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Optimization of process parameters for surfacing
welding stripes in middle trough

LIU Zhaoyang, LI Bo, LI Juanli

( College of Mechanical and Vehicle Engineering, Shanxi Provincial Key Laboratory of Coal Mining Equipment,
Taiyuan University of Technology, Taiyuan 030024 ,China)

Abstract: In order to solve the wear and tear of the middle trough of scraper conveyer and improving the service life by certain
technological treatment. A simulation model of ML—-100 abrasive wear reciprocating testing machine was designed, which is
similar to the working principle of scraper conveyor. Based on Placketi—Burman screening method and response surface method,
the best parameters of repair process of surfacing stripe method for middle trough of scraper conveyor were explored. Comparison
test with the smooth middle plate was conducted. The results show that under the experimental conditions, the optimal surfacing
fringe process parameter combination are quadratic function of shape, width of 1 mm, height of 0. 42 mm, the angle of 120 ° and
the spacing of 9 mm, in which, the shape, height and spacing are significant influencing factors. The contour of stripe convex
body is smooth, the wear is mainly concentrated on the bead welding stripe, and the wear is uniform. In addition, the stress of
the middle plate sample is uniform, and the fluctuation of the upper sample is small, which can reduce the wear caused by the
vibration of the scraper to a certain extent, and improve the service life of the middle trough. The process parameters of the bead
welding stripe of the middle trough can further improve the repair process of the middle trough.

Keywords: middle trough; response surface method; surfacing; process parameters
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FEET SR T RERE, FAEKT LU L. BXRECI R RRA T EOUE B,
FHAT TR AR, R R, BOLEERZIRE T AR SR A, R T B AL fE
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Fig.1 Middle trough structure
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Fig.2 Abrasive wear machine and related parts

1.2 BHET-SHAENEDREGHERE

* AR BT (EDEM 2018) 52143} /3% (RecurDyn VORL) XU #8698 LS S B AR BUAE 101
WEBHR SR, RERITEERSHA S, AR LHAXSE T REEC B RRELANE K
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1.2.1 EDEM BH#AALKEKE

1) BRI R

EIRBIETRIL R E 24, R A BRI 2R BRI FE R T R A, 4 5 LI EH R
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B3 JREREE
Fig.3 Coal particle model
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P B A SR T BB T 20 A ERORL , i B B K F B /NE B B BORORL AR , B OR A2 BUR BRI AR
4 ~6 mm JEEZH, IIERZER,

2) BB SRR A AES SR S 5L

WA EEREF AR HARENKIBE. EE5XREMRER, REMAMSH, R 1. K2
AR MR 2 (8] (9 5 Al A5 BY 3% % Hertz— Mindlin (no slip) , 15804 55 JUA] {2k 22 18] 425 il 458 70 8 %
Hertz—Mindlin with Archard Wear, {5 E B0 3 s( Fokbi 4 miatia] 0.5 s, kg LA E] 0.5 s, A BB —
NEH2 s) o

F1 B NM360 SHAESE
Tab.1 Intrinsic parameters of coal and NM360 steel

ZH By E/Pa THPAEL W/ (kgom™?)
TH 4.7 x10% 0.3 1229
NM360 8 x 10" 0.3 7 850

*2 EfMSH
Tab.2 Contact parameters

BMSH WERH HEERN RIEBERE
- 0.64 0.329 0.036
b 0.65 0. 460 0.032

1.2.2 RecurDyn ) ) F £ 5% E

SRS B OV EE T HE K [E € Bl BAUSERE 53R A E W E AR RE, 25
NSRS, BB R EA T SO RIE-RIE; piuAA R BV EE TR EER]; Bl
BV EIRS PR EEMER, BREFRAESPREFENERE; XEERNZEHKEER
shal, BBl R SR i B BR R B .

