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.{BSTRACT

Experintental investigation of strets and strain play an*intporlant role ln determining the srrength

eharcteristics of a material, For some types of telts e" g, uniaxial lests, the tleterminntion af sftaln

Is not much complieated rcmlared to the proeess tnvolved for same ather tests e, g. balanceel btaxial

tension tests, tube bending ete" Many methods have been useel to determine the slrains and tlte leehniques are

wdet constant study ts enahle investigators determine Tnore &eeurate values of sffain" Far uniaxisl and

.biaxial stress systems the phatogtidding method have been used far a lang time but the quality o.f

rhe gritls are heing improved by developing hetier merhoe{s of gridding" Far rletermping the srcain

rlte tlisrance hetween the grids arc recorded during a deformatian process for eorresponding laad CIr

pressure, These 'ralues are then used to find t he values of the srcain for tke earrespanding Jlr€Js€.r,

,4 pratedure of photogridcling to produrc tlisiinct grlrls whieh u,!ll nur he damagetl lty s;17vsme rlefar-

ffiation, gresJe rtr oil has heen {eveloped and ileseribed in this pflper,

INTRODUCTION n teehnique which eonsists of photographing n pattern

The method ol' photogriclding for the detcr" of lines upon e sensitieeel specinren ftom a high

mination of strain distribution cldring a defornring eontrast negative. The specirnen w€rs sensitized by

t)rocess has been used for more than drrrty yenrs. ttsing a emulsion of photerengraving glue (4 psrt$

Bre*,er and Glasseer [] pointed out the linritntions try u'eight), rvater (?8 parts), amrnonium bichromste
,,.1 preligrrs lvork'ou rnetal forrning due t{) the (l part) tncl antmoriia water ( I part ). It ig

Irck of a suitnble teehnique to iRvestigale loeal apparent that it' lcsser number of chemieals een

deformatiorr, They suggesteel the usc of plrotogrid be used to prepare the required emulsion the teeh-
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nique of photogricl might be more attractive. Bre"
wer [2] suggested the use of alcohol as a preservfl-
tive for rhe emulsion.

Brown and Jones [3] mentioned the impcrtant
properties that the photogrids should have. The
grids should not be destroyed and should remain

'well defined afier considerable straining or in
Qontact with other med ium. The technique of
photogrid was used mostly during the Seconri World
War. Wilson and Marin [4j used golfball paint

to provide white elastic coating. Miller [5] used

cold top enamel and Dyrite. He pointed out the

fact that the grids can be photographed at ir:ter-
vals and strains can be analysed later after finis-
hing the deforming procedure" But rvhen deforrna-

tions are carried out upto high values of strain

the grids become blurred and the outline loses

its sharpness. Also efforis lvere made to produce

an emulsion which can be easily prepared and

can give distinct grids which will withstand extreme

cleformation. Such a procedui'e using nerv type of
ehemicals has been outlined below"

GENERAL RULES AND SAFETY MEASURES

While working rvith the c&emicals adequete

ventilation is to be ensured and no carbon arc lainp
should be used lvhen handling trichloroethylene.
Naked flames should not be used near the chem-

icals" Polythene gloves and protective eye shields

should be used" There should be no daylight
insicle the room but the work nrea can be Iit by

filtered lamps. Loss' of volatile solvents can bc .

minimized by using narrow vertical stainiess steel

containers or glass and glazed earthenlYare. Copper,

brass, zinc-lined or plastic containers ir.re to be

avoided. The specimens which are to be gridded

shoulcl be scrupulosly clean aud diitilled r,vater

should be used for rvashing. Subsequent steps

should be carried out without delay.

PROCEDUTiE

The general prccer'lure frrlioweci fclr photogri-
clcling are given belor,v in sequence.

t. Surfaee Preparation

(a) The specimen should be cleaned by polishing
paper of grade 400 which is used to rub tlre
surface on rvhich the grid is required.

(b) The surface should be rubbed with pumice
powder r.vith the help of cotton rvool after wetting
rvith rvater" The surface is clean enough when

the film of r.vater on the surface is without any
d iscontiuuity.

(c) The pumice porvder is thoroughly rvashecl

off with distillcd water and the biank is drircl by
Itot air dryer or in oven.

2, Surface Coatins
(a) Coating chemica! was prcpared by mixirig

KMER* and KMEII Thi iner. The ratio of KMER
to KI\4ER Thinner {vol"ivol.) can vary between 3: I
and 1 : l. For thr preseirt work 2 parts of KMER
and 1 part of KMER Thinner \\,ere usef, a;rcl

good results were obtained.

(b) Coirting can be applied e ither by brush
or turntable (equipped with potentiometer fol
changing the speed). Pouring of the mixture
should 1-.e started at the center of the ci: e ular
blank if a turn-table is usetl. Coating can be

applied to some speciuren by withdrawing tire
specimen slcwly from a eontainer containg the

coating chemical or by using n sprayer!

