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Effect of Welding Current on Microstructure and Crack of Plasma Surfacing H13 Steel
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Abstract In order to improve the low efficiency and high labor cost of FGM surfacing, this paper adopts plasma surfacing tech-
nology and uses H13 steel powder as welding material to conduct surfacing test on hot work die steel base metal (5CrNiMo).
The influence of welding current on weld depth, weld width, microstructure and crack sensitivity of surfacing layer was stud-
ied, and the forming mechanism of welding crack was discussed. Results show that the weld depth and weld width increase
with the increase of welding current. The microstructure of the surfacing layer is composed of martensite, residual austenite
and carbide. With the increase of welding current, the martensite dendrites in the middle of the surfacing layer become coarser
gradually. During multilayer welding, the austenite content in the upper part of interlayer interface is obviously higher than that
in the lower part. When the welding current changes, the crack sensitivity of H13 surfacing layer is large. When the welding
current is 150A, the surfacing sample with fewer cracks can be obtained. The cracks in surfacing layer can be divided into
stress induced cracks and defect induced cracks according to their forming mechanism. By means of plasma surfacing, fast sur-
facing of hot working die is realized, which provides guidance for plasma surfacing of filling hot working die.

Key words plasma arc surfacing; H13 steel; microstructure; welding crack
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Table 1 Chemical composition of base material and welding material (H13)
__— | Element n?aﬁs fraction/ %
C Si Mn Cr Ni Mo S P \% Fe
5CrNiMo 0.50~0.60 <<0.40 0.50~0.80 0.50~0,80 1.40~1.80 0.15~0.30 <C0.03 <C0.03 95. 24~96. 95
H13 0. 30 0. 88 0. 43 4. 90 1.20 1. 19 — 0. 40 90. 70
£2 BEIZSY Bt st

Table 2 Welding process parameters

Welding parameters

Numerical value

Swing speed/(cmemin ') 14
Powder gas flow rate/(LLeh ') 4
Shield gas flow rate/(lL.sh ') 9
Plasma gas flow rate/(l.eh ') 12
Welding current/ A 100~150
Welding speed/(m+h ') 80
powder feed rate/(ges ') 15
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Schematic diagram of plasma arc surfacing
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Fig. 2 Macroscopic morphology of the whole and cross section of the
surfacing sample under different welding current conditions
(a) (b) 100 A; (c¢) (d) 110 A; (e) () 130 A; (g) (h) 150 A

BRI EEREREAREZNZ W, IR IE DL B MR e i B . (1) Bl 35 03 B2 B U B9 385 00, A FH £ 1%
HE PR RE Y PERE , - @Tﬁﬁk%i‘%rﬁ X IR A P B RYE IR B, X RER 7 A B B e i b [
Ja P B 0t [ 3Ca) Ry AR AR AL, HE A FF PR A B R, B o) e T B A S, DT S X
ZHEEE I R RBEN RS R . Nl LUE fr R 72 K (2) IR BE R T s dg ok | HER &R S REA Y
MBI 100 A H#5m 3] 150 A B, 508 1§ 22 4 R A A T HESE & & 7 B4 b /YRl R AN 3K T I
M 0. 44 mm#BE 1. 74 mm, 5 M 12.76 mm BY RSN A ORI =D || Rt
£ 17.26 mm, A5 T 8B B SE Y2, AT

= -depth of Penetration 1.74 17.26 -

Fig. 3

. 8 .
[ B vecld Bead Width 15.48

= 1.6 F 1.42 16
E 4 12.76 12.86 14
=
-E I b i
2 Lo} 10
=¥
& 0.8F 8
s
€ 0.6 6
=¥
2 0.4F 4

0.2 2

0 0
100 110 130 |50
Welding current / / A
A 3 R TN R RS TS B B Y R )

