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I 7'TPODTTCTIOU 

Until recently residual stresses have been generally 
accepted as undesirable from a stand point of shop proees--
sing difficulties and premature service failures. This is 
because residual stresssos were often associated with 
Warping and distorsion after heat--  treatment, crack produer 
in quenching or grinding, an early service failure of tools 
and dies,, or machine parts ete... Even though built up guns 
employing residual stresses were first employed in America 
as far back as 1888 this pessimism continued because of 
abstract nature of residual stresses and of difficulties 
associated in determining their magnitude and direction. 
This dillusion faded away when ,-:ch (1927) first gave his 
method of uratcly determining the three dimensional 
residual dyes ses in objects of rotational symmetry in sha 
and stress diotribution, In 1929, Poppl of Germany took 
one courageous stop by recognising that fatigue resistance 
could be increased through residual stresses obtained in 
cold--workings 

The useful application of residual stresses viere 
first exploited for ordnance requirerments,, The importance 
of residual stresses in designing, especially the defence 
equipment, was so desperately recognised during the last 
world.  war that res id.us]. stresses represented the only 
factor of safety against failure- The attention, however:  

I 
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can now the oriented for employing the beneficial 

effects of residual s tree e i for peace—tiro appli-

cations,, Before one thinks of creating any residual 

stress of. useful sia n and magnitude in any machine 
member, one must create a sy means of measuring 

these stress vectors in similar machine members. 

Hence due attention should be given to the measure--

men_t part of it and this is the purpose of the 

present investigations. 



CIL .PTT;T 
CONCEPT MTD PROBM3ID CAUSE OF RESIDUAL 
STRESS'S AITD Tt EIj? CLASSIFICAT IO!T 

Stress is the intensity of internal forces induced 
in any engineering material due to the application of 
external forces of varied nature and means of application. 
Stress distribution over a section refers to the state 
of stress at every point on the section. This state of 
stress is further identified by nine stress components, 
referred to the cartesian set of coordinate axes, that 
are necessary to define (1) nagnitude, (i1) direction of 
stress, and (1i1) orientation of the plane containing 
the point of interest in fact .only six out of these 
nine components are independent,. 

Broadly speaking, stress may ..Further be recognised 
as (1) working-stress which persists only as long as the 
load causing it persists, (ii) residual stress rwhiich 
remains locked up in the mass of the material after the 
load has been r.emoved.o 

The cause and mechanism of residual ctr.ess develop-
ment is still a debatable q.uestion,, However, it is 
believed to be caused by the fact that actually the 
engineering materials are not perfectly elastic and 
isotropica  It is believed that the _residual stresses 
develop in the following manner: 

:n important concept$  described in many volumes on 
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material science, is the initial diffe_-ence in effective 
yield strength among  and between different regions of a 
polycrystaline or imperfect single crystal, aso±abed to 
the anisotropy of crystal slip*  and orientation differ-
ences in the specimen when such a specimen is loaded for 
example #  in tension, all the grains may acquire approxi-
mutely the same total str iin4  but those of loser effective 
yield-strength suffer the greater plastic elongation on 
removal of the load, such grains retain their neighbours 
in tension and in so doing are themselves compressed. The 
behaviour of a pair of parallel, coherent grains P and Q pf 
different initial ..yield strength„ is illustrated by their 
individual stress curves (Pigs 1 01) .g  

(Pig 111) 

Yf 4..L YS L -------r- 

Let these crystals be loaded to the same total 
strain eo, on unloading each grain attempts to release 
its elastic component of strain along the modulus slopes. 

If each were free to do soa  they would be left with the 
respective plastic str gins e p  and eq  crystal P having 
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the higher Initial yield strength and the lower plastic 
elongation. Since they are coherent, they attain some 

intermediate strain ek the exact position of which is 

determined by static equilibrium.^.he respective residual 
strains are the elastic differences (-ep + elt); and 
(-e •a eq) , since epis less than skis less than eq9 these 
are respectively tensile and compressive,. The corresponding  

residual stresses are s 

fp = B ( e, - ep ). tensile, 

r - 	= 1 { e -- 5k } Q compressiven 

however,: a static balance must always be maintained and if 
these to grains alone occupied the whole cross-section, 
the static balance requires that 

f S s ~ Sq .P S refers to the area 

ice., Spt ek - ep) = aq e ) SQ 
In moot of the volumes on residual stresses the author s 

have tried to classify these stresses on the basis of the 
extent of doraian in which they appear in a particular metal 
or its alloy. Consequently these are (3) macrostresass 
when extending through a relatively large portion of metal 
and (ii) microstressea if they are confined to individual 
grains. The latter are sometimes called as Heynvo stresses.. 
But as red;°-;rde the most foundamental. principles of applied 
mechanics, the stress at a point is a tensor, and A point 
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ID neither micro or macaro a Hence the above t =: emcnt is 
only a sidetrack However,, -there are many other occasions 
when it to deeiroc3 to be bilarrs for the - urpo c of 
conception and ol~'~.ritya 



