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T TRODUCTIOY

Until recently residual gtresses have been generally
accepted as undesirable from a stand point of shop proces--
ging difficulties and premature service faillures, This is
because residual stress%s wvere often assocliated with
vwarping and distorsion after heat-treatment, crack producel
in guenching or grinding, an earlily service failure of Hools
and dies, or machine parts ete. Even though built up guns
employlng residual stresses were flrst employed in America
as far back as 1888, this pessimlsn coniinued because of
abstract nature of residual gtresses and of difficulties
associated in determining their magnitude and direction.
This dillusion faded away when Sich (1927) first gave hie
method of arurately deitermlinling the three dimensional ’
residual dresses in objeéts of rotational symnestry in shar
oand stress distriﬁ&fion;ngn 1928, Toppl of Germany took
one couragecus step by recognising thalt fatigue resistance
could be increassed throush residuvual stresses obtained in

cold-rorkinge.

The useful application of residual stresces were
first exploited for ordnance requirenents. The inportance
of residual stresces in designing, especially the defence
equipnent, vas so deaperately recognised during the last

world war that regidunal stresses veprcesented the only

factor of safety against failure. The attention, however:
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can now the oriented for employing the beneficial
effects of rcesidual stressea for peace-~tine appli-~-
cations.,. Refore one thinks of creating any residual
stress of useful sign and magnitude 1n any machine
member, one muet create easy means of measuring
these stress vectors in similar nmachine members,
ITence due attention should be given to the measure~
ment part of 1t and this is the purpose of the

preasent investigations.,



CHAPTER 1 .
CONCEPT AND PROBABIE CAUST OF RESIDUAL

STRESSTS ATD THEIR CLASSIFICATIOW

Gtress is the intensity of internal forces induced
in any engineering naterial 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 b& nine stress conponents,
referred to the cartesian set of coordinate axes, that
are necessary to define (i) magnitude, (ii) direction of
’stress; and (1ii) orientation of the plane containing
the point of intereém = in £Q§tioﬁiy six out of these

nine components nre independentb. .

Ty
A

Broadly speaking, atress may?ﬁﬁfther.be recognised
ag (i) workingaStresé ﬁhich persists only'asllpng as the
load causihg if'pérsists, (ii) residual sitress which

renains locked up in the mass of the material after the

load has beenlrémovedo

The cause and mechanism of resldual st?ess develop~
ment 1is still a debatable question. Howove:,-it is
believed to be caused by the fact that actually the
engineering materials are not perfectly elastic and
isotropié, It is believed thatb thezsesidual stresses

develop in the folloﬁing manners
in important concept, described in many volunmes on

3



naterial science, is the initial difference in effective
yield strength among and betveen difflferent reglons of a
polyverystaline or imperfect single crystal, ascribed to
the anisotropy of erystal slip, and orientation differ—
ences in the specimen when such a specimen is loaded for
example, in tension, all the grains nay acquire approxie
mately the same total struain, bubt those of lover effective
yield-strength suffer the greater plastic elongation on
removal of the load, such grains retain their neighbours
in tension and‘ih3so doing are themselves COﬁpressedv The
behaviour of a2 pairy of parallel, coherent grains P and Qof
different initvial yield strength, is illustrated by their

individual stress curves (Figs 1o1)»

clcgn
4

o

(Figo 1.1)
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Let theéce crystals be loaded to the same total
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strain egp, on unloading cach graln attempts to release
its elastic conponcnt o?rgtrain along the modulus glopes
If each were free to do:"soo they would be left with the

respective plastic strains @p and eq crystal P having
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+he higher initial yield strength and the 1owéf plastic
elongation, 3Since they are coherent, they attain some
intermediate strainfek the ezact position of which is
deternined by statlce equilibriumg The respeetive residual

strains are the elastic differences (-e_ + ek) ~and

P

Gek i eq), since e_is less than ey lis less thanfqu-these

p . :
are respectively tensile and compressive,., The corresponding

regidual stresses are 1

fp = B { e = ©p Yo THeunsile,

fq = B (-eq - Oy o compressives

However, a static balance nust always be maintained and if
these two grains alone accupied the whole cross-section,

