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SUMMARY ER -t e e e - :

T

Tests were made on & wire strain gage of. Hepresentative
design to determine zero shift after straining at Toom t em—
perature, error in indicsmted strainsrat high:iaid 10w tem—
perature, and changes in calibration factor and zero shift
after exposure-bo severe weathering R S

'\',":?" "’\_‘_ N .t 1

The measured zero shifts after the first cycle of pre—
straining ‘to . 34!8 ¥107%:ih ténston or compréssion'vere.less
than 2.1 x 1®T*;'after:the fourth cycle ‘théy wére.less than
0.1 X 16~%,.; - The zero.shift was:+ always cpposite to the
direction-of--thé applied sbtraing.a cycle of tensile strain
resulted in a decrease in the resf2stiancé of :the wire strain
gage corresponding to zero strain and a cycle of , compressive
strain re8hlted 1h'Sh increase. ~Frecil whaireil isd S

The' 62+6rE 1t'dndicating o sf#sin up €4.40 x'10~% at
temperatures between —50° and 64° C were less than 1 X 1074
Thesé errdrs ‘toilld beé ascribed: entirely td“iﬁperfect ma'bt':',h-L
ing" of the thd¥mal doefficients of reeistaﬁcé of the working

H o ;o

gage and the compensating gage.-;;- T :f“’e - ) -

v Looeeror WoST@ T, L S -
Calibrations and zero shift” mEasurements on'l8 gages,

12 of which weré ' exposed to 32 dayE 6¥'¢B¢dré Winter weather,

shoyed that the changes in calibration factor of individyal

goges due’t5 fhe weathéring did ndt exébed £1- per%ént ean

for gages with no waterproofing. Gages'&ttached With® Dues

ce@ent and wa teriroqfed showed negligible, Zero shifg follow—

ing’ the perioa 3 vmaiher 3 whe?éas unWaterer Fad- gages_“r”

EaV9 Z8ro " §@1ft§ 6f" the' order of AR/R = +2, X 1074 cbrre—'“'

AL i

§50ndinz "o aR ppatedt tdnilie  strain of I°X“Hd 4] =5

(ALY Y
o
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AINTHODUCTION. .. . S,

The National Advisory Committee for Aeronautics re— .
quested the National Bureau of Standards to make a series of
tests on e wire strain gags of representative design which
would indicate the order of magnitude of the errors that
might be expected when this type of gage is used in the
measurement of strains wWhder flight eonditions.

&

After consideration of the problem it was decided to
make the following three groups of tests,

I, Determination of gerc shift at room temperature as =a
function of

(a) Maximum tensile- and compressive strain
o (b) Number. of cycles of strain

(c) Time, with repeated cycles of strain over a
o period of several weeks . '
I De%erminetion_of errors in 4ndicated strain at high .
”'ani-low temperature when strain gage  and compensat—
e Ang gage are 8ubjected to repeated ‘o¥cles of heat—
wws . T'ing.gnd .cogling between apprqximately ~60° and
P800 Clas a function of

(a) Maximum tensile and compressive strain

~{ B) Number ‘of ‘cycles of temperature variation' e

ST . -

PR

- ITI, Determipation of chengee in calibration factor and
of zero shift of gages._ efter severe weathering by
measuring zeroc shift ant calibration factors of
BRESR, with and without waterproofing exposed %o

i ,the weather for several weeks and of gages stored
“% - at room temperature in the laboratory .

The three groups of teets are deecribed a8 parts I, II,
and III of this report. RTEY - .

This 1nveet1gation. conducted at the National Bureau of
Standards, was sponsoréd by and conducted with the financial - .
assistance of the Nationgl Advisory Committee for Aeronautics.
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NQTATION
¢ axia; strain
€y extreme fiber'beﬂdinéfsﬁja;n}' ) o
€g extreme~f?ber permangnt‘;et —
[iy4 change ii ax&al straiﬁ*”_: _ - o
Aqb change in extreme flber-bendinz éfféiﬁﬁ::_tirﬁw
R gage resistance, o@ms:_l.
AR change in gage resistance, ohms

Poisson's ratio

K

K = (AR/R)(l/Ae) calibration factor for uniaxial stress
increment produéing 'a change in strain Ac
parallel to the gage axis and a phange in strain
-uA£ trgnsverse to the.gage axis -, _ 1

I
.t .
. P

AR change in calibration factor ' ) A o

n subscript denoting the nth measurement of gage
resistange, an &’ ‘given gage in the unstrained
conditionu .o

