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Abstract

The apparent strain of temperature self-compensated strain gages at cryogenic temperature is
presented. By joining the international round robin test on elctrical strain gages at cryogenic
temperatures, apparent strain curves of up to the fourth order with respect to the temperature are
obtained with different strain gages and different materials. The liquid nitrogen and the liquid
helium are employed to get the cryogenic environment. The results can be effectively utilized to
determine the real strains by mechanical loading at cryogenic temperature. This paper also
describes the optimal selection of strain gages and test materials for the use of strain gages at
cryogenic temperature.

7 ~E#q]l A olx] (strain gage) olc}, A E&|Q]

L4 = AT AGete] ALoln BHE A A4S

Al Sum/m ojuWel o3tz HYdA HYEE

S04, AR 59 Fopoldd el ZHY 4 gent £z sl Yk AflE €
&= FHE #4L Aae] dFexa 7K =dded wE 4 &g 3A 97 wig] iy
olg} e = ./_':_E_F—ﬂ o] Aolxle AH&3le= AMFo| HE A=

olste) B ok Ao LEo|nh,
Mg #Aol Lol AE PolvpAl ek of 2
AH Aol dehdw, 5% 20K o|3he) Lxof
Ae Az BHYAE] AZY 4 9t WHE 2
ol7] WEol AA AYE B FAHT] L=
of web oW @ gre ZEA AR ok B,
AAY F2EL HFold 4 5 Rz rEe
7ol st 2HE oo olohRe WY
AaA 2337 Ashed bR de) zele AA

Ay, FEFATATY JFTH4ATA

A 8] 2x9 s LA ek 2
Ei‘% ol21g AALE AR ETR £x9
wist7h Alstd A gl R stFo| s A
fuigts F3e] wistsiAl Hn txo W wiE
of BAvE 2EHA A EHUET ZE7]
H &) & (apparent strain) && oA £ (thermal
output) oj ek dhch, olEjdt RH7) HYEL AE
o A7y HyY B 256 ag 2EHQ Aol
A g stz qldte] WAhgie,
237 Ay & e 2EH3 AR AF



1100 749
AL FAoz QATU0s Agsiel 2 AEdal
BEE! %cou “ge 217 MAsY B 9

Adtel A MHEE SHY

o BAste] A&

2 9deZ gk a2y 42K7Re ZAL4
A8 £ s B AHRE AEFHQ AolAlo] &l

AE T7K o]dleA+= 2B Wigxo Zho] w4
A gold FALAM WIPE FHA E 2AE
ke 4 gloh, FA A AEdQ Aol &
Aol deldEe o] 7V AP gront
ARy W5 4 Aget 24 AEHQ] AolAl
gste] HAE & gl AFAFAE BEHAA F
o},

FA oA x=Eaql AR EAE AA
7] 935l olelzlel ¥ F 7|9l IMGC (Istltuto
Metrologia “G.Colonnett”) & ZFAleo g A4 9
AEFE @3 dige] Adste =B 2H
(round robin) A1g®e] APz 3}, FuolA
= °1 Age] Feddle] £ ATEF FY3HHt =

= 2wl AYA e FF5EA 5L AAd F
8 £EH Aol ddl oeistx APz
o3 AFEARE AR FAHL FAdAY HES
Aol o] &H £ Q¥ AFY £EFQ] AelA, A
dAg, AAGAE, AdAA T4 AgzAE A
He Aotk o] EHE it £ ATdMe 7}
A dy ol IFFH é.Ef—‘ﬂQl Ao} A} — )=
Hottin-

UeL

i

_‘.&l)l

ofy

Micro-Measurement, & 2 Kyowa, 5 4

- A%

A

ger Baldwin Messtechnik — o] @3} H¥ 7] =¥
% 9 229 IAE A¥L Edo 42Ky
WIKAN ¢5 d9el4 Fach A4 A
L 2"l A A (AISI 316 LN), +2(Cu), 4%
alg(Al) ol 22+ AABEH AAALE o] &
dtod WAF o, a9 BE AL FA
HAAZR7)F(0OIML) F40) whe} =& 7)go] &

A =5 Syl

2. NEME % AMEEY

2.1 AJH
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-C1-163+ =< Hottinger Baldwin Messtechnik A}
& 6/350LC11/501w], z}7z}e] EAJ-2& Table 1o 1}

Table 1 Performance characteristics of strain gages used

Strain Gage MM Kyowa HBM
- Gage type MM-WK-09 KFL -5-350- 6/350LC11/5
250BG-350 Cl-16
+ Lot DU-K31FE08 Y002-001 ES33476/0B
- Gage 350Q +0.3% 350Q +0.6% 3501Q £0.35%
resistance
at 24°C

and 50% RH
- Gage factor

at 24C

and 509 RH
+ Gage factor

/temperature
+ Thermal

expansion

2.05%1%

(—1.4%0.2%)/100C
/100°C
16.2ppm/K

2.04£1% 2.19+19%
—0.02%/°C —310ppm/K
16.2ppm/K 10.8ppm/K
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STRAIN
INDICATOR

.

