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Effect of interlayer temperature on the forming, microstructure and mechanical
properties of 2Cr13 stainless steel thin-walled parts
by CMT arc additive manufacturing

Li Jingyong, Li Chaoran, Xu Yulang, Qian Peng
(Advanced Welding Technology Provincial Key Laboratory, Jiangsu University of Science and Technology, Zhenjiang 212003, Jiangsu, China)

Abstract: In this paper, single-pass multi-layer thin-walled specimens of 2Cr13 martensitic stainless steel were fabricated by arc wire additive
manufacturing system with cold metal transition (Cold metal transfer, CMT) technology. The effects of different interlayer temperatures (100
°C, 150 °C and 200 °C) on the surface forming, microstructure evolution and mechanical properties of thin-walled specimens were studied. The
results showed that higher interlayer temperature would increase the overall temperature of the forming parts, worsen the heat dissipation,
increase the existence time of the molten pool ,enhance the fluidity of the molten metal, and ultimately result in the deterioration or even
collapse of the surface of the forming parts. Due to the repeated heating and cooling process, the middle part microstructure of the forming parts
were mainly composed of extremely slender lath martensite, accompanied by a small amount of ferrite and carbides precipitated along the
ferrite grain boundary. Near the remelting zone, due to the thermal action of the molten pool, the martensite structure would be overheated and
undergone phase transformation to form dense ferrite. With the decrease of interlayer temperature, the grain size of the forming parts was
smaller and the distribution was more uniform. In addition, the dispersed carbides on the ferrite grain boundary hindered the dislocation
movement. The combined action of the two mentioned above made the microhardness and tensile strength increase with the decrease of
interlayer temperature, and the elongation of the tensile specimen was also enhanced at the same time. The tensile fracture forms were all
ductile fracture, with the decreasing of interlayer temperature, the fracture size became larger and larger, and the dimple became deeper and

deeper in the same sampling direction.

rfE B H#A: 2022-06-08

2024 FE 2 13 43


https://doi.org/10.12073/j.hj.20220608001
https://doi.org/10.12073/j.hj.20220608001
https://doi.org/10.12073/j.hj.20220608001

13 75 1B RIS SR

Key words: arc additive manufacturing, 2Cr13 martensitic stainless steel, interlayer temperature, microstructure and properties

0 [E V-

AU

i

18 k4 il 1 ( Additive manufacturing, AM) £ R J& i
i A ML B i 1T (CAD) F B i it = 4egi &l {f H]
IR ok, “ B Fm L& 2 R Bl = 48 5k 4
PRV o, 4 b 1 A B e ()R R R 5
DIRZ G N R, fEE SR g B, Y

JZ ) B o v I, A — 2 HEARZ A PR AN

25wt HERBUZ B IRIZT L Y SR AR
G0 )R] 45 R R R R M R B AR AR Y
SRR, HE 5 2 OB A RS CRUIE 3 2 5
2 I RCRAE) L AN J) 40 A B T8 | oW
SURRAE A8 K 72 PEREAEC 0 BELL, eI A7 1 1
A FGT FRAF 5T B 4N 2 AT 2 R B A i

Lei 25243 " B 9T T R[] 2 6] 45 B4 1 1) T R 93
A B B (520 A 14 %) T 5 A Ak R DA 0 3k B A AR Ak
LA & B Rl J2 0] 455 B3 B ) (4 38 i, w ) i Ah J
b 1 B R IR BE B BN B — 2 A 5 IO 2 5 i e /D, T
WEE )2 E B T2 Bl k. w0 E S E X2
) 52 B2 I5F 6] 43 914 30's, 120's, 210's, 300 s [ 25 25
)2 2Cr13 YL 15 )2 MR 35 FI R 1 itk A7
TR, 25 Il 2 A K R] 45 R ) (R AT AR
UURRZE N B e 2 (0 3R A B 1, AR A AE L A0, 2
6] 45 B3 BF (] 7E 120 ~ 210 s Z [ 88 R Al o HRA 452
FHUHE CMT HL IR A1 1 3 57 75 4 A 4 0 95 R B
AN TR) 1 J2 T 3 38 6 PR A i 14 T 300 R0 R R s 1 T