the statie balance requires that

= ’ S 5
fp Sp fg Sq ° refers to the area

lees, Sfey - ep) = (eq - e ) Sy

In mos%t of the volumes on residual stresses the author 2
have tried to classify these stresses on the basis of the
extent of domian in vwhich they appear 1n a particular metal
or 1ts alloy. Consequently these are (i) macrocstresses
when extending through a relatively large portion of netal
and (1i) microstresses if they are confined to individual
grains. The latter are sometimee called as Heyn's streasses.
But as reqgurds the mosh foundamentai principles of applied

nechanies,; the stress at a point is a tensor, and A point



is neither nicroc or maeroc. Hence the above stotenent is
only a sidetrack., However, there are nany other occasions
when it is desired to e bilaws for the purposc of

concepbtion and claxritvye



CIIAPTER 2

COMI"IRCIAL PROCTESINS EiPLOYED FOR
CRTAZITG BSTAZE OF RESTDUAL 3TRESS
I METAL FMACHIMNE 1TSMBRERS

Like mechanlcal frietiong residual stresses also
form a necessary evile In a case reported in literature
the round shape of steel Htest bar changed into an oval
one during tensioﬁ,test, Thig unusual behavior of the
metal was believed to have been cavsed by residual stresses
in a heavy plate from whieh specimen was cut out with its
axis perpendicular to the direction of rolling. The
plate contained high rolling stresses. In another instance,
a heavy I-~section girdir cracked along the web length w.th
voilent noise without warning. The cause was again attri-
buted to the presence of high rolling stresses. Ho#ever,
the »rescnce of residual stresses 1in metals is not always
detoermental;y on the coutrary, there is a large group of
éomnercial »roducts in which the stresses ure brought about
intensionally to inmprove thelr mechanical properties.
“one of the conmercial processes enployed in developing

the residual stress shtate are outlined below:

Broadly syeaking, all these processes can be catago-

rised in four groups:

1. Processes involving thermal treatment of metals.
2e Processes involving mechaniaal working of metalis.

3« Processes involving the changes in composition of
alloys.

4e¢ Miscellaneous process like electroplating and
veldinga

7



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

90(-|

from red heat. The crack seen along the cvlinder length is believed

‘rhoto shows a hi~h carbon forged steel cylinder water quenched
to have been caused due to the residual stresses induced durin~ omenchin




Thernal sitresses nay be developed in metal or its
alloys by either heating or coolinme. Treatments like
cuenching the heated component in sone quenching media
1ike, air, water, oii, molten metal, sand, solid
naterials can e utilised foxr producing the residual
stress state. The interscity and patitern of stresaes
produced depend upon temperature, quenchin~ media, component
geonetry, type of enclosures used if any and comnposition.
Tf the component is meometriliscd fron molien netal, +the
state of ctress ﬁrd&uced depends on‘the ruate of cooling,
netal compositiony, the type of mold‘walls, the pouring
temperature, etc. This nethod is used for preparing
cast-—-iron specinen Tor the present inVcstiéationS. The

detailed procedure for the above and the like processes

are gilven in any boolkk on metal treatmentsa

Yhere are cuite a large number of nechanical proccesses
used for producing the residual stress state. Sone of
these are cold rolling, cold drawing, shot-peening,
grinding and the like, The discussion of these is not
incelnded here to cvoid digression Irom the scope of this

worka.

Some metallurpgical nrocesses extensively exploited
conriercially are nsed for producing the state of residus
stress. Tgsual exanples ore nitriding and carburizing where

molecules of mnetal or gas wre infused into the skin of
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another metal, alterfing theredby the composition of
surface layers of the treated components. This gives
=1

rise to the residusl state of gobress.

fud

Mlany a process resulids in creation of res
state of sitress as a bhi-product such as stresses induced
in the base metal after electro-chenical deposition of
another metal on the base metal surface. Lnother example

s stress state produced during welding together of

[

metal componentes.

With quite a large number of the above processes at
ouy aisposa1, it is possible to create a2lumost any desired
pattern and intensity of residual stress in & machine members.
Continous efforts are being made in this directlion to

achieve bebtter regulits.