CZIAPTER 2 
CO ~!" RCI LIB PROCrS 3?; ; DEPLOYED FOE?. 
CR-n DTI P* STATE OF RESIDUAL STRESS 
I TT ','-T, .T 11 1 AC HIE E 

Y 

-, ER S  

Like mechcni cal frictions residual stresses also 

form a necessary evilo In a case reported in literature 
the round shape of steel test bar changed Into an oval 
one during tension, test. This unusual behavior of the 
metal was believed to have been caused by residual stresses 
in a heavy plate from which specimen was cut out with its 
axis perpendicular to the direction of rolling, The 
plate contained high rolling stresses0 In another Instance, 
a heavy I--section girdir cracked along the web lens tax With 
vo3 ent noise without warnings The cause was again attri-» 
buted to the presence of high rolling stresses. However, 

the presence of residual stresses In metals is not always 
determental; on the coi traryq there is a large Croup of 
commercial products in which the stresses ':use brought about 
intensionally to improve their mechanical propertiesu 
Sons of the commercial processes employed in developing 
the residual stress state are outlined below: 

Broadly cpeaking, all t,ese processes can be oatago-
riled in four groups: 

1 Processes involving thermal treatment of metals ._ 
2n Processes involving mechanical working of metals. 
3. Processes involving the changes in composition of  

alloys, 
4* T1iscellaneous process like electroplating and 

welding 

7 



Photo of an unloaded Araldite CR/39 casting 
taken on Photo-elastic bench set-up. Dark patches 
indicate the presence off residual stresses(Bright Field). 

?hoto shows a ritrh carbon forged steel cylinder water quenched 
frorn red heat. the crack seen along the cylinder length is believed 
to have been caused due to the residual stresses induced durin , c,'lenc 
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Thermal stresses nay be developed in metal or its 
alloys by either he itin ; or cooling. Treatments like 
onenching the heated component in some quenching; media 
like, air, water, oily molten metal, send, solid 
materials can be utilised for producing the residnal 
stress state. The inte,isity and pattern of stresses 
produced depend upon temperature, quenchin- media,, component 
geometry, typo of enclosures used if any and eompos ition.. 
If the component is g;eoractrillscd from molten petal, the 
state of stress grod iced depends on the rate of cooling, 
metal composition, the type of mold walls, the pouring; 
temperature, etc* This method Is used for preparing  
cast—iron specimen for the present i ivestig tions, The 
detailed procedure for the above and the like procesoes 
are gi`Von in any hook on metal treatments. 

"here are ouite a Large r-turiier of mechanic al processes 
used for producing the residual stress state. Some of 
these are cold rolling=  cold drawing, shot—peening,, 
grinding and the l:iko¢  Tho 0,1 scussion of those is not 
incl'ided here to avoid digression from the scope of this 
work. 

some metallurgical processes extensively exploited 
commercially are used for producing the .'state of residual 
stress0 Tisual examples are nitriding and carburizing where 
molecules of metal or gas .?re infused into the skin of 
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another metal, alter}1ni thereby the composition oi: 
surface layers of the treated components. This gives 
rise to the residt. al state of stress.. 

Liany a proce s results in creation a_ residual 
state of stress as a bi—product such as stresses induced 
in the base metal after electroc-hemical deposition of 
another metal on the base metal surface, Another o.~ample 
is stress state produced during welding g together of 
metal components„ 

\7i-th quite a large number of the above processes at 
out disposal* it is possible to create almost any desired 
pattern and intensity of residual stress in a machine member., 
Continous efforts are being made in this direction to 
achieve better result 



CHI PTaR 3 
RESIDUAL .` TRES.̀? S DTs I ~i:CTI.N ICAL 
PROP R 17S OF tET L OO? PO1 , 7TSs 
AD TIE Ir."POsi{T ATTCE OF _F''E >IDTTAL 
STRESS T;S IN DESIGN OF ZIACH '"T 
T1I'T1MBER S 