BAEBRFZW . FEATRZ B R D> T RABE,
PET& TV H B, — YRR i TR] R A OB A S
A TN

2Cr13 Ty [CIR A SN B A ik L = B0 i 559
T2 J65 b S5 R, ) N IR AR ALEE Tk AL O
B A E | SIS | K AL RS T R
R R T e I A s o AR B T 2 AR
TR R E A, TF IR H PGS B P il iR i LK,
H 2 BT X5 3% B R G B AT BIF 52 AN A o AS [ 45 B st (]
I U0 )2 3 R A v B i 1 3R BUAS BB R IE AH W] )2
() 457 B4 B ] P 2 A ) 1 A B IR B AR o % SCR A
CMT H 8 A1 7 AR 58 i 2Cr13 5 [CAR AN S5 89 il £
V2 T RE ) i R O i — 2D R S AN [ 2 () I R X
THEBE {1 22 LRI, (HOWE 20 2R 1 24 1k B B2 i)

1 RBE& MHHREAR

IR B0 A B R

50 R Y I A ] & & 4 FRONIUS
CMT #EHL5 ABB 7S #ll Tk MLAF N Ao ik 56 328 i
¢1.2 mm Y H2Cr13 NEF NI 22 . FEMCR LIRS
M 2Cr13 & 48, )] 5F 8 200 mm x 180 mm x 15 mm,
K 22 5 FL AR B Ak 2 1 A L 3% 1, SR F2 2 ) 24 e
W% 2, R — o B, 2 H 97.5% @A
2.5% AR A B TR A SR S PR S, I AR
PR 20 L/min, KA 0°, FE Ak 2 5 HL g R

B 15 mm.

1.1

F1 Ba5EHENEERS (REHE, %)
iy C Si Mn S P Ni Cr Fe
Jies 0.31 0.44 0.46 0.005 0.013 0.05 12.66 A
FA 0.19 0.46 0.44 0.010 0.001 1 0.25 13.11 i
F2 EWRFENFERE
PRI R,/ MPa JERSRSE R,/ MPa WijE KR A(%) WA R Z(%) BRI Agy/T i H/HB
=635 =440 =20 =50 =63 >192
1.2 WAL TE AR URE T BRI an 18] 1 Pz o 48 i) b s g oz

B8 8 A i 3 o R R 22 R, 1l R A S
IO p TR R, % BE R IR AT AL, AR
IARSE « ]I il B2 WUAE R4 B 2Cr13 FLZ A

44 2024 £ % 2 #f

T TR 3 R IBCH) G A 1 6 2 MO A, B0 AN [ U M)
JEBEATBIEFT, J2= 18] it J5E 8 ik 4 fioh 2 Al A 00 R A
KM CMTH+P BT, # M8 “F LA E " 89 Z 2 i Ae



Attstive Manafoctuncng SETENEEI 04 25

N

f—

—
—
0 —

_

(a) il i
g B
||
j][:l::l: l"""l S
a =4
A
)
— 15
10) X
(b) BOREFNIR A B (c) e Rt

BT AR BRIy B S R 7R A

(Kl 1(a) #4700 . B TR AR 201k, WERE(F %
HIZ 100 °C LLF P46 % g i (] a4, BRI 2 DR
B J2 B R 356 5 SR 100 °C, 150 °C A1 200 °C F # 2Cr13
HE Z )7 AN A

(a) 100 C

(b) 150 C

SR JH R V)8 R U T 22 J2 0 B IR 1 v B
1] 43 BIFE S (FE 25 0 3 mm) . B (R 25 35H% 50 mm)
g TS H 3 4~ R F 2 9 mm x 9 mm x 5 mm A8 4 A
R, BURE/R A 1(b) Fiom . 3 FHZESIH770] (5 mL
HCI+1 g ¥R AR +100 mL 95% 215 ) 1 Sy 4 A1 Ji h
RE 1% AR 17 . 5 % 1 4 AR EURE PP Y S EC AR R AL )
G AR i £ 52 =2 5 SR 4 4 B s (OMD), X it
AT AL (XRD), 948 FL 52 (SEM) X A 4 8 i A 7
WS o T Ve RE v B O ) op ) R X 15 ~ 17 2,
TP 0.25 mm B0 3 5 SR AT S AR 3, T A A
WE 1(b) Bros o T RE BB 1 R8N, Je ik il
Wb B AR 3R, B0 50 2R AR FRIURE, o T 2 i
50 1) TR B 1, A R RE A2 v S R DX R 1) AN 1)
S4B 3 AR AR UEAT I, BOCH B P A B S 24, B
FEAT B R PR R Ean & 1(b) ATEL 1(c) Fs .

