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Abstract

The main objective of this paper isto develop and control the length of the extension
boom for the automated heavy vehicles, especialy in the areas of control systems and
robotics. It provides a display screen where the parameter values of swivel arm angle
lift arm angle, elbow arm angle and length of the extension boom can be configurable.
To deduce which parameters we need to consider that are needed to be modified.
Forwarder kinematics are taken into consideration for the building of the algorithm
for the automatic prismatic link which is obtained from the Mat lab code. Then final
results are tested on DSP system Crane Box.

K eywor ds. DSP, Crane Box, Mat lab, D-H Table and Forward Kinematics.

1. Introduction

In the modern area of technological enhancement specifically to the grounds of
forestry vehicles, forwarders advancements have the key significance. Various
researches are mainly concentrated on improved control algorithms for the cranes,
which make use of automation as the means of driving force. [2-3] This helps to
reduce the time consumption and speeds up the operation and makes itself operator
friendly.

The operator controls the crane through the joysticks. The operator’ s joysticks directly
control the oil flow to the hydraulic valves in the crane to which the powerful
hydraulic system is attached. Each joystick controls its respective link in desired
direction. The operation is very fast and can be actuated by the hydraulic cylinders.
An automatic system is present that controls the extension boom of the crane. In
standard case the operator controls majorly the turntable, first boom and outer boom

of the crane. The operator in order to adjust the behavior of extension link is
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automatic. Some other parameters can be configured to get the crane working. Thus
the operator is provided with a screen where in which, controls the crane with his
choice of parameters modification. The TFT monitor is used in order to fulfill this job
in our research work for the parameter configurations.

In our present research describes the design of automated heavy vehicles,
especially in the areas of control systems and robotics. The field of automation
has gained its importance making operation of heavy vehicles much easier eg., in
the design of forwarders. Forwarders are used to cut down trees and to collect logs
from the ground. Forestry based industry make use of these forwarders usualy. Cranes
along with the forwarders are al'so widely used in the forestry applications.

In general, cranes need to execute severa movements such as used to lift
heavy loads and also moving loads from one place to the another place. The
design of forwarders can be in various sizes, according to the loads they carry. The
main objective for this work is to improve the working condition for the forwarder
operator, by means of partly automate the crane. This paper is about implementation of

an algorithm for automation of one cranelink i.e., specificaly the prismatic link.

2. Kinematics of the Crane:

Crane geometry

Figure 1: Forward crane geometry in two dimensions

In Figure 1 the forwarder crane is represented in two dimensions. The swivel joint &,

is left out in our case in order to be able continue our presentation into the two

dimensional case. [4-5]The crane tip position, &,, can be represented in Cartesian
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coordinates, r and z or in terms of crane coordinates ¥;, #; and «.from the Figure 1.
From the crane geometry we have &;, #;and &; are the angles of rotation at the links.
The value &, 9, reprensent various links such as swivel arm, lift arm and elbow arm

respectively. Thus the value of angles of rotation can be the parameters of choice.

Where, #. istheswivel arm anglein radians,
2, isthelift arm angle in radians,
&, isthe elbow arm anglein radians,
d . isthe length of the extension boom in length (meters),

And, &, isthe crane tip position.

Crane Coordinates;

Figure 2: Crane coor dinate accor ding to Denavite-Hartenberg Table

Forward Kinematics

The forwarder kinematics can be derived using methods presented in [9]. According
to Denavite-Hartenberg the transformation matrix transforming the coordinates
between two subsequent coordinate system, from system i to system i-1, is given by

the following relation as,
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fcosd, —sind, cora, nf sine, a,cos88, s
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From the conventions of the forward kinematics of the crane and the Denavite-
Hartenberg the transformations, we have designed the relations of the various
parameters which are represented in the following. The four parameters behind the
Denavite-Hartenberg Table are that £,d, a and o which are obtained from the crane.

But in our implementation Jacobian is taken into consideration instead of forward
kinematics in the devel opment of the automatic extension boom algorithm.
The corresponding D-H tableisgivenin Table 1. [1]

DH-table, Crane e d a o

Swivel arm, link1 =10 d, =dj G, =0 x1_=§‘
Lift arm, link2 =0 d; =0 Ay = @} .= 10
Elbow arm, link3 gy =0 dy=0 a; =0 -xa=;—‘
Prismatic arm, link4 ., =10 dy =d a, =10 =0

Table 1. Denavite-Hartenberg table for the crane considered.

