contact points, seats) are welded to 
steel parts by presslng them into eo- 
nical seats. 
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Welding method 

Induction welding 

' 3 
DO 00  

0 0 
, < r ,  00 D O  

> h? 

1, 

-F- 
(CI 

Diffusion welding 

,,, 

Description 

* 

none by hrating t h ~  edges to h e  
joined with on inductor I ( a )  through 
which a s p a  a high-frequency current 
(5-20 R H ~ ) ,  the odgca boing after- 
whrds conlprrssed by an upsetting 
mechanism. 

Whrn piprs are wrlded by the are 
resistance method the ends of the 
piprs are heated by mkans uf oppu- 
site dirrcted current in the inductors 
2, 3 (b). The currents induced in the 
joint form a rapidly revolvin 
lar arc which iuses the metaf. 
ding is completed by compressing the 
joint. 

Induction melding is widely applied 
in automatized pipe production ( c ) .  
A blank rolled into a pipe is drawn 
through inductor 4 which licats the  
joint and the pipe edges are c,rrnprcs- 

sed. 

The joint 01 parts 2 and 4 being 
weldcd is htlatrd by ir~ductor 3 and 
c ~ m p r ~ a s c d  by ram I in a high-vacu- 
urn chamber (105-108 mm Hg) or in 
atmusphrwc of inrrt gases (argc~n, he- 
lium). 

Heating t o  i50-800 'C makes a guvd 
and reliable joint. 

This method can be applied l o  weld 
refractory and beat-resistant alloys, 
cprmclc: and ceramics. Currrnts with 
a radio-frequency. rauge 01 50-200 kHz 
arc cn~ployed to weld thin parts made 
of copper, aluminium and nic.ke1 al- 
loys a r ~ d  also ~tainless stcel. 
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Table 4 (continued) 

Welding method 

Electron-beam welding 

Plasma arc welding 

Deacrtptlon 

Performed in vacuum by a current 
of electrons emitted b a tungsten 
spiral 1 under a hi& voltage of 
250 kV and passed through a circular 
anode 2. The current of eIectrons is 
focuwd by electromagnetic coils 3. 
Thc temperature at the  focus point 
is from 3000 to  10,000 O C ;  the hea- 
ting spot rangps from 23 rnm t o  sevo- 
ral hundredths of a miilimetre. 

This method can be employed to 
weld parts (with a thickness of se- 
veral microns) arranged in enclosed 
spaces (vessels, housings) permeable 
hy electron beams. 

Effected by a jet of an inert gas 
{nitrogen, helium, argon) ionized by 
putting i t  through an electric arc 
struck between a tungsten electrode 
I and a water-cooled copper nozzle 2. 
The tempcraturo along the axis of 
the jet is 15,000-18.000 "C. 

In plasmatron welders the gas is 
ionized by a high-frequency electro- 
magnetic field. The jet of plasma is 
formed with tho aid of electromag- 
n e t ~ ~  coils. The temperature of the 
jet is up to 40,000 "C. 

This method can bc utilizad to 
weld and cut most refractory mater- 
ials (including ceramics). 
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Table 4 (continued) 

after welding by stabilizing hoat treatment (low annealing at 600- 
650 "C). 

I I ~ ~ l d ~ r ~ q  method 1 Description 

~he'mechanical properties of welded joints depend on the welding 
process and in manual work on the skill of the welder. Careless 
welding and improper methods will cause defects impairing the lifa 
of the weld and its strength. 

In manually welded joints the strength characteristics vary 
within the weld, the product or a group of the products. 

Important welded joints are tested by magnetic, X-ray and gam- 
ma-ray melhods. The ultrasound test is t,he most sensitive and accu- 
rate. 

Large lots of welded products are tested selectively by cutting 
up of specimens, by tensioning, bending and flattening them and 
by investigating their microstructure and chemical composition of 
the metal i n  the weld. The principal welding methods are illustrated 
in Table 4. 

Ultrasonic i\ ( lding 

3 2 1 

Laser mcldlng 

1: 
7% 

This ~netllod (with Irequuncy 20-30 
kHz) i s  applied to join nunferrous 
metals and plastics. The parts are 
compressed by a vibrating contact 
jaw 1 connected by a waveguide 2 
u ill1 a magnetostrictive oscillator 3. 
High-frequency nscillations heat the 
joint and cause diffusive interpene- 
tration of tho atorns of the materials 
being joined. 

In radio-electronics ultrasonic wel- 
ding is employed to  connect parts 11p 
to several microns thick. 

Effected by a concentrated light 
beam produced by laser 1 (ruby or 
neodymium crystal). The tempera- 
ture of the axis of the beam is up 
to 1 0 , W  "C; the heating spot ranges 
from several microns to  several hun- 
dredths nf a millimetrc. 

In radio-electronics laser welding 
ia used to connect parts up t o  seve- 
ral microns thick. 
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5.1. Typas of IVeIdcd Joints 

Thc maill types of joints made by arc and gas weldir~g are as 
follows: b t ~ t t  (C), corner (Y), lap (H) and tee (T). 

Fillet weids of triangular profile are made straight (Fig. IsOa), 
convex (Fig. 181)b) and concave {Fig. 180~). The most common is 

a straight (normal) weld. 
4 Convex welds (also called 

reinforced welds) have a ten- 
dency to form undercuts {poor 
penetration at the  points m 

r ~ )  tbl @I wherc the weld adjoins the 
walls of a part) and possess 

Fig. 180. rillat welds a lowered cyclic strengih. 
Concave welds are the stron- 

gest but their manufacture is more difficult and less productive. 
The design leg K- is the principal dimensional characteristic of 

fillet welds. 

h7hen thin sheets (less than 4 mm) are u elder1 the leg of welds i n  l a p  joints 
is made equal to  the thickness s of the s h e ~ t  (Fig. 181a). 

For thicker materials (4-16 mm) tho leg of a weld can be four~d from the 
relation 

K = 2f0.4~ mm ( 5 )  
When materials of ~ a r i o u s  thickncss (Fig. 1 8 i b ,  c) are uzlded thr! l rg is 

made equal to  the thickncss s of the thinner material, but not larger than indi- 
cztcd ill formula (5). In this case a concave weld is preferred. 

In corner joints with the same thickness of tIlc walls (Fig. 181d) the length 
of the lcr: depends on the thickness of the edges. In rornrr and tcs joints 

Fig. 181. Dimensions of filIet welds 

(Fig. is le,  f) wherc the  rlimensiane nf a weld may he arbitrary the leg i s  equal 
to  the thickness s 01 the elements bcir~g welded together, but not largrr than 
the values in formula (51. 

When members of various thickness are tee-welded (Fig. 1 8 1 ~ )  thc leg is 
equal to the thickness s of the thinner element. It is preferable t u  make 
concave rvrlds. 

Lapping is t he  most s i m p l ~  and reliable method of joining plates 
(Fig. J82u, b). 

The shortcoming of this method is that  lap joints subjected t o  
the actiou of tensile and compressive forccs are bent by a moment 
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approximately erpal  lo thc  product of the acting force and t.he sum 
of the half-ll~icknesscs of t he  plates bcing welded (Fig. 182a), and 
are therefore deformed (Fig. 182b). The two welds drastically reduce 

H-Ps 
n 

Fig. 182. Opcratioi~al diaprams of lap joints 

thc welding productivity, and the weight of the joint is greal cr than 
in the case of butt  joints. 

Lap  joints also indude  slotted (plug) welds formed by fusing up 
round (Fig. 183aj or elongated (Fir. 183b) prearranged holes in one 
of the plates to be corlnected (these joints are sometimes callvd 
rivet welds). The laborious 
manufactuic, low strength 
and poor tight.ness of the 
weld make this i o i n t  one 
of the worst which may be 
employed only when the 
design requirements do not 
allow welding by other 
more productive methods. !O 

If one of thc members (n) ( b ~  (r) 
being welded is less than 
6-8 mm thick slotted wel- lJ"ig. 183. Slotted ( a ,  b )  and transfusion (c, d )  

ding is replaced by the welds 
simple and effective opcra- 
tion of spot penetraiion (Fig. 183c) of the thinner element (poke 
welding) or seam transfusion welding (Fig. 183d). 

When thin {(,3 mrn) sheets arc butt-welded a t  an angle the edges 
are flanged (Fig. 184a, i ) .  

The edgcs of plates with an average thickrlcss of (8 inln for 
manual arc welding artd <20 mm for automatic welding are made 
straight (normal t o  the plane of tlie plate). For weld penetration 
through the cntirc cross section, the parts t o  be welded are assemb- 
led with a clearance m = 1-2 mm (Fig. 184b, j )  filled with molten 
metal  during welding. 

I n  the case of a greater thickness the edges should be prepared 
mainly by chamfering to produce a weld pool and ensure penetra- 
tion through the entire cross section. 
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The principal types of preparation are illustrated in Fig. 184c-h 
(butt joints), k-m (corner joints) and n-p (tee j0int.s). The sharp cor- 
ners'are broken, leaving belts wit.h a height of h = 2-4 mrn (Fig. 1 8 4 ~ ) .  

Fig. 184. Preparation of cdges 

; :Round chamfers are turnod, and straight ones-milled or planed. 
If the thickness of the edges is over 15-20 mrn chamfers are removed 
by automatic gas cutting. 

Preparation with curved bevels (Pig. 184g, h) is mainIy employed 
for straight and circular welds. A complicated milling operation 
to a templet is required to  prepare edges having an irregular shape 
in plan. 

5.2. Welds as Shown on Drawings 

According t o  Soviet slandards, welds arc sllowrl OIA drawings by 
solid basic lines which coincide with the edges of parts t o  be welded 
together. Invisible welds (arranged on tho reverse side of tho projec- 
tion) are designated by dash lines. 

Welds of spot and seam resistance welding as well as welds obtai- 
ned by transfiision are shown by dash-and-dot lines drawn through 
the centres of the welded sections. 

A wold is dwignated by an inclined extended line with an arrow 
pointing to the Iine of the weld. The horizontal wing is used for 
the  basic symbol of t he  weId including: 

( I )  designation of the kind of welding (Russian letters) (P-ma- 
nual, A-automatic, ll-semiautomatic); 

(2) letter index of the type nf welding (3-arc welding, I?--gas 
welding, @--submerged arc welding, 3 -gas-shielded wclding, LU - 
electroslag welding, KT-resist ance welding, Y3-ultrasonic; wel- 
ding, Tp-friction wclding, X-cold welding, Tla-plasma arc wcl- 
ding, 3n -eIectron-beam welding, A$-- diffusion welding, H-in- 
ductinn7welding, Fn-gas-pressure welding, TM-therrnit welding, 
JTa -laser welding, Ba-explosion welding); 

(3) graphical symbol of the type of weld {with the dimensions 
of the weld when necessary). 
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Welds are usually dcsignatod on the drawings of welded joints in an abbre- 
r-iated form. The letters P, A and are omitted and all the pertaining problems 
are solved by the process enginecr of the welding department depcnding on the 
scale of production ahd available equipment. 

The letter (a) designating electric weldiug is also omitted because it is the 
most widespread type of weiding. Tho letters KT (resistance welding) are not 
written since the kind of welding is here Iully determined by the symbol of 
the \vt:ld. The other letters are given only if a joint should be Fur~ncd by a cer- 
tain method of welding. 

Thus, most frequent1 y, the designation of a weld consists only 01 a graphical 
symbol. 

'Some symbols arc illustrated in Table 5. 
Table 5 

The symbols 4-7 m m  high are drawn by thin lines. The angle 
a % 45" and the distance between the adjacent parallel lines of the 
symbol is not less than 0.8 mm. 

Type of weld / Symbol I Joint I Type a l  weid s ynbol Joint I I 
Fillet weld K - 

d e s i g n i p g a f w ~ d )  

Lap spot weld 

Double-flanged butt 
weld 

Squaro butt weld 

Single-bevel butt 
weId 

Single-bevel blunted 
butt ureld 

Coilvex (reinyorced) 
weld 

Concave weld 

1:L\ Single-V butt weld 

Double-bevel butt 

Double-V butt weld 

Ilumove reinforee- 

'" 

of edges being welded 

Procesa the weld to 
a smooth transition 
tu base metal 

,- k 
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The  ex t~ns ion  lines arp drawn as a rule on the visible welds on 

the projection where the weld is most clear (ordinarily on a plan 
projection). Extension lines should never be repeated simultaneously 
on several prnj~ctions (for cxample, in plan and in cross section). 

Fig. 185. Dcsijinatior~s on extension lines 

Symbols arp marked above the wing if t,he extension line is drawn 
from the face side of the weld (Fig. 1 8 5 ~ )  and under thc wing (in an 
inverted position) if the extension line is drawn from the reverse 
side of thc weld (Fig. 18Sb).  The symbols for two-side symmetric 
welds are writt,en in the middle of the wing (Fig. 185~) .  

Fig. 186. Uesignation of intermittent welds 

The designations of intermittent wclds include the lengtll I and 
the pitch t of the welded portions (the diameter d and the pitch t 
of tho spots are indicated for spot wclds) separated in the case of 
chain welds by a skew line (Fig. 186a) and for staggered welds by 
the sign % (Fig. 186b). 

Designations of welded joints arc illustraled in Tables 6-10. 
Figure 187 shows some additional symbols. Welds made to a clo- 

sed contour are designated by a circle at the  intcrscction of the 
extension line and the wing (Fig. 187a). Welds done during assembIy 
are marked by the symbol 1 (Fig. 187b). 



