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ABSTRACT

In this article, first of all, it describes the procedure for kinematic and dynamic analysis
of a 6-degrees-of-freedom robotic arm. In kinematic analysis, it includes kinematics and
differential kinematics. In which, the Denavit-Hartenberg Parameters, Homogeneous
Transformation Matrix, Direct Kinematic Function and Geometric Jacobian are derived.
In the dynamic analysis, the Lagrange Formulation is derived and the equations of motion
have been formulated in joint space using Lagrangian equation. Then, it presents the

accuracy reliability analysis based on kinematic parameters.



INTRODUCTION

My master’s thesis is about modeling a six-degree-of -freedom robot arm and analyzing

its accuracy reliability.

Figure 1 shows the 6 degree-of-freedom robot arm. There are two dgrees in “base”, one
degree in “arm elbow”, one degree in “arm wrist” and another two in fingers. This robot
arm is designed to work in hot cell. The inner environment of hot cell is high irradiation
and high hazardous. Figure 2 shows the hot cell. There is a pair of manual manipulators
working inside of the hot cell which are controlled manually. The robot arm will realize
the working automation to replace manual manipulator for safer, faster, and cheaper

operation procedure.

In the modeling part of this article includes kinematic analysis, differential kinematic
analysis and dynamic analysis. Kinematics described the relationship between the joint
positions and the end-effecter position and orientation. Differential kinematics describes
the relationship of velocity between joints and end-effecter. For dynamics analysis, it
describes the relationship between the joint actuator torques and the motion of the
structure. In this part, 1 used the book named Modeling and Control of Robot
Manipulator written by Lorenzo Sciavicco and Bruno Siciliano [1] as my main reference.
| followed the method from book to create model for this robot arm and presented the
detail of formula derivation. Besides, I also referred other researchers’ job on this subject.
Kazuhiro Kosuage, Katsuhisa Furuta [2], they analyzed the static problem of robot arm
using Jacobian of the transformation between the joint coordinate and task coordinate.

Kok-Meng Lee and Dharmank Shan [5], they studied the dynamic of robot arm by
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formulating the equations of motion in joint space using Largragian Equation. C.S.G.Lee
and R.Nlgam [6] analyzed the dynamic of a three-degree-of-freedom arm by using
Alembert equations of motion. In this article of my work, | presented kinematic analysis
by using Homogeneous Transformation method, and presented differential kinematic
analysis by using Geometric Jacobian and presented dynamics analysis by using

Lagrange Formulation.

For the accuracy reliability, it is the critical index to value a robot performance. There are
many researchers working this subject. Mohamed Abderrahim, Allakhamis, Santiago
Garrido, Luis Moreno [3] elaborated the definition of repeatability and accuracy, and
highlighted the error sources. Kevin L. Conrad, Panayiotis S. Shiakolas [4] examined the
concepy of accuracy, repeatability, and resolution under the homogeneous transformation
method. Recently, Mashesh D Pandey and Xufang Zhang [10] analyzed the system
reliability using entropy-based probility distribution using fractional moments as
constraints. Zhao Liang, Su Meng, Miao Yunchen [11] analyzed the accuracy of robotic
arm by building a pose error model with screw theory. In this article | used lognormal

distribution density function to calculate the accuracy probability.

In this article, there are four main chapters. Chapter 1 is about Kinematics. Chapter 2 is
about Differential Kinematics. Chapter 3 is about Dynamics. Chapter 4 is about robotic

position accuracy reliability analysis.



Figure 1 Six Degree-of-Freedom Robotic Arm

Figure 2 Hot Cell



Chapter 1. KINEMATIC ANALYSIS

From a mechanical structure point of view, a robot arm is an open kinematic chain which
connected by revolute or prismatic joints. One end is mounted on the base and the other
end is the end-effector. The motion of robot arm is obtained by the whole elementary
motions of all links, and the motion of each link is respect to the previous one. Hence, the
end-effector position and orientation are critical description to manipulate the robot arm
in a 3-D working space. In this chapter, firstly, it sets up Denavit-Hartenberg parameters,
derives rotation matrix and solves the Homogeneous Transformation matrix. Then it
derives the direct kinematics equation, which expresses the “end-effector position and
orientation as a function of the joint variables of the mechanical structure with respect to
a reference frame” [1]. Finally, the chapter derives the inverse kinematics equation,
which “consists of the determination of the joints variables corresponding to a given end-

effector configuration” [1].

1.1 Denavit-Hartenberg Convention

“The Danavit-Hartenberg parameters (DH parameters) are the four parameters associated
with a particular convention for attaching reference frames to the links of a spatial
kinematic chain, or robot manipulator.” [1] The links frame of Denavit-Hartenberg are

define as follows:



Joint i Jics
) : 0"?141

Figure 3 Denavit-Hartenberg Convention

Set up link frame

» O;is the origin of frame O;-Xyizi, and a; is common normal of axis z; and z;.;. Also, O;
is the intersection of the axis zjand common normal a;.
» AXis x; is along the common normal. a;and its direction is from joint i to joint i+1.

» yiisto complete a right-handed frame.

After setting up the link frame, the position and orientation of frame i and frame i-1can
be represented by Denavit-Hartenberg parameters (shown in Figure 3):
% a; : Distance of common normal between joint i and joint i+1.
% d; : Distance of two perpendicular points of common normal joint i-1 with i and
joint i with i+1

% 0, : angle between axes z;.;and z; about axis X;

7/
o

0; : angle between axes x;.;and x; about axis z;.;



1.1.1 Set Up Denavit-Hartenberg Parameters

As shown in figure 4. The origin of the base frame was located at the intersection of z,
with z;s0 that d;= 0, a;= 0; the angle between axes zg and z; is /2; joint 1 rotates by

angle 0.

z1 and z; are parallel and x; and x; are along the direction of the relative links, in this
way, d, = 0, distance between 0; and 0, is ay; the angle between axes z; and z; is 0; joint

2 rotates 05

z, and z3 are at intersection, so that d3=0, a3 = 0; the angle between axes z, and z3 is /2;

link 3 rotates 0s.

z,4 is along with z3 so the distance between 03 and 04 is d4 and a,= 0; joint 4 rotates 0.

Figure 4 Robotic Arm Frame



The Denavit-Hartenberg parameters are specified in the table 1 below:

Table 1 Denavit-Hartenberg Parameters

1 0 /2 0 01

dy 0 0 0>
0 /2 0 93
0 0 ds 04

1.2 Rotation Matrix

"A rotation matrix is a matrix used to perform a rotation in 3-D space. It is constituted by
three unit vectors x’, y’, z’ which describe the body orientation with respect to the
reference frame can be combined in the (3x3) matrix"[1].
Xy Vi 7y
R=[x" y' Z1=|xy, ¥, 7, (1.1)
x’z y,z Zg
Elementary-Rotation-Matrix represents position various in each axis direction, it is also

the component of rotation-matrix in 3-D space. As figure 5 shows, the reference frame is

O-xyz, and frame O'-x'y'z" is the rotated frame with angle a . The elementary rotation can

be represented as follows



cosa —sina 0
x'= sinal y'= cosa] z'= [0] 1.2)
0 0 1

Hence, the elementary rotation matrix of frame O-xy’z’ with respect to frame O-xyz is

sina  cosa 0 (1.3)

0 0 1

cosa —sina O
Ry (a)=

A, ¥
Z 1=z P
x”’ ]
» »-
x ¥ Y.
xl’
X
*x

Figure 5 Rotation of the frame O-xyz by an angle about axis z

With a same concept, the rotations by an angle 3 about axis y and by an angle y about

axis x are respectively presented by

cosfp 0 sinf

Ry(B) = [ 0 1 0 ] (1.4)
—sinff 0 cosf
1 0 0

Rx(y) = [0 cosy —siny] (1.5)
0 siny cosy



1.3 Homogeneous Transformation Matrix

In Fig 6, P is an arbitrary point in space. p° is the coordinate vector of P with respect to
the reference frame 0(Oo-XoYoZo). Frame 1(01-X1y121) is the second frame in space. o) is
the vector of frame 1’s origin O; with respect to frame 0’s origin Op, and RYis the rotation
matrix of frame 1 with respect to frame 0. p is the coordinate vector of P with respect to
frame 1. On the basis of simple geometry, the position of point P with respect to the
reference frame can be expressed as

p°=of + RYp! (1.6)
Therefore, the position in space with two frames can be represented by translation term

plus rotation term.

Based on the above explanation and equation 1.6, we can say the coordinate
transformation can be represented by a 4x4 matrix which is called homogeneous

transformation matrix.

RY of
A0: 1 1] 1.7
lor 1 .7

10



Figure 6 Representation of a point P in different coordinate frames

1.3.1 Calculation of Homogeneous Transformation

First, choose a frame aligned with frame i-1. Doing translation for the chosen frame by d;
along axis z;_,and then doing rotation for it by 6; about axis z;_,.This sequence aligns
the current frame 1’ and it has same process with Eq.(1.3). The homogeneous

transformation matrix can be shown as

Cgi —SHL' 0 0

At = Sgi Cgi ‘1) C‘l). (1.8)
l
0 0 0 1

Second, doing translation for the frame aligned with frame i’ by a; along axis x;, and
doing rotation for current frame by a; about axis x;,; this sequence aligns the current
frame i and it has the same process as Eq. (1.5). The transformation matrix is shown as

following.

11



i _|0 ca; —sa; O
A 0 sa; ca; O (1.9)
0 0 0 1

Multiplying Eq.(1.8) by Eq. (1.9), we can get the homogeneous transformation matrix

from frame i to frame i-1.

cd; —sOica; sO;sa; a;co;

- i—1 A 0. cO;ca; —cO;sa; a;sO;
Al 1c,. = A 1Al-’ — SU; it o4 i°Yi 1.1
i (q) =45 A 0 sa; ca, d, (1.10)
0 0 0 1

For the robotic arm, based on equation (1.10), the homogeneous transformation matrix

for each single joint can be represented as follows.

o, 0 S8 O
Link1 A9(6,)= Sgl 2 ‘%91 8 (1.12)
0 0 o0 1
o, —S8, 0 a,Ch,
. S8, €O, 0 a,50
Link2 AL(e,)=|92 C02 259 .
ink2 A}(6,)=|50z 02 0 S (112
o o0 o0 1
0; 0 SO O
Link3  A2(8,)= 533 (1’ _%93 g (1.13)
0 0 0 1

12



ce, —-S6, 0 O
. So (of3) 0 O
Link 4 A3 = 4 4 )
in 2(04) 0 0 1 d, (1.14)
0 0 0 1

1.4 Direct Kinematic Function

"The aim of direct kinematics is to determine the end-effector position and orientation as
a function of the joint variables".[1] The format of direct kinematic function can be

expressed by a homogeneous transformation matrix with respect to the reference frame.

_[°@ s°@ a°@ p°@
T°(q) = 0 0 0 h ] (1.15)

where, q is joint variables which is nx1 vector. n, s, a are unit vectors. p is the position

vector of the origin frame with respect to the reference frame Og-XoYoZo.

"TheDenavit-Hartenberg convention allows constructing the direct kinematics function
by composition of the individual coordinate transformations expressed by (1.7) into one
homogeneous transformation matrix."[1] Therefore, multiplying each individual

homogeneous transformation matrix together, we can get the direct kinematic function

T3 (@) = A1(d1)A3(qy) - AR (dn) (1.16)

13



1.4.1 Solution of Direct Kinematic Function

Computation of the direct kinematic function as in equation (2.2) yields

TE(Q) = Ag(91)A§ (GZ)A% (93)Ai(94)

Therefore,

C1C2C3C4 — C1C2C3C4 + S1S4 —C1C2C3S4 + C1S2S3S4 + S1C4 C1C2S3 + C1S2C3 C1C2S3d4 + C1S2C3d4 + C1C2a2
S1C2C3C4 — S1S2S3C4 — C1S4 —S1C2C3S4 + S1S2S3S4 — C1C4 S1C2S3 + S1S2C3  S1C2S3d4 + S1S2C3d4 + S1a2C2
S2C3C4 + C2S3C4 —S2C354 — C2S354 $2S83 — C2C3 $253d4 — C2C3d4 + a2S2
0 0 0 1

TP (q) =

1.17)

where q=[0,0,05 0,]", since z, align with z5, frame 4 represents a end-effector frame.

1.5 INVERSE KINEMATICS PROBLEM

"The inverse kinematics consists of the determination of the joint variables corresponding
to a given end-effector position and orientation.”[1] The inverse kinematics solution is
critical for control the manipulator. Since given the desired position and orientation of

end-effector, the motion of each joint can be derived.

14



1.5.1 Solution of Inverse Kinematics

Consider the arm shown in Fig.4, the direct kinematics was given in equation (1.17). It is

desired to find the joints variables 6,,8,,85. The end-effector position px, py, p; are given.

The dimensions of a, and d, are constant.

0;=tan™ (X
Px

_1(sin62)

0,=tan
2 cos0,

_1,Sin06
0;=tan 1(—COS 92)

where,

(a,+d4c0503)p,~d45in6s 2 () >+ (py)?

sinB,= P02+ (Py)?+ ()2

2| .
(az+d4cos03)” |(px)2+(py)? +d4pxsinds

C0s8,= P+ (Dy)2 + ()2

sinB;=+3/1 — (cos B3)2

2y 2y 2_42_g2
COSO3:(pX) (py) (px) 20y
232 d4_

15
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(1.19)

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)



Chapter 2. DIFFERENTIAL KINEMATICS ANALYSIS

In this section, differential kinematics expressed the relationship between end-effector
velocity and each joint linear and angular velocity, which described by the Geometric

Jacobian.

2.1 GEOMETRIC JACOBIAN

The differential kinematics represents the relationship between joint velocity ¢ and end-
effector linear velocity p and angular velocity o. The relationship can be written as
following two functions.

p =Jp(a)q (2.1)

®=Jo(q)q (2.2)
In (2.1) Jp is the (3xn) matrix, which is the jacobian for linear velocity. It expresses the
relationship between the joint velocities ¢ and the end-effector linear velocity p, while in
(2.2) Jo is the (3 x n) matrix, which is the jacobian of angular velocity. It expresses the
relationship between the joint velocities ¢ and the end-effector angular velocity o.

Briefly, Equations (2.1) and (2.2) can be written as

v=[P =34 23)

J is the 6xn matrix, which is the manipulator Geometry Jacobian.

J:Bﬂ (2.4)

16



2.1.1 Derivative of a Rotation Matrix

The robot motion relates translation and rotation. Considering the robot motion velocity,
it is necessary to consider the first derivate of its displacement, in which the derivative of

a rotation matrix is critical. Since the orthogonally of R, it has the relation
R(ORT(t) = | (2.5)
Do the first derivate on both sides of the equation (2.5)
RMORT(t) + RORT(H) =0 (2.6)
Set
S(t) = R()RT (1) (2.7)

From equation (2.7) it is obviously showing that the (3 x 3) matrix S(t) is skew-
symmetric (skew-symmetric matrix is a matrix that its transpose matrix equals to its

negative matrix, which is —~A=AT)
S(t) + ST(t) = 0 (2.8)

Post-multiplying both sides of equation (2.7) by R(t) and we get the derivative of the

rotation matrix.

R(t) = S(HR() (2.9)

If there is a constant vector p’ and the vector p(t)=R(t)p’. Doing time derivative of p(t) is

p(t) = R(t)p’ (2.10)

17



Based on (2.9), substitute the derivative rotation matrix into equation (2.10)

p()=S()R()p’ (2.11)

The vector o(t) is the angular velocity of frame R(t) respecting to the reference frame at

time t, from mechanics point of view

p() = o) xR(Op’ (2.12)

Hence, the matrix S(t) is the vector product between the vector @ and vector R(t)p’ .
“The matrix S(t) is so that its symmetric elements with respect to the main diagonal

represent the components of the vector o(t) = [®x @y @] in the form” [1]

0 —W; Wy
S=| w, 0 —w, (2.13)
—Wy Wy 0

Besides, we can get an important equation which will be used later.
RS(®)RT = S(Ro) (2.14)
Based on equation (1.6), transform a point p from frame 1 to frame 0, we can get
p°=of + Rip! (2.15)
Doing differential for (2.15) with respect to time gives
p°=09+R7p'+R{p* (2.16)

Then, based on equation (2.9), and substitute the rotation matrix derivative into equation

(2.16) we can get

18



p°=00+R{p'+S(w?)RYp" (2.17)
Replacing the vector R{p* by 7,

p2=09+R%p +w? x 10 (2.18)

2.1.2 Link Velocity

As shown in figure 8, joint i and joint i+1 are connected by link i; the frame i attaches on
link i and its origin is along joint i+1; the frame i-1 attaches on link i too, while its origin

is along joint i.

Link i

g/ Jointi+l

Figure 7 Characterization of generic link i of a manipulator

pi is the position vector of origin of frame i with respect to origin frame o. Similarly, p;.iis

the position vector of origin of frame i-1 with respect to origin frame o. r}:ﬁi is the

19



position of the origin of frame i with respect to frame i-1 expressed in frame i-1. Based

on coordinate transformation Eq.(2.15), it can be written

Pi=pi—1*+Ri_11 L (2.19)
Then, based on equation (2.18), it is

. i1 i-1
Pi = Pi—1*tRi—17 4 + Wi—1 X R;_17;

Di=Pi—1tVi—1,; t Wi—1 X Ti_q; (2.20)

Equation (2.20) is the linear velocity of link i as a function of the translational and
rotational velocities of link i-1. v;_ ; is the velocity of the origin of frame i with respect

to the origin of frame i-1, expressed in the base frame.

Prismatic Joint. Because “orientation of frame i with respect to frame i-1 does not vary

by moving joint i’[ 1], the angular velocity of link i with respect to link i-1 is
Wiy =0 (2.21)
Further, the linear velocity is
Vi_1,i=diZi (2.22)

Where z;_, is the unit vector of joint i axis. Therefore, the angular velocity and linear

velocity can be expressed as
Wi = Wi—1 (2.23)

Iji:ﬁi—l-'-dllzll_l,i + w; X ri—l,l' (224)

20



Revolute Joint. For the angular velocity it is
Wi-1,i = éizi—l (2.25)
while for the linear velocity it is
Vi—1; = W; XTj_q (2.26)

Therefore, the expressions of angular velocity (2.25) and linear velocity (2.20) of link i

become
wi=w;_1+6;z;_4

Pi=Pi—1 T Wi XTi_q;

2.2 Jacobian Computation

“The term q;Jp; represents the contribution of single joint i to the end-effector linear
velocity, while the term q;Jo; represents the contribution of single joint i to the end-
effector angular velocity”[1]. For convenient computation, it is necessary to separate the

calculation for prismatic joint and revolute joint.

For the angular velocity:

21



e If jointi is prismatic, from (2.21) it is
q;Jo; =0
and then
Jo;=0
e Ifjointi is revolute, from (2.25) it is
qiJo; = 6;z;_,
and then

Joi=z;_,

For the linear velocity:
e Ifjointi is prismatic, from (2.22) it is
qilpi = diziy
and then
Jpi=z;—4
e Ifjointiisrevolute, itis
qiJp; = W1 X Tiq

4;Jpi=0iz;_1 X (P-pi1)

and then
Jpi=z;_; X (P-pi-1)
Insum :
[Zi—1
]pi]_ 0
Jo;

Zi_q

22

N [Zi—l X (P — Pi-1)

for a prismatic joint

for a revolute joint

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

(2.36)



Where, the vectors z;.; p, and pi.iare all functions of the joint variables. In particular:
e Z; is the third column of the rotation matrix R{_,
e pis the first three elements of the fourth column of the transformation matrix T..

e pi.is the first three elements of the fourth column of the transformation matrix TY.

2.2.1 SOLUTION OF JACOBIAN OF THE 6 DEGREE OF FREEDOM
ROBOT ARM

In this case, all the links 1, 2, 3, 4 are revolute joints. From (2.41) the jacobian is

J= [ZO(P —po) z(p—p1) 2(P—Pp2) 2z3(p—p3) (2.37)
Zg Z4 Zy Z3 '

The transformation matrices are:

RY  z

co, 0 (S,

o ey
[0 0 o0 1
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) P2
C1C2 —C1S2 [ S1)| [a1c1cC2
00 _ 10 1_|IS1C2 —=S1S2 |—C1| |a2S1C2
Tp=42 = A14z= S2 C2 0 a2S2
0 0 0 1
RO
3 Z3 p3
C1C2C3 —C1S2S3 S1 (C1C2S3 + Cc1S2c¢3Y[a1C1C2
70240 — 4041 42=|S1C2C3 —S15283  —C1 |S1C2S3 + S1S2C3 || a2S1C2
3703 1772473 S2C3 + C2S3 0 $253 —C2C3 || a2S2
) ) 0] 1

T{(q) =

C1C2C3C4 — C1C2C3C4 + S1S4 —C1C2C3S4 + C1S2S354 + S1C4 C1C2S3 + C1S2C3
S1C2C3C4 — S15253C4 — C1S4 —S1C2C3S4 + S1S25354 — C1C4  S1C2S3 + S1S2C3
S2C3C4 + C2S3C4 —S2C354 — C2S354 S283 — C2C3
0 0 0

Therefore

0 0 a2S?2

S1C2S3d4 + S1S2C3d4 + S1a2C2
S253d4 — C2C3d4 + a2S2

[C1C233d4 + C1S2C3d4 + ClCZaZ]
P=

24

p

C1C2S3d4 + C1S2C3d4 + C1C2a2
S1C2S3d4 + S1S2C3d4 + S1a2C2
S253d4 — C2C3d4 + a2S2

0 0 a2C1C2 a2C1C2
Po=|0 ; p1=|0 ;o DP2=a2851C2 ; Po=|a2S1C2

1

a2S2



0 S1 S1 C1C283 + C152C3
zo=|0| ; z=[=C1l| ; z,=|—-C1l| , 2z3=|S1C2S53 + S152C3

1 0 0 $2583 - C2C3

Chapter 3. DYNAMICS ANALYSIS

“Dynamic model of a manipulator provides a description of the relationship between the
joint actuator torques and the motion of the structure”.[1] “Derivation of the dynamic
model of a manipulator plays an important role for a simulation of motion, analysis of
manipulator structures, and design of control algorithm™[1]. “Computation of the forces
and torques required for the execution of typical motions provides useful information for
designing joints, drives and actuators”.[1] In this section, the Lagrange formulation

method is used to derive the equations of motion of a manipulator in the joint space.

3.1 LAGRANGE FORMULATION

“With Lagrange formulation, the equations of motion can be derived in a systematic way
independently of the reference coordinate frame”. [1]“The Lagrangian of the mechanical

system can be defined as a function of the generalized coordinates™[1]:
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L=T-U (3.1)
where T represents the total kinetic energy, and U represents the total potential energy.
Equation (3.2) is the Lagrange equation

S =¢ i=l..n (3.2)

Where ¢; is the generalized force associated with the generalized coordinate A;.

3.1.1 Computation of Kinetic Energy

Link Dynamics

The total kinetic energy equals the summation of kinetic energy of links and kinetic

energy of motors.
T=21(Ty + Toni) (3.3)

Ty;is the kinetic energy of link i and T,,; is the kinetic energy of the motor actuating joint

I.
The kinetic energy of link is
1 kT %
Ty =3 fvli p;’ pipdV (3.4)

p; is the linear velocity vector and p is the density of the elementary particle of volume

dV; VI, is the volume of link i.
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p; is the position vector of the elementary particle and p;;is the position vector of the link
center of mass, both expressed in the base frame, which are shown in equation (3.5) and

figure 9.
1y = [TixTiyTiz]" = 0i- Pu (3.5)
The link point velocity can be expressed as
Di =Dut w; X1 (3.6)
pi = Du +S(wy)ri (3.7)

Where p;; is the linear velocity of the center of mass and w; is the angular velocity of the

link (Fig. 9)

Figure 8 Kinematic description of link i for Lagrange formulation
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Substitute the equation (3.7) into equation (3.4), the kinetic energy of each link can be

separated into translation contribution and rotation contribution.

