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Design and Testing of Ring-shaped Soil Wear Test Platform

YI Xuemei' WU Dayou’ WANG Hongkun® ZHANG Chong® MU Yanxu®

(1. College of Mechanical and Electrical Engineering, Tarim University, Alar 843300, China
2. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract. Existing soil wear testing methods face several limitations, including restricted travel distance
in linear soil bins, significant centrifugal effects and velocity differences between inner and outer radii in
circular soil bins, and difficulties in soil preparation. To address these issues, a novel annular track-type
soil wear testing platform was developed. The platform mainly consisted of an annular soil bin, a closed-
loop guide rail, and a wear testing apparatus. The wear testing apparatus integrated functional modules
for driving, attitude adjustment, and soil preparation, enabling reciprocating motion of soil-engaging
components along the guide rail and facilitating long-distance soil wear experiments under multiple
operating conditions. The operating speed (0 ~ 10 km/h) was regulated via a programmable logic
controller (PLC) , while tillage depth, rake angle, and cutting angle can be precisely adjusted. Using a
1L —225 trapezoidal ploughshare as the test specimen, a long-distance wear experiment covering 140 km
was conducted. A discrete element method ( DEM) model describing the soil-ploughshare interaction was
also established to validate the reliability of the platform in terms of load characteristics, soil flow field,
and surface morphology evolution. Experimental results indicated that the fluctuation of penetration depth
remained within +4.5 mm, while the coefficient of variation of the operating speed was only 2. 1% . In
addition, the soil firmness after preparation reached more than 80% of the measured field value.
Reliability verification demonstrated that the measured draft force during the stable tillage stage showed a
low relative error compared with simulation results, with consistent fluctuation phases. Wear morphologies

observed in the soil bin tests, such as edge pitting and parallel furrow patterns, as well as the evolution of
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the ploughshare outer contour, showed strong agreement with the simulation results. Multi-condition

experiments further verified the platform’ s capability to reproduce complex operating conditions. The

proposed annular soil wear testing platform provided controllable operating parameters and stable tillage

loads, enabling realistic reproduction of long-distance field wear failure processes. It therefore offered

significant value for research on drag reduction and wear resistance of soil-engaging components, as well

as for service life prediction.

Key words: ring-shaped soil wear test platform; soil-engaging components; wear failure; discrete

element method (DEM)
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Tab.1 Main technical parameters of wear device

ZH e
A4 55 B /mm 520
e KA 242/ mm 2000
fish = B A £ B/ mm 100 ~ 450
HLEIZEAT L/ (km-h ") 0~10

1.2 T1ERIE

IR L BRI B S - 5 1 0 P s B R G
IR ik AR A 2 W) Y SR R A AR X IE Bl .
JEE a6 e A O AT O R T IS R b
R B TR I, P Y 4 ) 2R e SR S Al IR HL AL
il B e B S PR AT S A A A5 gl DT O ik
PR IR AR E RO A S R U R AR
P 22 25 5 AL 3 o A ik PR R A TR
A R e SEBUAE R R AR 2 80T X filk
PEAT RS o 24 i b B A S R AT R,
X AR A7 A ) BE 0 3 A Bl R G AR 1 2 A AR IR



11

REM % L LB 6 BT 518 91

i, S BB L 5 e s g S h A . Ak,
TELUS 3 AT HE R v, LR AR A B A S R AR
Wit BT A TR ) B A (] 5 e 5, i A
(1) -t Sy BECAR 25 7 Bk YR VRO 30 i R oK & 2 st
0 TR IR 5 22180 56 T 00 19 — ot 5 56 Bode
A

2 FEMRITESHWE

2.1 584

WL L85 0 3 S 8002 w7 & Ry B Al S %
ARG, WL LR RE LM A S, HE 0T
RE 2 $ 11k 12 08 1 B 1 2 ), DRS00 H () 3% 2k BF 1
TH

PRI, R ) AT R B8 75 4K B 3 A R AL ik
- ER AR B K B R AL o R B R B Y
BEAE2S (8], AN [R) R AL fik + PR AFAE S 8k 2. &5
G % IS R 2 AW E L TR
520 mm, N & + 3 E Sk 500 mm,