I — ZERO SHIFT AFTER'PRESTRAINING AT ROOM TEMPERATURE

The zero shift (AR/R)' is define& An this report as

the relative change in gage resistance Between two successlve
conditions of zero. strain or

. <

AR =RLn+1)—Rn_ o (1)

R/n Rn

LI S

where n sgignifies that the zero” shift occurred during the
nth cycle of straining. _ o

- . e —
e d
R P
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TESTS AND -PROCEDURE

Zero shift measurements for both tenslle and compressive
strains were obtalned on eight gages attached to the extreme
fibers of 18— by 1— by 0,125=inch strips of '248-T .aluminum
2lloy which were subjected to bending moments, Two gages
were atitached to each strip,'one-at the center of each face
at midlength. The gages were attached with "Duco Household
Cement" following the procedure given in appendix 1l.- A con—
stant bending moment was applied to the portlon of the strip
to which the gages were attached dy applying transverse forces
at approximately the third points. A different etrip was used
for each of four values of applied strain.-: -

The laboratory setup for.the zero shift. meseurements iB
shown in figure 1, The gage G on strip S 1s being sub—
Jected to a compressive strain of 8§ X 1074 by loading the :
strip with the S5—pound weights W, The gage G' on strip
St is a dompensating gage. Other strips were loaded in the
same manner with 10—, 15—, and 20-pound loads, respectively,
which produced strains ey ‘= 17.3 X 1074, 25,8 x 107%, and
34,8 x 1074, respectively. Oycles of strain were applied to
the gages by successively loading and unloading the strips.
The total load was left on only a few seconds before unload—
ing., After each cycle of loading, the two test gages (tension
and compression) were alternately substituted in the test arm
of a Wheatstone brdige by means: of a mercury film switch M
and the zero shifts from the preceding zeros were determined.
The Tuckerman strain gage T was used t0 measure the extrems
fiber compressive strain along gage G, and to check the strip
for permanent set during each cycle; the readings of the
Tuckerman gage were corrected for shortening csused by the
curvature of ‘the strip (reference 1) where necessary. The
measured gzero ghift (AR/R)m-eas was corrected for per—

manent set ¢ in the test strip by substitution in,

(eRY g(:m) _x 2
- <R corr R ‘meas €e (2)

where the calibration factor K, Qaﬂ tékﬁn as' 2,06 for 'all
gages.

-
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The relative chan% in‘gage resistance corresponding
to the zero - shift "¢ gch £age was measured with a Wenner
type ratioc 'sét in ot firect current-Wheatstone bridge. using
a high—sensitivity moving coil galmanometer as 'a null in-
dicator. The ratio’'set 'and its use in the bridge circuit’
for meassuring percentage changes in resistance is deecribed
in.reference 2. The voltage drop across the test

gege.wae ;
O a\;._-'.. V g R R : -
1 5 VOIJ;S}R © . R .' f R ‘:" ) ‘:‘,i.‘-_,-_-ig“_. ﬁ:
L waf don
Similar tests were made on six additional ga é8 fode~"" 3
termine whether or not the zero shift which thad: béen reducei
or eliminated by prestraining, reappeared after gages wereﬂ” L
allowed to "rest," unstrained, for various -intervals of time._
Two gages were attached as before to each of: three'etri o “;;
and each pair of gages was strained 10 times %o a stra E“f .
€p = 25.8 X 10~%*, and-the zero shift was measured after~i ¥ °%

ep mae al
each cycle, The gages were retested at the same atPailn “,4iz,q1-
beginning with the eleventh cycle,. aﬁter remaining ppett? 294 *

ff ML enth dew R . ., ) . _-_'-
o mnd o6

A sl ommdn

sérained for 2, 5, and 24 days, reepectively, R 5??£T,Jn B
’ - el .. Ry ELT RME

E - ‘:‘ <ok g gDt 5 %3 -

RESULTS AND stcu’ssxon s e s : X

] 3
S R T - £ P £l FAEES 3E "Ll :=.r.e:.F
. ™ an =N 0
The;results»d$ the meaeuremente of zero shift after -7 7" @
1 to 10 cycles of straining are shown in figure 2. The -
figure shows that for all valups. of sprain there*whs & i%g* e
nounced gero whify, duriﬂ“ tbe Tirst, ‘eyecle: of straint 3 1%, y
decreased- rapidiy® during %ugcessive cyeles of strain. After

4 cyclesp~the:zors dhiet” di not, excesed: AR/R. = 0,15 X 10'4 LT

It was estimeted:fhat tHe Maximum.ertor in the meaeuremeﬁt ot
of wzeroxehift: didFﬁot’“xéeed 0.04 X 10“4- Figure ‘2'drso ML’,'L}w
shows thah foﬂ"the*flrst three qycles :the.zerd ‘8hifts, a§’ 7"};'51
defined ,by equation {(f1); ‘weré "6pposite in .direction (sign) J: R
to the applied streiny gages ‘satrained in compression were "' )

observed to have positive zero shifts, and gages strained
in tension were observed to have negative zero shifts.