1.3 &t
1.3.1 Plackett—Burman %+ fi%&

Plackett—Burman( PB) 3% 2 —FPI/K- PR B3I 7 2k, LRSS @V @ S JR B o 220 , @ i & A il
BN H R0 FRN, BB R EF AR ZERERA R P HELEENRE R, A fFEiL
95% LA b0 XT n Wik, &RZ A LB n -1 MER (BN ZIR ERVITRMGITHAK RE, ZFM
RICHR, 2 TP ARG HER RSN A, 5E C, SE D, A F FEEE 6 % 5 MERXTER

IR, Bt T RIE 4 B,

B4 iR
Fig.4 Design scheme

% BB I PR A R AR B X R B Dy 180 mm, FEEEY 20 mm, HEDY 3.7 mm, HEIR
FOR S P AR S S FINLAREE 3.7 mm AR, HRAGEAE RS, #1880l ZHERFA
BB . HFRFLHN TESHT, AL R SOS THEE SRR, BAERE AR R E RSN iR
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WEAR, W7 TJLRTUAS , & ABE IR B Y W BAE , Bt Nk 3 Fin PB ik .
£3 PBREERSKF

Tab.3 PB experimental factors and levels

KI 7RI
e HE w5 HE
-1 1 -1 1
A 2! = =54 E B2 -1 1
B Bl -1 1 F fapE/(°) 90 120
C %% B/ mm 1 2 G [E] B/ mm 6 10
D B E/mm 0.4 1.2 H B3 -1 1

1.3.2  JRRMX I

M N A T AR R S R A AT S B M R RIR AT A RE R R IR AT, L, ZBE &
/NEEIR IR BE KSR AR RSN LA T AR . ARYE PB 4SS B E R R R AN [ B9 IE e eI
77 18] ARYE AR B R/ DR A K
1.3.3 @ aH

R¥E PB X5 5 B bECHAI SR , LUER IR E R SAE , R A Box-Behnken Wi B 13 B it

2 RS9

2.1 PBiRitIFELER
VISR EIE MR E Y, R RIT RERINFE4 in. FERERNL . BEEES T AEEEHF W
=5 Fim.

&4 PBRABRITRER
Tab.4 PB experimental design and results

RS A B (o D E F G H Y/mm
1 -1 -1 -1 -1 -1 -1 -1 -1 32.115
2 1 -1 1 -1 -1 -1 1 1 16.674
3 -1 -1 1 1 1 -1 1 1 1422.344
4 -1 -1 -1 1 1 1 -1 1 1 086.421
5 1 -1 -1 -1 1 1 1 -1 72.757
6 1 -1 1 1 -1 1 -1 -1 385.417
7 1 1 1 -1 1 1 -1 1 29.100
8 -1 1 1 -1 1 -1 -1 -1 18. 648
9 1 1 -1 1 -1 -1 -1 1 459.616
10 -1 1 1 1 -1 1 1 -1 807.930
11 1 1 -1 1 1 -1 1 -1 920. 680
12 -1 1 -1 -1 -1 1 1 1 54.357

HERSAAEH A MBE D X2 MHEMERFENEMWEE (P <0.05),[HEE K PEN
0. 051 JEMUEET 0. 05, 5 T J7 ENEHA R A b7 A B AT, AT B I8 X 3 A RIE N EERARHEST
2R,
2.2 RREBKREERS S

M PB 56 25 5 AP O RRUNE ZR BT, e B R [ BT S 4 TR B S50 Dy IE RN, BP R IR L B 98
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710 ] P 344 O T 39 00 5 T2 5 0o R 457 AR B2 O 2 i g SRR, B 357 R 2 R T 0 41 4 B 38 0 T 08/
Z BEER IR U, PUACROR BT , & B2 AR BE X N7 e/ IMEL, RSB T [ 45 FR 3 B P 21T 5 FE AR
PLIZIE SN BB AR, NI T 16 45 FRNPUAS BE NP 64T o LR 4% PR 3R 12 R IE (38 R M SE P L e ¢, B

FEREHESE | mm, A HEHE 120 °, BRSBTS R UK 6 Fim.
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Tab.5 PB experimental analysis results
WS HF Rt TE PE HEEHF
A 5121k -256.3 -3.79 0.032 3
B HE1 -120.9 -1.79 0.171 6
C TE 9.0 0.13 0.902 8
D BE 809.8 11.99 0.001 1
E A2 299.0 4.43 0. 021 2
F HE -72.3 -1.07 0.363 7
G [a] iR 213.9 3.17 0.051 4
H HEL 3 138.5 2.05 0.133 5
*6 RERERABEZITESER
Tab.6 Design and results of steepest climbing experiment

