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Abstract; A Fe-based cladding layer was prepared on the surface of 27SiMn steel by using laser cladding technique,
and effect of preheating on the microstructure and mechanical properties of the heat affected zone (HAZ) of 27SiMn
steel was investigated. The results show that a large amount of martensite appears in the HAZ of 27SiMn steel after laser
cladding process. The tensile fracture is composed of river-pattern cleavage plane, tear edge and dimple, representing a
quasi-cleavage fracture; preheating treatment effectively reduces the amount of martensite and brings pearlite structure.
When the preheating temperature is 100 “C, the quenched layer has its hardness decreased by 25.4%, elongation
increased by 11.5% , and tensile strength decreased by 14.3%. When the preheating temperature rises to 300 C , ductile
fracture occurs in the material under tensile force. Appropriate preheating can effectively reduce the martensite in the
HAZ of 27SiMn steel and alleviate the decline in the toughness of 27SiMn steel caused by quenching, thus improving the
safety during the service of hydraulic cylinder made of laser cladded 27SiMn steel.

Key words: preheating; 27SiMn steel; laser cladding; Fe-based cladding layer; heat affected zone ( HAZ);

microstructure ; mechanical properties

27SiMn SIEFRE [ EBL R R A, AR JORRR NG S O AR ) A B
RAGRBIPERE R 2 Re, B THOES HNRES  FE T R E R T: 27SiMn 59 0 i fh i 1 M AR AR

O WA 2022-09-09
BEETH . Peoiy st E (2021SF-469) ; F 5 H AR 34 (51705415)
YEBEN: KN (1998—) , B Il Eg 2 B, A AR 5T AE | 323 N SO 8 7 i AR 9E
BEEE: X5 (1982—) , 5B PP, T+ B A, B 0F90 A4 ST, 2 SEHOER L 5 1 1% 22 207 T I FE



146 7R

T & o543 %

M, WOCKE B AR v 2R BAE A F L 27SiMn B A2 I
DI ZURE AL, | R R 4, )™ H 52 M 27SiMn
BRI TERE

TR P8 S A By v R 08 IR A B X ek 5 B
W Z [ B TR BRI, — 8 R PR AR ARG i X R A/
FIMERE AR EE ST AR SCLL 27SiMn 40k B4, I i
I BRI SR T A BB LR 2 | 43 T ik B %6
27SiMn BN T P R DX 2 2055 1 BB A 5 T A G
WS A EE R 2 27SiMn SN0 I 7 ARG i) DX A0 25
PRI 2 PR R B b AR S

1 = B

BEFE 27SiMn B4R HEM R FH U1 E1# 27SiMn 9
B0 T 160 mm x 100 mm x 20 mm i®FE, B, FHRD4R
P R AT B 205w, N B #EA 788 75 T ve TR+,
M.

TEPRBRE A A JrORL  HOE S & 1 R 4k
AT UL 1, By ARSEERIAE 0.12 mm, fb22 543 LA
Fe Cr FI Ni S0 ER W, BEFTTE 90 CHET-46 Xt
AR EZS BT 120 min, 5,

4

*1

HKEMARHULZERS (RESH) %

Mn P S B Cr Ni Mo Fe

C Si

0.18 0.89 0.33 =<0.04 <0.03 0.84 19.28 2.50 0.40

=)
P NN

FIHOE 6 0 #5 (V5 2 b R AT R A
BS-OF-3000-15-4F) 7& 27SiMn X 2 T i £5 4k 3 b5
2, TSN WEINE 3 KW, G EEE 6 mm/s,
EH R 40% , 6 K& 25 g/min, 2% B SR AR
27SiMn N I FUATERE 2 R AT, IR BE 530
PEHUE IR 100 °C ,200 °C F1300 °C , By I 2 WR
FEFHRIE 120 min, BV NS S,

FIHI L K AEZR ) R0 s 78 J2 R B i WD o, JF
BERE, SR I A R R AT 4T BE IR 4O, SR 4% 1l
FRTRG VA VRN LR AT 85 1l SR FH HVS-1000A 73 8 3§

