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Strain Tester for Rubberl 
By William L. Holt, Ellis O. Knox, and Frank L. Roth 

A tester for meaRuring the strain of rubber vulcani zateR when s ubjected to a prede

ter mined stress is described. The operation of t he tester and a descrip tion of the apparatus 

for cutting and measuring t he test specimens are presented. Wi t h this equipment, rou tine 

determinations of a point on the stress-strain curve can be made wi th greater accuracy 

and precision than has hith er to been possible with t he us ual stress-stmin equipment. This 

strain test also refJuires less labor t han t he customary stress tests. 

1. Introduction 

The strain testet' described herein was designed 
to measure the strain at a definite time after the 
application of a predetermined stress. In the 
usual testing procedure, stress is meas ured at a 
specified strain dming the extension of th e speci
men at a relatively rapid rate. Interest in the 
development of the strain tester resulted from 
previous inve tigations 2, which showed that the 
replicate meaSLU'ements of strain at a predeter
mined stress have a variance of approximately 
one-tenth the variance of the usual meaSLU'ements 
of stress at a specified strain, 

The apparatus was designed to permit routine 
measurements of strain at any selected stress below 
ruptLU'e to be made with the degree of precision 
found by Ro th in the earlier investigation. In 
designing the strain tester, accuracy of measure
ment, as well as precision, was considered. The 
design features th at are responsible for the im
proved precision and accuracy of measurements 
in the strain test are (1) Observation of bench 
marks when they are essentially at rest, (2) use of 
freely suspended weights to attain the desired 
s tresses without friction effects, and (3) increase 
in distance between bench marks of from two to 
four times that possible with usual dumbbelL
shaped specimens. 

This test is not intended to measure stress-strain 

1 'fhe tester was designed and constructcd at thc request of the Sub
committee on 'f est Methods of the Committce on Specifications for Syn thetic 
Rubbers and was financed ill part by funds t ransferred from the Office of 
Rubber Reserve, Reconstruction Finance Corp. 

, Frank L. Roth and Robert D. Stiehler, J . Research N BS 41, 87 (19'1 j 

RP19~6. 
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propertie near or at rup t ure. For control test ing, 
however , and for many research tests, a knowledge 
of the proper ties below thc region of failure is 
suffi cient. The improved precision of the strain 
test warrants a separate determination of the 
proper ties at failure in those cases where they ar c 
necessary. 

II. Details of Construction 

Three accessory instl'llments are r equired to 
prepare specim ens for mcaSLU'cments in the strain 
tester. These a rc (1) a die to cut specimens 
from a sheet of mbber , (2) a device for placing 
bench marks on the specimen , and (3) a device 
for determining the average thickness of the speci
men. The construction of each of these instru
ments and of the strain tester is described in turn. 

1. Die for Cutting Specimens 

The construction of the die used to cut sp eci
mens from a sheet of rubber is shown in figure 1. 
The cutting blades of the die consist of six strips 
of razor blade steel sharpened on one edge. Each 
strip is 6 in. long, % in. wide, and 0.009 in. thick .3 
They are clamped between metal spacers 6 in. 
long, % in. wide, and 0.245 in. thick, so tha t th e 
cutting edges project }~ in. The die is used in an 
arbor press or "clicking" machine. 

With this device, five strips 0.254 in. in width 
are cut simultaneously. This width was chosen 
for its convenience in determining the load to be 
applied to the specimen to obtain th e desired 

3 These blades were supplied through the courtesy of the Gillette Safety 
Razor Co., 125 Granite Street, Boston, Mass. 
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FIGURE 1. Die for wiling five test specimens. 

stress based on the cross sectional area of the 
unstrained specimen. The width is one one
hundredth the numerical factor by which the 
thickness in millimeters must be divided in order 
to convert it to inches. Consequently the load , 
expressed in pounds, is equal to the numerical 
value of the t hickness of the specimen measured 
in millimeters, multipli ed by the numerical value 
of the desired stress expressed in " hundredweights" 
per square inch. For example, to obtain a stress 
of 400 Ib/in.2, the load to be applied to a specimen 
2.03 mm in thickness and 0.254 m . in width 
would b e 2.03 X 400/100= 8.12 lb . 

2 . Bench Marker 

B ench marks are placed 10 cm apart upon each 
specimen. This distance makes it convenient to 
measure elongation (strain) directly by means of a 
scale graduated in millimeters. The device used 
is essentially a metal bar with razor blades fas
tened on each end , as shown in figure 2. In order 
to prevent cutting of the specimen by the blade 
t he edges arc ground, as shown in the detailed 
section. With this marker, distinct lines not over 
0 .010 in. wide are easily made. 

