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Abstract Dynamic compression tests with a high strain rate (1000—4200 s ') were carried out on the as-deposited
and heat-treated samples of AerMetl00 ultrahigh strength steel fabricated by laser additive manufacturing using a
split Hopkinson pressure bar (SHPB), and the microstructures and impact fractures of the samples were observed.
The results show that the strain rate sensitivity of the AerMetl00 steel samples fabricated by laser additive
manufacturing is high, and the strain rate hardening effect of the material is obvious. Heat treatment can improve
the dynamic impact performance of the laser additive manufactured AerMet100 steel. After solid solution treatment
at 885 °C for 1 h, oil quenching, cryogenic treatment at —73 ‘C for 1 h, and tempering at 482 °C for 5 h, the
AerMet100 ultrahigh strength steel samples fabricated by laser additive manufacturing show the optimal
combination of strength and toughness and an excellent dynamic impact performance. When the tempering
temperature increases to 494 ‘C, the dynamic compression strength of the samples decreases.
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Table 1 Chemical composition of laser additive manufactured AerMet100 steel as-deposited plate

Element C Co Ni

Cr Mo Si Mn Fe

Mass [raction /% 0.23 13.50 11. 26

3.00 1.25 0.022 <20. 005 Bal.
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Table 2 Heat treatment process of laser additive manufactured AerMet100 ultra-high strength steel

Sample Heat treatment process

AD

HT-1 885 C X1 h, oil quenching+ (—196 C) X2 h+482 °C X5 h, air cooling
HT-2 885 C X1 h. oil quenching+ (—73 ‘C) X1 h+482 °C X5 h, air cooling
HT-3 885 C X1 h. oil quenching+ (—73 C) X1 h+494 °C X5 h, air cooling

X UTRR S A A F S AerMet100 #8 7 o B 4N
AR UEAT 2 TR S S B0 2 R 4 DU o S R 4R
R AE RS HIAE 0. 01 s B2 TR 4 03 10 28 = 44 1
TE 1000 ~ 4200 s ' 35 B 9. W0 i BE 28 R
@4 mm >4 mm B EAREE, FE 45 320 O 47
TR . shA R a0 R 4 8 X 4 AR E
FRAEE R RERME 1R, WEEAE T A S

5B ST Z 8] 55 DL — S B o AT A
ST PN A T 406 DK s — IS T 44 5 ok v 5 i K
FEAL BN IE AT b T2 Bz 5 5 T 3 — 8 e 4 U5 9
B T BCRCS  F LA e S AR RN L
A o B Ak B AR A L 2 O LA S L T S = R
TR . f o AR A — 2 R g 9 S T 5 3 25 00
TI-BAE KA

7 7 incident bar sample  transmission bar absorbing bar
/ \ /
i = = A |

strain gauges

I dynamic strain indicator I

I data processing system I

Bl o B U 4 A R T 5 B s R
Fig. 1 Sketch of split Hopkinson pressure bar device

SR R I B AL i 46 3R A4 180 A R v vh
L IIF K A I S B A SR . R LR
T 28 60 # ~ 2000 # 7K JB #b AU AT 5 I #E 4T LK
Ot AR R R 1 pm & R A%, 3K
FERE G 2 3% 1 JE W W X 2 S TSR R 406 il R
i TR I Y i TR A AR R B8R 4 00D JE AT T ol
JE ey 30 s JG K Z b vk e R TR . R
JH LEICA 4000 S5 2 % (OM) [ JSM 6010 #54T
22T S (SEMD #E 47 41 21 52, wp ik b

F O IE 3R FH TSM 6010 #8347 22 148 L - 8
o EE— ,

2 B A AerMet100 B YT AR AR RE 1 B AL 2,

3(a) HUTFRE AerMet100 B SR EF S
FE 48 N -0 AR jh 28, vl DL & B, AR N D B e b A

LT SR
3 AR Ko

3.1 R AE R R AR A B E AerMet100
BEREE WA E NG

2 N 38 b ) 1 AerMet100 8 7 5 JiE 49

DU B AL, DRV SR A B M 41

F B A ARCIR DL IR AR (B LV 5 4 A i Bk gk

FIE(GBA) | fis N BRI B R AR (PF) LU e — &

TR IR A WG,

(a) X1000;(b) X2000
Fig. 2 Microstructures of deposited AerMet100 steel by laser additive manufacturing. (a) X1000; (b) X 2000