A CRE BTN 3 2 G e X SE A A R D3 4%
1R #1500 g, Iz Fa] 10 s, [A]B% 0.5 mm , BN B
Dt 3 YO H 1A 5 R BOMR L i GX53 3 Ok
S A A (OM) IUERFOULZ 21 4% R ASTM E8( &
BRI ISR ) 23 50 i AR 1 mm POIE R A
S X AR LR i i A RE R B WDW 2 L 1 7 g
IRIGHLINIA 27SiMn B3O A5 4 T2 R e X v i
PERE ;R F JSM-6390A 74 459 4 A1 45 ( SEM ) WLZ2 r 1
e

2 SEEREER S

TR X AR X B R H R B R

27SiMn HY O 1 BRI 8 )= 1 B R X
WA LUILIE 2, P2 R, SR X O 21
AR, RS LR R DT T U KR MK
JERIEK)Z . KRR AR, B R 2 3 Y
IR R, B TE o), th T v S B B, 41
GUEEN IR S A TR TP IR oh T S Bt
BRTC R A5 4y R JCBUREIR BR OGS 5 10 1E K2 IR
B, o J0 I v B IGARTE 800~ 500 °C 2Z [ 5 B4 1if ]
BOR, S EUR RS R BRI MER R IR 21

riger ey

2.1

(a) HME; (b) VKRS (o) MAPEKR; (d) EAJZ
2 27SiMn SRFAFMN X B BIRE R

27SiMn BXFEA Y AR AL B AT B o B R 1R
JEE S A A AR I DX ) fRl L 2E 2, T B3 DR 0 7 e R
PSS [CAARZH L, N [F] FHRGR BT 27SiMn SN O E
PV X 0 B L& 3 Frs . BUAGEE 100 C
F, PR I X4 )2 S e 2 9 P A 4% D ER AR /b R B
ML AR ; i 200 °C B, FAGRE ] X VAR )2 A 5 E AR 7
HERME /D BRI TN AR f 24 A [ 7 B 44



55 1 )

IRKHESE . TR 27SiMn BEOLE B PG R DX B AL SV ) A PERE R 2 147

s BRI EE X 1) 300 °C i, BRI DX OZ AR A%
ICIRSEATE G, B R BB R R = 14, HL
BROLIR S TR IR RE T ima 1000 22 AV hiE R, ot
b, BRI AT LA S5 N KR SERE . TIOR8
TR Z TR | By A AR 1 R A SR oy
A B ERCIA AT 22 32 R A48 e T EAGRL JBE Ml L sk N
Fo B2 AR BE B B2 | TGN DX v B BE DRl N, v
SV RIS ot B o XA i 25 v 05 AR A A g 4
T s AR MR 22 1Y B RS W I 8 S O
FIgRZR AR 22

(a),(b) 100 C;5 (¢),(d) 200 C; (e),(f) 300 C
3 AEFREET 27SiMn SR SE B R INX i) BRZHA

2.2 TR E X HE N X B RRE B A
ARG R 27SiMn B0 2 AR IR X
AR B S an e 4 s, F IR 4 R AN F
TR T O B A A )2 () T P DR R AR | ANt T A
T EEARAV ARk ; SR, 27SiMn F% 3L 0 X A7 7E B i %
IR GR , Bifi 5 HE 05 G R B 0 K, WO 7 ) R 1y 34
YRR RS, PRI, B B0 5 SR BRE | AR5 i) DX
T REAA , TR P35 5, AR i) DX YR K2 e B
i, THGELEE 100 CHE, K2R 525.7THV, 5, Bk
PP KRR PR T 25.4% ; PR 300 °C 1,
Ry 365.4HV 5, BER TP K ZFEILT 50.8%,
DRI 7 380 A 78 T 20 e X b TR T L B i) [X

AL A RO HETTRZ I 27SiMn ARG X 1

Fii e [22-24] .