CHADTER 3

RESIDUAL STRESHIS Ve  MECIIAWICAL
PROPURTITS OF IKDTAL CONPOWENES,
AND THE INMPORTANCE OF RESIDUAL
STRESSTS IW DESIGY OF MACHTYE
MENBERS

Accidents on the ground are surely less hazardous
than>the mid-air @sceidents, both from the view points
of loss of properiy and loss of lives. Apparantly it
misht seem adventurous on the part of machine designers
t0o have used smaller factbtors of gafety in designlng
aeroplane components than those used in designing con=-
vonents of machines te Le deployed on land. However,
the mechanical properities of aeroplane componeﬁts are
ectimated to a finer desree of accuracy than in the case
of other machine members. To assess the mechanical pro-
perties very precisely, it must be ktnown as to how and
to what extent the working and the residual stresses
affect the mechanical properties, The discussion here
ig limited to the study of effceccts of residual stress on
the mechanical properties, like tensile strensgth, hardness

creep, fatigue, dimensional stability.

Tengile Strengths

During the tension teast, Gthe specimen is ussuned to
be in static equilibrium at every moment. The internal
stress resulting from external loading is added to any

pre-existing residual stresse The total internal stress

i0
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A

is the sum of these two components, the residual stress
and the service stress. Residual siresses, if aiding an
applied force, bring the material to its yield strength
at a lower ialue of the latter and vice versa. Ae
explained in Bausehinger effect, the previoﬁs's%raining
has & 'hardening® effect in that it raises the yield
strength for subsequent lozding in the same direction

and a softening effect for the reverse direction.
Hardnesss

In atomic dimensions, haxrdness can be regarded as
novement of dislocations. The motion of a dislocation
may be promoted by & 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 1s what
happens in precipitation hardening also commonly known

as age hardeninge.

Creeps

Deformation due to oreep is a sum of elastic and
plastic strains. Creep ie a rate process ocecuring gradually
and dependent on temperatures It may be thought of as
diffusion under stress and resldual strailn energy is
believed to activate this diffusion. Hence in the initial

stages, 1t promotes creep, but the effect gets diluted as
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the intensity of residual strain energy decays.

Patismues

Presence of compressive residual stressesg in the
surface layers of a component subject +to eyelic'straining
enhances fatigue 1life. This is because the initiel
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 residuale%resses
in the surface layers get aubtrated from the tensile
stresses imposed by the‘applied load . ﬁhe,maﬁimum tensile
gtreas actualliy aﬁtéimed’ie thereby reduced,jgmhis state~
ment may be viewed to be statistically true because of

our unawareness of the precise mechanism of fatigue failuxe.

Dimensional Stability:

The generation and relaxation of residusl stresses
may result in dimensional changes, Thia is one of the
most undezirable manifestations because it enhances
dimensionsl instability of a machine member whenever its
stress pattern is distrubed to from a new static equili-
brium. However, this prinecliple provides the basis for
most accurate method of determining residusl stress
diastribution. HNachining of residually stressed components
presents odd problems. Cold drgwﬁ'pars are %o be care=

fully machined in'sﬁeps of very shallow cuts in order to



avoid sudden cracks and/or exceedingly large defornations

cccuring due to the original stress pattern beiﬂﬁ disturbed

due to metal renoval following the machining operations.

Component geomeiry goes a long way in deciaing the
stress &istributibh to which +the component is SHbjected@
Afver the geometry is declded, 1% pays to avoid failure as
locations of stress concembtrationg vhieh occur £0 conmonly
in engineeglng design. One of the pogusible soluvtions is
to0 induce, at these locati ns; a residual stress of
favourable sign so that the effective service otress is

held below the materisl yleld strengih.

In the language of design the obvious céuse of a
structural failure is the facﬂ that +the effectlive stresses
imposed on the member by service loads are greater thah its
strengthe A general procodure for examining these failures
is to check the ﬁalance between the strese and strength,
that is, %o re-evaluate the loads, the stresses and strensth
in the failed parts So far as the evaluation of stresses
is concerned, all the strespes, whatever they are caused
b&, must be taken into account. As the residual stresses
have a far reaching effect on the mechanical propertles of
any machine member, these stresses mlat be precisely
evaluated. Since the present design demands aré becoming

more and more exacting, care should be exercised 1o minimize



the factor of ignorsasnce znd in so doing the beneficial
effects of residual stresses should be fully exploited

because this would help to improve the existing designs

in a2all fields of industrye.