P SRR SIS _
The zero shifts meaeured during the firet and fourth
cycles for the eight gages.of figure: 2yiar & plottied B Tigure

3 ageinst the meximum strain to which the gages were subjected,
The curve of zero shift versus straln for the fourth cycle m

shows the zero shift reduced.tg,p peEligidle vAIud.® Phe * .Q'qiﬂ-ga
curve for the first” “Bycie” ehowg{tgat ;theizerd *sHYFL” ingregged :
exponentiakly with’ etrain.or?orueq apphied strgin?eL "0 &.p?
4.8 X 107% tHe Herd ghifts .of ,the tenstod . &néd cbmpréssiqn,; Wi otza
gages after I cFcle’ o% ' S

‘n
l-!

strain amqmn@ed e odboutb '3 Qeré %t

of gage output,” ER/R , corresppn@hng Hha : thdﬁﬁeﬁrainf'“
hy s TR :
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Tegts.on a few gages . shoved that although the szero
shift -asgoclnted with a given strain may be reduced to a-
negliiglible value by prestraining, further zero shift occcurs
if the the "prestrain® 1s exceeded in subseouent straining
cycles.- This . unfortunately removes the possibility of
eliminating zere shift by preloading structures to low strains.
It was also found that a gage that is first prestrained in
tension shows a larger zero shift when subsequently strained
in compression (and vice versa) than does a gage which has
not ‘been: prestrained. . This effect of reversing the direc—-
tion 'of the applied strain is shown in figure 4. The curves
at the left.in figure 4 are the curves that are shown in
Jilgure 2 for the gages which were strained to, £p = 34.8 X 1074,

After the tenth strailn cycle on these two gages, the atrip
to which the gages ‘were attached was turned ‘ovér.so that the
gage "wh'ich had just been strained in tenslon would be strained
in comnpression and the gage which had beén strained in com—
pression .would be strained in tension, The gages were then
strained an additional 10° cycles to the sidmé magnitude of
strain as before. The curveés'on the right.in.figure 4 show
the zero shifts which accompanied the reversal of the applied
strain. "The zero shifts during. the first cycle with reversed
strain (oycle 11) were about 45 percent larger than those
measured during the first cycle following the attachment of
the gages..- . s e c b - ’
Figure 5 gives the results of tests to determine whether
or not the: zero shift which was removed by prestraining re—
appeared after the gages were left ‘unstrained for a period
.of time. After a period of .as much’ as ‘24 days, -the zero
shift during a cycle of strain did not exceed AR/R = 0.14X107*,
This-zero shift was only 16 percent of thé shift during the
first cycle, without prestraining (cycle 1) ‘1t c¢orresponds
to about 0.2 percent of gage output AR/R for the applied.
strain., . : .

S § R . - x

GONCLUSIONS FR ON MEASUREMENTS _OF ZERO. BHIFT R

-——AFTLR PRESTRAINING AT ROOM TEMPERATUBE .

‘The tests .Bhowed zero shifts during the first cycle of
v ~gtrain which di& not exceed 3 pércent of gage output corres—
ponding .t0 the maximum strain applied, for strains .up to.

34:8 X 10-%, The zero shift was opposite to the direction
of -the applied strain, Repeated préstraining to a.given
strain resulted in negligible zZero shiftndurine the fourth

' L TR
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e,

eycle, provided the maximum prestrain" was nqt exceeded. )
Gages which were prestrained ifi‘tension to rémove zero shift
showed larger gzero ghift when . strainqd in campression (and
vicde versa§ then did neéw gagés which had not been prestrained
Gages which hed been ‘prestrained -to remove zero shiff showed
a slight tendedcy to recover. zero shift. after remaining in

an unstrained condition for 24 days. - .o

Il — ERROR IN INDICATED STRAIN AT HIGH AND LOW TEMPERATURES

e u Ty

Crer it . - e

o i I P - : . e el - LR

The following tests were made toc determine the errors :
in indicated strains which may be expected in the.presence .
of variations in ambient temperature between — 50 and
64° C., The applied strains were varied from.~40 X 104 -
in compression to 40 X 107™% in tension. -
'APPARATUS'LND PROCEDURE

T .