R2 FAERVMEIBERESH

Tab.2 Tillage parameters of different agricultural

machinery soil-engaging components mm
fiih £ A HHR B i
ALk 150 ~300 200 ~ 400
TR 250 ~400 150 ~ 300
BNk 30 ~ 100 20 ~ 80

EI BN N O S N LTNE S S NN sy ek i
B 1 ) R PE . o P 2R S 8003 T A AE L
W, RRIE R &R e 8 UIE TR KT 1A 585, 78
U I A b oAy ik /0N B b1 4 06 2 Y [l ol AR (] e S
TR AR AL 5 2 508 R 0 25 i e 0 T
S H 600 mm' e,

Ay A R B b1 4 06 2 RE 8 IR A A A X R,
W WA 58 5 o5 5% sh A A0 31530 8 41 38 06 2% 8 A e /N
LETSREIE TR VAS S

Rmin =" L (1)
SINQL
{f R, — W E R/ mm

L—1F ,mm
a,,—— BRI, (°)
AR B 25 B AR BT 15 0 A 22 2 23 A K,
B RHE 1 0 20° ARG (1) 155 BT 75 fie /DN ] 5
#8209 1754 mm, W AR L 863 B s A AR OF AT R
i, R AT & AR 2 000 mm, S PRAIE fi
B EROEAE R AT AR P A T RS R AT fiE
/NES T 5N AME 221 T, EORE B B
BATHEES KT 2 i WG4 ™, Bk, o BB +

B S 30 000 mm
2.2 EHiARKE
2.2.1 AN

P A0 2 B — AR AL B AR B R
GBS T —IRERRL, K 2 s, ixk
BB S PR R A AR R R R A A B
1 R A B bR 2 B, G v Bl 4 ) A 4 4
A AL SR AL L R G, A R
EATE]|Ny S AN SR PN BN R PR 1 e o G S S R IR O
B0HE R B A T 458 A1 AR e i B L R,
R A R R A B b R B TR AR

K2 BRI E

Fig.2 Wear test device
L 20 SR 3. BT 4. Tkt 5
W o fi AT AN 7. RS 8. AR R
9. MM R Akm R 10 WA 1L ARRE 12, BB 13,
JE4R

2.2.2 i 5EHIBR

Bl 71 5 45 i A P Oy s A 0 e AR R AR e 1T
WS 1. S 586 R % 2 m Al A% 3
A AR At o R g A R, 5 R 4R A PLC W]
o R A ) e 3 A A P R A R T R AL R
S I BE A 0B BAE O ~ 10 K/ S [FT P4 996 L)
L3 4 0 L 9T ) 5 AR 3~ 8 kb 60 X
1R
2.2.3 RSP

PSR B A% 2 2 R ik A B AR
AU H T2l R & BIE 22 RS At
PRI RN LB o 1% 2R G0 HL 2% 3 v 11 FH 4 5
B R VL BT R 2R e] B i Bk 1, BB
i3 B AU AL TR AN BT T VA A A8 2 Bl R4, n
ERN

25V AR RE A% S P X fd + R4 BRE L SR
W, 4 fron, Bk 22 Bum i =R &
Je R 18 5, 30 P R B R BE AT A L,
AISEEE A £ R AR 100 ~ 450 mm i [l A9 TG 2%
WK RTIA £ 1 mm, G805 7R 5 DR A B IR AL 09 P
ABEREE TR K L 224 F a5 F ik 2258 o 18 48
I, R 2 3 B A8 1) e B e R IR S



92 55 /U R E B AR 2 2 RIS

2025 4

EERNTER LR

Fig.3  Soil-engaging components clamping mechanism
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soil-engaging component wear test platform
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Tab.3 Material parameters

1 THA T W /Pa B/ (grem )
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B JZ kL 0.43 1.0 x10° 1. 66
P Y=F E A 0.44 1.0 x 10% 1.74
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Tab.4 Soil material contact parameters
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at different cultivation stages
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Fig. 14 Quality loss after plowshare wear
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