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Abstract: To meet the requirements of fast steering at low vehicle speed and slow steering at high vehicle speed, the automatic 
steering of agricultural chassis must control both the wheel steering angle and the steering angle’s angular speed.  This study 
applied hydraulic steer-by-wire technology to the automatic steering control of agricultural chassis.  First, the transmission 
mechanism of the designed steering system was optimized.  According to the rule of least squares, aiming at the minimum 
sum of squares of errors between 10 ideal outer wheel angles and real outer wheel angles, the optimal solution of hole spacing 
on both sides of the steering hydraulic cylinder piston rod was 925 mm.  The outer wheel angle error of the optimized steering 
mechanism throughout the steering stroke was less than 0.15°.  Additionally, a hydraulic steer-by-wire system was developed, 
and the parameters of its critical components were calculated.  Then, the compound control strategy of the steering cylinder 
piston rod displacement and moving speed was formulated for this automatic steering system.  The entire control system 
included a valve control signal calculation model, an initial velocity calculation model, a correction velocity calculation model, 
and an attenuation velocity calculation model, and the formulae of each model were deduced.  Based on the optimized 
parameters and the developed control strategy, a simulation model was built in AMESim, and simulation results showed that 
the proposed control strategy could achieve simultaneous controls of piston rod displacement and speed at different vehicle 
speeds and loads.  The horizontal and vertical displacements of the right wheel center were plotted for typical vehicle speeds 
and steering commands.  The results of this study provided a new idea for the application of hydraulic steer-by-wire 
technology in the automatic steering of agricultural chassis. 
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1  Introduction  

With the rapid development of automatic control technology 
and navigation technology, the level of automation and intelligence 
of agricultural equipment is also improving.  Automatic steering 
technology is a critical technology that is needed to achieve 
automatic navigation in agricultural machinery[1-4].  
Electrohydraulic control steering systems typically have large 
output powers and fast response speeds, making them more suitable 
for applications in agricultural machinery[5-7].  Compared to other 
forms of electrohydraulic control steering systems, the hydraulic 
steer-by-wire system has more applicable advantages because it can 
change the steering ratio of its steering system[8-12].  A good 
steering system requires its control system to execute steering 
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commands quickly and accurately, and requires a reasonable design 
of steering transmission mechanism parameters to reduce steering 
resistance torque and tire wear[13,14].  Thus, scholars have 
investigated automatic steering, steer-by-wire, and steering 
mechanism parameter optimization.  

In the literature describing automatic steering technology, Ren 
et al.[15] designed and installed an automatic steering actuator with 
a clutch shaft that did not change the original steering operation 
structure, and achieved remote control automatic steering of rice 
transplanters.  Yin et al.[16,17] installed an automatic steering 
system with a brushless DC motor as the power source on an 
original manual steering system, and made corresponding ground 
turning trajectories for different types of agricultural machinery 
vehicles.  In the above literature, the agricultural chassis realizes 
the automatic steering function by refitting the original chassis. 

In the literature describing steer-by-wire technology, Lu et 
al.[18,19] used a  dual-channel PID control method to control the 
extension and retraction of the piston rod of a hydraulic cylinder in 
different channels, which improved the control accuracy of the 
steering system.  Zong et al.[20] used yaw velocity gain and 
steering sensitivity as the design parameters of variable angle 
transmission ratio characteristics by analyzing related objective 
evaluation indices of handling.  In the above literature, the 
application scenario of steer-by-wire technology is still traditional 
manned steering. 

In the literature describing parameter optimization of the 
steering mechanism, Liu et al.[21] optimized the mechanical 



January, 2022      Jin Y H, et al.  Design and optimization of an automatic hydraulic steer-by-wire system for an agricultural chassis      Vol. 15 No.1   133 

parameters of a steering mechanism with an adjustable wheel track, 
taking the minimum track as the basic track, where the optimized 
steering mechanism can also meet the steering performance of 
other wheel tracks.  Jiang et al.[22] used multi-objective parameter 
optimization based on the orthogonal test, and the overall 
performance of the optimized steering mechanism was markedly 
improved.  In the above literature, the parameters of each specific 
steering mechanism are optimized and good results are achieved. 

