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Analysis of solid-thermal-mechanical coupling characteristics of shearer smooth boots

MAO Jun',CHEN Hongyan',MA Ying®,LI Yuzhu', CHEN Hongyue'
(1.College of Mechanical Engineering, Liaoning Technical University, Fuxin 123000, China;
2.Coal Mining & Designing Branch ,China Coal Research Institute ,Beijing 100013, China)

Abstract:In view of the problem of wear and even failure of the contact surface caused by the high transient temperature between the
smoothing shoe and the scraper during the advancement of the shearer sliding, a smooth friction—heating of the dynamic friction coefficient
under the influence of the pulverized coal interface layer solid—thermo—mechanical coupling mathematical modelis constructed, and the
sliding shoe load obtained from the experiment is used as an input, and Comsol Multiphysics was used to analyze the solid—thermal—me-
chanical coupling characteristics between the front and rear smoothing boots and the scraper under the influence of dry coal powder and wa-
ter—containing coal powder interface respectively. The coupling characteristics were analyzed.The results show that the temperature between
the contact surfaces is related to the force of the sliding shoes and the state of the pulverized coal. The maximum temperature of the front
and rear smooth shoes under the dry pulverized coal interface is 460.04 K and 433.73 K, and the highest temperature position is at the
center of the active joint; The highest temperature of the front and rear smooth boots under the pulverized coal interface is 438.31 K and
418.62 K, and the highest temperature position is also located at the center of the active joint.

Key words : shearer; smoothing boots ; temperature rise characteristics; coupling analysis

0 = = HAT B T AE P S A2V, R AL 1 S 1A
REHLT AR e b o 2 B0 SR B T R S AR

W AT X TR A AL e ER T TEVE AR R LR AR AT RACK . RIEHLT
ANWIHEE  JREDAT Ml B SR AR LA 15 -t o2 ¥ 1) BRAT VRIS, V-t i R R EAIL 1 RTAfE 2 , SRARHILP- 8 it -5 )
b BREAL ey R R BRI A A 1AL A IR T AR EL 42 fih , SF- T 8 A S A ik AL

RS B H:2019-08-11; = HIEX  I

E£WmA . EHKARPEIE LRI H (51874157)

EERN: £ £(1960—), B, STIBS A, #E, 2%, B TESIM, Tel.0418-3350517,E-mail : 137041810803@ 139.com
BIFEE M A (1982—) , B, STBEIA L ZUR, B ITESIM, E-mail. chyxiaobao@ 126.com

75



2020 4F55 1 14

# %2 A F H K 5548 4

H R A T sl R ST T i AR A 2 AL Hp A
) AR A AU RE 5% £k o R HEEFARE | 5 43 T Ak Sl AR TE
AE. DA ER , V-8 k5 S0 A 26 AL A
V) A B 2 A T Ry A ' T 2% 1T, ™ 2R 1 E 32 21 3
AT R s R A R T A R IR S R 1 XL
YERT W S8 il & B AR B 4L 2R 208K,
T B S M Y- it AR A AL R 2 R A DE T
Yo PRI BN S 0 A5 B A i 6 AL A ) T
YEAE RGBT 8T

] A 22 25 38 R R AL ) S B R 4R 4 7 [
PRRA AT, X RARERIL B4 T 0t 5 92 M A B 8 S i
PLHE IR TR A BT, Blok ™' LAM AR 1] 14 2 FEE
7 A AR ) — AR 1T A6 T R Sy A 45 20 TN B TR
FERRAS SR A 505 0 30 DR A 2 2R E WO 55100 X
SRR WS LR SR AT I, B 1 T ek % v i
P — i, BES UL Blok BEIS A IERE  43HF
A B 2R T DN 3 A o e VR S B R SR Bl A
AR, BRIE A 280 SR G e TR A I I e
WHEEEMT B, WF9E T AR AR IR TR
RO AEIREE B SR 1 A0 A T R - PR B R 5 )
i SR FH R AR AL A ST SR ALV S0 43 14 X 24
Bl 12 P LA TR 4 6 2 Ay A 8 il A 3
T ELAISE B A7 55 45110 4 — 35 1 0 ik e
AR IR | ) i A T A R S o e A Ry
R JRAS 5 2 A IR AR Al 10 SR AREAIL I Bk A2 0 A I 3R
G, R Az R B A — R R Tk R
G X TR T SR AR ML 1) S S 2 R 8 B R A
IIMTSHIEGE , Xt SR AL 1) o S B )2 s 63 ML 20
T, 284030 MG375 ISR MM 1] 1 ik 464
ISR AT T 80T