CHAPTER 4
THEORY OF ANALYSIS

“hile the presence of residual stressea in metals
can be revealed - by several methods, acecurate measurement
of thelr magnitude is extremely difficult and only possible
in excepticnal cases. HSince residual stresses form an
internally balanced system of stress and are produced by
mutual interaction of warious elementa of the strained body,
the sub-—division of the body into parts will cause an
imbalance and partial relaxation of stress in cach parth,
because strain due to residual stresses is of elastic nature,

giving rise to measurable dimensional changess.

The problem in measuring residusl sitress is %o reveal
and measure these straing., The general methody, therdore,
enmbodies a reversal of the process by which the atrains
are produced, that is, remove poritlo=ns of the specinen in
layers of snall thickness and cbhserve the resuliting dimen-
sional changes produced in ﬁhevremaining stock. The
following method is develoyéd 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 measured. The
nmethod was originally developed by Mesnager and simplified

by Sachse The following assumptions are made:

15
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1e The strese digtribution is symmetric about the
axis of the specimen and is constant along the
length of specimen,

2: Removal of a layer of montcerial is accompained
by an equal change in longitudinal streas at
all similar points of the cross—section.

Although this might seem %o be very restrictive dbut
most cold forming operations performed on cylindrical rods
or tubes, such as sinking, extruding, or drawing, result
in such a symmetrical residual sitress patterne Uniform
axial quenching, carburizing, or nitriding of cylindrical
tubes or rods also result in a symmetrical stregs distri-
bution about +the longitudinal axiss The sctress distribution
remains relatively constant along the length of the

specimen,

In analysing a solid cylindrical rogd, the first.bore

is esscentially performed by using a drili.

TLet, Ao = origlnal cross-secitional area of
801id cylindere
Ab = area of bored out portion of cylinder
A= Ao — Ab = et cross—-sectional area of cylinﬁriw
cal tube after each removal.
e = Strain libverated, due to metal removal,
and appearing on the remaining stocks.
fr = Stress relieved from the resmaining
cylindrical tube, after the bore is
prerformed, alliowing the dimensional
changes to appear on its external
surface.
£ - = gverage stress that existe in the

renoved material,
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o]
I

Young's modulus of elastleibty of
the material,

-
]

force in the tube afterxr the bore
has been performed.

iz
i

.force iwn the removed inner poriion.

FPor gbatic balance

F Dl
core = Frin (1)

Taw o = Beo (2)

Fskin = (Ag = Ay) = £, (3}
combining (2) and (3), we obtain

Fekin = (&5 = 4y )sEce (4
Also P, . = o Ay (5)
Substituting (4) and (5) in (1), we get

Ay ~ A)eEge '

or £ = ° _— (6}

Ay,

The order of removals is characterized by subscripting

£ and e, so that
{AO b “bj wEf;e,z

£ =

(73

Slves the sitress in the material removed during first
removale Liet the metal removals be of difforential order
€A, ; liberating differontial sirain de;, then cequation (7)

gets modified as unders
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de
- . 1. (8)

The actual stress that existed in the second rerioval,
before the removals started is given by the following
equation,

de _ '
£, = Aémoﬁaxggz = Te doq (9)

<~ where, &Abe’refers to the net crosswscectional area of
concentric tube drilied cout during second removal. Thus

the stress that existed in n%h removal is given by

Aue.Eedan (
. r = : - = B de,+de+
. 1 3 (-3 -
N\ n dRn @°¢+§? Y (10}
wes n - 1)
Bguation (10} is further modified Ho get
de
£ = E (A _mw—bt - @ ) (i)
n n &ﬁhﬁ (n”""i)

where, e(n»Tﬁ means the total strain after (n=-1) Temovals

and de, stands for strain liberated ° during the n'0

removal onlye

The above would apply enly to cases of unidirectvionzl
gtress field, Byt this is rarely the case, The most
general case would be a three dimensional stress flelde
The quation (11) is modified in the walke of generalization
by measuring strain er, in longitudinal direction, strain
ep in tengential direction, while strain 1in the radial
direction of the cylinder cen be arrived at with the help
of e, and epo If B be the Poisson's ratio of the



naterial,

ond €4 80 thnt
P = e; B
1

he introduction ol these parancters for erpressing

strains was proposecd by Sidchs

e, and en can Ve ansenbled into

19

o,

parrnescrs T

the

and has greatly simplified

the analysis. The three stresses £y , Ipn 5, Iy
(longitudinal, tangential, and radial respectively) are
then expressed os follows:
Iy é”( ar., -
f B sy 5 dand % ;L - ‘é_ ) A . - P ]
. - 2
L 12 H bn’ Tda, (n-1) ;
= L -
z ¢ ae Aot Ay (1) :
fp = g—0roi (Ao . A'bn' d = - R~ Y Ve (n=1) ;
1= ! Bn b{n-1) !
- 3
[ e fat ]
4 n 13
3 H £ 12
- B H bn §
e—kt —ﬁc

