[#49% % 8m/200 &4 A/mEMA

OE DA 27SiMn WBOCTE BE )24 TERER 5 M0

M Bl 1 1,2°
B4, AHE
VR VEHE T RS HLA TR SRR . BEVE W 723001 ;
TR Tolk H b S SER E L B W 723001

TEE T RO T SR O s B S S ST AR B e B R R 2 T e sE R A I EOR T R S 8
FFH BN AR R 20 mm/s X R 18 g/min B MR 0 MDETEEAR 2 mm A4 BFSE T EOE
%A 1500,1800,2100,2400 W i 7 J2 (9 B 4L 40 B A Pk RE R HEWT DB 40, 25 SR W M OL TR ol 1800 W
B, 78 37 A% FH AR T 45 19 FeCrNiSi A 4 1 2 19 #4E h DXOUR B2 fie /IME 2958 360 pom; U2 A 2 IR th 350 19
TR 5 AR i 2L 5 4% 2 A S SR A A R T R L A0 5. 30 s PR R IR 2 W O 2 B R L 1 )2 RO 98 1k A

T E P R . LR R B RO T R 27SIMn WL B TR IR B TR L A 4L 24T AT DL K W DR
AR A5 1800 W B AR WOLIE B T4 T I ) 3 R Tl ot 45 5 B BB PRI R )2 .

XEWE BOCHEAR; BothR; B Rtk
FESEES TG495 XEFRER A

15l =

T SR 2 BRI 25 SR B A0 S B R A L
ST RE SR TR A 11 G B A, RS o ] S R AR
UEHER™ 22 40 AR 7= ) S M L ST AR R I IR A% A R R
3 KR RE H 5 A B S R TR A BT R B e, a7
FEF 27SiMn 890 BE 2R T H AR A il L L B
S P A5 O Ak ) L T R R W ST R R B R R
G CHR i ST R B B M R R R 1 A B RE
B T 0 R SR I 2 s TR SR S A R
WHEIR R T A2 O Ik, 52 M, #OotEE
B AR I O e R M R A A A Rk P A B
A AESTAE F 27SiMn 0 R T P 3 TR & 45 A 0
R LU TS I RERES ., WOk E TS
AR 37 A 2 R TR R AT 4 00 TR R R 3
AROCHEGE , IE B8 O s 328 S HE R
i

SR SO U ML AE H R 2 A T2

W

0

W 1 JE 5

doi: 10.3788/CJL202249.0802011

P AN 200K 5 e ) 3 T A, R 2 AR R L RALAE
BBt L AR K E N A B RO B T S AT
TREBIT, EREVIHIE T S A 6O
BEE T2 6E T OB EBEE N T LR
HIEMI M T T A ARE R, RES Y HRE TR
AR A )2 & B 1 0 I 3 2 1) o0 4
IR 72 Pk e A AR KB W, Rashid 2V BFSE T 34
FeHE B 300M 40 1 77 24 1 Re S LW R SR, & BT
R [ %A% 0 A 0 AR T 2 R RE AR T U A 1) L AR
AR IR AR . X R ST B S T O e
Ni/316L RIZMA L5 Ji 5 PEhe, & I IOL I %
BT 2H 2 B R R B R R A B R . KA
SEUSI R 27SiMn R IHOEKE T ARG NERZ . &
B2\ 1) R o (1 R S = Wl - G = =
SR B R A R OB T 1030A B4 KRR
[ D)8 R IR 2 09 0 il 41 20 DL R T S M BE A AR K
Z5.

TG T R R 5 W I 7 TR 2 L SRR RN ) 2R PR e

Teixeira

Wi BHE: 2021-07-12; fE@ B HA: 2021-08-31; RABHI. 2021-10-12
ELTH. EXRHRB I 4 (51505268) BeVE & £ F 7T 3 45 30 H (20750200, BEVE & 2 F 7 € Wi B oF it & 50 B
(21JK0562) BV & Tk A 3h 4k T o5 52 5 % JF f B 20 F 52 € 4 (SLGPT2019KF01-16) ., [® B Bl £ 5 545 52 56 = 3k 4

(JCKY61420052022)
#E 1€ : “shulinsenl9@163. com

0802011-1



HRiIEX

S 49 % £ 8 HI/2022 &£ 4 B/ EHL

(i EE B K 2, (H H BT OC T 2 4 27SiMn 9 0O
AL LURN 15447 A R AE 5% W 9 BIF ST 45 /0, i B = R
Gei e s AN T 57 R O R Y TR
F o 0 T 3R BOE T 300 HO6 e 18 2 S Ak B A Y
SR BT T DO R A R O T R £ 5 2
IR T2 07 58 R T S R B B A B TR TR 2
R IR AR AT SR 5 41 SURRAE L 8 i B
B 3RAT T AN IR) L 3R R Y R - AR R T T
L M sk B BB B L AE AR A PO R AR ) 2
P REFE b L 38 03 6 2 B fUBE R HL BE (SEMD H
SE TR W 2 ORI RN, RS A R
R Y S B ST RE A 1 O e B T D 1 R 4R
T5%,