TntIe  G 
nut t  Joints 

I I 1 T1epietinn r b f  u-clrl r ~ r l  dr3winc.s 

Type of J o m t  Wcld Symhol I I in pl it11 i n  cross 

face side ] re\-crse side SPC!iUn 

single-flanged 
hutt joint d 

\A 
~ouhlc-flanged 

butt joint 

One-side square 
butt joint 

Two-side square 
butt joint 

Square butt 
joint with de- 
tachable strap 

Square butt 
joint with 
permanent 
strap 

Lock joint 

One-side single 
bevel butt 
joint 

- < . - -  

bevel butt 
joint 



Table 6 (continued) 

Type of joint 

One-side sing- 
le-V butt joint 

Two-sidc sing- 
le-V butt  joint 

Two-side drub- 
le-bevel sym- 
metric butt 
joiut 

Two-side doub- 
lc-bevel asym- 
metric butt 
joint 

Two-side do&- 
lo-V symmet- 
ric butt joint 

Two-side doub- 
le-V a5ym- 
metric butt 
joint 

Single-J joint 

One-side sing- 
le-U butt 
joint 

T~\-o-side doub- 
le-U butt 
joint 

Weld Symbol 

Depiction of weld on drawings 

in plan 

lace sido 1 reveme side 
in cross 



Tr~bIe 7 
Lap Joints 

One-side squa- 
re lap joint 

Two-%ide yquare 
lap joint 

One-kide inter- 
mittent joint 

One-side spot 
lap joint 

One-side single- 
bevel lap joint 

Circular slotted 
solid welded 
lap joint 

Linear slotted 
solid welded 
lap joint 

Linear slottod 
incomplet~ 
lap joint 

One-side tran- 
sfusion lap 
joint 

Deyictlon of weld on rlrawiriga 

in plan I in crosa 
lace aide 1 rcverE side "ectior' 

Symbol Type ef joint Weld 



Corner Joints 

i 1 j beplclrurl of weld on drals-inzs - 
~ y p  o i  Joint IVeid I Symbol 1 in plan in CrosF 

face side I rc\-erse side Ser''inn 

Flanged edge A+ I r 
joint 

Onc-side q u a r e  
corncr joint 

Tn-o-side square I 
corner joint I 

! 
I 

One-side closed 
corncr joint 

Two-side eIosed 
corner joint 

jnint 
I 

Two-side single 
bevel corncr 1 
jr~int i 

1 
One-sidc sing- 

le-V corner 
joint 

ner joint IF 1 I, ,P- 

Tn o-side doub- 
le-bevel cor- 



Table 9 
Tce Joints 

Onc-sitltb square 
tee joint 

One-side inter- 
mittent tee 
joint 

Type ol joint 

Two-side tee 
joint 

,Weld Symbol 

- 

Two-side irltcr- 
r r ~ i t t ~ n t  tee 
joint 

1'1~0-side stag- 
gered tee joint 

Depiction of weld un drawings 

One-side spot 
joint 

in plan 

face side rct-ersc side I 

- 

Two-airlu spot 
staggered tve 
joint 

in cross 

One-side single- 
hcvel tcbe joint 

T\l-o-side duub- 
le-!)eve1 tee 
joint 



Table I 0  

Joints Formed by Electric Resistance Welding 

Type o! joint 1 !Veld i i I Y i l l  

I Depiction of weld nn dran-ing6 

Dimensioning 
diaqrani 

Single-spot 
joint 

hiilltiple-spot 
joint (n - 
number of 
ro\W) 

Staggered spot 
joint 

bou ble-f langud 
spot joint 

Seam joint 

- 

Intermittent 
seam joint 

Projection \\-el- 
ding 

Nonfuvion butt 
welding 

Fusion bu t t  nu l -  
ding 
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This symbol is enlployed o111y for the simplest assembling units. In the  
case of intricate joints assembling drawings should be separately provided for 
each unit. 

Welds intended for machining are marked by the finish symbol 
written on the extension line (Fig. 187~). 

The symbol is used only in  the  sirrlplest cases (cleani~if: of a welrl). I f  machi- 
ning changes the shape of the weld and affects the adjacent portions of the:base 
metal a separate drawing (weld 0s- 
sernbly) is pro~lded  which shows the 
product after welding with all neces- 
sary machining allolr.ances, as well as 
the machining drawing (mechanical 
assenzhly) sho~t ing the product i n  iis P " l 7 T  :b) rc) r dl 
final form. 

Welds of the same type and 
size are designated only once /d/&/m/7& 
indicating the total number of ,, 
wclds of a given type (Fig. 187d), fgj (b) 

the other welds being marked Fig. 287. Additional symbols 
only by extension lines. 

If the welds are t o  be numbered according to the  table on the 
drawing the ordinal number is written afier the symbol (Fig. 187e). 
The figure should be 1.5-2 times higher than other symbols. 

The length 1 of triangular fillet welds is marked as shown in 
Fig. 187f. The design thickness a of the sheets t o  be welded is also 
marked for other fillet welds (Fig. 187~).  Additional data (for examp- 
le, for strengthening processes) are written under the wing (Fig. 187h) 
or indicated by symbols which should be interpreted on the drawing 
or i n  technicaI documents. 

Technical specifications use special denominations consisting of 
a letter indicating the  mode of a welded joint (C, H, Y, T-denoting 
butt ,  lap, corner and tee joints, respectively) and a figure specifying 
the type of a weld according t o  the USSR State Standard (WCT 
87 13-58). 

The method of designating the welds by a basic line is inconvenient for 
welds formed on separate portions of edges since the line of weld merges with 
tbc line of the contour and it is im ossible to determine the length I of the 
weld (Fig. L88a) and coordinate tk wid from tho datum surface (size r) 
without additional explanations. 

A weld ran be shown by straight or slightly curvedldash lines (Fig.'188b) 
with the hcight approximately equal to the width of the weld ( to the scale of 
the drawing). The necessary dimensions are marked on the projection. Invisible 
welds arc depicted by spaced li~ics. 

Another method is to show the contours of a IT-cld by thin lines, soIid for 
risible welds and dash lines for invisible ones (Fig. 188~). 

The drafting process is re tard~d if the \velds are markrd by bold lines 
(Fig. 188d) heeause i t  takes much time lor the lines to dry. This method may 
be used only ~r-he11 each drawing is prepared individually, and also when welding 
drawings are rarely required ior production. 

13" 



196 Chapter 5. Welded Joints 

The methods shown in Fig. 188b-d make it possible to indicate the dimen- 
sions of intermittent chain and stag ered weltls directly on the drawing (Fig. 188e) 
and also specify the distance s of t f e  w ~ l d  from the datum r~~rface  d ~ i c h  is not 
shown by the symbols. 

Fig. 188. Depiction of partial welds 

Tlie symbols of welds for which the edges are prepared must be 
explained in the technical specifications for welded joints and refe- 
rences to  respective standards. For nonstandard welds, drawings 
should be prepared indicating the dimensiorls of a l l  weld elements 
and edges (angle of edge preparation, clearancc between edgcs, 
amount of edge blunting, height of reinforcement, etc.). 

The drawings of lap joints should specify the width of lap, tho 
distance of welds Zrom longitudinal and transverse edges, and the 
dimensiorls and coordination of holes for plug joints. 

5.3. Drawings of Welded Joints 

The documents lor welded joints usually include drawings of 
blanks, an assembly drawing of a welded joint (u:eld assembly), 
a machining drawing (mechanical assembly) and a drawing of the 
melded part in its final form. 

An example of complete drawings of a welded structure is illust- 
rated i n  Fig. 189. 

Blanks (Pig. 189a, b )  are drawn in the form in ~rhich they are 
delivered for welding with all  the necessary allowances for subse- 
quent  machining of the joint. 

Rfachincd surfaces of blanks untouchecl by the machining of the 
welded joint are drawn in their final form indicating the needed 
tolerances and finish symbols. 

0 4  the weld assembly drawing (Fig. 189c) the  product is sl~orvn 
as it should be a f t ~ r  welding. Only parameters that  are necessary 
for welding are specified: dimensions, type. length of n-elds, the 
dimensions showjllg thc  mutual  arrangement ol parts (without 
locating datum surl'aces). arid also the dimcnsions required to make 
welding jigs. 

Superfluous dimensions (repeating the dimension5 of the blanks, 
the dimensions being self-evident after connecting the parts by the 
locating datum surlaces) will only complicate the drawing and 
rli\,ert the attention of t he  workerb. 
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Refcrcrlce dimensions are given in braclicts to tel l  them from the 
dimensions to be strictly adhered to. 

The overall dimensions of a unit should always be bracketed 
if they are intended for reference. The brackets are dispensed with 
if the dimensions should be maintained in the process of welding. 

On a mechanical assembly drawing (Fig. 189d) the product is 
shown in the form i t  must have aftcr machining, and all t he  work 
dimensions with the required tolerances should be marked on it. 
Other dimensions serve lor referencc. 

The draxirtg of a welded part (Fig. 189e) should contain all the 
data necessary and sufficient for its application. Intermediate 
dimensions for welding and machining of blanks are omitted. 

Figure 190 illustrates simplified methods. 
If a wclded product is machined by a circular (or almost circi~lar) 

method (Fig. 190a-c) the mechanical assembly (Fig. 190c) may serve 
as tho drawing for the welded part. 

For simple welded joints made from shaped blanlrs (pipes, sheets, 
profiled rolled stock) i t  is usual to supply only an assembly welding 
drawing (Fig. 190d) on which all  dimerlsions necessary for welding 
and Lhe manufacture of blanks, as well as all data  describing the 
product as a whole are marked. 

When several subunits previously prepared arc conilected in one 
assembly i t  is expedient to make an assembly drawing of the joint 
specifying the  data needed only for assembly. 

The drawings of welded joints should indicate the total length 
of the welds of each type (as the basis for calculating the electrode 
consumption forb t he  manufacture of the product). 

The need for special tests of welded joints (for example, tests 
for air-tightness) is stipulated in the  technical requirements of the 
drawing wlticli also describes testing conditions, grounds for rejec- 
tion and the methods of correcting faults. 

5.4. Design R u b  
Table l f  jiIlust.rates the rules for designing welded joints and 

shows examples of changes i n  designs with a view to improving manu- 
facture of melded units. 

5.5. Increasing the Strength of Welded Joints 

The strength of welded joinls can be incrbeaued by design methods 
(rational arrangement of welds with respect to the acting forces, 
proper form of welds) and by manufacturing methods (protect,ion of 
the weld against harmful effects during welding, heat treatment, 
strengthening processing by cold plastic deformation). The design 
metliods of increasing the strength are illustrated in Fig. 191. 
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Table I I  

Rulrs for Designing It'eldcd Joints 

Design 

Ensure a convenient approach of electrodes to the weld 

Welding  of partitions 

poor 

\Velds are l>rought out r l l  the 
narcox space between the parti- 
titlns - 

Welding distance pipes t o  plates 

i1npror.4 

Welds are brought out onto the 
surface ol the plates 

u 

Welding a jncket to la cylinder 

Weld is brought away frum the 
cylinder flangc 

Welding a flange lo a sleeve 

Flange is r4:- Weld is bro- 
moved from right 10 outer 
adjacent wall f lanq~ face 

Weld assernblg o j  shell  1 wilh Jiapltmgrn 2 

After one weld i s  comple- 
ted it is difficult to seam 
weld tbe other 

One of the welds is made 11y thc electric 
are method 
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TahEe I I  (cant irr n ~ d )  

p4or I imp] oved 

Eulploy the simplest and most efficient welding methods 

Connecting wrertcii handle 3 with bar 4 - Circular 15-eld~ arc replaced by - 

R r ivet  weld --- 
<.-..< 

Connecting tubular parts 

Elcct,ric arc wrlding by a circu- 

butt \vcldir~g 
+ lar wwld is rrplaued by resistance - 

- .  

C nnect ing a f lange to n pipe 

Electric arc weldin is replaced 
by rexistilncc butt \refding 

-.- .L 1 

Welding of a tank 

Avoid matched welds. Reduce the amount 
of built-up metal to t h ~  minimum 

Welding of ribs 

Ribs are arrunqed in a etaygercd 
order 7r 
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Tnbie I 1  (continued) 

poor I improved 

Welding of incl ined partitions 

Part it ions are brought apart 

Avoid welding of thick parts with thin ones. 
Impart about the same cross sections to the edges king welded 

Limit ratios in butt  welding 

When S;s>3 tapered portions of length 
I > . \  ( S - s ) ;  

1' > 3 (S - 8 )  are i ~ t r d t l c e d  

Weldi?tg rr flange to a thin-walled pipe 

Thb f l a n g ~  is girrrl a thin-  
ivallrd annular Iriirl+itiori portion 

Welding a pin lo  a plate 

Cutoui i: provided in the pin  in the weIding 1 area 

1 l ' h ~  pin is given a thia-walled flange 
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Tnblc  I I  (cont inued)  

poor I inlpro ved 

Welding disks to a gear rim 

Rim is givrn thin-walled t.ransi- 
tion rings 

Arrange simple fixing oi parts so that welding jigs 
are dispensed with 

Head is rcn1n:d on the bar 

Welding a flange to a pipe 

Plangra is centred on the p i p  
and held in the axial direction 

Welding a boss to o plate  

Seam ~~.eldrn,- a partrliori lo a shell 
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Tobie 11 (continued) 

?\void Iaburiuus rdge PrCpHr R t '  ion. 
Form wclding pools by part displacement 

Weldinr of edges 

Corizer j o i n !  

Connect ing shaped parts to pltrtes 

Welding a corner plate 

Welding pipes to a coupling 

Proc~ss  the parts which are simple to machine 

Plug is machined 
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Table  11 (corliirtucdj 

Design 

I 

Eliminate fitting of preformed parts to complete joint contours. 
Simplify the preformed parts 

F17elding a preformed rih t u  a trough-shaped profile 

I 

Gusset plate 

The curved cut in the gu~set  
plate is replaced by a stra- 

\.. - 
I 

Unify the blanks 

Sheave is made 01 two identical 
parts 

-! Y i  . 
- 

T a n k  

For thin-walled materials make wide use of benl and 
die-forged elements to increaw thc rigidity 

Welding of a f lnnge  

The composite flange i+ r e  
placed by a formed one 
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Table 21 (contiriucd) 

Design 

yuor I I m p r o r ~ d  

Reinforcing pipe corner joints 

Separate flat gusrct plates are 
replaced by onc llrnt plate 

I 

I 
Rcinjorcing a truugJ~-shaped prof ils 

Welded-on ribs 5 are rc- 
placed by hx 6 

Connecting n flelzjie to n p ipe  

J 

Connecting of sheets 

t 

! 
L. -- + 

L 

Prevent burn and fusion of thin cdgcs in the welding zone 

Weld ing  of n r i b  

Reinforcing ribs T are re- 
placed by formed elements 8 

I 
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Table 11 (cuntinued) 

Design 

poor I improvcd 

Welding a bushing t o  a lerer 

Burn of thin edge k i s  
prevented by increasing its 
cross section 

Welding a j l ange  to a ferrule  

Fusion of tho edge of bole w is pre- 
vented by removing the 15-eld away 
from the holu. Another method is to I 

drill the hole after welding ,g 

Remove machined surfaces from the welding zonc. 
Machine accurate surface after welding 

Welding of a threaded fitting 

Thread is removed from the 
weld to a distance I sufficient to 
prevent fusion of the thread 

Welding of a pin 

I. \$-eld is removed from the machined surface 
2. Stock on the pin is removed after 

welding 
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Table  17 (conf inued) 

Welding of a bushing 

poor 

1. To prerent warping of  the hole the weld 
is moved away from tht? body trE the bushing 

2.  Hole i h  f i n i ~ h  machined aftrc welding 

improved 

Whcn parts with different cross section are w~ldpd, 
use hcat buffers to prev~nt tliernial stresses 

causcd by nonuniform cooling 

T ~ P  jacket i3 given clayticity 
by mvana of a crimp 

When welding closed cavities. prevent warping 01 walls 
caused by the formation of vacuum during cooling 

IVeldi~ig a n  annular r ig id  prolile 10 t o  shell I 1  

A ventilation ho!o n is 
provided in the profile i I 

! ! I i 

Hole q in the float is sol-ered 
by weld after the fIat has 
cooled 
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Table 11 (conf inued) 

Design 

poor I improved 

Do not weld to ether hardened and chemically heat treated parts 
(the eI f ect of beat treatment is lost in heating) 

Connecting a hardened t i p  to  a tubular rod 

1. Tip is connected by rivet welds 
2. Welding is repIaced by press-fitting 
3. Head is stellitized 

Figure 191, 1-3 shows consecutive strengthening of a torsionally 
loaded unit with a welded flange by increasing the diameter of the 
circular weld. The resistance to shear (proportional to the square 
of the joint diameter) with the same weld cross section is seven 
times larger in the design 2 and cighteen times larger in the design 3 
than in the design I. 