—
Q0

Weld bead width/ mm

Effect of welding current on depth of penetration and weld bead width



2.2 JRIEd AT B MR B AR 8RR O & A A, TP A R B S RR R A M.

] 4 R I HE AR 2 8 8 B9 R W 3 AN (A K 6(a) MIRREHREE 80 m/h . EB& 15 g/s. N
AN S A A, D R] DL 2R B HE AR T L A ] B 522 L AL 2R 4 1 HEJR XA ) I8 TR BE o R R AR fk
AT A B H S B AR HEARE AR A 4 Mk, Bl 6(b) MHERZEHMEEFEFNES D KK
(b)) JH BV S R E AR AL &, R R LA 4 (o) TR 8 SRS REB R G ITE . o] DLk B, b A R
LA 4Cd) I AHE R (B 2 3B a AR L fh 2 EE IR LA 100 A BEhn %] 150 A, B E P S KA S
e K. B EA A R R Ry 2= R M 48, 96 YN F) 74. 74 %, HEIR R B9 B R SR
e o B T BB 9 TR B B, = BUK B HE B & s PI{E M 556. 43 HV $#% % 648.35 HV, ME B EH
¥ A 3 B B, B ) B A T ) LT R, T R T AR IR IR RS AL TNSY 325 iy I s AT ¢ Y =
Xt 40 7N AR R & . AR XS T A R PR A RS R L HE — A B Y % 20 3 BE AR [A] , B8 FC R ) 5 R A &%
P2 S Bk 22 8] 19 I 2 AR G, 5 BUOBE A A A7 WY I a2 B S IR A ZZ 52 &, SRR & &
BT REAEG , R 0t & B AR B LA B &2 . AR i, HE WA, T AHERE 2 00 B e B SE I F i i k. &
[RZ T H 8 5% 2 A4, U T 1n) 4= 5L . N I A B HEE o B HE R JZ B8 BE & T B AL, X R A R Y 4
AT MARKEERMEIL, FLER T ERIZ FER AHERRZE R IE R T e iR S R 4, R
R AL SR IX . B 5 R B 2 R B L X HE AR JZE SO (X5 BERE 2R BRI A0 A R 5 BT FR R B i R
RS A E . ANF Rl LUE Y, SRR e IX wh o MR Bl 5 R AR RS2 e, A T [B] ok
b E R R MRS, XEh TERE ALY

UL 18 T B R R AR A B R, B A R AR AR, W) IR

LT —
R T ;

LR IRIL TR LR

. N

A

i

L

e

I'

B 4 HERRZE A S W 3 A [R] Al AL #Y 2 el 2H 21
(a) HE K5 2 4 A8 1A 225 IR 35 5 (b)) HE I8 2 TR 2 Sl 2 Co) HE SR 2 vl i Tl 2
(d) HEJE JZ i i i o 2H 2L R S i i 130 A, JCEEJEFF 80 m/h, X ¥ ht 15g/s)

Fig.4 Macro morphology of cross section and microstructure of different parts of surfacing layer

(a) Macroscopic morphology of the cross section of surfacing layer;
(b) microstructure at the top of the surfacing layer; (c¢) microstructure at the middle of the surfacing layer;
(d) microstructure at the bottom of the surfacing layer (welding current; 130 A, welding speed: 80 m/h, powder feed: 15 g/s)




(a)

(a) Microhardness of hardfacing sample;

700

600

2

Microhardness / HY
M
)
o

W
-
oS

200

lii')(l2

Bl 5 KRRz N HER Z
(a)100 A;(b)110 A;(c)130 A;(d)150 A
Effect of welding current on microstructure of middle part of surfacing layer

(a) 100 A; (b) 110 A; (c) 130 A; (d) 150 A

Fig. 5

~e—100 A,80 m/h,15 g/s

= (H

(b)

M 3L

i ) . 8 2H 2 Y R e

: 0

-~=-110 A,80 m/h,15 g/s e B Martensite content 650.55

—4—130 A,80 m/h,15 g/s 90~ I Microhardness 649.64 4700

~v-150 A,80 m/h,15 g/s - 618.12 74.74

’ o 556.43 68.7¢ 70.35 600
S 70F =
E 500
ot b0 - 8
E | 48.96 S
e 50k 100 5
& o
g 10 300 =
g 30 2
= 200 S
s 20

| | " 100
clad zone heat affected zone substrate 0 0
-y T B 100 110 130 150
1 0 . | -2 -3 -4 =9
Distance along depth of the clad / mm Welding current I/ A
6 FBIEBWRXNHEEZMEES S EKRAKES R
()RR RHEE; (DERZEHEEFYES S ERAEEE
Fig. 6 Effect of welding current on hardfacing layer hardness and martensite content

2.3 W ANIFHER LG m R R RILE

P12 A aU T 12 5 e Z2 4 1) ) 5 1 e At
. £x e SCHR Al A
) EUH K /N
HAESY
FEAWDRIE,

RZES
F& , 35 B HE R ) & 10 AR

X 58 f5y &8 N T
2 T R LY
PN B R AR N )
Hp B — kB RE THFE

 FHEIR R A
Y 5ek BE A PR B

+ 9B PR 0 A Bk Tt 8 By IR BE o A A 1 2

1E 3 # 1o

i

5]

%ﬁ!