.

. The device for straining the gages is shown in figure
6. Twelve test gages wére attached to six 245—T aluminum
elloy cantilever beams 4 by 1 .by 0.125 inch which were raékea
in & steel frame to form a compact assembly that could be =
heated and cooled as & unit,. The -free ends of the beams
were slotted and were’ slipped over a. L@wlndmthreaded Tod which
was anchored at each end in the.steel frame. Nuts spaced
along the threaded rod between the projecting ends of the’
test: beams were used to deflect the beams. to-obtain various -
stredns at the test gaged. The frame was mounted on the

=

ends of two bolts which were fastened at the other end in
four layers of fiber board that formed the door %o separate
heating and cooling cabinets.

Two dummy gages were attached . to the shert beam in
figure 6. One of these gages was used to compensate for the
variation in temperature of the test gages. The other dumnmy
gage served as a check on the compénsating gage. All gages
were waterproofed with "Gargoyle Petrosene A" following the
procedure given in appendix 1 for gages attached with Duco
cement. The six test beams were numbered 1 to 3 and 4 to 6
outward from the short beam, The gages on. each beam were
identified by the number of the beam to which they were
attached, plus the letter T er ¢ (T1, T2, — 61, 02, —)
to designate tenslle or compressive strain.


http://www.abbottaerospace.com/technical-library

8 NACA .IN No, 1011

The éfiéing' €py iniicdted by -each .wire ,gage, gnd change .
in indicated sfrain Aebi'LQ;re meadured with & Baldwin—.
Southwark yortable strain indicator. (reference 3), Mbasure— v

ments . ware ‘made at "’ sl values of. syrain,. 0, 5 X 10“4

10 x 10%4, 20" x"10~% -46"% 104, and. for 3 cycles of tempera— '
ture variation at each strain- except at 40.X 10‘4 at which -
only 2 -cycles were applied.

The measurements-werieistarfed at room temperature. (24°. ¢)
by successively connecting the test gages to the strain in—""
dicator and determining the balance position with the canti—~
levers. Lndeflected. ‘With the beams still undeflected, the
unit waw subjected to 3 ‘cydleés of temperature. variation
(beginning with the cold Hslf of the cycle) -and strain in—
dicator riadings were taken ‘on each gage at the two extreme
temperatures during every “¢ycle, "After the third .ecycle ‘the
unit was returned to room temperature and indicator readings
were again taken on each _gage. The two gages on each beam
were then strained to B X 10—4 %fn tension and compression,
respectively, by turning the nuts on the threaded rod and s
deflecting the beams. Strain indicator readings were agailn
taken on eath _€age at’rbom temperature, at the extreme tem—
peratures during 3 temperature cycles, and agaln at roonm ‘
temperature., Following fthese readings the beams were re—
turned %o the undeflectesd position for zero readings at roonm,
temperature. Measurements at- higher strains were made in
the same maennsr. At a strain- of about 25,X.107% the two
beams on either side ofthe short beanm. (Lnand 4l_contacted
at the enda and beam 4 was therefiore adjusted to only
28 X 10°%, Beams 1 and 4 were -later removed from the unit
to permit measuremeﬁ%s at. 40 X 10°% on the. remaining gages.

s I
T : - N B
+ By e -

oALOULATIONS'

LT SNV s

The erfor ir indicated atrain was.defined .as

—— . . PR . .

.o

Beps = €HIT — €hyo - - (3)

L P .. DTt Lmalp oI T L tal e P b LA AL

where .. = - - T =TTl _ : < } . t
€piT : indlcafed strain at low and high temperature with:
beal in deflected‘position : ..

L3
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indicated strain upon return to room temperature

. €
10 with beam in same deflected position

B

For all measurements the indicator was balanced using the
calibration factor furnished with the gage.  Separate calcu—
letions were made .at .gaek value of applied strain, The quan—
ity ey, was taken. as*the ‘fndlcated strain upon returning

to room temperature rather then the indicated strain before
applying the low and high’ temperature, in order fo avoid
errors caused by changes in the deflection of the beams during
the first application of the.low: temperature.__

RESULTSFIﬁb biscusszou

Changes in indicated strain Acyy for each gage at

low temperature and high temperature are shoun in figures

7 to 12 as circles and s triangles, respesctively. -The
squares in these figures gshow the changes in indicated strain

