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INTRODUCTION
1. Reason to choose the topic
For more than 40 years, industrial robots have developed and evolved
dramatically, the direction of studying robots transferred from industrial
robots to developing service robots and bringing robots into the social needs
of species people. According to forecasted that in the next 20 years, each
person will need to use a personal robot such as a computer and a robot with
artificial intelligence is considered one of the pillars of the 4.0 industry with
Smart factories and businesses, as well as many applications in different
areas of life.
In Vietnam, the autonomous research, application, improvement and
development of industrial machines is suitable for production methods,
meeting the requirements arising in the production process is not much,
especially very little. Basic scientific studies of motion, kinematics
interaction with the environment to solve the optimal problems in design
and control, help improve control accuracy and repeatability and durability
of an arm.
Stemming from that fact, the PhD student selected the
topic "Researching the motive force of industrial machine hands under
the influence of interactive force from environment" to study the effect of
motivational factors due to interaction with the environment, the effect of
the gap moves to the working error, thus proposing solutions to improve
design and control to improve the reliability, mechanical durability and
accuracy of the industrial machine's arms for the highest efficiency.
2. Research objectives
Build up scientific basis for survey of Robotic Arm and their
movement, studying the kinetic, dynamic and control properties of
industrial robot arms. Set up expressions to determine errors, surveying the
impact of motion errors on the accuracy of the machine, establishing
dynamics equations to control the required industrial robot arm.
3. Subjects and scope research
- Research subjects:
Industrial robots: Loading and unloading robots, welding robots,
transport robots in production lines with open and semi-open half-chain
structures.
- Research scope:
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+ Research about: dynamics, issues about dynamics such joint reaction,
arm elastic, joints gap.
+ Survey motion control program robot’s arm when there is no impact
of the environment and have the impact of the environment.
4. Research Methodology
Theoretical research method combined with verify through simulation.
On the basis of the object of research, building industrial robot arm
model, thereby building a computational model of the system, using
transfer matrix method and matrix-based Lagrange equation based on the
Principle to established the equations of control. Calculations are made by
computer programming on Matlab and Maple software;
5. Scientific and practical significance of the Dissertation
- Scientific significance:
+ Building a model of surveying the connection mechanism of
industrial robot arm;
+ Set up the motion equations system of industrial robot arm when
there existed joint gap;
+ Set up equations to calculate the program movement error and
examine their influence on the accuracy of the actual operation of the
robot’s arm when under the impact of the environment.
- Practical significance:
+ By modeling the dynamics of the machine, simulating the process,
propose a method of "early integration of the system" to minimize the
dynamics of the systemic dynamics;
+ Simulation results, solving the problem of mechanical dynamics are
applied in improving the accuracy and durability of hands in reality.
6. New contributions of the dissertation
- Proposing a version to model machine hands with rotary joints have
gap;
- Proposing a version to model the machine with elasticity by compact
weight method and equivalent stiffness;
- Establishing expressions to determine kinetic error due to joint gap
and elastic deformation;
- Establishing the dynamic equations elastic grip when the handle has
mass and has’t mass.
- Proposing the interaction force’s model between operation and
environment stages in case of dependence on speed.
7. The layout of the dissertation
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The Dissertation includes the first part, conclusions and 4 content
chapters:
Chapter 1: Overview industrial machine hands.
Chapter 2: Theoretical basis about dynamical survey, kinetic of
industrial machine hand.
Chapter 3: Surveying the dynamics of the arm robot and the errors
affect to the accuracy of the arm robot.
Chapter 4: Controlling industrial machine hands.
Chapter 1. OVERVIEW INDUSTRIAL MACHINE HAND
In this chapter, the Dissertation presents the basic features of industrial
robot arm, classifying, analyzing the interaction between robots with the
working environment, basic cause analysis leads to errors of robot arm in
the working process, analysis and synthesis dissertation domestic and
foreign research situation related to: content of the dissertation, learn about
methods to control robots. From these analyzes and practical needs, the
author has chosen the topic, content and research methods for this
dissertation.
Chapter 2. THEORETICAL BASIS ABOUT DYNAMICAL
SURVEY, KINETIC OF INDUSTRIAL MACHINE HAND
2.1. Theoretical basis of kinetic survey of hand machine by transfer
matrix method
For robot kinetic investigation we can use many different methods, in
which the commonly used method is the generalized coordinate method and
the Denavit-Hatenberg method (DH method). Actually, with the
development of informatics, computer tools are widely used, the matrix
method has many advantages in investigating kinetic and dynamical
learning problems, including kinematic problems. Dynamics of machine
hand. In this direction, the dissertation proposes using transfer matrix
method in implementing the Lagrange equation type II to survey dynamical
systems [8], [9]. This is also the direction exploited by the researcher to
investigate the dynamics and dynamics problems of robot hands in this
Dissertation.
2.1.1. Kinetic survey of flat machine hand
The method of transfer matrix is based on the representation of the
linkage through the system of defined matrices.
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Considering a flat motion point
substance, the coordinates in
the oxygen coordinate system are x =
a, y = b as shown in Figure 2.1
Position of coordinate systems
is determined considering the
background coordinates 0O0x0y,
have a relation:
x  u  a cos  bsin
(2.1)
0

