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Design of Adjustable Center of Gravity Tracked Vehicles and
Study on Slope Stability
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Abstract: In response to the problems of steep slopes and narrow roads, complex terrain and landforms,
poor applicability of existing models on sloping land, and lack of design theory for mountain power
machinery in hilly and mountainous areas, this paper proposes a “lateral swing longitudinal shift” center
of gravity adjustment crawler tractor scheme suitable for hilly and mountainous areas. In order to reduce
research and development costs and shorten the research and development cycle, a “lateral swing
longitudinal shift” center of gravity adjustable remote control crawler proportional prototype is specially
created for feasibility verification and slope stability research of the scheme. A mathematical model and
force analysis were conducted for slope driving before and after adjusting the center of gravity, and a
stability index that considers both lateral and longitudinal directions — the uniform distribution coefficient
of track contact pressure — was proposed. Grounding pressure and passability tests were conducted, and
the results showed that the “lateral swing longitudinal shift” center of gravity adjustable scheme proposed
in this paper can greatly improve the uniformity of grounding pressure distribution for two tracks traveling
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on slopes; Under the slope conditions of 5°, 10°, 15°, and 20°, after adjusting the center of gravity of
the whole machine longitudinally and laterally, the maximum traction force of the vehicle when inclined
45° uphill is 398. 70 N, 339.41 N, 265. 67 N, and 222. 32 N, respectively. The maximum traction force
has increased by 13.9% , 18.1% , 27.3% , and 50.5% compared to before regulation. A maximum
rollover test was conducted, and the results showed that when the longitudinal distance of the upper body
extended to a maximum of 150 mm, the static longitudinal maximum rollover angle increased from 39° to
46°, an increase of 17. 9% compared to before the center of gravity adjustment; When the upper body
sway angle is adjusted to the maximum value of 25°, the static lateral limit tilt angle is increased from
40. 0° to 43.5°, an increase of 8. 8% compared to before regulation; When passing obstacles on a slope,
adjusting the horizontal or vertical center of gravity will increase the dynamic tipping coefficient of the
vehicle on the slope, and the lifting effect will weaken with the increase of slope. Prove that the proposed
solution is feasible and can significantly improve the driving stability and anti rollover ability of tracked
vehicles on slopes, providing theoretical and data support for performance analysis and structural
optimization design of tracked vehicles.

Key words: tracked vehicles; stability; hilly mountainous terrain; adjustable center of gravity; tipping
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Tab. 1
center of gravity remote control tracked car parameters
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Tab.2 Platform and soil specific parameters
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Fig. 11  Ground contact pressure cloud maps of tracks on both sides before and

after adjusting longitudinal center of gravity on an uphill
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Fig. 12 Ground contact pressure cloud maps of tracks on both sides before and after adjusting

longitudinal center of gravity during contour line driving
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Tab.3 Test results of traction force before and

after adjusting center of gravity of a 5° slope N

R T RIEBE MEEEE BERR

1 355.30 380. 24 363. 02 400. 12

2 341.85 371.18 366.33 398.25

3 344. 89 377.79 360. 65 391. 12

4 358.23 381.20 358.08 403.95

5 350. 54 378. 89 362.20 400. 06

TG 350.16 377.86 362.06 398.70
F4 10°3EHEOFEEREFES| HMKE

Tab.4 Test results of traction force before and after

adjusting center of gravity of a 10° slope N

5 PHRE R PR BRSNS
1 290. 24 325.21 308. 52 346. 44
2 281. 65 320.09 306. 34 339. 87
3 289. 33 323.28 308. 51 341.96
4 293. 80 318.01 296. 36 335.15
5 282.29 317.55 302. 69 333.63
THMHE 287.46 320. 83 304. 48 339. 41

x5 15°HEOCFARENEES ANKER

Tab.5 Test results of traction force before and after

adjusting center of gravity of a 15° slope N

JF5 WERT  AmIERE MEERE MRS
1 208. 52 248. 35 233.36 266. 05
2 210. 08 252.09 226. 20 273.32
3 216.32 238. 68 224. 06 270. 05
4 203. 61 239. 69 237.39 260. 11
5 205. 31 250.75 229. 56 258. 80
SEYE 208.77 245.91 230. 11 265. 67

R6 20°WHELHAEMNRES AMIKER

Tab.6 Test results of traction force before and after

adjusting center of gravity of a 20°slope N

e R Pasefs MR E MRS
1 150. 55 200. 31 175. 38 226. 08
2 152.20 191.77 177. 28 225. 84
3 142.37 193. 62 166. 50 220. 08
4 144. 48 201. 15 173. 34 216. 67
5 148.91 195. 06 174.78 222.95
SEHE 147.70 196. 38 173.47 222.32

FEMLE OB 1) R S, R A 5] 1430 R
362. 06 ,304. 48 230. 11 173. 47 N, AH H 9 %% B 43 1)
W 3.4% 5.9% 10.2% F117. 4% ; BALE .\
SR YRR S G A2 5] 01430 398,70
339.41 265.67,222.32 N, AH L & % 1 43 51 58
13.9% 18.1% 27.3% F150. 5%

RT BEMENSGHAESESINXER
Tab.7 Relationship between uniformity of
grounding pressure distribution and traction force

LI EO
O EO
! k 5 UPD )54

Tl o
wegs o " wwa wE#

iy Y WA Bh

° / /

O g'? g';’ WO FHROR
% %

5 0. 895 0.915 350.16 389.70 2.2 13.9

10 0.848  0.896
15 0.791 0. 866
20 0.732  0.836

287.46 339.41 5.7 18.1
208.77 265.67 9.5 27.3
147.70 222.32 14.2 50.5

FHER 7 AT, 00 A AR O AR B R AR 50
10° .15° 20° 44, AL L JHEE 5 , UPD 427454
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Fig. 15  Static limit rollover tests
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Tab.8 Longitudinal limit rollover angle test results

B¥ WFLIE B/ mm
0 50 100 150
M BRI ERFf1/ () 39 42 44 46
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Tab.9 Results of lateral limit overturning angle test
TR/ ()
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28
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T2 460 ML AFERTHE N 17. 9% ;9 A%, 24
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Hms. 8%,
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Fig. 16  Dynamic slope driving stability tests
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Fig. 17 Results of contour driving dynamic stability test
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Fig. 18 Results of dynamic stability test for uphill driving
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