~after cycles of temperatuie variations with increasing values

of strain. T : -
L Examination of figures 7 to 12 shows ,that similar results

were obtained-with all .. 12 :; of the test gageg. Differences
between the temperature coefficients of the test gages and

, the compensating gage are shown by the intercepts of the

curves of Aebi versus €py for high and low temperature

on the axis of Acyy. - Gages 02 and T2 (fig. 8) illustrate

this. point., Gage C? at the left in figure 8, shows a wide
separation between the high and low temperature curves_ of
A€y Versus €4, The intercepts of these curvesi-on the

vertical axis indicates the -error which resulted from im— e
perfect temperature compensation alone since at the ordinate
axis the applied strain is zero. . Gage T2, at the right,
shows only a small separation between the intercepts of the
two curves indicating nearly equal thermal coefficients of
‘resistance for gage T2 ahd the compensating gage. ' Although
there is consideradle experimental scatter, the pointa on

the high and low tempsrature curves for gage 02 are nearly
equldistant at. &k} . values of strain, being separated by the
sum of the intergepts., This shows that the error i'n indicafed
strain could benaseigned entirely to the imperfect matching
of thermal cpefficiente for the working. gage and the com—.
pensating g;e.J In gage T2 the. .matching of “thermal co— -
efficientd"” is much better and the error in indicated astrain
is much smaller,
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In general, the curves 5f Acyy versus €p3 showed

that for all gages the change in indicated strain with changes
in temperature was constant for all values of strein and

equal to the change caused by imperfect temperature com— .
pensation, There was no evidence of creep in the gages under
sustained strain at 64° c.

Changes in indicated atrain due to differences in tem—
perature compeneation ranged from O to about' 0.85 X 10~
for the change in temperature from —500 to 64¢ C, The

maximum change was therefore of the order of 0,0075 X 10-%

per degree centigrade.

The fact that the intercepts are positive for the high
temperature and negative for the low temperature may bse
ascribed to having a compensating gage with s thermal co—
efficient equal.to «r less than the coefficient of any of
the tesnt gages._,_ .

In figures 7 to 12 it 1s seen that the 1ntercepts
associaféd with the durves for —50° C are greater than the
intercepts for 64° C by more than the ratio of the re—
spective tempersture changes from room temperaturse, that is,
—74/40 6r —1.85, This indicates that the thermal coefficients
increase with decreasing temperature. Measurement of the
output of the compensating gage for changes in temperature
showed that the curve of AR/R <versus temperature was not
linear and that the slope of this curve, equal to the thermal
coefficlent, was appreciably greater at low temperatures than
the slope above room temperature.

The squares in figures 7 to 12 show differences in strain
obtained by substracting finsl from initigsl resdings of. the
strain indicator at room temperature. These differences may
be due either to a permenent change within the structure of
each gage or to a permanent change in the deflection of sach
beam which occurred on the initial cooling., The differences
were ascribed to changes in the deflection of the beams
rather than to changes within the gages for the following
reasons, The differences were approximately equal and oppo-—
slte for gages attached to opposite extreme fibers of a given
beam, as would be sexpected for a change in the deflsction of
the beam, All the differences corresponded to a small de—
crease Iln the deflection of the beams, such as might be pro-—
duced by a slight yielding in the center portion ¢f the screw
passing through the slots at the ends of the beams. Yield—
ing in this portion of the screw may be expeéted since, the
secrew was drawn up tightly during assembly and since the
center portion was stressed in sddition by the forces ré—
guired to deflect the cantilever beams.

il
b

.|.|h M
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OOVGLUSIONS‘FROM MEASUREMENTS or IVDICATED

STRAIN AT HIGH AND Low TENPERATURES

Ohanges in indicated strains for strains up to 40 x 10°¢
with temperature variations. between —50° and 64° €, could
be ascribed entirely to diffefences betwesn the thermal co=
efficients of resistance »f the test gage and the compensat—
ing zage. The changes were dbserved to be nearly constant
at all values of applied strain for a given change in tem— _
perature. The maximum change in indicated strain was of the
order of 0,0075 X 10™% per degree centigrade. There was no
evidence of creep under sustained strain at temperaturea up
to 64° C for strains up to 40 x 10-4,