Fig. 1 3-wire half bridge circuit with active and
dummy strain gages

CTu A

Al

Fig. 2 Configuration of test plates with strain gages.
1, 2 and 3 represent strain gages and T repre-
sents temperature sensor

o 2/

Fig. 3 Experimental equipment of cryogenic test for
strain gages
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Fig. 4 Apparent stain vs. temperature for MM strain
gages. Insert shows magnified curves normal-
ized at 4.2 K
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Fig. 5 Apparent stain vs. temperature for Kyowa
strain gages. Insert shows magnified curves
normalized at 4.2 K
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Fig. 6 Apparent stain vs. temperature for HBM
strain gages

Aol 12 pm/mE Y= gt
B wie} ol £xsb Welzel @
2u7) HYEL AgHe Aol =}
3| ol waba I

o Fejrl 2A 28F2 vebdsh AAE MM
3} Kyowa 2eacl AolAg A%z &5 W
Zrol meb AR Wy go] FL3chrt 20K A
oA otk FAFHA F7lste Feoln, oHE 5t
A& HBM Aojzlel 7§52 Aolr 42K7H
€27h Wzl we 2er] Wy Ee AL Do
gt

MM>=} Kyowa &gl Alo]Ae 7% 20K
olstol A EhtE o} e WAL Axael A
olze} AFPHE ALHE AR A 7T
o, FALelA 7t de AHgEE 228 A
2+ Karmayt Karma#-Z(73% Ni+20% Cr+
Al+Fe)e g A== g er, ojzig AsgEs 20K

olstell A &E7} Wi 44-& A gho] HiE F7}
A ek, Aggte]l HA&sl He &
temperature) &} g9 Frhge F2 Ay w)
e 2459 ¥sof wtg Axs
effect) "2 4z Qlrh o]={ @ A=) A lAd
e 22y iygEe F357
o] 42K28 30Kn=e Az
Vel gieh AgolM AHEshe 2EdQ] AR 9
ZAgele oA Agol g dFE HA s
ZEE A 37 Hsle] dHAYS 10V A=
3 Aol MEolth e FHLoNA AET of
olE d#AgE 2A sH 2| 7bA (self heating)
%

7b o& et B AlgelANe JHALGE 1V 5V
5 AR SEn 2 AHE 2o Vel
MM} Kyowa ~E&Q]l #Ao]x|g] Lo A&
B 20K7AAAAN ZEr HYEL gHAYY
27 Hale] e Aeod velgort 20K o3t
AME 228l A FH FxE A¥d9
ANEol vk JdHAYY P 2 e ez
Vebgch =% dEALE 1VE A P& e
20K o|3foll4] £xo| Zhio] W Py WY
9} F7h7k AeAY FHu AP AHA A
glol 4 44T HE 2y, HBM xEegq
AlolA o] ZAGolle ZH7] HEY Fo] YUY 2
7loll 4k Whx] % Roz viebyith
YAt M2 A 7lde] 2xr] WY
vl A= @daE Fig. 77 8o ehiidcl 2=
42K~30KojjA] Fig. 7& MM £ e#gl Aol

ol

P 2

.
T Opas . -
(=3
=2
o -100}
= i
=
S _a00f
e l
&
o —300F
i=1
a
Q -400F o Stainless Steel
<= o Copper
bt *x  Aluminium
= -500[

TR T AR N RN B RS a

5 10 15 20 25 30
Temperature {K)

Fig. 7 Self-heating zero shift (ASs;-AS,y) vs. tem-

perature for MM strain gages
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Table 2 Apparent strain (AS) in xm/m expressed as a polynomial of temperature (T) in K. Least
square method is used for curve fitting

AS=Ag+ A T+A T + AT +A,T!

Strain | Test | Equa- | Input
gage | tion | plate [volt(V) A, A, A, A; A,
DB 1 —1.718E+3 5.479E+0 3.719E—2 —1.923E—4 2.385E—7
AISI | AB 1 1.841E+3 —7.081E+2 7.665E+1 —3.747TE+0 6.777E—2
AB 5 1.042E+3 —4.103E+2 4.564E+1 —2.291E+0 4.237E—2
DB 1 —2.005E+3 6.2713E+0 4.326E—2 —2,217E—4  2.756E—7
MM | Cu | AB 1 1.788E4+3 —6.803E+2 7.249E+1 —3.502E+0 6.285E—2
AB 5 1.306E+3 —4.909E+2 5.104E+1 —2.440E+0 4.363E—2
DB 1 —2.630E+3 5.480E+0 4.871IE—2 —1.810E—4 1.888E—7
Al AB 1 1.757E4+3  —6.685E+2  7.109E+1 —3.431E+0 6.154E—2
AB 5 1.243E4+3 —4.675E+2 4.845E4+1 —2.315E4+0 4.143E-2
DB 1 —5.060E+2 7.111IE+0  —2.415E-2 4.578E—5 —8.939E—8
AISI | AB 1 1.725E+3 —6.520E+2 6.859E+1  —3.290E+0 5.873E—2
AB 5 6.335E+2 —2.464E+2 2.687TE+1 —1.348E+0 2.504E—-2
DB 1 —8.078E4+2  6.954E+0 1.420E-3  —9.023E—5 1.246E—7
Kyowa| Cu AB 1 1.633E+3 —6.086E+2 6.252E+1 —2,952E+0 5.217E-2
AB 5 6.493E+2 —2.360E+2 2.271E+1 —1.061E4+0  1.902E-2
DB 1 —1.440E+3 6.044E4+0 8.233E—3  —5.462E~5  4.540E—8
AL | AB 1 1.636E+3 —~6.100E+2 6.273E+1 —2.964E+0 5,241E-2
AB 5 6.327E4+2 —2,298E+2 2.220E+1  —1.041E+0 1.874E-2
AISI | DA 1 —2.752E+3 3,763E+1 —2.893E—1 1.113E—3 —1.555E—6
HBM| Cu | DA 1 —3.085E+3  3.845E+1 —2,797E—1 1.061E—3 —1,478E—6
Al DA 1 —3.714E+3  3.83%E+1 —2.829E—-1 1.147E—3 ~—1.635E-—6

Equation DB : from 293 K to 20 K

Equation AB : from the temperature of liquid He to 20 K
Equation DA : from 293 K to the temperature of liguid He
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