0

y  v  a sin  b cos

Include matrices t, 0r and r with
cos   sin  u 


t   sin  cos  v 


0
1
 0
T
T
0
r   0 x 0 y 1 ; r  a b 1

(2.2)

Then we have:
0

r = tr
(2.3)
Include two net matrices tu , tv and the rotation matrix t in the form:
1 0 u 
1 0 0 
cos   sin  0
(2.4)




tu  0 1 0 ; tv  0 1 v ; t   sin  cos  0






0 0 1 
0 0 1 
 0
0
1 
0
r  tu tv t r
Then (2.3) is
(2.5)
Expression (2.5) calculates the coordinate of point M in a fixed coordinate
system according to the coordinates of point M in the Oxy axis system.
The velocity matrix of point M is of the form: o vMT   0 xM 0 yM 0 

a   0 xM 0 yM 0 
2.1.2. Kinetic survey of space machine operator
Similar to the problem of flat hand, we calculate the coordinates,
velocity, and acceleration of points for the space problem.
2.2. The basis of the theory of hand dynamical survey theory
2.2.1. Method of using D'Alembert Principle
The velocity matrix of point M is of the form:

o T
M
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Consider a k – link stage in a
fixed frame as possible shown in
Figure
2.5.
According
to
D'Alembert's
principle,
we
determine the static equations of the
form:
R   (Fke + Fki + Fkqt )  0
(2.32)

M0   rk (Fke + Fki + Fkqt )  0 (2.33)
According
to
D'Alembert's
principle, to establish the dynamic equations for robot's arm, we separate
the linking stages, determine the forces acting on each link stage and apply
the equation (2.32) and (2.33) to solve the dynamics problem. However,
due to the need to link and establish static equations for each stage, this
method will give solutions that are relatively cumbersome with the systems
of multiple links, so today often only used for problem determination forces
after the movement has been determined.
2.2.2. Method using Lagrange equation type II
2.2.2.1. System with Generalized Coordinates
The position of each object Mk (Figure 2.5) is determined:
rCk  rCk (qi ); Bk (qi )
(2.34)
The kinetic energy of the multi-object system is calculated by the formula:
N

N

k 1

k 1

T  0.5 mk vCk T vCk  0.5 k T I k k
N

Extensive force is not possible: Qi   Fk
k 1

The potential of the system:  (q1 , q2 ,..., qn )

(2.35)

rk
T
;(i  1, n) ; Q  Q1 ... Qn 
qi

d T T

0
Mechanical motion equation has the form: dt q  q  Q  q
2.2.2.2. System with residual coordinates
* Elemental Lagrange equation
In this case between the generalized coordinates existed systems called
links, they take the form:
f (q1 , q2 ,..., qn )  0
(2.39)
In this case, it is often used Lagrange equation form multiplier:

6
d T  T  Q 0     T f
dt q q
q
q

With this method difficult, the size of the problem is increased due to
the inclusion of element of matrix λ unknown, especially when the number
of equations too much.
* Equation of matrix form
The motion equation of the system is written in the form:
Aq = Q + Qqt + R
(2.40)
With R is constraint forces, are mechanical interactions on the system.
π
Still Q = Q0 - ; Q qt  Q qt1  Q qt 2
q
With Q 0 - generalized force of active forces;  - Potential energy;
Qqt1, Qqt2 is determined based on the matrix A according to the formula:
T

Q qt1  Q 1qt1 Q2qt1 .. Qnqt1  ; Qiqt1  0.5qT  i Aq;
N

Q qt 2    i Aq* ; q*   q1qi .. qn qi 

(2.41)

i 1

Survey of the case of controlled system:
Assume the system is controlled to execute a program of type (2.39). In
this case (2.39) is called the control link (program control). In order for the
system to implement the control program, which can affect the force
system, based on the theory presented above, it is the cohesive force that
control forces U  R. In the case of a link that is considered to be an ideal
link, from the equations (2.41), (2.40) determines the U control and thus the
control program (2.39) is executed. To investigate this problem, nowaday
using the popular Lagrange equation form factorr [56] with the difficulty of
appearing Lagrange factor.
To overcome this difficulty, the dissertation proposes using matrixtype motion equation [7-10]. The equation motion of this case is written as
follows:
Aq = Q + Qqt + U
(2.43)
Here, U is the interaction force between the robot arm and the
environment.
In case the control link is considered to be the ideal link,
the U control takes the form: DU = 0
(2.44)

