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Fig.1 Brooding chicken houses litter surface manure cleaning machine and its double-crank shoveling-throwing device
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Table 1  Structural parameters of shoveling-throwing mechanism
H HiE
Parameter Values
FE AR B Driving crank length /mm 80
#1242 Frame length /mm 40
FFF Connecting rod length /mm 90
ME i # Driven crank length /mm 110
41 %% J% Shovel surface width /mm 100
5 TH] 5 A R 18] & £y

Angle between the shoveling surface and shoveling-throwing plate /(°) 40
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Note: /; is the length of the driving crank, mm; /, is the length of the connecting
rod, mm; /; is the length of driven crank, mm; /, is the length of the frame, mm; /s
is the length from the center of the shaft hole to the shovel surface, mm; /; is the
width of the shovel EF, mm; [, is the width of FG, mm; b is the width of EG,
mm; ¢y, 9,5, 93, P4, @5 are the negative angle between /,~ /s rod and y axis, ( °);
is the angle between the throwing plate BF and the shoveling surface EG, °; v,, is
the forward speed of the mechanism, m's’; , is the driving crank speed,
rmin; w5 is the driven crank speed, r'min_". The same below.
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Arhx = [, b, b, L b, B NI NS &, 43 HIARR ML %%
FACBESH, 57 1 56 B S5 T S5 5 B B R AR s m(x)
NBMERE, R BUYE: kex) %, EiE
TN B RBEE (1 T 7 fe % ek K, RN
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BT 07 BRI A3 1 = 50E . I MATLAB
H fitrgp() BREGIEATH ISR . AR N 6 AN L 45
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L=12.601, 15 5 hriE % 0,=75.6, W bpifE 2 0,=12.3,
F WL GBS G RN Han N B IR S T S, W) R
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Hr 3k [ U A R AR AE R AR b 1R 3 7 MR R 25 RMSE=
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I h 1 35 T AR s
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G = min(T,) = min = j M (r)dr 33

2) H/AMEHLIEIRS) f(x)
ABLAS) 957 A sy A 0 2 e A4 D9 4R 3 & 1R VP AR
E{=a
fo(x) =min |a | (34)
3) EAAE M E £(x)
FARLIN [A) A I S 2 0 & 557 5 L IR S
TR AR, RN

f3(x0) =max(Q) = y(ly, 1, 15,14,b,B) (35)
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vk E . S RESE. Pareto B VS TUHA % 42 il 1) &5
W, B AEGRAT VR, SRR N R
BB, Tokih e Sehr TR 2.
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Fig.7 Improved NSGA-II solution flow chart
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3 o 23"
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BN A RS, I NSGA-IT B 5 B % ] 1 4
R, R ELAF AR AR . B R
Fitt, SKHT SQP 52 Iy vt A 3k S R ARHEAT R
MBI, CAIEIA R A R B

% AR ORI BRI T, B

F(x) = w, fi(x) + Wy fo(x) + ws f3(x) (40)
Wiy wos w ARE R, 405 0.2, 0.3 0.5,
3) NEAMNE P AN EHECICM S B AR AR A BT L EE
L EHRE 3 MU BRI w22, 3 W oSodk iy P 55 B B
B

0,-0 ’ Amaxi — A\ T,-T* :
JWI( ST
4D
K d, R i AR SGE B RS (0, ', T NEE
AR (O T, ) N P DK (O, AR
45 HMBHHER
TSRS 6, MILBEN3, 4%EHER
BB RUBL NN 100, 22 XHER N 0.8, ER KK
200, BEREFRIF RIGFHIREE RS, Noldd “Ha7.
FIF MATLAB 35K f#, IR TOPSIS ¥, AT
BB MRIATIR ST : Ll Q NIERTEIR, T, dpe
Rt tabR, BETIH— AR SINEEYE, SRTG T, 1)
PEN 0.7182, Gy, FIBLEN 0.1807, Fabs Q I E
N 0101 15 DA FRbri N IEEARMR, RN
MR, Wi EEAMRSIE. MEAEMRRKICEER, 3R
FRARCE WG B AR HLHE Y, 45 R 8 iR
* AN

