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Abstract: Respect to the character that the gearbox shifting resistance in the four-wheel minitype agricultural tractor is
time-varying and nonlinear and the special requirement that the gear shift lever has to be released after shifting, this paper
designed a novel gear shift mechanical arm for tractor robot driver. This manipulator is joint type. According to the
manipulator’ s operating characteristic, this paper applied D — H method to establish the coordinate transformation matrix.
Based on the kinematics analysis on the manipulator, Lagrange equation was used to simplify kinetic model of the
manipulator. SolidWorks and ADAMS were applied to establish the virtual prototype model of the manipulator and to do
kinematic and dynamic simulation respectively. In order to guarantee the smoothness of shift, the distance between the
terminal of the manipulator’ s actuator and the gear shift lever of the tractor was set to less than 50 mm. The absolute value
of terminal actuator’ s minimum jitter speed during shift was optimized as the objective function. The target function is
optimal when the length of shift manipulator is 220. 0 mm and the height of the terminal is 393. 25 mm. After optimization,
the jitter speed fluctuation is 28. 18% less than before. The rate of change of average displacement and average acceleration
are 49.55% and 52.05% . At the same time, the peak value of the displacement, velocity and acceleration are 60. 22% ,
66.24% and 81.66% respectively. Through the simulation, the optimization of the parameters of the manipulator, the
rationality and the scientificity of the model are verified. Finally, through the experiment on gear shift mechanical arm on
JINMA 300E tractor, the result shows that the gear mechanical arm can realize the goal to shift different gears smoothly. In
addition, the design of the gear mechanical arm can complete some complicated actions of tractor’ s driver. Thus, the gear
shift mechanical arm has excellent engineering and application value.
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0 Introduction

In China, the development of automation and
intelligence of tractor still lags behind relatively. Till
now, a lot of valuable studies have been done by
researchers on how to introduce intelligent control
based on multiple sensors to the traditional driving of
tractor. For example, some researchers from Hokkaido
University, University of Illinois, Ehime University,
South  China China

Agricultural University, Nanjing Agricultural University

Agricultural ~ University,

researched on the

unmanned agricultural tractor'' 7'

and other wuniversities have

related to the
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reformation of the implementation of the tractor and

driving control. In addition, certain partial products in

Deere, CNH, AGCO, Kubota and FENTE also have

4-5] " But the tractor needs to be

unmanned function
done the second transformation to become intelligent
tractor, whose cost is high. At the same time, once the
tractor is damaged, the smart devices installed on it are
difficult to transplant to other tractors. Comparatively
speaking, the development of robot driver technology
provides an opportunity to solve the problem of
agricultural intelligence. At present, using robot driver

to replace human driver to complete the car driving

operation has become a development tendency in
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vehicle testing industry. Robot driver which composed
of gear shift mechanical arm, clutch mechanical leg,
brake mechanical leg and accelerator mechanical leg
has developed into an integrated system. Each actuator
can be installed individually and completed the
robot

corresponding test experiments. Apparently,

driver has become an essential intelligent device in

L6]

modern automobile experiments Nowadays, pure

electric robot driver of some companies such as
HORIBO, Nissan Motor, AUTOMAX, SCHENCK,
MIRA have been developed which can substitute for
the human driver in road test. Domestic and
international robot driver is basically occupied by
foreign companies’ products while such research is still
relatively little in China'” ~'".

Due to the special mechanical structure of the
tractor, there are few reports about applying robot
technology to the four-wheel tractor. It has important
practical significance and scientific value to do non-
destructive and intelligent upgrade to the traditional
agricultural tractor by researching the wide universality
and high-performance tractor robot driver. Tractor
structure and vehicle are significantly different because
of its low price and great pulling force. One of the
technical difficulties to realize automatic shifting is that
it is hard to control the manual gearbox of the tractor
robot driver. At the same time, the joystick must be
released after shifting. This paper focuses on the
technical difficulties of the automatic shifting of the
agricultural  tractor’s

gearbox in the four-wheel

intelligent upgrading. Based on that, gear shift
mechanical arm are designed and theoretical and

experimental studies are carried on.