In summary, the previous research did not apply the 
steer-by-wire technology to the automatic steering of agricultural 
chassis.  In this study, the parameters of a front-wheel steering 
mechanism on an agricultural chassis are optimized, based on 
which the steering system load is calculated and the key 
components of the steering system are designed and selected.  A 
steer-by-wire control system was designed; the joint control 
strategy of piston rod displacement and speed of the steering 
cylinder was formulated; the corresponding calculation model of 
the control module was deduced.  The system simulation model 
was developed in AMESim to simulate the control accuracy of the 
system under different working conditions, and the results show 
that the developed control strategy achieves the joint control of 
wheel steering angle and steering angular velocity. 

2  Optimization of the steering mechanism 

Reasonable design of a steering transmission mechanism can 
improve steering performance, reduce the steering resistance 
moment, reduce tire wear, etc.  The front-wheel steering 
mechanism designed in this paper is shown in Figure 1. 

 
1. Wheel  2. Leg  3. Steering arm  4. Linkage  5. Steering hydraulic cylinder  
6. Front axle 

Figure 1  Steering transmission mechanism 
 

The steering transmission mechanism is primarily composed of 
a steering hydraulic cylinder, two linkages, two steering arms, and 
a front axle.  The cylinder of the steering hydraulic cylinder is 
fixed on the front axle, and the steering arm is fixed on the leg.  
One end of the piston rod head of the hydraulic cylinder is hinged 
with the linkage through the pin shaft, and the other end of the 
linkage is hinged with the steering arm.  When the vehicle goes 
straight, the piston rod of the hydraulic cylinder is stationary, and 
the steering transmission mechanism is symmetrical.  When 
steering, the hydraulic cylinder receives hydraulic oil from the 
steering hydraulic system and pushes the piston rod to move 
linearly.  The linkage pushes the steering arm, leg, and wheel to 
move in a partial circle. 
2.1  Error analysis of the steering angle 

In an ideal state, the vehicle should satisfy the Ackerman 
steering principle when turning.  In this study, the right turn of the 
wheel was taken as an example, as shown in Figure 2. 

According to the Ackerman steering principle, there is an ideal 
angular relationship between the outer wheel and the inner wheel, 
as defined in Equations (1) and (2). 
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where, βo is the ideal steering angle of the outer wheel, (°); L is the 
wheelbase, mm; W is the distance between the centerline of the left 
and right vertical axes and the ground intersection, mm; α and β are 
the steering angles of the inner and outer wheels, respectively, (°).  
In this study, L=2000 mm, W=1000 mm, and the maximum 
steering angle of the inner wheel αmax=30°. 

 
Note: L is the wheelbase, mm; W is the distance between the centerline of the left 
and right vertical axes and the ground intersection, mm; α and β are the steering 
angles of the inner and outer wheels, respectively, (°).  In this study, L=2000 
mm, W=1000 mm, and the maximum steering angle of the inner wheel αmax=30°. 

Figure 2  Schematic of Ackerman steering principle 
 

Figure 3 shows the change in the steering transmission 
mechanism when the vehicle is turning.  Considering the right 
turn of the wheel as an example, the solid line is the state when the 
vehicle is not turning, and the dotted line is the state after turning. 