800

PR X+ B

a1

700

600 -

500 |-

400 -

BHEEEMHY,9)

—m— R
——100 C
300} [——200°C
—¥—300 'C

200 1 1 L 1 1 1
0.0 0.5 1.0 15 2.0 2.5 3.0
B/ mm

B4 AEWEE TR0 X B 5 7 i 2

2.3 TR EXTRIHE RO R0

27SiMn PIEFE ) AR S AR TR BT A
XEH e 5 B, 27SiMn 892 L 5 19 )
P IEMRETIL 23.31% , G5 O E BRIk iEE 2
LhriE B R 1 281.5 MPa FEfH N 5.00% , H R i
A A IR 1) ek 0 e e R B B, R A B
Jfa PR K WA A i XA hor A P BE S Tt 3, 48
it 100 °C 200 °C F1 300 °C FilHk , #G m [X 7 8 B 43
51 900.8 MPa 862.9 MPa #il 865.24 MPa, 5 4 25 i
FA B 1 G ) DXAH LU SRR B 5 R BE T 14.3%
17.9%F1 17.6% ; G AFAGE IR X AE (23R40 11.5%
11.1%F1 8.2% , B A Tl H 1 S A 2853 3 $2 85 T 6.2% |
5.8% 1 2.8%.,, FHEFE M 100 C F+ i F 200 C,
27SiMn FAFRGE M X1 S i 2 5 e o i 8 A A i B A
N TR FE K B 300 °C B, 27SiMn 40 #AG IR [X 1) 4iE
TR BRI TR X R TR R TR T, &
TS B B IR BB R AR, OB TR,
ot F R B TAAAE P 5 25 AR T 27 SiMn AR BRG] [X

RSB S
1400
1120
~
A
= s40f
2
b
& Ser —=— 2
—A— PR E100 °C
280 | —— FiiHE 200 C
—o— TR E300 C
—he— AR
0 1 1 1
0 4 8 12 16
R/ %

5 27SiMn SREREAEE R RN X BRI AL 77- B 38 #h 2

SR SEM X6 R FIUEAAE B Ay Joi 282 J22 PR W) X A8 o



148 7R

T & o543 %

T B TS 2R AN 6 Fs, = i fi
Wt FZUE SR W 1138 JCH IR ASIE | e
PSR AT AR R 240, R B PRI 207 3,
IR TR R PR AR R B P AR ST , 1 555
o, BEMTAERTA 1 7 S0 T T 2O = A ek
Wi B X LT AR B T B 432 B
G W 1 12500 SOV A ph 20/ N T IR AEAE
55 0 SRR ZE A, W20 5 LR ) e LT SRR AE 5
AR OV A0 e 5 240 /N B9 90 2L B, 0 P B R
fER2E 3ot TR X RO 2L h 5 R 5 B0
PRZ B, FER i AR i, dolr P i A 20, i 2R 65
32 9 1o 0 S0 SR TR BT JRUA A B, LR Ak
ABREIE AERR I BVERTT 268 — AR 5 5
PRSI B IR AL (8783 )

‘gﬁ?ﬂj =y

2

S SRR

(a) RBZZMWIE ; (b) KRR
() PRMCENMWT I ; (d) P EMMEEE, (o) TiREER
Bo REHIREREMMINX BIH il O R R

AN TR BE R 27SiMn B EAGE M) X ) T 1T 550
WP 7 froR o AR R AN TR PUERGIER E T RGE i 1X )
Wiy I N B E T W, AR 100 °C I, $ARE
W AR A% DT 10 S [T AN, g 3% D 1 FE 350 e 4
fite R A B, B 2 ALK PURGIR T 200 °C i, AR i
DXCARAT W 1 JE S50 2 i 47 W 11 2 T WL 39 i 2L v
THAR, P BRI 100 °C I T3S O ; TR 3k
) 300 C I, FAGZ I X W 1 & A TR B RS 4, H
e A OB 10 S T2 A5 ph R 3 A, 0 R AR

i 100 °C 200 “C 2, H0wss BA RN, #)
PEWT R RSN 2 2

(a) 100 CALAEE; (b) 100 CRfEEl; (¢) 200 CALEE;
(d) 200 CFfi5E; (e) 300 CAUERE; (f) 300 CHfERl
B 7 AEFFEETHHEEXAOE ORE

25 P TIR  TARAL BN 27SiMn BOEAA A 0
XA S 2 VE e W e, 22 TR Ak 1
27SiMn SRR DX i BE A BE /), TR 35 R
BRI LS 5 BT WIS e B e, PRAE
AT B kst SR, FEE TOUEAGL B T o, el 5% B 5 )
BSOS S/ 179 Nt 22 NI K S ) (S I e

