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Progress on research and application of strain alloys resistant to high temperature
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Abstract: The resistance strain gauge, a testing unit that converts the strain of the tested component into a
change in resistance, is an effective tool for the strain analysis in engine turbine blades. The grid sensing
material is a key to the resistance strain gauge. With an increase in the thrust-to-weight ratio of engine, the
temperature in front of the turbine is getting higher and higher, it is, therefore, necessary to increase the
working temperature of grid sensing material as well. The current development status of strain material
resistant to high temperature was reviewed in this paper with a focus on the composition design,
microstructure and properties, working temperature and other characteristics of precious metal-based alloys
such as palladium-based and platinum-based alloys. PtWReNiCr(Y) has been successfully applied to the
dynamic strain testing at 1000 °C, PtRhWZr(Y) can be used at 1138 °C, PtRhMoWZr(Y) is expected to be
suitable even at 1150 °C, a working temperature about 350 °C higher than that achived by the traditional Pt-
8W. Finally, the research status of metal oxide strain gauges which can work at higher temperatures was
introduced.
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Fig.1 Schematic diagram of a resistance strain gauge
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Fig.2 Resistance characteristics of Pd-Cr alloy
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Fig.3 Resistance of Pd-13Cr at different temperatures
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Fig.5 Effect of W content in Pt-W on the oxidation rate

1 Pt-8W A& HERERY
Tab.1 Properties of Pt-8W alloy

R K TCR
WL /(10°%/°C) ARR “
1963-1966, Bertodo 246 0 3.7
1963, Easterling 216 0 4.45
1963-1964, Redfern 300 1% /
1964, Maddocks 300 /
1965, Sidhu 324 0.5% ~4
1966, McCalvery 325 / ~4
1967, Grindrod 248 0 3.4
1973, KIPM 220 0~700 °C, Zk¥: 3.7
1975, KIPM 190 0~700 °C, £kt 4.2

Pt-W & & MIVERE AR K : &0t M #Vb B T2
Ji Pt-W £ 4 1 L BB R 804(300~500)%1079/°C,
MATRFRAKIE T 25, HHEE RN TE
) 267x1076/°CFEK 2B KA T 190x1076/°C, HLBH
AR RS R 4200058 1), R iZ455E T 280 L
PE i P-W & MLk R A 25 A A 1

2% [E HITEC A Fl{RIER PW A S22 508
AR B e e o AR A 21 1900°F(1038 °C), {H Bl
MBS Bty  RIASTHHIE T 28 A AHRGE .
SRR EE R BRAE R Rk 1) 7 55 )2 8o
NASHRIEE R, 7500 PEW £ G40 22 F v L T P R
i 28 P26 PEE FEIE 800 °CLATR, IR HHIE 800 °CHA
G FM AR T P ST R R, AR R
ik HELE 55, ANHEH A 800 °C LA L i F A skl
A NARI B R ESR, NI R H T 2 MR A PtW

ZILEE-

2.3 HEBRERT

1970 EACE 1, KIPM EALE ., fffEgRagnRe2)
XS G S U AT T KRBT . S A4S
FIRINE =R E SR T IRE S &ML E TR,
Wt E s . IR BB E R R
i FL BEL P AR P 2R 2R PR X () 55 . K4 Hume-
Rothery SE, EHET1E. WG BAMEMAL
(-G S0 ER DAME Y iR e I AR A AR, Jisd
FLie. ik 7 VIB~VIIHFFIeE, KA HHR
rHET Pt UJCER Res Niv Cr & o R AE. H
1 Re fE NG & IGER, W RMES &S RIPIREE .
PErm PR . BRK AR PH IR R0 Ni v] LA o [
SERALIRCR s Cr MIFGEoa s Y WAL AR kL, 325
SEFE, T H Cry Y &0 DRSS AL I 7R SRR T
FREUE AL, SR N R — P A Ak, W
il HE R AR BRI A B PtWRe . PtWReNi. PtWReCr.
PtWReCrY FlIfMLE PINiCr. PINiCrY Al PtIrNiCrY,
PERE LK 2.