2 B

2.1 # #l

TR B AR A B W R S48 57 K BE R 27SiMn
AL, RS 150 mm X 80 mm X 10 mm , H il 43 (i
B8, %) M C(0. 320),Si(1. 250) , Mn (1. 200) ,
P(0.030),S(0. 032), Cu (0. 300), Cr (0. 300), Ni
(0. 300), Mo (0. 150) , 45 A b #}H i F] FeCrNiSi &
SR O 4y T 4 8 V) e C (00 75), Si
(3.50),B(3.50),Cr(17. 00) ,Ni(13. 00) , Hi4x H Fe
JCE ., AL A 1 TR R R BUR BRI
BERT, HAR N 44~105 pm,
2.2 BEIZRKHIH

IR B 3 kW ML HOEE R4 %
M. ARG H YLS3000 2 FRBOLEE . ABB AN H
t B AL A% N L ZF 3B 46 B Sk L CWFEL K ¥ %6 & f

RH-DFOM XUfj 3% #3 2% B 410, 1 FH 200 5 (5 4 53
B0 R 99. 9 % W G AAE A Hoky SRR B SR R
A R 7k B I R 2 s, A
THRFEROG A g 2 R R 19 S e Gl ok T AR
AR B LA R 6 e L B R R
FEMRK A 18 g/min. 20 mm/s. 0,10 L/min, *
M TES8AE 1R,

K1 ARSI

Fig. 1 Powder morphology
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Fig. 2 Melting and cladding process
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Table 1 Melting and cladding process parameters
Laser Feeding Scanning Defocusing Powder-sending
Sample No. L o -
power /W rate /(gemin ') speed /(mmes ) amount /mm flow /(Lemin ')
S1 1500 18 20 0 10
S2 1800 18 20 0 10
S3 2100 18 20 0 10
S4 2400 18 20 0 10
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A, 78 27SiMn 40 A T AR b 9 R SE CRE X R
15 mm X 0.4 mm B GBI 2SS 6 mm
A2 3 £ A 3 Ca) BT 5 SR S L 50 %6 1 48 B
Feh ) 5 I B AR A K ML T 1Y FeCrNiSi & 4 8
R Js A Wik ) T 8 A b, v AR RO BE B 2 0

OIE B 4 0 2 s dcJe - R U0 &1 0 vk A7 il 1R B
BE LR A K S1.S2.,S3.,S4) il BURE {37 8 A1l
RT3 Ce) () i  He ik o X sk oy 45 4 1k 14
BORE 7 8, HRSF (K X %8 X @) 8 10 mm X

7 mmX10 mm,

0802011-2



F£49% 5 8 H1/2022 £ 4 A/ EIRN

(@)
Y R6
A04
15 10
\d
(©
80| | et ]
< X >
metallographic sample

(b)
tensile loading tensile loading
direction direction
- ———
(d)

il«—iﬂ 6 e
?::%éégzju

40

B3 WA E., (OBEBR (bR E AR (o BUE A & (D hi A R~

Fig. 3 Sample making scheme. (a) Melting and cladding model; (b) melting and cladding path; (c¢) sampling layout;

(d) specification of tensile specimen
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Fig. 4 Cross sections of cladding layer at different powers. (a) 1500 W; (b) 1800 W; (c) 2100 W; (d) 2400 W
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Fig. 5 Microstructures of upper, middle, and lower parts of cladding layer at different laser powers
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Fig. 6 Morphologies before and after specimen stretching. (a) Before stretching; (b) after stretching
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Fig. 7 Stress-strain relationships for five types of tensile specimens. (a) Stress-strain curve; (b) local magnification
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Fig. 9 Fracture morphologies of five kinds of tensile specimens. (a) Substrate; (b) S1; (¢) S2; (d) S3; (e) S4
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Fig. 10 Fracture morphologies of cladding layers, heat-affected zones and substrates at different laser powers
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Heng Zhao',

" School of Mechanical Engineering, Shaanxi University of Technology, Hanzhong, Shaanxi 723001,
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Abstract

Objective

Shu Linsen"”

China ;