2 #R5iTie

2.1 JZ A E X 7 WAL B 52 i)

AN [R] 2 ) 3 B L 22 2 R R 25 WO 4 n /] 2
fi7s o ANl 2(a). & 2(b) 7, )2 8] 36 #E 100 °C Al
150 °C B BB A DT FRZ R -2, BUR (440 2R i 4 )2
A 5 L2k 3 S i, DR RS I e O R )2 3 T IR AR

B2 AN[E] RIS R A

e RS A, S b R B R AT, S5 WU S50 i
DURRZ R TH P T AR 48— o 2[R B 200 C
F ST A 0 T 4 )2 AE X B S, L R S i
AP RS, BUB SR — i, anlEl 2(c) iR . 42 ]
T BE T 28 250 °C B, IR 4400 TR 4 )i Y6k R 10 5 ™
i, R MY AR IRZE, W 2(d) Fn. st
XT L & 302 TR 5% B I R 5 AT B, 2 T B B fm 36 0L

T2 )R B AN TR], B2 T 3G, B A
BE () B RS 3 i ), (&1 3 i, il 2 )2 %
T A B SR 22 S 24 8 B 55 2 (] L B 52 10 AH OG, T TR
55 )2 0] I B AR A G o 3k PR Ry a6 0o R % 22

() 200 C (d) 250 <C
2.8 10.6
PR
2.76
ey 10.51
=] 2.72
£ 10.39 |
£27 2 681 10.4 c
ki g
i <
é{ 10.24 Eg
i 2.6 2.59 102~
piis
10.1
25 10.0
100 150 200 250

J= R 7/°C
K3 NI ZERE B 2 2 O8RS

2024 FE 2 13 45



13 75 1B RIS SR

At Ao

A, AL R TR A R . B JZ AR
JEH 4 5, DURRUR M BRGR DL A 22, S BU7EEAT T —
JZ DURR IS JSCHE A7 2 ThI il B2 w85 , (8 45 T AR I B4 06 1t 4k
Tl RS, o M A7 A I TR AR I, e il < i 1) 3 Bl
Y5, I 10 TUAR DT ) 0 P IR 8, e 45 3 Jm A R
B2 0070 BT, SERESE N LA, i O
(1 <2 JaR oA FUE A TR0 2 T P47 S 0 2 i A A
I S SO RS, I D0 ™ 0 22 5 A = A
T L = 3R B

2.2 (A1 EE X SO ZH 2B 52 )
221 WAL e

HR A 2.1 55 rhn] 41, )2 [E] 3 BE S 250 °C ), G RE
B A 7 W 35 25, TR G J 282 O 21 21 % g 2
4 58 1Y 43 A1 AF 5 ASLEE X 2 8] IR BE 100 °C, 150 °C Al
200 °C I . K 4 OB R ER g X (3R 15 )2)
HAR 0 XA o4 21, IR 4T LB
AN TR] 2 0] 3 B TOUL A 24 BT A8 €5 17 222 HROR HE
G AR 2% 5 COAA, T H: rh (1 Btk 09 XSO 2R R A

o
(b) 150 C

(¢) 200 C

Kl 4 TR JZ DR A RO AT 2R

TN Bk R R R AL BT B R A Y, S5
P 5 1 Fe-13Cr £ —J0AH I, AT DL 0 6 2k 25 44
FLAR AT T M,sCo YRR AL o 7534 4 ] (0 2L B o,
Ja ST 2 it B AR R S A DU R 2 1) 52 e X T e 2%
LA P IE i 2 e 2 . B A& DURR o 72 1 4k 2,
3 2 0 2 S AT DR 2R A R AR IR B AR REAE 150 C LATE,
KT 5 R AR R AR TR BT . T 22 DR i 44
F A A8 DL KA BR A B S, DL Z S 4
Sl K R, i AR AR A, 7E S s
B R 5% 6 2 D GRS 4k AR R A B, TR