 
Note: a is the distance between the left and right steering spindles of the front 
axle, mm; b is the distance from the steering spindle to the center of the steering 
armhole, mm; h is the vertical distance between the center axis of the steering 
hydraulic cylinder and the two steering spindles of the front axle, mm; l is the 
distance between the left and right holes of the piston rod of the steering cylinder, 
mm; m is the distance between the hole centers on both sides of the linkage, mm; 
s is the moving distance of the piston rod of the steering cylinder, mm; and γ is 
the angle between the steering arm and the front axle when not steering.  In this 
study, a=1000 mm, b=220 mm, h=140 mm, and γ=120°. 
Figure 3  Change in the transmission mechanism during steering 

 

According to the geometric relationships shown in Figure 3, 
Equations (3)-(5) can be derived as follows: 
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where, a is the distance between the left and right steering spindles 
of the front axle, mm; b is the distance from the steering spindle to 
the center of the steering armhole, mm; h is the vertical distance 
between the center axis of the steering hydraulic cylinder and the 
two steering spindles of the front axle, mm; l is the distance 
between the left and right holes of the piston rod of the steering 
cylinder, mm; m is the distance between the hole centers on both 
sides of the linkage, mm; s is the moving distance of the piston rod 
of the steering cylinder, mm; γ is the angle between the steering 
arm and the front axle when not steering.  In this study, a =   
1000 mm, b = 220 mm, h = 140 mm, and γ = 120°; δ is the steering 
angle error of the outer wheel, as shown in Equation (6). 

δ = βo – β                      (6) 
2.2  Parameter optimization of the steering mechanism 

The preceding analysis showed that when the steering angle of 
the inner wheel α is known, there is only one unknown quantity l in 
the steering transmission mechanism.  The optimization of the 

steering mechanism parameters finds the optimal l so that the 
change in the steering angle of the inner and outer wheels during 
the steering process is more in line with the Ackerman steering 
principle. 

The optimization method used in this paper is the least square 
method, which seeks the best value of l by solving the least square 
sum of δ for 10 steering angles of the inner wheel.  The objective 
function and constraints are as follows: 
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Input this objective function and constraints into Lingo, it 
shows that the optimal l is 925 mm.  Detailed results are listed in 
Table 1. 

 

Table 1  Steering angle of the inner and outer wheels when l = 925 mm

α/(°) 3 6 9 12 15 18 21 24 27 30 

βo/(°) 2.924 5.702 8.349 10.876 13.295 15.616 17.851 20.010 22.101 24.133 
β/(°) 2.916 5.677 8.299 10.801 13.202 15.517 17.765 19.962 22.125 24.273 
δ/(°) 0.008 0.025 0.020 0.075 0.093 0.099 0.086 0.048 –0.024 –0.140 

Note: α and β are steering angles of inner and outer wheels, respectively, (°); βo is the ideal steering angle of outer wheel, (°); δ is the steering angle error of outer wheel. 
 

The optimized steering mechanism is modeled in SolidWorks 
software, motion analysis was performed, and the corresponding 
change in the real outer wheel angle when the inner angle changes 
from 0°-30° were obtained, as shown in Figure 4. 

 
Figure 4  Relationship among α, βo, and δ 

 

Table 1 and Figure 4 show that throughout the steering process, 
the outer wheel steering angle error δ is always small, which 
indicates that the optimization result of l=925 mm is feasible. 

According to Equation (4), when the steering angle of the inner 
wheel αmax=30°, the maximum distance smax that the hydraulic 
cylinder piston rod can move from the neutral position to one side 
is 75.03 mm.  Here it is stipulated that s>0 when the steering 
cylinder piston rod is off to the right relative to the original position, 
and s<0 when the steering cylinder piston rod is off to the left 
relative to the original position.  Figure 5 shows the relationship 
between the moving distance of the piston rod of the steering 
cylinder s and the steering angle of the right wheel.  When s<0, 
the angle is the outer wheel steering angle when turning left; when 
s>0, the angle is the inner wheel steering angle when turning right. 
2.3  Calculating steering hydraulic cylinder parameters 

Referring to the TABOREK formula, the calculation of the 
steering resistance moment is shown in Equation (8). 
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          (8) 

 

where, Ml is the steering torque, N·m; Gs is the force on the front 
axle, N; e is the kingpin offset, mm; B is the tire breadth, mm; and 
μs is the friction coefficient.  In this study, the weight of the 
vehicle is 1.8 t at full load and 1.4 t at no load, and the load on the 
front axle is half of the gravitational force of the entire vehicle; thus, 
Gsmax = 9000 N and Gsmin = 7000 N.  e = 270 mm, B = 200 mm, 
and μs = 0.8. 

