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Calibration of Strain Gauge for Thermal Expansion Coefficient
of Fiber Reinforced Composites at Cryogenic Temperature

ool o]’

Wonoh Lee'”,

Abstract: Since the fiber reinforced polymeric (FRP)
composites are considered in next generation of
space transportation systems, reliable thermal
expansion properties should be well provided for
structural design of composite materials. To obtain
accurate mechanical behaviors at a cryogenic
temperature, precise strain measurement and
calibration must be provided. In this work, apparent
strains (or thermal output) of temperature
self-compensated strain gages were deliberately
investigated for epoxy, CTBN modified epoxy and
carbon fabric composite system from room
temperature to liquid nitrogen temperature. Also,
fourth-order thermal output curves were presented
for the further calibration. The results showed that
the thermal output is heavily dependent on test
materials and a large amount of apparent strains
were observed for the polymer resins.

Key Words: strain gauge, cryogenic temperature,
thermal output, calibration, composites.
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Table 1. CTE of reference sample (ue/°C).

Aox107%) | A1(x107%) | Ax(x107®) | As(x10°®) | As(x10™%)

-2.05 1.82 245 3.16 7.97J
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Table 2. Specification of polymer resins.

Type Material Model No. | Weight ratio
Epoxy Epoxy YD-128 10

resin Hardener KBH-1089 9
CTBN | Bpoxy YD-128 7

eDOX CTBN rubber KR~-207 3

DXV | Hardener | KBH-1089 9|
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Table 3. Specification of eryogenic strain gauge.

Model CFLA-6-350-11-6FA-1LT
Gauge length 6 mm

Gauge factor 203 £1%

Resistance 350+1.5Q

CTE (Room Temp.)| 11.8x10°%/°C

Gauge factor calib. | ~0.03+0.05%/10°C
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Table 4. Measured CTE (ug/°C).

Booxy | Compmate [CTBN-epoxy| (8T
Ag 43.905 3.804 54.702 5.661
A -0.1033 | 4037x107 | L150x1070 | 2250x1072
Az | -5590x107 | -4.341x10° | 1.629x10° | 4.437x10*
As | 2331x107° | -1707x10° | -6.900x10°° | 4.491x10°
Aq | 1460x107 | -8432x10° | -1.684x107 | 2.295x10°

5. Aolx| A HH 3

5.1. 23zl Holx|e Holx| A+ BN

2EHA Aol AAF st AgAol7] RE
o AE7F MyE A =W oo wE Ay HEE
£ A& o YEslodol 3 o] u Al gdE A
F7F AolAl gl o] Aol Ae¢E 2EH A
olA Ag A ¥l W& FHol7l Wi G 2%
el ¥alA gm0l & By siFolof g} ok R
71 AR &3 Ao]H - Aolx A5t Hrel ABF
EA4d 7Idste Aol olvr] w o] FA"E Az}
23 2EHY AR AADY BREL S
#},

AlelAl gae] B dukd #FH[9-11)00= 1
9 9l%ol Constant stress beams 53 £33 ASE
£ ol &8t W& A2} Fig. 49 2L Constant
stress beam& Zo7} Loli FA7} 9 beam B¢
d ftEe] AAFE BHsle] €FY AL & A%
o beamol Aele A HFgeke

e=% (5)
ty
s
44
_‘__________———'\

—— —— L

Fig. 4. Constant stress beam.

7} ¥ constant stress beam 277} & A& o[y
A Asea JPgsd

de _
270 (6)
g #AE & F A7 9Ee BE = A
B Qo Fa% H3&S vEE F g ol
g AlolA A5as d& 5 A B

5.2. Alolx] MF BY AT w

AolAl A BA A3Fee AAFE Rty A&
step block2 AHE3HA HEe o 71&9 HHES Fig.
5(a)$ 22 $¥de TxE /A2 9o 12). 23y
o] Hhil L wYd 2= BEE JiRol e FAL A
Wy dewerdlr & WAL s7stAY £3 {17}
old #3 e &k 3= dHE ¥z Uk
olo] B A3qAE Fig. 5(b)% Ze +£9 HAY
step blockS T F& FAHL A} dewerolA
2 5 AYE A8 & dxE ot e
AolA A RANTE 200us G E 800ue7tA] B
S ZEE A (59 98 wo] &9 973 Ad(step
block) & A8 ). 2Ee)AE o] blocks FAA)F
HA do] ¢=5d WYL A Hzm, ol vt &4
How WYRS H1g 5 A Ho

