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Repair of Scraper Conveyor Sprocket Based on Metal 3D Printing

Wang Qianbao', Wei Xiaohua'*, Li Yifan', Zhang Wanlin',
Shen Cheng', Liu Zhijie', Song Xiaolong

'College of Mechanical Engineering, Liaoning Technical University, Fuxin

In order to repair the sprocket of scraper conveyor

indentation and wear resistance
ial.

) Liaoning 123000, China
Institute o f Advanced Manufacturing Technology, Liaoning Technical University, Fuxin, Liaoning 123000, China

the 3D metal printing technology is used to test on
These samples are carefully examined to acquire metallographic structure

Results show that the hardness is 2 ~ 3 times of that of the
substrate material, and the wear resistance is also improved dramatically. Subsequently, the employment of this

technology to repair a sprocket is carried out. A 3D laser scanner is used to scan a brand new and a worn sprocket to

package CATIA is used for modeling and slicing with some newly developed add-on functions

The data are used to calculate the worn volumes of the sprocket

Software

Based on these data
the numerical control programs are established to define and control the repairing paths and parameters of the worn
, the numerical control programs as well as the developed add-on functions

3D printing, milling and test results show that the sprocket is properly repaired, which
laser optics; metal 3D printing; scraper conveyor sprocket repair
140.3460; 140.3510; 160.3900

modeling software CATIA
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A A SN T AR (NCOAURD L3 i 3T ENAS R LK d5 Jm i B 45 R S0 R e iy al A5 4
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2.1 3DITENKEIE&

RIS ZHOLIDITNRAE. R R RAEH AN FRE: DR AEMEEW RS, BEHEE
Laserline GmbH 2 2R WOGHE & WOGES O G OB LR (B0 G 2% 4148 DL K W) Sl 1 B WS % 455 2) 3D T Bl
ARG, FEAEEIE R A6 KOE A7 BT AR BSOS AL 3) JFORMEE I R 48 . A0 45 4 8 4 R fi ik L A&
ALY ke NG TR R R MR AR s O BB R GE G A SREDL iR LS KA R A S R T LK & KR L
Ao 2L 5F . B 1 2WOE 3D FTEN RE R H ik & ,

&1 3D ATENE A il I ik a5
Fig. 1 Part of 3D printing experimental equipment

2.2 FEMRFTEDIKIE
2.2.1 ATVPHEME &

3D FTER A9 H R~ K 55 55 80 mm X 30 mm X 20 mm . 5N AR A9 81 i S 34CrNiMo6 (R} 2 4% %6 356 {4 41
T o IR FEM K 22 BEHLR b FTEI— B K S8/ 0 70 mm X 25 mm X 20 mm BYFTENZ . 4T ENR KR, R
3 kW B2 SRR G OGS DL FRGE R 25 . FTED TS50 O P 2 1200 W, B HLK
ARV 1000 mm/min, CEEE AN 3 mm, EEJ 15 mm, £ 18 22T, Hoh 4 18 #54 %
H50% R G MR R LG T HALE R

F 1 PEA SR MR (B a8k, Y

Table 1  Chemical composition of the Fe-Cr-based alloy powder (mass fraction, %)

Element Ni Cr B Si Fe Cu C Mo

Content Bal. 16.12 3.5 4.0 <14 3.0 0.23 3.0
2.2.2 AT REW YA

FT BN o5 R AR HEAT L) WIVE A OCIRRE . Z R WO . AR HV-1000 %Y & fl 4k IS A 2 1) X

T ED 2 1 5 ORE BE L A S (100,200,500 ) o NI ) Ry 10 s, A0 X5 R4 1 2l b BRAS 4 [CAE B2
B BRSNS A 55 B3, MR EE S 0.2 mm., [ SR H VEGA3-SBH AU 49 $fi B 7 & 7 B8
(SEMD 73 IR TE S0 o Tinf JE P 10 7 MIL-100 B JEORE JB 453 1 S0 LR AT, X6 B 6 o 180 # 1 7K BB b 4K, 12 6 2
iR 2 NGFEHN 60 r/min, JEHATREN 70 mm. SRAVRF S0 8O 800 I AH IR £ Tt ¥ WORT b4 2047 J8 1okt s ]
Tk X T ER 2 BEAT G L 3R ] Axiovert 40 MAT RUS] & i385 WS4 B FTEN 2 1 4 A4 21,
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2.3.1 AT AWK BT RS