Accidents on the ground are surely less hazardous 
than the mid-air accidents* both from the view points 
of loss of property and loss of lives '3pparantly it 
might seem adventurous on the part of machine designers 

to have used smaller factors of safety in designing 
aeroplane components than those used in designing com- 
ponents of machines to 	deployed on land. However, 

the mechanical properties of aeroplane components are 
estimated to a finer de,;ree of accuracy than in the case 
of other machine members. To assess the mechanical pro-
perties very precisely. It must be known as to how and 
to what extent the working and the residual stresses 
affect the mechanical properties, The discussion here 
is limited to the study of effects of residue.. .tress on 
the mechanical properties, 'like tensile strength, hardness 
creep, fatigue, dimensional stability. 

Tensile Strengths 

During the tension test, the specimen is assumed to 
be in static equilibrium at every moment. The internal 
stress resulting from external loading is added to any 
pre-existing residual stress* The total intern. stress 

10 
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is the sum of these two components the residual stress 
and the service stress, Residual stresses, if aiding an 
applied forces  bring the material to its yield strength 
at a lower value of the latter and vice versaa Ae 
explained in liauschinger effect, the previous straining 
has a 'hardening' effect In that It raises the yield 
strength for subsequent loading in the same direction 
and a softening effect for the reverse directian8 

Hardness: 

In atomic dimensions: hardness can be regarded as 
movement of dis1ocations,, The motion of a dislocation 
may be promoted by a residual (shear) stress of one sign 
and Impeded by the other* If a residual stress varies In 
sign over a region of the order of distance that disloca-
tions move, it has a hardening effect, This is that 
happens in precipitation hardening also commonly known 
as age hardening., 

Deformation due to creep Is a sum of elastic and 
plastic strains, Creep is a rate process oceuring gradually 
and dependent on temperature, It may be thought of as 
diffusion under stress and residual strain energy is 

believed to activate this diffusion. Hence in the initial 

stages, it promotes creep, but the effect gets diluted as 
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the intensity of residual strain energy decays, 

Fit 	: 
Presence of compressive residual stresoes in the 

surface layers of a component subject to cyclic straining 
enhances fatigue life, This is because the initial 

f 	cracks leading to fatigue failure are held to originate 
in the surface zone as a result of the tensile. part of 
cycle straining $ and the compressive residual stresses 
in the surface layers get subtrated from the tensile 
stresses Imposed by the applied loam; The maximum tensile 
stress actually attained is thereby reduced:, : This state-
ment maybe viewed to be. statistically true because of 
our unawareness of the precise mechanism of fatigue failure,- 

Dimensional 

 

Stability: 

The generation and relaxation of residua]. stresses 
may result in dimensional changese  This is one of the 
most undevirable manifestations because It enhances 
dimensional instability of a machine member t henever its 
stress pattern is distrubed to from a new static equili.-
briue Howwever0  this principle provides the baste for 
most accurate method of determining residual stress 
distribution. tiachining of residually stressed components 
presents odd problems0  Cold drawn bars are to be care- 
fully machined in steps of very shallow cuts in order to 
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avoid sudden cracks and/or exceedingly large deformations 
occuring due to the original stress pattern being disturbed 
due to metal removal following the machining operations. 

Component geometry goes a long way In deciding the 
stress distribution to which the component Is subjected,, 
After the geometry is decided s  it pays to avoid failure at 
locations of stress' concentration, which occur fo commonly 
in enginee&ing design4 One of the possible eolut ions is 
to induce .0  at these locations$  a residual stress of 
favourable sign so that the effective service stress is 
held below the material y,i eld strength*  

In the language of design the 'obvious cause of a 
structural failure is the fact that the effective stresses 
imposed on the member by :service loads are greater than its 
strength A general procedure for examining these failures 
is to check the balance between the stress and . strength, 
that is to reevaluate the loads¢  the stresses and strength 
in the failed parts So far an the evaluation of stresses 
is concerned*  all the stresses, whatever they are caused 
bye. must be taken into account. As the residual stresses 
have a far reaching effect on the mechanical properties of 
any machine member*  these stresses must be precisely 
evaluated, Since the present design demands are becoming 
more and more exacting9  care should be exercised to minimize 
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the factor of ignorance and In so doing the beneficial 

effects of ros-i clua'i stresses should be fully exploited 

because this would help to improve the existing designs 

in all fields of industry* 



CHAPTER 4 
THEORY  OP ANALYSIS 

'chile the presence of residual stresses in metals 
can be revealed 	by several metbods v  accurate measurement 
of their magnitude is extremely difficult and only possible 
in exceptional cases. Since residual stresses form an 
internally balanced system of stress and .re produced by 
mutual interaction of various elements of the strained body, 
the sub—division of the body into parts will cause an 
imbalance and partial relaxation of stress in each par-  o  
because strain due to residual stresses is of elastic nature, 
giving rise to measurable dimensional changes 