7
With D is the matrix of coefficients in the expression representing the
generalized coordinates according to the independent scaling coordinates
due to the presence of the alignment equation (2.39). Equation (2.44) should
be satisfied (2.39). From there control U need to satisfy the equation:
FU + F 0 = 0
(2.45)
Quantities can use the proposed formulas in documents [6-11].
Program link equation (2.39) is written in the form:
n
(2.46)
 f qi  f  0;   1, r
i 1

i

From equation (2.45) and (2.46) determine the U control to execute the
program control link.
In the case of manipulation, it is necessary to perform material link,
which is considered not ideal, then the forces of interaction must be
determined from experiment (measurement) or from empirical assumption
(assuming friction coulomb,..). In this case, the motion of the controlled
system for the execution of the program (2.39) will be determined from the
system of equations (2.46) and the equation:

Aq = Q 0 + Q qt +U
With U is the function has been determined from experiment.
To apply the matrix-type Lagrange equation, it is important to calculate
the inertial matrix because as mentioned above, based on the inertial
matrix A easily calculated Qqt quantities. The determination of elements of
inertial matrix A can use transfer matrix method [25].
Conclusion chapter 2
Chapter 2 has provided a theoretical basis for the method of dynamical
survey, dynamics of the system.
The setting up appropriate dynamic equations, developing a program to
solve dynamic equationsis a basis for examining the dynamics and the basis for
building the error model presented in chapter 3.
Chapter 3. SURVEYING THE DYNAMICS OF THE ARM ROBOT
AND THE ERRORS AFFECT TO THE
ACCURACY OF THE ARM ROBOT
3.1. Set up the dynamical equation system of the open-chain kinematic
robot arm
An open kinematic sequence robot arm is a mechanism by which its
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mechanics can be represented by a kinetic sequence of hard stitches linked
together by a rotating joint and forward motion. One end of the robot arm
is attached to the platform, while the other end is moved freely in space and
is often attached to a clamp or mechanical tools, called the final impact
stage. Open-chain robot manipulators are used in many industrial fields
such as welding robots, loading robots, transport robots...
To establish the dynamic equation, the transfer matrix method is used
as mentioned in the above section, or in the references [6, 7, 8, 26] is form:
DAq = D(Q(0) + Q(1) + Q(2) + U)
(3.1)
Where: A - Inertial matrix,
Q (0) - matrix of potential forces and viscous drag,
Q (1), Q (2) - matrix of inertial forces, calculated based on the matrix
Inertia A, also U - matrix of control forces.
To surveying the dynamics of an open dynamics robot arm, the
dissertation will conduct a survey of two typical robotic arms, one of which
is a robotic arm have three link, two of which are robotic hands with two
rotation links and a forward motion.
3.1.1. Investigate the motivations they have for the robotic machine arm
of three rotations
Surveying the loading and unloading robotic arm has a diagram as
shown in Figure 3.1.
To write the motion equation of the robotic arm, we use the equation
(2.40), the matrix motion equation for the three-order freedom system. The
scaled coordinates chosen are 1, 2, 3 are relative rotation angles between
 a11 a12 a13 
links, while inertial matrix A is the size matrix (3x3) A =  a12 a22 a23 
 a13 a23 a33 
Inertial lements aij (i, j  1,3) calculated according to (2.52) and (2.53)
The potential of the system:
  (m2 0 yC 2  m3 yC 3  myM ) g  [l1 (m2  m3  m)sin1 +
(c2 m2 +l3 (m3 +m))sin(1 + 2 )  (m3c3  ml3 )sin(1  2  3 )]g;
Extensive force is:
T

Q  Q1 Q 2 Q 3 
Will calculated according to the expressions :
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 M1  b11  [l1 (m2  m3  m)cos 1 + (c2 m2 +l3 (m3 + m))cos(1 + 2 )
1
 (m3c3  ml3 )cos(1  2  3 )]g
Q 2  M 2  b22  [(c2 m2 +l3 (m3 + m))cos(1 + 2 )

Q1  M1  b11 

 (m3c3  ml3 )cos(1  2  3 )]g

Q 3  M3  b33  (m3c3  ml3 )cos(1  2  3 )]g
The generalized force of inertial values
3

is: Q qt  Q qt1  Q qt 2  Q qt1   Qiqt 2
i 1

Q qt is the matrix (3x1) whose elements
sequences are Q1qt , Q2qt , Q3qt Expressions
that define these factors are detailed in
the dissertation.
The motion equation of the
manipulator is written in the following
form:
a111  a122  a133  Q1  Q1qt