H AT T RIS 25 TR A0 B8 82 451 S A
POREPE R 58 22 51 X SR LB R 45 DG B 22 AR A4, %k
TRV A TR I R v 1 JEE 2 s i R il T
PERIRFTEE D BB A A I R AR 1 S R 1
Tl A PR 05 B AR R B A R Comsol Mul-
tiphysics ZU2E A HOG HIF J5 ~F- 5 ik -5 AR i 3% B b
R BRIV BGHA T 58, R DL S 2 W 8L &
SYBTISCERSHL, 45 A B LI SE B T AR s R kA 7 0
U KR LAE ML e e a0 o 2 10 2 PR 1
HEATRRG 53HT
1 REVNFEBHINEZERHEERBE
HREY
1.1 EBHETRERESS

SR MR 5 R i 7 O R A SRR
76

Fo DAXESRAFAILAS #AF bIp ) A 00 8 ) S5 B T A=
AT A , XoF SR IREHIL T I - T B 4 N BGHEAT o0
B STHAE ARG SCRR [ 14 ] X 3 it 5 ) Al il 2 L
HRRIRE PO 4 Mk o AT R T 5 R AR G 32 SR R R 4R
M hiz sl ARG RSB S PR TAEERE v, -
S5 T A R L S 1 1 R AT 2R AR
Ry A28, O HL b T PR S A R AR MEXT P
B85 TR A ML R SR 2 i) S JEE 48 TR RS A T S A
T PR AR B SR [ 15-16 ] Hxst 5 0k 1 A 42+ B8
BB SIEBRINEA (1), LLEARYEF- 1 $ S )
B SRIEHLZE 5| g 8 , x4 e W Ak L
PR ] A EE AR DR HEA T TG, oy TP T SO D 3
o7 5 2% 5| 7 387 141 D a0 S RIS DR e A 21 11 JEE
IO - A S RS DR R, 00 i r) S el 2
BHECHN

:u‘h:? (1)

bk, AT F, ik kT,
12 FEHTIHERBSEREET
RAMEHUAEAEHE LR 1 1 ik Bt SR JREIL 1) AT 4
HE, TR AL R S [ 1, P TR L T Al
AL ESRE_LW hd A b SF  -S  AR a 1X pL
PSR ) RHR o HLBR BE e 1k D EE HE IARE , W70 B 16 o
ASIERE . R 1 - ARk B PR ] ey i A A
AR A 3 S A AL, D) R A 2 Sy
q,(x,y,t) =qup,(x,y,0)v(x,y,0)  (2)
s, NP S B SR AL R T B R e £k
P 2B e, R V-0 -5 T M ik AL e A fh i
] EESE IR p, (o, y,0) WEESEHEMRILIE ; v(x,y,0)
RN HEHE R
- St 5 ) i A 26 AL v PSR e S A T AL
JHLACLE A5 422 fih ~F- TR0, AN 3 S T [ A R 458 o AR
W I 2 Al Uk 2 RH 25 e 1 S AR R B
ISR 118 3 A8 S ) P JBAS (] R A JBE 4 B
JEE AR Al T A 73 BC AR AN () 6 T 9 L v i A S E
B LA R AL B 1E, 25 - 1 S ) AR e X AL
TR AP O B AR 0 G, TR BLA AR AR R T ST AR
(VR
aT, (827; T, 327;]
pc,— =A + +
"o " ox’ 8y2 0z
aT, (azTg o°T, 82ng
p.c, — =A, + +
£E 0t Lo 9y oF
s p, JVFIEHEEE 5 p, oA e 1£ ML A
5 o, NP HEECINEAS o, oI MR G X AL AR L

(3)




T RS R O35 B - 8- T A e A

2020 4F55 1 #

WA A, TSI REG A, AR
S RBG T, T, 43500 T BB
MR AT =T,

Fie 3 O T B A AT 1 3 P4 T 7

p

oot b T HEGREG b B Lo
REHINRE T, 2R T, BB A N
- R SR TR A, SR R 6 AL PR i S T
5 o N Stefan—Boltzmann % ; K, ~F-i #it -5 %) A
S K AL AR A TR 1) AR g AT R 4R