FTENJE B RO WA 2 Bz o b P 2 A0, AT B A 008 2 T Sk g ol e v 1) g ARG, Bl 7 3D AT
B 1 [ Al T B IS WSS AT B SRR . 3 TR S G BE A I A AL K 0 T AT B R AT BN R
502 BB BB AT IT I N ¢ 1) d 34T PR — B ER Y ¢ Bl d BT .87 1 B 2 B EATH
B e B d XFEAES 8 o (B ) 55 ZIEM o (B ) TE BN R i o d S IR T o B d 2z 1E) Y )5
JEE L XS HLR AT B (9 BRS04 5 2 HEAT 222 4T BRI A 0T LUULEE 03T BN A i ke (B 2) o fEA 52 0 8 1A 19 4T
EASCR .

c T d 1
P
| 3
4
| 5
6
2 ATENRER AR &3 SLHE S PLE ALK
Fig. 2 Experimental result of print Fig. 3 Path simulation view of spot

2.3.2 ATV EBEAEARLLR ST
K AR, P=1.2 kW,V=1000 mm/min, Fi& 4 A1, 57 H 4 00 2 215 5 52 ik s 41 40

fits ) 2 00 6 AR o A7 6B ) AL 20PN 9 4N BT 1 S R o rR D 4 () AT, R A A B iy DX AT B2 22 )
FEAE TLAHOK B8 00 A 0381 ELIR A IX 4 2T BN IX 20 2000 fin 4 /N3850 00 BH 04 Fn 4 Jg 4T BN JZ H BT A0 1
PR R RAFRIR A WA K AER T A A BT A A H RS A 1 IO A R A X
S BT AR AT B3k A vl 078 sttt EL A AW g %) T A R 17 R [ S A Tt VS LA AR R IR R R A /)
(1% B [0 328 35, Gk [ ) 7 e 7E 6 A Il ok v AR A 2 A K 1 O 3 K — 2 ST T A o I T AL T O 9 L R
o /N 5 [ 3 T b 2 T 2 U AR SRy A AR K R T R ) A AR IR S T R A AR K O e 4 L 4
A8 A R TSR R,

{ :
B4 WBELBUA . (o) 4TEDJZ 9 B ALSUAL ; (b) R I 2 el 2
Fig. 4 Microstructure diagram. (a) Microstructure of the printing layer; (b) microstructure of cross section

2.3.3 ATV RRLE 5T

K5 g NFTEN JZ 3% 1h1 22 644 10 2 GORE R AR At 2k . 181 6 Sy ialRE B i R SEML 1A, il 181 6 nl L 3T
B2 AR B g T AR AR IR Y 2~ 3 %, R B 5 O S B MR RS T R B L i I R A B
JE o FTENZAE R B4 i al LU LR WA T5 e #r: D i TITENZ S A KRG SR AP L a0 T,
FEORZE FE R AR RN 2) th T A 19 22 T0 3 S A G W 5 R 9 5RO £0 DL B iR T 9 bR s 3 1 5 1R B9
24 SR AL P BOZ X HABUR BB ROBERE . 5351 IR )2 B U3 )2 B0 J2 I 2 vy ik 2 B 7R T B R ad 7
Hh— B8 B TR BB | A B R A T e T BOCR R A PR RE A, Bl B R R B RS A I N R A A
Wi X HC2H 215 A RH AT 32 X R B T B T VA L 2 8545 DX b b a5 4 TR B HIE 25 DT A 321X A 2
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Fig. 5 Variation curve of cross section hardness of sample block