1 Design of tractor driver robot’ s gear
shift mechanical arm

1.1 Demand parameter analysis

At present, most medium and large tractors widely
adopt synchronizer to shift while most small tractors
apply mechanical manual gearbox to shifti'"' ~">). The
shifting process is that shifting fork toggles the sliding
gear to make the gear mesh or separate with relative
gear. The ball head supports the joystick to make sure
that the lower end of the transmission can complete
front-to-back motion and side-to-side motion. When

the joystick is doing front-to-back motion, the shifting

fork will be driven to move the sliding gear. Until the
sliding gear is in place, it should be locked. When the
joystick is doing side-to-side motion, the lower end of
that will be moved in the slot, the resistance of
selection is small and smooth.

Compared with the automobile gearbox, the shifting
resistance of tractor’ s gearbox is larger because of the
larger sliding gear in the small tractor gearbox, the
When
shifting, shifting fork toggles sliding gear to make tooth

meshing force and non-simultaneous impact.

of face mesh with tooth of shaft. Then active force of
engine will be transferred to the corresponding shaft.
After the sliding gear engages with the shaft gear, the
joystick has to be released to ensure the stability of
shifting and to prolong the operating life. The

mechanism of shifting is shown in Fig. 1.

Fig.1  Shifting mechanism
1. Shaft 2. Fork-level 3. Joystick 4. Ball support

The XY electric linear sliding table driven by step
motor was fixed on the top of the working space of the
joystick. The working plane of sliding table linked with
joystick of tractor through force sensor. Based on such
structure, the actual shifting distance and shifting
Through  the
measurement, the range of the joystick’ s end is about
200 mm in the direction of X and 85 mm in the Y

resistance can be  measured.

direction respectively. The tractor’ s main wheel would
be launched and suspended in midair. The shifting
resistance of shifting from neutral gear to other gears
was shown in Fig. 2.

At the moment of the change of the gear shifting, the
100 1 -~ Neutral-First gear

—Neutral-Reverse gear A

50 —Neutral-Second gear
Neutral-Third gear

—Neutral-Forth gear

Shifting resistance F/N
o

6 70 80
Joystick displacement d/mm

0 10 20 30 40 50

Fig.2  Curves of shifting resistance
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shifting resistance reached a peak value of about 80 N.
That shifting resistance had time varying, nonlinear
and other significant characteristics.
1.2 Structure design

According to the above-mentioned analysis and the
requirements of shifting parameters of gear shift
mechanical arm, the mechanical structure of the tractor
driver robot’ s gear shift mechanical arm is illustrated
in Fig. 3. The gear shift mechanical arm is composed
of X direction actuator and Y direction actuator. The X
direction actuator chose CY - 42YT200 type linear
light rod guide slide table and 42H4812 two-phase
hybrid stepping motor whose torque was 0.5 N+m and
accuracy was 0.1 mm. Y direction actuator applied
electric putter with gain encoder whose stroke was
300 mm and thrust was 250 N. X direction actuator and
the Y direction actuator were connected through the
connecting piece. X direction slide table can drive Y
directions actuator to reach any selecting gear position
of joystick and fix with it precisely. The electric putter
of Y direction can control shift lever to reach any
shifting position, thus realizing the motion decoupling
of the two directions of the mechanical arm. Force
sensor which was installed in front of the terminal of
the mechanical arm can measure the push-pull effort
during shifting process. Clamping device was sleeve
which was made of plastic material. The sleeve whose
diameter is slightly larger than shift lever’ s held the
terminal of the shift lever. So shift lever can do mini
free movement after it went into place to simulate the
release action approximately after completing shifting.
In such as, there was no friction in tractor’ s shifter.

8 2

Fig.3 Three-dimensional model of tractor driver
robot’ s gear shift mechanical arm
1. Step motor 2. Lead screw 3. Slider 4. Hinge
5. Flectric pusher 6. Force sensor 7. Cylinder( Joystick holder)

2 Kinematics and dynamics analysis of

mechanical arm

2.1 Positive solution of mechanical arm kinematics
In this paper, the mechanical arm is equivalent to a
joint type manipulator and a coordinate system is fixed
at the joint. The relative position and attitude of the
coordinate system are described by D — H method'"’.
In order to reduce the amount of computation, we did
an equivalent treatment and gave four coordinate
systems. The coordinate system of mechanical arms is
shown as Fig.4 below. Among them, 0,X,Y,Z, is a
base coordinate—a coordiante that is the shifting
position in linear guide rail of slide table. [, is the
distance in Y direction of slide table. 0,X,Y,Z, is the
coordinate system when O, X,Y,Z, rotating 0, angle. d,
is the moving distance of the manipulator in X
direction. 0,X,Y;Z, is a coordinate system which is
used for describing the position of manipulator in the

end actuator of the mechanical arm.