% 2 PEW R B SRR

Tab.2 High-temperature resistance strain of Pt-W series

GeY 7l T?S/ K  Rw/MPa
(nQ-cm) (10°%/°C)
Pt-8W 58 190  3.7-42 930
Pt-8.5W 62 185  3.7~42 980
Pt-9.5W 76 170 3.5 1330
Pt-45Pd-10Mo 86 130 25 820
Pt-7.5W-5.5Re 82 113 32 1340
Pt-8.5W-5Re-2Ni 77 171 32 1320
Pt-8W-4Re-2Ni-0.5Cr  80.3 142 32 1410
Pt-8W-4Re-2Ni-1Cr-0.2Y 73 160 32 1030
Pt-10W-3Re-2Ni-1Cr-
83 150 32 890
02Y
Pt-2Ni-1Cr 29 1000 / 420
Pt-2Ni-1Cr-0.2Y 29 977 / 420
Pt-20Ir-1Ni-1Cr-0.2Y 42 508 / /

2.3.1 H2EMERE
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8.5W #£ 700 °C. 120 min P4 HiLFHIZERS (R—Ro)/R TR-FF
£ 0.05 LA, {H7E 800 °CIRE T, Bl bess i u) 4
I, FRH RS A 1 SR O, 120 min IS HLBH
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Fig.6 Resistance drift of several Pt based alloys
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Fig.8 Element distribution of Pt-W-Re-Ni-Cr alloys
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Fig.11 Resistance of Pt-based alloys at different temperatures
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SEA IR N AR TR & T2, BUBH R RE S
TP U N AR B SR, BB N AR 2 225 KR
WEE. TARIREE N 2/Dkess 30 min JG FIPTRLRE
HLBH AR AR L o el i (R BRI 22 A4 A et 0™ E
Al WEBTITE B . LI T R S 2R R vy i F BEL N
A5 4545 (FeCrAl. Pt-8W . PtWReNiCr. Pt(RhWReZrY .
PtRhMoW)ZZ 1 iR e di v fg: E4% 0.03 mm )
2y M SAE NI Bl , FE RS 1150°Ckesh 30
min, GE4EJE PR L ILER 3.

ML 3 SR ATLUE M, 1ERNE NN,
FeCrAl. PtWReNiCr i& B £ 1000 °CLL T i FEEH,
PtW8 K84t J5 58 fE R, PIRhWZrY . PtRhMoW %%
4 S PR R E KT 650MPa, FJ AT 1150 °CHY3h
A PRI

£ 3 UM RENR SRR RIS
Tab.3 Comparison in the high temperature sinterability among

several resistance strain alloys

HGELW B4l 5 IRES
FeCrAl K, M 5ERE, B G
Pt-8W K, BB <250 MPa
PtWReNiCr YR AN i
PtRhWReZrY K, PLBRLEEE 650~690 MPa
PtRhMoW K, PihiiEfE 705~732 MPa

& 14 & PtRhMoW 7£ 1150°C. K Hkess 30
min B J5 B3 # 2,  14(a) ABa s il B hi e ih 22,
TR IR N 1657~1667 MPa; 8] 14(b) ka4t 5 Bd:
2, PrdvsmfE T EE] 705~732 MPa, ZEHZR M
3%3E N E] 10%, HERH T 1150 °CHIZh A NN .
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Fig.14 Tensile curve of PtRhMoW before (a) and after (b) sintering

3 4iE5R#E

B LS KB R R, R BNHLHE B LR R
K, WEEHHT, KINPHESIHEK 10%, HHTTEE
T m 100 °CAita,  H i P AMIRE & ShHLiR
AN & 1500 °CLAL, JREH F B9 TAERE &
HEIE 1150 °C, A BRI ERECI Fr B RAR ) HLBE
AR T A i Rk s, (H2, 7E 1150 °CRA |
MR E G &R NAR T TAERE T WA, &
BRI B RN m iR N AR

Gregoryl738URiE | — PR IR T, KA bR
By BRI b £ R AR T, A T
RN AR TS R E ATk 1100 °CLA L, B4R HIER
ARG HERE T LU 2] 1280 °CBY, S 4EREALY
(W ITO. AL-ITO). ZEALHI(Un AIN. TaN 25)F &M
I Z B NATTRICTER, BEE M RLR A T 2 H AR
MR, Rl SRR ) DA K B AR B K A o
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