a121  a222  a133  Q 2  Q2qt
a131  a232  a333  Q 3  Q3qt
Results of numerical simulation
The results from numerical solution thanks to Matlab software
according to the following data set:
l1 =0.2m; l2 =0.2m; l3 = 0.1m; c1 = 0.0635m; c2 = 0.07475m;
c3 = 0.06067m; m1 = 4.08 kg; m2 = 2.34 kg; m3 = 0.73 kg; J1 = 0.031
kgm2; J2 = 0.013 kgm2; J3 = 0.0013 kgm2; m = 2kg; g = 9.8 m/s2
The first condition of the system is given as follows:
1 (0)  0 rad ; 2 (0)  0 rad; 3 (0)  0 rad
D(1 )(0)  0 rad/s; D(2 )(0)  0 rad/s; D(3 )(0)  0 rad/s
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Figure 3.2 is shows trajectory of link movement. Inside 1 is the
rotation angle of 1 – link at the center of rotation O; 2 is the rotation angle
of 2 – link at center A; 3 is the rotation angle of stitch 3 at the center of
rotation B.
Figure 3.3 shows a graph of the angular velocity of the stitches. Where
D1 is the angular velocity of stage 1 at the center of rotation O; D2 is the
angular velocity of stage 2 at center A; D3 is the angular velocity of stitch
3 at the center of rotation B.
3.1.2. Survey robot arm manipulator dynamics have two rotational the
motion, one translational motion
Consider
the
survey
model
described in Figure 3.4. The requirement
of the problem is to calculate the
parameters of the manipulator to move
object M along KL line with the form
equation:
y - 2x + 2 (l1 + l3) = 0
(3.7)
Inside: OK = 2 (l1 + l3); OL = l1 + l3.
Manipulator with three degrees of
freedom with the coordinates q1, q2, q3
where q1, q2 respectively the rotation
angles of the OA and cylinder stages,

11
and q3 is the moving section of the CB plunger in AD cylinder.
To use the transfer matrix method, beside three quantities q1, q2, q3 are
Lagrange coordinates, we add the follow symbols:
dq
dq
dq
d 2q
d 2q
d 2q
(3.8)
q4  1 ; q5  2 ; q6  3 ; q7  21 ; q8  22 ; q9  23
dt
dt
dt
dt
dt
dt
To calculate the inertial matrix A, we use the transfer matrix method
[6,7,8,23], We set up matrices t1 , t2 , t3 ,t11 , t21 , t31 , r1, r2, r3, r, P1, P2, P3,P.
Values of the matrix clearly show the dissertation.
The position of C1, C2 and C3 set points of OA, AD, BC and M load
stages (center) is determined by the formula:
r01 = t1r1 ; r02 = t1t 2r2 ; r03 = t1t 2t3r3 ; r0 = t1t 2t3r
(3.10)
The potential  has the following form:
1
2
 [m1c1  (m2  m3  m)l1 ]g sin q2 

  r01T P1 + r02T P2 + r03T P3 + r0T P  c(l0  q3 ) 2

(3.11)

1
 [m2 c2  m3 c3  ml3  (m3  m)q3 ]g sin(q1  q2 )  c(l0  q 3 ) 2
2

Hence the extrapolating force Q (0) and the matrix of control forces take
the form:

Q (0)

 

 b1q1 

 q1

 M1 
 

 
 b2 q2  ; U   M 2 

q
2


 F 
 

 b3q3 

 q3


(3.12)

In which b1, b2 and b3 are viscous drag coefficients
The equation of the moving trajectory is written:

f  l1 sin q1  (l3  q3 )sin(q1  q2 )  2(l1 cos q1  (l3  q3 )cos(q1  q2 ))  2(l1  l2 )  0

(3.14)
From here we calculate the matrix D. The generalized forces of inertial
forces Q (1) , Q (2) are matrices size (3x1) calculated as formulas:
T

Q(1)  Q1(1) Q2(1) Q(1)
3 

(1)
(1)
T
Q1  0.5q D1Aq; Q2  0.5q T D 2Aq; Q3(1)  0.5q TD 3Aq
Q

(2)

 D1Aq  D 2Aq D 3Aq
*
1

*
2

*
3

The equation of robotic arm movement is:

(3.19)
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Q1(0)  Q1(1)  Q1(*)   M1  
 a11 a12 a13  q7 
1
0
D
1 0 D31  



 (0)   (1)   (*)    
31
 
0 1 D   a12 a22 a23   q8   0 1 D  Q2   Q2   Q2    M 2  
32 
32  


 (0)   (1)   (*)    
 a13 a23 a33   q9 
Q3  Q3  Q3   F  

(3.21)

The system of equations (3.21) together with the equation (3.14) gives the
solution to the problem posed is the differential-algebraic equation system.
Result of numerical simulation:
Using Matlab to simulate numerical model of the robotic arm model
with the following data:
l1 =0.5m,l3 =1m, m1 = 1kg,m2 =1kg, m3 =1kg, m=10kg,  b1 = 0.15 Nms,
b2 = 0.15 Nms, b3 = 0.25 Nms, c1 = 0 m, c2 = 0 m, c3 = 0.5 m, c = 350 N /
m, J1 = 0.02 kgm 2, J2 = 0.01 kgm 2, J3 = 0.05 kgm 2 , g = 10 m/s 2 ,
l0 = 0 m, M1 = 2.5 Nm, M2 = 1.5 Nm, F = 5 N.
The first conditions are chosen as follows: q1(0) = 0 rad, q2(0) = 0 rad,
q3(0) = 0 m, q4(0) = 0 rad/s, q5(0) = 0 rad/s, q6(0) = 0 m/s.