Translation contribution

1 T . 1 T
5 [, Bl PrpdV = 2 mypjipy (3.8)
Rotation contribution
1 1
2 fv“ r{ST(wp)S(w;) ripdV = > w; 105 (3.9)

The matrix

f(rizy + I‘izz)pdv - f FixTiy pdV - f FixTiz pdV
Ili =l — f Fix iy pdV f(rizx + r‘izz)pdv - f FiyTiz pdV
- f Tixliz pdV - f Tiyliz pdV f(rizx + I‘izy)pdV

Ilixx _Ilixy _Ilixz
Ili = Ilixx Iliyy _Iliyz (310)
_Ilixz _Iliyz Ilizz

Summing the translational and rotational contributions (3.8) and (3.9), the kinetic energy

of link i is

1 T 1
Ty = gmlipﬁpli + gwiTRilliRiT‘”i (3.11)

28



“To express the kinetic energy as a function of the generalized coordinate of the
system”[1] Jacobian computation can be applied as an intermediate between links

velocity and end-effector velocity.

Pii = Jpads + - + i = Jpg (3.12)
w; = J6141 + - +]6i4i = J6G (3.13)
The Jacobians are then:
Ji = [Jp; .. ]p;0 ... 0] (3.14)
g =i ..78%0..0] (3.15)

based on equation (2.41), we can calculate the columns of (3.14) and (3.15)

Z. . . . .
i _ j—1 for a prismatic joint 316
Jp {Zi—l X (P1i = Pj-1) for a revolute joint (3.16)
. 0 for a prismatic joint
i _
0~ {Z]-_l for a revolute joint (3.17)

Where p;_,is the position vector of joint j-1, and z;_, is the unit vector of axis z of frame

j-1.

Summary, the kinetic energy of link i in (3.11) can be written as

1 . 1) T, (li) . 1 1. 1T 1i) .
Ty = gmanlé‘) lél)q + gwiTlliwi + quh()l) Ili]gl)q (3.18)
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Motor Dynamics

The method to calculate motor dynamics is same with the method for calculation link

dynamics. Assuming the motor i is located on link i-1.

Wini

motor

Figure 9 Kinematic description of motor i

The kinetic energy of rotor i can be written as
1 . . 1
Ti = Emmip'rgipmi + Ew;ilmiwmi (3.19)

where m,,,; is the mass of the rotor, p,,; is the linear velocity of the center of mass of the
rotor, I,,;is the inertia tensor of the motor relative to its center of mass, and w,,; is the

angular velocity of the rotor.

Assuming rigid transmission and k,.; is gear reduction ratio, the angular velocity of motor

is

kriQi = Oy (3.20)
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Then, the total angular velocity of the motor is

Wmi = Wi—g + kriGiZm; (3.21)

where w;_; is the angular velocity of link i-1,and the motor is mounted on link i-1, and

Zmi 1S the unit vector along the motor axis.

The linear velocity of center mass of motor is

Pmi = J5q (3.22)
The Jacobian is
I = gy - Jpi-10 ... 0] (3.23)
the columns are
. Zj_1 for a prismatic joint
lg}l - {Zj—l X (Pmi — Pj-1) for a revolute joint (3.24)

where p;_, is the position vector of the joint j-1. Because the center of mass of the motor

is along its axis of rotation, ]{,’}i equals zero in (3.23).
The angular velocity of center of motor is,
Wmi = guq (3.25)

The Jacobian is
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o =[oy .. I8 T30 .. 0] (3.26)

whose columns, are respectively given by

L _ -
16‘“={]‘” . bt (3.27)

riZmi ] =1
Hence, the kinetic energy of rotor i can be written as
1 . i i) . 1. i i).
T = 5 mmi@ T3 50 + 5478 Tl g (3.28)

Finally, adding the kinetic energy of single links (3.18) and single motor motors (3.28)

togeter, the total kinetic energy is
T = %, X7 by (@)a:d; = 54" B(a)q (3.29)
in which, B(q) is the (n X n) inertia matrix:
B(@) = Xy (myJgVTI5Y + 16V TG + man TS 4+ 16 T gg™) (3.30)

p p p p

3.1.2 Computation of Potential Energy

The potential energy of the manipulator equals the sum of the potential energy of each

link and motor:

U =i (Uy +Umy) (3.31)

32



Assuming rigid links and motors, the contribution due to gravitational forces are

expressed by
Wy = —MygoPu (3.32)
Ui = ~Mmigo Pmi (3.33)
where, g, is the gravity acceleration vector in the base frame.

By substituting (3.32) and (3.33) into (3.31), the potential energy is given by

U=—-YL(mugipu + MmigoPmi) (3.34)

3.2 Equation of Motion

After calculating the total kinetic and potential energy of the system, the Lagrangian (3.1)

for the manipulator can be written as

1 n n
= Ezzbij (9)q:9;

+ Z(mugg P1i(@) + My g3 Pmi(@)) (3.35)

=1
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Taking the derivatives required by Lagrange equations (3.2)

2 (57) = a3 - Zbu@wZ ra

and

n o n
_ - Z E E 1.0 3.36
dq; 2« aq; Ty (3.36)

n
S (g s
aql & l]-gO a m]ng aql

—z myglJ%(q) + M gb i (@) (3.37)

j=1

As a result, the equations of motion are

D by @i+ D) b @dedy + 9@ =& i=1..n  (338)

j=1k=1
where

ab;; 10bj,
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Followings are explanation for equation (3.38),

e For the acceleration terms:
The coefficient b;; represents the moment of inertia.

e For the quadratic velocity terms:
The term h;; jq} represent the centrifugal effect on joint i by velocity of joint j;
The term h;j;.qq; represents the Coriolis effect on joint i by velocity of joints j
and k.

e For the configuration-dependent terms:

The term g; represents the gravity effect.

3.3 Solution of Dynamics Model

Consider the arm in figure.1, the vector of generalized coordinates is q=[6,60,00,]".
Lets 13,1, 15,1, be the distance of the center of mass of the two links from the respective
joint axes. Let also m;;, m;,, m;3, m;, be the masses of the links, and

My, 1, My, Mpy,3, My, the masses of the rotors of the joint motors. Let 1,1, In2, Ims » Ima
be the moments of inertia with respect to the axes of the rotors, and I;4, I, I;3, I;4 are the
moments of inertia relative to the center of mass of the links, respectively. It is assumed
that p,; = pi—1- The motors are located on the joints axes with centers of mass located at

the origins of the respective frames.
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With the chosen coordinate frames, computation of the link Jacobian in (3.16) and (3.17)

yields

Calculation of J};

]11011 = 2o X (P11 — Po)

eff o

0
P11 —Po = |0

0

Calculation of ]},2. As shown is Figure 11.
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Figure 10 Calculation of J_p~I2

]%921 =Zo X (P12 — Po)

0 l,coc0 =0
=[0] x |l,c81 — 0
1 l,s, — 0

1,584
=[lzc2¢q
0

]%)22 =21 X (P12 — P1)

Sq l,cc — 0
:l—cll X |lyc381 — 0

0 l,s, — 0
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—ly¢s8;
=| LIxsgs;
I,c,

B=05 % o o

l,cocp lhcoc; 0O
= lzCle lzCle 0 0
0 ls, 0 0

Calculation of J}3. As shown in figure 12

1; Zg+

link pyg+

A J

P Yo+

Figure 11 Calculation of J_p~I3

]11031 =Zo X (P13 — Po)
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0 a,C,C; — I3€32¢1 — 0
== 0 X a2C281 + 13(:3251 - 0
1 azsz + 13532 - 0

—a3C,S; — 133281
= | az¢¢q + 13¢3504
0

]ig32 =29 X (P13 — P1)

_Cl X a2C251 + 13C32$1 - O

[ Sl ‘| 32C2C2 + 13C32C1 - O
0 azsz + 13532 - 0

—a35;C;1 — 13832¢4
= |—az5,5; — 138325
aCy + 13¢5,

]11033 =23 X (P13 — P2)

S1 aCCq +15C32¢1 — azc304
= l_cl X 32C251 + 13C3251 - 32C251
0 a,S,; + 1383, — a,s,

S1 l3c32¢4
= [_C1l X [l3C3281
0 1353,
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—l383,¢4
= [—I383281
I3¢3;

p=0p I I 0]

—a,CS1 —13C328;  —apsycq — 138361 —lgszc; O
= | azC¢y + 130321 —a38381 — 1383287 —l3s38; 0
0 a,Cy + 13¢5, l5¢3, 0

Calculation of J}¥. As shown in figure 13

1;
Zo+
L
~
~
-
~
~
~
\\
~. link 1.«
~
~
= 1
N S P
~ ~
~ 1
~
~. [
~ d [
~ +8
~ 3% 1
S Pa S 1 'I
~ '~
1
\e: [ '
a [ S
+ 1 ~ !
2 1 b :
' ey
' [
[] )
a1 »
Ed -
1 1 ,: # L
-
H L . Fa YO*J
1 ’:, H 7 .
A S R
' ! . s
i oY
i [ .
N I, .
1 ¥ s
H 1
H '
'
'
'

PRy

Figure 12 13Calculation of J_p~l4

]i)41 = Zo X (P14 — Po)
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0 a5C,C1 + dgC35C; + 14€32¢, — 0
== O X a2C281 + d4C32$1 + 14_(:3251 - 0
1 azsz + d4_S32 + 14532 - 0

—a3C,S; — dy4C3281 — 14C328
= | a,€,¢y + dgC3¢q +14C32¢4
0

]glz = 2o X (P1a — P1)

aZC2C1 + d4C32C1 + 14C32C1 - 0
X [a;Cy81 + dygC3281 + 14¢3,51 — 0

S1
= [_Cl
azsz + d4S32 + 14532 - 0

0

—a355C1 — dyS32C1 — 1483,¢4
= [—a25,5; — d4S38; — 1453251
a,Cy + dyc3y + 1430

]%343 = Z; X (P1a — P2)

—Cq| X |a3€381 + dyC328; +14C325; —ayC,8;

l 511 aCCy + dyC32C1 +14C32¢ —a2C,¢4
0 a,S, + dyS3y + 1483, — ays,

—d4S32¢1 — 14832¢4
= [—d4S3251 — 1453251
dycsp + 1yc3y

IL‘Z = 23 X (P1a — P3)
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C1C2C3 + C1S,C3 l4c5,04
= |S1C3S3 + $1S2C3 | X 14C3251
S2S3 — C2C3 14535

1451C2S3S32 + 14515,€3532 — 1455535C3,251 + 14€2C3C3,8
= [145283€32C; — 14€1C5C5C52 — 14C1C2C3835 — 14,€1S2C383;
lycicac3€32 + 1400850381 — 145555€3,¢1 + 14¢4CpC3C3;

14 _ [rl4 14 14 14
]p—[]pl IpZ ]p3 ]p4

—8,C581 — dyC381 — 14C3281  —8582C1 — dyS32C; — 1483201 —dyS32C1 — 14S52C1  1451€283S3, +148155C3832 — 145283C3,51 + 14C2C5C3558;
=] 250501 +dyC300 + 1403201 —85558; — dyS3p81 — 1483281 —daS5281 — 14S3281 145283C35¢1 — 14€1€65C3C5, — 146165385, — 14615,C383,
0 a,C; + dyCyp +14Cs dyC3z +14C32 14,€1C5C3C55 + 14C152C3S1 — 1485535€35¢4 +1461€,C3C32

The computation of the Jacobian in (3.15) and (3.17) yields

0
01 =% = |0
1
0 0 00
D=10 0 0 0
10 00
0
i =% = |0
1

42



0 s, 00
},Zz[o —c; 0 0]

1 0 0 O

0 s s; O
2)3 = [O _C1 _C1 0]

1 0 0 0

4 _

o 0 _C1 _C1 SICZS3 + 5152C3

[0 S1 S1 C1CpC3 + clszc3]
1 O 0 5253 - C2C3

Computation of the Jacobian in (3.23) and (3.24) yields
0 0 0 O
Jgﬂ=[0 0 0 0]

0 0 0 O

];r)n12 = Zy X (Pmz2 — Po)

[l

0
= |0
0
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]Ir)n13 = 2y X (Pm3 — Po)

0 a,cicy; — 0
- [0] X [32C251 - 0]

1 dpS,; — 0

—aCy5q
= l 32C2C1 l

0

13123 =21 X (Pm3 — P1)

51
= [—Cl

a,cyc, — 0
X [azczsl - O]
0

a,s, — 0

—a252Cq
= _325251

a;Cy

—a2C251 —a252C1 O 0
]II)n3 - 32C2C1 _325251 0 0
0 a,Cy 0 0

];r)n14 = Zy X (Pms — Po)
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J

m4 _
p

2C2C1 +dyC3¢0 — 0
2C2S81 + dyC358; — 0
azsz + d4S32 - 0

2€2S1 — d4C358;

= azcz¢y + dyc30q

0

Z1 X (Pma — P1)

32C2C1 + d4C32C1 - 0

X [a,€81 + dyC3281 — 0

a252 + d4S32 - 0

2S2€1 — dgS3,C4

= |—a251S; — d4S325;

0 a
=0 X |a
1
—a
ot =
S1
= [_Cl
0
—a
Jps =

—a,C,S1 — d4C375;
aC7Cy + dyC3504
0

aCy + dycsy

Zy X (Pma — P2)

a;Sy + dys3; — azs;

—d4S32¢4
—d4S325;
dyS32¢q

—a,5,C; — d4S32C4

—a351Sy — d4S3251
apCy + dycs;
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S1 apC2C1 +d4C3201 — 226204
—_ X 32C251 + d4C3251 - 32C251

—d4S32¢4
—d4S325;
dys30q



The computation of the Jacobian in (3.26) and (3.27) yields

ot =10 0 0 0]

(e}
(e}

0 0 0 O
ml:[o 0]

=

K4

=
o
(e)
(e)

0
]ol = 01 = [O]
1

S1 Ky2S1
0y = KrpZmz = Ky l‘%l = |—kypcq
0 0

o’ =lo Jo7 0 0]

O _kI‘Z C1 O 0

[o KyoSy oo]
1 0 00

|

51
02 = 02 = I_Cll

0
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S1
m3 _ — —
03 — krBZmS - kr3 [ Cl]
0

a1

0
ot =Jo1 = [0

1

S1

4 _ 1l4a _
](r)nz — Jo2 — I_Cll
0

S1
m4 _ 114 _ —C
03 — Jo3 — 1

C1CyC3 + C1S,C3
4 __ —
](I)I}l- = kr4Zm4 - kr4. S1CZS3 + 5152C3
52583 — C2C3

m4 __ [ m4 m4 m4 m4]
o ol 02 03 04

0 —c1 —c; KpsS1Cp83 + KpySy8,C3

[0 S1 S1 kr4C1C2C3+kr4C152C3]
1 0 0 Ky45,53 — KpaCpC3
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Based on the Eq.(3.30), the inertia matrix can be calculated. From (3.38) and (3.39) the
result of equation of motion can be got. In this case, since the calculation of Inertia
Matrix and Equation of Motion are tedious, it is advisable to perform it with the aid of

program software.

Inertia Matrix

Equation of Motion

n

n
z bij (9)q; + Z hijk (@arq; +9i(@) =& i=1,..,n

n
j=1 j=1k=1
Ty =& T, =&T5 =&3T, =&,

The results of inertia matrix and torques on each joint are shown in Appendix 1 and

Appendix 2.
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Torque Results Test

Assuming the all the length of links are unit 1; distance of a, and d,4 are unit 1; 8, = 0,
0, =3m, 03 =-m,0,=0;6;=0,6,=0.1,68; = 02,6, =0; 6, = 0,6, = 06,

65 = 0.4, 6, = 0; all the links and motors mass are unit 1; the moment of inertia are unit
1. Substitude these values into the equation of motion, and get the values of torque.

Torque 1 equals 4.2883; Torque 2 equals 24.8279; Torque 3 equals 37.678; Torques 4

equals 0.534.
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Chapter 4. Position Accuracy Reliability Analysis

Due to the serial chain structure, one error will lead to a series error happening.
Therefore, the main technological barriers of robotic arm are the position error between
the target position and real position. Besides, duo to their serial structure, low stiffness is
another weakness. As a result, the industry requirements of large loads and high accuracy
are limited. In this chapter, firstly it defines the robotic error and error resource, then it
analyses the robot accuracy. Finally, it calculates the probability density function for the

accuracy reliability.

4.1 Robotic Error

There are two criteria to define the error sources of robot. One is pose repeatability and
the other is pose accuracy [3]. Repeatability is a measure of the ability of the robot to
move back to the same position and orientation. Accuracy is defined as the ability of the
robot to precisely move to a desired position in 3_D space. Figure 14 shows these

concepts graphically.

Good Accuracy Poor Accuracy Good Accuracy

> curac
Poor Accuracy Poor Repeatability Good Repeatability Good Repeatability

Poor Repeatability

Figure 13Robotic Accuracy and Repeatability
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4.2 Error Sources

Since robots are mechanical devices, errors can be caused by slight changes due to
manufacturing tolerance, which are “changes of working environment temperature, wear
of parts and component replacement”[4]. In the other words, the end-effector pose is not
determined by the joints of a single joint-link train but by all joint-link trains. In

summary, Figure 15 [4] shows kinds of errors which affect the robot accuracy.

Overall Accuracy

Dynamics Structure Kinematics
— Servo System ! Friction —1_Joint Space
Encoders Bearings Length, d;
—| Disturbances ‘ —| Gears | Height, a;
4( Friction | —‘ Load ] Twist, o;
—| Inertia ] Temperature _| Rotation, §

— Actuator Space

Figure 14 Error Tree
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4.3 Robot Accuracy Analysis

To achieve high accuracy, “the kinematic model used in the controller, should be a
faithful mathematical description of the relationship, which related the end-effector pose
to the individual joint values”. [3] In other words, the accuracy of a robotic arm to reach a
specified location in a space depends on the Denavit-Hartenberg parameters of each joint.

Table 2 shows the error modeling by kinematic parameters.

Table 2 Error Sources defined by Kinematic Parameters

T Parameter Error Sources

Ty 0, Motor accuracy (gear friction, gear backlash, etc.)

Motor accuracy (gear friction, gear backlash, etc.); Link

T2 0, a,
length(manufacturing tolerance, over load bending )
T3 05 Motor accuracy (gear friction, gear backlash, etc.)
Motor accuracy (gear friction, gear backlash, etc.); Link
T4 94, d4_

length(manufacturing tolerance, over load bending )
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4.4 Accuracy Reliability Calculation

To calculate the reliability, it mainly uses lognormal distribution and probability function.

The calculation process shows in follows.

First, create 100 random values which the range is from 0 to 10, which assume the data
collecting by experiment. These values represent the distance (in centimeter) from goal
target point to the points that the end effector arrives. Then find the mean value M, and
the variance is V. Then we can get the standard deviation shown in (Eg. 4.1) and zero

mean U .

o= /log(% +1) (4.1)

Substitute the o and 1 into the lognormal distribution function

Inx—p

o[ (4.2)

f(x) = o~

Then, substitute the lognormal distribution function into the probability density function
pla<x<b)= [ f(x)dx (4.3)

We can get the probability lognormal distribution density function

Inx—p

b 1 1 2
pl@sx<b)=[ Xm/ﬁe[ 2 ) ldx (4.4)

Based on equation (4.4), we can apply it on accuracy reliability analysis. For example:
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We get the 100 experiment data (replaced by 100 random data ranging from 0-10 created
by MatLab). From these results, the mean value (M) is 4.95 and Variance (V) is 6.62.We
set a=0, b=2, which means acceptable error ranging from 0 cm to 2 cm. Then, the
accuracy probability result is 23.9%. (Notes: this value is not the actural experiment

result value.) Figure 16 shows the graph of lognormal distribution.
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021

01r

Figure 15 Lognormal Distribution graph
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CONCLUSION

In this article, it is about the modeling of the 6 Degree-Of-Freedom robotic arm. It
describes the kinematic analysis and dynamic analysis. For the kinematic analysis, it is
separated into two parts, one is kinematics which determines the position and orientation
relationship between joints and end-effector. In kinematics, the Danavit-Haryenberg
Parameters, Homogeneous Transformation Matrix and Direct Kinematic Function are
derived. The other is Differential Kinematics, which determines the velocity relationship
between joints and end-effector. In Dynamic analysis, the equation of motion is derived
based on the Lagrange Equation, which describes the relationship between the joint
actuator torques and the motion of the structure. Finally, the robotic position accuracy
analysis is done by means of lognormal distribution density function. And the position

accuracy analysis is based on the kinematic parameters.
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APPENDICES 1