Y=L
o 3

IiIRZ3u]

3

» AN A
Bk =B E
SNEE VAL SV R
BRI S RIR A AR,

X 3 i) HE R 4 B W48 R AR TE
B 6 BR il 5 M T 7 HE

7190 BR R N T Y
‘B Al B S EOM R

KRR AN AL &5 B 8 3, AT P2 2B B 4R NV /7, Yan

S
B KR fE AL e H13 #
GOSN

R T BT E T HE

12 5 F

I ]

7 B %4 (TEM) #1 XRD jIF5E T

2AKERN SRR

{H .

JE S H13 HEAR = 45 2

SCHY T AL B, X HE AR 2 L

RAEFN 5317

iR

P-4

-

/

g

| -

8oy

| -

- & B

—a

2

—

K 1A

A

S =

it £ )

J o

i 4

= RS
75 HE &
ZPI BN T K2R 58
I ARG 4 R A [A]

X

X .

—y

MZEN 17040 =

X e

M

7(b) n] A1, HE
P s o

%!@i

BOK . [a] i, Bl JR 4 E

7 B 100 A &4
Al o,
0o BB S (0. 48 mm) F1 ik B 45 B
(0. 44 mm)?ﬁ:& e BH 1% # AU ]
AR it
1 [a] R, i BH ) B -
8(b)~8(e) /R I AR MEHH
R EAIRIE S . ]
BB MAT T EEE P AR E
HRar, i R H
A oA

E

e 80 Js 070
JZ 1 ) [ &

8(b) ~

Z 30

8(e) |

11

‘?ﬁU\Ji’ﬁf@J

(=R

e —

(b) average microhardness and martensite content of hardfacing layer

N1 A RS S 4T

17

B HELR

S/

s A

R

E:EZI

o a1+ HE
E L TE
AN — B4R
i AE A, H13 55 85 1 HE 17

L

= 1Y
1, 7L B 385 0, HE AR
b, B X
» i B
Tt
o b RO FE A W R B

L 7]



KB R R R e[ E 8CH 1.5 —F R I N TS ED TR g RS E Th

5 Bt [ R
8(g)]. A
3

S

AL S — R R, Bk BE 75 & 28 w8 A oy — T T B FRAAR AR AR A A &AL 25 5

8Ca) I RAEB IR . &5 B AR W MEEC 5, WIAR 2Z 8] 1 45

SRR TR A R D KRR O R 8 T F Ak A BB 4
HRLY . Z2HEBERZIKTSERMAELEILE. £ 1 Frll A RIES. BRGH TR T #55

i ik . 1

LRGN E KR LE N . —  FEURERZIWIIE L.

J3 AL, HEAR

22 TR 5 P e PRI S v s A% A il JEE 0

I/°C

1200 1411.78 1623.56 '1835.33  2047.11
1 305.89 1 517.67 1729.44 1941.22 2153

2 mm

Von Mises Stress / Pa

76672.3 .221E+09 .442E+09 . 663E+09 . 884E+09
.111E+09 «332E+09 . 553E+09 . 174E+09 . 995E+09

A7 BEEHEWN 100 AL ISHENRESD = B YS S50 1104 = E
()R E = B (b) %300 H1 5 Fi = B

Fig. 7 Temperature field cloud diagram and von mises stress distribution cloud diagram

of the sample when welding current 1s 100 A

(a) Temperature field cloud diagram; (b) von mises stress distribution cloud diagram
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Fig. 8 Crack morphology of surfacing layer under different welding current conditions and

the local amplification morphology of crack

(a) (f) (g) the local amplification morphology of crack
(b) 100 A; (c¢) 110 A; (d) 130 A; (e) 150 A
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(a) Macroscopic morphology; (b)-(d) microstructure; (e) (f) crack morphology
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