If the design of the weld is correct the additional fasteners (the 
thread, Fig. 191, 4, thc heavy drive fit, Fig. 191, 5, etc.) may be 
dispensed with. 

In  centring joints the parts being -welded are locatcd by clearance fits usually 
with a class of accuracy not above the 3rd one (fits Se,, Ser, I?,, Ri ,  R,la)., I f  
more accurato centring i s  required use is made of dide fits S,,, S, and wringirig 
f i ts  W,,, tY,. 

Welds should be relieved by transferring the load to sections 
with solid material, the welds being intended only to join the parts. 

Some examples of relieving tho welds of loads are shown in 
Fig. 191, 6,  7 (a bar loaded with an axial force) and in Fig. 19i ,  8, 9 
(bearing flange). 

In the unit fastening the cover to the shell of a cylindrical reservoir 
subjected to internal pressure (Fig. 191, 10) the welds of tho cover 
and the she11 are bent and shorn of f  by the pressure forces. In the 
improved design I I  the weld of the shell is relieved of internal pres- 
sure by introducing the shell into the flange and bho weld of the 
bottom is relieved by clamping the bottom between the flanges 
of the shell and the bottom. 



Fig. 191. Strengthening of weIded joints 
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Power welds should preferably bc loaded by shearing and ten- 
sile forces whereas bending load should be eliminated. 

Figure 191, 12 shows an irrationallyiwelded-on bar loaded with 
transverse force P. The force P rotates the bar about point 0 and 
produces high tearing stresses in the area opposite this point. Besi- 
des, the weld is subjected to shear. 

Figure 191, 13 shows a better setup. TheIbar is centred in a seat 
of the part, and the weld is not subjected to shear. But the critical 
cross section of the bar is weakened by the weld. 

In Fig. 191, 14 bending and shear caused by force P are acting 
upon the solid cross sect,ions of the bar which are not weakened by 
welding. The weld is virtually relieved of the stress and is used 
only to secure the bar in the part. 

I t  is better to reinforce with a rib the welded-on wall which ia 
subjected to bending by force P (Fig. 191, 15, 16). 

The bending of the butt-weld (Fig. 191, 27) can be eliminated 
by using a strap (Fig. 191, 18) whose welds are mainly in tension, 
In this design the butt weld is in compression. 

The butt-weld of the angle b a n  (Fig. 191, 19) is not strong enough. 
It  is morc reasonable to  weld them over the plane of the flanges 
(Fig. 191, 20) and strengthen them by corner plates for arduous 
operation conditions (Fig. 191, 21). 

I t  is better to join the corner plates not by butt welding (Fig. 191,22) 
but by lap welding (Fig. 191, 23). 

Welded-on ribs should be positioned so that they work in comp- 
ression (Fig. 191, 25) and not in tension (Fig. 191, 24). This practi- 
cally relieves the welds of all load. 

Figure 191, 26-29 presents a consecutive strengthening of a sheet 
joint loaded by tensile force P and bending moment Mbemd. The 
strength of various joints is compared in Table 12. 

Fable 12 
- - 

The strength of the butt joint shown i n  Fig. 191, 26 is assumed 
as a unit. 

Besides all-round welding over the contour of long and thin pla- 
tes, straps, corner plates, etc., should preferably bc connectd with 

14* 

I Strength 
Joint 

tensile 1 bending 

Butt joint (Fig. 191, 26) 
Lap joint (Fig. 191, 27) 
Lap joint with welded-on reverse side (Fig. 191, 28) 
Single-V Iap joint (Fig. 191, 29) 

1 
2 
3 
2.5 

i 
4 
5 
5 
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the basic member by further spot welding (Fig. 191, 30) so that 
the plates may not come off when the system is deformed. 

Skew welds of a lap joint (Fig. 191, 31) subjected to tensile strcs- 
ses are also affected by additional stresses emanating from shear 
along the line of the weld. In  the balanced single-V joint (Fig. 191, 32) 
the welds are relieved of shoar. 

Figure 191, 33-36 illustrates the weld designs of channel bar as- 
semblies. In  the joint with the channel legs arranged upwards 
(Fig. 191, 33) the sections m of the vertical welds are subjected 
to high tearing stresses resulting from the action of force P. 

When the channel bar has its legs downwards (Fig. 191, 34) the 
load is taken by the long horizontal weld n and the weak end sec- 
tions of the vertical welds are subjected to  compression. 

When the channel bar is connected by a tongue (Fig. 191, 35) 
the welds are relieved of bending stress caused by force P. The 
bending moment is taken by longitudinal welds and the transverse 
weld t is in shear, Fig. 191, 36 shows a joint strengthened by a corner 
plate. 

Out-of-centre force application causing a weld to bend should 
be avoided. 

Flanged welds in units subjected to tension (Fig. 191, 37) are 
bent. Butt-weld designs are better (Fig. 191, 38). In the unit where 
a bottom is welded to a cylindrical reservoir with a flange 
(Fig. 191, 39) internal pressure bends the weld. Tho butt weld 
(Fig. 191, 40) is mainly subjected to  rupture. 

\\7elds should not be arranged in highly stressed zones. 
I n  the case of welded beams subjected to bending i t  is good pIbae- 

tice to arrange the welds not at the flanges (Fig. 191, 41) but at the 
neutral line of the cross section (Fig. 191, 42) where the normal 
stresses are the lowest. 

In  joints subjected to cyclic and dynamic loads, welds should 
not be made in sect,ions where stresses are concentrated, for example 
i n  the transitions from one section to another (Fig. 191, 43). In  
these conditions the wold is highly skesscd and is also the source 
of an increased stress concentration due to the heterogeneity of its 
structure. 

An improved design is illustrated in Fig. 191, 44. 
J f  i t  is impossible t o  move the weld beyond the section of stress 

concentration, concave welds should be used (Fig. 191, 45) 
with deep penetration being attained by welding with a short 
arc. 

The profile of a weld should be, as far as possible, symmetrical 
t o  the load action. Two-side welds (Fig. 191, 47) are very effective 
in tee joints subjected to tension (Fig. 191, 46). Butt joints 
(Fig. 191, 49) should be used in preference to  lap joints (Fig. 191, 48). 
I t  is axpedient to prepare the edges in butt joints on both sides 
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(Fig. 191, 52) since the force lines are distorted in joints with an 
asymmetric weld (Fi 191, 50), with sharp stress variations. 
The cyclic strengt % of welds can appreciably be increased by 

machining which imparts a rational form to the weld and reduces 
stress concentration. I 

I t  is good practice to machine corner welds radially with a smooth 
transition into the surfaces of the parts being joined (Fig. 191, 52). 
Butt welds are machined flush with 
the surface of the product, the weld 
metal being removed both on the side 
of the basic weld and on the opposite 18 

side (Fig. 191, 53). 17 
For a smooth connection between a 

weld and the walls of a product i l  is f i  

necessary in most cases to undercut 14 
the walls simultaneously with the r3 
machining of the weld (dash lines on 12 
Fig. 191, 52, 53) providing for this 11 

purpose allowance c. M 

.Figure 192 illustrates the cyclic strength 
curves for a strengthened butt joint (lower 8 
curves) and after the reinforccinents arc 7 
removed by machining (upper curves). 
Thin lines show the cyclic strength of the 
joint without heat treatment, and thick 
lines-aftmr stabilizing heat treatment (annc- 
aling at  670 "C). The diagram shows that 
the removal of the reinforcements increases Fig. 192, of heat treat- 
the cyclic ~trcngth approximately twice ment and machining of welds 
and the hcat trwatment by 15-20 per cent. on cvclic strength, Steel 

A smoothing fusion of welds with 0 x i 2 f i ~ j ? .  ~ c c i r d i n g  t o  
a tungsten electrode i n  argon medium Zaltsev G- Z -  and PonoLna- 

rev V. Ya. 
considerably increases (by 30-40 per 
cent) the cyclic strength. 

Plastic deformation in the cold state (roll burnishing, shot blas- 
ting, coining with pneumatic tools) makes it possibla to raise the 
cyclic strengt,h of the weld to the strength of the base metal. 

5.6. Joints Formed by Resistance Welding 

As a rule parts joined by butt resistance welding are not centred 
in relation to each other (Fig. 193a) because they are mutually 
fixed when mounted between the clamps of the welding machine 
and the upsetting mechanism. When the part.s are centred (Fig. 193b) 
one of them should float in the clamps. 

When thin parts are welded to thick ones transition sections 
corresponding to  the form of the thin par t  being attached should 
be provided on the thick part (Fig. 193e-e, f, g). 1 
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If increased stability is to be ensured against bending the parts 
are joined in tapering seats (Fig. 193h). This design sharply reduces 
the force necessary to compress the parts when welding. 

As distinct from electric arc welding, butt resistance welding 
makes it possible to join parts with machined surfaces ( e .g . ,  threaded 

Fig. 193. Joints formed by resistance welding 

members). The accurate~surfaces should be locatcd from the plane 
of the joint by distance of h > 4-6 mm (Fig. 19%) to prevent defor- 
mation and protect them against the sparks of molt,en metal. The 
amount of welded on metal and spark formation can be reduced and 
the consumption of eIcctric energy decreased if weIding is done with 
the use of separate projections m. 

In the case of spot and seam welding ol thin parts (less than 2 rnm 
thick) the diameter of thc spot and the width of the weld should 

Fig. 194. Dimcnsior~s of spot and seam welds 

be 2-3 times larger than the thickness s of thc thinner element being 
welded. T$7hen thicker mcmbers are welded the d iamet~r  of the spot 
and the width of the weld are selected from tho ratio d = s + 3 rnm 
(Fig. 194a). 

To avoid current shunting the pitch t of the spots should not be 
less than (3-3.5) d. The maximum pitch depends on the rcquired 
strength and rigidity of the joint. The rat,io t < Sd should ba main- 
tained between the spots in order to prevent gaping of the plates. 

The permissible distanccs c from the weld to the edges of part.s 
being welded and to the adjacent walls are illustrated in Fig. 194b, e 
(spot welding) and d ,  e (seam welding). 

The strength of spot and seam welds can appreciably be increased 
by compression of the spots and roll burnishing of seam welds 
under pressure that slightly exceeds the yield point of the mat,eriaI. 
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5.7. Welding of Pipes 

Pipes of equal dikmetor are commonly joined with a butt fillet 
weld without edge preparation (Fig. 195, 11, and with edge prepa- 
ration when the walls are thick (Fig. 195, 2) .  

Fig. 195. Welding of pipes 

A joint formed by butt resistance welding (Fig. 195, 3) is distin- 
guished by its high strength, but is difficult to make at the assembly 
site. 

A skew joint (Fig. 195, 4) is technically unsound, and does not 
increase joint strength. 

The abutting ends of a pipe are expanded to a taper (Fig. 195, 5 )  
or t o  a bell (Fig. 195, 6) to  increase the bending strength. 
This purpose is also served by compressing (Fig. 195, 7) or expan- 

ding (Fig. 195, 8)  one of the pipes. The latter method is preferred 
since it is easier to expand a pipe than compress it. 
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Figure 195, 9 shows a joint reinforced with an external sleeve. 
Internal sleeves (Fig. 195, 10) reduce the active pipe diameter, 

thua making this method undesirable for pipelines; it is however 
used for force-loaded structures, where strong and rigid connection 
with diaphragms is necessary (Fig. 195, 11). 

Reinforcement of a joint by ribs (Fig. 195, 12) spoils the external 
appearance and is also inferior in strength to  other joints. 

A joint with cut-in ribs (Fig. 195, 13) is stronger, but more compli- 
cated in manufacture. 

Figure 195, 14-16 shows methods of connecting various diameters 
pipes when the difference between them is small. 

When the difference in the diameters is considerable intermediate 
inserts (Fig. 195, 17) are introduced, Taper inserts (Fig. 195, 18) 
are highly rigid and permit one to connect pipes with a large diffe- 
rence in the diameters. 

Thin-walled pipes are butt-welded with a fillet weld (Fig. 195, 19) 
accomplished preferably by gas welding with flanging of one 
(Fig. 195, 20) or two (Fig. 195, 21) edges, and also by seam welding 
(Fig. 195, 22). If the diameter and the length of pipes are such as 
to admit electrodes, use is made of seam welding over the flanged 
edges (Fig. 195, 23). 

The joints are reinforced by the expansion (Fig. 195, 24, 25) 
or by sleevw (Fig. 195, 26). 

The joints in Fig. 195, 24-26 are centred. Other joints must be 
centred during welding. 

5.8. Welding-on of Flanges 
The methods of welding flanges t o  pipes are illustrated in Fig. 196. 
The shortcoming of the design 2 in Fig. 196 is that the flange is 

not fixed radially. 
In  the designs 2 and 3 the flange is not secured axially. When 

mounted on rough pipe surface (and therefore with a large clearance) 
the flange may misalign during welding. Besides, in such desig~ls, 
the weld comes out onto the flange face and is partly cut off when 
the flange is machined. 

In the design 4 the flange is locked in the radial and axial direc- 
tions by a machined step and is insured against misalignment by 
being located against the end-face of the step. 

Figure 196, 5-7 shows joints where the weld is not on the flange 
end-f ace. 

Electric resistance welding (Fig. 196, 8,  9 )  is the most simple and 
productive method. 

The methods of welding flanges t o  thin-walled pipes are presented 
i n  Fig. 196, 10-14. Design I I  is superior to design 10 as the flange 
is secured both in the radial and axial directions. 
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Seam welding (Fig. 196, 12) is employed when the diameter of 
the pipe allows a roller electrode to be introduced inside the pipe, 

Fig. 196. Welding-on of flanges 

Figure 196, 13, 14 illustratm the bell-mouth methods of weld- 
ing usually used to join large-diameter flanges. 

5.9. Welding-on of Bushings 

Figure 197, 1-6 shows how threaded bushings can be connected 
to flat plates. 
In the design I in Fig. 197 the bushing is not centred in relation 

to the plate. The internal threaded surface of the bushing is deformed 
during welding. This shortcoming is corrected in the design 2. 
In the most rational design 3 the weld is removed from the body 
of the bushing. 

Spot or seam welding (Fig. 157, 4) is employed when the diameter 
of bushings is large. 

Butt resistance welding (Fig, 197, 5) is remarkable for its high 
productivity and does not damage the thread. 
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I t  is better to flange thin-walled sheets to suit the bushing contour 
(Fig. 197, 6) .  

Figure 197, 7-18 shows some methods of welding bushings to the 
walls of cylindrical shells. 