3. Thickness Gage 

The thickness of specimens is measured with 
the gage shown in figure 3. This gage has a dial 
indicator graduated in hundredths of a milli
meter. One revolution of the pointer corres-
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F1 GURE 2. B ench marker. 
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sponds to l.0 mm, and the total range of the indi
cator is 2.5 mm. The indicator is mounted aboYe 
an especially constru cted base shown in figure 4. 
An important feature of this base is the pressu re
bar arrangement. This metal bar is 10 em long 
and is pressed upon the su rface of the specimen 
with a force of 4 lb by means of a "pring. The 
bar is attached to a ball joint, which possesses 
sufficient freedom of movement to average the 
thickness of wedge-shaped specimens . The dial 
indicator is adjusted to read zero for specimens 
1.50 mm in thickness, as specimens of this thick
ness require a load corresponding to the basic 
weigh t of the weight assembly described in sec
tion II, 4. Additional thickn ess beyond l. 50 
mm is read in hundredths of a millimeter . 

4. Stra in Tester 

The strain tester is designed to apply auto
matically the selected weights to a specimen to 
produce the desired stress, to pl'ovide means for 
measuring the elongation accurately and easily, 
to assure that measurement of elongat ion is made 
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FIGURE 3. Gage Jar obtaining avel'Gge thickness oj the 
specimen. 

a t the p ropcr time after application of the load , 
and to return automatically the specimen and 
t ester to their starting positions after t he measure
ment has been mack. The design of the teste!' 
embodies mechanical and electri cal features that 
are discussed separately. 

(a) Mechanical Assembly 

The strain tcster is shown in figures 5 and 6. 
Essentially , the tester consists of two parts. The 
uppe r part comprises a vertical track, the driv ing 
mechanism for extending and suspending the 
specimen and the mechan ism fo[, measuring the 
elongation. The lower part consists of the weight 
assc·mbly and mcchanism for placing tho propel' 
load on tho specimen . 

Tho vortical trac k is con t ructed from five strips 
of cold-rolled steel 48 in. long. Tho basic steel 
strip is 2 in. in width and % in. in thickn ess. To 
this strip , two strips, % in. by }~ in. , an d two strips, 
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FIGUR], 4. Construction oj the averaging mechanism oj the 
thickness gage. 

'rh o apraratus is show"o with tho pressure bar raised . rr'hc specim en is 
placed on the base undol' the bar and against t he gu i de. When the knurled 
disk D is tu rnecl so that the handle I r rests aga inst. th e pin P, the notch l\r 
in the rod R is at the top, allowing the spring to pu ll the prcsslIJ'o bar clown 
agai nst the top side of the specim en . 

FIGURE 5. Gen eral view of 1'1lbbe1' stram tester . 
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F I GUR E 6. R ubber strain teste?' from the perspective of the 
operator. 

P , Pi lot in ,cries with motor of t ime-cycle cont roller ; V , hand wheel for 
alining upper positioner with upper bench mark; X . prism and specimen as 
seen in plane mirror; Y , handle for rotating positioners to the specimen and 
alining the lower positioner with the lower bench mark . 

% in. by % in., are fastened to form aT-slot % in. 
in width at the base and % in. a t the throat. This 
slo t.serves as a guide for the grip , which stretches 
and supports the upper end of the specimen. The 
specimen grip also connects the two ends of a 
roller chain (Boston No. 35), which passes over 
sprockets a t each end of the vertical track, and 
thence to a }~- or }~-hp-ratio motor. The mo tor 
raises and lowers the specimen grip in the T-slo t 
at a speed ~f 200 in. /min. Two limit switches 
located fore and aft of the sprocket at the upper 
end of the track prevent the specimen grip from 
reaching the sprockets and damaging the tes ter . 

A steel tape graduated in millimeters is used to 
measure the elongation. As the bench marks are 
placed on the specimen 10 cm apart, each milli
meter of extension corresponds to an elongation 
of 1 percen t. Two transparent plastic positioners 
with hair lines are used to locate the position of 
the bench marks on the millimeter tape. The end 
of the tape is fix ed to the upper positioner , and 
the zero point on the t ape is adjusted exactly 10 
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cm below the hair line on this positioner . Thus, 
when the position ers are placed on the bench 
marks, the elongation is r ead from the t ape at the 
lower posit ioner directly in percen tage. In order 
to permit the operator when seated at the tester 
to locate the hair line of the upper positioner on 
the upper bench mark arrangement, X in fi gure 
6, is made to observe the hair line and the bench 
mark by means of a fixed plane mirror and a re
fl ecting prism at tached to the upper positioner . 
Ligh ts attached to the prism illuminate the upper 
bench mark during the t ime an observation is to 
be made. The upper positioner , prism, and lights 
are moved up or down by means of a ladder chain 
and sprocket assembly . The assembly is driven 
by means of a hand wheel, 11 in figure 6, wi thin 
easy reach of the seated operator. The lower 
positioner slides freely on a ver tical square bar , 
which serves as a guide for both positioners and 
rotates them away from the specimen. A h andle, 
Y in figure 6, on the lower positioner enables th e 
opera tor to slide i t and to rota te bo th positioners 
to t he specimen in order to make observations 
without parallax. 