B 6 R B RS A R IR SEM &, (a) 100 g;5(b) 200 g;(c) 500 g
Fig. 6 Cross section indentation SEM morphology of sample block. (a) 100 g; (b) 200 g; (c¢) 500 g

2.3.4  ATEP BB ST

V7 S A [] s 450 Bof (i) 1 6 A8 AT B 22 B 40 it ) A8 A th 2k . R D 7 BT, T G S A N, R b S A0 i 2k 1Y
AR R o 1 TS A0 0% B[] A S A (5 02 W 2 O A S U S I I R s AT BN 2 W S R
JE 453 B ] P9 S22 4 2 08/ N J5 3G O, FE B A 3 h i LS R i A B B /IME Y 215 X107 g, IS B 40 B 4R 8 i 1Y
R ARCIG A AR /N, — T THT o 7 B4R B 00 1) 5 R v, MR I B SR R £ 5 kT B A R L T
AH B RS B 2 v T LA AR X6 s ) 2% TR 7 A S ) R 114 2 ) i s Al B R A 1 R A /0N 1 B T L 3R AR R
MR AR T X I F S VR 2 W S R T R . g — D T R R R R A v B A T R BOR , A X T B T 1
AW, Fe-Cr HIEASMAR T KA B S o0 R A48 R 47/ 8 vk, s/ 1 4 8 5E 1 A 4 B i Jx
I3 R R AR 085 S A KA T RS SRR B AN Ak B TR R BRI 2 AT B 2 1 i
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Fig. 7 Change curves of wear amount per hour

0402007-4



h 5| 7 it
3 M A PLEERS 3D FTENBE R
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JIr A6 S 1) e 8 U2 9 ) X it 2 AR A 6 AL P IR 2 B SRR RS B BE RS AN AT 8 P AT BT R R R
STEARAS L AKER AT BB R — 2L
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Fig. 8 Sprocket after wear

3.2 #R=-HREHERNIRE

N T BEATAE S AT 75 AR I 451 B 8 b v R A A R R R DA R HE AT A OG B Ak B, FE R A SR A R T
IINEER Creaform 24 Al #) HandySCAN 3D 748 A £ 24 7] B AR HEGEFE , AR IBCH AT 2 BOdls s 285 14451 9 B 451 14
HER  RIUH S = B Q8] 9 R s B2 ) CATIA V5 X bk il BE 6 55 85 1 B 56 5 2= JEAT 4 0 L SR ol 4t ek DA J2
X B e 43 2 U LI 10 Ch) I i A R AR 5 d J 5 A 8 5 A 4 o 1 A b 0EAT 3D AT ER

B9 =4EFH AL B R BE SRR, () TR0 bR AL BE SRR 5 (b B 401 4 4 A 751
Fig. 9 Sprocket model of the 3D scanning process. (a) Part of standard sprocket wheel model;
(b) worn sprocket wheel model
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Fig. 10 Schematic diagram of sprocket treatment. (a) Strand pit and side wall patch filled; (b) slice
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3.3.1 AAREMH
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Mr. SRIG4A CATIA-CAA" Y [ S5 KA E Ak (AL 1E  rT AL T & H R JF & —3 4 Wi e CATIA
o HAE G 3D ATENM I s A4 1 10 S8 00T B 460 65 19 A 3 Ak 43 )2 U0 R 0 A U T 4T BR B B #E )7
HXPEHEQNIEN 11 FroR . TS HUR B A= sl B /8 e an 18l 12 i,

Bl 11 OCZ T L A i & 12 AL B A g o T
Fig. 11 Generation of laser multi-layer Fig. 12 NC program of computer aided generation

print trajectory
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Fig. 13 Laser printing repair test Fig. 14 Overall printing, taking into account the side wall
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Fig. 15 Surface topography of sprocket after milling
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