I t  is undesirable to weld the flat surface of a bushing to a cylind- 
rical surface (Fig. 197, 71, since the bushing is distorted during wel- 
ding and the weld is vague and variable in thickness. 

A better design is shown in Fig. 197, 8 where the end-face of the 
bushing is chamfered to -'obtain a more proper shape of the weld. 

(r 41 (151 (161 0 7 )  

Fig. 297. Welding-on of budlings 

The design in Fig. 197, 9 ,  in which the surface of a bushing is ma- 
chined over a cylindep to a radius equal to that of the shell, is 
technically unsound and is of no use if the bushing has to be cent- 
red in the shell. 

Figure 197, 10-14 illustrates some methods of welding with centr- 
ing of the bushing. 

In Fig. 197, 10 the weld varies in thickness. 
In Fig. 197, 11 where the bushing is put through a hoIe in the 

shell, the bushing must be supported during welding or first clam- 
ped in position. Misalignment can occur during installation. 

If the wall of the shell is thick enough a correct joint can be obtai- 
ned by makinga flat (Fig. 197,12) or facing the wall up (Fig. 197,13,14). 
In the case of thin-walled shells a correct weld can be accompli- 

shed by local wall deforming (Fig. 197, 15-17). 
The most useful is the design 18 where the shell walls are flanged 

a n d ,  the flange ends are then machined or cleaned. 
Figure 198 presents methods of welding circular flanges to cylind- 

rical shells. 
In Fig. 198, 1 the surface of the flange being attached is machined 

t o  a cylinder. To prevent warping of threaded holes they are machi- 
ned aft,er welding (Fig. 198, 2) .  
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In Fig. 198, 3 the weld is separated from the body of the flange 
by a shoulder made integral with the flange. Such flanges are die- 
forged. 

Fig. 198. Welding of flangos to  a slicll 

I t  is difficult t o  weld-on a flange by spot electric welding 
(Fig. 198, 4)  because of t.he spatial arrangement of the weld. Seam 
welding is still more complicated. 

Figure 198, 5, 6 shows the ways flanges can be we ld~d to thin- 
walled shells. 

5.10. Welding-on of Bars 

Bars are welded to massive parts and thin sheets usually by resis- 
tance welding. This method is frequently utilized to attach studs 
t o  steel aart.s and  arts 
made of iigh-strength1 cast 
iron. In large-scale produ- 
ction welding is much A 
more advantageous than 
the common method of 
fastening with threaded (0) (61 (0 (dl @/ 
studs. 

The consumption of ele- Fig. 169. Welding-on of bars 

ctric energy will be redu- 
ced if welding is performed over a restricted perimeter or at 
individual spots. The ends of bars are made spherical (Fig. 199a), 
provided with annular rims (Fig. 199b) or projections (Fig. 199c, d ) .  

Large-diameter bars (ovw 8 mm) are welded with the use of flux. 
In mass production solid flux inserts are first introduced into the 
bars (Fig. 199e). 

Flash welding with the use of flux is employed to attach bars 
of diameters up t o  25 mm. A ceramic bushing (Fig. 200a-c) placed 
on the bar retains the molten flux and metal and limits the contour 
of the weld. 
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The energized bar is brought to the welding position (Fig. 200a) 
and an electrical arc is struck after which the bar is drawn away 
to a distance of 0.5-1 mm (Fig. 200b) and kept in this position for 
the time sufficient to melt the metal of the bar and the part. Then, 
the bar is immersed into the molten metal pool (Fig. 200c) and the 

entire cross section of the 
bar is welded {Fig. 200d). 
The duration of the pro- 
cess is 0.1-1 second. 

The annular welded me- 
tal  collar m formed on the  
periphery of the bar is 
overlapped when the parts 
are joined with the use of 
hoIes of increased diame- 
ter, by chamfering the 
edges of the hole or placing 
thick gaskets in the joint. 
In the case of weldir~g 

without a support the mi- 
nimum permissible thick- 
ness of the plate smi,,' M 

ril <j) (k) 0) k: 0.5d (where d is the bar  
diameter), and with a sup- 

Fig. 200. Connection of bars by flash port - smin - 0.3~4. 
welding To avoid shunting of the 

current the distance bet- 
ween the adjacent bars should be at least (3-3.5) d. 

The method of con&lzser welding with an impulsive discharge does 
not require the use of flux and permits parts of heterogeneous m a t e  
rials to be joined. 

The bar is pressed by a spring against t.he plate (Fig. 200e) and 
an electric impulse is supplied that melts the metal at the joint 
(Fig. 200f). The force of the spring presses the bar into the molten 
metal (Fig. 200g) and the joint without a weld collar is formed 
(Fig. 200h). 

A variety of this process is welding with the use of melting stud 
(Fig. 200i-I). 

Condenser welding can be used t o  attach bars of diameters up 
t o  10 mm. The thickness of the plate and the distance between the  
bars are practically unlimited. 

Milliseconds are required t o  complete the process. Automatic 
welding machines operate at a rate of 100 welding operations per 
minute. 
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5.1 1. Welded Frames 

Figure 201, 1-18 ,illustrates the methods of welding frames made 
of angle bars. 

Joints with angle bars arranged with their vertical flanges out- 
wards (Fig. 201, 1-6) are most popular. They ensure a smooth exter- 
naI form of the frame. 

The most common design is a butt joint i n  which the edges are 
bevelled at  an angle of 45" (Fig. 201 , l ) .  Tenon welds with cuts 
i n  the flanges of the angle bars are much more complex (Fig. 201, 2-4). 

Figure 201, 5 shows cunnection of edges in which the external 
corner of tho joint is rounded. A strong joint can also be obtained 
when the corners are bent over a solid wall with the flangos cut and 
connected a t  an angle of 45" (Fig. 201, 6). 

The corners with the inward arrangement of their vertical flanges 
{Fig. 201, 7-12) spoil the external appearance of the frame, but make 
it  easier t o  fasten diagonal ties. 

The most frequent designs are butt joints with flanges bevelled 
a t  an angle of 45" (Fig. 201, 7) usually in combination with strengthe- 
ning corner plates (Fig. 201, 8). 

Figure 201, 9-10 illustrates butt  joints with straight edges. The 
joint in Fig. 201, 10 can be reinforced by a corner plate (Fig. 201, 11) 
which cannot be used i n  the joint in Fig, 201, 9. 

Figure 201, 12 shows a tongue-welded edge joint. 
The methods of connecting frames with a combined arrangement 

of anglc bars (one bar with the flange inside and the other outside) 
are shown in Fig. 201, 13-18. 

The diagonal ties in frames with the  inward arrangement of ver- 
tical flanges of the angle b a n  are butt-welded to the walls of the 
bars with the edges at an angle of 90" (Fig. 201, 19). The joint can 
be strengthened by a corner plate (Fig. 201, 20). Tubular ties are 
fastened in a similar manner (Fig. 201, 21). 

When the angle bars are arranged with their vertical flanges 
outwards the diagonal tics are fastened by means of corner plates 
(Fig. 201, 22). The butt connection with a shaped cut of the edges 
(Fig. 201, 23) is not technically sound and is less strong than  a joint 
with corner plates. 

Corner braces (Fig. 201, 24) are frequently used instead of diago- 
nal  ties. Like the latter they can be welded on easier when the angle 
bars of a frame are positioned with the inward arrangement of thcir 
vertical flanges. 

A crosswise connection of diagonal ties in the centre of a frame 
(Fig. 201, 2530) is difficult especially if the ties are made of asym- 
metric profiles (for example, angle bars). 

h joint formed of solid angle bars welded on the flanges (Fig. 201.2 5)  
is simple and strong enough, but the shortcoming of the design is 



Fig. 201. Welding of profiled frames 
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that the hejght of the flange of diagonal angle bars should be half 
that of the basic angle bars of the frame. 

In the design 26 ip Fig. 201 the bar f is solid and bar h is cut. 
The flanges of the bars have their faces in opposite directions and 
are welded to the plate arranged between the flanges. The height 
of the angle bars in this design may be equal t o  the height of the 
basic bars of the frame minus the thickness of the gusset plate. 

In the design 27 in Fig. 201 the solid angle bar m and the cut bar n 
face with their flanges in one and the same direction and are welded 
to each other with the use of the gusset plate. The diagonal bars 
may be identical to the basic bars of the frame, with the gusset 
plate protr~~ding beyond the plane of the frame. 

The rib of bar t in design 28 in Fig. 201 i s  cut out for the flange 
of bar v. The strength of the joint is inferior to that of the previous 

Fig. 202. Mettrods of bunding  angle baw 

two joints. The height of the angle bars may be equal to that of the 
basic bars of the  frame minus the thickness of t.he flange. 

In the design in Fig. 201,29 bent angle bars are welded together 
by their flanges. In this case the diagonal angle bars may be ident,i- 
cal to the basic bars of the frame. The joint can be reinforced by gus- 
set plate (Fig. 201, 30). 

Figure 201, 31-33 illustrates the methods for connecting channel- 
bar frames with in-~ard flanges, Fig. 201, 3436-with outward 
flanges, Fig. 201, 37-39-wit,h a mixed arrangement and Fig. 201, 40- 
42 - with flanges arranged perpendicuIar to the plane of the frame. 

Some methods of crosswise connection of diagonal ties made of 
channel bars in a "standing" posit-ion are represented in Fig. 201, 43-45, 
and in a "lying" position-in Fig. 201, 46-48. 

The methods of bending angle bars by cutting the flanges a1.e 
shown in Fig. 202. 
In the deeign in Fig. 202a with a right-angledcut a triangular 

hole is formed upon bending which may be welded in or closed with 
a corner plate. 

Full of the edges is ensured by the shaped cutout illustra- 
ted in Fig. 202b. 

- In the design in Fig. 202i the cut is removed from the wall of the 
angle bar by distance s slightly exceeding the radius of the fillet 
between the internal walls of the bar. This makes cutting out easier 
and inc.reases bhe strength of the joint. 
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Tubular frames are usually connected by butt joints with tube 
ends bevelled at an angle of 45" (Fig. 203, 1). 

The rigidity of the corners is increased by flattening the ends of 
t,he tubes (Fig. 203,2), butt welding of gusset plates (Fig. 203, 3) 
.or by cut-in welds (Fig. 203, 4) using gusset double plates 
(Fig. 203, 5), bent U-plates (Fig. 203, 6), shaped plates (Fig. 203, 7J 
consisting of two halves which enclose the tubes and are welded 
around the tubes being joined by spot welding. 

Fig. 203. Welding of tubular frames 

Figure 203, 8 shows a strong but expensive joint with a die-forged 
anglo bar with holes into which the 45' cut tube ends are introdu- 
ced. In Fig. 203, 9 the angle bar has necks to  which the tubes are 
m~elded. 

Tubular diagonal ties are butt-welded to the corners of frames 
{Fig. 203, l o ) ,  with flattening of tho diagonal tube (Fig. 203, 11) 
and strengthening the joint by a U-shaped slotted plate to which 
t,he diagonal tube is welded (Fig. L203, 72). 

Intersecting joints of diagonal tubular ties are butt- (Fig. 203, 1-3) 
.or cross-halving (Fig, 203, 14) welded with a cut in one or both tubes. 
Other methods are: upsetting the tubes at the joint connection 
(Fig. 203, la, connection by means of a cylindrical sleeve 
(Fig. 203,16) and connection by formed sheet straps (Fig. 203, 17). 
Figure 203, 18 shows connection of bent pipes when they arc flat- 
tened at, the joint. Another method is cutting the tubes at the joint 
plane and then welding. 
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5.12. Welded Truss Joints 

In the units with angle bars (Fig. 204. 1)  butt-connections should 
be avoided. Lap joints (Fig. 204,Z) with the contour of the angle 
bar welded all around are stronger and more rigid. Flanges of the 
bars are advisably crossed perpendicular to the plane of the joint. 
The designs in Fig. 204, 4, 6 are much more rigid than the joints 
in Fig. 204, 3, 5. 
To avoid excessive bending and torsional moments the truss e l e  

ments should be connected so that the bending centre lines of all 
the sections in the unit intersect at one point (designs in Fig. 204, 7, 9 
are wrong and designs 8 and 10 are correct). 

The bending centre lines shouId also align in its transverse plane. 
Joints with flanges facing one way (Fig. 204,11,  12) are better than 
those with flanges facing in opposite directions (Fig. 204, 13, 14).  
In the latter case under load a twisting moment develops in the 
unit due to the displacement of the bending centre lines. 

When the flanges face one way the design is more compact. In the 
designs in Fig. 204, 11,12 the width of the unit (in the plane normal 
to the plane of the drawing) is about two times less than in the 
designs in Fig. 204,13, 14.  However, the units and the truss as 
a whole in the designs in Fig. 204, 13, 14 are more rigid spat,iaily. 
The formation of the welds is simpler and this rnakes such designs 
very popular in practice. 

The rigidity of a joint can be improved by gusset plates. A joint 
with strapped gusset plates (Fig. 204.16) is much stronger and more 
rigid than a joint with abutting gusset plates (Fig. 204, 15,. 

Figure 204, 17-18 cxernplifies multi-ray joints with strapped gusset 
plates. The comparative advantages and shortcomings of fIanged 
joints facing one (Fig. 204,17) or two (Fig. 204,18) ways are the 
same as for joints without gusset plates (Fig. 204, 11-14). 

Figure 204, 19-22 shows example. of joining angle bars in spatial 
units. 

Butt welding (Fig. 204, 23, 24) forms the simplest and most re- 
liable joints in tubuIar tnisses. The shortcoming of the method is 
the limited number of tubes that can be connected in one unit. 
Spatial units are possible only if the diameter of the central tube 
considerably exceeds the diameter of the attached tubes {Fig. 204, 25). 

If the tubes b i n g  joined are flattened (Fig. 204, 26, 27) it is 
possible to  increase the number of the tubes cunnected in one unit 
(Fig. 204, 28) and increase the rigidity of the joint (only in the 
flattening plane). 

When tubes of different diameters are joined, the tube of the 
smaller diameter is conically expanded {Fig. 204, 29, 30) to increase 
the rigidity of the unit. 
15-01658 
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Fig. 204. Welded truss joints 
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Fig. 204 (continued) 

Welding in sleeves made of solid (Fig. 204, 31-3*?) or welded 
(Fig. 240, 34) tubes i s  also employed. 

Very often tube joints are strengthened by gusset plates which 
are butt-welded (Fig. 204, 35, 36).  butt- and slot-welded on ona 
of tllo tubes (Fig. 204, 37, 38) and slot-welded over a l l  tubes being 
connected (Fig. 204, 39, 40). 

Slot-connection by gusset plates and wit11 prcpnrntion of the ends 
of tubes in a hot state (Fig. 'LO?, 41, 42) makes i t  possible t o  join 
several tubes in one unit,, and i . ~  employed in multi-ray nriits. Tho 
shortcomings include low rigidity in the plane of the gusset plates 
and  difficult preparation 01 tho tubes. 