1600

1400 -

1200

BE T/°C

1000

1i

800

600
0 0.2 031 04 0.6 0.8 1.0

ICE T w (%)
E'5 Fe-13Cr th—JoHHE™

46 2024 £ % 2 #f

O3 AR SR AR E 1R R AR ML,C TR AL

F TV H S A R T ) IR B, KB4 IS O
] M 14 B % o ER R, Bk 3%k B L o SR Ak 1 ik A )
Ao hRE RS I 2 D T A 1 R T g R K . i
LR AR T v T A )2 () IR R 1 398 v, S 359 R EE
13.04 um FRFEZE 11.87 pm. )2 0] 5 B B s 8 — 2 00
TR o B 905 3 0 v, ) o o A AR R 0 5 A 2 T BBy
ABE K, SR ST 32 252 0, B 3 )2 1] 6 5 3 = i %
Wik, B Ac) PERREMmAAYIHE Z TR .
X T2 )RR 15 E O 200 °C, B A i SR Bk
ARG B D 5 1 Y R PR I TR, SR T
F R 1] 2% 25 A R e £k 9 %) 2 74 s i), DTG s Bk 3
PR AL b7 L3

6 N AN[A)JZ2 Z (B Y F A% X8, T AR — )2 5
$75 1th I URORH () 1% s R 22 500 PR 2k 38 AR A B i) X3,
AF 3K A7 ] VR O g

B L AT LK T A7 A b JEC 3 T T A Ak
(42 )8, i Tt I E AT BR A O SR, ik T TR R
R E B T R IR Bh R 2 R b\ D G AR B IR Ak 3R A
bR . a5 TR 8, WA S D IR
Gy R AR E AR R AR



Attstive Manafoctuncng SETENEEI 04 25

1oool  (110)

5 750t

=

=

il i

S 500

jn‘_ﬂ'

=

< 250} 1)
L (200)

o A A
40 50 60 70 30
fi s 20/()

6 JEM AR KX R

222 YA HT

HOh R KB (55 15 2 ) i REIE T XRD Wikl Ao T LB b 3 R vl %) T AR Ak BT A 1) A AL A
Kol 20 87, 45 B an & 7 iR . W LLE MR R BREIAKR, BT o SRR I ERH M,,C,
(110). (200) A1 (211) g b4k 09 FEZ By, Hob (110)  AE# AR, Bk XRD %45 W5 5] M,,Co AH A9 A7 5 1
iR, (200) F1(211) 2 2 550, 5057 T (BCC) B IE 1 o X 8k B8 % 4 BT 45 SR iRl 8 iR o
5 A6 P XS O 1 SR AT S D R o AR T a R R AR BT 8(d) ~ K 8(c) 43 ] D JE B BE D 100 G, 150 °C A
Ao R, 5 S R AR SIS A ], XRD &5 200 °C i BALE 22 )2 B 2R Hr R 4L 4L SEM R L B X
Jerh TG B IR, DL i R R RS S A R G W AY EDS M0 B, 3 E G R R A0 8(a) ~

B 7 BUBLEE 15 )20 XRD Kl

(b) 150 °C MHRN7 B () 200 °C M4 B

e BRI

T w )
Fe 85.95
Cr 13.23

FHXT RTS8 B 1/ (cps)

—
?
o
o
=
S
1}
et
&
=
=
=<
m
S

FEXSATE 3R 1/(cps)

10 10

ittt ElkeV

ittt ElkeV
(d) %K A (e) iGEI B

K8 UIBAE R X aE T T

K8 Frzs o HAELINA By . 7EHAR T 2.3 J2E]R AL X Iy 27 1R RE A 52
ESBMFMABREL T, AFJZENRE TR 2.8 B E S
A EZOCR BT R B3 A A A N S 25 R AN 9 Frzs . RERE

2024 FE 2 13 47



13 75 1B RIS SR

RYR YA
152 16)2 172 18)2
0 7.5 mm
.....  ERRRETTEERES
0.25 mm
N N A
(a) BUFE
320
—=— 100 C
—o— 150 C
5 300 —— 200 C
I
T
i 280
=
=
I 260 -
240 ¢ .
0 2 4 6 8
EREARIE 2 L/mm

(OFACCY s
Pl 9 M B i AR o3 A

IREIRE THRAA PSS 15 ~ 17 J240, W& 9(a) s, 5
il e 1 5 e PR AN AR, 7R 2 NRLEE 43 518 100 <C,
150 °C F1200 °C F 2Cr13 PURAE B2 45 S an &l 9(b) e
N, JE R B A 100 °C 3R Y72 b Gk B R 297.07
HVS, 150 C ik AY-F-3 B AE >k 270.46 HVS, 200 °C
TRRE Y- 1 IR Sk 268.13 HVS, 8 35 25 T4 Ak
FFEL 420 .