 
Figure 5  Relationship between the moving distance of the  

piston rod of the steering cylinder s and the steering angle of the 
right wheel 

The maximum steering resistance of the steering hydraulic 
cylinder is calculated by Equation (9). 
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where, rmin is the minimum effective radius arm for steering 
cylinders, m.  In this study, rmin = 0.195 m. 

According to Equations (8) and (9), Mlmax = 218.845 N·m, and 
Fmax = 1122.282 N. 

The equation used to calculate the steering hydraulic cylinder 
piston diameter is shown in Equation (10). 
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where, D1 is the piston diameter of the steering hydraulic cylinder, 
m; ηm is the mechanical efficiency of the hydraulic cylinder; p is 
the pressure of the oil inlet chamber of the hydraulic cylinder, MPa; 
φ is the rod diameter ratio.  Here, ηm= 0.85, p = 2 MPa, and φ=0.5. 
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After calculations are performed, and trade-offs are considered, 
the piston diameter of the hydraulic cylinder was set to D=40 mm 
and the piston rod diameter was set to d=20 mm. 

3  Designing an automatic hydraulic steer-by-wire 
system 
3.1  Hydraulic steer-by-wire system 

To fully exploit the steer-by-wire system with variable steering 
ratios and electronic control, hydraulic steer-by-wire technology is 
applied to automatic steering systems in agricultural chassis.  The 
principle of this study is shown in Figure 6. 

 
Figure 6  Hydraulic steer-by-wire system 

 

The hydraulic steer-by-wire system primarily consists of a 
hydraulic pump, an ECU, a three-position four-way proportional 
directional valve, a double-piston rod double-acting hydraulic 
cylinder, etc.  The hydraulic pump is the power element of this 
system that provides hydraulic oil to the hydraulic steering 
system.  The ECU is the control element of this system that 
calculates the command signal and feedback signal according to a 
specific control algorithm and outputs the electronic control 
signal.  The three-position four-way proportional-directional 
valve is a hydraulic amplifying element of this system that 
converts the electrical signal sent by the ECU into a mechanical 

displacement signal of the spool and amplifies the mechanical 
displacement signal into a high-power hydraulic signal.  The 
double-piston rod double-acting hydraulic cylinder is the 
executive element of this system that drives the piston rod to 
move to complete the steering action.  In this study, the pump 
outlet pressure is 20 bar; the steering cylinder piston diameter 
D=40 mm; the piston rod diameter d=20 mm; the cylinder stroke 
S=150.06 mm; and the proportional directional valve model is 
Rexroth L8581B2S1. 
3.2  Joint control of piston rod displacement/speed 

When the vehicle is turning at a low vehicle speed, the wheel 
should turn quickly (i.e., the piston rod of the steering cylinder 
should move quickly to complete the steering process as soon as 
possible).  When turning at a high vehicle speed, the wheels 
should turn slowly (i.e., the moving speed of the piston rod of the 
steering cylinder should be slow) to prevent accidents.  Therefore, 
the control system designed in this paper considers two aspects: 1) 
the control of the wheel steering angle after the completion of the 
steering process (i.e., the control of the piston rod displacement of 
the steering cylinder); and 2) the control of the wheel steering 
angular speed in the steering process (i.e., the control of the moving 
speed of the piston rod of the steering cylinder). 