III — EFFECT 6F GAGE EXPOSURE TO SEVERE WEATHER
ON CALIBRATION FACTOR AND ZERO SHIFT

The follewing tests weére made to indicate the changes__
in calibratlon factor: and the zere shifts which may be ex—
pected after gages ha*e been exposed to severe weather con—
ditions,

e P

" 'TESTS AND PROCEDURE

Tests were made on 18 gages, separated into twoe groups,
a group of 12.gages "éxpased "'to weather and a control group
of 6 gages protectéd frém 'the 'Wéather, The tests on the
firat group consisted of measuring the calibration factor
in tension and the 'resistancde corresponding to zero strain’
for each gage beforé and after ‘the gages were exposed to 32
days of winter weatler. The-tests or the control group can— h
sisted of the same measurements on gages that were stored in
the laboratory at room tenperature whils gages of the first
group were weatherfng. Both g;oups included waterpreofed
and unvwaterproofed ‘gages at tteched with two different cements,
"Dueco Household Uement" and "De KhotinSky (Gcmenﬁyte L)

=

EBach of the test gages was atxached at the nenter of
one face of eighteen 18— by 1— by i 0.125~1inech 2457
aluminum_ alloy str;ps. Table 1 gimgs-a list of tHe test gages,
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numbered 1 to 18, and shows the attaching cement -and pro- : .
visions for wateﬁproofing. The waterproofing compound was

"Gargoyle Petrosene A." Detalls of the procedure used in _ .
attachirg and waterproofing gages are given in appendix I,

Lfter atbachment, the gages were prestrained in tenslon
to a strain of 22 X 10"  for 4 cycles.of loading to mini-
mize zero shift and improve linearity. The gages were then
calibrated for tensile strains between O and 20 x-107-% .for
both incredelng and decreasing strain using the DrOCudurB
described in reference 2, Calibration'factors 'Ku for in-

creasing strain and Ky for decreaslng etrain, whqre
iz - v

. _ _ - AR 1 o .
X ;IEF‘EE - 'f “T .(4).

were dstermined for each gage as the elopes of two straight
lindsrfitted by least squares to plots of AR/R versus ¢ B
for increasing strain and decreasing straln, respectively.

Following the calibrations on all gages, the resistances
corregponding to gerc strain were measured, A Rubicon re-
glstance-decade of ths typve shown in the breckground in figure .

1 was -substituted for the comnersatlng wire straln gage 1in

the Wheatstone bridge and ad justed to within O.1 ohm jof the

resistance of each gage as the gages waore successively sub--

gstituted in the test arm of the bridge. The decade .reading

and the ratio of the resistance of the decade to the re-

sistance of the test gage, &s mgasured with a Wenner type

ratio set, were recorded for each’ gage. After determining

the rati:s for tthe wire straln gages, & second decade box

rwas subsesituted in.the test arm of the bridge and, with both

decades set . .at—120.Q ohms,"’ the ratio wag mcaeured for tue sum

of all the:recistances in tha two arms of the bridge (decade . .

coils, dial switcheg, cables, and binding post contacts). B . .
The difforencées bestwoen fthis ratio ahd the same as measurnd

after the. weathering period was used to:corrsct measured zoro e
"thifts for: changss 1n contact resistance in the briigu arma.__ .

¥ o Gages l to 6 were then stored in the laboratory at room
temverature in ths unstrained condition., Gages 7 to 18 were .

-aken to. the roof of the laboratory and ‘exposed, unstrained,
to.open winter -weather for 32 days. The strips to which the
gages were attached were supported hdr¥izontally with the gages
skyward. -—Temperatures, humidity, and precipitation for the
weatherirg period, as recorded by the .U, §. ﬂeather Bureau,

are glver in frgure 13 After weather;ng, gages 7 Lo 18

2 LI
N
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were stored at room temperature in the laboratory with gages
1 to 6. for 28 days. This allowed the weathered gages to
‘reanch laboratory temperature and permitted the unwater—
proofsd gagss to dry before making measurements for zero
shift.

Zero shifts were measured by’ redetermininz the ratios
of gage resistance to decade resistance with the decade
adjusted to the same resistance for each gage that ﬁas us'sd
for the initial ratio, The zero shift AR/R was computed
from the initial and final ratios on each of the 18
gages after applylng a>correction AR/R = —0,09 X 10°4 for
changes in contact resistance at the binding posts in the
arms of the bridge., Variations in the disl switch re—
sistance of the decade used with the test gages were ¢on-—
sldered in the estimate of the accuracy of messurements.
After the zero shift determinations, calibration factors were
redetermined on’'both the. ¢onftrol gages and the we%theredfgages.

-

oL ool
RESULTS AND DISCUSSION .

-
P - "" )

The Zero shifte which occurred on all gages after weath—
ering or storage are given in table 1 together with cali—
bration fsctors Kd and Kd before and after weathering

or storacge and percentage changes in calibratlon factor.

