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Abstract ; The roller contact force is a key parameter for the roller structure design of pipe conveyor. In the engi-neer-
ing design,the total contact force of roller group is estimated roughly by calculating the sum of the forming force of
belt,the gravity of material and the gravity of the belt between two roller group. The total contact force multiplied by
empirical safety factor is regarded as the structure design basis of single roller. The roller contact force is not accurate
enough. In order to improve the calculation accuracy,the contact force is decomposed into three components related to
the gravity of material ,the forming force of belt,and the gravity of belt. It is also calculated separately considering the
difference in the position of six rollers in the roller group. The straight section of a pipe conveyor with a diameter of
150 mm is taken as an example to study contact force,and the specific research process is as follows: firstly, the influ-
ence of material factors on the contact force is studied by the dynamic model of belt-roller which is based on the finite
element method. The proportion of material gravity on each roller is obtained by the variation law of contact force under
eight material filling rates. The result shows that when the material filling rate is greater than 50% , the rollers on lower
side are subjected to about 33% to 34% of material gravity ,and the bottom roller is subjected to about 60% of materi-
al gravity. Secondly, the variation law of contact force under five material densities is modeled by dynamic model. It
shows that the influence of density on contact force is weak and can be negligible. So the calculation formula of the ma-
terial gravity component is obtained based on above analysis. Thirdly,the effects of gravity of belt and forming force of
belt on the contact force are studied. Two belt-roller dynamics models of belt-roller are established , which are only con-
sidered the forming force of belt and the gravity of belt respectively. The result shows that the rollers on the lower side
are subjected to about 32% of belt gravity,and the bottom roller is subjected to about 70% of belt gravity. The forming
force component of the belt on the lower five rollers are close, and the top roller is subjected to the largest forming
force component of belt,which is about 1.49 times than the average value of lower five rollers. The calculation formula
of contact force of each roller is obtained by combining with three components of contact force.

Key words : pipe conveyor; dynamic model ; material filling rate ; material density ;roller contact force

(58 5 i WL — Tl 25 B oo 5 1) RO i
A BT R 4a AT R 1 AR
AP FEER g 2 A R LT R S A T
A SRR 2, SRR ol g O i 1 OB T iR
T 5 YR SRS VR FIAEFE AR L™ A A9 1E T ) B
R AR K FEAR AL TR EGE TR SR
Oy KA DT RAK M AT AR L fih T30 /)y | i WA B3 I e
BT BOR 24 280, S BB b Bl R L BRE
FRTR Y 5 [N, FEAR 2 Mk g o R A s I BEL T 9 — 4>
FESHARYE | AN R R LR S kol
P fuh DX 3 A A IE T g, BIVFEARAZ il R TR B FH
J3 BCFRRAZ i 7 BT R B A s L BE TR 56
BN, TR RIS YRL ik o 5 ik
A Y 1 AUAS BIFERR A A4 ) | T HEAR ZH # i
IR EAFERR A TEAR VO 5 98 AL, I RHHEAR A
H 6 AR B FERIE IR — 85 I BT kA A
BORIR2E, HZ2WE T AR AN R0 S Rl ) i 22
5, FEOS TR A — | BB AR k) g0t
AFAEARRACAC S 1], FEfibafi e e 8 s kb
FEARAE AR TR 5 IR I SCHE N R Ukt 3 2 h Wkt
IR G YPREE 2 A R ZOR R TR il 1 1
B B A R LIS AT I — MR PR R T

K T5% SR MTAEIS SIS 7 A8 AN R AR 2 1 L
H R R 2R R B 70 R T PR R Ak oy 7= A 22
St A PRL S R Ok R SR AL R R
7, BUEH 5 AR I A [R) 4o 2 B 0T AR ) B P R 7S
R R T IERBIPIRE, MO YR N R AHT
SR TR FE AR AR L

BT X6 FE 4R % J1 1 B A9 A 58, B b MOLNAR
Dl B LI & R T AR A
P FFCERA i S AR LB, ZAMIRALOVA %517 3%
TELIMESE T TE S AR DU IR A R X AR
filF1 R9FEIE , P ZHENG Q J 24 gy TE#oc S
A FRICHRRAROR, A3 T A LA R 2
THCAR A AR, AR RIAE Sl B HOT
BROUREEST T R ARG £ AR A5 3 TR
YR S B T ol S i A
KA — TR ALK S RB AR S S0 A A ik T
B AT Sy B R AR e o, BT ST
SR B R EE B S B Ok 286 Y - IR E AR R ¢
TEAFAUG B REFENLIEHEA T T HeA ST . SR, iRt
FERZ FNE 12 140 M T AN ) R 2R X TR 422 i
(52, &3l 0 2 5 T 43 e sk IR 2 0 e 4R 422 i g
(SRR FE /0, LA RE S 25 17 BUE 01 90kt 5