Rigidity can be increased with the aid of doilble gusset plates 
(Fig. 204, 43, 44) but the distance bctween the plates {in the direc- 
tion normal t o  their plane) should be selected so that the edges of 
the adjacent plates tan be made by onc weld m (Fig. 204, 46, 47). 

U-shaped gusset plates (Fig. 204, 46, 48) are strongest and most 
rigid. 
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Heavily loaded units employ joints with pressed straps enveloping 
the tubes (Fig. 204, 49, 50). The rigidity of the joint can be increa- 
sad if the straps are provided with gusset plates joined by spot wel- 
ding (Fig. 204, 51, 52). 

T n multi-ray joints tubes are welded t o  star-shaped forged pieces 
with recesses (Fig. 204, 53) or with necks (Fig. 204, 54) for the tubes. 
Multi-ray units are also connected with the aid of prismatic 
(Fig. 204, 55, 56). cylindrical (Fig. 204, 57) or spherical welding 
boxes (Fig. 204, 58). The latter method can be used to join tubes 
practically at any spatial angle. 

Figure 204, 59-62 illustrates examples of hinged connection of 
welded tubes in truss units. 



Chapter 6 
- 

Riveted Joints 

In the past. riveting was the principal method of connecting 
structures made of sheets and plates (reservoirs. boilers, etc.) as 
well as frames and trusses made from shaped rolied stock. Today, 
rivets have been almost completely replaced in this field by welded 
structures which are stronger and more effective. 

Rivets are employed for: 
joints where it is necessary to preclude the thermal aftereffects 

of welding which deteriorate the metal structure in the weld area, 
overheat the parts close to  f l l ~  welded joint and warp the products; 

joints made of metals with poor weldability and heterogencous 
metal joints (for example, steel and nonferrous alloys, etc.); 

joints of metal elements with nonmetallic materials (wood, leather, 
fabrics and plastics which cannot be fastened by pres~ing, bonding, 
etc .). 

Up till now rivets are the main kind of fasteners in light frames 
and thin-sheet shells made of Iigllt alloys (especialIy in the aircraft 
industry). This is due to the fact that light alloys are difficult to 
weld, the welded joints have a low vibrational resistance, and the 
inevitable warping especially pronounced when long products are 
welded. lntricate forms and restricted overall dimensions inherent 
in aircraft designs make i t  difficult to manipulate welding d e ~ i r e s  
and check the quality of welded joints. 

6.1. Hot Riveting 

Hot riveting is employed in power and strong-tight joints when 
the diameter of the rivets is over 8-10 mm. Rivets of a smaller 
diameter are as a rule inserted by the cold method. 

A rivet with a set head is heated to  a plastic state (900-l,OOO°C) 
and its shank is inserted into a (frilled hole in the members to be 
fastened after which, while holding its head, the protruding shank 
end is upset by an impact or pressing tool (Fig. 205a) to form a se- 
cond, closing head (Fig. 20%). As i t  cools the rivet contracts i n  
length! and tight1 y compresses the members heing joined. 
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The strength of the joint is almost entirely determined by the 
forccs of fr ict ion arising on the abutting stirface of the part4 due 

to  the shrinkage of the rivet.. 

A t  the initial stage of cooling when the metal 
of the rivet is  i n  plastic state, i ts  shank i s  elonga- 
tcd a1111 its diameter is reduecd. A t  this timu the 
rivet docs not prodllce any  appreciable pressure or1 
thc ~nerltbers btbing c:onnecLetl. -4s the temperature 
drops, the material of th11 rivet becomes stronger 
and offers rusis tarlee to shri n k a g ~ .  The final com- 
pressing forca is deler l l l i~~rd by the shortening of 

(a)  (b) the rivet during the rooling prriod from the 
ternperaturr at  which the plastic deformations of 
the rivet rr~aterial give way to elastic ones domFr! 

Fig. 205. Hot riretillg to the tr~nperaturo of complete cooling. This 
shortenir~g also determines the magnitude of ten- 
siIe stresses in the rivet shank. 

During the cooling process the diameter of the shank is diminished due 
to plastic elongation a t  the initial period of  cooling, due to elastic elorlgation 
and reduction in the transverse dimensioris upon final cooling. The volume 
of a rivet also changes brcause of the I!-a-transformation occurring during 
cooling. 

The conpint effect of these factors forn~s a clearance arnountirig to tenths 
of fractions of a millimetre between the shank and the walls of the hole even 
if the r i ~ e t  is initially introduced into tbe hole with  a push fit, using a hammer 
lor example. 

The method commonly used today for calculating riveted joints 
for shear of tlw shanks and crushing of the walls of a hole and the 

Fig. 206. Calculation of rivets 

surfaces of shanks under tkc action- of tensile force P (Fig. 206a) 
disagrees with thc actual working conditions of riveted joints. 

Rivets are subjected t o  shear only after the members being con- 
nected are offset by the amount of clearance between the sbank of 
the rivet and the walls of the hole, i.e., when the destruction of 
a riveted joint commences. 

When calculating hot-riveted joints i t  is more correct to accept as the basis 
the axial force IV dereloped by a rivet during shrinkage, and the friction farce 
P = Nf in the joint (Fig. 206b). The axial force is 

R = OF 
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where F = cross-sectional area of the rivet 
o = tensils strcss produced in t11c rivet at the end of shi~~kitge  

Here E and a = tho modul~~sof  uorinal elasticity and the coefficient of linear 
expansion 01 the rivet material, respectively 

t o  = final cooling temperature 
t ,  = the temperature at  which plastic yield of the rivet material 

ceases and elastic elongation 01 the rivet shank begiaa 

The difficulty of calculation by this method consists in the fact 
that the values i n  the equation are variable. The values of E and a 
depend on the temperature. and the temperature ti is uncertain 
because the period of transition of plastic deformations into elastic 
ones is prolonged. The calculation is also complicated due t o  unequal 
heating of the rivets before riveting and also due to  an unequal 
temperature range along the axis of the rivets. For example, only 
the free end of a rivet is frequently heated to  form the closing head 
while the set head is left cold. In this case the compressive force is 
consi derabIy decreased. 

Pure shear (Fig. 206a, b) seldom occurs in practice. In most cases 
riveted joints are subjected to additional stresses, for example, to 
bending or tension (Fig. 20Cic, d )  caused by deformation of the unit 
under the action of external forcos. 

The calculation in common use disregards the decisive factor of 
strength -the tension of a rivet due to contraction during cooling. 
Even if the functioning of rivets for shear were taken as the basis 
the calculation would have t o  be conducted according to a combined 
stressed state of shear and tension. 

The parameters of riveted joints are selected in practice from 
designs of available structures accounting at the same time for the 
speci Eic operating conditions of the joint (requirements of tightness, 
working temperaturos, effect of aggressive media, etc . ) .  Almost 
every field of application of hot riveted joints has i ts  own standards 
against which the joint is checked in operation. 

6.2. Cold Riveting 

In the case of cold rivoting contraction of a rivet is caused only 
by plastic deformat,ion of its material during closing up. With the 
cold method the axial force compressing the members being connec- 
ted is less than in hot riveting and depends on the degree of plastic 
delormation of the rivets which may vary within wide range and has 
more or less constant magnitude only in machine riveting, for 
example hydrarllic riveting. 

IJnlike hot-riveted joints, the strength of cold-formed joints is 
mainIy determined by the resistance of rivets to shear. The forces 
of friction in the joint relieve the rivets of shear and compression. 
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The basic problem when designing cold-riveted joints is to ensure 
correct functioning of rivets in shear primarily by fitting the rivets 
without clearance into holes. In critical joints the holes for rivets 
in the members to be connected should always be machined simul- 
taneously. The rivets should be driven into holes with interference 
(for which purpose it  is necessary in most cases t o  accurately machi- 
ne both the holes and the rivet shanks). When rivets are fitted with 
a clearance tho plast,ic deformation should be enough to  clamp the 
members toget,her and assure spreading the shank into  the cleararlce 

Fig. 207. Varieties of rivets 

t ightly and fit  the shank against the walls of the hole, especially 
in the abutting plane of tho elements being connected. It  is more 
advantageous t o  employ rivets not with flat,  button and simiIar 
heads (Fig. 207a, b)  resting against the surfaces of the jointed mem- 
bers but rivets with countersunk heads (Fig. 207c-f) when the clin- 
ching force affects in a large measure the shank expanding i t  trans- 
versely. In  this respect the best design of a rivet is the one with 
a neck in the plane of shear compacted by snaps on both sidea 
(Fig. 207f). 

The other useful designs are hollow rivets, for example with 
a thickening in the plane of shear expanded by a punch after the 
rivot is driven in (Fig. 207g). I n  hollow rivets the reduction in the 
cross section subjected t o  shear which is generally very small when 
Li < 0.5 (dl-diameter of the internal hole in the rivet, d-rivet 
d 

diameter) can be eliminated by means of a plug-type punch left 
i n  the rivet {Fig. 207h). 
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In the case of cold riveting i t  is good practice to use round-top 
countersunk rivets with an angle of 75-60" and even 45" (Fig. 207j-I) 
to facilitate spreading of the shank during upeetting. 

In hot riveting preference is given to heads with a flat bearing 
surface or a bevel angle of over 75' (Fig. 207i, 1). When the 
angles are small high compressive and rupturing stresses develop 
in the countersunk area in the riveted members, whereas the clam- 
ping force diminishes. 

When rivets are clinched cold the strength of the joint is favourah- 
ly affected by the cold working of a rivet due to the closing u p  
force, which strengthens the material of the rivet. 

In mechanical engineering, cold riveting is the method usually 
preferred because riveted joints are mainly intended to  e l iminat~ 
thermal aftereffects and obtain strong joints between parts withont 
impairing the accuracy of their dimensions and mutual, arrangement. 

Rivets arc used, for cxample, t o  fastcn counterweights t o  the webs of crank- 
shafts, the rims of ear to disks, lining plates t o  massive parts, friction linings- 
t o  clutch disks sndgbrske abaes. Rivats are also employed to  connect light sheat 
structures such as pressed cages for ball bearings. 

The absence of thermal aftereffects, simple design and high effi- 
ciency make cold riveting superior in many cases to the hot method 
even when plates and parts of Iarge cross section are joined. 

Cold riveting is not practicable for joints intended to operate 
at high temperatures since such temperatures take off the cold 
working and diminish the force of compressinn produced during 
riveting. 

6.3. Rivet Materials 

For general-purpose hot-riveted joints designers employ rivets 
made of carbon steel 30, 35 and 45. Rivets for special joints are 
manufactured from stainless stpel and heat-resistant alloys to suit 
the conditions of operation. 

Rivets for joining steel parts by the cold method are made of soft 
steel grades 10 and 20 and in importa~t  joints of steel 15X and 
20X (Soviet standard specifications) which are plastic and have 
higher strength. 

Nonferrous metals are connected and soft materials are joined 
t o  metal parts by means of copper, bras?, bronze, aluminium and 
aluminium-alloy r i ~ e t s .  With higher requirements for corrosion 
resistance, the rivets are made of stainle~s steel, Monel metal. 
nickel and titanium alloys. 

Power joints made of aluminium alloys are connected by dura- 
lumin rivets. 

Using the ageing property of duralumin riveis are driven in a fresh1 quen- 
ched state (quenching in water from the temperature ol 500-520%) r a h n  the 
material of the r i ~ e t e  retains plasticity for 0.:-2 h o u ~ s  alter the quenrhii~g 
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process. After four or six days at t = 20°C (natural ageing) the material of the 
rivets ages and acquires increased strength and hardness. Arti j icial  ageing 
(at 250-175°C) reduccs the ageing process to  1-4 hours. 

In mass production large lots of quenched rivots are kept i n  rerrigerating 
chambers a t  a minus temperature (about -50°C) which dcla ys ageing practically 
for an unlimited period of time. Some deformable alloys A3n, Alan, B65, B94 
,(Soviet standard s ecifications) possess good plasticity after ageing and can be 
zivcted in an age{ state. 

Metals wit.h different eIectrochemica1 potentials are not recom- 
mended for riveted joints. They form galvanic pairs and accelerate 
the process of corrosion. As a rule, rivets ace made nf the same mate- 
rial as the parts being joined. 

In joints with heterogeneous metals (for example, al~iminium 
rivets in parts made of magnesirim and copper alloys) the rivets 
should be coated witlr cadminrn or zinc for protection. 

6.4. Types of Riveted Joints 

A civet.ed joint. should be loaded only in shear and relieved of 
the action of bending moments which cause unilateral bending 
of the rivet shanks. The rupturing stresses developing i n  bending 
are added t o  the tensile stresses which appear during riveting and 
,overload the shank and the head of the rivet. 

In the joints in Fig. 208a, b the tensile forces produce a bonding moment 
approximately oqual to  the product of the tensile force by the thickness of the 
material (Fig. 208h, i ) .  This moment is partly damped by the resistance to  the 
elastic bending of the plates, and is p:~rtly transmitted to  the rivets. 

Fig. 208. Kivtbted joints 

In a two-strap joint (Fig. 208c) the central application of forces prevents 
a bending moment. Resides, this joint is i n  (IOU bIe shear and due to  the double 
friction surfaces the reeiatance to  shear i n  this case is twice as large as in the 
designs a and b. 

The design in Fig. 208d with flanged edges is irrational since the rivets are 
bent in tension. 
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In corner joints ( F i g .  208e) with one flanged edge which are sometimes used 
to connect bottoms to the shells of reservoirs containing pressuri~e~l gases or 
liquids, deformation of the malIs of tho reservoirs causes the rivets to bend. 

Joints in Fig. 208f, R where tho rivets are mainly subjected to shear and 
only to a slight degree to bonding arc more practicable. The smaller the 
deformation (caued hy the intcrnal pressure) of the shell bottom and walls 
cIosest to the warn, i.e.. the smaller the distance 1 between the rivet and the 
bottom surface, the smallpr the bending. 

Single-row (Fig. 209a, d ) ,  double-row (Fig. 209b, e) and muItipIe 
row (Fig. 209c) rivet,ed joints are used. In double and multiple 

Fig. 209. Parameters of riveted joints 

seams the rivets aro usually arranged in staggered order to achieve 
more uniform loading of the seams and make it easier t.o drive in 
the rivets. 

Figure 209 shows the empirical relations (for general-purpose 
structures) batween rivet diameter d and pitch t on the one hand 
and distances s and e,, on the other. 

Due to the ueakening effect of holes the ~ltrength of riveted joints is Iess 
than that of the solid material. 

The relative strength of joints as expressed in fractions of strength of solid 
material is presented in the table below. 