(the similarity between equations (11) and (12) is cvident

since the first term Inside the brackets on the right

hand side of the eoun

nth bore ancd

previous boring)

tioro 9

is thoe stress relicved by the

the second term the streces reliceved by all



CHAPTLER 5

DESCHIP?IOV oFr CwEST PROCEDURE

Stress is almost invariably calculated indirectly
after the strainsg have been actually measured in
ngarly all techniques of stress measurenents sove
photoelastieity, photostress coat, and stress—gage
nmnethods. This orthodox principle is utilized in the
course of present invegtigations z2nd strains llberated
due to the release of residual stresses are reasured

by ﬁhe help of strain gaugese.

-80lid ecylindrical test pieces of even but not very
smoo%h surface prepared by casting from pig iron and in
lengths three times the diameter were used For experimen=-
tal investigation, The surfaces of the test specimens
werelprepared oarefully for mounting the strain rosettesa
Por maiking reference lines each speclimen is positionad
on V-~blocks placed on a surface plate. The steel
poinfer of a markiang block is nmoved along the specimen
surface by bodily sliding the marking block back and
for%h on the surfoce plate and holding the specinen
secﬁrely at the same timegghblocks thereby inscribing
on the surface a faintly wvisible line parallcel to the
specimen axia to represent 1ts longlkiudinsl direction.

¥ext a circunferential line is inscribed by rotating the

specimen in V-~blocks and against a rigid end sport while

Aec 62440

WA E A 115 0 KRSITY Or ROOBREA,
20 OORKEE,



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

! operation in progress.

. rhoto showing the reaming'
|



Strain gase readings being taken after the
specimen has cooled dovm to rooa temperature.
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holding fast the steel pointer of the narking Dlock

e

rie

0]

against the speclinen surfuce mid-length. Yhis 1
represenbs the circumferential dirececitlion of +the test
piéce. The two lines, fig. BT, taken together represent
a convenient reference for fixing & rectangulcor strain
rosettes The reoctangular rosette is mounted so that the
refercnce lines run nidway and parallel to the gnge leads.
This practically eusures that the strains are measured in

1y

longitudinal and circumferential directions. The

L g

|-
@

continuity and resistance of each gagce chnclied by using
a multimeters The gage leads are soldered by 17" long
leads which in turn are connected to plugmholderso Care
is telkken o use strain gages from one single los. A dvmy
gange ig mounted on a similar specimen to compensate for
the effects of atmosryheric changes;

The test piece is held concentrically at oce end in
a four jaw lathe chucl zand rotated at the lovient lalthe
sepeed available. The speclimen is now drilled and reanmed
in steps of one eighithof an inch on diameter starting from
3/8" reamer ti1ll the specimen is reduced to a hollow tube
of 1/16" wall thictness. nhach drilling operation is
performed in steps of small lengths to avoid over~heating
of the specimen, “fter performing each bore, time is
allowved for the specinmen to cool dovin to xroon Semperatbture.

The strain measurernents 2re made by using a straln gauge

bridge amplificy which dirceccetly reads the strain in %oo
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The gcheratic of bridge amplificr are nade as shown in the

fige 2% 2. The process is repeated for each test piece.
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Sample calculations
Tor demonstrating the method of evaluating the

residval stress relieved in any single removal a vandon
observation say (3) of swvecimen Yo.,1 for longitudinal

strain may be picked uvpe In this case the following
guviding steps will provide the general procedure.
The differentiael lonsiitndinsl sitrain Liberated

during the 2nd renoval alone, dL3 = (16 + 1.535)
- (16 + 1.575) = ~,028
The total leongitudinal strain liberated after the first
two removals are performed,
I, = (16 + 1.650) — (16 + 1a575) = =075
The differential tangential strain liberated during the
3rd renoval alone,
dT3= (14 + 1.607) = (14 + 1.635) = ~,028
The total tangential strain liberated asfter the Ifirst
two removals are performed, -
Ty = (14 + 1,635) = (14 + 1,683) = =,048
Tow Py = Ly + Poo= =075 + 222 X(~0048) = ~.08556
&  dPy = ALy + ‘ﬂw3 = =e028 + 022 X{(=o028)= =.03416

