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Comprehensive evaluation model for the operational
suitability of tillage components applied on natural grassland

GUO Yanying', HE Changbin*", SANG Hongchao', Bl Yuge', LIU Meiyu', WANG Xin'

(1. College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University,Hohhot 010018, China;

2. Inner Mongolia Engineering Research Center of Intelligent Equipment for the Entire Process of Forage and Feed
Production, Hohhot 010018, China)

Abstract In view of the limitations of the current tillage components in natural grassland operation and the
lack of comprehensive evaluation method for its applicability in grassland operations and the evaluation
system for the operation effect of special grassland improvement tillage components, the coefficient of
variation method and linear weighting method were adopted to study the weight of each evaluation index. A
comprehensive evaluation model was constructed for the applicability of natural grassland operation of
tilage components, and then field tests were conducted to verify the comprehensive evaluation model. The
results showed that: The comprehensive evaluation model proposed in this study was constructed based on
three indexes, e. g., traction force, surface turning rate and soil disturbance coefficient, which could
effectively evaluate the applicability of tillage components in natural grassland operation. The operational
effects of different tillage components evaluated by the new model in this study were consistent with the

results of existing research, which confirmed the feasibility of the comprehensive evaluation model. In
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conclusion, this study provided a more convenient method for the comprehensive evaluation of the

applicability of tillage components in natural grassland operation.
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Table 1 Physical parameters of soil layers in experimental grasslands

X 57 Soil cone index

%5 H# Bulk density

£ 7K Moisture content

LRV fem P e— TN R R
- Wili/kpa B e kg/my ETRBIA y ERRAEUA
ept Coefficient of Coefficient of Coefficient of
Measured value L Measured value . Measured value .
variation variation variation
0~5 2 004. 7+466.2 23.3 1280+160 12.8 10.4843. 28 31.3
5~10 3178.5£73.6 2.3 14904100 6.4 10.454+2.17 20.7
10~15 4129.74333.4 8.1 1570+50 3.2 10.4241.45 13.9
15~20 4930.94419.3 8.5 1570+10 0.4 10.25+1.29 12.6

2.2 WHIBEHHERIEE

I L 5 1 2 B AR B 1 R RN,
55 2 2RI I AR o LT AEBR A 20 cm (1 h
R YR B O S, FE AT AR 23 Dl Bt
AN TR A 28 1 7 2 BT B B R ST . B AR Al 2
RIE, I AR BTt 1R AT 57 2R A3 Bl B3R P 4

(a) BELIEHR
(a) Double-wing shovel tip

(b) HIEHR
(b) Arrow-shaped shovel tip

e o KB IE I 0 FA 43 i D 80° L 1157 CIE A% ) il
150°, FF B IR A 529 2 2% TB/T 9788— 2020 I #s 5~
AT b 5= AR BEAT B0 . B B 57 47 5 R 100
mm , X3 G 5% 55 K 150 mm, Ho4y 250 R F 1
PG bR P . B 1 IR RS s AL 4
TR BA 5™ 4540 S B L 3% 2.
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(c) Back view of shovel tip

a N RUEATS 3 WNHFE . « is wing angle. W is shovel width.
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Fig.1 Structure diagram of subsoiler tips
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Table 2 Structural parameters of four types of subsoilers

% 5 XUELAS A a/ ) B 58 W/mm

Number Wing angle Shovel width
25-60-80(1) 80 150
25-60-115(2) 115 150
25-60-150(3) 150 150
25-60-115 1 (4) 115 100

TE < 5 LU EE B2 - 90 1 A 20U AT CREPR AR 28 5D A 44
Note: The number is named after the thickness of the shovel
handle-edge angle-wing inclination angle (categories of

tillage components).

PTG 4R RS . SHC A
FEHE AT B B R R BT O 14 F1 25 mm
2R M LT 0 f BEBETE R 307R 607, A 1 BE X
TR ISR A5, T A S I LB 67, 5
AR R S AR TR, LA™ AR BT 20 B B0 o e ELAG
B2 i h sXOTF v e a5 s R, A5 B
Ve

BRIV 5y JI AN LB 50 A LA BE 56 0 5 AR
S 1s cutting edge angle;y is clearance angle; 0 is rake angle;
b is thickness.

2 FHAFEAREMTER

Fig.2 Structural representation of shovel handle opener
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Table 3 Structural parameters of four types of

shovel handle openers

10 f
o B AP IS . A B
ol b/mm I 6/
N Sutti
umber Thickness Cutting edge Rake angle
angle
14-30-45C1) 14 30 45
14-60-15(2) 14 60 15
14-60-45(3) 14 60 45
25-60-45(4) 25 60 45

TE 95 UG AN IR - 90 11 £ 8 - A B A B CRRVE A 2 0D i 44 o
Note: The numbering is named after the thickness-cutting edge
angle-clearance angle(categories of tillage components).
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1. Frame; 2. Cantilever beam force sensor; 3. Depth roller;
4. Tillage tine; 5. Three-point hitch device