57

www.chinacaj.net

TR R FEAR R AR AR R N R 25 B TP AT
AR IR BT, RN A
R kAl Y Ay sl EO O SRR R S |
FUFCHRE AR A R AR A T,

X LVERE O 150 mm 19 B4 Uk R AL B 4
BRI A AT RS i KT 89 30 ) S B R TT A
WF5E T PPRHI TS AR 15 5 B X TR ) P S LA
HE 2T O RS A TS e, #5338 R 07 3 44T
R Z PR S L IS A ) S s
IR TR FERRE Sl S RS A 2 T FEAR B T A
S, A T I SR S T AR R ) T U IR
458

1 REEMAZNHW

FEAR AL 3 oy 18l P 1 ikl B S PR
A R ITEFAR b AR IE R i o R

F,=F,+F +F (1)
Hop i TS5 F, NS i DT FL LR,
Foykakad BUE 0y ikl 1 WrRkE 4 e FE
B AEIEE S,

R SEFEERSZ IS O, A SC AT = e =R
TR A HEAT3Z T 504, SRR A e R Ay X an &
1 7R

K1 e 1o
Fig. 1 Force analysis of the roller
LATEL 1 R B4R 4 S ], iz 4 B ks 68 OE 0 R

Fo, B8R 4 ZBVSOE I8 RAE T B, F o, R
TESHEHR 5 Hefab - A= 255 M, TR E ik b b T
JBE s IS 3 2 2R, Sk A P 2 i
AR IS i 22T A L7 A 7 AR R

M=M +M, + M, (2)
GV S T VN | /S S w1 T OSN
T JE I 32 R 25 46

S IR YRL I 2R A R SR L Lk BT AR S B 5T 2269
5 2y

M, = k, —2—Lyd 3

1 f%ﬁllD_’_tyy (3)
_ (", 2y

M, _jémkz D+ tLydy (4)

o= k2 (5)
Pl D+

A, D RIS f ik il AR L o WIS FRHR 18] A4 ik
WIS, L=mD/6 ;0 YRR RIRIE by &y 73500
T 0 ) P R A 0 oy 0l ik b R
TS JBEE 5y Dy B R RS2 AR
M =F./L",L' = Dsin 30° (6)
Fo=M/L'=(M, + M, + M,)/L’ (7)
AP LR LR E A F o sy OB 77
H0(3) ~ (6) 73 HMRA(7) BRI 453t BUE
KN TRIHR AR DA B 2B B AT 233l 33 LA 5 S 9E
P 32 B Y 1A O 0, Fe b FR R 2 A T B
KA AR E AL, Z B BOE 1 LRI K, 1
e LUK £, 1P
F, =¢F, (8)
FERA AT T I7 3 AFEHR 52 B L4 U
MVER], B2 2R E ) 6, Sk E ) 6, 1R
M AT RZ BN EE S 6

G =6, +0, (9)
YrktRE )
_ v (DY
G, _pVg—PT"K2) ha,g (10)
R R A
G, = Baylqg (11)

AP, HPRHEE R — I 75% , s AR T
80% ' sp HIRLEE T ke/m’ 3 A SRy B AE B a6 HE O B
I, m’ ;a, AFCHRAMEIE, m; B HHT 58, myt A
B, m; g HE I INEE, m/s”; ¢ Nk %,
kg/m’

N5 3 ANERR A2 E ) s e a] Rk on B S
YrkbE i gy s, b FEER 4 FCR 6 i T A
XFPRALE 2 BN R ) o T RS . BN ik
) IR 1 R R ) A B R BT Rk g
Bl S 2 FE R Be il 115 B

(F,=F, =F,

F, =¢&F,

Fy=Fg=F;+{,6, + 0,6,

LFS =F;, + {6, + 06,
Hop, 2, FEH 4 FTHR 6 RZWRLE IR i s, A
FEHE 5 ARZWIREE 109 i s o, HFEHR 4 FEHR 6 K

(12)



2270 # 2

www.chinacaj.net

F #® 2019 4E55 44 %

SRR E B A 05 ATHR 5 RZ I E )
M,

SR, A FEHRE 32 B A F g o0 Mk L o B i
THRAS 2, H 28 4 B 588 I AN 2 — A R0 174 (54
T, Sk R 1% 4 SRR R A7 A8 25 57, BOAS 303
ST T B AR Bl ) 2 Y IR A A SR IR IE
WFFEAERRE AL T