Figure 3.5. The grap angle rotary q1
and q2 and q3 moving of the plunger

Looking at the graph in Figure 3.7, we
realize that, with the method which
the dissertation is used, the
requirement of the problem has been
calculated, the parameters of the
machine arm and the object M have
been moved correctly motion
trajectory that the problem requires
(move along KL line).

Figure 3.6. The grap angular
velocity q1 and q2 and q
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3.2. Set up the dynamic equation of the movable have gap
Consider the model manipulator in Figure 3.12, the model survey roller
gap between the rings as Figure 3.13.

Figure 3.12. The robotic arm model
have dynamic joint gap

Figure 3.13. The model survey the
gap between the ring

3.2.1. Motion equations
The manipulator is modeled in two stages, their position is determined
by 4 coordinates ( 1 , , 2 ,u). Movement of the machine hand is bound
by two conditions. These are two circles that are in constant contact (the
distance between the two centers is always constant and equal to r1 - r2) and
does not slip toward each other. The system suffers from two linked
equations are:
f1  u  (r1  r2 )  0
(3.25)
f 2  r1  r22  0
To establish equations motion of the manipulator, we use equations
motion as:
Aq  Q(1)  Q(2)  Q(3)  R
(3.26)
Where: A - inertial matrix, which is a square matrix, unabridged, size
(4x4), Q(1) - matrix (4x1) - matrix of extrapolating forces or not. Q(2 , Q (3) is
calculated from the inertial matrix, R - Matrix generalized forces of link
constraint forces of the links (3.25). Use transfer matrix method, we
calculate the elements of inertia matrix.
The differential equation motion of the manipulator has the following form:
DAq  D(Q(1) + Q(2) - Q(3) )
(3.37)
The equations (3.37) and the linked equations (3.25) describe the motion of
the machine arm. In other words, from these equations with the first
condition for:
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1 (t0 )  10 ,1 (t0 )  10 ; (t0 )  0 , (t0 )  0 ;
u (t0 )  u0 , u (t0 )  u0 , 2 (t0 )  20 , 2 (t0 )  20 ;
We calculate: 1(t), (t), 2 (t), u(t)
3.2.2. Reaction force
The existence of a joint gap can occur when a contact between two
stitches is lost. This phenomenon occurs when the normal force at zero
contact point. When this condition exists, it is synonymous
with Ru  0. This condition ensures that two stitches do not separate, this
mean is contact.
To determine the reaction force Ru according to (3.26), the coordinates,
velocity and acceleration have calculated the function over time, then
the reaction Ru is calculated as follows:
Ru  a131 (t )  a23 (t )  a342 (t )  Q3(1) (t )  Q3(2) (t )  Q3(3) (t )
The results are shown by calculating the following data:
M1 =M0 sin t; M2 =M0 cos t; l1 =1.25m; l2 =0.5m; m =1kg;
m2 = 0.5kg; J1 =J2 =0.1kgm 2; r1 =0.0025m; r2 =0.00245m;
g= 10m/s2; c2 = 0.2m; c1 = 0;  = 0.005m; M0 = -1Nm;  = 2 rad/s
The results are shown in the following figure:

Figure 3.15 Grap of rotation
angle 1 and velocity angle 2

Figure 3.16 Grap of rotation
angle  and velocity angle 

Figure 3.15 is a graph angle 1 and angular velocity D 1 in the case
not have gap ( =0). Figure 3.16 is a plot of rotation angle  and angular
velocity D in case of joint have gap and two stitches are contact with each
other.
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Figure 3.17. Grap of rotation
angle 1 and velocity angle 2

Figure 3.18. Grap of the reaction Ru

Figure 3.17 is a plot of rotation angle 2 and angular velocity 2 in
case of joint joint opening and two serial phases are not in contact with each
other. Figure 3.18 is plot describing the state of the reaction Ru when there
is a gap and still contact.
3.3. Set up the kinetic equations of the machine arm with elastic grip
Survey of machine arm is flat as shown
in Figure 3.19
To
set
the
motion
equation
0
*
Aq  Q  Q  Q , ưe use the transfer matrix
method to calculate the inertial matrix A and
the elements in equation Q, Q0, Q* [47],
[48]. The equations are determined by 4
independent scaling coordinates (,, u, y),
with , , y shown in the figure, u = AC.
3.3.1. The case of ignoring the volume of the
handle bar
Select the base coordinate system O0x0y0, where O0  O, O0x0 in the
horizontal direction, O0y0 axis in the vertical direction. The axial systems
with roots at O0, A and C, the x-axis along the bar axis, the y-axis is selected
perpendicular to the x-axis according to the three-sided agreement with the
x-axis outwards. Include the following symbols:
q1  ; q2   ; q3  u; q4  y;    q1;   q2 ; u  q3 ; y  q4

