P51 %

H73 WRERMBSIRE Vol51,  No7
2022 4 7H RARE METAL MATERIALS AND ENGINEERING uly 2022

42CrMo - By & &% AR E R JL A 4F1E
R AR

=Ll =/
ik 1,2,3’ 3{'&73%%6 1,2,3, * 1 1,2,3’ Wk e 1,2,3’ ‘gff?}]i 4, ﬁ%gﬁé 1,2,3

(1. WL Tk K% MUk TREZEBE, Wil BijH 310023)
(2. WL T K% POt REs e, Wit Ml 310023)
(3. muBEOLHE R /A WAL E M FEAFT O, Wi B 310023)
(4. FHEFBIZR KFELERBENMSET T, S KFHF 130033)

O RHBOC-BNESE KRG LE, KEOeM a2 MR 2 &4 5 42CrMo SRBOL VR K PERE )2 R T2
5. FIFH COMSOL Multiphysics 5.5 # 4%t 42CrMo &4 v K 2 il B 3 1 3 A8 i R R A7 o0 A, 38 5 v K 5
B MR BEAT T AR, VERE R R EERIE S SR — B R e . SRR, WRT EEE K S BB KRR
I REVR KA [F) D VR 2 ) R TR SRR L, 20 17 A T 3 T T AT RO O B RS e R R R R e .
SN AL A VK VAR R R . B RN AR AL S AT M. BEIRERT, WO - IR B A VE KT DU R
BURE B R KR, S RVR R SE E AR, DR — OV KDL T R A L Bk, T BRI BN 2 &K
BARFHE BN RER S o MECT 2 R — AR K, B VK s BE A 2 B A5 R IR BE T 1) B AR L 3

SO KA, (B T e VR R T B

KRR WK HBIEN: 42CrMo X HUERRL JURTREE: 4

REESES: TG156.33 XEEFRIRAD: A

X EHS: 1002-185X(2022)07-2519-10

3l AR AE AR Tl A ) — b A AR
ZRA T LR, me LR, Tlism s,
HAMBEK. $1E SR i dim KSR S =
b 7R 1R 7 7 o L R E K R 4% 1 4 P A i 1
A LOLCF TAERRAT BB . R, RS
KB AR BA, 42CrMo AR AE Sy — s R A b R AR
AW, BERIHEENE, R EKZER/N,
AHBFMEEA J15ERe, W R ERMAEM R, H
— R VA K Kb B Sk 19 5 42CrMo 4N ) 2 T P e

WO VR KBRS — B R AR T I R T A 3R
A, BT BUTEAS 52 A4 e 2 k20 230FN M f 1) 17 0 T 32
e AR T e, E AR A A 3 I R R R B R
— B AE 2 mm LA T, I vk g AR R R K ) T
E BT 7% 10 VR Rl J2 R B LR o R R R R R L AR K B R
Al DRSS R el 2, (H TG TR M E . BR
B BRSO . VR 5 T 2 A ) et B
EE X T 2 P RGR B — K O K R S I A UL A

ks HEA: 2021-07-24

F, W A ] CO, Ok 2 Xt GCri5 4R &
TS R A AT R W SR A, VAR IR L F] 0.9 mm,
T o= B AE (HV,,) #iT 9800 MPa, #H % T 1%
GE P KRR BE AR 4R 1 £ BL b o ) A8 &30t 45
HRAE WO VB KRR KR V0 2 20 2k AT 4 A
R I B KR 2 A IR, B IR R AL R
I, B R AR AR X A% . ER, 6T 2 R AR
M AR KN DHEHF, LA Dolezel &R
TR B B A O VR D VKR TR AL, SR
JH I I 285 0 VR TR RE R T HEAT T, DAk /N O T
BT 3 v T B R B S R A R N T, (H
I 1 — 25 (1 SE 5B 5T 4 AT .