Values of Inertia Matrix

bi1=

IL1zz + IL2zz + IL3zz + IL4zz + Im22z + Im3zz + Im4zz + mL3*(L3*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2))"2 + mm4*(d4*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2))"2 +
mL3*(L3*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))2 + Im1zz*Kr1~2 + mm4*(d4*cos(theta2 +
theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))"2 + mL4*(L4*cos(theta2 + theta3)*cos(thetal) + d4*cos(theta2 +
theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2))"2 + mL4*(L4*cos(theta2 + theta3)*sin(thetal) + d4*cos(theta2 +
theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))"2 + a2"2*mm3*cos(theta2)"2*sin(thetal)"2 +
L2/2*mL2*cos(thetal)"2*cos(theta2)"2 + L2"2*mL2*cos(theta2)"2*sin(thetal)"2 + a2"2*mm3*cos(thetal)"2*cos(theta2)"2

by, =

IL2yz*cos(thetal) + IL3yz*cos(thetal) + IL4yz*cos(thetal) + Im3yz*cos(thetal) + Im4yz*cos(thetal) - IL2xz*sin(thetal) -
IL3xz*sin(thetal) - IL4xz*sin(thetal) - Im3xz*sin(thetal) - Im4xz*sin(thetal) + mL3*(L3*cos(theta2 + theta3)*sin(thetal) +
a2*cos(theta2)*sin(thetal))*(L3*sin(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2)) - mm4*(d4*cos(theta2 +
theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2))*(d4*sin(theta2 + theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2)) +
mm4*(d4*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))*(d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) - mL4*(L4*cos(theta2 + theta3)*cos(thetal) + d4*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2))*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal) +
a2*sin(thetal)*sin(theta2)) + mL4*(L4*cos(theta2 + theta3)*sin(thetal) + d4*cos(theta2 + theta3)*sin(thetal) +
a2*cos(theta2)*sin(thetal))*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) + Im2yz*Kr2*cos(thetal) - Im2xz*Kr2*sin(thetal) - mL3*(L3*sin(theta2 + theta3)*cos(thetal) +
a2*sin(thetal)*sin(theta2))*(L3*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) -
L2/2*mL2*cos(thetal)"2*cos(theta2)*sin(theta2) + L2"2*mL2*cos(theta2)*sin(thetal)"2*sin(theta2)

biz=

IL3yz*cos(thetal) + IL4yz*cos(thetal) + Im4yz*cos(thetal) - IL3xz*sin(thetal) - IL4xz*sin(thetal) -
Im4xz*sin(thetal) - mL4*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 +
theta3)*sin(thetal))*(L4*cos(theta2 + theta3)*cos(thetal) + d4*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2)) + mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 +
theta3)*cos(thetal))*(L4*cos(theta2 + theta3)*sin(thetal) + d4*cos(theta2 + theta3)*sin(thetal) +
a2*cos(theta2)*sin(thetal)) + Im3yz*Kr3*cos(thetal) - Im3xz*Kr3*sin(thetal) - L3*mL3*sin(theta2 +
theta3)*sin(thetal)*(L3*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) + L3*mL3*sin(theta2 +
theta3)*cos(thetal)*(L3*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal)) - d4*mm4*sin(theta2 +
theta3)*sin(thetal)*(d4*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) + d4*mm4*sin(theta2 +
theta3)*cos(thetal)*(d4*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))

biy =

- IL4yz*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) -
IL4zz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) - Im4xz*(Kr4*cos(thetal)*cos(theta2)*cos(theta3) +
Kr4*cos(thetal)*cos(theta3)*sin(theta2)) - Imdyz*(Kr4*cos(theta2)*sin(thetal)*sin(theta3) +
Kr4*cos(theta3)*sin(thetal)*sin(theta2)) - Im4zz*(Kr4*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3)) -
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IL4xz*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2)) - mL4*(L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) -
L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3))*(L4*cos(theta2 + theta3)*cos(thetal) +
d4*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) - mL4*(L4*cos(theta2 + theta3)*sin(thetal) +
d4*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))*(L4*sin(theta2 +
theta3)*cos(theta2)*sin(thetal)*sin(theta3) - L4*cos(theta2 + theta3)*sin(thetal)*sin(theta2)*sin(theta3) +
L4*sin(theta2 + theta3)*cos(theta3)*sin(thetal)*sin(theta2) + L4*cos(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal))

by, =

IL2yz*cos(thetal) + IL3yz*cos(thetal) + IL4yz*cos(thetal) + Im3yz*cos(thetal) + Im4yz*cos(thetal) -
IL2xz*sin(thetal) - IL3xz*sin(thetal) - IL4xz*sin(thetal) - Im3xz*sin(thetal) - Im4xz*sin(thetal) +
mL3*(L3*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))*(L3*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) - mm4*(d4*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2))*(d4*sin(theta2 + theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2)) +
mmd4*(d4*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))*(d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) - mL4*(L4*cos(theta2 + theta3)*cos(thetal) + d4*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2))*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal) +
a2*sin(thetal)*sin(theta2)) + mL4*(L4*cos(theta2 + theta3)*sin(thetal) + d4*cos(theta2 + theta3)*sin(thetal) +
a2*cos(theta2)*sin(thetal))*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) + Im2yz*Kr2*cos(thetal) - Im2xz*Kr2*sin(thetal) - mL3*(L3*sin(theta2 +
theta3)*cos(thetal) + a2*sin(thetal)*sin(theta2))*(L3*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2)) - L2"2*mL2*cos(thetal)*2*cos(theta2)*sin(theta2) +
L272*mL2*cos(theta2)*sin(thetal)*2*sin(theta2)

by, =

mL3*(L3*sin(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2))"2 + mL3*(L3*sin(theta2 +
theta3)*cos(thetal) + a2*sin(thetal)*sin(theta2))*2 + mm4*(d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2))2 + mL3*(L3*cos(theta2 + theta3) - a2*cos(theta2))"2 + mmd4*(d4*sin(theta2 +
theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2))"2 + mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 +
theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2))*2 + mm4*(d4*sin(theta2 + theta3) + a2*cos(theta2))"2 +
cos(thetal)*(IL2yy*cos(thetal) + IL2xy*sin(thetal)) + cos(thetal)*(IL3yy*cos(thetal) + IL3xy*sin(thetal)) +
cos(thetal)*(IL4yy*cos(thetal) + IL4xy*sin(thetal)) + cos(thetal)*(Im3yy*cos(thetal) + Im3xy*sin(thetal)) +
cos(thetal)*(Im4yy*cos(thetal) + Im4xy*sin(thetal)) + sin(thetal)*(1L2xy*cos(thetal) + IL2xx*sin(thetal)) +
sin(thetal)*(IL3xy*cos(thetal) + IL3xx*sin(thetal)) + sin(thetal)*(IL4xy*cos(thetal) + IL4xx*sin(thetal)) +
sin(thetal)*(Im3xy*cos(thetal) + Im3xx*sin(thetal)) + sin(thetal)*(Im4xy*cos(thetal) + Im4xx*sin(thetal)) +
mL4*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2))2 +
mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 + theta3) + a2*cos(theta2))"2 +
Kr2*cos(thetal)*(Im2yy*Kr2*cos(thetal) + Im2xy*Kr2*sin(thetal)) + Kr2*sin(thetal)*(Im2xy*Kr2*cos(thetal)
+ Im2xx*Kr2*sin(thetal)) + L2"2*mL2*cos(theta2)"2 + a2"2*mm3*cos(theta2)"2 +
L272*mL2*sin(thetal)"2*sin(theta2)"2 + a2”2*mm3*cos(thetal)*2*sin(theta2)"2 +
a272*mm3*sin(thetal)"2*sin(theta2)"2 + L2"2*mL2*cos(thetal)"2*sin(theta2)"2

bys =

cos(thetal)*(IL3yy*cos(thetal) + IL3xy*sin(thetal)) + cos(thetal)*(IL4yy*cos(thetal) + IL4xy*sin(thetal)) +
cos(thetal)*(Im4yy*cos(thetal) + Im4xy*sin(thetal)) + sin(thetal)*(1L3xy*cos(thetal) + IL3xx*sin(thetal)) +

58



sin(thetal)*(IL4xy*cos(thetal) + IL4xx*sin(thetal)) + sin(thetal)*(Im4xy*cos(thetal) + Im4xx*sin(thetal)) +
Kr3*sin(thetal)*(Im3xy*cos(thetal) + Im3xx*sin(thetal)) + mL4*(L4*sin(theta2 + theta3)*cos(thetal) +
d4*sin(theta2 + theta3)*cos(thetal))*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) + mL4*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 +
theta3)*sin(thetal))*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal) +
a2*sin(thetal)*sin(theta2)) + mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 + theta3))*(L4*cos(theta2 + theta3)
+ d4*cos(theta2 + theta3) + a2*cos(theta2)) + Kr3*cos(thetal)*(Im3yy*cos(thetal) + Im3xy*sin(thetal)) -
L3*mL3*cos(theta2 + theta3)*(L3*cos(theta2 + theta3) - a2*cos(theta2)) + d4*mmd4*sin(theta2 +
theta3)*sin(thetal)*(d4*sin(theta2 + theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2)) + d4*mm4*sin(theta2 +
theta3)*cos(thetal)*(d4*sin(theta2 + theta3) + a2*cos(theta2)) + L3*mL3*sin(theta2 +
theta3)*cos(thetal)*(L3*sin(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2)) + L3*mL3*sin(theta2 +
theta3)*sin(thetal)*(L3*sin(theta2 + theta3)*cos(thetal) + a2*sin(thetal)*sin(theta2)) + d4*mm4*sin(theta2 +
theta3)*cos(thetal)*(d4*sin(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2))

byy =

(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))*(IL4xy*cos(thetal) +
IL4xx*sin(thetal)) - (Krd*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3))*(Im4yz*cos(thetal) -
Im4xz*sin(thetal)) - (cos(theta2)*sin(thetal)*sin(theta3) +
cos(theta3)*sin(thetal)*sin(theta2))*(IL4yy*cos(thetal) + IL4xy*sin(thetal)) - (IL4yz*cos(thetal) -
IL4xz*sin(thetal))*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) + (Im4xy*cos(thetal) +
Imaxx*sin(thetal))*(Krd*cos(thetal)*cos(theta2)*cos(theta3) + Krd*cos(thetal)*cos(theta3)*sin(theta2)) -
(Krd*cos(theta2)*sin(thetal)*sin(theta3) + Kr4*cos(theta3)*sin(thetal)*sin(theta2))*(Im4yy*cos(thetal) +
Im4xy*sin(thetal)) + mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 + theta3) + a2*cos(theta2))*(L4*cos(theta2
+ theta3)*cos(thetal)*cos(theta2)*cos(theta3) - L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3) +
L4*cos(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2)) + mL4*(L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) -
L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3))*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2
+ theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2)) - mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 +
theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2))*(L4*sin(theta2 + theta3)*cos(theta2)*sin(thetal)*sin(theta3) -
L4*cos(theta2 + theta3)*sin(thetal)*sin(theta2)*sin(theta3) + L4*sin(theta2 +
theta3)*cos(theta3)*sin(thetal)*sin(theta2) + L4*cos(theta2 + theta3)*cos(theta2)*cos(theta3)*sin(thetal))

b3, =

IL3yz*cos(thetal) + IL4yz*cos(thetal) + Imdyz*cos(thetal) - IL3xz*sin(thetal) - IL4Axz*sin(thetal) -
Im4xz*sin(thetal) - mL4*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 +
theta3)*sin(thetal))*(L4*cos(theta2 + theta3)*cos(thetal) + d4*cos(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*cos(theta2)) + mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 +
theta3)*cos(thetal))*(L4*cos(theta2 + theta3)*sin(thetal) + d4*cos(theta2 + theta3)*sin(thetal) +
a2*cos(theta2)*sin(thetal)) + Im3yz*Kr3*cos(thetal) - Im3xz*Kr3*sin(thetal) - L3*mL3*sin(theta2 +
theta3)*sin(thetal)*(L3*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) + L3*mL3*sin(theta2 +
theta3)*cos(thetal)*(L3*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal)) - d4*mm4*sin(theta2 +
theta3)*sin(thetal)*(d4*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) + d4*mm4*sin(theta2 +
theta3)*cos(thetal)*(d4*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))

b3, =

59



cos(thetal)*(Im3yy*Kr3*cos(thetal) + Im3xy*Kr3*sin(thetal)) + sin(thetal)*(Im3xy*Kr3*cos(thetal) +
Im3xx*Kr3*sin(thetal)) + cos(thetal)*(IL3yy*cos(thetal) + IL3xy*sin(thetal)) + cos(thetal)*(IL4yy*cos(thetal)
+ IL4xy*sin(thetal)) + cos(thetal)*(Im4yy*cos(thetal) + Imdxy*sin(thetal)) + sin(thetal)*(IL3xy*cos(thetal) +
IL3xx*sin(thetal)) + sin(thetal)*(IL4xy*cos(thetal) + IL4xx*sin(thetal)) + sin(thetal)*(Im4xy*cos(thetal) +
Imdxx*sin(thetal)) + mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 +
theta3)*cos(thetal))*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) + mL4*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 +
theta3)*sin(thetal))*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal) +
a2*sin(thetal)*sin(theta2)) + mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 + theta3))*(L4*cos(theta2 + theta3)
+ d4*cos(theta2 + theta3) + a2*cos(theta2)) - L3*mL3*cos(theta2 + theta3)*(L3*cos(theta2 + theta3) -
a2*cos(theta2)) + d4*mmd4*sin(theta2 + theta3)*sin(thetal)*(d4*sin(theta2 + theta3)*sin(thetal) +
a2*sin(thetal)*sin(theta2)) + d4*mm4*sin(theta2 + theta3)*cos(thetal)*(d4*sin(theta2 + theta3) +
a2*cos(theta2)) + L3*mL3*sin(theta2 + theta3)*cos(thetal)*(L3*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2)) + L3*mL3*sin(theta2 + theta3)*sin(thetal)*(L3*sin(theta2 + theta3)*cos(thetal) +
a2*sin(thetal)*sin(theta2)) + d4*mm4*sin(theta2 + theta3)*cos(thetal)*(d4*sin(theta2 + theta3)*cos(thetal) +
a2*cos(thetal)*sin(theta2))

bss =

mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 + theta3)*cos(thetal))2 + mL4*(L4*sin(theta2 +
theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal))*2 + mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 +
theta3))"2 + cos(thetal)*(IL3yy*cos(thetal) + IL3xy*sin(thetal)) + cos(thetal)*(IL4yy*cos(thetal) +
IL4xy*sin(thetal)) + cos(thetal)*(Im4yy*cos(thetal) + Im4dxy*sin(thetal)) + sin(thetal)*(IL3xy*cos(thetal) +
IL3xx*sin(thetal)) + sin(thetal)*(IL4xy*cos(thetal) + IL4xx*sin(thetal)) + sin(thetal)*(Im4xy*cos(thetal) +
Imaxx*sin(thetal)) + L3"2*mL3*cos(theta2 + theta3)"2 + Kr3*cos(thetal)*(Im3yy*Kr3*cos(thetal) +
Im3xy*Kr3*sin(thetal)) + Kr3*sin(thetal)*(Im3xy*Kr3*cos(thetal) + Im3xx*Kr3*sin(thetal)) +
L372*mL3*sin(theta2 + theta3)"2*cos(thetal)"2 + L3"2*mL3*sin(theta2 + theta3)"2*sin(thetal)"2 +
2*d4"2*mmd4*sin(theta2 + theta3)"2*cos(thetal)"2 + d4"2*mm4*sin(theta2 + theta3)"2*sin(thetal)"2

bz, =

(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))*(IL4xy*cos(thetal) +
IL4xx*sin(thetal)) - (Krd*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3))*(Im4yz*cos(thetal) -
Im4xz*sin(thetal)) - (cos(theta2)*sin(thetal)*sin(theta3) +
cos(theta3)*sin(thetal)*sin(theta2))*(IL4yy*cos(thetal) + IL4xy*sin(thetal)) - (IL4yz*cos(thetal) -
IL4xz*sin(thetal))*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) + (Im4xy*cos(thetal) +
Imaxx*sin(thetal))*(Krd*cos(thetal)*cos(theta2)*cos(theta3) + Krd*cos(thetal)*cos(theta3)*sin(theta2)) -
(Krd*cos(theta2)*sin(thetal)*sin(theta3) + Krd*cos(theta3)*sin(thetal)*sin(theta2))*(Im4dyy*cos(thetal) +
Imaxy*sin(thetal)) + mL4*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2 +
theta3)*sin(thetal))*(L4*cos(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) - L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3)) -
mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 + theta3)*cos(thetal))*(L4*sin(theta2 +
theta3)*cos(theta2)*sin(thetal)*sin(theta3) - L4*cos(theta2 + theta3)*sin(thetal)*sin(theta2)*sin(theta3) +
L4*sin(theta2 + theta3)*cos(theta3)*sin(thetal)*sin(theta2) + L4*cos(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal)) + mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 +
theta3))*(L4*cos(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) - L4*cos(theta2 +
theta3)*cos(thetal)*sin(theta2)*sin(theta3) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2))
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by =

- IL4yz*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) -
IL4zz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) - Im4xz*(Kr4*cos(thetal)*cos(theta2)*cos(theta3) +
Kr4d*cos(thetal)*cos(theta3)*sin(theta2)) - Imdyz*(Kr4*cos(theta2)*sin(thetal)*sin(theta3) +
Kr4*cos(theta3)*sin(thetal)*sin(theta2)) - Im4zz*(Kr4*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3)) -
IL4xz*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2)) - mL4*(L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) -
L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3))*(L4*cos(theta2 + theta3)*cos(thetal) +
d4*cos(theta2 + theta3)*cos(thetal) + a2*cos(thetal)*cos(theta2)) - mL4*(L4*cos(theta2 + theta3)*sin(thetal) +
d4*cos(theta2 + theta3)*sin(thetal) + a2*cos(theta2)*sin(thetal))*(L4*sin(theta2 +
theta3)*cos(theta2)*sin(thetal)*sin(theta3) - L4*cos(theta2 + theta3)*sin(thetal)*sin(theta2)*sin(theta3) +
L4*sin(theta2 + theta3)*cos(theta3)*sin(thetal)*sin(theta2) + L4*cos(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal))

by, =

sin(thetal)*(Im4xx*(Krd*cos(thetal)*cos(theta2)*cos(theta3) + Krd*cos(thetal)*cos(theta3)*sin(theta2)) -
Imaxy*(Kr4*cos(theta2)*sin(thetal)*sin(theta3) + Krd*cos(theta3)*sin(thetal)*sin(theta2)) +
Imaxz*(Kr4*cos(theta2)*cos(theta3) - Krd*sin(theta2)*sin(theta3))) -
cos(thetal)*(Im4yy*(Krd*cos(theta2)*sin(thetal)*sin(theta3) + Krd*cos(theta3)*sin(thetal)*sin(theta2)) -
Imaxy*(Kr4*cos(thetal)*cos(theta2)*cos(theta3) + Kr4*cos(thetal)*cos(theta3)*sin(theta2)) +
Imdyz*(Kr4*cos(theta2)*cos(theta3) - Krd*sin(theta2)*sin(theta3))) -
cos(thetal)*(IL4yy*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) +
IL4yz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) - IL4xy*(cos(thetal)*cos(theta2)*cos(theta3) +
cos(thetal)*cos(theta3)*sin(theta2))) + sin(thetal)*(IL4xz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(thetal)) -
IL4xy*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) +
IL4xx*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))) + mL4*(L4*cos(theta2 +
theta3) + d4*cos(theta2 + theta3) + a2*cos(theta2))*(L4*cos(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3)
- L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2)) + mL4*(L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) -
L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3))*(L4*sin(theta2 + theta3)*sin(thetal) + d4*sin(theta2
+ theta3)*sin(thetal) + a2*sin(thetal)*sin(theta2)) - mL4*(L4*sin(theta2 + theta3)*cos(thetal) + d4*sin(theta2 +
theta3)*cos(thetal) + a2*cos(thetal)*sin(theta2))*(L4*sin(theta2 + theta3)*cos(theta2)*sin(thetal)*sin(theta3) -
L4*cos(theta2 + theta3)*sin(thetal)*sin(theta2)*sin(theta3) + L4*sin(theta2 +
theta3)*cos(theta3)*sin(thetal)*sin(theta2) + L4*cos(theta2 + theta3)*cos(theta2)*cos(theta3)*sin(thetal))

bys =

sin(thetal)*(Im4xx*(Krd*cos(thetal)*cos(theta2)*cos(theta3) + Krd*cos(thetal)*cos(theta3)*sin(theta2)) -
Im4xy*(Krd*cos(theta2)*sin(thetal)*sin(theta3) + Krd*cos(theta3)*sin(thetal)*sin(theta2)) +
Imaxz*(Krd*cos(theta2)*cos(theta3) - Krd*sin(theta2)*sin(theta3))) -
cos(thetal)*(Imdyy*(Krd*cos(theta2)*sin(thetal)*sin(thetad) + Krd*cos(theta3)*sin(thetal)*sin(theta2)) -
Im4xy*(Krd*cos(thetal)*cos(theta2)*cos(theta3) + Kr4*cos(thetal)*cos(theta3)*sin(theta2)) +
Imdyz*(Krd*cos(theta2)*cos(theta3) - Krd*sin(theta2)*sin(theta3))) -
cos(thetal)*(IL4yy*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) +
IL4yz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) - IL4xy*(cos(thetal)*cos(theta2)*cos(theta3) +
cos(thetal)*cos(theta3)*sin(theta2))) + sin(thetal)*(IL4xz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) -
IL4xy*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) +
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IL4xx*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))) + mL4*(L4*sin(theta2 +
theta3)*sin(thetal) + d4*sin(theta2 + theta3)*sin(thetal))*(L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) -
L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3)) - mL4*(L4*sin(theta2 + theta3)*cos(thetal) +
d4*sin(theta2 + theta3)*cos(thetal))*(L4*sin(theta2 + theta3)*cos(theta2)*sin(thetal)*sin(theta3) - L4*cos(theta2
+ theta3)*sin(thetal)*sin(theta2)*sin(theta3) + L4*sin(theta2 + theta3)*cos(theta3)*sin(thetal)*sin(theta2) +
L4*cos(theta2 + theta3)*cos(theta2)*cos(theta3d)*sin(thetal)) + mL4*(L4*cos(theta2 + theta3) + d4*cos(theta2 +
theta3))*(L4*cos(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) - L4*cos(theta2 +
theta3)*cos(thetal)*sin(theta2)*sin(theta3) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2))

by, =

mL4*(L4*cos(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) - L4*cos(theta2 +
theta3)*cos(thetal)*sin(theta2)*sin(theta3) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2))"2 + (cos(thetal)*cos(theta2)*cos(theta3) +
cos(thetal)*cos(theta3)*sin(theta2))*(IL4xz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) -
IL4xy*(cos(theta2)*sin(thetal)*sin(theta3) + cos(theta3)*sin(thetal)*sin(theta2)) +
IL4xx*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))) + mL4*(L4*cos(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3) + 2*L4*sin(theta2 + theta3)*cos(thetal)*cos(theta2)*cos(theta3) -
L4*cos(theta2 + theta3)*cos(thetal)*sin(theta2)*sin(theta3))"2 + (cos(theta2)*sin(thetal)*sin(theta3) +
cos(theta3)*sin(thetal)*sin(theta2))*(IL4yy*(cos(theta2)*sin(thetal)*sin(theta3) +
cos(theta3)*sin(thetal)*sin(theta2)) + IL4yz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) -
IL4xy*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))) +
(Kr4*cos(thetal)*cos(theta2)*cos(theta3) +
Kr4*cos(thetal)*cos(theta3)*sin(theta2))*(Im4xx*(Kr4*cos(thetal)*cos(theta2)*cos(theta3) +
Kr4*cos(thetal)*cos(theta3)*sin(theta2)) - Im4xy*(Krd*cos(theta2)*sin(thetal)*sin(theta3) +
Kr4*cos(theta3)*sin(thetal)*sin(theta2)) + Im4xz*(Kr4*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3))) +
(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3))*(IL4yz*(cos(theta2)*sin(thetal)*sin(theta3) +
cos(theta3)*sin(thetal)*sin(theta2)) + IL4zz*(cos(theta2)*cos(theta3) - sin(theta2)*sin(theta3)) +
IL4xz*(cos(thetal)*cos(theta2)*cos(theta3) + cos(thetal)*cos(theta3)*sin(theta2))) + mL4*(L4*sin(theta2 +
theta3)*cos(theta2)*sin(thetal)*sin(theta3) - L4*cos(theta2 + theta3)*sin(thetal)*sin(theta2)*sin(theta3) +
L4*sin(theta2 + theta3)*cos(theta3)*sin(thetal)*sin(theta2) + L4*cos(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal))"2 + (Krd*cos(theta2)*sin(thetal)*sin(theta3) +
Kr4*cos(theta3)*sin(thetal)*sin(theta2))*(Imdyy*(Kr4*cos(theta2)*sin(thetal)*sin(theta3) +
Kr4*cos(theta3)*sin(thetal)*sin(theta2)) - Imdxy*(Krd*cos(thetal)*cos(theta2)*cos(theta3) +
Kr4*cos(thetal)*cos(theta3)*sin(theta2)) + Imdyz*(Kr4*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3))) +
(Krd*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3))*(Im4xz*(Kr4*cos(thetal)*cos(theta2)*cos(theta3) +
Kr4*cos(thetal)*cos(theta3)*sin(theta2)) + Imdyz*(Kr4*cos(theta2)*sin(thetal)*sin(theta3) +
Kr4*cos(theta3)*sin(thetal)*sin(theta2)) + Im4zz*(Kr4*cos(theta2)*cos(theta3) - Kr4*sin(theta2)*sin(theta3)))
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APPEMDICES 2

Torques Results on each joint

T1:

IL1zz*thetaldd + IL2zz*thetaldd + IL3zz*thetaldd + IL4zz*thetaldd + Im2zz*thetaldd + Im3zz*thetaldd + Im4zz*thetaldd -
IL2xz*theta2dd*sin(thetal) - IL3xz*theta2dd*sin(thetal) - IL3xz*theta3dd*sin(thetal) - IL4xz*theta2dd*sin(thetal) - IL4xz*theta3dd*sin(thetal)
- Im3xz*theta2dd*sin(thetal) - Im4xz*theta2dd*sin(thetal) - Imdxz*theta3dd*sin(thetal) + Im1zz*Kr1”2*thetaldd + IL2yz*theta2dd*cos(thetal)
+ 1L3yz*theta2dd*cos(thetal) + IL3yz*theta3dd*cos(thetal) + IL4yz*theta2dd*cos(thetal) + IL4yz*theta3dd*cos(thetal) +
Im3yz*theta2dd*cos(thetal) + Im4yz*theta2dd*cos(thetal) + Im4dyz*theta3dd*cos(thetal) + Im2yz*Kr2*theta2dd*cos(thetal) +
Im3yz*Kr3*theta3dd*cos(thetal) - Im2xz*Kr2*theta2dd*sin(thetal) - Im3xz*Kr3*theta3dd*sin(thetal) - IL4zz*thetaddd*cos(theta2)*cos(theta3)
+ IL4zz*thetaddd*sin(theta2)*sin(theta3) - Im4zz*Kr4*thetaddd*cos(theta2)*cos(theta3) + L3"2*mL3*thetaldd*cos(theta2 +
theta3)"2*cos(thetal)"2 + L4"2*mL4*thetaldd*cos(theta2 + theta3)"2*cos(thetal)"2 +
IL4xy*theta4d"2*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 + Im4zz*Kr4*thetaddd*sin(theta2)*sin(theta3) + L3"2*mL3*thetaldd*cos(theta2 +
theta3)"2*sin(thetal)"2 + L4"2*mL4*thetaldd*cos(theta2 + theta3)"2*sin(thetal)"2 -
IL4xy*thetadd"2*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 + d4"2*mL4*thetaldd*cos(theta2 + theta3)"2*cos(thetal)"2 +
d4"2*mmé4*thetaldd*cos(theta2 + theta3)"2*cos(thetal)"2 + d4"2*mL4*thetaldd*cos(theta2 + theta3)"2*sin(thetal)"2 +
d4~2*mm4*thetaldd*cos(theta2 + theta3)"2*sin(thetal)"2 + L2/2*mL2*thetaldd*cos(thetal)"2*cos(theta2)"2 +
L2/2*mL2*thetaldd*cos(theta2)"2*sin(thetal)"2 + a2"2*mL3*thetaldd*cos(thetal)"2*cos(theta2)"2 +
a2"2*mL4*thetaldd*cos(thetal)"2*cos(theta2)"2 + a2~2*mm3*thetaldd*cos(thetal)"2*cos(theta2)"2 +
a2"2*mm4*thetaldd*cos(thetal)"2*cos(theta2)"2 + a2"2*mL3*thetaldd*cos(theta2)"2*sin(thetal)"2 +
a2"2*mL4*thetaldd*cos(theta2)"2*sin(thetal)"2 + a2"2*mm3*thetaldd*cos(theta2)"2*sin(thetal)"2 +

a2/ 2*mm4*thetaldd*cos(theta2)*2*sin(thetal)"2 - IL4xz*thetaddd*cos(thetal)*cos(theta2)*cos(theta3) -
IL4xz*thetaddd*cos(thetal)*cos(theta3)*sin(theta2) - IL4yz*thetaddd*cos(theta2)*sin(thetal)*sin(theta3) -
IL4yz*thetaddd*cos(theta3)*sin(thetal)*sin(theta2) + IL4xz*thetadd"2*cos(theta2)"2*cos(theta3)"2*sin(thetal) -
Im4xz*Kr4*thetaddd*cos(thetal)*cos(theta3)*sin(theta2) - Imdyz*Kr4*thetaddd*cos(theta2)*sin(thetal)*sin(theta3) -
Im4yz*Kr4*thetaddd*cos(theta3)*sin(thetal)*sin(theta2) - 1/2*IL4xz*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) -
1/2*1L4xz*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) - 1/2*IL4xz*thetald*thetadd*cos(theta2)*cos(theta3)*sin(thetal) +
1/2*IL4yz*thetald*thetadd*cos(thetal)*cos(theta2)*sin(theta3) + 1/2*IL4yz*thetald*thetadd*cos(thetal)*cos(theta3)*sin(theta2) -
1/2*1L4yz*theta2d*thetadd*cos(theta2)*cos(theta3)*sin(thetal) - 1/2*IL4yz*theta3d*thetadd*cos(theta2)*cos(theta3)*sin(thetal) +
2*L4*d4*mL4*thetaldd*cos(theta2 + theta3)"2*cos(thetal)"2 - 1/2*IL4xz*thetald*thetadd*cos(theta3)*sin(thetal)*sin(theta2) +
1/2*IL4xz*theta2d*thetadd*cos(thetal)*sin(theta2)*sin(theta3) + 1/2*1L4xz*theta3d*thetadd*cos(thetal)*sin(theta2)*sin(theta3) +
2*L4*d4*mL4*thetaldd*cos(theta2 + theta3)"2*sin(thetal)"2 + 1/2*IL4yz*theta2d*thetadd*sin(thetal)*sin(theta2)*sin(theta3) +
1/2*IL4yz*theta3d*thetadd*sin(thetal)*sin(theta2) *sin(theta3) - IL4yz*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(theta2) -
IL4yz*thetadd~2*cos(thetal)*cos(theta2)"2*cos(theta3)*sin(theta3) + IL4xz*thetadd"2*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
IL4yz*thetadd"2*cos(thetal)*cos(theta2)*sin(theta2) *sin(theta3)"2 + I1L4yz*thetadd"2*cos(thetal)*cos(theta3)*sin(theta2)2*sin(theta3) -
IL4xz*thetadd~2*cos(theta3)*sin(thetal)*sin(theta2)"2*sin(theta3) - 1/2*IL4xx*theta2d*thetadd*cos(thetal)*2*cos(theta2)*cos(theta3) -
1/2*1L4xx*theta3d*thetadd*cos(thetal)2*cos(theta2)*cos(theta3) + Im4xz*Kr4"2*thetadd"2*cos(theta2)2*cos(theta3)"2*sin(thetal) +
1/2*IL4xx*theta2d*thetadd*cos(theta2) *cos(theta3)*sin(thetal)"2 - 1/2*IL4xx*theta2d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*1L4xx*theta3d*thetadd*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*1L4xx*theta3d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*1L4yy*theta2d*thetadd*cos(thetal)"2*cos(theta2)*sin(theta3) + 1/2*IL4yy*theta2d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*1L4yy*theta3d*thetadd*cos(thetal)"2*cos(theta2)*sin(theta3) + 1/2*1L4yy*theta3d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) -
L3"2*mL3*theta2dd*cos(theta2 + theta3)*sin(theta2 + theta3)*cos(thetal)"2 + 1/2*IL4xx*theta2d*thetadd*cos(theta3)*sin(thetal)2*sin(theta2)
+ 1/2*IL4xx*theta3d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2) - 1/2*IL4yy*theta2d*thetadd*cos(theta2)*sin(thetal)"2*sin(theta3) -
1/2*1L4yy*theta2d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2) - 1/2*1L4yy*theta3d*thetadd*cos(theta2)*sin(thetal)2*sin(theta3) -
1/2*1L4yy*theta3d*thetadd*cos(theta3)*sin(thetal)2*sin(theta2) + IL4xx*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) +
IL4xy*thetadd"2*cos(thetal)"2*cos(theta2)*cos(theta3)"2*sin(theta2) + IL4xy*thetadd"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) +
IL4xx*theta4d"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 - IL4xy*thetadd"2*cos(theta2)*cos(theta3)"2*sin(thetal)2*sin(theta2) -
IL4yy*thetadd"2*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3)”2 - IL4yy*theta4d"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 -
IL4xy*theta4d"2*cos(theta2)"2*cos(theta3)*sin(thetal)"2*sin(theta3) + Im4xy*Kr4~2*thetadd"2*cos(thetal)"2*cos(theta3)2*sin(theta2)"2 -
L2/2*mL2*theta2dd*cos(thetal)"2*cos(theta2)*sin(theta2) - Im4xy*Kr4~2*thetadd"2*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 -
Im4xz*Kr4*thetaddd*cos(thetal)*cos(theta2)*cos(theta3) + L2/2*mL2*theta2dd*cos(theta2)*sin(thetal)*2*sin(theta2) +
IL4xy*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + IL4xy*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)
+ Imdxz*Kr4"2*thetadd"2*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +

Im4yz*Kra"2*thetadd” 2*cos(thetal)*cos(theta2)*sin(theta2) *sin(theta3)"2 +

Imdyz*Kra"2*thetadd 2*cos(thetal)*cos(theta3)*sin(theta2)"2*sin(theta3) + L4"2*mL4*thetaddd*cos(theta2 +
theta3)"2*sin(thetal)"2*sin(theta2)*sin(theta3) + IL4xy*theta2d*thetadd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) +
2*IL4xy*theta2d*thetadd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) +
IL4xy*theta3d*thetadd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) +
2*IL4xy*theta3d*theta4d*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) + L3"2*mL3*theta2dd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*sin(thetal) - Im4xz*Kr4~2*thetadd"2*cos(theta3)*sin(thetal)*sin(theta2)*2*sin(theta3) +
2*IL4xx*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
IL4xy*thetadd"2*cos(thetal)"2*cos(theta2)*cos(theta3)*sin(theta2) *sin(theta3) -
IL4xy*theta4d"2*cos(theta2)*cos(theta3)*sin(thetal)"2*sin(theta2)*sin(theta3) +
Imaxx*Kr4"2*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) +
Imaxy*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta2)*cos(theta3)"2*sin(theta2) +
Imaxy*Kr4"2*theta4d"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) -
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1/2*Imdxz*Kr4*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) - 1/2*Im4xz*Kr4*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) +
Imaxx*Kr4"2*thetadd"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 -
Imaxy*Kr4"2*theta4dd"2*cos(theta2)*cos(theta3)"2*sin(thetal)"2*sin(theta2) -
Imdyy*Kr4"2*thetadd"2*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3)"2 -
Imdyy*Kr4"2*thetadd"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 -
Imaxy*Kr4"2*theta4dd"2*cos(theta2)"2*cos(theta3)*sin(thetal)"2*sin(theta3) -
1/2*Imdxz*Kr4*thetald*thetadd*cos(theta2)*cos(theta3)*sin(thetal) + 1/2*Im4yz*Kr4*thetald*thetadd*cos(thetal)*cos(theta2)*sin(theta3) +
1/2*Imdyz*Kr4*thetald*thetadd*cos(thetal)*cos(theta3)*sin(theta2) - 1/2*Im4yz*Kr4*theta2d*thetadd*cos(theta2)*cos(theta3)*sin(thetal) -
1/2*Imdyz*Kr4*theta3d*thetadd*cos(theta2) *cos(theta3)*sin(thetal) - 1/2*Im4xz*Kr4*thetald*thetadd*cos(theta3)*sin(thetal)*sin(theta2) +
1/2*Im4xz*Kr4*theta2d*thetadd*cos(thetal) *sin(theta2)*sin(theta3) + 1/2*Imdxz*Kr4*theta3d*thetadd*cos(thetal)*sin(theta2)*sin(theta3) +
1/2*Imdyz*Kr4*theta2d*thetadd*sin(thetal)*sin(theta2)*sin(theta3) + 1/2*Im4yz*Kr4*theta3d*thetadd*sin(thetal)*sin(theta2)*sin(theta3) +
2*L.3*a2*mL3*thetaldd*cos(theta2 + theta3)*cos(thetal)"2*cos(theta2) + 2*L4*a2*mL4*thetaldd*cos(theta2 +
theta3)*cos(thetal)*2*cos(theta2) + 2*L3*a2*mL3*thetaldd*cos(theta2 + theta3)*cos(theta2)*sin(thetal)"2 - L3*a2*mL3*theta2dd*sin(theta2 +
theta3)*cos(thetal)"2*cos(theta2) + 2*L4*a2*mL4*thetaldd*cos(theta2 + theta3)*cos(theta2)*sin(thetal)"2 +
2*a2*d4*mL4*thetaldd*cos(theta2 + theta3)*cos(thetal)*2*cos(theta2) + 2*a2*d4*mm4*thetaldd*cos(theta2 +
theta3)*cos(thetal)"2*cos(theta2) - 1/2*Im4xx*Kr4*theta2d*thetadd*cos(thetal)"2*cos(theta2)*cos(theta3) -
1/2*Imaxx*Kr4*theta3d*thetadd*cos(thetal)*2*cos(theta2)*cos(theta3) + 2*a2*d4*mL4*thetaldd*cos(theta2 + theta3)*cos(theta2)*sin(thetal)"2
+ 2*a2*d4*mm4*thetaldd*cos(theta2 + theta3)*cos(theta2)*sin(thetal)"2 +
1/2*Imdxx*Kr4*theta2d*thetadd*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*Im4xx*Kr4*theta2d*thetadd*cos(thetal)*2*cos(theta3)*sin(theta2)
+ 1/2*Imé4xx*Kr4*theta3d*thetadd*cos(theta2) *cos(theta3)*sin(thetal)"2 -
1/2*Imaxx*Kr4*theta3d*thetadd*cos(thetal)"2*cos(theta3) *sin(theta2) + 1/2*Imdyy*Kr4*theta2d*theta4d*cos(thetal)2*cos(theta2)*sin(theta3)
+ 1/2*Im4dyy*Kr4*theta2d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*Imdyy*Kr4*theta3d*thetadd*cos(thetal)"2*cos(theta2) *sin(theta3) + 1/2*Imdyy*Kr4*theta3d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2)
- L4"2*mL4*thetaddd*cos(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) -

IL4xz*thetadd"2*cos(theta2)*cos(theta3)*sin(thetal) *sin(theta2)*sin(theta3) +
1/2*Imaxx*Kr4*theta2d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2) + 1/2*Im4xx*Kr4*theta3d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2)
- 1/2*Imdyy*Kr4*theta2d*thetadd*cos(theta2)*sin(thetal)"2*sin(theta3) - 1/2*Im4dyy*Kr4*theta2d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2)
- 1/2*Imdyy*Kr4*theta3d*thetadd*cos(theta2)*sin(thetal)"2*sin(theta3) - 1/2*Imdyy*Kr4*theta3d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2)
- L4"2*mL4*thetaddd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 -

Imdyz*Kra"2*thetadd” 2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(theta2) -
Imdyz*Kra"2*thetadd2*cos(thetal)*cos(theta2)"2*cos(theta3)*sin(theta3) - L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)3*cos(theta2)"2*cos(theta3)"2 + L4"2*mL4*thetaddd*cos(theta2 + theta3)"2*cos(thetal)"2*sin(theta2)*sin(theta3) +
L4*d4*mL4*thetaddd*cos(theta2 + theta3)"2*cos(thetal)"2*sin(theta2)*sin(theta3) + 1/2*L4"2*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*cos(theta2)*cos(theta3)*sin(thetal) + 1/2*L4"2*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal) -
L4*a2*mL4*thetaddd*sin(theta2 + theta3)*cos(theta2)"2*sin(thetal)"2*sin(theta3) + L4*d4*mL4*thetaddd*cos(theta2 +
theta3)"2*sin(thetal)~2*sin(theta2)*sin(theta3) - 1/2*L4"2*mL4*theta2d*thetadd*cos(theta2 + theta3)"2*sin(thetal)*sin(theta2)*sin(theta3) -
1/2*L4"2*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*sin(thetal)*sin(theta2)*sin(theta3) - 2*L4"2*mL4*thetaddd*cos(theta2 +
theta3)*sin(theta2 + theta3)*cos(thetal)"2*cos(theta2)*cos(theta3) + L3*a2*mL3*theta2dd*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*sin(thetal) + Imadxy*Krd*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) +
Imaxy*Kr4*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) - 1/2*L4"2*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) - 1/2*L4"2*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3)
- L4n2*mL4*thetaddd*cos(theta2 + theta3)*sin(theta2 + theta3)*cos(theta2)*sin(thetal)"2*sin(theta3) - L4"2*mL4*thetaddd*cos(theta2 +
theta3)*sin(theta2 + theta3)*cos(theta3)*sin(thetal)"2*sin(theta2) + Im4xy*Kr4*theta2d*thetadd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3)
+ 2*Imdxy*Krd*theta2d*thetadd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) +
Imaxy*Kr4*theta3d*thetadd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) +
2*Im4xy*Kr4*theta3d*thetadd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) + 1/2*L4"2*mL4*theta2d*theta4d*cos(theta2 +
theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*L4"2*mL4*theta2d*thetadd*cos(theta2 + theta3)"2*cos(thetal)"2*cos(theta3)*sin(theta2) -
L4"2*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) + 1/2*L4"2*mL4*theta3d*thetadd*cos(theta2 +
theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*L4"2*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(thetal)*2*cos(theta3)*sin(theta2) -
L4"2*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) + 1/2*L4"2*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*cos(theta3)*sin(thetal)"2*sin(theta2) + L4"2*mL4*theta2d*theta4d*sin(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 +
1/2*L4"2*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(thetal)*2*cos(theta2)*sin(theta3) + 1/2*L4"2*mL4*theta2d*thetadd*sin(theta2 +
theta3)"2*cos(thetal)*2*cos(theta3)*sin(theta2) + 1/2*L4"2*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(theta3)*sin(thetal)"2*sin(theta2)
+ L4"2*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 + 1/2*L4"2*mL4*theta3d*thetadd*sin(theta2 +
theta3)"2*cos(thetal)*2*cos(theta2)*sin(theta3) + 1/2*L4"2*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta3)*sin(theta2) -
1/2*L4"2*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(theta2)*sin(thetal)"2*sin(theta3) - 1/2*L4"2*mL4*theta2d*thetadd*sin(theta2 +
theta3)"2*cos(theta3)*sin(thetal)"2*sin(theta2) - 1/2*L4"2*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(theta2)*sin(thetal)*2*sin(theta3) -
1/2*L4"2*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(theta3)*sin(thetal)*2*sin(theta2) + L4 2*mL4*theta4d"2*cos(theta2 +
theta3)"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) - L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*3*cos(theta2)*cos(theta3)"2*sin(theta2) -

Im4xz*Kra"2*thetadd2*cos(theta2)*cos(theta3)*sin(thetal) *sin(theta2)*sin(theta3) + 4*L4"2*mL4*thetadd"2*sin(theta2 +
theta3)"2*cos(thetal)*cos(theta2)"2*cos(theta3)*2*sin(thetal) + L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*3*cos(theta3)*sin(theta2)"2*sin(theta3) + L4"2*mL4*theta4d"2*cos(theta2 +
theta3)"2*cos(thetal)*sin(thetal)*sin(theta2)"2*sin(theta3)"2 - L4"2*mL4*thetadd"2*sin(theta2 +
theta3)"2*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3)"2 - L4*2*mL4*theta4d"2*sin(theta2 +
theta3)"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 -
2*1L4yy*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)*sin(theta2)*sin(theta3) +
2*Im4xx*Kr4~2*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
Imaxy*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta2)*cos(theta3)*sin(theta2)*sin(theta3) - L4*a2*mL4*thetaddd*cos(theta2 +
theta3)*cos(thetal)2*cos(theta2)2*cos(theta3) - L4*d4*mL4*thetaddd*cos(theta2 + theta3)"2*cos(thetal)*2*cos(theta2)*cos(theta3) +
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2*L4"2*mL4*thetadd2*cos(theta2 + theta3)"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal)"2 + L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*cos(theta2)2*cos(theta3)"2*sin(thetal)"3 - L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*3*cos(theta2)"2*cos(theta3)"2*sin(thetal) -
Imaxy*Kr4"2*thetadd"2*cos(theta2)*cos(theta3)*sin(thetal)"2*sin(theta2)*sin(theta3) - L4*a2*mL4*thetaddd*cos(theta2 +
theta3)*cos(theta2)"2*cos(theta3)*sin(thetal)"2 - 2*L4*a2*mL4*thetaddd*sin(theta2 + theta3)*cos(thetal)"2*cos(theta2)"2*cos(theta3) -
L4*d4*mL4*thetaddd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 + L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*cos(theta3)"2*sin(thetal)"3*sin(theta2)"2 - L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*3*cos(theta3)"2*sin(thetal) *sin(theta2)"2 + 1/2*L4*a2*mL4*theta2d*thetadd*cos(theta2 +
theta3)*cos(theta2)"2*cos(theta3)*sin(thetal) + 1/2*L4*d4*mL4*theta2d*thetadd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal) +
1/2*L4*d4*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal) + L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)"3*cos(theta2)*cos(theta3)*sin(theta2)*sin(theta3) - 1/2*L4*d4*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*sin(thetal)*sin(theta2)*sin(theta3) - 1/2*L4*d4*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*sin(thetal)*sin(theta2)*sin(theta3) -
2*L4*d4*mL4*thetaddd*cos(theta2 + theta3)*sin(theta2 + theta3)*cos(thetal)"2*cos(theta2)*cos(theta3) -
1/2*L4*a2*mL4*theta2d*thetadd*cos(theta2 + theta3)*cos(thetal)"2*cos(theta2)*2*cos(theta3) - 1/2*L4*d4*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) - 1/2*L4*d4*mL4*theta3d*thetadd*cos(theta2 +
theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) - L4*d4*mL4*thetaddd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(theta2)*sin(thetal)*2*sin(theta3) - L4*d4*mL4*thetaddd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(theta3)*sin(thetal)"2*sin(theta2) + 1/2*L4*a2*mL4*theta2d*thetadd*cos(theta2 + theta3)*cos(theta2)"2*cos(theta3)*sin(thetal)"2 -
2*Im4yy*Kr4~2*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)*sin(theta2)*sin(theta3) +
1/2*L4*d4*mL4*theta2d*thetadd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*L4*d4*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*cos(thetal)"2*cos(theta3)*sin(theta2) - L4*d4*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) +
1/2*L4*d4*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*L4*d4*mL4*theta3d*thetadd*cos(theta2 +
theta3)"2*cos(thetal)"2*cos(theta3)*sin(theta2) - L4*d4*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*cos(theta3) +
2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)"2*sin(theta2) +
2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)"3*sin(theta2) -
2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)"2*cos(thetal)"3*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
1/2*L4*a2*mL4*theta2d*thetadd*sin(theta2 + theta3)*cos(thetal)"2*cos(theta3)*sin(theta2)"2 + 1/2*L4*d4*mL4*theta2d*thetadd*cos(theta2 +
theta3)"2*cos(theta3)*sin(thetal)"2*sin(theta2) + L4*d4*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 +
1/2*L4*d4*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta2)*sin(theta3) + 1/2*L4*d4*mL4*theta2d*thetadd*sin(theta2 +
theta3)"2*cos(thetal)*2*cos(theta3)*sin(theta2) + 1/2*L4*d4*mL4*theta3d*thetadd*cos(theta2 + theta3)"2*cos(theta3)*sin(thetal)*2*sin(theta2)
+ L4*d4*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(theta2)*cos(theta3)*sin(thetal)"2 + 1/2*L4*d4*mL4*theta3d*thetadd*sin(theta2 +
theta3)"2*cos(thetal)*2*cos(theta2)*sin(theta3) + 1/2*L4*d4*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(thetal)"2*cos(theta3)*sin(theta2)
+ L4*a2*mL4*thetaddd*cos(theta2 + theta3)*cos(thetal)*2*cos(theta2)*sin(theta2)*sin(theta3) - 2*L4"2*mL4*theta4dd"2*cos(theta2 +
theta3)"2*cos(thetal)*cos(theta3)*sin(thetal)"2*sin(theta2)"2*sin(theta3) - 1/2*L4*a2*mL4*theta2d*thetadd*sin(theta2 +
theta3)*cos(theta3)*sin(thetal)*2*sin(theta2)"2 - 1/2*L4*d4*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(theta2)*sin(thetal)"2*sin(theta3) -
1/2*L4*d4*mL4*theta2d*thetadd*sin(theta2 + theta3)"2*cos(theta3)*sin(thetal)2*sin(theta2) - 1/2*L4*d4*mL4*theta3d*thetadd*sin(theta2 +
theta3)"2*cos(theta2)*sin(thetal)"2*sin(theta3) - 1/2*L4*d4*mL4*theta3d*thetadd*sin(theta2 + theta3)"2*cos(theta3)*sin(thetal)"2*sin(theta2)
+ L4*a2*mL4*thetaddd*cos(theta2 + theta3)*cos(theta2)*sin(thetal)*2*sin(theta2)*sin(theta3) - L4*a2*mL4*thetaddd*sin(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal)"2*sin(theta2) + 4*L4"2*mL4*thetadd”2*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) - 1/2*L4*a2*mL4*theta2d*thetadd*sin(theta2 +
theta3)*cos(theta2)*sin(thetal)"2*sin(theta2)*sin(theta3) - 2*L4"2*mL4*thetald*thetadd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4"2*mL4*thetald*thetadd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) + L4"2*mL4*thetald*thetadd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) - 2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) - 2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)"2*cos(theta3)*sin(thetal)*sin(theta3) + 2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta2)*sin(theta3)"2 + 2*L4"2*mL4*thetadd"2*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2)"2*sin(theta3) - 2*L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)*sin(theta2)*sin(theta3) - 1/2*L4*a2*mL4*theta2d*thetadd*cos(theta2 +
theta3)*cos(theta2)*sin(thetal)*sin(theta2)*sin(theta3) - 2*L4"2*mL4*theta4d"2*sin(theta2 +
theta3)"2*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)*sin(theta2)*sin(theta3) - 1/2*L4*a2*mL4*theta2d*thetadd*cos(theta2 +
theta3)*cos(thetal)"2*cos(theta2)*cos(theta3)*sin(theta2) - 2*L4*a2*mL4*thetald*thetadd*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)"2*cos(theta3)*sin(thetal) + 1/2*L4*a2*mL4*theta2d*thetadd*cos(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal)*2*sin(theta2) - L4*a2*mL4*theta2d*thetadd*sin(theta2 +
theta3)*cos(thetal)"2*cos(theta2)*cos(theta3)*sin(theta2) - 2*L4"2*mL4*thetadd"2*cos(theta2 +
theta3)"2*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)"2*sin(theta2)*sin(theta3) + L4*a2*mL4*thetald*thetadd*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3d) + L4*a2*mL4*theta2d*thetadd*sin(theta2 +
theta3)*cos(theta2)*cos(theta3)*sin(thetal)"2*sin(theta2) + 1/2*L4*a2*mL4*theta2d*thetadd*sin(theta2 +
theta3)*cos(thetal)"2*cos(theta2)*sin(theta2)*sin(theta3) - 2*L4*d4*mL4*thetald*thetadd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + L4*d4*mL4*thetald*thetadd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) + L4*d4*mL4*thetald*thetadd*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) + L4*a2*mL4*thetald*thetadd*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)*sin(theta2) - 4*L4"2*mL4*thetadd"2*cos(theta2 + theta3)*sin(theta2 +
theta3)*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)*sin(theta2)*sin(theta3)