Optimal decision solution

RS
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Pareto optimal solution set. The same below.
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Fig.8 Pareto optimal solution set
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B I0E O W, s R A S B PG 3
HIRA) JJFEAIE R, XERY 3D EIRZAFENRK R

Pareto i LM 4R t 18 2 B HUR AL, B s B —
i LT TEREZOR AL S K. R i 3 41 B A7 Jt
TP BRI AR R MR O Oy 05, K 3 LARXT BLIIALAL
SRHERAHTRHU S LTI L, 3R 2 B
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Table 2 Comparison of mechanism parameters before and after

optimization
S5 EILGLIEN
Parameters Initialization value o 0 O

[,/mm 80.0 74.5 73.2 70.4
L,/mm 90.0 99.6 99.5 88.5
L;/mm 110.0 100.4 100.3 100.2
l/mm 40.0 34.6 34.0 30.3
b/mm 100.0 106.8 107.7 99.7
pI(°) 40.0 39.1 40.0 374

R AL RT B LA 1) % TR b S LS O 0,4 O;
33 HEUREATI L, W3R 3 P

R3 GEMEEMEIEIEE
Table 3 Comparison of comprehensive performance before and
after optimization

EIzEa R

Index Before optimization o 0 %

o/ (gs™H 310.1 738.8 677.8 705.2

T,/ (N-mm) 359.5 342.5 299.1 194.4
e/ (rad-s™) 332.9 450.4 303.1 208.5

HEE 3 AT A 1D o R e iifg, S5k
1A AR B, B Pl B 4R T 138.25%, DR B 1 AR R A
4.73%, AH 0T B VEAE ED 1 0 35.30%, 3 B XU HH AR L
FITESE B AR BRI, S AN ATk 4o 51 % B R 2 1R 30 ) 2%
W, ARBLT mrbE e S RS AT P AR 2 A]  9R ok
o 2) O, M AWM, SR, FIEE
118.57%, HXHh J1 M BE MK 16.80%, A IN 3 i 06 {5 ik /)
8.95%. FH O, HIEFRFANEM R WIFRS, 7] LLSC L RE
oo RE, RS RS EEGE T YL
Rtk 3) O, HoARMMUEME, SIALRTHLL, P =
KUEHEF: 127.41%, W3 JTHFEAC 45.92%, 4™ R im M
TNGE P VEAE I/ 37.37%, ULHH 2 H bR A FIL RENS1E %%
H br 2 i) B A5 5 £ P 7, sScI P AR 1k . & AL
TOPSIS VEIEM 0 #1415, O, 4LARAE 100 41 Pareto fif 1 HE
PN —, &TE 3 MNMHE MR B bR S 3T EZ
TAEEH R
4.6 RILIEIE
4.6.1 HiEmIAE R

AR (IGD) . [HEE (SP) F@EAEA (HV)
SEFEARIEH T 1R Pareto BUVEMRLE R EP2Y, ik,
I3 WK FHARME NSGA-II. NSGA-III. MOPSO. MOEA/D
FA SC e 3k i) NSGA-IT S92 x6 b e 4k 1) 8 ik 47 R fi#t
DLESHIE ot BRI A 2hE, 5 R WK 4 P

% 4 AT %0, 2iE NSGA-II 5032 i IGD {8 ¢ e
NSGA-II. NSGA-III. MOPSO A1 MOEA/D #7273 5l B&
ik 71%- 60%- 68%- 64%, R LIRS E R
HLSE Pareto BT WY, WXSKMEREE 4T . IR, oSGl HZM
SP &% /N, Vi B fREELE Pareto VY b 2045 5 N5 .