AW T8 R OG- BN B K IR 2, TE R
P M ok 2 T VA 2 R T 1) ] o 0k 2 R 1 AR T A T
2, UMIRMAER TR FERMEmMER. FH
COMSOL Multiphysics 5.5 # 4%+ 42CrMo 4W 't -8 i
BV I R RO 3 I R I RR AT AT . R %

BEETH: ExESAITY (2018YFB0407301); [EZ HREI#3E 4 (52035014); Wil A @ miik s AR %% 2 H (RF-C2019003)
TEBEN: HER, 5B, 1997 4, Wi, Wi Tl RZEot et fliE e 7k, Wi AiJH 310023, Hif: 0571-85290866, E-mail:

zehao_tang@foxmail.com



« 2520 - WA SRR TR 51 %

RERBETEE & W KGRI E S SO R LT FEIAE) 800 C LA EJa, MR BRI BE & & AR BUK Y
TERIX A, LR T ZSHMEEHEEERS MY &, L3055 MRS H02 R E R T,
Wi o XFPOCTEK S TEREEK . WOL-ENE SR 3R DIAHE 5T i ] 9 & Sente Software 2+ & JF & (1% Mk
PR TT AT SRS « R 2 SN felchef 2 AT 0 PR B BB Jmatpro 6.0 X i 7 (64 kL 1 ik

PARE— 35 #5875 OG- N B2 7 K AE R BIL ) 175, € X 42CrMo INHIIES %, Wi 2 Fros.
1R S A AR A E R R -
LT 8 A SO g e
WO -1 G KR G 32 el RSN R W Forced cooling area
WO KBRS BB DL R A H B . fE 492G Mo steel Induction coil
FARGHEAER T, RO ' AR RS A [ I ~ ”
{0 T, A A 4 ORI A AL y 44
DA b, B 5 S BIE S A B R R BRI, R KT v 50 mm
RN A AR AR VB 2R &R e T
TR mAE 1R, W eo mm
SEEG MR N 2 AL B ) 42CrMo X, FEE A 100 mm
W2 1, WA REA 100 mm>50 mm>50 mm. S5
8 (80 28 v 18 5 Laserline 2 5] i i& () LDF & 41 1 Wot-ERE AR KT ERER
EEMECTESEEERELE, R KB R Fig.1 Schematic diagram of laser-induction hybrid
6000 W, Ot K TEH 940~1090 nm, LI K quenching process
B AT, AT VE LAY 15~80 mm. A A R 5 AR R
Mg, IR KR IRy 80 kW, k¥R ] # 1 LWMA 42CrMo I F B 5
W N 2R B A A e S AR A, o] DAY R Table 1  Chemical composition of 42CrMo steel for
B 2RI IR T A 3 T A T 2 L VA KSR experiment (/%)

FEHLRE 7 o M b, 2 B R AORE I AR X 1 R C Si Mn Cr Mo S P Ni Fe
AARR LS 5 fE R I M b, R BB MR
TR, LA MEE. Er Akl g, KR

0.42 0.2 0.5~0.80.9~1.2 0.2 <0.035<0.035 0.03 Bal.

¥ s000] a | ¥60 b
2 £ 55¢
2 4000
z § 50l
3 2
S 3000 2 45¢ N
O o kY
g 2000 El
g i
T 335
% 1000} E 30
joN (<5}
2 ‘ ‘ ‘ ‘ =) ‘ ‘ ‘
400 800 1200 1600 400 800 1200 1600
CcC |+
. 6 & 200 d
= 5 <
o 21501
o b—3
X 4 g
o £ 100}
3 &
ERp) £ 50¢
2 3
S1 g ol S
0 . . . . . " . " y y
200 800 oo 1600 200 400 600 800 1000 1200 1400
Temperature/K

Temperature/K
Bl 2 42CrMo WIS %
Fig.2 Physical parameters of 42CrMo steel: (a) specific heat capacity; (b) thermal conductivity; (c) conductivity; (d) relative

permeability



%7 W

JEFENGSE: 42CrMo BSOS A VR K PRI 2 LATRRE R 2R

* 2521 -

1.2 EEFEAKNERTH

COMSOL #AF LA BR 7o ik y B At i ik 3K A
43 5 4 2L A0 U ) 52 it A G >R SR B SE W ER I R
FEMEZ Y MG . A7 KA COMSOL
Multiphysics 5.5 #fxh Holt - BN & & ¥ Kk i 18
ITHAE A . COMSOL 2t 1 5 T2 w5 7 f 4
R RS B i DiRe, FTH T Z4Em =4
PR BRI A . S IR T T RN

VxH=1J

B=VxA

E=-0A/ét

%7 R T RN 2 Bl N I B G S B, IR Y
5 4 n) [5) 1A RE ) AR T R R

D

I=0E @)

B=uH

L 7 2 1 4 A S

a =2 (3)
O

Kb, HNWRIARIERE, I AW ELE, BN
SRR R, ANREEIA, E NWRIZIRE, t
NRFTE, o NHBSR, u AEETHR, q b R H .