The lower part of the apparatus, consisting of 
the weigh t-assembly and weight -loading mech
anism , is cen tered around a plumb line from the 
upper grip . The weight assembly passes freely 
through a rectangular hole 4 in. by 8 in. cu t in 
the table top that suppor ts the upper and lower . 
parts of the apparatus. The assembly consists 
of an aluminum rod (approximately 32 in. long) , 
on which is fastened two weigh t holders, one at 
the lower end for the fixed weigh t and the other 
about 24 in. above for the addi tive weights. At 
the upper end of the rod is fastened the grip for 
the lower end of the specimen. The holder for 
the additive weights is constructed as shown in 
figure 7. Guide rods pass through the holes in 
the ends of the weight holder , and the additive 
weights are placed in the semicircular no tches 
on the sides . 

The combina tion of the weigh t assembly and 
weigh t loading mechanism is shown in figure 8. 
The eigh t additive weigh ts are suppor ted on arms 
that are normally inclined at an angle of about 8° 
from the vertical. When additive weights are 
needed, the arms support ing the selected weigh ts 
are moved to a ver tical position. The additive 
weigh ts are then lifted from the ends of t he arms 
by the upward movement of the weight holder at 
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F I GURE 7. Holder J OT additive weights. 

F IGUR E 8. W eight assembly and loading mechanism. 

The weight arms are sbown in tbeir vertical position . In operation tbtre 
are n ever more t han four arms in t his posit ion at one time. One of tbe 
additive weights is shown by dashed lines in position on the weigbt arm. 

the time the specimen is elongated. The weights 
are returned to the arms dl1l'ing th e retraction of 
the specimen. 

The arms are moved to the verti cal position by 
means of solenoids and returned to th eir normal 
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pos it ion by the action of a coil spnng after the 
circui t to the solenoid is broken . The mechani ill 

for actuating the solenoids and tho mochanism 
for indicat ing when the weigh t assembly is 
suspended freely arc discussed in the section on 
the electrical circui t. 

(b) Electrical Circuit 

The mechanical operation of the teste r is con
trolled by the elec trical circui t shown in fi gure 9. 
Th e par t of the circuit that controls the weight 
loading mechanism u t ilizes eigh t solenoids, S, 
(Guardian No. 12 AC) for moving the eigh t 
weight arms into their vertical positions and 18 
normally open switches for selec ting the proper 
solenoids to apply the desired load. The keys 
opera ting th e swif.ches arc locked by means of an 
additional solenoJd , X , while the weigh t assembly 
is suspended. During the tim e the switches arc 
free to be changed for sclection of the desired 
load, this par t of th o circui t is no t excited. 

Four of the solenoids arc controlled by one 
decade of switches and the other four by a second 
decade. Four switch es of each decade arc single
pole, single-throw and control individual sole
noids. The other fi ve witches of each decade 
are either double-pole, single-throw, or spli t
contac t single-throw (Micro-Switches BZ-3YLT 
woro used) and control appropriate combina tions 
of two solenoids. Thus with four weigh ts, the 
selec tion of any additive load in a decade is 
obtained by closing one of nine switches. One 
decade can adjust the load to correspond to 
specimen thicknesses from 0.1 to 0.9 mm in steps 
of tenth-millimeters and the other decade from 
0.01 to 0.09 mm in hundred th-millimeter steps. 
Thus the two docades can adjust the load for 
specimen thicknesses ranging from zero t o 0.99 
mm in hundredth-millimeter steps. To close 
these switch es it is convenien t to use two decades 
of keys and the keyboard mechanism from a 
Friden calculator. This assembly is arranged so 
that the closing of one switch in a decade opens 
the others. The keyboard mechanism also pro
vides a convenient device for locking the keys 
while the t ester is in operation. 