e IS
B o Oy
= E;

_.--‘}'i'/
s it X
—d- X 2
e s Xz =
RN —
—

Fig.4 Coordinate system of mechanical arm

According to the D — H method, for the extreme rod
of kinematic chain, the parameters are set to O.
According to Fig. 4, the parameters of connecting rod

of the mechanical arm are shown in Tab. 1.

Tab.1 Link parameters of mechanical arm

i a;_ a;_, d; 0
1 0 0

2 0 s 0,
3 0 d; 0 0

Put the general expressions of the parameters into the

. .-l
transformation matrix ;7.

co, - s0, 0 a;_,
A sf.ca; | cOco; |, -sa, , -—-sa, d,
T =
sOsa, , cOsa,_, ca,_, co;_,d,
0 0 0 1



4 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

and
1 0 0 O
0 01 0 O
1T:
00 1 O
0 0 0 1
cd, -s6, 0 O
s@ ch 0 0
=) 5 (2)
0 IS
0 0 1
1 0 0 d,
01 0 O
7
00 1 O
0 0 0 1
ch, -—s6, 0 d,ch,
sf cO 0 d,sb
‘r=Tirir=| 0 3
3 142145 0 | 1

0 0 0 1
In such expressions, s, means sinf, and cf, means
cosb,.

The kinematic equation represents the space position
and direction vector of the terminal actuator of the
mechanical arm and the transformation relationship
between the pose and the parameters of those various
components.

2.2 Inverse kinematics of mechanical arm

The inverse kinematics of the motion required the
relative transformation between the Cartesian space and
the base coordinate system of the terminal actuator.
Through using established amount, the joint angle 0,
can be determined. The transformation matrix T,
which was used to determine the target point, was

described as

cd, -s6, 0 «
s0 cO 0
p=| T (4)
’ 0 0 I
0 0 0 1
Such formulas can be detrivated
tanf, = L (5)
X
6, = arctan X (6)
x

By analyzing the kinematics of the mechanical arm,
the projection of work space of shifting lever and
mechanical arm can be attained as Fig. 5. The shift

lever’ s motion projection of the selecting direction and

the shifting direction are — 100 ~ 100 mm and 0 ~
85 mm respectively. Apparently, the projected area is
17000 mm*.  The

projection of X direction and Y direction are - 120 ~

mechanical —arm’s  horizontal
120 mm and 0 ~ 100 mm respectively. The projected
area is 24 000 mm’. From Fig. 5, it can be known that
the working space of the mechanical arm covered the
working space of the joystick completely. It can meet
the requirements of shifting. The simulation verified

the scientificity and rationality of the structural design

and kinematics of the mechanical arm.

E 150

£ 100 T

-

by
~=200 -100 I 0 100 200 -

) X direction/mm I
-
—

Working space I:] Working sp.ace
of the joystick of the manipulator

Fig.5 Working space of gear shift mechanical arm

2.3 Mechanical analysis of mechanical arm

Lagrange dynamic formula gives a method to derive

U141 This scalar

dynamic equation from scalar function
function is the Lagrange function. In this paper, the

Lagrange function of the mechanical arm is expressed as
L(0,0) =k(0,0) -u(0) (7)

Then, the motion equation of the mechanical arm is

expressed as'"”’

d oL _aL _

dt a@_%_f <8>

From Egs. (7) and (8), Eq. (9) can be attained as
d ok 9k ou

&t g 00 00T (%)

Where k (@, @) is the kinect energy of mechanical
arm; u ( @) is the potential energy; 7 is a n x 1
dimensional driving force vector ; @ is the joint
position.

By applying the method of lumped mass, the
actuator in Y direction of the mechanical arm was
simplified as Fig. 6. The dynamics degrees of freedom
of mechanical arm is 2, whose quality of back end is
m,. The quality of extending end, force sensor and
between

clamping device is m,. The distance
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barycenter and the axis of the joint is [,. The distance
between barycenter of the extending end, force sensor
and clamping device and the axis of the joint is

variable d,.