T,-
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IL1zz*thetaldd + 1/2*IL2xx*theta2dd + 1/2*IL2yy*theta2dd + IL2zz*thetaldd + 1/2*IL3xx*theta2dd + 1/2*IL3xx*theta3dd +
1/2*1L3yy*theta2dd + 1/2*1L3yy*theta3dd + IL3zz*thetaldd + 1/2*IL4xx*theta2dd + 1/2*IL4xx*theta3dd + 1/2*IL4yy*theta2dd +
1/2*1L4yy*theta3dd + IL4zz*thetaldd + Im2zz*thetaldd + 1/2*Im3xx*theta2dd + 1/2*Im3yy*theta2dd + Im3zz*thetaldd + 1/2*Imdxx*theta2dd
+ 1/2*Im4xx*theta3dd + 1/2*Imdyy*theta2dd + 1/2*Imdyy*theta3dd + Im4dzz*thetaldd + 1/2*a2"2*mL3*thetaldd + a2"2*mL3*theta2dd +
1/2*a2"2*mL4*thetaldd + a2”2*mL4*theta2dd + 1/2*a2"2*mm3*thetaldd + a2"2*mm3*theta2dd + 1/2*a2"2*mm4*thetaldd +
a2"2*mm4*theta2dd + 1/2*d4"2*mL4*thetaldd + d4"2*mL4*theta2dd + d4"2*mL4*theta3dd + 1/2*d4"2*mm4*thetaldd + d4*2*mmé4*theta2dd
+ 1/2*d4"2*mm4*theta3dd - IL2xz*thetaldd*sin(thetal) - IL2xz*theta2dd*sin(thetal) - IL3xz*thetaldd*sin(thetal) - IL3xz*theta2dd*sin(thetal)
- IL3xz*theta3dd™*sin(thetal) - IL4xz*thetaldd*sin(thetal) - IL4xz*theta2dd*sin(thetal) - IL4xz*theta3dd*sin(thetal) -
Im3xz*thetaldd*sin(thetal) - Im3xz*theta2dd*sin(thetal) - Im4xz*thetaldd*sin(thetal) - Imdxz*theta2dd*sin(thetal) -
Imdxz*theta3dd*sin(thetal) + 1/8*1L4xx*thetaddd*sin(2*thetal + theta2 - theta3) + 1/8*IL4xx*thetaddd*sin(2*thetal - theta2 + theta3) +
1/8*IL4xy*thetaddd*sin(2*thetal + theta2 - theta3) - 1/8*IL4xy*thetaddd*sin(2*thetal - theta2 + theta3) + 3/4*IL4xz*theta4dd*sin(thetal -
theta2 - theta3) + 1/4*1L4xy*thetaddd*cos(theta2 - theta3) + 1/4*IL4xy*thetaddd*sin(theta2 - theta3) - 1/4*1L4xz*thetaddd*cos(thetal + theta2 +
theta3) + 1/4*|L4xz*thetaddd*sin(thetal + theta2 + theta3) - 1/2*IL2xx*theta2dd*cos(2*thetal) + 1/2*IL2yy*theta2dd*cos(2*thetal) -
1/2*IL3xx*theta2dd*cos(2*thetal) - 1/2*IL3xx*theta3dd*cos(2*thetal) + 1/2*IL3yy*theta2dd*cos(2*thetal) +
1/2*1L.3yy*theta3dd*cos(2*thetal) - 1/2*IL4xx*theta2dd*cos(2*thetal) - 1/2*IL4xx*theta3dd*cos(2*thetal) +
1/2*1L4yy*theta2dd*cos(2*thetal) + 1/2*IL4yy*theta3dd*cos(2*thetal) - 1/2*Im3xx*theta2dd*cos(2*thetal) +
1/2*Im3yy*theta2dd*cos(2*thetal) - 1/2*Im4xx*theta2dd*cos(2*thetal) - 1/2*Im4dxx*theta3dd*cos(2*thetal) +
1/2*Imdyy*theta2dd*cos(2*thetal) + 1/2*Imdyy*theta3dd*cos(2*thetal) + 1/8*IL4xx*thetaddd*cos(2*thetal - theta2 - theta3) +
1/8*1L4xy*thetaddd*cos(2*thetal - theta2 - theta3) - 1/4*1L4yy*thetaddd*cos(2*thetal - theta2 - theta3) - 1/8*IL4xz*thetadd"2*cos(thetal -
2*theta2 - 2*theta3) - 3/8*IL4xz*thetadd"2*cos(thetal + 2*theta2 + 2*theta3) + IL2xy*theta2dd*sin(2*thetal) + IL3xy*theta2dd*sin(2*thetal) +
1L3xy*theta3dd*sin(2*thetal) + IL4xy*theta2dd*sin(2*thetal) + IL4xy*theta3dd*sin(2*thetal) + 1/4*IL4xz*thetadd"2*sin(thetal) +
Im3xy*theta2dd*sin(2*thetal) + Im4xy*theta2dd*sin(2*thetal) + Im4xy*theta3dd*sin(2*thetal) + 1/2*Im3xx*Kr3*theta3dd +
1/2*Im3yy*Kr3*theta3dd + 1/8*IL4xx*thetaddd*sin(2*thetal - theta2 - theta3) - 3/8*IL4xy*thetaddd*sin(2*thetal - theta2 - theta3) -
1/8*1L4xz*thetadd 2*sin(thetal - 2*theta2 - 2*theta3) + 3/8*IL4xz*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) -
1/4*|L4yz*thetadd"2*sin(thetal - 2*theta2 - 2*theta3) - 3/4*IL4yz*thetadd 2*sin(thetal + 2*theta2 + 2*theta3) - 1/8*IL4xz*thetadd"2*cos(thetal
- 2*theta2) - 3/8*IL4xz*thetadd"2*cos(thetal + 2*theta2) - 1/8*IL4xz*thetadd"2*cos(thetal - 2*theta3) + 1/8*IL4xz*thetadd"2*cos(thetal +
2*theta3) - 1/8*IL4xz*thetadd"2*sin(thetal - 2*theta2) + 3/8*IL4xz*thetadd"2*sin(thetal + 2*theta2) + 1/8*IL4xz*thetadd"2*sin(thetal -
2*theta3) + 1/8*IL4xz*theta4d"2*sin(thetal + 2*theta3) - 1/8*IL4xx*thetaddd*cos(2*thetal + theta2 + theta3) +
1/8*1L4xy*thetaddd*cos(2*thetal + theta2 + theta3) - 1/4*IL4xz*thetaddd*cos(thetal + theta2 - theta3) - 1/4*IL4xz*thetaddd*cos(thetal - theta2
+ theta3) + 1/4*1L4yy*thetaddd*cos(2*thetal + theta2 + theta3) + 1/8*IL4xx*thetaddd*sin(2*thetal + theta2 + theta3) +
3/8*IL4xy*thetaddd*sin(2*thetal + theta2 + theta3) - 1/4*IL4xz*thetaddd*sin(thetal + theta2 - theta3) + 1/4*IL4xz*thetaddd*sin(thetal - theta2
+ theta3) - 1/4*IL4xx*thetadd"2*cos(2*theta2) + 1/4*IL4xy*thetadd"2*cos(2*thetal) - 1/8*IL4xx*thetadd 2*cos(2*thetal + 2*theta2 - 2*theta3)
- 1/8*IL4xx*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) - 1/4*IL4xy*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) +
1/4*1L4xx*thetadd"2*sin(2*thetal) - 1/4*IL4yy*thetadd"2*sin(2*thetal) + Im1zz*Kr1"2*thetaldd + 1/2*Im2xx*Kr2"2*theta2dd +
1/2*Im2yy*Kr2"2*theta2dd + 1/4*|L4xy*thetaddd*cos(theta2 + theta3) - IL4zz*thetaddd*cos(theta2 + theta3) +
1/4*1L4xy*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) + 1/4*1L4yy*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) -
1/4*|L4xy*thetaddd*sin(theta2 + theta3) - 1/4*IL4xx*thetadd"2*cos(2*thetal + 2*theta2) - 1/4*|L4xy*thetadd"2*cos(2*thetal + 2*theta2) -
1/8*1L4xx*thetadd"2*cos(2*theta2 - 2*theta3) - 1/8*IL4xx*thetadd"2*cos(2*theta2 + 2*theta3) + 1/8*IL4xy*thetadd"2*cos(2*thetal - 2*theta3)
+ 1/8*IL4xy*thetadd"2*cos(2*thetal + 2*theta3) + 1/2*L2"2*mL2*thetaldd + L2"2*mL2*theta2dd + 1/2*L3"2*mL3*thetaldd +
L3"2*mL3*theta2dd - 1/4*L3"2*mL3*theta3dd + 1/2*L4"2*mL4*thetaldd + L4"2*mL4*theta2dd + L4"2*mL4*theta3dd +
IL2yz*thetaldd*cos(thetal) + IL2yz*theta2dd*cos(thetal) + IL3yz*thetaldd*cos(thetal) + IL3yz*theta2dd*cos(thetal) +
1L3yz*theta3dd*cos(thetal) + IL4yz*thetaldd*cos(thetal) + IL4yz*theta2dd*cos(thetal) + IL4yz*theta3dd*cos(thetal) +
Im3yz*thetaldd*cos(thetal) + Im3yz*theta2dd*cos(thetal) + Im4yz*thetaldd*cos(thetal) + Im4yz*theta2dd*cos(thetal) +
Imdyz*theta3dd*cos(thetal) + 1/8*IL4xx*thetadd"2*sin(2*thetal - 2*theta3) + 1/8*IL4xx*thetadd"2*sin(2*thetal + 2*theta3) +
1/4*1L4xy*thetadd"2*sin(2*thetal + 2*theta2) - 1/8*IL4xy*thetadd"2*sin(2*thetal - 2*theta3) + 1/8*IL4xy*thetadd"2*sin(2*thetal + 2*theta3) -
1/32*IL4xy*thetadd"2*sin(2*theta3 - 2*theta2) - 1/32*IL4xy*thetadd"2*sin(2*theta2 - 2*theta3) - 1/32*IL4yy*thetadd"2*sin(2*theta3 -
2*theta2) - 1/32*IL4yy*thetadd"2*sin(2*theta2 - 2*theta3) - 1/4*IL4yy*thetadd"2*sin(2*theta2 + 2*theta3) + 1/2*IL4zz*thetadd2*sin(2*theta2
+ 2*theta3) - 1/8*IL4xx*thetaddd*cos(2*thetal + theta2 - theta3) + 1/8*IL4xx*thetaddd*cos(2*thetal - theta2 + theta3) +
1/8*1L4xy*thetaddd*cos(2*thetal + theta2 - theta3) + 1/8*IL4xy*thetaddd*cos(2*thetal - theta2 + theta3) - 1/4*IL4xz*theta4dd*cos(thetal -
theta2 - theta3) - IL4yz*thetaddd*cos(thetal - theta2 - theta3) - 1/8*Imdxz*Kr4~2*thetadd"2*cos(thetal - 2*theta2 - 2*theta3) -
3/8*Im4xz*Kr4~2*thetadd"2*cos(thetal + 2*theta2 + 2*theta3) - 1/8*L4"2*mL4*thetaddd*sin(theta2 + 3*theta3) -
1/8*L4"2*mL4*thetaddd*sin(theta3 - 3*theta2) - 1/8*L4"2*mL4*thetaddd*sin(3*theta2 + theta3) + 3/8*L4"2*mL4*thetaddd*cos(thetal + theta2
+ theta3) + Im2xy*Kr2/2*theta2dd*sin(2*thetal) + 1/4*Im4xz*Kr4"2*thetadd 2*sin(thetal) - 3/16*IL4xx*theta2d*thetadd*cos(2*thetal +
theta2 + theta3) + 1/4*IL4xz*thetald*thetadd*cos(thetal + theta2 - theta3) - 3/16*IL4xx*theta3d*thetadd*cos(2*thetal + theta2 + theta3) -
9/16*IL4xy*theta2d*thetadd*cos(2*thetal + theta2 + theta3) - 9/16*IL4xy*theta3d*thetadd*cos(2*thetal + theta2 + theta3) +
1/4*Imdxy*Kr4*thetaddd*cos(theta2 + theta3) - Imdzz*Kr4*thetaddd*cos(theta2 + theta3) - 1/8*Imdxz*Kr4 2*thetadd 2*sin(thetal - 2*theta2 -
2*theta3) + 3/8*Imdxz*Kr4"2*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) - 1/4*Imdyz*Kr4"2*thetadd 2*sin(thetal - 2*theta2 - 2*theta3) -
3/4*Im4yz*Krd~2*thetadd 2*sin(thetal + 2*theta2 + 2*theta3) - 3/16*IL4xx*theta2d*theta4d*sin(2*thetal + theta2 + theta3) -
1/4*1L4xz*thetald*thetadd*sin(thetal + theta2 - theta3) - 3/16*IL4xx*theta3d*thetadd*sin(2*thetal + theta2 + theta3) +
3/16*IL4xy*theta2d*thetadd*sin(2*thetal + theta2 + theta3) + 3/16*IL4xy*theta3d*thetadd*sin(2*thetal + theta2 + theta3) +
3/8*IL4yy*theta2d*thetadd*sin(2*thetal + theta2 + theta3) + 3/8*IL4yy*theta3d*thetadd*sin(2*thetal + theta2 + theta3) +
1/2*L27"2*mL2*thetaldd*cos(2*theta2) + 1/2*L3"2*mL3*theta2dd*cos(2*thetal) + 1/4*L3"2*mL3*theta3dd*cos(2*thetal) -
3/64*L4"2*mL4*thetadd"2*cos(thetal) - 1/4*Imdxy*Kr4*thetaddd*sin(theta2 + theta3) + 1/8*L3"2*mL3*thetaldd*cos(2*thetal - 2*theta2 -
2*theta3) - 1/8*L3"2*mL3*thetaldd*cos(2*thetal + 2*theta2 + 2*theta3) - 1/8*L3"2*mL3*theta2dd*cos(2*thetal - 2*theta2 - 2*theta3) -
3/8*L.3"2*mL3*theta2dd*cos(2*thetal + 2*theta2 + 2*theta3) - 1/8*L3"2*mL3*theta3dd*cos(2*thetal - 2*theta2 - 2*theta3) -
1/8*L3"2*mL3*theta3dd*cos(2*thetal + 2*theta2 + 2*theta3) - 3/32*L4"2*mL4*thetaddd*cos(2*thetal - theta2 - theta3) -
1/32*L4"2*mL4*thetaddd*cos(2*thetal - theta2 - 3*theta3) + 1/32*L4"2*mL4*thetaddd*cos(2*thetal - 3*theta2 - theta3) +
1/32*L4"2*mL4*thetaddd*cos(2*thetal - 3*theta2 - 3*theta3) - 5/32*L4"2*mL4*thetaddd*cos(2*thetal + 3*theta2 + 3*theta3) +
1/32*L4"2*mL4*thetadd2*cos(thetal - 2*theta2 - 2*theta3) - 3/32*L4"2*mL4*thetadd"2*cos(thetal + 2*theta2 + 2*theta3) +
1/128*L4"2*mL4*thetadd 2*cos(thetal - 2*theta2 - 4*theta3) - 3/128*L4"2*mL4*thetadd"2*cos(thetal + 2*theta2 + 4*theta3) +
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3/128*L4"2*mL4*thetadd"2*cos(thetal - 4*theta2 - 2*theta3) - 5/128*L4"2*mL4*theta4d"2*cos(thetal + 4*theta2 + 2*theta3) +
3/128*L4"2*mL4*thetadd"2*cos(thetal - 4*theta2 - 4*theta3) - 5/128*L4"2*mL4*thetadd"2*cos(thetal + 4*theta2 + 4*theta3) -
1/2*L2*g*mL2*cos(thetal + theta2) - 1/8*Im4xz*Kr4"2*thetadd"2*cos(thetal - 2*theta2) - 3/8*Im4xz*Kr4"2*thetadd2*cos(thetal + 2*theta2)
- 1/8*Imdxz*Kr4"2*thetadd"2*cos(thetal - 2*theta3) + 1/8*Im4xz*Kr4"2*thetadd"2*cos(thetal + 2*theta3) +
1/4*1.3"2*mL3*theta3dd*sin(2*thetal) + 1/2*a2"2*mL3*thetaldd*cos(2*theta2) + 1/2*a2"2*mL4*thetaldd*cos(2*theta2) +
1/2*a272*mm3*thetaldd*cos(2*theta2) + 1/2*a2~2*mm4*thetaldd*cos(2*theta2) + 1/8*L3"2*mL3*thetaldd*sin(2*thetal - 2*theta2 - 2*theta3)
- 1/8*L.3"2*mL3*thetaldd*sin(2*thetal + 2*theta2 + 2*theta3) + 1/8*L3"2*mL3*theta2dd*sin(2*thetal - 2*theta2 - 2*theta3) -
1/8*L.3"2*mL3*theta2dd*sin(2*thetal + 2*theta2 + 2*theta3) - 1/8*L3"2*mL3*theta3dd*sin(2*thetal - 2*theta2 - 2*theta3) -
1/8*L.3"2*mL3*theta3dd*sin(2*thetal + 2*theta2 + 2*theta3) + 7/32*L4"2*mL4*thetaddd*sin(2*thetal - theta2 - theta3) +
1/32*L4"2*mL4*thetaddd*sin(2*thetal - theta2 - 3*theta3) + 1/32*L4"2*mL4*thetaddd*sin(2*thetal - 3*theta2 - theta3) +
1/32*L4"2*mL4*thetaddd*sin(2*thetal - 3*theta2 - 3*theta3) - 3/32*L4"2*mL4*thetaddd*sin(2*thetal + 3*theta2 + 3*theta3) -
1/64*L4"2*mL4*thetadd 2*sin(thetal - 2*theta2 - 2*theta3) - 3/64*L4"2*mL4*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) +
1/128*L4"2*mL4*thetadd 2*sin(thetal - 2*theta2 - 4*theta3) + 3/128*L4"2*mL4*thetadd"2*sin(thetal + 2*theta2 + 4*theta3) -
3/128*L4"2*mL4*thetadd"2*sin(thetal - 4*theta2 - 2*theta3) - 5/128*L4"2*mL4*thetadd"2*sin(thetal + 4*theta2 + 2*theta3) -
3/128*L4"2*mL4*thetadd"2*sin(thetal - 4*theta2 - 4*theta3) - 5/128*L4"2*mL4*thetadd"2*sin(thetal + 4*theta2 + 4*theta3) -
1/16*IL4xx*theta2d*thetadd*cos(theta2 + theta3) - 1/16*IL4xx*theta3d*thetadd*cos(theta2 + theta3) + 1/16*IL4xy*theta2d*thetadd*cos(theta2 +
theta3) + 1/16*1L4xy*theta3d*thetadd*cos(theta2 + theta3) + Im2yz*Kr2*thetaldd*cos(thetal) + Im2yz*Kr2*theta2dd*cos(thetal) +
Im3yz*Kr3*theta3dd*cos(thetal) + 1/2*a2*g*mL3*cos(thetal + theta2) + 1/2*a2*g*mL4*cos(thetal + theta2) + 1/2*a2*g*mm3*cos(thetal +
theta2) + 1/2*a2*g*mm4*cos(thetal + theta2) - 1/8*Im4xz*Kr4"2*thetadd"2*sin(thetal - 2*theta2) + 3/8*Im4dxz*Kr4"2*thetadd"2*sin(thetal +
2*theta2) + 1/8*Im4xz*Kr4"2*thetadd"2*sin(thetal - 2*theta3) + 1/8*Im4xz*Kr4"2*thetadd"2*sin(thetal + 2*theta3) -
1/8*Imdxx*Kr4*thetaddd*cos(2*thetal + theta2 - theta3) + 1/8*Imdxx*Kr4*thetaddd*cos(2*thetal - theta2 + theta3) +
1/8*Imdxy*Kr4*thetaddd*cos(2*thetal + theta2 - theta3) + 1/8*Im4xy*Kr4*thetaddd*cos(2*thetal - theta2 + theta3) -
1/4*Imdxz*Kr4*thetaddd*cos(thetal - theta2 - theta3) - Imdyz*Kr4*thetaddd*cos(thetal - theta2 - theta3) +
1/8*1L4xy*theta2d*thetadd*sin(theta2 + theta3) + 1/8*IL4xy*theta3d*thetadd*sin(theta2 + theta3) - 1/2*|L4zz*thetald*thetadd*sin(theta2 +
theta3) - Im2xz*Kr2*thetaldd*sin(thetal) - Im2xz*Kr2*theta2dd*sin(thetal) - Im3xz*Kr3*theta3dd*sin(thetal) +
1/32*L.3"2*mL3*thetaldd*cos(- 2*theta2 - 2*theta3) + 1/32*L3"2*mL3*thetaldd*cos(2*theta3 - 2*theta2) -
1/32*L.3"2*mL3*thetaldd*cos(2*theta2 - 2*theta3) + 15/32*L3"2*mL3*thetaldd*cos(2*theta2 + 2*theta3) -
3/4*L.3"2*mL3*theta3dd*cos(2*theta2 + 2*theta3) + 1/32*L4"2*mL4*thetaldd*cos(- 2*theta2 - 2*theta3) +
1/32*L4"2*mL4*thetaldd*cos(2*theta3 - 2*theta2) - 1/32*L4"2*mL4*thetaldd*cos(2*theta2 - 2*theta3) +
15/32*L4"2*mL4*thetaldd*cos(2*theta2 + 2*theta3) - 5/64*L4"2*mL4*thetaddd*cos(- theta2 - theta3) - 1/64*L4"2*mL4*thetaddd*cos(- theta2
- 3*theta3) - 1/128*L4"2*mL4*thetaddd*cos(3*theta3 - theta2) - 3/128*L4"2*mL4*thetaddd*cos(- 3*theta2 - theta3) +
1/32*L4"2*mL4*thetaddd*cos(3*theta2 - theta3) - 1/128*L4"2*mL4*thetaddd*cos(- 3*theta2 - 3*theta3) -
15/128*L4"2*mL4*thetaddd*cos(3*theta2 + 3*theta3) + 3/128*L4"2*mL4*thetadd"2*cos(thetal - 2*theta2) -
9/128*L4"2*mL4*thetadd"2*cos(thetal + 2*theta2) - 3/128*L4"2*mL4*thetadd"2*cos(thetal - 2*theta3) -
3/128*L4"2*mL4*thetadd"2*cos(thetal + 2*theta3) + 1/8*Im4xx*Kr4*thetaddd*sin(2*thetal + theta2 - theta3) +
1/8*Imdxx*Kr4*thetaddd*sin(2*thetal - theta2 + theta3) + 1/8*Imdxy*Kr4*thetaddd*sin(2*thetal + theta2 - theta3) -
1/8*Imdxy*Kr4*thetaddd*sin(2*thetal - theta2 + theta3) + 3/4*Im4xz*Kr4*thetaddd*sin(thetal - theta2 - theta3) -
1/4*Imaxx*Kr4"2*thetadd"2*cos(2*theta2) + 1/4*Im4dxy*Kr4" 2*thetadd"2*cos(2*thetal) - 1/2*L4*g*mL4*cos(thetal - theta2 - theta3) -
1/8*Imaxx*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2 - 2*theta3) - 1/8*Ima4xx*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) -
1/4*Imaxy*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) + 1/4*L2"2*mL2*thetaldd*sin(2*thetal - 2*theta2) -
1/4*1L.27"2*mL2*thetaldd*sin(2*thetal + 2*theta2) + 1/4*L2"2*mL2*theta2dd*sin(2*thetal - 2*theta2) - 1/4*L2/2*mL2*theta2dd*sin(2*thetal +
2*theta2) - 1/4*L.3"2*mL3*thetaldd*sin(2*theta2 + 2*theta3) - 1/4*L3"2*mL3*theta2dd*sin(2*theta2 + 2*theta3) -
1/8*L4"2*mL4*thetaddd*sin(3*theta2 - theta3) - 1/8*L4"2*mL4*thetaddd*sin(3*theta2 + 3*theta3) - 3/128*L4"2*mL4*thetadd"2*sin(thetal -
2*theta2) - 9/128*L4"2*mL4*thetadd"2*sin(thetal + 2*theta2) - 3/128*L4"2*mL4*thetadd"2*sin(thetal - 2*theta3) +
3/128*L4"2*mL4*thetadd"2*sin(thetal + 2*theta3) + 7/32*L4"2*mL4*thetaddd*cos(2*thetal + theta2 + theta3) +
1/4*1maxx*Kr4"2*thetadd"2*sin(2*thetal) - 1/4*Imdyy*Kr4"2*thetadd"2*sin(2*thetal) + 1/2*L3*g*mL3*sin(thetal - theta2 - theta3) +
1/32*d4"2*mL4*thetaldd*cos(- 2*theta2 - 2*theta3) + 1/32*d4"2*mL4*thetaldd*cos(2*theta3 - 2*theta2) -
1/32*d4"2*mL4*thetaldd*cos(2*theta2 - 2*theta3) + 15/32*d4"2*mL4*thetaldd*cos(2*theta2 + 2*theta3) + 1/32*d4"2*mm4*thetaldd*cos(-
2*theta2 - 2*theta3) + 1/32*d4"2*mm4*thetaldd*cos(2*theta3 - 2*theta2) - 1/32*d4"2*mm4*thetaldd*cos(2*theta2 - 2*theta3) +
15/32*d4"2*mm4*thetaldd*cos(2*theta2 + 2*theta3) - d4"2*mm4*theta2dd*cos(2*theta2 + 2*theta3) - 1/2*d4"2*mm4*theta3dd*cos(2*theta2 +
2*theta3) - 3/16*IL4xx*theta2d*thetadd*cos(2*thetal + theta2 - theta3) - 1/16*IL4xx*theta2d*thetadd*cos(2*thetal - theta2 + theta3) -
3/16*IL4xx*theta3d*thetadd*cos(2*thetal + theta2 - theta3) - 1/16*IL4xx*theta3d*thetadd*cos(2*thetal - theta2 + theta3) -
3/16*IL4xy*theta2d*thetadd*cos(2*thetal + theta2 - theta3) + 1/16*IL4xy*theta2d*thetadd*cos(2*thetal - theta2 + theta3) -
3/16*IL4xy*theta3d*thetadd*cos(2*thetal + theta2 - theta3) + 1/16*IL4xy*theta3d*thetadd*cos(2*thetal - theta2 + theta3) +
1/4*Imdxy*Kr4*thetaddd*cos(theta2 - theta3) + 1/4*Im4xy*Kr4~2*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) +
1/4*Imdyy*Kr4"2*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) - 1/2*d4*g*mL4*cos(thetal - theta2 - theta3) - 1/2*d4*g*mm4*cos(thetal -
theta2 - theta3) + 3/32*L4"2*mL4*thetaddd*sin(2*thetal + theta2 + theta3) - 3/16*IL4xx*theta2d*thetadd*sin(2*thetal + theta2 - theta3) +
1/16*1L4xx*theta2d*thetadd*sin(2*thetal - theta2 + theta3) - 3/16*IL4xx*theta3d*thetadd*sin(2*thetal + theta2 - theta3) +
1/16*1L4xx*theta3d*thetadd*sin(2*thetal - theta2 + theta3) + 3/16*IL4xy*theta2d*thetadd*sin(2*thetal + theta2 - theta3) +
1/16*1L4xy*theta2d*thetadd*sin(2*thetal - theta2 + theta3) + 3/16*IL4xy*theta3d*theta4d*sin(2*thetal + theta2 - theta3) +
1/16*1L4xy*theta3d*thetadd*sin(2*thetal - theta2 + theta3) - 9/64*L4"2*mL4*thetadd"2*cos(3*thetal) -
5/32*L4"2*mL4*thetadd"2*cos(2*theta2) - 1/64*L4"2*mL4*thetadd"2*cos(4*theta2) + 1/4*Imdxy*Kr4*thetaddd*sin(theta2 - theta3) -
1/4*Imdxz*Kr4*thetaddd*cos(thetal + theta2 + theta3) - 1/4*L472*mL4*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) +
9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal - 2*theta3) - 9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal + 2*theta3) -
7/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2 - 2*theta3) - 9/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2 + 2*theta3) -
5/32*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta2 + 2*theta3) - 1/8*L4"2*mL4*thetadd"2*cos(2*thetal + 2*theta2 + 4*theta3) -
1/16*L4"2*mL4*thetadd 2*cos(2*thetal - 4*theta2 - 2*theta3) - 3/16*L4"2*mL4*thetadd"2*cos(2*thetal + 4*theta2 + 2*theta3) +
15/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal - 2*theta3) + 9/1024*L4"2*mL4*theta4d"2*cos(2*theta2 - 4*thetal + 2*theta3) -
17/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 - 2*theta3) - 23/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 + 2*theta3) +
3/128*L4"2*mL4*thetadd"2*cos(4*thetal + 2*theta2 - 2*theta3) + 3/128*L4"2*mL4*thetadd"2*cos(4*thetal + 2*theta2 + 2*theta3) -
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9/512*L.4"2*mL4*theta4d"2*cos(2*theta2 - 3*thetal + 4*theta3) + 5/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2 - 4*theta3) -
5/128*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta2 + 4*theta3) + 1/128*L4"2*mL4*thetadd"2*cos(3*thetal - 4*theta2 - 2*theta3) -
7/128*L4"2*mL4*thetadd"2*cos(3*thetal + 4*theta2 + 2*theta3) - 1/16*L4"2*mL4*thetadd"2*cos(2*thetal - 4*theta2 - 4*theta3) -
3/16*L4"2*mL4*thetadd"2*cos(2*thetal + 4*theta2 + 4*theta3) + 3/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal - 4*theta3) +
3/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal + 4*theta3) + 1/128*L4"2*mL4*thetadd” 2*cos(2*theta3 - 4*theta2 - 4*thetal) -
9/2048*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal - 2*theta3) - 3/1024*L4"2*mL4*thetadd 2*cos(4*theta2 - 4*thetal + 2*theta3) -
3/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 - 4*theta3) - 3/512*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 + 4*theta3) +
3/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2 - 2*theta3) + 9/2048*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2 + 2*theta3) -
1/128*L4"2*mL4*thetadd 2*cos(4*thetal + 4*theta2 - 2*theta3) + 1/32*L4"2*mL4*thetadd 2*cos(4*thetal + 4*theta2 + 2*theta3) +
1/128*L4"2*mL4*thetadd"2*cos(3*thetal - 4*theta2 - 4*theta3) - 7/128*L4"2*mL4*thetadd"2*cos(3*thetal + 4*theta2 + 4*theta3) -
1/512*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal - 4*theta3) + 5/2048*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal + 4*theta3) -
5/2048*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2 - 4*theta3) + 1/512*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2 + 4*theta3) +
1/64*L4"2*mL4*thetadd2*cos(4*thetal + 4*theta2 + 4*theta3) + 1/2*L2*g*mL2*cos(thetal - theta2) -
1/4*Imaxx*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2) - 1/4*Im4xy*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2) -
1/8*Imdxx*Kr4"2*thetadd"2*cos(2*theta2 - 2*theta3) - 1/8*Im4xx*Kr4"2*thetadd"2*cos(2*theta2 + 2*theta3) +
1/8*Imdxy*Kr4"2*thetadd"2*cos(2*thetal - 2*theta3) + 1/8*Im4xy*Krd"2*thetadd"2*cos(2*thetal + 2*theta3) +