The joint control strategy of piston rod displacement and speed 
proposed in this study is shown in Figure 7.  When steering, the 
commanded piston rod displacement signal is compared with the 
real feedback displacement signal.  In the front and middle parts 
of the steering process, the expected piston rod speed is derived 
from the initial rod speed calculation model, which is related to the 
vehicle speed.  When the real feedback displacement signal 
reaches the vicinity of the commanded piston rod displacement 
signal (i.e., in the latter half of the entire steering process), the 
original speed signal is input to the speed attenuation model, and 
the system will continue to attenuate according to a specific rule 
until the feedback displacement signal is equal to the command 
piston signal, the piston rod stops moving, and the steering process 
is completed. 

 
Figure 7  Compound control process of piston rod displacement/speed 

 

3.3  Calculation of each model 
3.3.1  Calculation of the proportional directional valve control 
signal 

In this study, it was stipulated that the flow when the oil flows 
out of ports A and B of the directional valve is a positive value, and 
the flow when the oil flows into the oil port of the steering cylinder 
is a positive value.  Port A of the valve is connected to the left 
chamber of the hydraulic cylinder, and port B of the valve is 
connected to the right chamber of the hydraulic cylinder.  
Ignoring leakage, Equation (11) can be obtained as 

QA = Ql = –QB = –Qr                (11) 
where, QA is the proportional-directional valve A port flow, 
L/min; QB is the proportional-directional valve B port flow, 

L/min; Ql is the flow of the left chamber of the hydraulic cylinder, 
L/min; Qr is the flow of the right chamber of the hydraulic 
cylinder, L/min. 

The relationship between the piston rod moving speed and the 
flow of the left chamber of the steering cylinder is shown in 
Equation (12). 

500
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Qv Q
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= =
π

                 (12) 

where, v is the moving speed of the steering hydraulic cylinder 
piston rod, mm/s; A is the working area of the steering cylinder, 
mm2. 

The equation used to calculate the proportional directional 
valve with linear flow characteristics is shown in Equation (13). 
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where, Q is the real flow through the proportional-directional valve, 
L/min; QN is the rated flow of the proportional directional valve, 
L/min; yN is the control signal when the valve is fully open; y is the 
input control signal of the valve; ps is the output pressure of the 
hydraulic pump, bar; pl is the steering cylinder load pressure, bar; 
ΔpN is the corresponding pressure drop of the valve at the rated 
flow, bar.  In this study, ps=20 bar.  A Rexroth L8581B2S1 
proportional directional valve is used, the rated flow QN is 8 L/min, 
and the corresponding pressure drop ΔpN is 14 bar.  

The maximum load steering cylinder pressure plmax can be 
obtained by Equation (14). 

max
maxl

Fp
A

=                  (14) 

where, Fmax=1122.282 N per Equation (9). 
Using Equations (12)-(14), the maximum speed of the 

hydraulic cylinder piston rod vmax=76.054 mm/s when plmax=11.908 
bar. 

The control signal y corresponding to the moving speed of the 
piston rod v was calculated based on yN, ps, pl, and v, as shown in 
Equation (15): 
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              (15) 

3.3.2  Calculation of initial piston rod speed 
The maximum vehicle speed of the agricultural chassis 

designed in this study is 30 km/h.  In the front and middle parts of 
the steering process, the moving speed of the steering piston rod is 
related to the instantaneous vehicle speed when the steering 
command occurs.  When the vehicle speed is 0, the initial piston 
rod speed is set to 50 mm/s; when the vehicle speed is 30 km/h, the 
initial piston rod speed is set to 10 mm/s.  The moving speed of 
the piston rod decreases linearly as the vehicle speed increases, as 
defined in Equation (16). 

350
625i vv v= −                 (16) 

where, vi is the initial piston rod speed, mm/s; vv is the instantaneous 
vehicle speed when the steering command occurs, mm/s. 
3.3.3  Correction of initial piston rod speed 

The flow characteristic curve of the electric proportional 
directional valve is nonlinear.  Twenty-one linearly increasing 
velocity signals (10-50 mm/s) are input to the valve to obtain the 
real output hydraulic cylinder piston rod velocity, as shown in 
Figure 8. 