The problem in measuring residual stress to to reveal 
and measure these strains. The general method#v  th.erc ore, 
embodies a reversal of the process by which the strains 
are produced$  that is, remove portio_s of the specimen in 
layers of small thickness and observe the resulting dimen. 
©io'ia1. changes produced in the remaining stock The 
following method is developed for round bars or tubes, 
wherein material from the centre of cylindrical rod is 
progressively removed and the circumferential and longi-
tudinal strains In the remaining stock are measured0 The 
method was originally developed by 1.1eanager and simplified 
by Sachs0  The following assumptions are made: 

15 
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l p The stress distribution is symmetric about the 
axis of the specimen and Is constant along the 
length of specimen, 

2. Removal of a layer of material is accompained 
by an ea.nal chgnge in longitudinal stress at 
all similar points of the cross--section. 

Although this might seem to be very restrictive but 
most cold forming operations performed on cylindrical rods 
or tubesn such as sinking9 extruding, or drawing, result 
in such a symmetrical residual stress pattern. Uniform 
axial quenching, carburizing, or nitriding of cylindrical 
tubes or rods also result in a symmetrical stress distri-
bution about the longitudinal axis The stress distribution 
remains relatively constant along the length of the 
specimen, 

In analysing a solid cylindrical roVAq the first bore 
is es }entic.11y performed by using a drill., 

T,et 4 A 	 - original cross-sectional area of 
solid cylinder. 

Ab 	= area of bored out portion of cylinder 

A = A -- b 	= I et cross-sectional area of oylindri-~ 
cal tube after each removal.. 

e 	 = Strain liberated0 due to metal removal 
and appearing on the remaining stock 
Stress relieved from the remaining 
cylindrical tubes after the bore is 
performed, allowing the dimensional 
changes to appear on its external 
surface, 

f 	== average stress that exists In the 
removed material, 
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= Young's modulus of elasticity of 
the material, 

=force in the tube after the bore 

	

?i n 	 has been performed, 

	

.4 core 	 = force in the removed inner port3 on$ 

For static balance 

	

Poore 	 '~ 11slr .n 	 (1) 
'Tow fr 	 Be 	 ( ?_ ) 

combining (2) and (3) ,, we obtain 

	

'skin 	 = (A3 — Ab) tEo 	(4) 

	

Also Tcore 	= 	4b 	( ) 

Substituting (4) and (5) In (i) a. we get 

or f 
Ab 

The order of removals is characterized by subscripting 

f and ea so that 
fi 

(A ° Ab) rL e
l 

b 

gives the stress in the material removed during first 
removals Let the metal removals be of diff orent-lag order 
dAb,D liberating differential strain dog then equation (7) 
gets modified as unders 
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A1E0 de 
I— 	 (8) 

The actual stress that existed In the second removal, 
before the removals started is given by the following 
equation. 

-P 	— to o 	 Eo del 

	

 
b2 	

C9! 

where t. dAb2 refers to the net cross--sectional area of 
concentric tube drilled out during second removal Thus 

the stress that existed in n removal is given by 
A Ede In 	_ .._;__--- 23 
	de? -de ~ 	. 

4-d n a 1 ) (10) 

Equation (10) is further modified to get 
de 

b n 

where, e(r~-1) means the total strain after (n-3) removals  

and den stands for strain liberated during the nt ~ 
removal only. 