16
According to [47] the transfer matrix has the following form:
cos q1  sin q1 0 
cos q2  sin q2 l1 
1 0 q3 




t1   sin q1 cos q1 0  ; t2   sin q2 cos q2 0  ; t3  0 1 0 
 0
 0
0 0 1 
0
1 
0
1 
1 0 l3 
0 
  sin q1  cos q1 0 




t4;  0 1  y  ; r  0  ; t11   cos q1  sin q1 0  ;
0 0 1 
1 
 0
0
0 
  sin q2  cos q2 0 
0 0 1
0 0 0 




t 21   cos q2  sin q2 0  ; t31  0 0 0  ; t41  0 0 1 ;
 0
0 0 0 
0 0 0 
0
0 

(3.49)

According to [48] we calculate the elements of the inertial matrix A.
The potential energy of the system is calculated according to the expression:
  mg[l1 sin q1  q3 sin(q1  q2 )  l3 sin(q1  q2 )  q4 cos(q1  q2 )]
(3.56)
 0.5c1 q12  0.5c2 q22  0.5c3 (q3  l )2  0.5c4 q42 ;
The robotic arm movement equation is written as follows:
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PT 1: M 10   q1  c1q1  mg[l1 cos q1  (q3  l3 )cos(q1  q2 )
 q4 sin(q1  q2 )]  2ml1[(l3 +q3 ) sinq 2  q4 cos q2 ]q1q 2
 2m(l3  q3  l1 cos q2 )q1q3  2m(q4  l1 sin q2 )q1q4
 mL1[(l3  q3 )sin q2  q4 cos q2 ]q22
 2m[l3  q3  l1 cos q2 ]q2 q3  2m(q4 +l1 sin q2 )q2 q4 ;
PT 2 : M 20   q2  c2 q2  mg[(l3  q3 )cos(q1  q2 )  q4 sin(q1  q2 )]
 ml1[(l3  q3 )sin q2  q4 cos q2 ]q12  2m(l3  q3 )q1q2  2mq4 q1q4
 2m(l3  q3 )q2 q3  2mq4 q2 q4 ;
PT 3: F0   q3  mg sin(q1  q2 )  c3 (q3  l ))
 m(l3  q3  l1 cos q2 )q12  2m(l3  q3 )q1q2

(3.57)

 2mq1q4  2mq2 q4  m(l3  q3 )q ;
2
2

PT 4 : mg cos(q1  q2 )  c4 q4  m(q4  l1 sin q2 )q12  2mq4 q1q2
 2mq1q3  mq4 q22  2mq2 q3

Simulation results:
Use Matlab to simulate with input data as follows:
m  1 kg ; M10  0.2 Nm; M 20  0.5 Nm; F0  7.5 N; J1  4 kgm2 ; J 2  4 kgm2 ;
c3  125 N / m; l1  0.3 m; l  0.15 m; l3  0.5 m;

  0.01Nm/ s;   0.01Nm/ s;   0.05 Ns/ m; g  10m/ s 2 ;
E  6,626.1010 N / m2 ; I  1,14197.108 m4
Input conditions:
q1 (0)  0.0rad , q2 (0)  0.0rad , q3 (0)  0.0rad , q4 (0)  0.0rad ,
q1 (0)  0.0rad / s, q2 (0)  0.0rad / s, q3 (0)  0.0, q4 (0)  0.0rad / s
Simulation results are shown on the following pictures:
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Figure 3.20. Graph the rotation angle of the handle when elastic

The above graphs show the shift u and transposition y of the CD pushed
rod, this case does not take into account the mass of the weight M. From
the graph shows the oscillation of the CD push rod and the starting point D
corresponds to object M in the moving process of the mechanism arm, in
which the oscillation cycle of M heavy is much shorter than that CD push
rod.
3.3.2. The case including mass of the handle bar
In the case including mass of the handle, we can substitute with the
additional mass into the m with the additional mass calculated according
to the equivalent kinetic assumption [52], for example, in the case the
machine push rod has a straight bar, a constant cross section, a weight
conversion factor (equivalent) is calculated by the formula:
1 3 x 2
( ) dx
l3 0 
l

km 

(3.58)

Where  ,  x is displacemented set point of the load and dx elements in
the push rod when it is subject to static effects of load:
From the equations (3.57), it is possible to determine the motion
machine arm in response to the initial conditions:
q1 (0)  q10 ; q2 (0)  q20 ; q3 (0)  q30 , q4 (0)  q 40
q1 (0)  q10 ; q2 (0)  q 20 ; q3 (0)  q30 ; q4 (0)  q40

(3.61)

The result, integral of equations (3.57) with the first condition (3.61):
q1(t), q2(t), q3(t), q4(t)
(3.62)
Simulation results
Use Matlab software to simulate with the following input data:
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m  1 kg ; M10  0.2 Nm; M 20  0.5 Nm; F0  7.5 N; J1  4 kgm2 ;
J 2  4 kgm2 ; c3  125 N / m; l1  0.3 m; l  0.15m; l3  0.5m;

