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Structure and process optimization of mine ultra-high molecular weight polyethylene idler and
its abrasion resistance
QIU Fengyun, LIU Xiangdong, QIU Xinwei, CUI Peng, WU Longfei, ZHI Hao
(School of Mechanical Engineering, Jiamusi University, Jiamusi 154007, China)

Abstract : The traditional metal idler used in belt conveyor has many problems, such as large wear between the idler and the
conveyor belt, large running resistance, large weight, short service life, easy to damage and poor sealing performance, especially in
special environments such as mines. In order to solve the problem of the existing idler, a new type of ultra-high molecular weight
polyethylene (PE-UHMW) composite idler was designed. PE-UHMW was selected as the base material and modified by flame retar-
dant and antistatic modification methods, and a kind of PE-UHMW double resistance composite was developed, which was used in
the manufacture of mine idler products. The static analyses of PE-UHMW idler and traditional metal idler were carried out by
ANSYS Workbench. The finite element simulation results show that the PE-UHMW idler is superior to the traditional idler in equiv-
alent stress and mass, the force is safer, and the light weight can reduce the running resistance. Then, the structure of PE-UHMW
idler was improved and optimized. By comparing various schemes, it is found that the structure of inner wall of the idler roller with
circular section stiffener and ring is the best, and the elastic deformation is small and the force is uniform. By response surface opti-
mization method, the optimum size of the stiffener is 12.3 mm of width and 7.4 mm of height, and the optimum thickness of the ring
is 2.0 mm. After optimization, the stress of the idler is small, the deformation is reduced by 42.6% compared with that before optimi-

zation, and the mass is little changed compared with that before improvement, but it is reduced by 75% compared with the metal
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idler. The integrated extrusion molding process was designed, the extrusion mould was designed according to the roller simulation

results, and the optimal combination of process parameters was selected by orthogonal test: the head temperature was 230 °C, the

melt pressure was 14 MPa and the traction speed was 1.5 m/min, which solved the difficult problem of PE-UHMW plastic molding.

Finally, the abrasion resistance test of PE-UHMW double resistance composite roller was carried out through bulk sampling. The

average abrasion volume is about 0.21 ¢cm’, which is only 30% of the limit value, which proves that the mechanical properties of the

roller are excellent and the process is reliable.

Keywords : ultra-high molecular weight polyethylene ; idler ; finite element simulation ; optimal design ; extrusion process
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Tab.1 Material flame retardant and antistatic performances test data

Numbers . Mean
Test type Test item
of tests value
Flame 6 Flaming combustion time/s 1.35
retardant test 6 Flameless combustion time/s 9.29
Antistatic 3 Upper surface resistance/Q) 3.5 x 10°
performance test 3 Lower surface resistance/() 4 x 10°
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®2 REFAPE-UHMW IR E GH RHEAE
Tab.2 Properties of PE-UHMW double resistance composite for idlers

®4 PE-UHMW R RIS
Tab.4 PE-UHMW idler material parameters

Item Test standard Numerical
value
Density/(g+cm™) GB/T 533-2008 0.95
Tensile yield strength/MPa GB/T 1040.1-2018 27
Tensile breaking strength/MPa GB/T 1040.1-2018 30
Elongation at break/% GB/T 1040.1-2018 340
Modulus of elasticity/MPa GB/T 1040.1-2018 860
Poisson ratio GB/T 1040.1-2018 0.4
Bending strength//MPa GB/T 9341-2008 32
Bending modulus/MPa GB/T 9341-2008 790
Compressive strength/MPa GB/T 1041-2008 25
Notched impact strength/(kJ+m ™)  GB/T 18432008 104
Shore hardness (D) GB/T 2411-2008 70
Friction coefficient GB/T 10006—2021 0.07~0.11
Mortar wear rate/% QB/T 2668—2004 0.068
Thermal deformation temperature/°C ~ ASTM D648—-18 90
Coefficient of expansion ASTM D696—-24 1.5
Water absorption/% ASTM D570-22 <0.01%
Flame retardancy MT/T113—1995 Achieve
Surface resistance/() MT/T113-1995 3.5%10°
g . o
' ) RR3TRT
IR
54 357
465
K1 FERREH 5 R
Fig. 1  Structure and size of idlers
R3 RBHILASE
Tab.3 Geometric parameters of idlers
Parameters PE-UHMW idler Metal idler
Outer diameter (D,)/mm 108 108
Inner diameter (D,)/mm 88 98
Length/mm 465 465
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(PE-UHMW composites)
Bearing block (PA) 1150 0.42 3800 70
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Tab.5 Metal idler material parameters