 
Figure 8  Input speed and real output speed 

 

The data are linearly fitted to obtain the piston rod speed 
correction Equation (17): 

3.939
1.026

i
c
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=                  (17)   

where, vc is the correction speed, mm/s. 
3.3.4  Attenuation of piston rod speed 

When the feedback piston rod displacement signal x is near the 
command piston rod displacement signal xt (x/xt ≥0.8), the speed 
attenuation model begins to take effect.  The final calculation 
formula of rod speed is shown in Equation (18): 
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4  Control system simulation analysis 

4.1  Simulation model construction 
According to the optimized results of the steering transmission 

mechanism and the formulated piston rod displacement/speed joint 
control strategy, a simulation model is developed in AMESim 
software, as shown in Figure 9. 

 
Figure 9  AMESim simulation model 

 

Table 2   Parameters of key components in the simulation 
model 

 

4.2  Analysis of piston rod displacement/speed when steering 
in situ 

Figure 10 shows the time-varying curve of the displacement 
and speed of steering hydraulic cylinder piston rod movement from 
the leftmost position to the rightmost position when the unloaded 
vehicle is steering in situ. 

Figure 10 shows that when the steering hydraulic cylinder 
piston rod moves from the leftmost position to the rightmost 
position, the real piston rod displacement and speed change curves 
are similar to the ideal change curve.  According to the control 
strategy, when the vehicle is turning in situ, the ideal moving speed 
of the piston rod in the front and middle of the steering process is 
50 mm/s.  Simulation results thus show that the real moving speed 
is 50.29 mm/s, and the real-time for the piston rod to move   
75.03 mm is 0.36 s longer than the ideal time.  The maximum 
displacement error is 0.630 mm, and the maximum speed error is 
–3.146 mm/s.  The control strategy developed in this study thus 

Hydraulic 
components Parameter Index

Piston diameter/mm 40 
Rod diameter/mm 20 Hydraulic  

cylinder 
Length of stroke/mm 150.06
Ports P to A (B to T, P to B, and A to T) 
characteristic flow rate at the maximum 
opening/L·min-1 

8 Three-position 
four-way 

proportional 
directional valve Ports P to A (B to T, P to B, and A to T) 

corresponding pressure drop/bar 14 

Relief valve Relief valve cracking pressure/bar 20 
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accomplishes joint control of the displacement and velocity of the 
piston rod of the hydraulic cylinder. 

 
a. Piston rod displacement versus time curve         

 
b. Piston rod speed versus time curve 

Figure 10  Time-varying curve of piston rod displacement and 
speed when steering in situ 

 

4.3  Analysis of piston rod displacement/speed when steering 
with different loads 

Figure 11 shows that when the vehicle speed is 15 km/h, under 
no-load and full-load conditions, the steering resistance is  
872.886 N at no load, and the steering resistance is 1122.282 N at 
full load.  The time-varying curve of the displacement and speed 
of the steering hydraulic cylinder piston rod moves from the neutral 
position to the rightmost position. 

 
a. Piston rod displacement versus time curve      

 
b. Piston rod speed versus time curve 

Figure 11  Time-varying curve of piston rod displacement and 
speed when steering with different loads 

Figure 11 shows that when the vehicle speeds are the same, the 
difference in vehicle load will only marginally affect the piston rod 
displacement and speed changes.  For example, when the vehicle 
is turning at 15 km/h, the ideal moving speed of the piston rod in 
the front and middle of the steering process is 30 mm/s.  
Simulation results thus show that the actual moving speed is  
29.97 mm/s at no load and 29.32 mm/s at full load.  The full-load 
steering process takes 0.12 s longer than the no-load steering 
process.  The change in steering load thus has almost no effect on 
the formulated steer-by-wire system. 
4.4  Analysis of piston rod displacement/speed when steering 
at different vehicle speeds 

Figure 12 shows the time-varying curve of the displacement 
and speed of the steering hydraulic cylinder piston rod from the 
neutral position to the rightmost position at vehicle speeds of 0,   
6 km/h, 12 km/h, 18 km/h, 24 km/h, and 30 km/h. 

