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Figure 1 Force diagram of the sprayer in spatial coordinate system
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Figure 2 Longitudinal dynamics simulation system of the sprayer
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Figure 3 Inverse longitudinal dynamics module
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Figure 6 Two-wheel model of the sprayer from a roll angle view
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Figure 10 Longitudinal dynamics model of the sprayer
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Figure 11  Simulation block diagram of the longitudinal dynamics system for the sprayer’s cruise control

B RGN A Y AR A7 B T R I
SR B RN L i DRy S A S R R

2 E-TEM PID By RE s K= § 77 7% % it

SE TR R e B e, R X YN s B i
P, FRG, A i 4 X A AR T R A
R G T A 1R iz Bl 1 R4 i f  2 2 A
TOuF T R A A o B AR R A B A 4
A A BT H AR 2 A ERR AL R A
D) 2 SR 58 25 AL R % AR A R AT REAROR fR IR 4
e A A R A AR R T R AT H AR
SO BRI S5 L0 T R L% P o s e IO T B AR A
2.1 BEXABESHEERKMES RG2S E&i&T

T A5 4 v A A AT ) BB B AR BIL B A, 4 P B
A T AR A 2 R 5 E AT R R
Gt A Bl A I 5 R AL 5 R O Sl e AT 4 T 4R

TEBLEA A SCR 1) 5 1 R GE Bt BT )2 45
Fy o, — A B2 B R — A R R A R 12
IR

FFeE b e
U L2 | R | TR | WKEEE
FEilg PERIER | 3l

E12 #RAEEEKATIES &4
Figure 12 Standard cruise control structure

ASAECT R Sl 21N O R 1B N
- PR T EL AL IR 3 R 20 2 DT R B B Y
TNHE o R SCIT ST R A A 1) Bl T 2 AR G
) J1 AR UK Bl 55 ) Bl D) e AR | e ML R R S
Fic A A8 5 2o )2 4 ) 2% 19 48 A S S SR 9K Bl i AL
B O DA SRS D R R R R A E S
TG SCH ST N B ) R G ET &R K
Fi s 1 2R G0 W B 5% LA L T 13 R 5 25 P A ok 9 o &R 4
(PSRN

! AAEAME YRR |

| o |

3 I

ﬁm&%: s [ g | MR
l I
c> S | |
hglE SR 3

ot O SRS
| AERMEAH SRS I
L 7 P s Ry e |
Pasing L], Do | #4 R S il s ||
L I |RRANBEL T | pm bl e T
| go |
|

13

BEVEREHRENBETR

Figure 13 Overall scheme of the cruise control system for the sprayer
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Figure 16 Membership functions of input and output variables for fuzzy PID control of cruise control
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Figure 17 Corresponding characteristic curves of input and output variables
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Figure 19 Torque distribution of individual wheel hub motors under different operating conditions
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Research on constant speed cruise control of 4WID high
ground clearance self—propelled electric sprayer

HU Chenwei, CHEN Yu", CAO Jiayu, CHEN Yuxiang,
ZHANG Shuo, CHEN Jun

(College of Mechanical and Electronic Engineering, Northwest A & F University, Yangling 712100, China)

Abstract: In response to the problems of poor speed stability and degraded spraying quality of 4WID high-clearance self-
propelled electric sprayers caused by changes in external road gradients and lowered payloads resulted from internal liquid
spraying under complex operating conditions, a fixed-speed cruise control algorithm with a layered control approach is
proposed based on an analysis of the structure and longitudinal dynamic characteristics of 4WID high-clearance self-propelled
electric sprayers. The control algorithm model receives the user-specified desired speed and inputs acceleration control signals
to the longitudinal dynamic system model through algorithmic calculation to realize the tracking of the sprayer to the desired
speed. The structure of the longitudinal dynamic system mainly includes five parts: the inverse longitudinal kinematic model,
the acceleration-braking switching model, the torque allocation model, the motor model, and the longitudinal kinematic
model. The inverse longitudinal kinematic and longitudinal kinematic models of the sprayer can be obtained by analyzing the
force on the body of the sprayer under the condition of driving on a slope. Meanwhile, in order to establish a reasonable four-
wheel torque allocation strategy, the analysis is conducted under the condition that the sprayer has both pitching and tilting
motions of the body, and the slip rate of each driving wheel is used as the basis for allocation, ensuring the optimal torque
moment of each wheel under different operating conditions and ensuring the balanced power of the sprayer. The speed cruise
control adopts a layered control approach, which realizes the effective tracking of the speed of the spraying machine through
the establishment of the upper PID control and the lower fuzzy PID control. By defining fuzzy control rules, the PID
parameters of the lower layer controller are automatically adjusted to ensure the good adaptability of the speed cruise control
system to various complex operating conditions. A control model is established using Matlab/Simulink, and the control
system is simulated and analyzed. The experimental results show that the designed speed cruise control system can effectively
control the speed of the sprayer under typical operating conditions. Specifically, the performance of the system is excellent
under conditions of external disturbance and self-weight variation, with overshoot less than 2%, response time less than 0. 2 s,
and steady-state error approaching 0, verifying the accuracy of the control algorithm used.

Keywords: self-propelled electric sprayer; cruise control system; four-wheel independent drive; longitudinal dynamics

model; fuzzy PID control