I Seam 
Type o l  joint 

single-row I doublerow ] triplerow 

I I I 
!Lap joint (Fig. 20%) 0.5-0.6 0.6-0.7 0.7-0.8 
Butt joint (Fig. 209e) 1 0.6-0.7 / 0.75-0.85 1 Oh%-0.9 

An increase in the number of raws above three only slightly increases the 
strength. 
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By their function, distinction is made between the strong seams 
employed in power structures, and strcng-tight seams which accept 
forces and ensure good joint tightness. The latter are employed, 
therefore, for all kinds of reservoirs. Strong-tigh t seams are construc- 
ted with rivets having reinforced heads, usually with conical under- 
heads which make a rivet f i t  t ightly  in its hole. Rivets in the strong- 
tight joints functioning at  high temperatures are hot-driven irrespecti- 
ve of the thickness of the parts being joined. The joints usually 
have two or three rows of rivets. 
The tightness of a joint is attained by additional means, f o r  

example by applying sealing compounds (red lead dissolved in oil, 
greases based on synthetic resins, etc.) t o  the surfaces of t he  joint 
kefore riveting. I t  should be remembered, however, that ~ e a l  ing 
greases reduce the coefficient of friction a t  the joint surface and the 
shear strength of the joint, For this reason, the grease should b e  
applied not over the entire surface of the joint but  in a narrow hand 
meandering around the holes for the rivets. 

For joints operating a t  high temperatures siloxane enamels are 
used with metallic powders (Al, Zn) which endure a temperature 
of up t o  600°C. 

Another method oi sealing is t o  provide the joint with thin soft 
metal wires which flatten during the process of riveting. 

Good results are obtained when the surfaces of a joint, cleaned 
in advance, are coated with plastic metals applied by the galvanic 
method or gas-flame pulverization.! Copper and nickel coatings are 
the most thermostable. 

Metallic coatings increase the strength 01 a joint since the high temperature 
and pressure on the surface of the joint produce mutual diffusion of the coating 
metals with the formation 01 an intermediate metal structure layer. 

Sometimes the edges of a joint are calked (Fig. 210a) at an angle 
of 15-20", 

Calked seams will retain their tightness in  operation only i f  t he  
joint is sufficiently rigid. When the joint hasinwfficient rigidity 

its sealing especially under cyclic loads 
is quickly destroyed as a result of perio- 
dic deformations ("breathing"). 

The method of a joint tightening by 
securing the edges of the joint by s light 
weld is sometimes used {Fig. 210b) hilt 

Fig. 210. Calking (a) and must not be accepted as rational. The rigi- 
welding UP ( b )  of edges dity of v-elds, even of small cross section, 

is significantIy larger than that of riveted 
seams. For this reason a weld accepts the load acting on the joint. 
The strength of the seam determines the strength of a joint. Jn 
such cases it is better t o  join the parts with a a e l d  of normal 
cross section. 
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6.5. Types of Rivets 

Table 13 illustrates the types of rivets for strong (Table 13,l-6) 
and strong-tight ($able 13, 7-13) joints. 

The range of rivets for strong-tight joints includes rivets with 
a conical underhead (Table 13, 9) which ensure a tight fit of the 
rivet. 

Pan-head rivets (Table 13, 8, 9) are intended for joints subjected 
to  the action of hot gases (fireboxes, flues, etc.) assuming that such 
heads resist hot erosion longer and retain their strength even with 
considerable burn-out. 

However, at an increased temperature, especially under the 
action of a gas flux, round-top (Table 13,10) or flat-top (Table 13, 1 2 )  
countersunk rivets are more advantageous. Rivets made of heat- 
resistant alIoys are more useful in these conditions. 

Sketches 14-19 show small rivets made of nonferrous metals and 
rivets for tin-smith and copper-smith work. 

Rivets are designated on drawings and in technical documents b y  tho number 
of the USSH State Standards, diameter d of the shank and rivut length 1 as 
specified in appropriate USSR State Standards. 

Example: 
Rivet I'OCT 1187-41 10-30. 
In the case of nonstandard rivets i t  is necesvary to remnt complete drawings 

of the rivet and riveted joints spacifying the materi3, the kind of processing, 
the accuracy of manufacture and the needed technical requirements. 

6.6. Design Relative Proportions 

Figure 21 !a  illustrates design proportions of rivet set heads most 
widely used for strong and strong-tight joints. 

Fig. 211. Shapes of rivet heads 

Clinched heads usually resemble set heads. The other forms of 
clinched heads are shown in Fig. 211b. 

The rivet diameter cannot be selected by only one rule. I t  depends 
on the thickness of the materials being connected, the spacing pitch 
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af riveta, the type and magnitude of load, the relationship betweon 
the strength and hardness of tho materials of the rivet and the parts 
being joined and, finally, on the method used to  drive in the rivet. 

If we roceed from the functioning of a rivet in shear and base our calcula- 
tions an $ condition of equal strength of the rivsta (in shssr and compression) 
and of the riveted plates (in compression, shear and rupture at tho critical 
sections), then for thc particular case of a single-row lap joint (Fig. 2120) with 

the same stmngth of the material of the 
rivets and the plates the following rela- 
tionships can be obtained: 

d= 2s; t = 2.5d; s = 1.5d 

This calculation gives exaggerated 
values ol rivet diameter (especially 
when the values of s are large) and re- 
duced values of the pitch. 

Fig. 212. Design proportions of Fig. 213. Determining the diameter and 
riveted joints spacing pitch of rivets 

In  practice, use is made of  the following relationships (Fig. 212b),  

In these formulas all dimensions are in millimetrcs. 

Rivets with diameters smaller than those determined from for- 
mula (6) are difficult t o  forge and they may bond in the hole 
(Fig. 213a). Clinching of Iarge-diameter rivets may overstress the 
material of the mombers heing connected. 

When materials of various thickness are riveter1 it is necessary to take as 
the basis their total thickness S (Pi . 213b). When S = 5-60 rnm the diameter 
of a rivet can be found Irom the formula 

The pitch of rivots should never exceed 6d ,  otherwise the tightness of t% 
joint' sections betwaen the rivets may be impaired (Fig. 2 1 3 ~ ) .  When t < 3d 
it is difficult to fit the rivets. 

The length of edge e should not excoed 2d bocause the edqe i s  liable to cutve 
off (Fig. 213c). If a < 1.5 d the edge can he damawd when clinching the rivets. 
Relatively small and closely located rivets should bo preferred to large and 
spaced ones, i .e. ,  the Iower limits should bo selected in formulas (6) and (7). 
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These are tentative relationships. It is better to rely on the expe- 
rience derived from available structures and employ the standards 
approved for a givep branch of industry, and conduct experimental 
verification when designing new constructions. 
In the case of cold-driven rivets the shear caiculation is more 

than substantiated. But here too there are factors difficult to account 
for (for example. the magnitude of the force applied to  the rivet 
and the degree of plastic deformation which determines the fit  
of a rivet in the hole). The admissible stresses are assumed to be 
equal to the ultimate strength of the rivet material in shear and 
compression with the factor of safety equal to 3-4. Besid~s ,  the mode 
of processing the holes is taken into- account. 

The design stresses in kgf/mm2 for the  rivet,^ made of steel I0  
and 20 (USSR State Standards) are given in the table below. 

In the case of pulsating load the admissible stresses are reduced 
by 10-20 per cent and with a load 1-ariahle in direction by 30-50 per 
cent. 

Load 

Shear 
Cuinpr~.+ion 

6.7. Heading Allowances 

Let t' be hall of the cross-wctional arc;l 01 the rivet head minus the cross 
sectiori of the rivet body (hachured area i r i  Pig. 2140). The volume of this 
portion oI the head is cqual lo 

P u ~ ~ c h e d  11ulc-; 

10 
20 

V = FndC,g  

sherc: d,., = diameter of location 
of Ihc c;ntre of gravity of this 
area. 

Thc height h of the allo\rance 
necessary tu f i l l  this volume can 
be detrrolined from the formula 

nG 
l -=I ;dC.B=Th 

nrilled holes 

3 3 
30 

~ ~ - h c r u  d = rivet body diameter. Fig. 214. Ueter~nir~ing the heading 
Hence, allowanc~s 

4Fd, . ,  
h=- 

dz 
The lleight H of the allowance above tho suriace of the riveted member is 
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Table Id  
Rivet Heading Al lowanm~ 

Sketch 

AllOWanCe 

for  rivets driven 
without clearance for rivets dri\-en with clearance $ 
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where h,= height of the upset rivet head dependin on the &ape of the h a d ,  
Formula (8) is valid for rivets driven into h3es without clearance. 
For rivets iitted into holes with a clesrancc rrhich is filled up during clin- 

ching account should be takcri of the penetration of the metaI into the annular 
space hetween the hole and  the rivet shank amounting to 

\-I = 2 (a: -d2)  S 

where do = diameter and S = length of the hole (Fig. 214h) .  
The additional height of allowance h' can 11e found Erom the formula 

whence 

The total height of the aIIowance is 

Account should be taken of the manufacturing tolerance for holes and rivets 
(regular hot upset rivets a r e  made to the F'ith classes of accuracy and cold upset 
riveta to the 3-4th clasws), introducing into the calcuIations the maximum dia- 
meter of the hole and the minimum diameter of the rivet. 

In hot riveting, consider also the ir~crease of the rivet diameter when i t  is 
heated. The diameter of a heated rivet is, 

d = do (1 + at) 

where do = diametor of a cold rivet 
a = coefficient of linear expansion of the rivet material (for steel 

a r 11 x 104) 
t = increaso in temperature 

If for average conditions A = 1.05, then 
d 

Tahlc 14 illustrates the values of H calculated on the basis of lormula (I)), 
and H' ori the basis of fvrmulas 10-11) for the most cornmoll typcs of rivets. 

The length of rivets with the a ! lowanee calculated by forrnulas (9-11) should 
be rounded off to the ncarest largcr standard length. 

The holes for rivets in the members t o  be:fastened should be machi; 
ned simultaneously. Misaligned holes (Fig. 215a) significant1 y 
weaken the riuct. 

The holes i n  criticaI joints should be reamed together and the 
rivet driven i n  with interference (Fig. 215b).  

Arrangement of rivets i n  constricted places should be avoided 
(Fig. 215~).  The space around rivets should be wide enough to admit 
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a riveting tool. The distance e (Fig. 215d) from the rivet axis t o  the 
nearest vertical walls and other elements of the structure which 
may interfere with the approach of the riveting tool sho~ild not be 
less than (2-2.5) d when pneumatically riveting and (4.5-2) d when 
h~draul ica l ly  riveting. The minimum distancc from the edge e, = - 1.7d. 

It is especially important t u  p ~ ~ o v i d e  free access to the closing 
bead. When rivetir~g prhofiled pieces place tlie closing h a d  in an 
open space (Fig. 215e). The design in Fig. 215f is wrorlg. 

{V,> Cn) :<; (P)  (7) (Sl 

Fig. Z i 5 .  11ls;aHatian of r ivets  

In adjacent seams with parallel (Fig. 215d, g, h) or perpendicular 
(Pig. 2151, j )  arrangement of rivel axes stagger the rivets t o  facil i ta- 
t e  riveting (Fig. 215h, j ) .  

The distance from the axes of the rivets t o  the extrcme edgos of 
the  parts being joined should be rcduced t o  the minimum so that the 
USP of cumbersome rivetirlg tools wikh a large outreach may be 
avoided. Thus, when conrtecting hot toms of cylindrical r'eservoirs 
t o  shells the outward flanges (Fig. 215I) shollld be preferred tn the 
inward ones (Fig. 215k) alt l lough the former design is inferior in 
strength. 

\%'hen riveting on inclined surfaces (Fig. 215m) i t  is necessary 
t o  u.se hot riveting wit,h heating the entire rivet, flats made on the 
inclined surfaces (Fig. 21 511) or else countersunk rivets (Fig. 21 50). 
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The same rrlle applies to rivets mounted on cylindrical surfaces 
(Fig. 215p, q). 

When cold rivet Ing parts which are to preserve tboir accurate 
dimensions (for example, when the ri rns of gears are riveted to disks, 
Fig. 215r), consider possible deformation of the walls under the 
action of the riveting forces (especially with rivets having cr~unter-  
sunk heads!. The sections of the material deformed by rivcting 
should be spaced from the accnrate surfaces by a clearance ( s  in 
Fig. 215s). 
To prevent deformation of tllc nlcmbers being fastened rivets 

are also clinched by a carefully regulated hydra11Iic force. 

6.9. Strengthening of Riveted Joints 
Apart from a proper sclecti on of geometrical parameters (diame- 

ter, number oE rows of rivets, pitch of spacing rivets) thc strength 
of riveted joints can bc increased by certain manufacturing measures. 

Rivets are most commonly made of alloy steel 40;Y (USSR State 
Standards). If an undrivcn rivet is heated to a temperature escee- 
ding the phase transformation tempera- 
ture, i .e. ,  up t o  750-800°C and cooled 
rapidly enough the steel i s  mildIy quen- 
ched to a sorhite structure, which signi- 
ficantly increases the strength of the 
joint. Thus if rivets are made from 
alloy steel they can be appreciably (4 (bl Icl 
strengthened by the transformation 
which occurs during cooling. Fig. 216. Shapes of rivets 

For very important joints tho use of and holes 

rivets made of high-strength marten- 
site-ageing steel w-hich strengthens in the course of cooling is of 
good practical value. 

To prevent a coarse-grained metal structure rivets must not be 
heat cd above 1 ,00O0C. 

Tlie cyclic strength of riveted joints can considerably be enhanced 
i f  the holes for rivets are properly machined and the rivets are most 
rationally dc~igned . Punching of holes shonld be avoided because 
this may cause tears and microcracks, which become the solrrces of 
considerable stress concentration on the edges of the holes. Holes 
for rivets should be drilled (simnltaneously in the parts being joi- 
ned), reamed or when cold riveting reamed and broached. 

The edges of inlet and outlet sections of holes should bechamfered 
(Fig. 21th) or still better radiused (Fig. 216b, c), and the surfaces 
of these sections in the caso of cold riveting should also be pressed. 

The set heads of rivets should be connected t o  the shank by smooth 
fillets or at least by chamfers (conforming t o  the fillet or chamfer 
dimensions at the hole edges). 
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* When hot riveting the head-to-shank transitions are self-forming 
as the metal fills in the chamfer or fillet of the hole. 

The strength of a joint can be improved by increasing the adhe- 
sion between the contacting surfaces. I t  is expediont to shot blast 
the abutting surfaccs to increase their roughness or t o  fine rifle 
them. In such cases the abut.ting surfaces should be metallized 
to ensure a proper seal. 

An effective method of increasing the strength of hot-rivcted joints is hYd- 
raulic clinching u-hen the rivet and the joined mcmbcrs arc held by a constant 
force until the rivet cools down. 

The heated rivet is introduced into the hole and corn romd by a heavy 
force to form the cl,isirlg head m d  expand the shank untiy it tightly fits the 

hole. The rivet is huld compressed until it  cools down 
to 200-300°C. The reduction in the diameter of the 
rivet shank during cooling is compensated for by 
the continuous compression of the rivet by the set 
punch. 