1/16*L4"2*mL4*thetadd 2*sin(2*thetal) + 9/64*L4"2*mL4*thetadd"2*sin(2*theta2) - 1/16*L4"2*mL4*thetadd2*sin(4*thetal) -
1/8*L4"2*mL4*thetadd 2*sin(4*theta2) - 51/64*L4"2*mL4*thetaddd*cos(theta2 + theta3) + 1/4*Im4xz*Kr4*thetaddd*sin(thetal + theta2 +
theta3) + 1/8*L4"2*mL4*thetadd 2*sin(2*thetal + 2*theta2 - 2*theta3) + 3/8*L4"2*mL4*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) -
9/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal - 2*theta3) - 27/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal + 2*theta3) -
19/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2 - 2*theta3) - 9/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2 + 2*theta3) -
5/64*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta2 + 2*theta3) - 1/8*L4"2*mL4*thetadd 2*sin(2*thetal + 2*theta2 + 4*theta3) +
1/16*L4"2*mL4*thetadd 2*sin(2*thetal - 4*theta2 - 2*theta3) - 3/16*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta2 + 2*theta3) -
7/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal - 2*theta3) - 1/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal + 2*theta3) -
33/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 - 2*theta3) - 7/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 + 2*theta3) -
3/64*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta2 + 2*theta3) - 3/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal + 4*theta3) -
7/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2 - 4*theta3) + 5/128*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta2 + 4*theta3) -
1/128*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta2 - 2*theta3) - 7/128*L4"2*mL4*thetadd"2*sin(3*thetal + 4*theta2 + 2*theta3) -
1/32*L4"2*mL4*thetadd 2*sin(2*thetal - 4*theta2 - 4*theta3) + 3/32*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta2 + 4*theta3) +
1/1024*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal - 4*theta3) + 5/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal + 4*theta3) +
3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal - 2*theta3) - 3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal + 2*theta3) -
11/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 - 4*theta3) + 1/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 + 4*theta3) -
3/128*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta2 + 4*theta3) - 3/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 - 2*theta3) +
3/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 + 2*theta3) - 3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 3*thetal + 4*theta3) -
11/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta2 - 4*theta3) - 7/128*L4"2*mL4*thetadd"2*sin(3*thetal + 4*theta2 + 4*theta3) +
1/2048*L4"2*mL4*thetadd 2*sin(4*theta2 - 4*thetal - 4*theta3) + 1/2048*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal + 4*theta3) +
1/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 - 4*theta3) + 1/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 + 4*theta3) -
1/16*1L4xx*theta2d*thetadd*cos(theta2 - theta3) + 1/16*1L4xx*theta2d*thetadd*cos(theta3 - theta2) - 1/16*1L4xx*theta3d*thetadd*cos(theta2 -
theta3) + 1/16*1L4xx*theta3d*thetadd*cos(theta3 - theta2) - 3/16*IL4xy*theta2d*thetadd*cos(theta2 - theta3) +
1/16*1L4xy*theta2d*thetadd*cos(theta3 - theta2) - 3/16*IL4xy*theta3d*thetadd*cos(theta2 - theta3) + 1/16*IL4xy*theta3d*thetadd*cos(theta3 -
theta2) - 1/2*Im3xx*Kr3*theta3dd*cos(2*thetal) + 1/2*Im3yy*Kr3*theta3dd*cos(2*thetal) + 1/2*L4*g*mL4*cos(thetal + theta2 + theta3) -
1/2*a2*g*mL3*cos(thetal - theta2) - 1/2*a2*g*mL4*cos(thetal - theta2) - 1/2*a2*g*mm3*cos(thetal - theta2) - 1/2*a2*g*mm4*cos(thetal -
theta2) + 1/8*Imdxx*Kr4"2*thetadd"2*sin(2*thetal - 2*theta3) + 1/8*Im4xx*Kr4"2*thetadd"2*sin(2*thetal + 2*theta3) +
1/4*Imdxy*Kr4"2*thetadd"2*sin(2*thetal + 2*theta2) - 1/8*Imdxy*Kr4"2*thetadd"2*sin(2*thetal - 2*theta3) +
1/8*Imaxy*Kr4"2*thetadd"2*sin(2*thetal + 2*theta3) - 1/32*Im4xy*Kr4"2*thetadd"2*sin(2*theta3 - 2*theta2) -
1/32*Imaxy*Kr4"2*thetadd"2*sin(2*theta2 - 2*theta3) - 1/32*Im4yy*Kr4"2*thetadd"2*sin(2*theta3 - 2*theta2) -
1/32*Imdyy*Kr4"2*thetadd"2*sin(2*theta2 - 2*theta3) - 1/4*Imdyy*Kr4"2*thetadd"2*sin(2*theta2 + 2*theta3) +
1/2*Im4zz*Kr4"2*thetadd"2*sin(2*theta2 + 2*theta3) + 1/8*Im4xx*Kr4*thetaddd*cos(2*thetal - theta2 - theta3) +
1/8*Imdxy*Kr4*thetaddd*cos(2*thetal - theta2 - theta3) - 1/4*Imdyy*Kr4*thetaddd*cos(2*thetal - theta2 - theta3) -
1/8*L4"2*mL4*thetaddd*sin(theta2 + theta3) + 1/8*IL4xy*theta2d*thetadd*sin(theta2 - theta3) + 1/8*IL4xy*theta3d*thetadd*sin(theta2 - theta3)
+ Im3xy*Kr3*theta3dd*sin(2*thetal) - 1/2*L3*g*mL3*sin(thetal + theta2 + theta3) + 1/4*IL4xz*thetald*thetadd*cos(thetal + theta2 + theta3) -
1/2*1L4xz*theta2d*thetadd*cos(thetal + theta2 + theta3) - 1/2*IL4xz*theta3d*thetadd*cos(thetal + theta2 + theta3) -
1/8*L4"2*mL4*thetadd 2*cos(2*thetal + 2*theta2) + 1/16*L4"2*mL4*theta4d"2*cos(2*thetal - 2*theta3) -
1/16*L4"2*mL4*thetadd2*cos(2*thetal + 2*theta3) + 9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal) -
21/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2) - 15/128*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta2) -
9/512*L4"2*mL4*thetadd"2*cos(- 3*thetal - 2*theta3) - 9/512*L4"2*mL4*thetadd"2*cos(2*theta3 - 3*thetal) -
27/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta3) - 27/512*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta3) +
1/2048*L4"2*mL4*thetadd 2*cos(- 2*theta2 - 2*theta3) - 15/2048*L4"2*mL4*thetadd"2*cos(2*theta3 - 2*theta2) -
17/2048*L4"2*mL4*thetadd"2*cos(2*theta2 - 2*theta3) - 545/2048*L4"2*mL4*thetadd"2*cos(2*theta2 + 2*theta3) +
15/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal) - 31/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2) +
3/64*L4"2*mL4*thetadd"2*cos(4*thetal + 2*theta2) - 21/2048*L4"2*mL4*thetadd"2*cos(- 4*thetal - 2*theta3) +
15/1024*L4"2*mL4*thetadd"2*cos(2*theta3 - 4*thetal) + 1/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta3) -
11/2048*L4"2*mL4*thetadd 2*cos(4*thetal + 2*theta3) + 9/512*L4"2*mL4*theta4d"2*cos(4*theta3 - 3*thetal) -
9/512*L4"2*mL4*thetadd"2*cos(3*thetal - 4*theta3) + 3/2048*L4"2*mL4*thetadd"2*cos(- 2*theta2 - 4*theta3) -
1/1024*L4"2*mL4*thetadd"2*cos(4*theta3 - 2*theta2) + 1/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*theta3) -
259/2048*L4"2*mL4*thetadd"2*cos(2*theta2 + 4*theta3) - 1/128*L4"2*mL4*thetadd 2*cos(- 4*thetal - 4*theta2) +
7/1024*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal) - 7/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2) +
3/128*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta2) - 1/512*L4"2*mL4*thetadd"2*cos(- 4*theta2 - 2*theta3) -
49/256*L.4"2*mL4*thetadd"2*cos(2*theta3 - 4*theta2) + 49/256*L4"2*mL4*thetadd"2*cos(4*theta2 - 2*theta3) -
143/512*L4"2*mL4*thetadd"2*cos(4*theta2 + 2*theta3) - 3/1024*L4"2*mL4*thetadd"2*cos(- 4*thetal - 4*theta3) -
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9/2048*L4"2*mL4*thetadd"2*cos(4*theta3 - 4*thetal) + 25/2048*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta3) -
5/1024*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta3) - 1/2048*L4"2*mL4*thetadd"2*cos(- 4*theta2 - 4*theta3) -
1/2048*L4"2*mL4*thetadd2*cos(4*theta3 - 4*theta2) + 1/2048*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*theta3) -
543/2048*L4"2*mL4*thetadd 2*cos(4*theta2 + 4*theta3) + 1/8*Imdxx*Kr4*thetaddd*sin(2*thetal - theta2 - theta3) -
3/8*Im4xy*Kra*thetaddd*sin(2*thetal - theta2 - theta3) + 1/2*d4*g*mL4*cos(thetal + theta2 + theta3) + 1/2*d4*g*mmd4*cos(thetal + theta2 +
theta3) - 1/4*1L4xz*thetald*thetadd*sin(thetal + theta2 + theta3) + 1/2*IL4yz*thetald*thetadd*sin(thetal + theta2 + theta3) -
1/2*1L4yz*theta2d*thetadd*sin(thetal + theta2 + theta3) - 1/2*1L4yz*theta3d*thetadd*sin(thetal + theta2 + theta3) +
1/8*L4"2*mL4*thetadd2*sin(2*thetal + 2*theta2) + 1/16*L4"2*mL4*thetadd"2*sin(2*thetal - 2*theta3) +

1/16*L4"2*mL4*thetadd 2*sin(2*thetal + 2*theta3) - 33/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal) -
21/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2) - 15/128*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta2) +

1/32*L4"2*mL4*thetadd 2*sin(2*thetal - 4*theta2) - 3/32*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta2) + 9/512*L4"2*mL4*thetadd"2*sin(-
3*thetal - 2*theta3) + 63/1024*L4"2*mL4*thetadd"2*sin(2*theta3 - 3*thetal) - 9/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta3) +
45/512*L 4"2*mL4*thetadd"2*sin(3*thetal + 2*theta3) + 7/2048*L4"2*mL4*thetadd"2*sin(- 2*theta2 - 2*theta3) +
15/2048*L.4"2*mL4*thetadd"2*sin(2*theta3 - 2*theta2) + 271/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 2*theta3) +
839/2048*L4"2*mL4*thetadd"2*sin(2*theta2 + 2*theta3) - 27/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal) -
43/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2) - 3/128*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta2) -