Fig. 6 Motion diagram of mechanical arm in Y direction

The inertia tensor of the back end and the extended

end of the mechanical arm can be expressed as

I, 0 0

“L =0 I, O
0 0 I, (0)
I, 0 0

“,=10 I, 0
0 0 I,

In order to simplify the calculation, the mechanical
arm was equivalent to the mass of a homogeneous entity
approximately. The elements of the Eq. (10) matrix

can be expressed as

I, = ﬂv(yz +2)pdv
I, = ﬂlv(xz + 2 ) pdo (11)

I. = 2 +9)pd
. Jﬂ (& 4y )pdv
The kinetic energy at the back end of the mechanical

arm is shown as

b= om0+ 1,07 (12)
The kinetic energy of the extending end, force
sensor and clamping device is shown as
b= ymy (0, + &) + 21,00 (13)
The total kinetic energy can be attained from Egs.
(12) and (13)
) 03 + S myd:
(14)

The potential energy of the mechanical arm is shown as

+1

222

K O,0) :%(mlzf ‘1

2zl

u, =myl,gsin 6, + m,l, g (15)
The potential energy of the extending end, force

sensor and clamping device is shown as

(16)

is the maximum range of motion

u, =m,d,gsinf, + m,gd

In Eq. (16), d

of the end actuator. The total potential energy can be
attained from Egs. (15) and (16)

u(O) =(ml, +m,d,)gsind, +m,l,g +m,gd

2max

2max

2umax
(17)
By putting partial derivatives into the Eq. (9), the
final dynamic equations of the mechanical arm can be
expressed as
mo=(m B+, +1, +myd3)6, +2m,d,0,d, +
(m,l, + m,d, ) gcosb, (18)

7, =myd, —m,d,0° +m,gsinb, (19)

A virtual prototype model of the gear shift
mechanical arm was built by SolidWorks. This was
imported into ADAMS as Fig.7.

parameters of different parts in the mechanical arm

Characteristics

model were set according to the physical prototype
material. Based upon the joint movement, the relative
constraint of motion was applied. In order to validate
the correctness of the dynamics model, the simulation
process should consider not only the meshing force of
gearbox and resistance of the self-locking device.
According to the experiments of ractor shifting, the
shifting of the manual transmission gear can be
completed only when it was equipped with operation of
clutch. Especially when shifting from higher gear to
lower gear, in order to avoid the damage of the gear
collision, the clutch must be separated twice. At the
same time, the resistance at the moment of entry would
be decreased obviously'®'. During the process of
simulation in ADAMS, the sensor was created. The
mechanical arm was controlled to stop when the sliding

gear of gearbox enter in right place.

Fig.7 Virtual proto type of tractor driver robot’ s

gear shift mechanical arm

Assuming that the input and output shaft of the
clutch is a rigid body, the dynamic model of the clutch
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engagement process could be established""".

Before the synchronization, the clutch was in the
stage of sliding friction. The dynamic model can be
expressed as

Jon, =T, =T,
Jon, =T -T,

In such equation set, J, is active shaft inertia of

(20)

clutch, J, is driven shaft inertia of clutch which

includes the equivalent rotational inertia of the
transmission, tire and vehicle, n, is not only the active
shaft rotate speed of clutch but also the engine speed,
n, is driven shaft rotate speed of clutch, T, is not only
the active shaft torque of clutch but also the torque of
engine output, T, is sliding force torque of clutch, T, is
driven shaft resistance torque of clutch.
T, is a nonlinear function of the throttle opening o
and the engine speed n,.
T, =T,(an,) (21)
T is a function of the overall mass of tractor M,
road’ s rolling resistance coefficient f, first gear speed
ratio i, , main reducer speed ratio i,, tire’ s radius R.
T, =T,(M fiy.iy JR) (22)
After synchronization, n, = n,. The dynamic
equation can be interpreted as
(Jo+J)n =T, =T, (23)
The movement of the manipulator is simulated in two
kinds of states-with clutch operation or without clutch
operation. The curves of the velocity and acceleration
of the mechanical arm are shown in Fig. 8. From the
emulational curves and kinetic curves, some rules can

be attained: the action of clutch could affect the

120 I.

7 {7}
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v
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Fig.8 Dynamics simulation curves of manipulator

magnitude and synchronization time of gear meshing
force; compared some parameters without clutch
operation, the jitter of the movement speed and the
acceleration of the actuator are smaller and the
smoothness of the curve is better with clutch operation.
Owing to the movement of joystick in sleeve is
nonlinear and the simplification of physical quantities
when the dynamic model was established, there was a
certain error between the the curve of calculation and
simulation at the momoent of initial shifting and
entering into position. The simulation results verified
the correctness of the dynamic formula which provided

evidence for the optimal design of the robot.