3. Drying the Coating-Prebaking
(a) The coating is to be partly dri:cl in air

at roon tem.oerature for about 20 nrinutes until
it is clry to the touch.

(b) It is to be furiher dried in an ovru
between 80-120'C (.176-240 "F) preferably rvith
air circulation for abcut 15 minutes.i.
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*'KMER (Kodalc Metal Etch Resist), KI]{ER Thinncr. IiMER Deveiopcr and KPR DJ"e (B!ack)

v'ere suplslied b1' KODAK Ltd., Ll' K.
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{ Resis{ It'xposure

The coating is exposed selectively to UV radia-
: rn using a photomaster ncgative with a black back-
rround. To prepar:e the negative a large clrafting
'i the grid nattern should be made to reduce

:he drafting eiioi' and a phitograph of it shculd
"e taken usinf a high contrast fihn. The original

,i
: r.:rving is vety important and any error on it
';ll be reproduced on the grid. And filrns that

:re unaffected by temperature and lunidity cha-

:*les give better results for a long period. Four

;mps having a power rating of 125 *'atts each

.,,s're used, assen:blecl in a steel cabirret. The lamps

used rvere Philips APR 125 rv BL type. For correct
r,rsiiicning ol the photomaster negative in the

\lluk templatts can tre used if require,-!. For good

.;'ntlct betr.veen the negative end the biank a piece
-'i elass plate can also be placed over the negetive.

It' vacuum can be'createrl (e. g. by vecuLllrt printing

i;'arne) betrveen the. negative and the blank better

::'sults m:Iy be expected. The exposttre time was

.ilrout 4 minutes and the ciistance of the lamps

iiom the blank u'as {8 inches. For larger speci-

:re ns greate r distance is requ ire d for uniform illu-

ninirtion but thc time required I'or prcper g-ritlcling

uill also be higher. Longer expcsure tirne -uives blut'reci

grids and lorver exposure titue givcs fairrt inta.ses'

.;. Development

Alter exposure. the blank is slid in a stainless

sreel dish contaiiiing KMER Developer and shcuid

be left for about 2 riinutes r,vithout agitetion.

Afier that the blank should be lifted and left in
KPR Dye (Black) for 30 seconds to give dis{inct
:rl:ck grids. Then the blank is rinsed rvith spray
-et of tap water. (If any scurn remains it can

re removed by immersing the blank in Isropropyl

.{lcohol for few seconds). Fi$ally the biauk is

,i:bunked in distilled lvater. At this stage the

3riJ is rveak and should not be clisturbed,

iii ilrying the resist image*Postbakgng

(a) f 'lre black is to be cir:jecl in arr for
ehout 10 minu'Les.

0t After drying the water drops rvith tissue
paper very lightly it was further dried in an oven at
about 120'C (248'F) for about 10 minutes. The
temp€rature of the oven should not exceed 150"C.

At this stage the grid is no longer weak and *,ill
'not tie clamapect by rubbing action, deformation
or by oil.

BESUI,TS AND CONCLUSIONS
The above technique was developed by using

small specimens and rectangular grids and finally
bi.e circular 10 inch diameter blanks of Aluminium
Killed Steel, Soft Brass and Soft Aluminium were

deformed by unilateral hydrostatic pressure using
the grid patterns shorvn in Figure 1, The de-

lormed blank (Fi-rure 2) presented no problem
cluring the determination of the strain distribution.
The grids were distinct even after frac'ure of
the specimen and the rnethod was also suceessfully

usecl on tubes for bending tcsts.
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Figure 2 : Grids on a Deforinecl Blrnk

ACKNOWLEDGE[IEI\iTS
The author wishes to acknorvledge the help

given by Professor P B Mellor of the Univeresity

of Brad-ford where the research rvas undertaken"

RDFERNCES

lU Brewer, G' A. and Glassco, R" B' 'Deter'

mination of strain distribution by the

photo-grid process.' Journal of Aeronautical

Sciences, vol. 9, Nov. 1941 No' 1' , p' 1*7'

12) Brewer, G. A. 'Measurment of strain in

the plastic range,'rProc' of SJc' Experi'

mental Stress Analysis' vol' 1, 1943' Part

2,P' 105*115.

Mech. Enss. Res. Bull., fol' 2 (1979) No' 1

trl

t4l

tsl

Brorvn, W. F. and Jones, M. FL Strain era'
lysis by photogricl mr'thod.' The lron Age,

vol. 158, Sept. 12. 1946, p.50-55.

Wilson, W. M, and Marin, J. .'I'ests of
thin hemispherical shells subjectecl to inter-

nal hydrostatic pressure.' Welding Journel

Supplement, vol. 8, 1943, p. 214-22A.

Milier, J. A. 'Improved photogrid techniques

for determination of strain over short gage

lengths.'Proc. of Soc' of Experimental Stress

Analy.sis, vol. 10, 1952, No. 1, P. 29-34.

2,j


