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Thermomechanical Characteristics for Structural Material of Supersonic Vehicle

4 58 ol 7] #* o 3 &8°

Kim, Jong-Hwan Lee, Kee-Bhum Lee, Kuong-Yong

ABSTRACT

The thermomechanical characteristics were evaluated for 17-4PH stainless steel widely used in
supersonic airframe subjected to both aerodynamic loading and heating. The thermomechanical tests were
conducted under both elevated temperature and rapid heating condition from 1TC/sec to 28C/sec. The
thermomechanical behaviors under rapid heating were compared with those of elevated temperature after
1/2 hour exposure in terms of yield stress to investigate the influence of heating rates. A heating
rate-yield temperature parameter was suggested for rapid heating based on time-temperature parameters,
and master yield stress curve was obtained by using these parameters. The experimental results and
methodology from this study can be used as basic engineering data when designing supersonic vehicle
structures subjected to aerodynamic loading and severe heating environment.
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[Z&l 1] Example of strain-temperature curve under
rapid heating
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[E 1] Chemical composition of 17-4PH stainless
steel(%)

C Cr | Cu| Mn| Mo | No | Ni P S Si Fe

0.0416] 1553 | 3435 | 0.54 [0.0994| 0.34 | 42 }0.0199]0.0027| 0.589 | Bal.
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[3# 2] Dimension of thermomechanical test
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(28 3] Schematic diagram of tensile testing
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test under rapid heating
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[Z 2] Tensile properties of 17-4PH stainless steel
at elevated temperature

Properties
Temperature | Utimate Yield Elastic
() strength | strength | modulus
(MPa) (MPa) (GPa)
25 1,232 1,232 204.7
200 1,077 1,068 1905
400 950 907 167.8
500 773 739 1504
600 528 495 1202
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= 1000 o
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§ 800}_ . B
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[328 5] VYield strength of 17-4PH stainless steel at
various temperatures
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[2% 6] Elastic modulus of 17-4PH stainless steel

at various temperatures
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[23 7] Stress-strain curves for 17-4PH stainless
steel at elevated temperatures
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[2% 8] Displacement and temperature-time curves
of 17-4PH stainless steel under rapid
heating
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[2& 11] Tensile yield stress for rapid heating and
elevated temperature(1/2 hour exposure)
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[23 12] Master vyield stress curves for rapid
heating using heating rate-yield
temperature parameter(S parameter)
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[33 13] Master vyield stress curves for rapid

heating using a new heating rate-yield
temperature parameter(K parameter)
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[Z 3] Master vield stress results using heating
rate-yield temperature parameters

Heating| ~ Yield Equation(7) | Equation(8) Pre-
rate | temperature| " 1o ) (Mpa) | Stress
(Clsec)|  (T) (MPa)
282 713 3437 3529
82 670 364.7 360.5 370
16 623 358.6 360.9
25.1 600 615.4 627.2
79 572 613.2 616.1 616
16 532 613.1 615.6
24.1 469 858.1 861.2
7.6 452 851.5 847.7 863
16 417 859.8 851.4
159 169 1,108.9 1,108.5
45 155 1,1099 11095 {1,109
16 130 1,1105 11146
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[ 4] Comparison results of vyield strength for
rapid heating and elevated temperature(1/2
hour exposure)

: Percent of
Equation(7) .

(MPa) Yield stress| Vield stress

Temperature (12 hour | for elevated

(T) exposure) | lemperature
Yield stress | Yield stress|  (MPa) (10 o0
{10C/sec) | (0T/sec) sed) | Tleeg)
200 1,101 1,103 1,068 1031 | 1033
40 936 %0 %07 1032 | 1047
600 562 603 495 1135 | 1218

. Percent of

Equation(8) -

(MPa) Yield stress| Yield stress

Temperature (12 hour | for elevated

(C) exposure) | temperalure
Yield stress | Yield stress|  (MPa) (10 o0
(10C/sec) | (20C/sec) Chsed) | Cleed)
200 1,0% 1,008 1,068 1025 | 1028
400 929 946 907 1024 | 1043
600 565 612 4% 1141 | 1236
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