R ) T B A5 0 A 27SiMn RO 1 T P
X A 2, T e 3t HL 1 Ml
3 %k 7

1) 27SiMn 44 #452 M DX 00 20 2y 55 (G A4 2ROk
PRTFIER Z ARG A, S CCAR () A7 7 T BRG] DX ) 1 ik
AR, 7 e bRT I L v e T S

2) FRAAT] LU Rk % 27SiMn B9 FAEE I [X (1) VA
PR, VKR D FCR 2 45 i B 2 TR B T o i e
15 ; PRI B 15 5] 300 °C I, B [OARZH SR A T 2k | 3R
M) DX R R A R G AAR P FD Ak 3 AR A

3) TAAKT 27SiMn BIHEE R X Y 7 25 Pk RE 5 i B
W, SRS I X AH E , TR 100 °C B, i
ALF 27 SiMn BAFEOEHE  AGE I IX 0 P KOE R T
25.4% FEMRIETF 11.5% , Jrhism E FE 14.3%,



55 1 )

SRRNFEE . TRAAKT 27SiMn ARG T A 0 X B A AL SV 1 2R RE A 52 149

AL TR 300 °C IV B T T MU 552 1
DRSS W7 54 o B A BRIV ST 2
AT

SR

[1] WANG Q, QIAN R, YANG J, et al. Effect of High-Speed Powder
Feeding on Microstructure and Tribological Properties of Fe-Based
Coatings by Laser Cladding[ J]. Coatings, 2021,11(12) :1456.
(2] H:iEE, ERO0, WIESC WS O U A B I LS
PERELI]. UM A, 2021,50(16) :71-74.
[3] OUYANG CY, BAIQF, YAN X G, et al. Microstructure and Corro-
sion Properties of Laser Cladding Fe-Based Alloy Coating on 27SiMn
Steel Surface[J]. Coatings, 2021,11(5) ;552.
[4] LILQ, SHEN FM, ZHOU Y D, et al. Comparative study of stainless
steel AISI 431 coatings prepared by extreme-high-speed and conven-
tional laser cladding[ J]. Journal of laser applications, 2019,31(4) .
042009.
[5] LICZ,NIY]J, WANG M D, et al. Analysis of Microstructure and Per-
formance of Laser Cladding WC-Fe316L Alloy on the Surface of 27SiMn
Steel[ J ]. Journal of Physics: Conference Series, 2022,2185(1):
012083.
[6] BAIQF, ZHANG J, LI Q H, et al. Microstructure and corrosion re-
sistance of Fe-based coatings prepared using high-speed laser cladding
and powerful spinning treatment [ ] ]. Materials Letters, 2022,310:
131429.
(7] R, IMET R— 655 BOUR B S SE i S 2 E
MPERERZEL)]. RMHA, 2021,50(11) : 103-110.
[8] ZEEMEL, X #,E B, 5. BRERHOCH B I TR0 25 A i 2
FEBERERF T J]. 576 TAR, 2021,41(5) ;149-152.
(9] W/, Whnak, 2B, 55, Z2WOCIEAIXT 30CtMnSiNi2A 5 3
WAL G TEREREMA ], EHOE, 2021,48(6) :69-79.
[10] 38 ¥, skt ARl 45, sl B il b s By I A1 18
SIALUSTERE[ )], AR, 2020,41(10) :47-53.

[11] PANCL, LIX Q, ZHANG R H, et al. Research on microstructural
and property evolution in laser cladded HAZ[ J]. Surface Engineer-
ing, 2021,37(12) :1514-1522.

[12] #OKE, T 5 8KE, % HORE T 2380 @ mNk 2
REMYREZM[J]. 596 142, 2021,41(6) :202-206.