The electrical circuit, which controls the weight 
loading mechanism, is excited when the main 
relay (4PST , no v AC, 6 amp) is closed. This 
relay is closed by pressing the start button a t the 
start-stop station. Once closed the relay remains 
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F IG URE 9. Electrical CiTCuit JOT the j'ubber stmin tes ter . 

T he positio ns of the sw itcbes and relays show ll in the circui t are for the tester at rest . A , SwHeh for actuat ing single stroke bell or gong, a, and 
lamps , J; B, bell or buzzer; a, switch for stopping motor, ~\J; E, switch for manual operation of lamps, I , when the tester is not in operation ; 0 , single 
s troke bell or gong; 11, switcb for li m iting t he li ft of t he weigh t assembly aft er swi tch , W , is released ; T, lamps for ill uminati ng upper bench m ark 
during the observation period ; 1( , solenoid fol' locki ng the keyboard; L , switch for opening four Psrl' relay when upper grip retu_rns to starting 
position; j\1, ti me-cycle controller motor; P , pilot light fe r motor, j I ; R, switch operati n.~ 3 PD rr relay to return upper specimen gri p to rest posit ion 
at end of Lest ; S, solenoids for mr \-ing wei ght arms to their vertical posit ion ; T , bell transformers; U, switch (01' limi ting upward travel of the upper grip ; 
1-V, SPDrr switch for starting motor, JI, and when wcig- ht assembl y is not freely suspended at Lime of measurement for ringing bell, B . 

closed until the circuit to its exciting coil is broken 
either by the action of the limi t switch, L, which 
opens when the upper grip returns to its starting 
position or by the pressing of the stop button by 
the operator. Besides exciting the circuit con
trolling the weigh t-loading mechanism, this r elay 
starts the mo tor that lifts the upper grip and 
stretches th e specimen . 

Wb en the weigh t assembly is freely suspended, 
a single-pole, double-throw precision snap switch , 
H r, mounted on th e weigh t loading mechanism 
star ts the mo tor , lvI, on a time-cycle controller . 
The function of th e oth er position of this double-
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thl'oW switch is to actuate a signal that is described 
with the signaling devices. 

The sequence of opera tions after the weigh t 
assembly is freely suspended is controlled by a 
time-cycle controller (Electric Switch Corp. , 
model 602) . This controller consists of four 
mercury switches that arc opened and closed by 
the action of cams ro tated by a synchronous 
clock mo tor, NI . The functions of the mercury 
swi tches are as follo 'ws : 

The height switch , H , limits the h eight to which 
the weigh t assembly may be raised (approximately 
8 in. ) . 
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The signal switch, A, operates an alarm, whieh 
indicates the time the m easurement of elongation 
is to be made. 

The reversing switch, R, actuates a 3-pole 
double-throw relay, which reverses the motor 
at the end of a t est, permitting the pecimen to 
retract and the weight assembly to come to res t . 

The cycle switch , 0, stops the time-cycle con
troller at the end of the cycle. The four switches 
open and close at the following points in the 
revolution of the cams: 

Swi tch 

H eigh L ___________________ _ 
Signa l _____________________ _ 
F eversin g __________________ _ 
C.vcle _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 

Opens 

Degrees 
9 

284 
355 
360 

Closcs 

Degrees 
355 
248 
293 

5 

A rotation of 3600 reqUlres 80 sec. In order to 
indicate when the controller is in operation, a 
pilot lamp, P (6 v, 0.15 amp) is connected in 
series with the motor. 

The signal switch of the controller closes the 
primary circuit of an 8-v transformer, T. Con
nected to the secondary of the transformer is a 
single-stroke bell or gong, 0, which serves to 
indicate wh en the elongation of the specimen 
is to be observed. The lamps, I , which illuminate 
the upper bench mark, are connected to the same 
circuit. If the weight assembly is not freely 
suspended at the t im e the observation is to be 
made, the double-throw switch, ltV, attached to the 
weight-loading m echanism , connects a second 
transformer into the signal-switch circuit. Con
nected to the secondary of this transformer is a 
vibrating bell or buzzer , B. This signal warns 
the operator that the observation is in error. 

One of the limit switches, U, on the vertical 
track is used to protect the tester in case a speci
men has an elongation greater than the limit of 
the tester or breaks before the motor of the time
cycle controller starts. The other limit switch , 
L , breaks the circuit to the coil of the main r elay 
a t the end of each test when the upper grip return 
to its tarting position. This action breaks all 
of the circuits except the one to the motor of the 
t ime-cycle controller. 