Consequcntly a joint is obtained with a rivet 
fitted practically without clearance and reliably 
secured against shear. The joint also preserves an 
increased resistance to shear typical of hot-riveted 
joints due to the forces of friction in the joint develo- 
ping at:the initial stags of the process when the joint 

(0) (bl is compressed by tho set punch, and a t  the final stage 
- due to the axial contraction of the rivet shank when 

Fig. 217. Riveting with cooling from the final temperature of riveting to the 
a double-action set temperature 01 the ambient air. 

punch The process of hydraulic rivet closing up requires 
a higher riveting presauro suflicient to deform the 

shank in a semi-plastic :state (at temperatures corresponding to the final 
eriod of riveting). This process is less productive (due to the prolonged 

R o ~ d i n ~ )  tban4 the usual prODeSS. However, this is justified by a high 
quality of the joint. 

The use of a double-action ~t punch to separate the proeem of compressing 
the joint from the process of plastic deformation 01 the rivet will undoubtedly 
increase tho strength of the joint. 

In this case thelmembers to be connected are first compressed with the aid 
of an estsrnal annular punch I (Fig. 217a) and then an intcrnal set ~ u n c h  2 
is uaed to ap ly a force to the shank of the rivet to iorm tho closing head and 
expand the J a n k  until the initial clcaranee between the shank and the hole 
is completely eliminated (Fig. 217 b ) .  

The entire syshmlis heldlin this state until the rivet cools. As in  the previous 
c m ,  the shrinkage oI the rivet shank in the axial direction when cooling is 
compensated by the plastic deformation of the rivet under the action of t b  
aet p n c h .  This is the reason why countersunk heads are always preferred. After 
the rivet is cooled the ressurr: is takcn off the set punch 2 and then after a cer- 
tain delay off the I. The joint is clamped tight by the contraction of the 
rivet shank up011 full  cooling, the process occurring in  the elastic stage. 

6.10. Solid Rivets 

These rivets (Fig. 218)' are employed for heavy loaded joints. 
The stud of such a rivet is made of strong heat-treated steel fit,ted 
illto the  hole with interference. Since the stud cannot bs clinched 
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the closing head is formed by rolling rings made of plastic metal 
into annular grooves on the bar. 

The amount of aliial interference depends on the design of the 
closing head. The joints i n  Fig. 21& and b serve only to hold the 
stud in place. Greater int,erferences can be obtained with the irlcrease 

Fig: 218. Solid rivets 

of the height of the heads (Fig. 218c, a). The rings are fixed fast,ened 
by a circular rolling (Fig. 218c) or with the aid of a tapered snap 
(Fig. 218d) or else by expandable snaps. 

Inithe designs in Fig. 218c, d the head of the stud has to be sup 
ported while the ring is snapped. If the access to the head is diffi- 
cult, use is made of the designs in Fig. 21&, f. During the process 
of snapping the joint is clamped by the thread (Fig. 218e) or the 
head (Fig. 218f) with the clamping force applied against the surface 
of the clamped parts. After the closure of the rivet, the threaded bar 
{or head) is broken off at the thin necks rn and n. 

6.1 1. Tubular Rivets 

These rivets are used to fasten joints carrying small loads. 
The rivets are made from profiled tubes. The set head is usually 

preformed (Fig. 219a). The other end of the rivet is expanded by 
means of a punch (Fig. 229b) and in the case of large-diameter rivets 
with t,he aid of revolving rolls. The revolving tool is also employed 
t.o rivet parts made of brittle materials. 

Sometimes, especially in the case of countersunk installation 
both rivet heads are formed simuItaneously by set punches acting 
on two sides (Fig. 219c, d) .  

All types of tubular rivets are amenable to additional internal 
expansion which increases the tightness of the shank fit in the hole 
and improves the shear strength of the joint. In designs with a p r e  
formed head the expansion can be done at the same time as the 
clo3ing head is formed by t h e  protruding set punch (Fig. 219e). 
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Tubular rivets can be reinforced by press-fitted studs. The studs 
are secured by rifles (Fig. 219fl, annular grooves and by calking-in 
the end-faces. 

If the surface of a joint must  be smooth (for example, when lining 
sheets are attached by rivets), use is made of semi-tubular rivets 
with flat (Fig. 219g, h), countersunk (Fig. 219i) or button (Fig. 2i9j) 

Fig. 2 19. Tubular arld wmi-tubular rivets 

heads. If a smooth surface on both sides is required, a capped stud 
is press-fitted into the rivet (Fig. 219k). The stud is held in the 
rivet by friction forces. Annular grooves on the stud (Fig. 2.191) 
make the engagement tighter. 

Rivets with undercut ends (Fig. 219m) possess an increased shear 
resistance. Undercutting is performed by drilling (Fig. 219rnj or 
punching (Fig. 21Yn). The diameter of undercut is usuall~.  do = 
= (0.3-0.6) d (where d is the diameter of the rivet). The depth of 
undercut (and the height of the protruding end of the rivet) when 
set punching onto a surface (Fig. 219rn) is 76. = (0.5-0.6) d. In the 
case of countersunk rivets (Fig. 219pj t he  depth of undercut h,= 
= (0.60.7) d and the height of protrusion h, = (0.3-0.4) d. 

As i n  the previol~s cases the end of the rivet is upset by a set 
punch (Fig. 2190, q ) .  Star-like set punches (Fig. 219r) are wed 
in light joints to reduce the upsetting force. 
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6.12, Thin-Walled Tubular Rivets 

These rivets are'manufactured from thin-walled (0.2-0.5 mmj  
tubes and are usually employed to fasten soft materials (leat,her, 
fabrics, plastics, etc. 1. 

The simplest type of such a rivet is  a tube expanded on both sides 
onto a surface (Fig. 220a) or made countersunk (Fig. 220b). Rivets 
with reinforced heads are shown i n  Fig. 220c and h. 

Fig. 220. Thin-walled tubular rivets 

Such rivets mounted on t h e  face surfaces of decorative parts are 
manufactured with solid heads formed by extrusion (Fig. 220i, j )  
or with composite heads (Fig. 220k-r). 

The closing heads are formed by the methods shown in  Fig. 220a-h. 
The heads in Fig. 220a and b are formed i n  one operation. The other 
designs require two operations, or are formed with the aid  of a do~tb-  
le-action set punch. 

6.13. Blind Rivets 

When spatial structures are r i ~ e t e d  i t  is frequently impossible 
to  approach the riveting tool lo  form the closing head (for example, 
in the case of rivets driven into internal cavities). In such cases 
use is made of set rivets fitted in and closed up from one side. These 
are usually tubular rivets spreaded with a set punch. The end of 
the shank is provided with a neck (Fig. 221a) or a conical step 
(Fig. 221~). During the clinching process the set punch expands the 
metaI arid forms the closing head (Fig. 221b, d). 

To reduce the spreading force t h e  thickened end of the rivet is 
slotted crosswise (Fig. 221e, f). 
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Rivets with a non-recoverable punch (Fig. 221g-E} offer greater 
advantages as t o  strength and simplicity of operation. For the greater 
strength after the closing head is formed the punch is secured in  the 
shank of the rivet. by means of rifles (Fig. 221g, h),  conical recesses 
(Fig. 221i, j) or grooves (Fig. 221k, I )  filled by flowing material 
in a plastic state. 

A considerable axial force is required to drive in rivets of this 
type and they can therefore be employed only in rigid thick-walled 
structures. . . . . - - . . 

When thin-sheet members are joined, the sheets should be relieved 
of the riveting forces. This purpose is often served by pull-out sprea- 

Fig. 221, Blind rivets 

ders. The rivet with its head outside and fitted-in spreader is inser- 
ted into the hole. Then, resting against the head, the spreader is 
withdrawn forming the closing head. 

Typical designs of light set rivets are illustrated in Fig. 222. 
In Fig. 222, 1 the spreader is  thickened at one end to a diameter 

exceeding that of the rivet hole. As the spreader is pulled out, it 
forms the closing head (Fig. 222, 2) and at the same time expands 
the shank of the rivet fitting i t  tightly in the hole. Other modifica- 
tions of this design are shown in Fig. 222, 3 and 4. 

In the design in Fig. 2 2 2 , 5  the spreader has a cap connected to the 
stud by a thin neck m. During riveting the cap is enclosed in the 
head being formed (Fig. 222, 6). After this the resistance to spreading 
sharply increases and the tool breaks at the thin portion. The cap 
remains in t h e  head. In the design in Fig. 222, 7 the spreader built 
into the shank of the rivet is broken at the point n. The cap also 
~emains  in the head (Fig. 222, 8). 



Fig. 222. Set  rivets 
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Rivets with non-recoverable spreaders are stronger. In the design 
in Fig. 222, 9 the tool has a button-shaped end connected to the stud 
by a thin neck r. After the closing head is formed the neck is broken, 
the button is left in the rivet (Fig. 222, 10) and is swurely locked 
there. Modifications of this design are shown in Fig. 222, 11, 12. 

Tn the designs in Fig. 222, 13, 1 4  the detachable spreader is locked 
by inflow of the rivet material into cone s. Figure 222, 15, 16 shows 
a rivet designed on the same principle used to join thin sheets. 

The process of driving in the rivets illustrated in Fig. 222, 1-16 
can be automatized. Today, highly efficient riveting machines are 
available with automatic orientation, feed and fitting in of rivets. 

In Fig. 222, 17-20 the joined members are relieved of axial force 
by the use of screwed-in tapered (Fig. 222, 17, 18) and cylindrical 
(Fig. 222, 19 ,  20) punches. The punches are locked in the  rivets by 
friction forces. 

I n  Fig. 222, 21-24 the closing head is formed by a conical or 
spherical nut t pulled in by the rotation of a bolt. The designs in 
Fig. 222, 25, 26 employ a stepped breaking spreader clamped by 
an  cxternal nut u and locked by inflow of the rivet material into 
the conical recess. 

In  Fig. 222, 27 the hole of the rivet is provided with a threaded 
portion into which a bolt resting against the rivet head is screwed in. 
When the bolt is turned, it pulls up the end of the rivet shank for- 
ming a thickened portion w used as the closing head (Fig. 222, 28). 

In Fig. 222, 17-28 the rivet sIlould be secured against rotation 
during the initiaI tightening stage. These fitting methods are infe- 
rior to the previous ones. 

Figure 222, 29-32 presents strong rivets closed up by means of 
a breaking spreader locked by cups made of plastic metal fitted 
into the annular grooves on the body of the tool. Such rivets are 
used, for example, in ship-building to  connect massive platings. 

The most productive and universal method is the one in which 
explosive rivets are employed. The shank of the rivet is filled with 
a charge (Fig. 222, 33) which is exploded after the rivet is fitted 
(usually by applying an electrically heated holder onto the rivet 
head). The explosion forms the other end into a spherically shaped 
head (Fig. 222, 34). The duct z is used to expand the shank in the  
abutting plane of the sheets being riveted. 

Explosive r i ~ e t s  with an erlclosed charge (Fig. 222, 35, 36) are 
more useful. The explosion occurs in the body of the rivet; the 
joint is relieved of the force of reaction of the gas jet; and therivets 
can be fitted in noiselessly. 

Explosive rivets mado of aluminium alloy are widely employed 
to connect platings in the aircraft industry. 

I n  strength, explosive rivets are inferior to other designs of set 
rivets (for example, to t h e  load-bearing rivets in Fig. 222,29-32). 
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Set rivet,s are usually made with a diameter of 4-22 mm, and the 
rivets shown in Fig. 222, 29-32 with a diameter of up t o  25 mm. 

6.14. Special Rivets 

Special distance rivets are cmployed t o  connect parts arranged a t  
a preassigned distance from orie another (Fig. 2 2 3 ~ ) .  

Fig. 223. Sp~:rial r ivc ta  

In the case of hermotic rivet,s (Fig. 223b) a ring made of plastic 
metaI (aluminium, annealed copper) or of elaslomers (for joints 
aperating at low temperatures) is placed under thc head. When 
the rivet is driven in, the ring is flattened and seals the joint. 

Tightness can also be al i ained by plat i ~ ~ g  the rivcts with catimium 
or zinc. 

6.15. Riveting of Thin Sheets 

When thin sheets are attached to massive members ihe set head 
should be positioned on the side of the sheet, the closing head being 
formed on the side of the massive member (Fig. 224b). The design 
in Fig. 224a is wrong. 

Courltersunli heads on the side of the sheet are ou!, of the qrlestion 
(Fig. 2 2 4 ~ ) .  To fit the sheet lightly the set head should have as 
large a diameter as possible (Fig. 224d) or a washer (Fig. 224e). 
It i s  good practice to make the washer of spring steel and slightly 
taper-like bent (Fig. 224f) t,o spread it up during clinching operation. 

Figure 2 2 4 ~ - 1  illustrates strengthened joints designs. 
In Fig. 224g the edges of the holes in the sheet are flanged and 

are doi~ble folded in to form a slrong joint when closing up the 
rivet (Fig. 22U.3. 
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In the design i in Fig. 224 with a countersunk head the edges 
of the hole under the head are pinched down during the riveting 
 perat at ion (Fig. 224j). 

Fig. 224. Riveting of thin sheets 

In Fig. 224k the sheet is formed during riveting by a tapered 
countersink (Fig. 2241). 
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Fastening by Cold Plastic 
Deformation Methods 

This way of fastening is employed in blind joints primarily to 
fix parts in relation to one another. In  many cases such joints carry 
considerable loads. 

Soft and ductile metals (relative elongation 6 > 3-4 per cent? can be defor- 
med plastically in a cold state {for example, annealed steel, copper, aluminium 
and magnesium alloys, and annealed titanium alloys). As far as normalized 
and structurally improved steels are concerned plastic deformation is diificult. 
The methods of lastic deformation cannot be used for brittle metals (grey cast 
iron; and also F or steel hardened or subjected to thermocbemical treatment 
(car urizing, ni triding and cyaniding). 

The principal methods of plastic deformation are as follows: 
clinching, expanding, spreading. calking and punching. Thin-sheet 

Fig. 225. Fastcnir~g by plnrtic deformatiorl methods 
a, d ,  3, h, j-irrational dcsigns: 1 1 ,  c ,  e ,  g ,  i, k-rational dcsigns 

structures are also subjected to bending, outside flanging, beading 
and seaming. 

As a rule, plastic deformation should be limited to a necessary 
minimum (Fig. 225). The smaller the volume of deformed metal 
and degree of deformation, the  lesser the hazard of .cracks and tears 
and the stronger the joint. 5 
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A reduction in the amount of plastic deformation lessens the 
force required for deformation, makes it possible to employ harder 
and stronger materials for the joints and increases, with all other 
conditions being eqnal, the efficiency of the fastening operations. 

7.1. Fastening of Bushings 

Figure 226 iljust rat.es rnc t hods of fastening bushings by spreading 
thc metal into taper seats (Fig. 226a) or into  annular recessesin 

Pig. 226. Fastening of bushings 

the locating holes (Fig. 226b, c). The laps (shown by t.he dash line) 
provided on t.lie intcrnal surface of thc bushings are intended t,o 

allow t h e  metal t.o expand. 
Thc axial force of metal spread- 

ing is taken by the thrust, of 
the end-face (Fig. 22fin, b) or t,he 
flange (F ig .  22fic) of the bushing 
against t.he enveloping part. 
After spreading the  int.errla1 
surface of the bushing is finish- 
machined by a sizing mandrel 
or a cutting tool .  