P

- 21 - A AL P R folo ™ 2 T R L

P fih A e, BRI A0 P S, HAAR

o X U0 5 A PR R e A e A AT
O BfL AR o e P TR b X ety

q=hA(T, = T,) (6)

s h NHIARRG A Dy FRE AR T, O R R

S T, s SR
2 BHTENREEESHEIRE

21 RESHRE

AR - T i 1) S B AR 0 HE AT ] R
&40, Ml Pro/E 5 Comsol Multiphysics #4175
G ESYHT, LL MG500/1180 Y R ML A F 1 it
RWFTERT G, B Pro/E X7 1 it 5 ) A B 2% HL
MR | o 9 B HE AT R O B s 0 L)
Hr B8 A A I A v 220 ) 45 R 5 il /) ) B
B AR R RRAE T R A P B A 2R AT TR A Ak
BRIV 0 - AR B PR S ) B S
HHER IS C R IEATARIC, LA IGS # X AT R A7
Xof - T it 5 0 AR i 2 L P OR[GO E o

TE A fioh DCIROG IAT e ad e  5F — PARAREER A R R
Bttt B LU ARAR S i A DR I A T it -5 50 Al g
IR HR PSS PR 5 A T A 1 5 R

aT
A azp == h, (1 =8)(T, =T) =h,(1 =8)(T, =T,) oA, (1 =8)(T =~ T)) -

O-AP( I - 5] ) ( T:_ Tg4) + 61K1( Tg - Tp> + O-qp

(4)

oT
/\ga—;=—hg(1 -8)(T, - T,) —h(1-8)(T,-T.) -ocA(l —61)(T:— T -

TA(1 =8)(T=T)+8K (T, - T,) +aq,

BERE 5 g, A B 26 AL FS R PR SR I 2 B 58,
oS- AR R i, S, B 1, P S AR
fih,8, HL O,

P T 1 -5 A i 26 L A 2 f SR i o
52 1ok R v i P A Ak iR A A DR (4) AT AR

oT
A a—;:—hp(l -8)(T, -T,) —h,(1=8)(T, -T,) —cA,(l —8)(T:—T:) -

(1- a)aAp(T:— T*) +aq,

(5)

aT,
Aga—;=—hg(1 =8) (T, = T,) —h(1=8)(T,~T.) —oA(1 =8)(T'~T') -

gA (1 =8)(T'=T") +0q,

¥r & Comsol Multiphysics 22 4 B8 43 M 8 4: , %€ H
ARG Iy 2 S A4 B AT A S, R
livelink for PTC Pro/ENGINEER $2 [ %} £ B A #5050
T RA

FIFH Comsol Multiphysics i ¥ #E AR A JE 4T R 4%
K5 RE L, F8hiE#E Delaunay JE4549 16X T
AARRLHEAT B pb ) o D A 0 A 4] 23, A% RS
9 FLRURE /N o SR SRERILART A B B T =2 I A%
15343 anE 1 A 2 FOR,

MG SCHR[20] , B Structural steel EHLE |
Ml ik AL AR A n =S ARk, BOE # S 40Cr 44
BHE P, BCE 3 #5513 ZG25CrMnSiMo
FERLR 1% R 35CMnSi PHEHE M FLHHE
BRI 1,
22 FENFRHBEREN

RSB T AR 1 i AR - 3 i 5 S 1 3
K RAMREATLRE AL S 3 72 ) W X L R | SR
KRS TR A LAY ESE . SR B H AR
SR AL R 1 42 fh ok AR b A T ] 23 A A
BRI TARRREE 00855 PRI T

77



2020 4F55 1 14

% EMFRK 486

1— it 12— 5 SPIEE L 3— BB s4— Bt 25— St o—H
T— )5 T 8— A 3;9— 9% 45 10— TPk 11— AR AL sty
1 RHEALE R

Fig.1 Assembly drawings of shearer simplified machine
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Fig.2 Three—dimensional grid map of

shearer simplified machine
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Table 1 Machine material parameters

i - SR PEAR e/ — HRE/ S R0 41/ SRAELY
10" Pa (kg - m™) MPa (kW +m™ - c™)

B 0420 2.06 0.28 7 860 420 52.4
B E AL R Q420 2.06 0.28 7 860 420 52.4
FHE 35CrMnSi 2.20 0.3 7 850 1320 47.7
EEE 40Cr 2.11 0.27 7 870 785 12.01
i 7.G25CrMnSiMo 1.93 0.3 7 800 1050 32.2
1 T ZG25CrMnSiMo 1.93 0.3 7 800 1050 32.2
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Fig.4 Pin sensor real diagram of smoothing boots
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Fig.5 Pin sensor and stress diagram of smooth boots
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Fig.6  Traction curve of smoothing boots
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Fig.7 Holding force curves of smoothing boots
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Fig.8 Friction coefficient curves of smoothing

boots support surface
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Fig.9 Temperature curves of front and rear smoothing

boots for different heat exchange conditions
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