BOLE K UL AL R NS B, HAE &
A R R YE R A o O BV 32 ZLAE
MR T, FAE A X 5 B OO BE
T A DX AT U RE 3 A SR i A DX, PRI RE i
o B LA RGP

BB WOL R E FE A Flux, JEBER TR A T Ot
PEH A e R LM, & CPATHOEAT T A
FEN a, EEATHITTRKEN b, BELBAAE G
42CrMo KW 't % e=0.8 , K I 48 3 i # R % £=0.8 ,
BRI T, e AR H T R I T

crd v .(-kvD=0Q (4)

ot
A, CHNLEIAE, p NEE, T AHEE, t NI,
k A THAT, Q MM,

WOE TR % FE Flux € XU

Fqu:a—Z if (abs(x—vt)<a) (5)

and (abs(y) <b)

X, PONBOCHRIEIIR, v MO HME .

A FEL 153N BAGIEAR) sE CE AR A S B T 0 i
TN 2R P8, HL 2R el A R A s O U R
JS2 FEL PR K /I TR U R T

FEIL AR KA E X b, B BV LI 4

AL H Bl S 2R 7 55 10 I 0 A
2/ ) X e A R KON ho=100, L 5 ] ¥ A X
35 0 K 5 A 0T AT 4 A xR e B R 208 hy=5000,
7 8 3 TR B 58 5 A

D A 2 T A S ) 7 RE AR

oT
kgz—h(T -T,)—¢ec(T-T,) (6)

S, n R R A ANE A5 h SR AR R e A R
e, TR (293.15 K); o NP/R %% 8% 3,
HAl o~ 5.67X10° W/(m? K4,

W4 Kl 2 7 T, R AR SR R S THD AR SR G 1 4
K 43, TR R T /0N 1R 43 0 B RO N B TR A
CARk D oF S R o BT R B AT A, e
BN TAR S ST L, 3% DY T A )R 6 R
AT USRI o O T B T SO B R R R R
[F1) 2 1) 76 G B Y [P, S e 2 T 0 3 40 XA AT
QLT LA
1.3 R LA 4E B9 FI B &% 14

B[ R A e 3 B ORE B EG AR fk  E BA
IR ORIR — s BT, FE DA O T I A A0 R
W7 RBAT A EME My LT, R RS
FCARZH 2L, IR A S0 7 s s J2 35 R IR i I 5 R
IR PR AR X 2 A E S P,

RS (AL E T M) P, 42CrMo 4R #id #2
o AR AR IR IR FE A 2978 730 °C, BRIk
AT A i EZN 800 C. ZiG M KTk,
AT L HL 800 C A R AR AR IR BE . SCHR[22] BA K
EANFM CCT M Nk HE, K Hiln 504 #d B
I F AN 6 5 2 TR LR R (R I S A 5 B AR
AR, AL TR RIET R, w7 s

lgv = 4.5—2.7w(C) — 0.95W(Mn) — 0.18w(Si)

—0.43w(Ni) +0.38W(Cr) —1.17w(Mo)
—1.29w(C)w(Cr) + 0.33w(Mo)w(Cr)
o, w(C)s w(Mn) &4l b B & e =& &, lgv
DR R T

it i A E 42CrMo I S A EE A N

-28 Cls. FRFZAFAERB R R -

a400rC]>T>800FCD(W[%%<§—28FC/QJ 8)