1/32*L4"2*mL4*thetadd 2*sin(2*thetal - 4*theta3) - 1/32*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta3) +
3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 3*thetal) + 3/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta2) +
3/2048*L4"2*mL4*thetadd 2*sin(- 4*thetal - 2*theta3) + 9/2048*L4"2*mL4*thetadd"2*sin(2*theta3 - 4*thetal) -
55/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta3) - 61/2048*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta3) +
9/1024*L4"2*mL4*thetadd"2*sin(4*theta3 - 3*thetal) + 9/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta3) +
1/2048*L4"2*mL4*thetadd2*sin(- 2*theta2 - 4*theta3) + 3/1024*L4"2*mL4*thetadd"2*sin(4*theta3 - 2*theta2) +
3/1024*L4"2*mL4*thetadd 2*sin(2*theta2 - 4*theta3) - 223/2048*L4"2*mL4*thetadd"2*sin(2*theta2 + 4*theta3) +
5/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal) + 5/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2) +
1/2048*L4"2*mL4*thetadd"2*sin(- 4*theta2 - 2*theta3) - 65/512*L4"2*mL4*thetadd"2*sin(2*theta3 - 4*theta2) -
65/512*L4"2*mL4*thetadd"2*sin(4*theta2 - 2*theta3) - 511/2048*L4"2*mL4*thetadd"2*sin(4*theta2 + 2*theta3) +
3/2048*L4"2*mL4*thetadd"2*sin(4*theta3 - 4*thetal) + 3/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta3) +
3/64*L4"2*mL4*thetadd"2*sin(4*theta3 - 4*theta2) + 3/64*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*theta3) +
1/8*L4"2*mL4*thetadd2*sin(4*theta2 + 4*theta3) + 3/8*L4"2*mL4*thetaddd*cos(thetal - theta2 - theta3) -
1/16*L4"2*mL4*thetaddd*cos(2*thetal + theta2 - theta3) + 1/16*L4"2*mL4*thetaddd*cos(2*thetal - theta2 + theta3) +
1/32*L4"2*mL4*thetaddd*cos(2*thetal + theta2 + 3*theta3) - 1/32*L4"2*mL4*thetaddd*cos(2*thetal + 3*theta2 + theta3) +
1/8*L4"2*mL4*thetaddd*cos(thetal - 3*theta2 - 3*theta3) + 1/8*L4"2*mL4*thetaddd*cos(thetal + 3*theta2 + 3*theta3) -
1/16*1L4xx*theta2d*thetadd*cos(2*thetal - theta2 - theta3) - 1/16*IL4xx*theta3d*thetadd*cos(2*thetal - theta2 - theta3) +
3/16*IL4xy*theta2d*thetadd*cos(2*thetal - theta2 - theta3) + 3/16*IL4xy*theta3d*thetadd*cos(2*thetal - theta2 - theta3) +
3/16*L4"2*mL4*thetaddd*sin(2*thetal + theta2 - theta3) + 3/16*L4"2*mL4*thetaddd*sin(2*thetal - theta2 + theta3) -
3/32*L4"2*mL4*thetaddd*sin(2*thetal + theta2 + 3*theta3) - 3/32*L4"2*mL4*thetaddd*sin(2*thetal + 3*theta2 + theta3) +
1/2*d4"2*mm4*theta3dd*cos(thetal) + 1/16*IL4xx*theta2d*thetadd*sin(2*thetal - theta2 - theta3) + 1/16*IL4xx*theta3d*thetadd*sin(2*thetal -
theta2 - theta3) + 1/16*1L4xy*theta2d*thetadd*sin(2*thetal - theta2 - theta3) + 1/16*IL4xy*theta3d*thetadd*sin(2*thetal - theta2 - theta3) -
1/8*1L4yy*theta2d*thetadd*sin(2*thetal - theta2 - theta3) - 1/8*IL4yy*theta3d*thetadd*sin(2*thetal - theta2 - theta3) -
1/4*d4"2*mm4*theta3dd*cos(thetal - 2*theta2 - 2*theta3) - 1/4*d4"2*mm4*theta3dd*cos(thetal + 2*theta2 + 2*theta3) -
1/8*Imdxx*Kr4*thetaddd*cos(2*thetal + theta2 + theta3) + 1/8*Imdxy*Krd*thetaddd*cos(2*thetal + theta2 + theta3) -
1/4*Imdxz*Kr4*thetaddd*cos(thetal + theta2 - theta3) - 1/4*Im4xz*Kr4*thetaddd*cos(thetal - theta2 + theta3) +
1/4*Imdyy*Kr4*thetaddd*cos(2*thetal + theta2 + theta3) + L4*d4*mL4*thetaldd + 2*L4*d4*mL4*theta2dd + 2*L4*d4*mL4*theta3dd +
11/128*L4"2*mL4*thetaddd*cos(theta2 - theta3) - 11/128*L4"2*mL4*thetaddd*cos(theta3 - theta2) + 1/128*L4"2*mL4*thetaddd*cos(theta2 -
3*theta3) + 1/64*L4"2*mL4*thetaddd*cos(theta2 + 3*theta3) - 1/32*L4"2*mL4*thetaddd*cos(theta3 - 3*theta2) +
3/128*L4"2*mL4*thetaddd*cos(3*theta2 + theta3) + 1/8*Imdxx*Kr4*thetaddd*sin(2*thetal + theta2 + theta3) +
3/8*Im4xy*Kra*thetaddd*sin(2*thetal + theta2 + theta3) - 1/4*Im4xz*Kr4*thetaddd*sin(thetal + theta2 - theta3) +
1/4*Imdxz*Kr4*thetaddd*sin(thetal - theta2 + theta3) + 1/16*IL4xx*theta2d*thetadd*cos(- theta2 - theta3) + 1/16*IL4xx*theta3d*thetadd*cos(-
theta2 - theta3) + 1/16*IL4xy*theta2d*thetadd*cos(- theta2 - theta3) + 1/16*IL4xy*theta3d*thetadd*cos(- theta2 - theta3) -
1/2*Im2xx*Kr2/2*theta2dd*cos(2*thetal) + 1/2*Im2yy*Kr2/2*theta2dd*cos(2*thetal) - 1/8*L3*a2*mL3*thetaldd*sin(2*thetal + theta3) -
1/4*L.3*a2*mL3*thetaldd*sin(2*theta2 + theta3) + 1/8*L3*a2*mL3*theta2dd*sin(2*thetal + theta3) - 1/4*L3*a2*mL3*theta2dd*sin(2*theta2 +
theta3) + 3/32*L4*a2*mL4*thetaddd*sin(2*thetal + theta2) + 1/8*L4*a2*mL4*thetaddd*sin(theta2 - 2*theta3) -
1/4*L4*a2*mL4*thetaddd*sin(theta2 + 2*theta3) - 1/8*L4*d4*mL4*thetaddd*sin(theta2 + 3*theta3) - 1/8*L4*d4*mL4*thetaddd*sin(theta3 -
3*theta2) - 1/8*L4*d4*mL4*thetaddd*sin(3*theta2 + theta3) + 1/16*L4"2*mL4*thetald*thetadd*cos(theta2 + theta3) -
7/256*L4"2*mL4*theta2d*thetadd*cos(theta2 + theta3) - 7/256*L4"2*mL4*theta3d*thetadd*cos(theta2 + theta3) -
1/4*Imdxz*Kr4*thetald*thetadd*sin(thetal + theta2 + theta3) + 1/2*Im4yz*Kr4*thetald*theta4d*sin(thetal + theta2 + theta3) -
1/2*Imdyz*Kr4*theta2d*thetadd*sin(thetal + theta2 + theta3) - 1/2*Im4yz*Kr4*theta3d*thetadd*sin(thetal + theta2 + theta3) +
3/8*L4*d4*mL4*thetaddd*cos(thetal + theta2 + theta3) + 1/8*a2*d4*mL4*thetaldd*cos(theta3 - 2*theta2) +
7/8*a2*d4*mL4*thetaldd*cos(2*theta2 + theta3) + 1/8*a2*d4*mm4*thetaldd*cos(theta3 - 2*theta2) + 7/8*a2*d4*mm4*thetaldd*cos(2*theta2
+ theta3) - a2*d4*mm4*theta2dd*cos(2*theta2 + theta3) - 1/2... Output truncated. Text exceeds maximum line length of 25,000 characters for
Command Window display.

T3 =

IL1zz*thetaldd + 1/2*1L2xx*theta2dd + 1/2*IL2yy*theta2dd + 1L2zz*thetaldd + IL3xx*theta2dd + IL3xx*theta3dd + IL3yy*theta2dd +
1L3yy*theta3dd + IL3zz*thetaldd + IL4xx*theta2dd + IL4xx*theta3dd + IL4yy*theta2dd + IL4yy*theta3dd + IL4zz*thetaldd + Im2zz*thetaldd
+ 1/2*Im3xx*theta2dd + 1/2*Im3yy*theta2dd + Im3zz*thetaldd + Im4xx*theta2dd + Im4xx*theta3dd + Im4yy*theta2dd + Im4yy*theta3dd +
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Imdzz*thetaldd + 1/2*a2"2*mL3*thetaldd + a2"2*mL3*theta2dd + 1/2*a2"2*mL4*thetaldd + a2"2*mL4*theta2dd + 1/2*a2"2*mm3*thetaldd
+ a2"2*mm3*theta2dd + 1/2*a2"2*mm4*thetaldd + a2"2*mm4*theta2dd + 1/2*d4"2*mL4*thetaldd + 2*d4"2*mL4*theta2dd +
2*d4"2*mL4*theta3dd + 1/2*d4"2*mm4*thetaldd + 3/2*d4"2*mm4*theta2dd + 5/4*d4"2*mm4*theta3dd - IL2xz*thetaldd*sin(thetal) -
IL2xz*theta2dd*sin(thetal) - 2*IL3xz*thetaldd*sin(thetal) - IL3xz*theta2dd*sin(thetal) - IL3xz*theta3dd*sin(thetal) -
2*IL4xz*thetaldd*sin(thetal) - IL4xz*theta2dd*sin(thetal) - IL4xz*theta3dd*sin(thetal) - Im3xz*thetaldd*sin(thetal) -
Im3xz*theta2dd*sin(thetal) - 2*Im4xz*thetaldd*sin(thetal) - Im4xz*theta2dd*sin(thetal) - Im4xz*theta3dd*sin(thetal) +
1/4*IL4xx*thetaddd*sin(2*thetal + theta2 - theta3) + 1/4*IL4xx*thetaddd*sin(2*thetal - theta2 + theta3) + 1/4*IL4xy*thetaddd*sin(2*thetal +
theta2 - theta3) - 1/4*IL4xy*thetaddd*sin(2*thetal - theta2 + theta3) + 5/4*IL4xz*thetaddd*sin(thetal - theta2 - theta3) +
1/2*1L4xy*thetaddd*cos(theta2 - theta3) + 1/2*IL4xy*thetaddd*sin(theta2 - theta3) - 1/4*IL4xz*thetaddd*cos(thetal + theta2 + theta3) -
1/2*1L4yz*thetaddd*cos(thetal + theta2 + theta3) + 3/4*IL4xz*thetaddd*sin(thetal + theta2 + theta3) - 1/2*IL2xx*theta2dd*cos(2*thetal) +
1/2*1L.2yy*theta2dd*cos(2*thetal) - IL3xx*theta2dd*cos(2*thetal) - IL3xx*theta3dd*cos(2*thetal) + IL3yy*theta2dd*cos(2*thetal) +
1L3yy*theta3dd*cos(2*thetal) - IL4xx*theta2dd*cos(2*thetal) - IL4xx*theta3dd*cos(2*thetal) + IL4yy*theta2dd*cos(2*thetal) +
IL4yy*theta3dd*cos(2*thetal) - 1/2*Im3xx*theta2dd*cos(2*thetal) + 1/2*Im3yy*theta2dd*cos(2*thetal) - Imdxx*theta2dd*cos(2*thetal) -
Im4xx*theta3dd*cos(2*thetal) + Imdyy*theta2dd*cos(2*thetal) + Im4yy*theta3dd*cos(2*thetal) + 1/4*IL4xx*thetaddd*cos(2*thetal - theta2 -
theta3) + 1/4*|L4xy*thetaddd*cos(2*thetal - theta2 - theta3) - 1/2*1L4yy*thetaddd*cos(2*thetal - theta2 - theta3) -
3/8*1L4xz*thetadd™2*cos(thetal - 2*theta2 - 2*theta3) - 5/8*IL4xz*thetadd 2*cos(thetal + 2*theta2 + 2*theta3) + IL2xy*theta2dd*sin(2*thetal)
+ 2*1L3xy*theta2dd*sin(2*thetal) + 2*1L3xy*theta3dd*sin(2*thetal) + 2*IL4xy*theta2dd*sin(2*thetal) + 2*IL4xy*theta3dd*sin(2*thetal) +
1/4*1L4xz*thetadd 2*sin(thetal) + Im3xy*theta2dd*sin(2*thetal) + 2*Imdxy*theta2dd*sin(2*thetal) + 2*Im4xy*theta3dd*sin(2*thetal) +
1/2*Im3xx*Kr3*theta2dd + 1/2*Im3xx*Kr3*theta3dd + 1/2*Im3yy*Kr3*theta2dd + 1/2*Im3yy*Kr3*theta3dd +
1/4*1L4xx*thetaddd*sin(2*thetal - theta2 - theta3) - 3/4*IL4xy*thetaddd*sin(2*thetal - theta2 - theta3) - 3/8*IL4xz*thetadd"2*sin(thetal -
2*theta2 - 2*theta3) + 5/8*IL4xz*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) - 3/4*IL4yz*thetadd"2*sin(thetal - 2*theta2 - 2*theta3) -
5/4*|L4yz*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) - 1/8*IL4xz*thetadd"2*cos(thetal - 2*theta2) - 3/8*IL4xz*thetadd"2*cos(thetal +
2*theta2) + 1/8*IL4xz*thetadd"2*cos(thetal - 2*theta3) + 3/8*IL4xz*thetadd"2*cos(thetal + 2*theta3) - 1/8*IL4xz*theta4d"2*sin(thetal -
2*theta2) + 3/8*1L4xz*thetadd"2*sin(thetal + 2*theta2) - 1/8*1L4xz*thetadd"2*sin(thetal - 2*theta3) + 3/8*IL4xz*thetadd"2*sin(thetal +
2*theta3) - 1/4*IL4xx*thetaddd*cos(2*thetal + theta2 + theta3) + 1/4*IL4xy*thetaddd*cos(2*thetal + theta2 + theta3) -
1/4*1L4xz*thetaddd*cos(thetal + theta2 - theta3) - 1/4*IL4xz*thetaddd*cos(thetal - theta2 + theta3) + 1/2*IL4yy*thetaddd*cos(2*thetal + theta2
+ theta3) + 1/4*1L4xx*thetaddd*sin(2*thetal + theta2 + theta3) + 3/4*IL4xy*thetaddd*sin(2*thetal + theta2 + theta3) -
1/4*L4xz*thetaddd*sin(thetal + theta2 - theta3) + 1/4*IL4xz*thetaddd*sin(thetal - theta2 + theta3) - 1/4*IL4xx*thetadd"2*cos(2*theta2) +
1/4*1L4xy*thetadd"2*cos(2*thetal) - 1/16*IL4xx*thetadd"2*cos(2*thetal - 2*theta2 - 2*theta3) + 1/16*IL4xx*thetadd"2*cos(2*thetal - 2*theta2
+ 2*theta3) - 1/16*IL4xx*thetadd"2*cos(2*thetal + 2*theta2 - 2*theta3) - 3/16*IL4xx*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) +
1/8*1L4xy*thetadd"2*cos(2*thetal - 2*theta2 - 2*theta3) - 3/8*IL4xy*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) +
1/4*L4xx*thetadd"2*sin(2*thetal) + 1/4*IL4xx*thetadd"2*sin(2*theta3) - 1/4*IL4yy*thetadd"2*sin(2*thetal) + Im1zz*Kr1"2*thetaldd +
1/2*Im2xx*Kr272*theta2dd + 1/2*Im2yy*Kr2"2*theta2dd + 1/2*Im3xx*Kr3"2*theta3dd + 1/2*Im3yy*Kr3"2*theta3dd +
1/2*1L4xy*thetaddd*cos(theta2 + theta3) - 1L4zz*thetaddd*cos(theta2 + theta3) + 1/8*IL4xy*thetadd"2*sin(2*thetal - 2*theta2 - 2*theta3) +
3/8*IL4xy*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) - 1/8*IL4yy*thetadd"2*sin(2*thetal - 2*theta2 - 2*theta3) +

3/8*IL4yy*thetadd 2*sin(2*thetal + 2*theta2 + 2*theta3) - 1/2*1L4xy*thetaddd*sin(theta2 + theta3) - 1/4*IL4xx*thetadd"2*cos(2*thetal +
2*theta2) - 1/4*IL4xy*thetadd"2*cos(2*thetal + 2*theta2) - 1/4*IL4xx*thetadd"2*cos(2*theta2 + 2*theta3) + 1/4*IL4xy*thetadd"2*cos(2*thetal
+ 2*theta3) + 1/2*L.2"2*mL2*thetaldd + L2"2*mL2*theta2dd + 1/2*L3"2*mL3*thetaldd + 3/4*L3"2*mL3*theta2dd + 3/4*L3"2*mL3*theta3dd
+ 1/2*L4"2*mL4*thetaldd + 2*L4"2*mL4*theta2dd + 2*L4"2*mL4*theta3dd + IL2yz*thetaldd*cos(thetal) + IL2yz*theta2dd*cos(thetal) +
2*1L3yz*thetaldd*cos(thetal) + IL3yz*theta2dd*cos(thetal) + IL3yz*theta3dd*cos(thetal) + 2*IL4yz*thetaldd*cos(thetal) +
IL4yz*theta2dd*cos(thetal) + IL4yz*theta3dd*cos(thetal) + Im3yz*thetaldd*cos(thetal) + Im3yz*theta2dd*cos(thetal) +
2*Im4yz*thetaldd*cos(thetal) + Im4yz*theta2dd*cos(thetal) + Im4yz*theta3dd*cos(thetal) + 1/4*IL4xx*thetadd"2*sin(2*thetal + 2*theta3) +
1/4*1L4xy*thetadd"2*sin(2*thetal + 2*theta2) + 1/4*IL4xy*thetadd"2*sin(2*thetal + 2*theta3) - 1/32*IL4xy*thetadd"2*sin(2*theta3 - 2*theta2)
- 1/32*1L4xy*thetadd"2*sin(2*theta2 - 2*theta3) - 1/16*IL4yy*theta4d"2*sin(2*theta3 - 2*theta2) - 1/16*IL4yy*theta4d"2*sin(2*theta2 -
2*theta3) - 1/2*IL4yy*thetadd"2*sin(2*theta2 + 2*theta3) + IL4zz*thetadd"2*sin(2*theta2 + 2*theta3) - 1/4*IL4xx*thetaddd*cos(2*thetal +
theta2 - theta3) + 1/4*IL4xx*thetaddd*cos(2*thetal - theta2 + theta3) + 1/4*IL4xy*thetaddd*cos(2*thetal + theta2 - theta3) +
1/4*1L4xy*thetaddd*cos(2*thetal - theta2 + theta3) - 1/4*IL4xz*thetaddd*cos(thetal - theta2 - theta3) - 3/2*IL4yz*thetaddd*cos(thetal - theta2 -
theta3) - 3/8*Im4xz*Kr4"2*thetadd"2*cos(thetal - 2*theta2 - 2*theta3) - 5/8*Im4xz*Kr4"2*thetadd 2*cos(thetal + 2*theta2 + 2*theta3) -
1/8*L4"2*mL4*thetaddd*sin(theta2 + 3*theta3) - 1/8*L4"2*mL4*thetaddd*sin(theta3 - 3*theta2) - 1/8*L4"2*mL4*thetaddd*sin(3*theta2 +
theta3) + 3/4*L4"2*mL4*thetaddd*cos(thetal + theta2 + theta3) + Im2xy*Kr2"2*theta2dd*sin(2*thetal) + Im3xy*Kr3"2*theta3dd*sin(2*thetal)
+ 1/4*Im4xz*Kr4"2*thetadd"2*sin(thetal) - 1/4*L3*g*mL3*sin(thetal + theta2 + 2*theta3) - 1/4*L4*g*mL4*sin(thetal + theta2 + 2*theta3) -
1/4*1L4xx*theta2d*thetadd*cos(2*thetal + theta2 + theta3) + 1/8*IL4xz*thetald*thetadd*cos(thetal + theta2 - theta3) -
1/8*1L4xz*thetald*thetadd*cos(thetal - theta2 + theta3) - 1/4*IL4xx*theta3d*thetadd*cos(2*thetal + theta2 + theta3) -
3/4*|L4xy*theta2d*thetadd*cos(2*thetal + theta2 + theta3) - 3/4*IL4xy*theta3d*thetadd*cos(2*thetal + theta2 + theta3) +
1/2*Imaxy*Kr4*thetaddd*cos(theta2 + theta3) - Im4zz*Kr4*thetaddd*cos(theta2 + theta3) - 3/8*Im4xz*Kr4"2*thetadd"2*sin(thetal - 2*theta2 -
2*theta3) + 5/8*Im4xz*Kr4"2*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) - 3/4*Imdyz*Kra"2*thetadd 2*sin(thetal - 2*theta2 - 2*theta3) -
5/4*Im4yz*Kr4"2*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) - 1/4*d4*g*mm4*cos(thetal + theta2 + 2*theta3) -
1/4*1L4xx*theta2d*thetadd*sin(2*thetal + theta2 + theta3) - 1/8*IL4xz*thetald*thetadd*sin(thetal + theta2 - theta3) -
1/8*1L4xz*thetald*thetadd*sin(thetal - theta2 + theta3) - 1/4*IL4xx*theta3d*thetadd*sin(2*thetal + theta2 + theta3) +
1/4*1L4xy*theta2d*thetadd*sin(2*thetal + theta2 + theta3) + 1/4*IL4xy*theta3d*theta4d*sin(2*thetal + theta2 + theta3) +
1/2*1L4yy*theta2d*thetadd*sin(2*thetal + theta2 + theta3) + 1/2*IL4yy*theta3d*thetadd*sin(2*thetal + theta2 + theta3) +
1/2*L27"2*mL2*thetaldd*cos(2*theta2) + 3/4*L3"2*mL3*theta2dd*cos(2*thetal) + 1/4*L3"2*mL3*theta3dd*cos(2*thetal) -
3/64*L4"2*mL4*thetadd"2*cos(thetal) - 1/2*Imdxy*Krd*theta4dd*sin(theta2 + theta3) - 1/4*d4*g*mL4*sin(thetal + theta2 + 2*theta3) -
1/4*d4*g*mmd*sin(thetal + theta2 + 2*theta3) + 1/8*L3"2*mL3*thetaldd*cos(2*thetal - 2*theta2 - 2*theta3) -
1/8*L.3"2*mL3*thetaldd*cos(2*thetal + 2*theta2 + 2*theta3) - 1/4*L3"2*mL3*theta2dd*cos(2*thetal - 2*theta2 - 2*theta3) -
1/2*L.3"2*mL3*theta2dd*cos(2*thetal + 2*theta2 + 2*theta3) - 1/8*L3"2*mL3*theta3dd*cos(2*thetal - 2*theta2 - 2*theta3) -
1/8*L.372*mL3*theta3dd*cos(2*thetal + 2*theta2 + 2*theta3) - 1/4*L4"2*mL4*thetaddd*cos(2*thetal - theta2 - theta3) -
1/16*L4"2*mL4*thetaddd*cos(2*thetal - theta2 - 3*theta3) + 1/16*L4"2*mL4*thetaddd*cos(2*thetal - 3*theta2 - theta3) +
1/8*L4"2*mL4*thetaddd*cos(2*thetal - 3*theta2 - 3*theta3) - 1/4*L4"2*mL4*thetaddd*cos(2*thetal + 3*theta2 + 3*theta3) +
3/32*L4"2*mL4*thetadd"2*cos(thetal - 2*theta2 - 2*theta3) - 5/32*L4"2*mL4*thetadd"2*cos(thetal + 2*theta2 + 2*theta3) +
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5/128*L4"2*mL4*theta4d"2*cos(thetal - 2*theta2 - 4*theta3) - 7/128*L4"2*mL4*theta4d"2*cos(thetal + 2*theta2 + 4*theta3) +
5/128*L4"2*mL4*thetadd"2*cos(thetal - 4*theta2 - 2*theta3) - 7/128*L4"2*mL4*thetadd"2*cos(thetal + 4*theta2 + 2*theta3) +
7/128*L4"2*mL4*thetadd"2*cos(thetal - 4*theta2 - 4*theta3) - 9/128*L4"2*mL4*thetadd"2*cos(thetal + 4*theta2 + 4*theta3) -
1/2*L2*g*mL2*cos(thetal + theta2) - 1/8*Im4xz*Kr4"2*thetadd"2*cos(thetal - 2*theta2) - 3/8*Im4xz*Kra"2*thetadd 2*cos(thetal + 2*theta2)
+ 1/8*Im4xz*Kr4"2*thetadd"2*cos(thetal - 2*theta3) + 3/8*Imdxz*Kr4~2*thetadd"2*cos(thetal + 2*theta3) +
1/4*1L.3"2*mL3*theta2dd*sin(2*thetal) + 1/4*L.3"2*mL3*theta3dd*sin(2*thetal) + 1/2*a2"2*mL3*thetaldd*cos(2*theta2) +
1/2*a2"2*mL4*thetaldd*cos(2*theta2) + 1/2*a2"2*mm3*thetaldd*cos(2*theta2) + 1/2*a2"2*mm4*thetaldd*cos(2*theta2) +
1/8*L.3"2*mL3*thetaldd*sin(2*thetal - 2*theta2 - 2*theta3) - 1/8*L3"2*mL3*thetaldd*sin(2*thetal + 2*theta2 + 2*theta3) -
1/4*1L.37"2*mL3*theta2dd*sin(2*thetal + 2*theta2 + 2*theta3) - 1/8*L3"2*mL3*theta3dd*sin(2*thetal - 2*theta2 - 2*theta3) -
1/8*L3"2*mL3*theta3dd*sin(2*thetal + 2*theta2 + 2*theta3) + 3/8*L4"2*mL4*thetaddd*sin(2*thetal - theta2 - theta3) -
1/8*L4"2*mL4*thetaddd*sin(2*thetal + 3*theta2 + 3*theta3) - 3/64*L4"2*mL4*thetadd"2*sin(thetal - 2*theta2 - 2*theta3) -
5/64*L4"2*mL4*thetadd"2*sin(thetal + 2*theta2 + 2*theta3) + 5/128*L4"2*mL4*thetadd"2*sin(thetal - 2*theta2 - 4*theta3) +
7/128*L4"2*mL4*thetadd"2*sin(thetal + 2*theta2 + 4*theta3) - 5/128*L4"2*mL4*thetadd 2*sin(thetal - 4*theta2 - 2*theta3) -
7/128*L4"2*mL4*thetadd"2*sin(thetal + 4*theta2 + 2*theta3) - 7/128*L4"2*mL4*thetadd"2*sin(thetal - 4*theta2 - 4*theta3) -
9/128*L4"2*mL4*thetadd"2*sin(thetal + 4*theta2 + 4*theta3) - 1/4*L3*g*mL3*sin(thetal + theta2) - 1/4*L4*g*mL4*sin(thetal + theta2) +
1/4*d4"2*mm4d*theta3dd*cos(2*thetal) - 1/16*IL4xx*theta2d*thetadd*cos(theta2 + theta3) - 1/16*IL4xx*theta3d*thetadd*cos(theta2 + theta3) +
1/8*1L4xy*theta2d*thetadd*cos(theta2 + theta3) + 1/8*IL4xy*theta3d*thetadd*cos(theta2 + theta3) + Im2yz*Kr2*thetaldd*cos(thetal) +
Im2yz*Kr2*theta2dd*cos(thetal) + Im3yz*Kr3*thetaldd*cos(thetal) + Im3yz*Kr3*theta3dd*cos(thetal) + 1/2*a2*g*mL3*cos(thetal + theta2) +
1/2*a2*g*mL4*cos(thetal + theta2) + 1/2*a2*g*mm3*cos(thetal + theta2) + 1/2*a2*g*mm4*cos(thetal + theta2) -
1/8*Imdxz*Kr4"2*thetadd"2*sin(thetal - 2*theta2) + 3/8*Im4xz*Kr4"2*thetadd"2*sin(thetal + 2*theta2) -