b FR R B ) g B S AR OG, KR R T2 DR
FE T A5 ok RS B 3 K. i Tt gl
Bt 1) 32k ARG M B TR 4 H R R 0 s A R Y
KRR R4 R X, R 02 1 30 B I i) I A
X, & BORS B i 4 ) B R 09 B 3, A B2 b B
i J32 i o JC 29 BE AR Y BE BT SR BRI 1S Ok . AN S
1 2 v KB 2, e A R Xt TR B E K 2 7
300 HVS 47,
2.3.2 hrfikRE BT

[ 10 A AN [R) )22 Ta] 3 B 0 W% 44 v 3 X % 1)
A1 Z b5 ) b B Rz A sRE 0 0 Ty -1 AR 2 1 i
A BT WA HA %R, XEWALEIL T 235
TR A AR S . AN R )R R
T B 2 2 OB AR AS TR 5 ) L 5P S8 B s R AN D
Je R E 11 iR, S)Z RN 100 °C, 150 C
F1200 C B, X507 ) b (%) 7 ¥ B0 b s B 5 5ok
827.78 MPa, 817.26 MPa #il 792.80 MPa, V- i J5 i 1

48 2024 £ % 2 #f

1000

7)(2&{;]
800 | = 2
g
S 600 \
B /
R 400} /
E
200 |
O 1 1 1 1
0 0.07 0.14 0.21 0.28 0.35
RE7E & (%)
(a) 100 C.
1 000
7)(4‘1;{;]
800 - -z
£
S 600+
%
R 400
E
200 |
0 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25
7% & (%)
(b) 150 °C
1000
7)(%5[1
00 - Z
£
S 600+
S
R 400
g
200
O 1 1 1 1
0 0.05 0.10 0.15 0.20
NEZE & (%)
() 200 °C

K10 BB P DX B A% il 2k

OB 19.10%, 18.78% 1 15.68%. Z 5 ] L= (1) -
Y HL L5 43 5k 844.66 MPa, 837.97 MPa Fil 818.19
MPa, Wi J5 f# 1 3 43 5l 4 19.88%, 18.33% Al 15.63%.
T T 3 SO TT DL B S A 2Cr13 BOE 14
B hor i B T S R S W o TR SR i A Y AL
420 9, X R A LU R F AR R A AR YR (Fe,
Cr)psC, i A4 B R A 3 B2 v A9 06 55 32 30y, LA S AR A
JEE 1 A 22 R T 1 G R G [R] A 7 T A 4 AR
AR5 R PR RN 3 A

FEAH R J2 (B R, Xl ) i e 5 B8 DA K
Ja AR Z 87 ) BN R TER EN R
Yos B ek 0w i A AL, AR VTR SRR
FTBS i 2 AL 200 T A M 2 i, 28 T Z
B R PERE o TR, DR SR BOR A P ES A AE A X



Aitditive Minafictiring SEMEIESER 4% 15

1000 F ZRei]
827.78844.655 g7 26337.965. L2

\

ki
791.795818,185

~
W
S

YRR R /MPa
W
S

250
0
100 150 200
FERE 7/°C
() PLPomE
A X il
_ 20} DI \gppsiszas T2l
S 15.67515.625
AL
hjﬁ-
Al
= 10 -
il
= 5t
0
100 150 200
JEHRE 7/°C
(b) Wi

B 1L SRR XS GOy iR A RE A

(d) 100 °C, Z %l

=
< et | - f /
- y 4 1ak. T
¥ 35 7
N 7 ! ’
\ \ p \ ¥
-f 5
#

(e) 150 °C, Z%h

AR B X 32 B A 6 15 O, B DL B A 20 U 3
A7, 3XAR T BOURBE R 5 — b 1T 5 BE 1Y) 58 SR I
1717 it 5 22 TR0 30 38 A 38, X by el A0 Z by 1) b 7 oF
P B A — 2 R A T R, (R R R AR AR
AN IR T2 R R RO, PRE £ 2R U AR A
TR, R SRR TR A S IR T, AR AL 2N ok
SR, B R BRI BN, B TR WS
R AT T 2R R R, A 35 4E A
S 22 TR B R T, il 22 (D3R ) 38, 3 A
JSI A4 v A7 5 %8 3 1) % w8 R0 5 EC AR Al A i A2 4l 5
A B ) S R b A o A HE AL 2 (1S
Wi J5 A4 B
2.3.3 i fdilkr 03 Ar