5.3. #oteasidg B8t A 22X IF

o] EZ OB constant stress beam< AAHOE ¢
3 AFEE dd AW dgd] U UG BEE
velolol AT Al AEL olet trEr] o9
Fig. 63 Z¢ {f3a484 S B3l T4 AP &
o] Yehte 949& dotiduxl st AT AR
e gyt 28 Asolw A Wy mE FEF WA
AR FAHL WE AEFQ BEE Fig. 79 e
it Fig. 6& 29 EH constant stress beam® #
JdAoa 12 WHIPL BXE d1 gA ZFIges A
< #d% 4 Utk 53] Fig. 79 vERd vieh 2o
fl/o1ERe] Wygg £3x7F trEr ofdWoM s vt
WE go] Z/1E4E #4ded W¥&E Yehlle 99
o] &olExn Urt. EI FYF ddd rAEFE W
Hgo BadAol Wy A Jeiwrt

(a) (b)
Fig. 5. Constant stress beam with (a) horizontal and
(b) rotational type step blocks.

Non-uniform ¢ distribution

Fig. 6. Strain distribution in constant stress beam
by FEM simulation (Bottom surface, 200ue).



OlE2, oldtE & IX2 BYoMe| NRYS SEMES LU AF 5 3 2E¥ 2 Hojxiel BYof B AF 5

Strain (ug)

Strain (1)

Fig. 7. Strain profiles in constant stress beam
specimen: Applied strain level= (a) 200us, (b) 400ue,

160 4-- e === Top (Compressive strain)
=== Bottom (Tensile strain)
150 T T - .
0 20 40 60 80
Location (mm)
(a)
450 J
440 \
430
420 14
410 1§
400 -
390
380
370 —
= Top (Compressive strain)
360 - === Bottom (Tensile strain)
350 ; . .
0 20 40 60 80
Location (mm)
(b)
650
640 13
630 -
620
610
600 -
590
580 +
570 R
== Top (Compressive strain)
560 - ~w = Bottom (Tensile strain)
550 < — . .
0 20 40 60 80

Location (mm)

{c)

(¢) 600ue.

700

600 -

500 4

400 / ,

300 -

200 -

Measured/Calculated Strain (1)

— Desied
FEM simulation

ement

100 4

0 106 200 300 460 500 600

Desired Strain (ue)
{a)

0.7

Variation of Gauge Factor (%)

0.0 1 e Manufactirer's data
(= Measurement
0.1 c . - -
-200 -150 -100 -50 0 50

Temperature (°C)
(b)
Fig. 8. Gauge factor calibration: (a) Room temperature
test and (b) variation of gauge factor.

Hud 38 Hdg EIXZ Rols F74e 9
AR ZHEE 50~55mm A Heoln, o AFA $iHol
ofgE #dF WIE BEXE Jehid. A
AelA] A& BAs] 3 2EHL AAE 3
e 94 999 50~55mm AR o] Holok g A
A AelA e B A 23 o] HAAA )
2 AA s,

3

5.4, Holxl &% EH A¥

Mabg 31 B5Y AolA A4 BF 2T HE
S 98 20, 0, -50, 100, -196°Col|A H3 AlEE 4
g, &5 FEL 3.3"dA Wi FAIA
-100°C 7tAl& 874 AW E o] &3t9x, -196°CollA &=
FA7Ye A FE o &3t AHE A AA Hio
92 FH A s s

Fig. 8(a)9 42 Ad 295 29 43 29471
Mgt AAX KRG vta WA 3 HUen FEMe} 9
g S A FA O uEEn. oHi Li3w
constant stress beame] AA AHEo] &F8 AFo
obym Fig. 7ol veld ule} Ho] BHUd HI&



6 SIZVT - MeIZes|=2X, 123, 3%, 20104 9¢

EE 9 A7 AAY Fud 4ol tr RZuA
71903l Aoz #ddc, 28y Fig. 8(b)d Vel
AL 4% A48 B AR AFANMN AFee
Aol 4% wAZkze] Fol7t wj Hom exs}
Gold L2 MyPAoz Zrlste YL vlad B