Examination of tah;e 1 shows. that no calibrat&on factor
changed by more, than I ye;cﬁnt. There was no marked differ—
ence between the changes Ain calibration factor for the weath—
ered gages and for the control gages, In several cases. the
factors for a weathered gage, even without waterproofing,
were more stable than the factors for a control gage. The )
factors for all gages, both control and weatheredy.were: . --
definitely more stable for decreasing strain ,(K&) than for

increasing strain (X,).

Zero shifts after the weathering period showed sub—
stantlial differences between gages depending on the attach—
ing cement used, the waterproofing, and the weathering.

Gages whiqh_were atteched withi Duco cemént.and were not
weathered (gages 1 to 4) showed practically no zero shift,
Gages which were attached with De EKhotingky cement and . wers
not weathered (5 and 6) showed gero shifts of -the orde# of-
AR/R = +2 X 10™%, Weathered gages attached with Duco cement
and . waterproofed (7,to 10} Showed neglizible zero shi -

-
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~ while unwaterproofed gages (11 to 14) with the same attach—
ment gave zero shifts ranging from +1.37 x 10-4 to +2,68 x 1074,
Weathered gages, both waterproofed and unwaterproofed, attach-—
ed with De Khotinsky cement (15 to 18) gave somewhat in-—
consistent zero shifts ranging from small to large values,

One of these gages (15) showed the extremely large eshift of
AR/R = 31,57 x 1074 (0,38 ohm). This shift was so much
larger than the shifts measured on other gages that the’
measuremnent 1s open to guestion.

[P

GONCLUSIONS OF THESTS ON LFFEGTS OF

' EXPOSURE TO SEVERE WEATHER

Calibrations on 18 gages, lZ_of which had been exposed
to 32 dnys of severe winter woather, showed that the changes
in calibration faetor of individual gages due %o weathering
did not exceed +1 percent even for gages with no water—
proofing. . : .

Walerproofing was advantageous in that woeoathered gages
attached with Duco cement and protected by waterproofing
showed negligible zero shift; whereas unwaterproofed gages
gave zero shifts of the order of AR/R = 42 x 1074, VUnwater—
rroofed gages attached with Duco cement and left unstrasined
at room temperature for 32 days after calibration showed
negligitile zerg shift. It was found that gages attached.
with De Khotinsky cement were subject to zero shift with timae
at room temperature, although calibration factors of such
gages were constant within 1 percent even. after severs waath—

ering. ) e v St T e e e

- . N . -t A . . o _ P - - o=
. . - s - . R

National Bureau of Standards, -
Washington, D. C., May 23, 1945.
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APPENDIX I
ATTACHMENT. OF GAGES

Duco Hoﬁeehold-cement

The procedure used in attaching gages with Duco cement
consisted of the following steps: . .

l. The calibration strip was cleaned with acetone and
the surface film was removed by rudbbing the strip
lightly with emery cloth so as to produce a dense
mesh of fine scratches.

2. The prepared surface was cleaned agaln wilth a cloth
moistened with acetonse,

3. A bead of Duco cement was squeezeld from the tube
along the center of the strip for a length egqual
t0 the over—all length of the gage to be attached.

4, The gage, with edges moistened with acetone, was
placed on top of the cement and was pressed down
firmly with a flat stick. The excess cement was
worked from under the exposed paper wilith the end
of the stick, The area of gage under the felt was
pressed down repeatedly by placing the flat of the
stick over the gage and applyling pressure to the
upprer surface with the fingers,

P. The gage was allowed to dry at room temperature for
48 hours before straining (or waterproofing).

Waterproofing of gages attached with Duco cement was
accomplished by heating the strip to which & gage was
attached to 1600 F for 1 hour. After 1 hour and with the
gage still hot, hot petrosene wax (Gargoyle Petrosene A)
was palnted over the gage and over the strip at the edges of
the gage. The strip was then cooled in air before use.

Do Khotineky ( Cementyte A)

The procedure for attaching gages with De Khotinsky
cement consisted of the following stepa:

1. Same as steps 1 and 2 for gages attached with Duco
cement.,
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2. The strip was hented slowly on an electric plate :
while a gtick of the De Khotinsky cement was
rubbed over the attachment area until the cement
had softened to a pasty Btate., The pasty cement
was then smeared over the attachment area.

3. As soon as the cement became ligquid, the gage wns
pressed flrmly in place using & fiat stick anrd
pressure on the felt aresa of the gage.