Fig. 227. Fastening of hushinge i n  Figllre 22tjd, e shows the ways 
d i r c t  members bushings are fastened by the ex- 

panding method. 
Bashings are fastened in sheet members by expansion (Fig. 22'7~) 

or h p  spreading the protruding collar 1 under a press or wi lh  the 
aid of uthcr appliances (Fig. 227b, e). 

7.2. Fastening of Bars 

hIassive cylindrical p a ~ t s  (columns, pillars, etc.) are faat,ened by 
expanding their end-faces (Fig. 228). 

The parts are risually set up  with transition or interference fits. 
A heavy drive f i t  erlsures t h e  best joint, expansion serving only 
for atlditionnl safety. 
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Figure 229 shows t,ha principal modes of fastening tubular bars 
in massive workpieces: 

( 2 )  the bar is insert,ed in an inverted tapered seat (Fig. 229a) 
and is fastened by expanding laps I with a cylindrical spreader 
(Fig. 229bj; 

(2) the bar is locked by espandirig 
the massive end into t.he cylindrical 
slot in the seat, (Fig. 220c, d) ;  

(3) the bar is driveti into a seat 
having a tapered insert. Bearing 
againit shouider 2 the bar is for- Fig. 228. Fasteninc 01 cnl~lmns 
ced down to expand the bar mate- 
rial into the cylindrical slots of t,he seat (Fig. 229e, f ) .  

In  an improved design the t,aper made integral with the bar 
(Fig. 229g) is connected with the latter by a thin neck. When the 

Fig. 229. Fuste~l i~lg  ol bars 

bar is upset the neck breaks, the  taper expands the end of the bar 
which is secured in the hole by annular rifles (Fig. 229h). 

Bars m a d e  of a material which does not yield to plaslic de foma-  
tion and fi t tpd into soft rnelal workpicc~s are s ~ r r ~ r e d  by calking 

the workpiece material inlo the annular groove (Fig. 229i)  or onto 
the shoulder (Fig. 2291) of the bar. 

Figure 230 illustrates methods of joining tubnlar bars to sheet 
members with plastic deformation of the sheet to increase the strength 
and rigidity of fastening. 
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7.3. Fastening of Axles and Pins 

Pins mado of soft material that. yields l o  plastic deformation are 
fastened b y  clinching and cxpandirlg their mds (Fig. 231a-cj, pun- 
ching the pin ends at several points (Fig. 231d. e }  and exirusio~i on 
the periphery of the pin end formed by an i~nnular callcing tool 

Fig. 231. Fastening of axIes and pins in plates 

with internal teeth (Fig. 231fj. Figure 231g shows t,he method of 
fastening by expanding t h e  end of the pin to a taper with an annular 
calking tool. 

Figure 231h-j shows the methods of fastening when the pin is 
secured against rotation. Figure 231h shows t h e  pin being locked 
by upsetting its square end in a square recess, and in Fig. 231i 
the pin is locked by fitting in its rifled end. 



7.4. Connection of CuEdndrlcal Members 2.59 

Figure 231j shows the simplest method when the cyIindrica1 end 
of the pin is calked into triangular slots made in t he  chamfer of 
the seating I-role. All-over clinching may be rcplaced by local defor- 
mation a5 shown i n  Fig. 231d, e. 

Pins made of hard materials thal cannot be clinched are fastened 
in plastic metal workpieces by forcing the workpiece material into 
the circular groove on tho pin (Fig. 231k), calking the workpiece 
material in to  the flats on the pin (Fig. 2311) and fitt ing with the 
use of rifles (Fig. 231m, n). 

Figure 231n-u illustrates the methods of i a s t~n ing  the pins i r j  
rigidly interconnected parts (for example, in thc cheeks of forks, 
in shackles, etc.) when the pin is calked on both ends. 

In Fig. 2310 the pin is secured by punching the part at  several 
points on its periphery, in Fig. 231p-r by circular expansion and 
i n  Fig. 231s by local extrusion. 

Hotation of the pins is prevented by punching the metal of the 
part into the slots milled in the pin (Fig. 231f) or calking the m a t e  
rial into flats on the pin (Fig. 2 3 1 ~ ) .  

If the pin and the cheeks are made of hard materials lliat cannot 
be clinched fast,ening is done by means of flattened plugs (Fig. 231v) 
or rings made of plastic materials (low-carbon steel, annealed cop- 
per, etc.) which are calked into the culs in the pin (Fig. 231wy).  

7.4. Connection of Cylindrical Members 

Coaxial cylindrical parts (for instance, bars and enveloping 
bushings) are joined by caIking or rolling the bushing around annular 
shoulders (Fig. 232a) or into grooves (Fig. 232b, c)  in the bar. 

Fig. 232. Connrction oI cylindrical inembers 

I f ,  according to its function a joint requires free rotation of one 
element i n  relation to the ot.her the surfaces to be connected are 
coated with a layer of separating gpaphite grease before calking. 
I n  such cases the grooves should bc of rectangular shape (Fig. 232d). 

17* 
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7.5. Fastening of Parts on Surfaces 

Small cylindrical parts such as bosses, contacts, supporting feet, 
etc., mountcd on the surfaces of members are secured by calking 
in inverted conc seals (Fig. 233a-f). 

The same methods are cmployed l o  faster) circular elements. for 
example, artnular seals. valve seats etr. (Fig. 233g-1). 

Fig. 233. F;lslenirlg of parts on sllrfaces 

Figure 234 shows some rnelliocls n f  fastcriing valve seats. 
Dcrrilgs a arid b (Fig. 234) are 11scd For seats made n l  plastic metal 

(bronzr. austenile stcrl, ctc.) filtctl into hard and brittle (cast 

Fix. 234.  Fastening of valvp S I : : J ~ S  

iron) metal housings, and designs c atirl d (Fig. 234) for seats rnanu- 
factured front hard metal and inserbted into p l a ~ t i c  metal housings 
(aluminium alloy). 

I11 Fig. 'L3/ir, Fastening is done by calking or rolling thc material 
of the housing around the scat (sectirbn m}. 

In Fig. 234d, the  seat is screwcd into the  housing a ~ l d  locked in 
position by rolling t he  circular groove i n  t l ~ c  holr (section n) with 
the  following metal irkflow into teeth cut i n  the underneath end- 
face of the  seat. 

Segments, flat springs and similar parts are secured to the surface 
of large parts by fitting them in to  slots (Fig. 2 3 5 ~ )  and spreading 
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the material u ~ i t h  a punch at several poi~l ts .  T-ongitudinal mo,rement 
of the segmcnt i s  prevented by filling semicircular cuts wilh metal. 

Fig. 235. Fastening of segments and rods 

,4 similar metbod is also used to sccure cylir~drical rod-type parts 
(Fig. 235b, c) .  

7.6. Swaging Down of Annular Parts on Shafts 

The method of plastic deformation is frequently employer1 to 
calk cylindrical elements such as rings (Fig. 236a, h )  and sleeves 
(Fig. 23tie) u n  shafts. 

Fig. 236. Swagir~y down of ring? n r ~ d  sleeves or, ?hafts 

Pal ts of this type are swaged by presses nit.tl split bushings or 
still better on rotary swaging machines applying the effort eimul- 
taneously at several points 011 the periphery and smoothly increa- 
sing the force. Hand calking and 211-round rolling cannot, be used 
in this case since they spread the bushing instead of giving it the 
necessary compression. 

7.7. Fastening of Plugs 

Plugs are secured in hollow shafts by expanding the shaft 
(Fig. 237~1, b ) ,  by calking the plug periphery until t.he metal fills 
the annular groove first made in the shaft  (Fig. 237c, d )  and by 
spreading the plug rim with a tapered punch (Fig. 237e). 
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Figure 237f, g i l1ustrat.e~ the methods of fastening thin-sheet 
plugs by expanding t,hern into an annular slot in the hole of the 
shaft. 

Flattening of plugs is also extensively employed (Fig. 237h). 
Init.ially, the plug has a spherical form and is spread by a flat punch 

(dl 

Fig. 237. Fastening of plugs 

with the other side resting against a flat support. The plug periphery 
is then forced in the shaft groove. 

Radius R of the sphere can be found from the formula 

where d = plug diameter 
D = diameter of the groove for the plug 

I3 
On average - = 1.03 in which case R c d.  

d 

Figure 238 shows the methods of fitting plugs into thin-walled 
pipes. 

The joint should bc designed so that  supports may be  used to 
form and  flatten the seam: flat orlcs (ovcr surface m in Fig. 238a-c) 

Fig. 238. Fastening of plugs in pipem 

or cylindrical ones (ovcr surface n in  Fig. 238d-f). The designs that 
allow the admission of cylindrical supports from outside (Fig. 238e, f) 
are preferable t o  t.he oncs where an  internal support is necessary 
(Fig. 238d). 
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7.8. Fastening of Flanges to Pipes 

Flanges are attached to thick-walled pipes (walls 4 6  mm thick) 
by rolling the pipe ends into annular grooves in the flangea 
(Fig. 239a, b)  . 

Fig. 239. Fastening of flanges to  pipes 

The methods of fastening flanges t o  thin-walled pipes are i1lust.- 
rat.ed in Fig. 239c-e. 

7.9. Fastening of Tubes 

Figure 2 4 0 ~ - c  ~ h o w s  t.hc methods of fast,ening tubes in sheets 
and plates. Thiclr-walled tubes wit.h a wall t .hickn~ss ol 2-5 mm 

Fig. 240. Fastening of tubes in sheets and plates 

(fire and water tubes of boilers) are fastened by expanding the ends 
of ilie tubes by rollers. Annular grooves (Fig. 240b, c )  are provided 
in the hole t o  increase the strength and tightness of t.he joint. 

Figlire 240d-g presents methods of fastening thin-walled tubes. 
Fig. 240g shows the strongest and stiffest design. In this design 
the tube is secured by a thick bushing I with a tapered projection rn 
expanded when the tube is inst.alled. 

Figure 241 shows methods of fastening oil-feed tubes in shafts, 
drawn (Fig. 241~-f) and turned (Fig. 241g-i). 
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Fig. 2 4 1 .  Fmtening of oil-feed tubes i n  shafts 

7.10. Fastening by Means of Lugs 

This mode of connection is used for thin-shcet structures. The 
lugs (Fig. 242a-c) on one of the parts to be connected are introduced 
into the slits in the adjacent, part and bent over. 

-4nother method is flanging the lugs perpendi- 
cular to their plano (Fig. 242d) .  This method is 

iII; LGfE-1 -----A 

(01 1b} lc) 

753  
1 P 7  

(dl (fJ 

Fig. 242. Fastening by means of lugs Fig. 243. Fasterling 
blades of a returu- 

circuit rig 

used when the  design does not allow a bending force t o  be applied. 
The joint can be tightened with a certain interference if a cham- 

fered cut is used (Fig. 242e). 
The strength of such joints is not high. In some cases these metllods 

are employed in power structures. Figure 243 shows a unit for faste- 
ning blades to the shells of an annular return-circuit rig of an axial 
air compressor. The large number of attachment points makes this 
design sufficiently strong and rigid. 



7.11. Various Connections 265 

7.11. Various Connections 

Figure 244 illustrates the  neth hods of connecting sheets and plates 
by fluting them with punch I in thin sheet {Fig. 244a) or in thick 
plate (Fig. 244b1, t,he closing head being formed by die 2 installed 
on the side opposite to t.he motion of t.he punc11. 

Fig. 244. Fastening of  lining sheets 

The fast,ening of lining sheets to massive membars by rivets 
(Fig. 244c) or bolts (Fig. 244d) can be reinforced by plastic defor- 
mation of the lining at the joint. 

Figure 245a, b illustrates a method of spreading the shaft mate- 
rial into tapered rccesses in disks when mounting light gears and 

Fig. 245. Fastening of disk-shaped Pig. 246. Unite  connected bg plas- 
parts on shafts tic deformation methods 

other disk-shaped parts on stepped shafts. Figure 246 abows: fast.ening 
of a hub on a shaft by means of a flattened washer (Fig. 246a), faste- 
ning of a disk by calking the metal into an annular recess in a shaft 
(Fig. 246b), fastening of a sleeve on a shaft by calking the metal 
into recesses (Fig. 246c) or into an annular groove (Fig. 246d) i n  
a shaft. 
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7.12. Seaming 

Seaming is used t o  connect sheet workpieces of various thick- 
nesses ranging from several tenths of a millimetre (t.in) to , I -2  mm. 

Fig.1247. Seaming of pipes 

Fig. 248. Seam joints 

Figure 247 shows seam joints used to connect thin-walled pipes 
and shells. 
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The most common joint is the one in which the edges are first 
flanged (Fig. 248a) to form a lock (Fig. 248b) after which the lock 
is bent over and flattened to make a four-layer seam (Fig. 24%). 

Fig. 249. Seaming of covers 

Figure 248d-f presents a seam overlapped by a strip of sheet mate- 
rial, Fig. 248g-k-a strengthened six-layer seam (combination seam) 
and Fig. 248Gp-a seven-layer seam. 

The seam joints shown in Fig. 248 ace employed t o  con- 
nect flat sheets and form longitudinal seams of cylindrical shells. 

Figure 249 shows methods of seaming bottoms and covers to 
cylindrical shells. 

Figure 249a, b shows designs employed t o  connect comparatively 
thick materials (0.5-2 mm). 

Tin products are connected b y  three-layer (Fig. 249c-11, four-layer 
(Fig. 249m-o), f ive-layer (Fig. 249p-r) or seven-layer (Fig. 249s-w) 
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seams. The seam is flattened during the last operation by pressing 
i t  against a centre mandrel placed i n  t.he bottom recess. 

The most popular types of seaming are shown in Fig. 249p-r. 
Figure 250 illustrates mechanized sea~nir~g of such joints on multiple-posi- 

tion rotor machines. Seaming is done in chucks consisting of a ceritm mandrel 1 
arid rollers 2 and 3 performing planetary motion around the workpiece. 

Fig. 250. Diagrams of machine seaming 

Ordinarily, use i s  made of two rollers arranged rliametraIl>- on the periphery. 
The initial stage of the operation is shown in Pig. 230a. The coyer is delive 

red ior searning with its edges already bent. Thc edges O F  the shell are also 
flangcd in advance. 

At first, rollers 2 used for the first operation are broi~ght to tho workpiece 
(Fig. 250b) to form the scam, and then rollers3 for the second operation (Pig. 250e) 
to flatten and compact the seam. 

The rollers for the first and sscond operationdare usually mounted in a stag- 
gemd order in one chuck. As the rotor rcvolvea the rollers for the first operation 
and then the rollers for the second operation are automntically brought into 
use. 

Multiple-chuck seaming machines operating on this principle can finish up 
to 500 pieces per minute. 
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