The above would apply only to cases of unidirectional 
stress field, But this is rarely the case. The most 
general case would be a three dimensional stress field. 
The civation (19) is modified in the wake of generalization 
by measuring strain eL in longitudinal direction strain 
oT in tengential directions while strain in the radial 

direction of the cylinder can be arrived at with the help 
of o., and e0 if 	t be the Poisson's ratio of the 
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nester ? al, e~ and off, can e)e 	erioled into i it:, jet ors r 
and Q. so that 	 . - 

P -- e 	-:- 	11 ems, 
1 

The introduction o_C_ these parameters for e _pre 7in( the 
strains was pzopoE~ecd by E"Ichs and has greatly simplified 
the analysis, The three stresses f1 , .f g 
(longitudinal, tan ontial, and radial respectively) are 
then expressed as follows: 

_ E — 	— ;~o _ dP_ Abn).._d bn -- 	P(n-1) 

3 

_ (12) 
I c  

-- 

(the similarity bets -,=een equations (1 1) and (12) is evident 
since the first term inside the brackets on the right 
hand side of the ecru do o, is the o.1:_ e ir, relieved by the 
nth 	bore an the second term the stress relieved by all 
previous boring) 



CHAPTER 5 

DE3CR.IP 2Tfl?'7 OP `2" 13T P 0(0'.TYU 

Stress is almost invariably calculated indirectly 
after the strains have been actually measured in 
nearly all tech.niciues of stress measurements save 
photoelasticity, pho tostreos coat, and stress—gage 
methods,, This orthodox .pr-inelple is utilized in the 
course of present investigations and strains liberated 
Cue to the release of residual stresses are neca sUred 
by the help of strain gauges, 

Solid cylindrical test pieces of even but not very 
smooth surface prepared by casting frori pig -iron and In 
lengths three times the diameter were used for experimen-
tal 1nventi ation The surfaces of the test specimens 
were :prepared carefully for mounting the strain rosettes, 
For marking reference lines each specimen is position rd 
on V blocks placed on a surface plate„ The steel 
pointer of a L arking block is moved along the s-Pecirnen 
surface by bodily sliding the marking block back and 
forth on the surface plate and holding the specinen on 
seo irely at the same time)-T blocks thereby inscribing 
on the surface a faintly visible line parallel to the 
specimen axia to represent- its l©ng-ttudinal direction,. 
ext a circumferential  Sin© is inscribed by rotating the 

specimen in V—blocks and against a rigid, end sport while 
9c (344c 

'e"ci : 	 f[f 	 kS/1Y Ur l YD 	a  
20 	 MOORKE. 



Photo showing (top to bottom) the test-
specimen, the series of hand reamers, and the 
series of twist drills employed for metal removals. 

Fhoto showing the reaming 
operation in progress. 
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Strain gage readings being; taken after the 
spocimen has cooled down to room temperature. 
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holding fast the steel pointer of the marking block 
against the - specimen surface id—1 ength.0 This Zino 

represents the circumferential direction of the test 
pieced The two lines, fig. 5I ,, taken together represent 
a convenient reference for fixing a rectangular strain 
rosette. The rectangular rosette is mounted so that the 
reference lines run oidviayT and parallel to the gage leads, 
This practically ensures that the strains are measured in 
longitudinal and circumferential directionso the 
continuity and resistance of each gage is ch'~c.:cd by using 

a multirneter, The gage leads are soldered by 1'_"} long 
leads which in turn are connected to plug—holders. Care 
is taken to use strain gai'es from one single lot. A durny  
gauge is mounted on a simil^r specimen to compensate for 
the effects of atmos?heri c changeoa 

The test piece is held concentrically at one end in 
a four jay: lathe chncl: and rotated at the to .es°ti lathe 

speed avail able, The spec i -i-en is now drilled and reared 
in steps of one eighth of an inch on diameter starting from 
3/819 reamer till the specimen is reduced to a hc►.11ow tube 
of 1/16-" wall thickness. Dach drilling operation is 
performed in steps of small lengths to avoid over—heating 
of the specimeli. `_fter performing each bore, time is 
allowed for the specimen to cool down to room t e;-npernturo 
The strain measurements are made by using a strain gauge 
bridge amplifier which directly reads the strain in f, a 
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The schematic of bridge arip1ificr are rando tFi shown in the 
f1g. 	The pi'ocC3S is repeated for each test piece0 
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Sample calculations 

For demonstrating the method of evaluatiz7: the 
residual stress relieved in any single removal a random 
observation say (3) of specimen 7To.1 for longitudinal 
strain may be picked up. In this c _se the follovring 
guiding steps ;7i11 rovide the general procedi re D 