HV E bR NSGA-I $#2 7t 16%, H AL THAHE L, *
B VRSt 5 2 RN SR A R b, B
M EAREE . 8 b, ASCHE 1 S8 NSGA-IT
VELE SR AR AR 5 AL 1) 22 B Fs Ak 1] A B A B

PeFh

F4 BEIRMREXEE
Table 4 Performance comparison of algorithms

i SRALARRE B [ B AR

. Inverted generational distance Spacing Hypervolume
Algorithms 1GD Sp HY
NSGA-II 31.00 17.42 0.12
NSGA-III 22.56 15.13 0.13
MOPSO 28.74 19.97 0.11
MOEA/D 2491 14.55 0.13
Bk NSGATI 9.07 12.10 0.14

Improved NSGA-II

U NSGA-TT SRR R, ST HE M
H— A HLEIE R T BEARR B BN E SR, RIET £ B
ML R AN I—RE e RE RN ETELrRS
RACHESE, $&TF T SRR A USCSIORS FE AR s eludt i 45+
FEHE S SRR PRI, o T MR A A, [
gt RN A s br TAERR K
462 MHALBRIEIE

3Rk — 5 B AF 2O ) NSGA-IT S35 AL i A Rtk
5T ADAMS 1 EDEM #4422 i L4 B 88 & 17
R, BURALE O O, O; 3 LIS B WML,
R REGEFREAERIT L, 3R 5 Fis.

®5 BiEOTEESHAEEME

Table 5 Comparison of calculated and simulated values for indexes

Eiztan 0, 0, 0,

Index C, S, C, S, C, S,
o/ (gs™ 738.8 714.1 677.8 680.3 7052 726.4
T,/ (N-mm) 342.5 368.6 299.1 326.4 1944 2278

e/ (rads™) 4504 4235 3031 2872 2085 1849
e C, NI S, N EAE.
Note: C, is the calculated value; S, is the simulation value.

HH# 5 Al A, T okl B NSGA-TT By R @15 21 1)
TR KB A P A S A INE I {E 5 ADAMS-
EDEM # & f HAS B 45 RECN — 8. 3 it HEE S0
BEAA MR Z I RFFE 15% FVERIN . O Rz EEET
P A2 H R FH A sy 7 0t R el VS AR B AR B G R A 1 L 4G
RS T, A1 ay,, B3R ZE N BT 1880 % /3 /)
AR R R 2 R PR A e B AR T A S 2 AR B ) 2
FLZ (8] B R G2 o

T 0 O, A, O\ 1) 3 NMERTEIL T [FD
k. W4E O; HRI S5 ZH0AH] 1 XS AR I LA 1) %
AT, IHRFENLEE. W RGEMREAREFEAE. W
I, 23 R U AR S 0 O i A9 7 i AT A) 30 T 2 7 e A [
SE AR ML AL T g, X BEALHEAT i 50, S
C—HHLE, PIEN” BRI IR . A
B SRS LA an &l 9 Fras

XK 5= PO HLAS D0 A 5 R B Uk 158 T 2025 4 12 A
WITEBR PG 24 78 22 T J) 22 B SR A R 08 34 04T, &
WHBLEZH R EEL N Tem, H, RERLSERZEY
HN1~2cm, KEZBBEZL N S~6cm; FEEHEEN
0.60 g/em®, ZHEJZHEEN 0.24 g/em’s NSZHL 3 HidEHR
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FEEAARICER, R 6 M 2my 58 1.2 m BJkEG/MX .

b. LS5

b. After optimization

a. ALY
a. Before optimization
B9 AL E A ARG il
Fig.9 Double-crank shoveling-throwing mechanism before and
after optimization
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Fig.10 Prototype verification test
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Fig.11 Comparison of filtered angular acceleration and driving
torque data before and after optimization
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PrC A TR A S 4 D B K [RI  Be 8 SE I LA IR 3l e
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« RALTT 1/ ¥ Before optimization simulation
« {4k 1)i B After optimization simulation
» LTS FrBefore optimization actual