2 HWEE-REINFEE

A BRI ANSYS 7 B H ik afy 5 4640
(5l 2E R o IR A S e HLAR ARl ) A2 1k
T, P VLSRR« 25 45 A
B D=150 mm, 6P =7, 9 mm %Y
BN 1.2 v/m’ W8 B=600 mm, K L, =3.6 m,
FEHRKE L, =140 mm, L EE D, =76 mm, K& FE
AR AT =5 =R aCHCHR gL, e e 3 41, LR
[BIHE ay=1.2 m,HEHLSE TR E R B=5°,

T [ A5 R i 2% S PR R AL 0 L AT AR A
F Solid185 HiT, LAFME J7 0 ik ol 5 FLAR 45 4 iF
TS 42 s SC= A foxot ep B PR 2 SO H
BRIAD, Sk 8 SRR, 5340, ik iy &Rl
AEAEFE A ) R0 W i 06 AH 22 ke 1 2 AN T 43 3 S
FI b e ANz fok e ) R TR PR R AR
Pk iy SRR R VR Sl BRI T AL v Sl R | B A
PP A LR 2 AN (B e,y TR )
FER B 22 R0t g e A DB e i R 4
() T 3 5 6 25 3 05 ) L it o B g o s R AR R ) 28
fof o MR B8 Hi a6 22 R I 32 1 K0 K
BHOVEF 7 gk Ae fn i iy oy 2 0 [R5 Uik plis
Fiad e o R T Rt AN 80% 1 I AL A
Rk kL SR R IR 70% , W kL 5 R IR
2.1 v/m’® KRR 1 m/s BE B HEE 1 m,

P 2 S s sr i) 1 — FE AR B S e Rl T
IATE T 3 AT, P TR A2 fay 1K1 o 5
WA, 85 LA 23 R U o] BB AR 4L S %
S HFCARAT BT AN 1 FR

et gy
~— s T

B2 fikali - +CH s
Fig. 2 Dynamic model of belt-rollers

3 MRERIFEREM 100

YRHEFE S 5 Ykl R A U g AL T
(R OCHE R 2, I R e 30 5 kel 8 i X TR
fink 3 R | AR B i ST Z AN R R TR R 5 )
RE B R 65 —FLHR 3 F1 2 MY AT FC AR 4 ok )
IS
3.1 YRHEFE R TR EM N2

TEWF ST YRR FE R FCAR el B sE i i, B
YIRHEFE M L 80% W o) &b K, TR &I —
AR AP R 8 R I 80% |, i A % & W RHE 78
RAE 80% LA b WA 5 188l 2 % ML i 1 0 e
— A A R 1 ~3 v SRR
FFREFH ORI BE R 2.1 v/m®, Ry T SR o py 2L
S SCE BT RIS R T R X FEHR A fih 7 5
B YR EEYE R 2.1 vm®, RS [E R 7
R FCAR M, oy B E ST RHE TR N 0,10%
20% ,---,80% A4k - FLHR ) Jy 2R 3L 50 )
SRR B L WA AT 1 s MUFTARE il ) A9 F- ¥ 4H
I (10) TR R R P RHATE R T YR E
716G, , 31 5 T ORI YR ST 5N I FE AR % i )
EHS5YREE, B 3 N AR RHE TR T A FEHR %
fisk F1 A AR B

F1 TRMBERETREZMAE

Table 1 Roller contact force under different material filling rates

FER M) F/N

PPRHER/ % Gu/N
HEht 1 §o4 2 LK Ho4 4 IR JT4R 6

0 47.2 61.9 58.1 67.0 82.1 74.2 0
10 45.5 58.3 56.8 79.7 108. 5 86. 1 44.5
20 44.5 53.3 55.1 94.9 139.0 102. 4 89.0
30 44.9 49.1 54.2 111.0 169.0 122.0 133.5
40 44.6 45.7 54.1 125.5 192.9 137.0 178.0
50 46.3 42.4 53.8 140. 6 217.0 150. 8 222.5
60 47.5 38.8 56.3 156.0 241.0 165.4 267. 1
70 48.1 35.9 58.3 174.8 266. 3 179.7 311.0
80 50.4 32.6 61.5 185.8 287.17 194.9 356. 1
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Fig. 3 Change of the roller contact force under different
material filling rates
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Table 2 Proportion of material gravity on the roller under different material filling rates
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10 12.7 28.5 26. 4 59.3 11.9 26.7 44.5
20 27.9 31.3 56.9 63.9 28.2 31.7 89.0
30 44.0 33.0 86.9 65.1 47.8 35.8 133.5
40 58.5 32.9 110. 8 62.2 62.8 35.3 178.0
50 73.6 33.1 134.9 60. 6 76.6 34.4 222.5
60 89.0 33.3 158.9 59.4 91.2 34.1 267.1
70 107.8 34.6 185.2 59.5 105. 5 33.9 311.0
80 118.8 33.4 205.6 58.7 120.7 33.8 356. 1
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Fig. 4  Fitting function and its error of on roller
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Table 3 Roller contact force under different material density