AN TR) 2 (16 B2 T B Xl R Z il 1 Y BT T
WL SR AN P 12 Ff i, #0 H BIH 2 A9 S5 IR A B8,
FEAE T GLINT A 7 1 10 A i 1 00 2 | 4% ik e 4,
DAL I S T 0 1 T 2, LA 1 0 DA R R R
AR )2 TR BE Z b o 1) b 0 8% e X A I, OF B

(f) 200 °C, Z %l

K12 AFJZEEEE T X Bl Z 85 iy B 2SR

A . XA Z 55 1) 100 °C BB 4R G B B
L 150 °C A1 200 C 2% . UL 7E IR 100 °C B A%
TE A v 38 vy 490 ke e v, L 2 22 D L 4 o, W7 1 R
HBR R /N, bR R o R R, W A gl A
T 83 P AR AR BRI B Ak, B )2 [0 L 1 4

T, i il e BE B 0 3R 1] AL, AT BRI R AL 4 B
Wz,

3 #ig
(1) BEZE )2 a5 0 3, DURYZ A9 ECHOIR B AR

2024 4% 2 49



V$ 28 1SHIEEM  Abttive Minaftcturing

2, FEAEIAT T — 2 DU Y (8 2 i R 5
i A5 T B IS 0 05 Tt Ak 3k BRCIR S, 98 b A7 A 15 ] AR
e, 15 il 4 T 0 U S MR RG I mn ORR D 1l A 7 A 3
B, T A B MR 2 X R S TR, SRR
.

(2) 7638 b1 il 3 o F2 b, ol R A RS 2
DL KA BR B B A5 1, 2Cr13 38 B4 B 1 4 KR 4 4H
21y 1] K Hy FCAAR, /38 43k o 28 23 I E EC AR 3 i 2]
BRFE RN G, B AR N RRE AR R AR R AL . B
2 115 BE B 34 n, #AR A 38 R 1 AR TR R
SRR AR 22, (45 SR RST 23 Bl =2 36 K, (EL 4 AH LA
Rz o7 A 2

(3) BRI A P9 it R R ST I 2 22 0 3k T s K
b F e R 2R () IR R AORE OG, B AR XN Z Bl
Tia] P 7 7t A0, B 2 /N, 0 R W I A A SR BRI
Wit 5 22 D)k B8 185 o, 0 RS AN, IR AR TR . Y
M 4 15 19 2Cr13 J I 1 1) 45 1 P i 22 58 14 Ol B Al
P HREL 2Cr13 A 4 W, W R 2R . JF BAE TR I
FH R, J2 1) I B O 1K 2 {45 )2 (8] BT 35 9 45 B4 B[] 2
FERRIIE K, S 80U P ROR BRI

&k

C1]  XUZEHH, BAE, 2558 8, 45 ANRIFEAR T 316 AEEAHIT
BRI GURTERE [T]. R E=IR, 2020, 41(12): 13 - 19.

[2] #R5T, WAL, BIERK, 55, TR EEXT GTA BAf il ik
ERERA WS R ERER SN [T]. KREFAR, 2021, 42(10):
14-21.

(3] XMSEE, FE AL, 29 ™, 25, TIG H g b il i 5356 414
EMMA LR ShifrERe (1], FEsAdR, 2020, 41(5): 65 —
70.

(4] JeF. ALORME 2238 b1 i 3161 A A A 4L 205 M Re T
X [D]. BB AR, 2020.

(5] ZEXJE, TR, 2205, 45, BRI RESE A 130 b4 i AR
TR OLARSRE (T]. R4k, 2021, 42(2): 69 — 74.

[6]  Thoiwn, NS K, sk T, % EsiiZ GMAW IR T. 2
SEHCRIR IS AT (], AR 24 4R, 2021, 42(1): 44 - 48.

(7] AXIBGE, FERese, BEIRRE, 55 . S5 MM HOR S B F IRy
MlE R AR I, AEHTHR, 2019, 33(1): 162 - 166.