(Ao- AbE)a (1.7671 - 230680) = 14603

dA.b3 = »11045
These values may now be substituiled in the following

egquation to obtain the longitudinal stress that exigted

in the third layer alone

= :—21 Ay ) o 2 P E
= eme— j <~ —t sy st - o -~ - P
- Cor v P



N\
(L]

1

("u03416)

= 1% 107 § 124603 x ————gygzE— = (=008556)

erdonagea
Poanamoa=!
.4
Q

= =393 Kg/cmt

The negative sign should not be understood for =
compressive stresse. Here this stands for a tensile stress
because removals of tenasile strain from the core of the
eylindrical specimen will vrelease an equivalent compre-—
sgive strain from the case which isg picked up by the

strain gages.
Digcnsgion of resulis

The shave of the curveg drawvn is sbtrikingly similar
for any one kind of gtress distributlion. The stress
pattern can therefore be.gcnoralised Tor any pavticular
nanufacturing process. The stress disbtribution iwn 'the
core' is tensile while that in *the case! is conpressivee.
The pegk intenslty 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 crossg-
scotional area must be zero. This is checked by plotting
longitudinal streés against beore area. The area undexr the
tensile stress should then equal the area under compressive

stress. The deviation for each specimen is as follows:



(area undex tensilc stress curve -
area under cConp. Stress curve)
= 100 = 5 deviogion

4 - . -
+(aren under tersile sty
area unddox Ccompa. St

for spoeinen Tg.l,, ‘3 deviaktion = 5073
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Torx snocinen o4, 5 deviabion 1.8

Tox suecinen Y0.5, ) deviavion 008

(L)  the sum of the vangential stress over 4. wlomeirical
chiion no the eyilinder ruat be zmero- This 1o ahoeked by
wloteiny tuugenvicl stress ooainst bore radive.  hne a oo

under sensilie atrous must then equal tho arese padoer th

(8]
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comypresnciva Sgress. The deviation for cach snooin
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The biggest single Loctor that might be held
responsible for the deviations given above may be
stresses induced due to the mechanical woriting of the
material during metal removais. This nay shifi the
zero stress line parallel to itself, Some error might
21so have been cauced dve to the tempersoture compgnbta-
tion noet bhelng ideal. Xeeping in view these limitations
the deviation in the resulsts can be deened to be well

within the pernissible limits.



CHAPTER 7

RESIDUAL STRTLOLS IW-GUﬂhBARRELS
ATD SCOPL OF TURTHER JORK

A soldier's perforrwnce on the Iront line depends
on the number of effective shots his gun ig capable of
firing accurately. The design of barrels has therefore,
to be very exaotiné,,which means that the significand
stress induced in any part of barrel should be well below
its significant strength. A larger factor of gafety
would owvercone the difficplty but thie will make the gun

heavier. Lighber bharxTell can be produced employing

-t

fevourable vesidual strecscses which will provide the

necessary factor of safety. This is achieved by ineiuding

compressive residual stresses by shot peaning the exposed

surface.

To provide a check, the residuai.stresses should be
measured both in»magnitude and sign. The method described
in this treatiSe may be applied in principle 1:G6s,
removing thin layevrs of uniform thickness (to maintain
the rotational symmetry of the barrel) from within (or
outside) the barrel and observe the resulting strains
appearing on the remaining stock. This may be achieved
by pickling the surface layers in steps by means of sone
corromive agent like 5 - 205 Witric acid without disturb-

ing the original residusl stress pattern. Pickling is

32
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nececssitated because gun barrels have too hard a
surface o be machined by using conventional cubtting

tools.

Apart fron this, residual siresses can also be
measured in flabts, slabs, and in-faet in any machine
component by employing the above technique in principlea
Residnal stresses in gun barrels can alsc be found by

x-ray defraction technique.

Irrespective of the method used for measuring bthese
abstract siresses, the designer of tomorrow may be able to
think of bebter designs if he learns to harness the vital
effecte of residval stresses to his reguirements, and in
s0 doing he will conitribute to the ceaseless effort cof

making machine design a more exacting seience,
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