(7

ﬁ¢nﬁ@%§?ﬁﬁﬁﬁﬁgxgﬁwﬂﬁgo

1.4 EHIER

EWEER L ZSHHATE G KR &
WFEAW S, WAEEHEANERS, R
AT IR — IR SRR B I A, i R R LA



* 2522 -

Wi MRS TR

5 IE 0 T 4% A R R 2 XS AT R R, 15 BR
e R 3 fran. T OGRS SR X AAE “i
&R, e e U FE S BLAE G B O A A B, K
P 2R T E S0 R . 2% B O A B R IA 21 1300 °C
PLE, BfEJEHREEAH, 58 v kT R

1.5 {REIIGE

ERRER 5 N AT HOL-R N E & KR8, R
AT EINUR K 5 R s D #, W& &
AR . R A5 N Zeiss Axio Imager 2 [ )62 i
BE F1 A5 0y EVO-18 44 H T 2 i BE (SEM)
BEATH s RS 8 HMV-2 14 33 214
B B U AT 4 IR E FE K, SR 0.3 kg [ SE56 7,
I B ] 10 s,

N U8 TIE AR Y o i R R P 3 T R, AU R
T JK N 2% P I R 7 FARRAE AT L. 2 HEAT IR PRI IE,
el P B — f R RS A o g A A SR A TR
WS L, AR ERIEFE 10 KREHE, 1
FHIE ) L2 B0 AT BN, K Iz 56 I & 45 SR AN B0, 45
BT IO, R 4 Fros . g5 53 8 w0 I A
1o AMUIE 25 2 A0l 2 S 5 S B i 45 SR~ A
SR ZE BN 4.64%F0 6.49%, BRI AT 4535 E
5 S prgh R — B R R, 1A 2 AT DL A b e B F G
TR B A R R 2R T AR R 3 R A

R B8 I ASE TR rR O SRR FE S T &R M,k HGR
FERTWOCCTE L LS 3. & 4 BHATIRERAE,
B — ORI, &RWE 5 fix. BT #
AR AR =, O T B R R R SRS A, R
AT R WO IR A — o BERS, R A R R
JEEE T IR A b K se oo I 2 g5 SR 5 Bl 45 Rk 47
P, @ RME R, WERF A 3. A4 WP

x10°

1.3

1.2

\_/-

z

Ay

K3 WOt - N A2 5 v KO A THT I 37 15 40 45 2R
Fig.3 Simulation results of section temperature field in

laser-induction hybrid quenching
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Geometric Characteristics and Microstructure of Laser-Induction Hybrid
Quenching Hardened Layer on 42CrMo Steel

Tang Zehao??, Zhang Qunli*?3, Huang Hua??, Chen Zhijun®??, Cao Junsheng*, Yao Jianhua**?
(1. College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023, China)
(2. Institute of Laser Advanced Manufacturing, Zhejiang University of Technology, Hangzhou 310023, China)
(3. Collaborative Innovation Center of High-end Laser Manufacturing Equipment (National “2011 Plan”),
Zhejiang University of Technology, Hangzhou 310023, China)
(4. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: A new process of laser-induction hybrid quenching was adopted in this study, which combined the laser and
electromagnetic induction heat source to improve the depth and uniformity of hardened layer of 42CrMo steel laser quenching. The
COMSOL Multiphysics 5.5 software was used to analyze the evolution process of temperature field during hybrid quenching
process of 42CrMo steel. The model was verified by quenching experiments and the simulated depth of hardened layer is in good
agreement with the experimental one. The surface temperature and depth of hardened layer by the hybrid quenching, single laser
quenching and single induction quenching were compared in the model, and the effects of different scanning speeds and laser spot
sizes on the depth of hardened layer were analyzed. The depth, hardness, grain size and microstructure of hardened layer by hybrid
quenching were analyzed by experiments. The results show that the hybrid quenching can effectively improve the surface
quenching temperature of the workpiece, increase the width and depth of hardened layer, and make up for the shortage of the single
laser quenching power. The optimal scanning speed and laser spot size of the hybrid quenching were predicted by the model.
Compared with two single quenching processes, the change trend of grain size and microstructure in depth direction of the
hardened layer by hybrid quenching is similar to that by laser quenching, but the average hardness of hardened layer is larger.

Key words: laser quenching; electromagnetic induction; 42CrMo steel; numerical simulation; geometric features; microstructure
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