A5 A

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Lei Yangyang, Xiong Jun, Li Rong. Effect of inter layer idle
time on thermal behavior for multi-layer single-pass thin-
walled parts in GMAW-based additive manufacturing[J].
The International Journal of Advanced Manufacturing
Technology, 2018, 96: 1355 — 1365.

SO, BRAEE, KT, S N [R]Z )45 B I )R H B A
HiliE 2Cr13 i BE R34 g 247 0 L] R4 2 4, 2019,
40(12): 47 — 52.

Wi, BRI, iV, 45 A RS0 T A 5
5 4 AU PP RE RS2 (7], vb A (04 R A I,
2020, 30(10): 2280 — 2294.

Krakhmalev P, Yadroitsava I, Fredriksson G, et al. In situ
heat treatment in selective laser melted martensitic AISI 420
stainless steels[J]. Materials & Design, 2015, 87: 380 —
38s.

PRIGENE, BIR IR, 1568, 5. i alTR%T MIG H 5l bF
il 316L B ICACR RN G AR RER o (7] 2
244, 2020, 41(5): 42 — 49.

Ge Jinguo, Lin Jian, Fu Hanguang, et al. Tailoring
microstructural features of wire arc additive manufacturing
2Crl13 part via varying inter-layer dwelling time[J].
Materials Letters, 2018, 232: 11 — 13.

Lippold J C, Kotecki D J. /N 45 #4532 1 4 2 R 321
(M. BRENUT, 3. Jbat: HUBR Tl AL, 2016.

Liu Fenggang, Lin Xin, Song Menghua, et al. Microstruc-
ture and mechanical properties of laser solid formed 300M
steel[J]. Journal of Alloys and Compounds, 2015, 621: 35 —
41.

Zhu Yanyan, Tian Xiangjun, Li Jia, et al. Microstructure
evolution and layer bands of laser melting deposition Ti-
6.5A1-3.5Mo-1.5Zr-0.3Si titanium alloy[J]. Journal of
Alloys and Compounds, 2014, 616: 468 — 474.

Ho A, Zhao H, Fellowes W J, et al. On the Origin of
microstructural banding in Ti-6Al4V wire-arc based high
deposition rate additive manufacturing [J]. Acta Materialia,
2018, 166: 306 — 323.

E—1EE:

FHT L BB ZENF RN B ERR
St I BB ARAF R ; jingyong li@126.com,
(4% 5HA)

ZEME, 2SR, RN, 2. 2 AR EE T CMIT H I A4 46 38 2Cr13 AN 45 40 T BE 14 i JE K 4B 4R ME RE S W [T, J2 4, 2024(2): 43 —

50.

Li Jingyong, Li Chaoran, Xu Yulang, et al. Effect of interlayer temperature on the forming, microstructure and mechanical properties of 2Cr13

stainless steel thin-walled parts by CMT arc additive manufacturing[J]. Welding & Joining, 2024(2): 43 — 50.

50 2024 % 2 H#7


https://doi.org/10.12073/j.hjxb.20200815002
https://doi.org/10.12073/j.hjxb.20190925002
https://doi.org/10.12073/j.hjxb.20200823002
https://doi.org/10.12073/j.hjxb.20200605004
https://doi.org/10.1007/s00170-018-1699-1
https://doi.org/10.1007/s00170-018-1699-1
https://doi.org/10.11817/j.ysxb.1004.0609.2020-37672
https://doi.org/10.12073/j.hjxb.20190818001
https://doi.org/10.12073/j.hjxb.20190818001
https://doi.org/10.1016/j.matlet.2018.08.037
https://doi.org/10.1016/j.jallcom.2014.09.111
https://doi.org/10.1016/j.jallcom.2014.07.161
https://doi.org/10.1016/j.jallcom.2014.07.161
mailto:jingyong_li@126.com

	0 前言
	1 试验设备、材料及方案
	1.1 试验设备及材料
	1.2 试验方案

	2 结果与讨论
	2.1 层间温度对宏观成形的影响
	2.2 层间温度对微观组织的影响
	2.2.1 微观组织分析
	2.2.2 物相分析

	2.3 层间温度对力学性能的影响
	2.3.1 显微硬度分析
	2.3.2 拉伸性能分析
	2.3.3 拉伸断口分析


	3 结论
	参考文献

