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Parameter Optimization of Multi-axis In-situ Soil
Remediation Device Combining Discrete Element Method
and Response Surface Methodology
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Abstract: To address the issue of low efficiency in black soil remediation and promote the
recycling and utilization of black soil resources, a novel soil remediation device was developed.
To enhance its operational efficiency and treatment quality, the discrete element method was used
to numerically simulate the motion and interactions of black soil particles. The key operating
parameters of the device were systematically optimized through a combined approach of
orthogonal experiments, steepest ascent experiments, and response surface methodology. The
central level for the steepest ascent experiment was determined using orthogonal experiments.
The steepest ascent experiment then identified the central test point and optimal range for the
response surface methodology. Based on this, a reliable response surface model was constructed
using the response surface methodology, ultimately obtaining the optimal parameter combination
for equipment operation: a rotational speed of 135 r/min, a uniform mixing time of 2. 6 s, an
uniform pitch of 73 mm, and a blade spacing of 27 mm. This research provides a feasible
parameter basis for the structural design and operational control of in-situ black soil remediation
equipment, which has practical significance for improving the efficiency of soil remediation
projects and promoting the sustainable utilization of black soil.
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Fig. 1 Novel in-situ nine-axis soil remediation device
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Fig. 4 Modelling process of soil particle and agent
particle models
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Table 1 Arrangement of orthogonal experiment
. . R iR O IRE R
T P e it o iif; LR
(r-min™") Ji/(N'm)  (N-m)
1 0 40 20 100 0.349 8 1 448 50. 02 102. 75 67. 05
2 1 60 30 100 0.3571 1401 58.92 96. 05 70.53
3 2 50 40 100 0.3563 1403 41. 64 93.09 64. 50
4 0 60 40 110 0.5437 1442 51.71 83.83 57.11
5 1 50 20 110 0.3916 1 406 41.34 86. 74 62.09
6 2 40 30 110 0.394 4 1402 55.56 95.87 73.39
7 0 50 30 120 0.3206 1433 40. 58 78.90 66. 41
8 1 40 40 120 0.3663 1 404 52.54 89. 66 55.76
9 2 60 20 120 0.3555 1 400 54.82 98. 44 57. 60
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Table 2 Steepest ascent experiment design and results

 Bm \ ‘, LB LEERE
ij B RS ﬁj“i”fﬁﬁ/ /) ’1; ':EE/ i’ii fﬂ;; BERERIL B gﬁi
(r-min™") Hi/(N-m) #i/(N-m)
1 80 0.2 30 10 0.422 50 1498 40. 15 111. 86 69. 56
2 100 1.1 45 20 0.392 50 1358 42. 82 108. 57 82. 55
3 120 2.0 60 30 0.282 14 1301 45. 56 95.43 52.40
4 140 2.9 75 40 0.324 45 1342 39.52 88.43 55. 46
5 160 3.8 90 50 0.51340 1300 41.79 79. 43 49. 65
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