« AL SR After optimization actual
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Fig.12 Driving torque variation curve before and after
optimization

o L1k i 1)j H Before optimization simulation
o {1k )5 1)i H After optimization simulation
o HAL T S FrBefore optimization actual
o HiAJ5 5 PR After optimization actual
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Fig.13  Angular acceleration variation curve before and after
optimization
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a. Before shoveling operation
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Fig.14 Effect diagram before and after shoveling operation

T ADAMS #4401 EDEM KA ST A P WL B 4
FUARM, 7F EDEM J5 Ab PR ER ip 2 57 i & S T, &
THENL S R R e R ES S EE. FER, R

b. Bl S

b. After shoveling operation

FENLGH = ALK T AL AL R 5 B 5= & 5 Bk e, 4550
W2 6 fim.
x6 MUBIEREESHME

Table 6 Shoveling amount of surface manure before and after

optimization
TH 5l Shoveling amount/(g-s™)
: - 17 HE FENLIR TS AHXS 1R 72
Working condition Simulated experiment Prototype Relative error/ %
LA HT Befi
VEHAT Before 310.55 285.20 8.89
optimization
L Aft
WL After 726.40 679.46 6.46

optimization

ATCAEH, A0 B SN S R A BN —2,
X RZE/NT 10%, REFTE LR AR BB &1
ATEEME, REREAE AT SERR VN R RE . FEALIRIE 45 Tk
KT ESER, E5EbRPES 0 B E Yk 250
TEAE 22 S () BLSEE UAH — 8. AL IS P LR BP0 fe 15
FIRIEHETE, I EIRT; 138.24%, WML AL S
et FEER, AR VLA S5 SERe a8 it — D o
PEMV P REARR . LT R E S8 55 B RN 18.45%, 1
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T ZE A YERE FEAR

A ST A ST AT A AR TR R 56 31 4% TR R T 1 A i Y
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BB S50 s AR (132 Ak RE

5 &
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Optimizing the shoveling-throwing mechanism for litter surface manure in
brooding chicken houses using NSGA-II algorithm

ZHU Yaoyao® , YAN Fengxin'™ , XUE Kaiwen® , ZHANG Shiying" , GAO Yuan',
MUKHTOROV Saidqgosim? , LI Honggang®

(1. College of Mechanical and Electrionic Engineering, Northwest A & F University, Yangling 712100, China; 2. Institute of Economy and
Trade of Tajik State University of Commerce in Khujand, Khujand 735700, Tajikistan; 3. Engineering Equipment Department Jiangsu
Lihua Animal Husbandry Co., Ltd., Changzhou 213168, China)