RS A/mm D/mm G/mm Y/mm

1 ZIREAE 0.50 9 69.519

2 R/ 8 0.45 8 43.209

3 3} 0.40 7 53.181

4 b 3iA 0.35 6 113.724

5 Vb2 0.30 5 45.485

MR 6 HE AL TR 2 BRI T BB IR B /), DR I JEL R Dhy i 7 Tt ) 0 Lo

2.3 MEEERSH

2.3.1 "HE@RtRAEITE )RR

#R4E BBD #4173 FE 3 KA, IR RERNET. 8 ik, MiABmER#IT _IRETEIE
WE,BRUBREE Y hELZE JEHA, EEDMEE G hEZEBN =T _KEFNEGER, ZE
FEH N FE A TCEEF B A, EHim EIE 7R B EENEEERTER, 105N 1 Fin,

Y =42.91 +22.304 +25.32D +8. 58G +8. 284D +12. 124G +6. 95DG +10. 864> +18.80D* -1.97G*, (1)

KR (D) FERITTEE AR /ME, FHEEmREPRE, 58] A= - 1( ZRE$), D=0.42 mm,
G =9 mm, FEMFKMET, THRERAEFET HER/NERIRE.

F£7 WEEBEZEEIT
Tab.7 Response surface factor design
KI
Hi'5 kS

-1 0 1
A bz ZIReEE =ReREL [zl
D BE 0.4 0.45 0.5
G E)EES 7 8 9
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=8 BBDHER
Tab.8 BBD results
HE HE
45 ¥/mm %S ¥/mm
A D G A D G

1 1 1 0 133.755 9 0 0 0 45.606
2 1 -1 0 61.214 10 0 0 0 41.348
3 0 1 1 95.190 11 -1 0 1 31.301
4 0 0 0 41.767 12 0 1 -1 69.582
5 -1 1 0 67.366 13 1 0 1 94.938
6 0 -1 -1 38.201 14 -1 0 -1 32.914
7 0 -1 1 35.990 15 1 0 -1 48.057
8 -1 -1 0 27.963

2.3.2 wEBRGMERT EH5H
O AL, W AR R OB KMV B B IR, 7E BB PR o =0. 05 /K
EL AL D, G A7 DP AD, AG MESFAREE Y B MBE, ER AR WAL 2 MHFERARELR, T
EORER. FERIEERY R % 0.985 6,5 R (BB , 7T LABE v 4 b RO i3
L, 5% 10 BEIR IR BE (R P =0. 089 >0.05) , BB MR e (8 S BN E S &
BB
*9 HEHZRHEEHEIH

Tab.9 Significance analysis of regression coefficients

I RE REGTHER T{E PfE
wE 42.91 3.49 12.31 <0.001
A 22.30 2.13 10.45 <0.001
D 25.32 2.13 11.86 <0.001
¢ 8. 58 2.13 4.02 0.010
AxA 10. 86 3.14 3.46 0.018
DxD 18.80 3.14 5.98 0. 002
GxG -1.97 3.14 -0.63 0.558
AxD 8.28 3.02 2.74 0. 041
AXG 12.12 3.02 4.02 0.010
DxG 6.95 3.02 2.30 0. 069
F®10 FEHW
Tab. 10 Analysis of variance
3/ BHE Adj SS Adj MS F{g P
E)E| 9 12 448.8 1383.20 37.95 <0.001
3 3 9 695.6 3231.87 88.66 <0.001
TH 3 1697.3 565.77 15.52 0.006
RHAER 3 1055.9 351.97 9.66 0.016
BERE 5 182.3 36.45
53 3 171.2 57.08 10.37 0.089
LR 2 11.0 5.51
it 14 12 631.1
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Fig.5 Response surface diagram of interaction
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Fig.6 Contour map of interaction