motion
shift

3 Optimization design and

simulation analysis of gear

mechanical arm

In order to improve the smoothness of shifting, the
optimization design of the mechanical arm was carried
out. By considering the optimization design variates,
constraint conditions and objective functions in this
paper, ADAMS was used to set model of mechanical
arm. X, Y coordinates of the two ends of the
manipulator were set as design variates and then

"8 Since the design

optimizing the design variates
variates of this paper were less, all the design variates
can be considered at the same time. By simulating and
analyzing, the optimal results can be obtained.
ADAMS was used to establish a measure to measure the
relative movement speed of the end of the joystick and
the sleeve. In order to ensure the best performance of
the mechanical arm, the absolute value of terminal
actuator’ s minimum jitter speed was set as the optimal
object'"".
The function of optimal object can be expressed as
f(X) =min { vl (24)
The length of the terminal actuator’ s sleeve is
80 mm. In order to prevent the shifting lever seperate
from sleeve, the displacement between the joystick and
the sleeve was set to less than 50 mm. Writing
performance function and selecting following variates ;

D

mechanical arm; D, , the Y coordinates of the front end

., the X coordinates of the front end of the
of the mechanical arm; D,, the X coordinates of the
end of the mechanical arm; D,, the Y coordinates of

the end of the mechanical arm. The optimization
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calculation was carried out by applying sequential respectively. The minium speed is shown as Fig. 10.
quadratic programming method ( forward From the results of the simulation analysis, the design
difference ). Parameters before and  after variates have a great influence on the objective
optimization were shown in Tab. 2. function. Before optimizating, the jitter was larger

Tab.2 Parameter values before and after optimization when sleeve moved on shifting lever. The displacement

changes were also larger which can reach 40.2 mm.

P: >ters D D D D .
S 1 = : u Acceleration can reach 270.01 mm/s” at 2.3 s. From
Initial value/mm 218.93  390.01 0.09 389.74 . . o
Optimized value/mm 2015 392.80 016 393.25 above analysis, the stability of shifting was poor. After
Rate/% 0.58 0.72  77.78  0.90 optimization, the jitter was reduced obviously. The

maximum displacement of the joystick was no more

According to Tab. 2 and the distance formula than 20 mm. The acceleration had no big impact

between two points, we can attain change which ensured the smoothness of shifting. From

S=./(D,-D)*+(D,-D,)’ (25) Fig. 10, a finding can be declared that after there times
From the formula, researchers can get that the iterative computation, ADAMS finds an optimal
length of the mechanical arm S is about 220. 0 mm and solution. This optimal solution reduces the target

the height of mechanical arm’ s end is about function from 10.86 mm/s to 7.80 mm/s, whichis

393.25 mm. reduced by 28.18% , and generates a new model
The target function curve before and after automatically. The average value and peak value of
optimization are shown as Fig. 9a. The displacement displacement, velocity and acceleration before and
and acceleration curves are shown as Figs. 9b, 9¢ after optimization are shown in Tab. 3.
40.
s —Before optimization g — Before optimization 3001 _Before optimization
'a 20 - Afteroptimization £ ~ Afteroptimization & ~After optimization
£ T ) . 2 | E 200
£ OWMM | r—*‘i“*r“ g30 ]
§rie e \ £
8 -20| | '@;_20 A | [ |
~ \ a PP L PO _L_._m____ g 0 A i
% 05 10 15 20 25 30 35 0 05 10 15 20 25 30 35 < 0 05 10 15 20 25 30 35
Timels Timels Time/s
(a) Velocity (b} Displacement (c) Acceleration

Fig.9 Dynamic simulation results of manipulator before and after optimization

prototype of a tractor robot driver was developed. The

—
(=}

shifting experiments were carried out on the tractor—
JINMA 300E. The tractor robot driver was installed on

a tractor as Fig. 11 shown.