The transformation matrices for the crane model are given by the following relation
as,

1 g 0 a
g =(0 1 € @
L (T 1 v
i & & 1
cosd —ging Q Q
7 o= | sind cos@ Q Q
1 i E? 1 i
1 g 1 1
1 1 1 1
T = Q cog (alpha) cos (alpha) Q
: 0 gin (alpha) cos (alpha) o
& & & 1
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and
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The transformation from the crane tip position to the &; is given by the relation as,
Tf =T, T,T;T, )

The < i.e. the origin in the fourth coordinate system is the position expressed in
(@ xp.33-25) ISQiven by the relation as,

P = Tl T T30,
The forwarder kinematics for the crane when &, = @ isgiven by therelation as,

oy _ a;cosfy + desln (&, + ;)
o= ()= chq_ +a,5ing, — dycos (B + aapJ (3)

This forwarder kinematics are calculated manually and taken into consideration for
the building of the algorithm for the automatic prismatic link. This includes some

linear algebrathat can be understood by the translation and the rotations of the axes.

The Jacobian Matrix:

The Jacobian for the crane operating in two dimensional space extended by (wg,25],
can be obtained by taking the derivation of the corresponding forwarder kinematics of
the crane. The Equation (3) is made to take the derivative of the forwarder kinematics
typicaly.

Cartesian velocity equals the Jacobian times joint velocity in the observations done.
The derivation is performed when swivel joint is considered to & =@ and the

coordinates x, coincides with the coordinate r. The Cartesian velocity relation can be

explained in the following relation as,

v =J(a)4 (4)
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Jacobian isafunction of it is not a constant.

_ gnlgd  _ | 88, 84 fa,
fal = S = lem LL}
08, 08, fagt
g
Where 7 = !lﬂ;l implementing the Jocobian Matrix.
d.

=

Equation (3) isderivated in order to obtain the Jacobian.

The Jacobian Matrix is given by the relation as,

—a,sind, +dycos (&, +6;) dycos (6, +68;) sln(f, +6&) J (5)

D= 4 ioct, + dosin (6.5 65 dosin (B +8) —cos (B, + 6.)

We now proceed in discussing to the other functions that are involved in building the
algorithm of the crane.

Angular Velocities (8,.8,4d,) of the cranelinks

The Cartesian velocities in two dimensions case is given by the relation as follows,

ULt R -
T [ﬂh‘r-'_'z - c.':-[:::l gt [:Ir:_:l (6)
This can be calculated as follows,
v =J(a)d
8,
Where g =4, (7)
ad.

The values of the angular velocities can be obtained from the sensors in the practical
environment. In the development of the algorithm the maximum joint velocities are

aso considered @,,,,, 85, €., -
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3. Implemented crane parameters

Figure 3: Crane parameters

Figure 3 shows the parameters such as the elbow arm, lift arm and the extension
link in order to operate the crane. With these values we need to operate the crane
in the practical cases in the crane lab environment. We deduced the parameters
those to be implemented in the control algorithm. [6-8] The implementation of the
algorithm should be compatible with the Real Crane. This is aso one of the
aspects taken in account to reach the goal, which is testing of the algorithm in the

practical environment.

4. Results and Discussions

We have implemented Crane Forwarder-Control Algorithm for Automatic Extension
of Prismatic Link in mat lab and observed al the results successfully. Figure 4 shows
the crane files run an animation in 3 dimensional and present the results in x0 and z0
coordinates. We have plotted the crane inverse jocobian function. Figure 5 shows the
Crane, kinematic tragjectory, go to a log on the ground. These are observed when the
Crane moving upwards case, plotted the lateral position x and height z. Figure 6
shows the Crane, Kinematic trgectory, movement of only elbow arm. These are

observed when the crane moving downwards case, plotted the lateral position x and
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height z. These two results are use full for avoiding of crane damage, in case of occurs

these problems automatically crane goes to zero position.

Lab crane runin 3D and presented in 2D
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Figure 4: Crane I nverse Jocobian implementation
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Crane, kinematic trajectory, go to a logg on the ground

z ‘Jyblay

lateral position, x

Figure5: Crane kinematic trajectory, goto alog on the

ground

CGrane, kinemdtic trgectary, "nmoverrent of only th elbbow

laterd position, x

Figure 6: CraneKinematic trajectory, movement of only elbow arm
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5. Conclusion
In this paper we have improved the working condition for the forwarder operator.

We have implemented forward kinematics and angular velocities in the Automatic

prismatic algorithm. The code was implemented in Mat lab. We have reduced the

number of operations operated by the operator and observed the automatic

extension of the extension boom.
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