R0 B | MR S W el el o A 93 R &SI 4
e B 7 8 o e 28 AR ARG o AR A o e A T 4

1102003-3



i b

i1 fe KR FE 29 1450 MPa,

FE 1000~4200 s ' [ 3l 4 He 45 0 32k 1 AR 2R3
FEL P 36 B 4 A AN [R]85 8 Xof 1o 1 o7 g - g A% i 2 i
X b 5 R 2B, DL 1100 s (il 0 A8 R AT
Bl A R 48 B R 0 AR B g TR RE ALE A
W B i 107 A% 1) o i R B K, 22 2R L Gk
FEEE B T PE. e RSN AN, 5
S TR 46 AR B B 2 U RE R B T Y
AR RO R IR RN T 38 A A B B
0Nt S A G VA (S IP 3 i =) | = A VAR 9 N
1100 s~ " BENA] 4100 s~ AR AR A A KL X

1500 [ (a)
]
2
5 10001
g
%
%]
g 500f
=
— 0.01s*!
O n n " "
0 02 04 06 08 10

True strain

Wi WY 2 4 0 A8 A [A] — it g, 0 AR S IR
(5 A R0 AN B B, Y R 4 0 AR R 3100 s
B, RS U AR W B 1 N ) I A I AR Sk Y 1 0 S
G G, 31X = B R AE B AR TR ) N AR
FRAE & 86 5, B G A2 TP Sk 1 O, IR P
8 77 R0, Bk B FAER AL A P 4 5 > B AR
R i 5t A VR s 320 9 30 A8 18 g 8 3% 7 /DN
MR AR R B F] 4100 s 1, MR A2 B e
AT R S IR L Y 5 M B R 25, JR) 3 X 3
AR AN R S BB A D
LR R MR FR W AL,

2500

()

Do
S
S
S

1500 [

1000

True stress /MPa

500

—v—4100 s

0 1 1 L
0 0.08 016 024 032 040
True starin

3 PUARZS IR i TR 48 O 1 - P A8 W 2k o Ca) YT R 0 - BT 748 Bl 2k 5 () Bl 285 7 g - oz 4% 2%

Fig. 3 Compressive stress-strain curves of as-deposited specimens.

(a) Quasi static stress-strain curve; (b) dynamic stress-strain curves
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Fig. 4 Microstructures of as-deposited specimens. (a) Uncompression; (b) compression strain rate of 4100 s ',

X1000; (c) compression strain rate of 4100 s, X5000
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Fig. 7 Microstructures of HT-3 specimens. (a) Uncompression, X2000; (b) uncompression, X5000;

(¢) compression strain rate of 4200 s 1, X2000; (d) compression strain rate of 4200 s ', X5000

2500} (@)
= ;. e %
2 1500 o
) . ™™
B e &
o 1000 w -
g D *
E‘ L]
—*—HT-1
500 —a—HT-2 “
v HT-3
0 1 1 1 1 1
0 008 016 024 032 040

True strain

800
700

(®)

YA RN

%
57 7
7

(V)]
z 2
[
:

energy/(J-cm?)
g 5
o O
N
\

Shock absorption
[\ IV

(=
(=]
T

2

7
7

—

(=

S
T

(=]

AD  HI-l HT-2  HI-3
Sample

B8 WOt HIE AerMet100 9 ) H Ak BRI 25148 1) 3l 25 v ofs W7 4 4 i
(RPAEFRLYHy 4000 s~ 1) o () B F-NEAB M1 28 5 (b) oy W Wi g

Fig. 8 Dynamic impact fracture performance of laser additive manufactured AerMet100 steel in different heat
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Fig. 9 Dynamic impact fracture morphology of as-deposited specimen. (a) Macro morphology;

(b) elongate dimples in parabolic shape; (c) flat area
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