Velocity optimal solution
/(mm: s'})
[+,

0 1 2 ' 3
Interation times

Fig. 10 Optimal solution of iterative process

Tab.3 Average value and peak value of displacement,

velocity and acceleration before and after optimization

Displacement/ Velocity/ Acceleration/

Parameter mm (mm-s~1) (mm-s~2)

Average Peak Average Peak Average Peak

Before optimization 19.86 40.85 10.86 35.57 12.20 272.4 Fig. 11  Experimental tested tractor mounted with gear
After optimization  10.02 16.25 7.80 12.01 5.85 49.95 shift mechanical arm
Rate/% 49.55 60.22 28.18 66.24 52.05 81.66

The experiments were carried out under the static

4 Protot ] ¢ of hift state and the driving state in the tractor respectively.
roto ¢ experiment o car shi
yp P g In the process of shifting, the tractor robot driver used

mechanical arm clutch mechanical leg to put clutch pedal to the end.

According to the optimized parameters, the principle Then the gear shift mechanical arm will shift gear lever
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from neutral to high gear. Finally, the clutch
mechanical leg was recovered, so as to release the
clutch pedal and finish a shifting action. From the high
gear to the low gear, the mechanical clutch leg would
carry on two separation of the clutch and then use the
mechanical arm to shift. Any gear in the experiment’ s
tractor had to return to neutral gear lever. Static state
experiments do not coordinate with the mechanical
accelerator leg of the robot motion. The gear neutral
regression experimetal curves from the rest gears to
neutral gear and from the neutral gears to rest gears are
shown in Fig. 12a. In about 0. 8 s, when the sleeve of
mechanical arm drived the joystick to move, the
shifting force which was under the influence of gear
meshing force and friction self-locking device was
beginning to rise and reach the peak graduatelly.
When the tractor was at the static state, the time for
the mechanical arm shifting from the low to high gear
was about 1. 8 s, from high to low gear was about 2 s.
Driving state experiments required the cooperatation of
the mechanical throttle leg and mechanical clutch leg.
The curve of shifting force experiment was shown in
Fig. 12b. At about 1 s, the shifting force began to rise.
Due to the vibration of the tractor, the shifting force of
the mechanical arm was slightly larger than that of the
tractor at static state. However, the trends of shifting
force were same as that of static state. The shifting
time from low to high gear and high to low gear was
about 2. 1 s. From Fig. 12, the mechanical arm can
provide sufficient torque to control the shifting of the
joystick in different gears. When the selecting gear
position was fixed, the shifting operation of the
mechanical arm was divided into two kinds of motion-
push and pull. Under the condition that the peak value
of the shifting force and the entry position of the
joystick were not fixed, the mechanical arm can control
the joystick to complete the shifting operation. The
repeatability is good. When the joystick was in
position, the proper control method was adopted to
make the end of the mechanical arm to move fixed
distance. Free movement of the end of the joystick in
the sleeve can simulate the driver ’ s release action
after completing shifting gear. At this point, the force
signal detected by the force sensor is 0. The flexible
design of the end of the sleeve made the shifting

process had smooth performance just like a human

hand. The feasibility and rationality of the design of

the mechanical arm is verified by the experiments.

109 — First gear-Neutral

--- Neutral-First gear

---Neutral-Second gear
Second gear-Neutral

*us, —- Third gear- Neutral

i
<

Neutral -Third gear
— Neutral -Forth gear

Shifting force F/IN
L=

—501 Forth gear-Neutral
— Reverse gear-Neutral
-100 | = Neutral-Reverse gear
0 05 1.0 15 20 25 30
Time/s
(a) Static state
100 = Neutral-First gear

First gear-Neutral
--Neutral-Second gear
. Second gear-Neutral
™, === Neutral -Third gear

"hird gear-Neutral
—Forth gear -Neutral
—~Neutral-Forth gear

- Neutral-Reverse gear

| Reverse gear-Neutral
0 0.5 1.0 15 20 2.5 3.0
Time/s

(b} Driving state

Fig. 12 Shift test result of the gear shift mechanical arm

5 Conclusion

(1) This paper analyzes the problem of controlling
small tractor’ s shifting mechanism, and researches on
the shifting resistance. Respect to the character that
the gearbox shifting resistance in the four-wheel
minitype agricultural tractor is time-varying and
nonlinear, this paper designed a novel gear shift
mechanical arm for tractor robot driver. The working
principle and structure design of the mechanical arm
were described in detail; using D — H method to
provide the normal and inverse kinematics solutions of
the mechanical arm; simplifying the structure of the
mechanical arm; applying Lagrange dynamics equation
to establish the mechanical kinetic equation; the
correctness of the dynamic model was verified by
simulation.