China

The laser cladding technology can generate a functional coating based on metallurgical combination of

high strength, anti-wear, and corrosion resistance on the 27SiMn steel surface of hydraulic support column by rapidly

melting and solidifying high performance alloy materials with laser energy, thus the strength and support safety

performance of the column can be improved. However, during the coating generation process, a sub-stable material

structure of multi-phase heterogeneous materials is formed inside the coating due to the complex thermo-physical
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field reaction of the laser with the powder and the substrate. The laser parameters directly influence the
microstructure and mechanical properties of the cladded coating, in which laser power is an important factor
influencing the tissue characteristics and the mechanical properties of the cladded coating. However, there are few
studies on the effect of laser power on the characteristics of the organization and the mechanical behaviors of laser
cladded 27SiMn steels, which is not conducive to the engineering application of laser cladding and remanufacturing of
column parts. In order to obtain the effect of laser power on the organization and properties of the 27SiMn steel
repaired by laser cladding, and to find out the optimal laser power parameters for the cladding layer, the laser
cladding process and the mechanical properties of the 27SiMn steel are studied experimentally.

Methods In this paper, the FeCrNiSi alloy powder is used as the material for preparing the coating. The alloy
powder is blown onto the surface of the 27SiMn steel base material by a high-purity argon gas (mass fraction of
99.99% ), while the alloy powder and the part of the metal on the surface of the base material are rapidly melted
under the action of a high-energy laser beam to generate the alloy coating. First, a single-factor variable approach is
used in the experiments. Four different laser cladding schemes with 1500 W, 1800 W, 2100 W, and 2400 W powers
are designed to produce the specimens. The specimens are prepared on prefabricated straight slot with a overlapping
ratio of 50% in a longitudinal “ % ” path. Second, the cross-sectional morphologies and the microstructural
characteristics of the specimens at four different powers are observed using the VHX-7000 ultra-deep field
microscope, and the microstructural characteristics at the same positions (upper, middle, and lower parts) of the
cladding layers of the specimens are compared and analyzed. Third, the multifunctional composite mechanical test
equipment is used to test the tensile properties of the specimens at different laser powers. The stress-strain curve of
each specimen is obtained through the test, and then the yield strength, tensile strength, elongation, Young’s
modulus, and other mechanical property indexes of the respective specimen are calculated. Finally, the macroscopic
fracture characteristics of each tensile specimen are observed by scanning electron microscopy (SEM) combined with
the stress-strain curves to determine the fracture mode and plasticity of the cladding coating, which can be used to
explain the mechanical properties of the specimens at different power levels.

Results and Discussions The experimental analysis shows that with the increase of laser power, the width of the
cladding layer gradually increases, and the depth of the heat-affected zone first decreases and then increases
(Fig. 4). In the microstructure of the middle of the cladding layer, the organization of the specimen by 1800 W is
mainly composed of cellular crystals, and a small number of columnar crystals and dendrites. The organization tends
to be uniform, while the morphological organizations of specimens generated at powers of 1500 W, 2100 W and
2400 W are dominated by elongated columnar crystals and larger dendrites (Fig. 5). The plasticity of the cladded
specimen increases continuously when the laser power increases from 1500 W to 1800 W. When the laser power
increases from 1800 W to 2400 W, the plasticity of the cladded specimen continues to decrease. It can be seen that
the mechanical properties of the cladded specimens with a power of 1800 W are the best in all cladded specimens, and
the yield strength, tensile strength, Young’'s modulus, and elongation of these specimens are 655 MPa, 690 MPa,
130 GPa, and 5.3% respectively at this time (Fig. 8). Tiny ligamentous fossae are found in the fractures of the
cladding layer (CL), heat-affected zone (HAZ) and substrate, so the specimens generated at 1800 W exhibit the
ductile fracture characteristics. In contrast, the specimens generated at powers of 1500 W, 2100 W and 2400 W
mainly show the brittle fracture characteristics, and the cleavage steps or river-like brittle cleavage fractures are
clearly visible in the cladding layer, the heat affected zone, and the substrate (Fig. 10).

Conclusions The study on the effect of laser power on the mechanical properties of laser cladded 27SiMn steels can
be concluded that 1800 W is the optimum power for laser cladding. A laser cladded coating with good mechanical
properties is obtained with a laser power of 1800 W, a scanning speed of 20 mm/s, a powder feeding rate of
18 g/min, a defocusing distance of 0 mm, and a spot diameter of 2 mm. The microstructure in the middle of the
laser cladded layer of the specimen at 1800 W shows more cytosine crystals and a small number of dendrites and
columnar crystals. The more cellular crystals can make the specimen less prone to fracture. The heat-affected zone
of the laser cladded coating is the smallest, therefore the damage to the substrate is the lowest and the fracture of the
tensile specimen is mainly ductile. Above all, the research results here can provide a good reference for the hydraulic
support remanufacturing engineering practice.
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