[13] Kwok C T, Man H C, Cheng F T, et al. Developments in laser-based
surface engineering processes: with particular reference to protection

against cavitation erosion[ J]. Surface & Coatings Technology, 2016,

291:189-204.
(14] T SCHG. B0 T G035 A 3% i SO B PORBE TS [T ], S0 T T

2., 2018,47(18) :137-140.

[15] XIN D Q, CAI'Y, HUA X M. Effect of preheating on microstructure
and low-temperature toughness for coarse-grained heat-affected zone
of 5% Ni steel joint made by laser welding[ J]. Welding in the
World, 2019,63(5) :1229-1241.

[16] Quan L, Ralph A, Yan W, et al. Influences of depositing materials,
processing parameters and heating conditions on material characteris-
tics of laser-cladded hypereutectoid rails [ J]. Journal of Materials
Processing Technology, 2019,263.1-20.

(177 ERMG. BT 45 HEL AR AT TR IE A X A 2L A B 6 BE 1) 5
W[ J]. HINTTZ, 2015,44(9) :221-223.

(18] EifE, EWer, ok 8,55 BOCHIERE AN A 4 C-Mn 14
TEEIRBSLASIERERENA ) . FPEROE, 2016,43(1) :61-67.

[19] ZEEEH:. 27SiMn B9REHOCE B SIE S S HLFIERERTSE[ D ].
POL PYLRR R EMR R 5 TR Be , 2021,

[20] & ¥ XUEIEHUNE & SO B L 2 R e e Sk e e
WIELD]. & EAAmE (B A) HLH TR B, 2018.

[21] BRRE AT, RS, JORM R I B i E 202 1 5 5%
TRAEHA ()], SR HUEHEL, 2021,46(12) :149-155.

[22] JEHI4E TR, BX HE 0. 26CtMoNbTIB 4l F FH #0111k 3¢ Kk 3 %)
RTZ[1]. &JR#AEH, 2018,43(5) :184-189.

(23] E B, EAEM, EUMME, S5 WIRVE ST RSN & PR & 4w
SREE H AVNAHBWEREREIA[T]. AR TRE, 2012,36(3) : 22-27.

[24] WIBERE, 25 3, ZR0KAR,SF. MORIRLEERL M. L. BIBSSE
Rz R, 2006.

[25] MBI AREAE, R 5 BOUREIERLI A RG] ].
RS, 2021,35(S1) :352-356.

SIRARS: SpHE, 0t 4 #8,F. FUHT 27SiMn ARBOLE B A Y
KRB F ke Hra ()], F s LA, 2023,43(1) : 145-149.

( F3ES 144 T0)

S 230k

(1] X1 W2k B WREEMTHRERHAEE SRR 2T
SrRTLI]. FHESA0H, 2018(3) :20-23.

[2] # HLE BRI LS. 6061 §iA S OB S E T IO
TERHIE 5L A DCHEL T, SR8, 2015,36(7) :72-76.

[3] MH A, BAF AL 2 AR LR A S DR R 1]
BERAR | 2016,41(9) ;1-6.

(4] BRIB, /N, 2P % A SO AR TR T].
HLARAL, 2017,47(2) :8-12.

[5] Kate. Difference Characteristics of the Welding Zone between Laser

and TIG Welding[ J]. Optics and Laser Technology, 2014(9) ;36-39.

(6] My U ShHE, F DL Zn-Cu-Ti &4 BobiEE R 5 MO 1R 4 Sk
HYUGPEREXT LT[ J]. R TR, 2019,39(3) :128-131.

(7] #130h. 6061 §3 G &Rt B A LU Jy 2 M REFSE (D], F
B AR KRR R 5 TR 2B, 2014.

[8] MREIR. 6061-T6 434 4 AR AL M RE AT E 5T [ D .
BT VLI RHE R 2E AR R 5 TR 2B, 2019.

[9] AR, & 25, k0L 2 6NOL 4G S L 4 40T ) ].
PANT T, 2017,46(21) :185-188.

SIHARN: £ &, FRF, % —&,%F. 6061-T4 4862 LR B8 K
WoR H AR []]. Ak T, 2023,43(1) ; 141-144.