(2) ADAMS was applied to do kinematic and

dynamic simulation. In order to guarantee the

smoothness of shifting, the distance between the
terminal of the manipulator’ s actuator and the shift
lever of the tractor was set to less than 50 mm. The
absolute value of terminal actuator’ s minimum jitter
speed during shifting was optimized as the objective
function. The target function was optimal when the
length of shift manipulator is 220. 0 mm and the height

of the terminal was 393.25 mm. After optimization,

the fluctuation of jitter speed was 28. 18% less than
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before. The rate of change of average displacement and
acceleration were 49. 55% and 52.05% . At the same

time, the changing rate of peak value of the

displacement, velocity and acceleration were 60. 22% |,
66.24% and 81.66% After

optimization, the movement of mechanical arm is stable

respectively. that

and smooth.

(3) Through the experiment on gear shift mechanical
arm, this paper verified that the gear shift mechanical
arm can realize the goal to shift different gears smoothly
with good reproducibility. In addition, when the
shifting lever entered into position, the gear shift
mechanical arm can complete some complicated actions
such as releasing of tractor’ s driver by applying
suitable method. Thus, the gear shift mechanical arm

has excellent engineering and application value.
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Motion Analysis of Tractor Robot Driver’s Gear Shift Mechanical Arm

Lu Wei'?> Chen Hao' Wang Ling' Zhao Xianlin' Zhang Yongnian'
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Key Laboratory of Remote Control and Measurement Technology in Jiangsu Province, Nanjing 210096, China)

Abstract; Respect to the character that the gearbox shifting resistance exist in the four-wheel minitype
agricultural tractor is time-varying and nonlinear and the special requirement that the gear shift lever has
to be released after shifting, this paper designed a novel gear shift mechanical arm for tractor robot
driver. This manipulator is joint type. According to the manipulator’ s operating characteristic, this paper
applied D — H method to establish the coordinate transformation matrix. Based on the kinematics analysis
on the manipulator, Lagrange equation was used to simplify kinetic model of the manipulator. SolidWorks
and ADAMS were applied to establish the virtual prototype model of the manipulator and to do kinematic
and dynamic simulation respectively. In order to guarantee the smoothness of shift, the distance between
the terminal of the manipulator’ s actuator and the gear shift lever of the tractor was set to less than
50 mm. The absolute value of terminal actuator’ s minimum jitter speed during shift was optimized as the
objective function. The target function is optimal when the length of shift manipulator is 220. 0 mm and
the height of the terminal is 393. 25 mm. After optimization, the jitter speed fluctuation is 28. 18% less
than before. The rate of change of average displacement and average acceleration are 49.55% and

52.05% . At the same time, the peak value of the displacement, velocity and acceleration are 60.22% |,
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66.24% and 81.66% , respectively. Through the simulation, the optimization of the parameters of the

manipulator, the rationality and the scientificity of the model are verified. Finally, through the

experiment on gear shift mechanical arm on JINMA 300E tractor, the result shows that the gear

mechanical arm can realize the goal to shift different gears smoothly. In addition, the design of the gear

mechanical arm can complete some complicated actions of tractor’ s driver. Thus, the gear shift

mechanical arm has excellent engineering and application value.

Key words: tractor; robot driver; gear shift; motion simulation; parameter optimization
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driver robot’ s gear shift mechanical arm
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Fig.9 Dynamic simulation results of manipulator before and after optimization
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Fig. 10 Optimal solution of iterative process
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Tab.3 Average value and peak value of displacement,

velocity and acceleration before and after optimization
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Fig. 11

Experimental tested tractor mounted

with gear shift mechanical arm
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Fig. 12 Shift test result of gear shift mechanical arm
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