4.~”The strip was immediately removed from the electric
Plate and the gage was agsain pressed down while
the cement cooled and hardened,

Gages attached with De Khotinsky were waterproofed by paint—
ing hot petrosene wax over the gage area after the cement

hardened, L
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TABLE 1.- RESULTS OF TESTS

Calibration factorsl 2 ~ Chenge in Zero
Gage Atteching Before weathering After weathering Calibration factor shifta
No. cement or storage or storage O, ARy AR —-a
K 4 B
(percent)
Control gages
1 Duco 2,088 | 2.045 2.030 2,054 ~0.4 +044 ~0.14
2 n 20061 2.067 2-052 N 2.068 -0|4: 0.0 'i‘Otl4
43 " 2,061 | 2.071 2,051 | 2,061 ~0.5 -0,5 -0.09
44 n 2.061 | 2,062 2.042 2,060 -0,9 -0.1 ~0.09
5 |DeFhotinsky 2,044 | 2,088 2.055 2,054 0.5 0.2 +1.67
] "o 2.048 | 2,054 2.041 2.054 -0,3 0.0 +2.51
Vieathered pagos
7 Duco 2,063 | 2.063 2.046 2,059 -0.8 -042 +0.15
‘g " 2,040 | 2,043 2.027 2.041 -0.6 -0.1 +,38
49 n 2,059 | 2.062 2,054 2,062 ~0.2 0.0 +0,10
410 " 2,080 | 2,053 2.058 2,063 40,3 0.0 -0.09
11 u 2.,062 | 2,072 2.041 2.056 -1.0 . -0.8 +1.66
12 " 2.060 | 2,065 2.041 2.063 -0.9 ~0.1 +2.68
13 u 2.062 | 2,065 2.063 2.068 0.0 +0.1 - +1.37
14 o 2.073 | 2,078 2.058 2.077 =0.7 0.0 +1.69
%15 |Dekhotinsky 2.046 | 2,049 2.046 | 2.054 0.0 +0.2 5431.57
416 " 2,043 | R2.043 2.036 2,046 ~0,3 +0.1 +0,11
17 " 2,038 | 2.052 2.031 2,065 -0,3 +0.1 +0,77
18 " 2,055 | 2,060 2.083 2,060 +0.4 0.0 +3.00

1 K, (increasing strain),
Eq (decressing strain).
2 Estimated accuracy, +0,5 percent.

3 Estimated accuragy, £0.10 X 1074,
4 Waterproofed with Petrosene.
5 Questionable measuremsnt.,
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Figure 1.- Setup for zero shift measurements.
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Zero shift, AR/R x10%

o ¢p = = 9,0x10~%
2.0 vV ¥ = 34,8
}055\\
1.0
_.--| 4 geges stralned in compression
5 <
0
YA
"4 gages strained in tension
§ -4
o ¢ = 9,0x10
' _ At 2 17,3 -
g v " = 34,8
-3.0
1l 2 3 4 "B 6 7 8 ) 10

Cycles of strain

Figure 3.~ Effect of strain cycling on zero shift.
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Zero shift, AR/R x 10%

2.0 °\\
1.5 o :
\\—lat cyeclp

1.0 \\

D \\\\\\
o) Aj_ A N A A _/\_————'—A o
‘-4th cycle o\
-.5 ‘i\
-1.0 \\\&\\
-1.5 \\
-3.0

=40 =30 -30 -10 0 10 20 30 40
Strain, €, x10%

Figure 3.- Zero shift against strain.
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Zero shift, AR/R x 10%
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(8] \
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2.0‘ ' i
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1.0 _ ’
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J
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Cycles of strain

Figure 4.- Effect of reversal of applied strain on zero shift.
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;& gages strained in compression

/ ¢p = -25.8x 10-4
4 |

Zero shift, AR/R x 10%

I 16 e left strained 2 ¢
tral aged 1¢ un 0
8 f%gfagg,ﬁ,g§3§4in tenalon 24 days at room temperature
' 0 2 days
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lD 24
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- Figure 5.- Effect of time on gero shift,
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Figure 6.- Device for straining gages at high and low
temperature.
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Figs. 7,8
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Figure 7.- Change in indicated strain against indicated

straino.
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Figure 8.~ Change in indiated strain against indicated
strain.
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Figs. 9,10
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Figure 9.- Change in indicated strain against indicated

strain.
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Figure 10.- Change in indicated  strain against indicated
strain.
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Figure 1ll.- Change in indicated strain'against indicated
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Figure 12.- Change in indicated strain against indicated
strain.
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Figure 13.,- U. S. Weather Bureau data for weathering period.
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