A witch, E, is provided for manual operation 
of the lamps, I , when illumination is desired for 
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purposes other than the normal opcration of 
the tester. For example, ilhlll1llatiol1. is req II ired 
when the zero position of the steel tape is being 
initially adj usted r elative to the hair line on the 
upper positioners. This adj u tm ent is conven
iently accomplished by usc of a separate milli
meter scale held in the po ition of the peClmen . 

III. Method of Operation 

Three steps are involved in the strain test pro
cedure: namely, (1) the preparation of the test 
specimen from a rubber vulcanizate, (2) the 
measurement of the cross-sectional area of the 
specimen to determine the load to be applied , and 
(3) the m easurement of the elongation of the 
specimen at a defini te time after the load is applied. 

1. Preparation of Specimen 

From the usual test sheet of rubber vulcanizate, 
6 in. square and about 0.075 in. in thi ckness, five 
specimens arc cut by means of the die described 
in section II, 1. Using the marker described in 
sect ion II, 2, bench marks ] 0 cm apart are placed 
upon each specimen . The marking compound 
should be of a contrasting color to that of the 
specinlen ; e. g., if the specimen is dark in color, 
red or white marks are convenien t. 

2 . Determination of Load 

If the di e is prop.erly constru cted and in good 
condition, the width of each specimen will be 
0.254 in. (6.45 mm) to within 0.001 in. Then 
only a measurement of the average thickne s of 
each specimen by means of the gage described in 
section II, 3 i r equired to determine the cross
sect ional area. 

For measurements at a stress of 100 Ib/in .2, 
changes in thickness will r equire changes in load, 
in pounds, which are numerically equal to the 
thickness change in millimeters. Consequently, 
by se tting the zero position of the dial gage to the 
numerical value of the fixed weight, one n eeds 
merely to make the additive weights equal to the 
dial reading obtained with the different specimens. 
To obtain the same convenient arrangement at 
200 Ib/in.2, the fixed load and each additive weight 
must be doubled . This is accomplished by the 
substitution of a different weight assembly. 
Analogously, weight assemblies COl'respondlng to 
any other desired stress can be used, if desired. 
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The tester in our laboratory is equipped with three 
sets of weights for applying stresses of 100, 200 , 
and 400 Ib/in 2 . Alternatively, the fixed weight 
can be manually adjusted for each stress, and a 
table used to obtain the key board settings cor
responding to different dial-gage readings. 

3 . Measurement of Strain 

The specimen is placed in the grips of the tester 
by the operator with the bench marks facing him. 
After depressing the proper keys controlling the 
additive weights , he presses the start button. 
This action engages the appropriate additive 
weigh ts and stretches the specimen . The pilo t 
light indicates when the weights become freely 
susp ended , and the time cycle begins. Fifty-five 
seconds later when the signal sounds, the opera
tor holds the positioners against the specimen 
with his left hand and superimposes the hair line 
of th e upper positioner on the upper ben ch marl( 
by turn ing the hand wheel with his right hand. 
After this positioner is adjusted, he superimposes 
t he hair line of the lower positioner on the lower 
b ench mark by sliding the positioner with his left 
h and . Approximately 8 sec are allowed for these 
two operations. The operator observes the elon
gation in percentage d irectly from the position of 
the hair line ot the lower positioner on the milli 
m eter tape. There is ample time to observe and 
record the elongation while the upper grip and 
weight assembly return automatically to their 
starting position. A new specimen can be in-
erted and the keys changed while the controller 

completes its cycle. Thus each specimen r equires 
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about 1% min of machine operation . The opera
tor, however , has about 1 min of this time free 
during which he could either operate a second 
machine or prepare specimens for measurement. 

IV. Comments on Performance 

The strain tester constru cted in this laboratory 
has operated very satisfactorily for more than a 
year. In the usual stress-str ain measurements, 
the errors in testing have been found to be of the 
same order of magnitude as those arising in the 
preparation of the vulcanizate. On the other 
hand, it has been found that the errors of testing 
with the strain tester are negligible in comparison 
to those arising in the preparation of the vul
canizate. This improvement in precision and 
accuracy of testing has been useful in both con trol 
and research testing. Data showing the improve
ment of precision have been omitted from this 
paper , as they are a part of a separate paper (see 
foo tnote 2). 

An advantage of this test, in addition to the 
improved testing, is the reduction in man-hour 
requirements. This reduction is du e in large par t 
to obtaining the data in tabular form at the time 
of test . At the same t ime, the ease and con
venience of the test has improved the morale of 
the testing personnel. The operation of th e 
tester from a sitting position, the case of changing 
weights, and th e elimination of following two 
moving bench marks simultaneously have been 
the prime factors in this respect. 

'VASHIN GTON, Octob er 24, 1947. 
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