A Belx e

6. € &
T A7ddMe FAL 87 delA Eidel & &
o A ZFA|, CTBN HA ol ZEA £ & gA&Hs 72
a7 AR 49 AFE M) A
EYA AR E ol & EFHE AU, 2E
A AelAe 2= Wstel whel 2Ry AP go] ¥
slst7l Mo o] & B Folof v B AFoA

titanium silicate® ©] &3 EF AZE 53 A=
of dAF AFE dux Yt 4F 3 ~EHAY
A AHE ﬂ‘ﬂf«] A-f %tﬁa Asel d3gs 3
g £ JYEE ’\]J"«] FGol FEstodor e
A& 4 e} 1 A ZFAL A A g3k
) A H?‘:-°ﬂ ula} “H—r & Z2rRY] "y B 34
I ol nEA MRS Zo] U Al E 1A
sl dedoz ZHY) MYES BAsAo} )
AL o g}

=1 o

el

o

o ““°

Mr 230 85 B 2 lorfr fob 3 | fob 3%

2o Ael Alolx A4 HAL Y3 £33 AT
& #3249 8 constant stress beam 9]

25 sted Aolq 44 wF A 23
g ;

ol
it

& AlA A5 BA XFEA A 98 ~H
= s, A" By X3 A5 Efsﬂ
Ao 2EAA AeA dg BP9 FH=g &

T A i A

- 97t BRAATY $4 Asdri o
A9 “FALE neA SgAR 3 99}

Ao Adez FPH Ao l°ﬂ HALE

r&iirﬁ rle

%
.

m
ki
Ho
re

(1) A", 4=, AAZ, 2L, "SAL #7494
5 4 Wl ng

9 BY &7, dxEFARI A, A204, A4
3, pp. 1-8, 2007.

(2] S. Kanagaraj, S. Pattanayak, "Measurement of
the thermal expansion of metal and FRPs”,
Cryogenics, Vol. 43, No. 7, pp. 399-342, 2003.

{3) F. Lanza di Scalea, "Measurement of thermal
expansion coefficients of composite using strain
gages’, Experimental mechanics, Vol. 38, No. 4,
pp. 233-241, 1998.

(4) #3494, Aze, "FAL 344 2EHQ Aolx
o] 2XR7] MEE 54 BT I, Q@A
=84, Al16H, A6%, pp. 1099-1107, 1992.

(5) K. Matthew, H. Kowalkowski, W. Kevin River
and Russel, Thermal Output of WK-Type Strain
Gauges on Various Materials at Cryogenic and
Elevated Temperatures, NASA/TM-1998-208739,
1998.

(8] C. Ferrero, "Stress analysis down to liquid
helium temperature”, Cryogenics, Vol. 30, No. 3,
pp. 249-254, 1990.

(7) 234, &3F, "848 F ARy 2=l
g AAASF B A3 g7, FFELAES
3=, A12¢, A6Z, pp. 1-7, 1999.

[8) G. Hartwig, "Thermal expansion of fibre composites”,
Cryogenics, Vol. 28, No. 4, pp. 255-266, 1998.

(9) A. Kaufman, "Investigation of Strain Gages for
Use at Cryogenic Temperatures’, Experimental
Mechanics, Vol. 3, No. 8, pp. 177-183, 1963.

(10)BS 6888:1988, "Methods for Calibration of
Bonded Electrical Resistance Strain Gauges”,
1998.

(11JASTM E251-92, "Standard Test Methods for
Performance Characteristics of Metallic Bonded
Resistance Strain Gages”, 2009.

(12)JC. Ferrero, C. Marinari and E. Martino,
“Calibration systems for strain gauges to be
used at cryogenic temperatures’, Sensors and
Actuators A, Vol. 31, pp. 125-129, 1992.

A A =2 A

ol o (FrH)

1977d 29 244, 1999d ANEgd F
W SR 24, 2006d F e
AsTe BQEFHIAD, G @27
AAT 24 ABITE HYAT

o] FB(ZHE)

19733 29 2294, 1996 23g - 2o
ARFE&ZA =9, 20048 F Ut
A&Ages 2dFsaAD, dA4 @
Z/IAATYE BE AsITE MY
74

o] A - (ZEW)

19743 649 2894, 1999d &<t F
38t 29, 20019 #3714
g AixAFEs] EAEFIHAD,
A FEINAQATE 2E A5dFAa
daA 7

o ogh o S

A= F(B&30K)

19651 39 194, 1988 A&dl &
d AT 24, 199%5d F o4
ZIAZEE EAQ(F D, A =7
AT 4 Asd74 AL T4