The differential longitudinal i- udinal strra .n liberated 
during the 2nd removal alerts, dL3 = (16 ± 14535) 
- (16 + 1.575) 	 = -.028 
The total longitudinal strain liberated after the first 
two removals are performed, 
2,2 = (16 + 1.650) -- (16 + 1.575)  =--.075 

The differential tangential strain liberated during ng the 
3rd removal alone, 
dT3= (14 + 1.607) - (14 + 1.635) _ --*028 

The total tangential strain liberated after the first 
two removals are performed 9 

T2 = (14 + 1.635) - (14 + 1D663) _ --0048 

?:?p ig. P2 = Ill + ' 1'2= -.075 + .22 $(-x.048) 	.- -.08556 

& 	dP3 = dL3 + VT3 = -.028 + .22 x(-.028)--, -...0341G 

(Ao- A1)3) (1.7671 -- .30680) 	= 1..4603 

d b3 = .11045 

These values may now be Substituted in the following 
equation to obtain the longitudinal stress that existed 
in the third lager alone 

L3 
- 	A.1,3) o d b3 -,~- d F__  
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f'~  Y 

2 	7 
= 1 x io6 Q 1 	

(—.03416) 
4 4603 x ---- 	_-- -- (—o8556) = x 10-3 

T.  T 

w-393 F g/cn2 

The negative sign should not be understood for a 
compressive stress. Here this stands for a tensile stress 

because removals of tensile strain from the core of the 
cylindrical specimen will release an equivalent compre-
ssive strain from the case which is picked up by the 
strain gages. 

Discussion of results 

The shape of the curves drawn is strikingly similar 
for any one kind of stress distribution. The stress 
pattern can therefore be gcnoralised for any - articular 
manufacturing process. The 3treCN distribution ii 'the 
core' is tensile while that in 'the case' i.s compressive. 
The peak intensity- of the former being higher in the 
present case* The results are checked to establish the 

conditions of stress equilibrium as given below. 

The force equilibrium requires that 

(a) the sum of longitudinal stresses over the - cross 
sectional area must be zero, This is checked by plotting 

longitudinal stress against bore area„ The area under the 
tensile stress should then equal the area under compressive 

stress. The deviation for each specimen is as follows: 



50 

(area urdur tenllc ctres curve 
area under COtiD dress curve) 
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The biggest single factor that might ht be hold 
responsible for the deviations given above may be 
stresses induced due to the mechanical .7orThing of the 
material during metal removals e This may shift the 
zero stress line parallel to itself. Some error might 
also have been caused due to the temper -h e co: cpen-ta-~ 
Lion not being ideal. i eeping in view these limitations 
the deviation in the results can be deemed to he well 
within the permlol-l1) e limits. 



CHAPTER 7 

R1TIDUAL ST~t.~:, J L 3 ITT GUN B z~'T i 
ATOD >COPE OP PtJ iI R 101U( 

A soldier's perfori x nce on tie front line depends 
on the number of effective shots his Sun is capable of 
firing accuratelya The desi n of barrels has therefore, 
to be very exacting, which means thatthe ei -nificant 
stress induced in any pert of barrel should be well belo=w 
its significant strength. A larger factor of safety 
would overcome the difficulty but this will itakke the gun 
heavier, 111g1'ater i y e l can be produced employing 

favourable residual sLy'escos which will provide the 
necessary factor of safety.- This is achieved by ina udi n 
compressive residual stresses by shot peaning the exposed 
surface.. 

To provide a check, the residual stresses should be 

measured both in magnitude and sign„ The method described 

in this treatise may be applied In principle 
removing thin layers of uniform thickneea (to maintain 

the rotational 8ymnetry of the barrel) from within (or 
outside) the brel and observe the resulting strains 
appearing on the remaining stock.- This may be achieved 

by pickling the surface layers to steps by means of some 
corrosive agent like 5 -- 2O TTitric acid without disturb-
ing the original residual stress pattern0 Pickling is 

32 
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necessitated because gun barrels have too haid a 
surface to be machined by using conventional cutting 
tools. 

!part from this, residual stresses, can also be 
meas„red in flats, slabs, and in-fact in any machine 
component by employing the above technique in principle. 
Residual stresses in gun barrels can also be found by 
x-ray defractior. technique. 

irrespective of the method used for measuring these 
abstract stresses g  the designer of tomorrow may be able to 
thin?-. of better designs if he learns to harness the vital 
effects of residual stresses to his rec .tirements, and in 
so doing he will contribute to the ceaseless effort of 
making machine design a more exacting science0  

le 
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