  0.01Nm/ s;   0.01Nm/ s;   0.05 Ns/ m; g  10m/ s 2 ;
E  6,626.1010 N / m2 ; I  1,14197.108 m4 ; m0  0.75kg
Input conditions:
q1 (0)  0.0rad , q2 (0)  0.0rad , q3 (0)  0.0rad , q4 (0)  0.0rad ,
q1 (0)  0.0rad / s, q2 (0)  0.0rad / s, q3 (0)  0.0, q4 (0)  0.0rad / s

Figure 3.21: Graph the rotation angle of the handle when there is no elastic

The graphs in Figure 3.21 show the shift of u and transposition y of the
CD push rod, in this case considering the mass of the weight M. From the
graph shows the oscillation of the CD push rod and the starting point D
respectively with object M in the process of moving the mechanism of the
machine, in which the oscillation cycle of M heavy is much shorter than
that CD push rod.
3.4. Motivation survey of machine hand interaction with the
environment
Manipulator robot used in the loading and unloading to move and from
location to other location or predetermined or follow a desired trajectory
forward. It is resolved by the method of the control program, that view of
the program is the ideal link. Hand machines are also used in other jobs
such as in mechanical, appoint a glass cleaner, or both for stockings i
robots massage, health..,.. For this kind of problem in many schools, the
case cannot ignore the interaction of the environment. In the general case,
it is necessary to mention the effects of environmental interactions.
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This is a rather complex problem due to encountering motion problem
with unreasonable links but mechanics so far has no general method to
solve.
In this section, the thesis only resolves for a particular case that the
interaction force described depends only on the contact point velocity
without depending on the normal force at the point of contact.
3.4.1. Build up motion equations of the machine hand with an interaction
with the Environment
3.4.1.1. Mechanical motion equations with links material
Surveying the position equations is determined by m coordinates, its
motion is constrained by r link form:
f (t , q1 , q2 ,..qm )  0;   1, r
(3.73)
Consider the linkage case (3.73) that interacts with the environment via
constraint forces. In the case of link (3.73) is ideal, motion equations can
be written in matrix form [9, 58, 59].
DAq  D(Q + Q qt )
(3.74)
Where:
A - Matrix of inertial (mxm);
q - Matrix of wide acceleration (mx1);
Q - Matrix (m x 1) of the generalized forces’s are: dynamic forces,
potential forces, viscous drag;
Q qt - Matrix (mx1) is calculated from the inertial matrix A;
D - Matrix of coefficients in the expression represents the acceleration
according to the independent acceleration due to the system of link
equations (3.73), ie the D matrix ( xm) with  = m - r is independent
acceleration.
In the case of linkage (3.73) of the non-ideal type, equation (3.74)
should be replaced by the equation:
DAq  D(Q + Q qt + Q c )
(3.77)
c
In which Q is the generalized force of resistance from the environment
acting on the system, these forces consume energy when the system moves
(consumes public), it depends on the physical properties of the
environment.
Equation (3.77) together with equation (3.73) will describe the
movement of the system having an interaction (physical bonding) with the
environment.
3.4.1.2. Building a model to simulate environmental resistance
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Quanties Qc properties that prevent motion from the environment to the
system, so the build force Qc may be based on factors interfere with
movement. There are two factors that prevent movement. The first is
normal reaction force (subsidence resistance), it is make prevent when the
contact area is deformed (due to public
consumption) and the second factor is due
to tangential jet component (drag slip) due
to roughness (undulating of the contact
surface), or due to the gravitational pull of
molecules between exposed surfaces)
[10]. To write the equations motion of the
machine hand with movement in
accordance with the required link, we use
the equations presented in [9, 59, 60].
DAq - D(Q + Q qt + Q c ) = 0
m

f

m

2 f

 q q   q q q q
j

i 1

j

i

i , j 1

i

j

 2 f
2 f
qj  2  0
t
i 1 q j t
m

j

 2

(3.88)

The motion system will be described by the equations (3.88) with the
given initial conditions. Investigate the robot arm as shown in Figure
3.24. The requirement for the manipulator is that the end point C of
the piston must move along the inclination KL line with the equation:
y = ax - a (l1 + l3)
(3.89)
Simulation results:
Input data: l1 =0.5m; l2 =1m; l3 =1m; m1 =1kg; m2 =1kg; m3 =1kg;
c1 =0; c2 =0; c3 =0.5; k=650N/m; J1 =1kgm 2 ; J2 =0.1kg 2 ; J3 = 0.1kgm 2 ;
l0 =0.1m; M1 =7.5 Nm; M2 = 0.5Nm; F = 100 N; b1 = 0.1Nms;
b2 = 0.1 Nms ; b3 = 0 Ns / m; µ = 0.05 Ns/ m; α = 2.
The first conditions are chosen as follows:
1 (0)  0 rad ; 2 (0)  0 rad; u(0)  0 m; 1 (0)  0 rad/s; 2 (0)  0 rad/s; u(0)  0m / s.
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Figure 3.25. Diagram of rotation
angle q1, q2 and shift of piston q3