B3 EEEBFEelitikE s
Fig.3 Test bench for grassland tillage component

performance
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R4 FRBFIE RSN IR AR A E R E
Table 4 Initial values and observations for the suitability assessment indicators of subsoilers
25|71 () K B R () oL/ RIS (R
J/Eik Traction force Surface crust breakage rate Soil disturbance coefficient
BE/em Gt '
Working Number Wi PURIIIEIEN Wi PURIINIER it PURINIER
depth . Observation . Observation . Observation
Initial value Initial value Initial value
value value value
25-60-80C1) 2833.2 1.055 9.83 0.741 65.7 —0.755
25-60-115(2) 2581.0 0.643 10. 33 0.957 61.7 —0.027
15
25-60-150(3) 1591.4 —0.972 5.67 —1.066 65.0 —0.640
25-60-115 %5 (4> 1742.3 —0.726 6.67 —0.632 55.0 1.421
25-60-80C1) 3271.3 1.153 5.67 —0.812 66.7 —0.381
25-60-115(2) 2783.2 —0.043 12.00 1.353 66.3 —0.312
20
25-60-150(3) 2870. 2 0.170 6.00 —0.698 68.7 —0.775
25-60-115 i (4> 2277.7 —1.281 8.50 0.157 58.7 1.468
x5 RUBFEINERNSENE
Table 5 Reference weights for the evaluation indicators of subsoilers
ENL R /em &5 I ALE Hb 3 G2 R AR 4 3 Bl R HORCGE
Working Traction force Surface crust breakage Soil disturbance
depth weight rate weight coefficient weight
15 0.433 0.439 0.129
20 0.251 0.625 0.124




230 IS [ N SR S 2025 4F 45 30 %

x6 RMFHNEAINEH

Table 6 Composite effect coefficient of subsoilers

VR BE
fEAL IR B /om DFEW, DFW, DEW, DFW,
Working depth
15 0.684 0.695 —0.97 —0.408
20 —0.270 0.797 —0.49 —0.042

H:DEW, R ZR 5800 R85, b i=1,2,3,4, RG], & LR S8 % 2,
Note: DFW,represents the composite effect coefficient, where (=1, 2, 3, 4, denoting the categories of subsoilers,

parameters for each category are listed in Table 2.

SFUTEGRIAE R (A S R AR IR e WE Y T i TR M iR An A T 0 AR B R R &
TSR RIS B0 e THHER A R AR SR B AR B A Sk N LR AR R T (4D ~

VeV & P28 A P B R R v 471 20 C8) 11 583X 2L & FH M DF 4 48 b 19 A o 0 0 (.
3.2 AT S A A T (RDOMSBENECES) ;W H DFW £ #l 3 4

¥ ARG BRI B (E 10,1520 em fRpyg ORI IFIVEREAUR R AR -

£7 FWIAIFIERER TN IE RO AER Y NE

Table 7 Initial values and observations for the suitability assessment indicators of shovel handle openers

o #8512 B () LS R B )
fdr R L/ Traction force Surface crust breakage rate Soil disturbance coefficient
cm i
. R ; i3
Working  Number B P o W kol el
depth . Observation . . Initial Observation
€p Initial value Initial value  Observation value
value value value
14-30-45C1) 336. 36 —0.507 0.5 0 53 1.207
14-60-15(2) 1101.92 1. 500 0.5 0 66 —0.454
10
14-60-45(3) 333.95 —0.513 0.5 0 59 0.350
25-60-45(4) 346. 56 —0.480 0.5 0 73 —1.103
14-30-45C1) 985.02 —0.671 2.0 0 57 0.468
14-60-15(2) 1461.59 1.125 1.5 —0.463 55 1.187
15
14-60-45(3) 899. 09 —0.995 1.0 —0.926 61 —0.828
25-60-45 (4) 1306.91 0.542 3.5 1.389 61 —0.828
14-30-45C1) 2 149. 14 0.674 1.0 —0.426 61 —0.564
14-60-15(2) 2272.62 0.999 0.5 —0. 640 55 0.719
20
14-60-45(3) 1471.54 —1.108 1.0 —0.426 54 0.960
25-60-45 (4) 1677.47 —0.566 5.5 1.492 64 —1.115

®8 FHAFERZENERHSENE

Table 8 Reference weights for the evaluation indicators of shovel handle openers

PR TR JE /em 25| ) R b 3% B A R AL - B R B E

Working depth  Traction force weight Surface crust breakage rate weight Soil disturbance coefficient weight

10 0.839 0 0.161
15 0.278 0.659 0.063
20 0.138 0. 806 0.056
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Table 9 Composite effect coefficient of shovel handle openers

PR B /em

Working depth DFW, DFW, DFW, DFW,
10 —0.230 1.185 —0.374 —0.580
15 —0.157 0.083 —0.939 1.013
20 —0.282 —0.337 —0.443 1.063

TE:DFW RS BN R B i=1,2,3, 4, FoR§ 0T W 88 192850, 4 28 55 20T 1 8 2 B0 3R 3.

Note: DFW,represents the composite effect coefficient, where i=1, 2, 3, 4, denoting the categories of shovel

handle openers, parameters for each category are listed in Table 3.
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