MES pATLIRE], M A = -1 ( RS D =0.42 mm B, BERAEIRE KA T HIR/ME. HIR
RIET : B EEEE MR FSONERMINIESR, HRIONEZBRRN, TR S&L
R EME R/, ARTR/MNER ; REONEEERRREN, 5 BT BREMERL R, 2
BELE, FEMETRES&SMREINZ RN, AR TRERE SR, BEBRAEE; H4=-1,6=9
mm B, B4R X BRI 54 T AR /IME.. TEAR MR BB th Ak b A TE AR . HES MR, [HEERR
B, FE4E 2 AARGCHEBERNEUD, BOREE R B N & 5480 (ROELRHE, SR s ANEm, BAR
FTFRESEE, AT R/NER ; HBRMA, EB/N, FOURRENES S FHERR, BIE
LR R REBUR R TR K, HEINGAREE SR BURIET , R SR 80M R T o IR S 0B &3¢ R 8 ik
TERE KRR Sy, BETIE NP ARAER, FWX THEFASHAER, NS BN T4 MR
= B ST BE
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ME 6 ATLLE L, FRXEBEHEARHENLE, R RBUREH DL, BRI EERIR, I
BEBOR, RAZEAE X EREE MR MEE . 15,4D AC TEERERAXEWRER, MIERE, K
Bl AD AG ZZEAEREGE,

3 BAER

B 3 X o 7 TR R B e AT R [ S T R AR AR, R B T I AR TR ESHES. Ed
UG(NX 12.0) X HAITER , BER#EAT 5 E  fa i B I A1 T BB BB A8 22. 925 mm, 5561
FARXS LA BERR K. 7o, MBI BERE (12 4 PB.S ARKFENCH KR A 15 4w 5 i
%) , FHRBIREALBR . FE L, FEE D ARARRE SR SIS E IR EEORETAH, B
R TR, SEERAAGUD AR MARRE MR T P B EA .

MJE b2 A AR R SO P AR (SR BN R AR) IR B IR = B, W 7 P, WE R RTRLR
BER ERE PRI L, B URAE 2 A AW, BAAERTHA B R TR, EREN5.

.

1.65x10* 8.31x10? 1.25x 66x10°* 2.08x10*

7 EXEPEBSBREE
Fig.7 Part of wear cloud cap of the middle plate of crossed edge

B E T AR E Z 2 M IEE & AT, N RecurDyn Hpfgi i PR REMZ S LifkE Z 77
[e] 52 % N BE , SR 5 28 SUBR 45 Y T PR ALt D7 TR O PR B, NI 8 s o

M8 ¢) AT LAE H , B X AR A2 1 LT R R, B2 HBE =R P RZ I8 2 5
UL ENZATEE EATRUER, ZXARPRAOZ IR, WES a) 8 b)kE, XK L
EAE R BIAE T/, YL ISR TE R BCR RS T LISV BRIk 30 . E SRR R R E VLT 2
H, B R ST RL , SR RGBT E N Z T, INEHHERER . EPHEER—ERER,
RSB HITB R, 7T AR R R EE AR 3h , ELAT DL BCE il BE 308 o, 78 R AR A i
RF B LER

4 Z5p

1) 3t T ML-100 B0 B4R IR S L 208 SRR, IR AT SE B R S g PR 5, BB A
— R E_ERIUE AL AR P R A E R A

2) i85 Plackett-Burman ffi geik A B KIS EIERN S MRMERESH. KX, K.
FBE | [EIER) FOFEH 3 M RERWMBER(P<0.05) , BIES . mEMERE, ERFNRLTEERZW.,

3)i83d Box-Behnken 1X %0 R MAN H o HTEE T EREE S 3 M EERRKN B EHEARE, 254
KEgEVAGTEBIERRAMHT  BMAMEPHEECRE TZSHAS N JEH —KRE, FEN 1 mm,
FEE 0.42 mm, FBE0 120 °FNEEEN 9 mm,

4) St P RAX LA AR, RN T ZSHT HEEHREER EZERERSULE L, ER
BRI AN, ARIRARE A9 52 0B O3S, BB BB R/, SRR SEAR SR SUEE A AT AN EI AR AR
g, g/ NP E R, - E TR E T,
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Fig.8 Comparison results of smooth middle plate and cross-trough middle plate
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