. Modulus of  Strength
Density/  Poisson odulus o Teng

Part type i . elasticity/ limit/
(kg'm™) ratio MPa MPa

Roller (Q235B) 7 850 0.3 2.1 x10° 113
Bearing block (08F) 7 850 0.3 2.0 x 10° 99
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A Standard Earth Gravity: 9 806.6 mm/s*
B Remote Displacement

C Remote Displacement 2
B Pressure: 6.35e-002 MPa

B2 SCHRAH R LRI B
Fig. 2 Setting results of idler load and constraint
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(a) Equivalent stress of PE-UHMW idlers

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1 s

9.572 1 Max
| 8.5101

52 Min

(b) Equivalent stress of metal idlers

Type: Total Deformation
Unit: mm
Time: 1 s

] 0.774 84 Max

0.689 29
0.603 74
0.518 18

0.432 63
0.347 08
0.261 53

0.175 98
0.090 425
0.004 873 3 Min

(¢) Deformation of PE-UHMW idlers

Type: Total Deformation
Unit: mm
Time: 1 s

] 0.012 413 Max

0.011 035
0.009 656 9
0.008 278 8

0.006 900 8
0.005 522 8
0.004 144 8

0.002 766 8
0.001 388 7
1.072 4e-5 Min

(d) Deformation of metal idlers
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Fig. 3 Force analysis results of idlers under working load
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Fig. 4 Maximum stress of idlers under different loads
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—=— Deformation of metal idlers
1.60 - —o— Deformation of PE-UHMW idlers
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Fig. 5 Maximum deformation of idlers under different loads
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(a) Stress of circular section stiffener

Type: Total Deformation

Unit: mm Unit: mm

Time: 1 s Time: 1 s

™ 1.273 3 Max 1.271 Max
1.1329 1.1307
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0.852 02 0.850 11
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(d) Deformation of circular section stiffener

(b) Stress of long section stiffener

Type: Total Deformation

(e) Deformation of long section stiffener

(c) Stress of gear section stiffener

Type: Total Deformation
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Time: 1 s
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1.146 2
1.004 1
0.862
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0.57779
- 0.435 68

0.293 57
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0.009 345 8 Min

(f) Deformation of gear section stiffener
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Fig. 6 Analysis results of stress and deformation of rollers with three kinds of stiffener
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Tab. 6 Idler optimization parameters

Lower Initial Upper

Optimization variable Parameters . S
limit  value  limit

Stiffener height/mm 5 7 8

Design variable Stiffener width/mm 10 12 16

Ring width/mm 2 3 5

State variable Maximum 0 12924 1

deformation/mm
Objective function Idler quality/kg 1.720 8
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Tab.7 Parameters before and after idler optimization

Optimization Initial Optimization Rounded

variable Parameters value value value
Stiffener height/mm 7 7.4358 7.4

Design variable — Stiffener width/mm 12 12.3230 12.3
Ring width/mm 3 2.006 2 2.0

Maximum
deformation/mm

Idler quality/kg

State variable 1.2924 091759

1.7208  1.7337

Objective function

RE LM —Fh o HIFTSCA AT, SO o HR 187 A A B R
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Tab. 8 Extrusion parameters orthogonal experiment scheme

and results

Experiment Experimental factors Test index
group o . Tensile
number AFC B/MPa C/(m-min ") strength/MPa

1 220 13 1 283
2 220 14 1.5 31.6
3 220 15 2 31.5
4 230 13 1.5 328
5 230 14 2 329
6 230 15 1 29.5
7 240 13 2 31.7
8 240 14 1 29.1
9 240 15 1.5 314
K1 91.4 92.8 86.9
K2 952 93.6 95.8
K3 922 924 96.1
k1 30.467 30.933 28.967
k2 31.733 31.200 31.933
k3 30.733 30.800 32.033
Range 1.266 0.400 3.066

2 m/min [, 350 285 S 22 BEAR X 4/ 0N ELAR AT i 2 A4
FEELR 5 TR B RBIER TR R L AT A
B SEA AR A2B2C2, B AL IRBE R 230 °C
& J1 R 14 MPa 25| U 4 1.5 m/min.
4 FEARAR K R i B M AR IS
4.1 BHRH

HRAEST BT B T2 B2 B AN ] ) R
O S T B AUBLEET I B A AR AR L
5 B T i T 2280, 4 523 PE-UHMW 4
ARER TR B — R B L . R ) B S b R AR R
A& 9 iR

P9 " PE-UHMW FLARARFETAE S
Fig. 9 Sample of PE-UHMW idler roller for mining
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Tab.9 Abrasion resistance test results of trial-produce idler rollers

Sample number Abrasion volume/cm® Mean value/cm’®

1 0.19
2 0.21
3 0.21 0.208
4 0.23
5 0.20
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