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Fig. 1 Scanning electron microscope morphology of

K2 AR K

GP1 stainless steel powder Fig. 2 Powder size distribution for GP1 stainless steel powder
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Fig.3 Sample design dimension, sample photograph after moulding and schematic diagram of moulding process

(a) Cross section

(b) Longitudinal surface
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Fig. 4 Optical images of GP1 stainless steel processed by selective laser melting

(a) Cross section (b) Longitudinal surface
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Fig. 5 Electron backscattered diffraction images of GP1 stainless steel processed by selective laser melting

073101-3



539 4% 15 743 5 i i %7

12 XWHER
1.2.1 ¥ 4h 5 5250

K I HTM-5020 8 He fri) il i s P i s LA 8 SRt hr (i 52 36, &l 6 B o i ga WA A R R 20
PR A =, I #E VS A 0.1 mm/s~20 m/s, ASZE SR T 0.2, 2, 20, 200 mm/s, 2., 8,
12 m/s % 7 FPom s BE . B T IR AEAREE BEK 20 mm, 7 [5] 01 28 580 B2 T X 7 19 328 7 et 7 245 35 43 1] oy
102, 107", 10°, 10", 102, 4x10%, 6x10%s™'. [ 0.2, 2 mm/s 2R FH A B0 02845 A2 o, HEA 48 5 #%
TP s i . e R AR R T, d A MR 3 RS2, AR E S U0 BOHR O v 1 o 7 i Ry AR 2R
1072~107 s ZF T, R 2k o i s AL 1 %) e e Q0 g A SR AR SR W o 7 15 1o A8 S R RE, HTM-
5020 7=y PR IE AL AY FE F 2 7 75 B0 ST 0 g B R R AR 2 B K B ) 41R 7, AT 7 B
Wi S 56 235 SR A B o 1 L SR FH R SRR S 50 B A 305 67 B ORG WU I0E A8 R R B I o i 2 AR, B 7 BEOR .
TRRE RST BT I, ZEORIE R e 5 B B R FAm M B AR, (175 Je R B R 2 4b 5t A1 3 il U,
Wil J ) FH S0 S 415 B S N 114 10 7% 7T LA A el s P A i B A 30 I o URE s B B 7 A2 ) SR FH U R A
RN A B g A U e R AR e

g
High speed damera

Kl 6 HTM-5020 bt i b EHK I L | 1R e H R 1 B 1A
Fig. 6 HTM-5020 high-speed machine, sample fixture, and speckle image of specimen
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Fig. 7 Position of strain gauge pasted on GP1 stainless steel
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Fig. 10 Velocity profiles at different strain rates
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Fig. 11 Force profiles at different strain rates
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Fig. 12 Strain distributions of GP1 stainless sample at different times (strain rate is 1072 s™")
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Fig. 14 Electron backscattered diffraction characterizations of volume fraction for austenite and martensite in GP1 stainless steel

(yellow represents austenite, red represents martensite)
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Fig. 15 Yield stress variation of GP1 stainless steel Fig. 16 Free-surface velocity profiles of GP1 stainless steel
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1
o, = zpchu (3)

K o, R R RREE; p 7 GP1ARGEHAYE L, 7 800 kg/m’; ¢, AT KHAYIR R P, 5 700 m/s; H
Au g R T E R B R AE S 65 5 50 — YOOI B T B e/ MELZ 25 . TR R LR 1, R R F)
GP1 AN B 14 J2= 240 B2 I 438 ol ) R T s A /D 8 2 0/

®1 —HENEFPREGTIRER

Table 1 Results of one-dimensional strain plane impact test

TR WIAGEE (m-s™) Au/(m-s™) Oy /GPa 0,/GPa 0/GPa
1 250 176.23 1.78 1.01 3.91
2 270 174.97 1.79 1.02 3.88
3 350 169.99 1.85 1.05 3.76

2.3 EREAFHITIE
23.1 ¥ dhfaAd iy Z g

FI L BB A VHX-1000 8 5% O W58 A & S 4948 v B v Sl b A T B 4 0 18 GP1 AN B AN
FE BT ST AR A S BT o 1 17 5 TSR] A ST Y R BB 11 2 WDl = 4k A TR 45 SEM. I
OB . TEMERAT (1077 871 ARy P10 5 500 7 07 ) 29 1 45°, 30 3¢ W1 I 24 A XU 8y DI BT 24, i AL
Wr 1 SEM 0B 3 i Rl LU L0 8 10 A A 2 B /ND s, AR /NS T LR — SR AR/ INEY LI, 90 s HE S O

(a) At the strain rate of 1072s™

(b) At the strain rate of 10 s

(b) At the strain rate of 10 s!

B 17 AR AERT GP1 AN R 2 KT O LA SO 5

Fig. 17 Macro-fracture and micro-morphology of GP1 stainless steel at different strain rates
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Fig. 18 Spall profiles at different initial velocities
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Fig. 19 Microscopic metallographic phase of initial spallation
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Fig. 20 Micrographs of ductile fractures in GP1 stainless steel spallation
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Dynamic tensile behavior and spall fracture of GP1 stainless steel
processed by selective laser melting

SHI Tongya, LIU Dongsheng, CHEN Wei, XIE Puchu, WANG Xiaofeng, WANG Yonggang
(Key Laboratory of Impact and Safety Engineering, Ningbo University, Ministry of Education,
Ningbo 315211, Zhejiang, China)

Abstract: Samples for uniaxial tension and spallation experiments of GP1 stainless steel were produced by
selective laser melting (SLM). The microstructure of SLM GP1 was characterized by using the optical
metallography and electron-backscatter diffraction (EBSD). The tensile mechanical behavior of SLM GP1 as
a function of strain rate was studied by using a Zwick-HTM5020 high-speed tensile testing machine and the
digital image correlation (DIC) full-field strain measurement method. Significant austenite-to-martensite
phase transformation was observed during tensile loading with accompanied plastic strain hardening. Yield
stress increases exponentially with strain rate, but at high strain rates (40 and 600 s™'), the yield stress rapidly
increases, while the fracture strain decreases significantly. The spallation response of SLM GP1 was
investigated by using plate impact experiments. Based on the free-surface particle velocity profiles measured
by a displacement interferometer system for any reflector (DISAR), the spall strength of SLM GP1 was
found to decrease with increasing flyer impact velocity. Fractography revealed the variation of the fracture
mode and fracture mechanism of SLM GP1 as a function of strain rate. Damage nucleates easily at the
intersection of the laser melting pool boundary line and grows along the laser pool boundary line. Fracture
dimple morphology of the spalled samples is obviously different from that of the samples under the uniaxial
tensile loading.
Keywords: SLM GP1 stainless steel; uniaxial tension; strain rate; spallation
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