Figure 3.26. Graph of angular velocities
D(q1), D(q2) and velocity D(q3)

The graph in Figure 3.25 shows
the oscillation of the piston during
the movement of the structure
around balance position. The graph
in Figure 3.27 illustrates the results
obtained through an example of
three degrees of freedom and the
graph illustrates the remarkable
results: the orbital error is only
about 10-7.
Conclusion chapter 3
The dissertation has proposed a method to solve the control problem
for open and semi-concealed half-closed robotic robot arms based on the
idea that the system needs to implement "given moving trajectory" is the
product first part of the system. The project also proposed a resistance
model from the environment to manipulation of the machine hand. The
problem of gaps at joints is being concerned not only from a durability
standpoint but also to an accuracy. In the dissertation, the model of
surveying a linkage-resistant mechanical system to which the linkage will
be performed will ensure that conditions do not occur.
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Chapter 4. CONTROLLING THE INDUSTRIAL MACHINES
In practice of control and automation it is impossible to avoid errors,
such as in the program control the results received with the required
program. While using the method from the dissertation, this can be
significantly reduced because it requires the program to be the first integral
of the motion equation system. However, in some areas, such as in the
health sector, this requirement is very high, so it is necessary to pay
attention to this issue. One of the solutions to this problem may be using the
sliding control method. This is a control method known as a simple and
highly reliable control solution.
The equation is written in the matrix form as follows:
M = Aq + V(q,q)+ G(q)
(4.12)
Inside: q   q1 q2 q3 T ; M   M1 M 2 M 3 T ; G  JF ; F   Fx Fy 
In order to facilitate the use of
control algorithms for the hand of 3
rotating stitches, it is necessary to put the
dynamic equation (2.43) into the form
(4.12). Simulations of robots use Matlab
Simulink tool are described as shown
in Figure 4.5
The simulation parameters are as
follows:
Stitch length: l1 = 0.2m;l2 = 0.2 m;
l3 = 0.1 m;
Center position: c1 = 0.0635 m;
c2 = 0.07475 ; c3 = 0.06067 m;
Figure 4.5. Mode simulation
Volume of stages:
m1 = 4.08 kg; m2 = 2.34 kg;m3 = 0.73 kg;
Moment inertia: J1 = 0.031kg.m 2 ; J2 = 0.013 kg.m 2 ; J3 = 0.0013 kg.m 2
Torque both n: b1 = 1 Nms; b2 = 1 Nms; b3 = 1 Nms;
Load volume m = 2 kg;
Gravity acceleration g = 9.8 m/s2
Results illustrated
T

24

Figure 4.10. Reverse particle
kinematics motion the problem
and angular orbit tracking in
simulation

Figure 4.12. Torque control stage

Figure 4.11. Simulation results
angular velocities

Figure 4.13. Display the position of
the last stage drawing circular orbit

Conclusion chapter 4
The dissertation has built a model of hand machine to test with two
control systems: gravity compensating PD control system and sliding mode
control system. The test results were analzed, compared and proved that
when using both mode control systems, the result (the position control of
the final operation of the robot arm) was satisfactory. However, with the
sliding mode control method, follow-up the theoretical trajectory of the link
stages is much faster and smoother than the method of PD controller
Gravity compensation
DISCUSSION AND RECOMMENDATIONS
Thesis has examined: the hand control problem to perform motion the
required program, the required motion problems, errors in calculation, in
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operation (issue clearances, problems grips, interaction with the
environment,...) and remedies (some control methods,...).
Regarding robot dynamics, the dissertation used Transfer matrix
method, using the appropriate principle..., in which "the required program
is the first integral of the hand-moving equation system" to build Motion
equations for robot manipulators are controlled. The results are verified
through numerical simulation. The program automatically establishes and
solves programming dynamics in common languages.
The thesis has calculated that the jets at dynamic joints are due to the
dynamics acting on the system, also subject to the agents in the process of
movement and therefore their working conditions are changed compared to
the requirements. Set out in design calculations. Therefore, the
determination of meaningful motivational forces not only helps the design
process, but also helps control the operation process.
The dissertation also gave a model to survey loading machine hand and
write motion control equation, used software to verify. The dissertation
surveys focus on the motivation of hand-machine program control. Author
try to investigate the problem of non-ideal links.
During the 4.0 industrial period, the research, application and
development of robots into production is a very practical work.
Some of recommendations
1. Need to expand research to be able to control more types of robots,
especially for robots working in the field of technology engineering to help
improve productivity.
2. Examine the problem of stabilizing and optimizing the movement of
machine hands
3. Expanding dynamic and kinetic force survey of space machine
hands.
4. Need experimental studies to be able to put research into practical
applications.