Wk, AR /N cn

(t-m™) FERE1 FEHR 2 FEH 3 B4R 4 B8R 5 B 6 !
1.0 48.3 45.6 58. 1 119.1 176.1 128.4 155.8
1.5 48.7 40.8 58.7 146. 8 220.6 154.9 233.7
2.0 49.3 33.4 59.9 174.7 265.8 180.2 311.6
25 49.9 27.0 60.5 202.6 312.2 205. 4 389.6
3.0 50. 1 2.7 60.7 2.8 358.9 230.9 467.5
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Table 4 Proportion of the roller bearing material gravity under different material density

Yk g/ LR 4 FEiR 5 FEi 6 N

(t-m™) FE(p)/N Ly(p)/ % K(p)/N is(p)/ % K(p)/N L6(p)/ % '
1.0 52.1 33.4 94.0 60.3 54.2 34.7 155.8
1.5 79.8 34.1 138.5 59.3 80.7 34.5 233.7
2.0 107.7 34.5 184.7 59.3 106. 0 34.0 311.6
2.5 136. 6 34.8 231. 1 59.2 131.2 33.7 389.6
3.0 155.8 33.3 276. 8 59.2 156.7 33.5 467.5
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Table 5 Error of formula F; %
PR/ (1 m™)
B/ %

1.0 1.5 2.0 2.5 3.0
10 1.0 0.9 0.6 0.3 0.6
20 0.3 0.7 0.4 0.8 1.1
30 0.7 1.1 0.6 0.4 0.7
40 0.7 1.4 1.3 1.1 0.8
50 0.7 0.6 0.6 0.6 0.6
60 0.5 0.7 0.6 0.7 0.6
70 0.5 0.5 0.5 0.3 0.8
80 0.9 1.0 1.3 1.1 1.3
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Table 6 Normal force of ¢, and F;

ADIE
BRI w1 oo doms  joha foms  fohle
IS
Fg'l/N 0 0 0 22.0 47.8 21.1

F./N 50.5 79.5 61.2 49.6 48.3 56.6

AyHEFE s A, R (19), (20) IR 2V L 7E
0.3% ~1.3% ,MOZX BRI AEA R RHE R R 5
W F,

AR (11) SRR ) 6,=68.3 N,
AR 6 THAATA, R 85k X T 3 MG
M52 1R 15 2 FEHE 4 FEHR 6 BIRZ 4 329% 1Y
ikl E ), PR 5 R 22 70% Mk B T,
w,=0.32,0,=0.32,

R 1Bkl Y 0 FEAR 32 T2t | i 118
B R AN — RN A IR TE | 2% TR 52 3 18 77 i
eI A 22 5 2

Fo=(Fy+F, +F +F+F)/5=532N
(21)
a2 6 1HH A 15
(F,=0.95F,
Fl,=1.49F
Flo=1.15F,
Fl,=0.93F,
Fs=0.91F,
|Fes= 1. 06F,

B XS FERE 2, k4 8 1 S W R R ) 2 R 4
M2 Z B R OB ) R IE X (19) , (22) Sk
i JE, AT R 2 2 B Rk OV 71 5Pk
H ) kAl B B pREOC R B

F, =1.49F. - 0.08G, - 0.266, (23)

(22)
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{0.25)G, +0.326, (24)
F,=0.91F. + (- 1.18)° + 0. 714 +
0.54)G, +0.70G,
F,=1.06F. + (- 1.17¢° + 0. 894 +
| 0.19)G, +0.326,
HYRHETEAR/INT 509% I

(F, =0.95F,
F,=1.49F, - 0.08G, - 0.26G,
F, = 1. 15F,

(25)
F, =0.93F, +0.33G, +0.326,

F, =0.91F, +0.60G, +0.70G,
|Fs = 1.06F, +0.34G, +0.326,
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Fig. 5 Experimental device of the pipe conveyor
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Fig. 6 Schematic diagram of the roller contact force
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Table 7 Roller contact force under different material

filling rates

BT AR 1 /N
TR/ %GR FUAR2  FERE3 JEAR4 FERS  HEHe
#0492 649 5.8 66.7 841  72.2
30 46.7 516 50.5 108.1 172.5 112.8
50 48.5 442 57.9  138.7 222.9 148.6
70 552 333 571 159.3  270.4 167.9

AT A, MURHE T RO SRR 2 $E T
A/ TR 1 SHCER 3 B LT AN FER 4 |
FEAR 5 FEHR 6 SR, Hoh FERAR 5 0 R A
PRI G B AR R — 2, W AR
BHEFER T S B -5 0 BUE, HAE S R AR 2280,
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Fig. 7 Comparison of the calculation formula of roller contact

force and the experimental value
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