Abstract: Surface litter manure can significantly increase the risk of diseases in broiler brooding houses, such as coccidiosis
and colibacillosis. Indoor air quality can be deteriorated, due to the release of ammonia, hydrogen sulfide, and methane.
However, existing double-crank shoveling-throwing mechanisms of surface manure cleaning have suffered from low
efficiency, performance, and excessive vibration, because the key structural parameters are determined empirically without
systematic multi-objective optimization. In this study, a multi-objective optimization was developed for the double-crank
shoveling-throwing mechanism using an improved NSGA-II algorithm. Thereby, better performance was achieved to improve
the shoveling efficiency, energy consumption, and stability. A kinematic and dynamic model of the double-crank shoveling-
throwing mechanism was first established to reveal the influence of structural parameters on the shoveling trajectory and force
behaviors. A coupled ADAMS-EDEM simulation model was then constructed to simulate the interaction between the
mechanism and manure particles. As such, 60 sets of variable samples were generated after the optimal Latin hypercube
sampling. A Gaussian process regression (GPR) surrogate model was constructed to map the relationship between six variables
and the shovel throwing quality Q. The relative error between the prediction and simulation was 3.85%, indicating high
prediction accuracy. An improved NSGA-II algorithm was proposed to overcome the limitations of the standard NSGA-II
algorithm—namely, significant dimensional differences among the three objectives, highly nonlinear parameter-performance
mapping, and discontinuous parameter space. Three improvements were introduced: (1) an adaptive normalization mechanism
to eliminate dimensional effects; (2) a hybrid optimization framework with global search (NSGA-II) and local refinement
(sequential quadratic programming, SQP) for the high convergence accuracy; and (3) an improved crowding distance and
solution selection mechanism for the distribution uniformity of the Pareto front. The improved algorithm was compared with
standard NSGA-II, NSGA-III, MOPSO, and MOEA/D, according to three performance indicators: Inverted Generational
Distance (IGD), Spacing, and Hypervolume (HV). The results showed that the improved NSGA-II algorithm significantly
outperformed the rest. Specifically, the IGD value decreased by 71%, 68%, and 64%, respectively, compared with standard
NSGA-II, MOPSO, and MOEA/D. Spacing value decreased by 26%, compared with standard NSGA-II, whereas, the HV value
increased by 16%. The better performance was achieved in the high convergence, more uniform distribution, and higher
coverage of the true Pareto front. The optimal compromise solution was selected from the Pareto set using the entropy-
weighted TOPSIS. The optimal parameters were recommended: /,=70.4 mm, /,=88.5 mm, ;=100.2 mm, /,=30.3 mm, $#=99.7 mm,
p=37.4°. A prototype was manufactured for the double-crank shoveling-throwing device, according to the optimal parameters.
Field experiments were conducted in three repetitions in a brooding house in Zhouzhi County, Xi’an, Shaanxi Province, China,
in December 2025. The experimental conditions were as follows: Litter layer with a thickness of 50—-60 mm, chicken manure
layer thickness of 10-20 mm, and manure moisture content of 30%—35%. The results demonstrated that the optimal mechanism
improved shoveling efficiency by 138.24%, whereas the driving torque and the angular acceleration peak at the shovel end
were reduced by 35.12%, and 35.60%, respectively. In addition, the residual rate of surface manure decreased from 18.45% to
8.13%, with a reduction of 55.99%, indicating significantly improved cleaning quality. A multi-objective optimization
framework was provided for the double-crank shoveling-throwing mechanism using ADAMS-EDEM simulation, GPR
surrogate modeling, and an improved NSGA-II algorithm. The dimensional differences and high nonlinearity were avoided for
the low computational cost after engineering optimization. The improved NSGA-II algorithm demonstrated superior
convergence and distribution performance, compared with mainstream multi-objective algorithms. The optimal mechanism was
achieved to balance shoveling efficiency, energy consumption, and operational stability. The findings can offer a complete
technical pathway to enhance the performance of hinge-type multi-bar mechanisms, particularly for manure cleaning equipment
in the poultry industry.

Keywords: brooding chicken houses; litter surface manure; shoveling-throwing mechanism; ADAMS-EDEM coupled
simulation; NSGA-II algorithm; multi-objective optimization


http://www.tcsae.org

	0 引　言
	1 双曲柄铲抛机构的设计
	1.1 结构与组成
	1.2 主要工作原理

	2 双曲柄铲抛机构的运动学和动力学分析
	2.1 运动学分析
	2.2 动力学分析

	3 ADAMS-EDEM耦合仿真分析
	3.1 耦合仿真模型设置
	3.2 耦合仿真试验与结果
	3.3 铲抛量代理模型的构建

	4 多目标优化设计
	4.1 设计变量的选择
	4.2 目标函数
	4.3 约束条件
	4.4 多目标优化模型求解
	4.5 机构优化结果
	4.6 优化验证
	4.6.1 算法改进前后的效果对比
	4.6.2 优化效果验证


	5 结　论
	参考文献