When steering at different vehicle speeds, the piston rod speed 
in the front and middle parts of the steering process follows the 
expected rod speed.  According to the control strategy, when the 
vehicle is turning at speeds of 0, 6 km/h, 12 km/h, 18 km/h,     
24 km/h, and 30 km/h, the ideal moving speeds of the piston rod in 
the front and middle of the steering process are 50 mm/s, 42 mm/s, 
34 mm/s, 26 mm/s, 18 mm/s, and 10 mm/s, respectively.  
Simulation results show that the real moving speeds are      
50.29 mm/s, 42.17 mm/s, 34.04 mm/s, 25.92 mm/s, 17.88 mm/s, 
and 10.13 mm/s, respectively.  The developed steer-by-wire 
system thus meets the requirements of fast steering at low vehicle 
speed and slow steering at high vehicle speed. 

 
a. Piston rod displacement versus time curve    

 
b. Piston rod speed versus time curve 

Figure 12  Time-varying curve of piston rod displacement and 
speed when steering at different vehicle speeds 

 

Table 3  Horizontal and vertical displacement of the right 
wheel center 

Piston rod displacement 
command/mm 

Vehicle speed 
/km·h−1 

Horizontal  
displacement/mm 

Vertical  
displacement/mm

6 197.45 1550.46 
30 

15 729.76 5605.99 
6 1028.19 3385.91 

70 
15 3709.90 12074.57 
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4.5  Analysis of steering trajectory  
The above analysis shows that when the piston rod 

displacement command is given, the change in the steering angle of 
the wheel with time is known so that the steering trajectory of the 
vehicle can be further obtained.  Figure 13 and Table 3 show that 
when the vehicle is traveling at speeds of 6 km/h and 15 km/h, the 
given piston rod displacement commands are 30 mm and 70 mm to 
the right, respectively, and the horizontal and vertical displacement 
of the right wheel center changes during the steering process.  
Assuming that the vehicle goes straight in the vertical direction 
before turning, the origin is the center position of the right wheel 
when the steering command is executed, and the speed of the right 
wheel remains unchanged during the turning process. 

 
Figure 13  Horizontal and vertical displacement of the right wheel 

center 
 

The instantaneous speed during steering determines the general 
trend of vehicle trajectory change during steering, which, together 
with the piston rod displacement, determines the vehicle position at 
the end of the steering process.  In a real automatic steering 
system, the corresponding vehicle speed and piston rod command 
displacement during steering can be formulated according to the 
target steering path of the vehicle. 

5  Conclusions 

1) Parameter optimization for the designed agricultural chassis 
steering transmission mechanism is performed.  The relationship 
between the inner wheel steering angle α and the outer wheel 
steering angle β is also derived.  The optimal value of the spacing 
between the piston rod holes of the steering cylinder l is also 
determined to be 925 mm.  The size of the steering hydraulic 
cylinder is calculated.  The rod diameter, piston diameter, and length 
of stroke are 20.00 mm, 40.00 mm, and 150.06 mm, respectively. 

2) To control the steering angle and the steering angular 
velocity of the wheel, the compound control strategy of the 
displacement and speed of the steering hydraulic cylinder piston 
rod in the steer-by-wire system was formulated.   

3) The AMESim simulation model is developed to analyze the 
steering characteristics at different loads and different vehicle 
speeds.  The results show that the developed steer-by-wire system 
meets the requirements of fast steering at low vehicle speed and 
slow steering at high vehicle speed. 
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