1/8*Imdxz*Kr4 2*thetadd"2*sin(thetal - 2*theta3) + 3/8*Imdxz*Kr4"2*thetadd"2*sin(thetal + 2*theta3) -
1/8*d4"2*mm4*theta3dd*cos(2*thetal - 2*theta2 - 2*theta3) - 1/8*d4"2*mm4*theta3dd*cos(2*thetal + 2*theta2 + 2*theta3) +
1/4*d4*g*mmé4*cos(thetal + theta2) - 1/4*Imdxx*Krd*thetaddd*cos(2*thetal + theta2 - theta3) + 1/4*Imdxx*Kr4*thetaddd*cos(2*thetal - theta2
+ theta3) + 1/4*Im4xy*Krd*thetaddd*cos(2*thetal + theta2 - theta3) + 1/4*Imdxy*Krd*thetaddd*cos(2*thetal - theta2 + theta3) -
1/4*Imdxz*Kr4*thetaddd*cos(thetal - theta2 - theta3) - 3/2*Im4yz*Kr4*thetaddd*cos(thetal - theta2 - theta3) +
1/4*|L4xy*theta2d*thetadd*sin(theta2 + theta3) + 1/4*IL4xy*theta3d*thetadd*sin(theta2 + theta3) - IL4zz*thetald*thetadd*sin(theta2 + theta3) -
Im2xz*Kr2*thetaldd*sin(thetal) - Im2xz*Kr2*theta2dd*sin(thetal) - Im3xz*Kr3*thetaldd*sin(thetal) - Im3xz*Kr3*theta3dd*sin(thetal) -
1/4*d4*g*mL4*sin(thetal + theta2) - 1/4*d4*g*mmd=sin(thetal + theta2) + 1/32*L3"2*mL3*thetaldd*cos(- 2*theta2 - 2*theta3) +
1/32*L.3"2*mL3*thetaldd*cos(2*theta3 - 2*theta2) - 1/32*L.3"2*mL3*thetaldd*cos(2*theta2 - 2*theta3) +
15/32*L.3"2*mL3*thetaldd*cos(2*theta2 + 2*theta3) - 3/4*L3"2*mL3*theta2dd*cos(2*theta2 + 2*theta3) -
3/4*L.3"2*mL3*theta3dd*cos(2*theta2 + 2*theta3) + 1/32*L4"2*mL4*thetaldd*cos(- 2*theta2 - 2*theta3) +
1/32*L4"2*mL4*thetaldd*cos(2*theta3 - 2*theta2) - 1/32*L4"2*mL4*thetaldd*cos(2*theta2 - 2*theta3) +
15/32*L4"2*mL4*thetaldd*cos(2*theta2 + 2*theta3) - 5/64*L4"2*mL4*thetaddd*cos(- theta2 - theta3) - 1/64*L4"2*mL4*thetaddd*cos(- theta2
- 3*theta3) - 1/128*L4"2*mL4*thetaddd*cos(3*theta3 - theta2) - 3/128*L4"2*mL4*thetaddd*cos(- 3*theta2 - theta3) +
1/32*L4"2*mL4*thetaddd*cos(3*theta2 - theta3) - 1/128*L4"2*mL4*thetaddd*cos(- 3*theta2 - 3*theta3) -
15/128*L4"2*mL4*thetaddd*cos(3*theta2 + 3*theta3) + 3/128*L4"2*mL4*thetadd"2*cos(thetal - 2*theta2) -
9/128*L4"2*mL4*thetadd"2*cos(thetal + 2*theta2) + 3/128*L4"2*mL4*thetadd"2*cos(thetal - 2*theta3) -
9/128*L4"2*mL4*thetadd"2*cos(thetal + 2*theta3) + 1/4*Imdxx*Krd*thetaddd*sin(2*thetal + theta2 - theta3) +
1/4*Imaxx*Kr4*thetaddd*sin(2*thetal - theta2 + theta3) + 1/4*Imdxy*Kr4*thetaddd*sin(2*thetal + theta2 - theta3) -
1/4*Imdxy*Kr4*thetaddd*sin(2*thetal - theta2 + theta3) + 5/4*Imdxz*Kr4*thetaddd*sin(thetal - theta2 - theta3) -
1/4*Imaxx*Kr4"2*thetadd"2*cos(2*theta2) + 1/4*Im4dxy*Kr4"2*thetadd"2*cos(2*thetal) - 1/2*L4*g*mL4*cos(thetal - theta2 - theta3) -
1/16*Imaxx*Kr4"2*thetadd"2*cos(2*thetal - 2*theta2 - 2*theta3) + 1/16*Im4xx*Kr4"2*thetadd"2*cos(2*thetal - 2*theta2 + 2*theta3) -
1/16*Imaxx*Krd"2*thetadd"2*cos(2*thetal + 2*theta2 - 2*theta3) - 3/16*Im4xx*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) +
1/8*Imaxy*Kr4"2*thetadd"2*cos(2*thetal - 2*theta2 - 2*theta3) - 3/8*Im4xy*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) +
1/4*1L.27"2*mL2*thetaldd*sin(2*thetal - 2*theta2) - 1/4*L2"2*mL2*thetaldd*sin(2*thetal + 2*theta2) + 1/4*L2"2*mL2*theta2dd*sin(2*thetal -
2*theta2) - 1/4*L.2"2*mL2*theta2dd*sin(2*thetal + 2*theta2) - 1/4*L3"2*mL3*thetaldd*sin(2*theta2 + 2*theta3) -
1/4*1L.3"2*mL3*theta2dd*sin(2*theta2 + 2*theta3) - 1/8*L4"2*mL4*thetaddd*sin(3*theta2 - theta3) - 1/8*L4"2*mL4*thetaddd*sin(3*theta2 +
3*theta3) - 3/128*L4"2*mL4*thetadd"2*sin(thetal - 2*theta2) - 9/128*L4"2*mL4*thetadd"2*sin(thetal + 2*theta2) +
3/128*L4"2*mL4*thetadd"2*sin(thetal - 2*theta3) + 9/128*L4"2*mL4*thetadd"2*sin(thetal + 2*theta3) - 1/2*L3*g*mL3*sin(theta2) -
1/2*L4*g*mL4*sin(theta2) + 3/8*L4"2*mL4*thetaddd*cos(2*thetal + theta2 + theta3) + 1/4*Im4xx*Kr4"2*thetadd"2*sin(2*thetal) +
1/4*Imaxx*Kr4"2*thetadd"2*sin(2*theta3) - 1/4*Imdyy*Kr4"2*thetadd"2*sin(2*thetal) + 1/2*L3*g*mL3*sin(thetal - theta2 - theta3) +
1/4*L.3*g*mL3*sin(thetal - theta2 - 2*theta3) + 1/4*L4*g*mL4*sin(thetal - theta2 - 2*theta3) + 1/32*d4"2*mL4*thetaldd*cos(- 2*theta2 -
2*theta3) + 1/32*d4"2*mL4*thetaldd*cos(2*theta3 - 2*theta2) - 1/32*d4"2*mL4*thetaldd*cos(2*theta2 - 2*theta3) +
15/32*d4"2*mL4*thetaldd*cos(2*theta2 + 2*theta3) + 1/32*d4"2*mm4*thetaldd*cos(- 2*theta2 - 2*theta3) +
1/32*d4"2*mm4*thetaldd*cos(2*theta3 - 2*theta2) - 1/32*d4"2*mm4*thetaldd*cos(2*theta2 - 2*theta3) +
15/32*d4"2*mm4*thetaldd*cos(2*theta2 + 2*theta3) - 3/2*d4"2*mm4*theta2dd*cos(2*theta2 + 2*theta3) -
5/4*d4"2*mmd4*theta3dd*cos(2*theta2 + 2*theta3) - 1/8*IL4xx*theta2d*thetadd*cos(2*thetal + theta2 - theta3) -
1/8*1L4xx*theta2d*thetadd*cos(2*thetal - theta2 + theta3) + 1/8*IL4xz*thetald*theta4d*cos(thetal - theta2 - theta3) -
1/8*1L4xx*theta3d*thetadd*cos(2*thetal + theta2 - theta3) - 1/8*IL4xx*theta3d*thetadd*cos(2*thetal - theta2 + theta3) -
1/8*1L4xy*theta2d*thetadd*cos(2*thetal + theta2 - theta3) + 1/8*IL4xy*theta2d*thetadd*cos(2*thetal - theta2 + theta3) +
1/4*1L4xz*theta2d*thetadd*cos(thetal - theta2 - theta3) - 1/8*IL4xy*theta3d*thetadd*cos(2*thetal + theta2 - theta3) +
1/8*1L4xy*theta3d*thetadd*cos(2*thetal - theta2 + theta3) + 1/4*IL4xz*theta3d*thetadd*cos(thetal - theta2 - theta3) +
1/2*Imdxy*Kr4*thetaddd*cos(theta2 - theta3) + 1/8*Im4xy*Kr4"2*thetadd"2*sin(2*thetal - 2*theta2 - 2*theta3) +

3/8*Im4xy*Kra"2*thetadd 2*sin(2*thetal + 2*theta2 + 2*theta3) - 1/8*Im4yy*Krd"2*thetadd"2*sin(2*thetal - 2*theta2 - 2*theta3) +
3/8*Im4yy*Kra"2*thetadd 2*sin(2*thetal + 2*theta2 + 2*theta3) - 1/2*d4*g*mL4*cos(thetal - theta2 - theta3) - 1/2*d4*g*mm4*cos(thetal -
theta2 - theta3) - 1/4*d4*g*mm4*cos(thetal - theta2 - 2*theta3) + 1/4*L4"2*mL4*thetaddd*sin(2*thetal + theta2 + theta3) -
1/2*d4*g*mL4*sin(theta2) - 1/8*1L4xx*theta2d*thetadd*sin(2*thetal + theta2 - theta3) + 1/8*IL4xx*theta2d*thetadd*sin(2*thetal - theta2 +
theta3) + 1/8*IL4xz*thetald*thetadd*sin(thetal - theta2 - theta3) - 1/8*IL4xx*theta3d*thetadd*sin(2*thetal + theta2 - theta3) +
1/8*1L4xx*theta3d*thetadd*sin(2*thetal - theta2 + theta3) + 1/8*IL4xy*theta2d*thetadd*sin(2*thetal + theta2 - theta3) +
1/8*1L4xy*theta2d*thetadd*sin(2*thetal - theta2 + theta3) + 1/4*IL4yz*thetald*thetadd*sin(thetal - theta2 - theta3) +
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1/8*IL4xy*theta3d*thetadd*sin(2*thetal + theta2 - theta3) + 1/8*IL4xy*theta3d*thetadd*sin(2*thetal - theta2 + theta3) +
1/4*1L4yz*theta2d*thetadd*sin(thetal - theta2 - theta3) + 1/4*IL4yz*theta3d*thetadd*sin(thetal - theta2 - theta3) -
9/64*L4"2*mL4*thetadd"2*cos(3*thetal) - 5/32*L4"2*mL4*thetadd"2*cos(2*theta2) - 7/64*L4"2*mL4*thetadd 2*cos(2*theta3) -
1/64*L4"2*mL4*thetadd 2*cos(4*theta2) + 1/64*L4"2*mL4*thetadd"2*cos(4*theta3) + 1/2*Imdxy*Kr4*thetaddd*sin(theta2 - theta3) +
1/4*d4*g*mL4*sin(thetal - theta2 - 2*theta3) + 1/4*d4*g*mm4*sin(thetal - theta2 - 2*theta3) - 1/4*Im4xz*Kr4*thetaddd*cos(thetal + theta2 +
theta3) - 1/2*Im4yz*Kr4*thetaddd*cos(thetal + theta2 + theta3) - 1/8*L4"2*mL4*thetadd 2*cos(2*thetal - 2*theta2 - 2*theta3) -
3/8*L4"2*mL4*thetadd"2*cos(2*thetal + 2*theta2 + 2*theta3) + 9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal - 2*theta3) -
9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal + 2*theta3) + 25/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2 - 2*theta3) -
9/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2 + 2*theta3) - 7/32*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta2 + 2*theta3) -
1/8*L4"2*mL4*thetadd2*cos(2*thetal - 2*theta2 - 4*theta3) - 1/4*L4"2*mL4*thetadd"2*cos(2*thetal + 2*theta2 + 4*theta3) -
1/8*L4"2*mL4*thetadd 2*cos(2*thetal - 4*theta2 - 2*theta3) - 1/4*L4"2*mL4*thetadd"2*cos(2*thetal + 4*theta2 + 2*theta3) +
17/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal - 2*theta3) + 23/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal + 2*theta3) -
23/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 - 2*theta3) - 33/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 + 2*theta3) +
1/64*L4"2*mL4*thetadd 2*cos(4*thetal + 2*theta2 - 2*theta3) + 1/32*L4"2*mL4*thetadd"2*cos(4*thetal + 2*theta2 + 2*theta3) -
9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal + 4*theta3) + 21/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2 - 4*theta3) -
9/128*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta2 + 4*theta3) + 3/128*L4"2*mL4*thetadd"2*cos(3*thetal - 4*theta2 - 2*theta3) -
9/128*L4"2*mL4*thetadd"2*cos(3*thetal + 4*theta2 + 2*theta3) - 3/16*L4"2*mL4*thetadd"2*cos(2*thetal - 4*theta2 - 4*theta3) -
5/16*L4"2*mL4*thetadd"2*cos(2*thetal + 4*theta2 + 4*theta3) + 3/256*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal - 4*theta3) +
7/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal + 4*theta3) + 7/512*L4"2*mL4*thetadd 2*cos(2*theta3 - 4*theta2 - 4*thetal) -
11/2048*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal - 2*theta3) + 9/1024*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal + 2*theta3) -
7/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 - 4*theta3) - 3/256*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2 + 4*theta3) -
1/1024*L4"2*mL4*thetadd 2*cos(4*thetal - 4*theta2 - 2*theta3) + 11/2048*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2 + 2*theta3) -
7/512*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta2 - 2*theta3) + 5/128*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta2 + 2*theta3) +
5/128*L4"2*mL4*thetadd"2*cos(3*thetal - 4*theta2 - 4*theta3) - 11/128*L4"2*mL4*thetadd"2*cos(3*thetal + 4*theta2 + 4*theta3) -
3/1024*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal - 4*theta3) + 9/2048*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal + 4*theta3) +
7/2048*L4"2*mL4*thetadd 2*cos(4*thetal - 4*theta2 - 4*theta3) + 3/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2 + 4*theta3) +
3/128*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta2 + 4*theta3) + 1/2*L2*g*mL2*cos(thetal - theta2) -
1/4*Imdxx*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2) - 1/4*Imdxy*Kr4"2*thetadd"2*cos(2*thetal + 2*theta2) -
1/4*Imaxx*Kr4"2*thetadd"2*cos(2*theta2 + 2*theta3) + 1/4*Imdxy*Kr4"2*thetadd"2*cos(2*thetal + 2*theta3) +

1/16*L4"2*mL4*thetadd 2*sin(2*thetal) + 9/64*L4"2*mL4*thetadd"2*sin(2*theta2) - 1/16*L4"2*mL4*thetadd 2*sin(4*thetal) +
5/32*L4"2*mL4*thetadd"2*sin(2*theta3) - 1/8*L4"2*mL4*thetadd"2*sin(4*theta2) - 1/8*L4"2*mL4*thetadd"2*sin(4*theta3) -
51/64*L4"2*mL4*thetaddd*cos(theta2 + theta3) + 3/4*Im4xz*Kr4*thetaddd*sin(thetal + theta2 + theta3) -
3/16*L4"2*mL4*thetadd"2*sin(2*thetal - 2*theta2 - 2*theta3) + 1/16*L4"2*mL4*thetadd"2*sin(2*thetal - 2*theta2 + 2*theta3) +
1/16*L4"2*mL4*thetadd 2*sin(2*thetal + 2*theta2 - 2*theta3) + 9/16*L4"2*mL4*thetadd"2*sin(2*thetal + 2*theta2 + 2*theta3) -
9/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal - 2*theta3) - 27/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal + 2*theta3) -
35/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2 - 2*theta3) - 9/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2 + 2*theta3) -
7/64*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta2 + 2*theta3) + 1/8*L4"2*mL4*thetadd"2*sin(2*thetal - 2*theta2 - 4*theta3) -
1/4*L4"2*mL4*thetadd 2*sin(2*thetal + 2*theta2 + 4*theta3) + 1/8*L4"2*mL4*thetadd"2*sin(2*thetal - 4*theta2 - 2*theta3) -
1/4*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta2 + 2*theta3) - 45/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal - 2*theta3) -
11/512*L4"2*mL4*thetadd 2*sin(2*theta2 - 4*thetal + 2*theta3) - 11/512*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 - 2*theta3) -
45/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 + 2*theta3) - 1/16*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta2 + 2*theta3) -
3/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal + 4*theta3) + 9/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2 - 4*theta3) +
9/128*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta2 + 4*theta3) - 3/128*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta2 - 2*theta3) -
9/128*L4"2*mL4*thetadd"2*sin(3*thetal + 4*theta2 + 2*theta3) - 3/32*L4"2*mL4*thetadd"2*sin(2*thetal - 4*theta2 - 4*theta3) +
5/32*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta2 + 4*theta3) - 5/1024*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal - 4*theta3) -
7/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal + 4*theta3) + 1/256*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal - 2*theta3) +
1/256*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal + 2*theta3) - 3/512*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 - 4*theta3) -
5/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2 + 4*theta3) - 5/128*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta2 + 4*theta3) +
1/256*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 - 2*theta3) + 1/256*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 + 2*theta3) -
3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 3*thetal + 4*theta3) - 43/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta2 - 4*theta3) -
11/128*L4"2*mL4*thetadd"2*sin(3*thetal + 4*theta2 + 4*theta3) + 1/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal - 4*theta3) +
3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal + 4*theta3) + 3/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2 - 4*theta3) +
1/1024*L4"2*mL4*thetadd 2*sin(4*thetal - 4*theta2 + 4*theta3) + 1/4*L3*g*mL3*sin(thetal - theta2) + 1/2*L3*g*mL3*sin(theta2 + 2*theta3)
+ 1/4*L4*g*mL4*sin(thetal - theta2) + 1/2*L4*g*mL4*sin(theta2 + 2*theta3) - 1/16*IL4xx*theta2d*thetadd*cos(theta2 - theta3) +
1/16*1L4xx*theta2d*thetadd*cos(theta3 - theta2) - 1/16*IL4xx*theta3d*thetadd*cos(theta2 - theta3) + 1/16*IL4xx*theta3d*thetadd*cos(theta3 -
theta2) - 1/8*1L4xy*theta2d*thetadd*cos(theta2 - theta3) + 1/8*IL4xy*theta2d*thetadd*cos(theta3 - theta2) -
1/8*1L4xy*theta3d*thetadd*cos(theta2 - theta3) + 1/8*IL4xy*theta3d*thetadd*cos(theta3 - theta2) - 1/2*Im3xx*Kr3*theta2dd*cos(2*thetal) -
1/2*Im3xx*Kr3*theta3dd*cos(2*thetal) + 1/2*Im3yy*Kr3*theta2dd*cos(2*thetal) + 1/2*Im3yy*Kr3*theta3dd*cos(2*thetal) +
1/2*L4*g*mL4*cos(thetal + theta2 + theta3) - 1/2*a2*g*mL3*cos(thetal - theta2) - 1/2*a2*g*mL4*cos(thetal - theta2) -
1/2*a2*g*mm3*cos(thetal - theta2) - 1/2*a2*g*mmd*cos(thetal - theta2) + 1/4*Imaxx*Kr4"2*thetadd"2*sin(2*thetal + 2*theta3) +
1/4*Imdxy*Kr4"2*thetadd"2*sin(2*thetal + 2*theta2) + 1/4*Im4xy*Kr4~2*thetadd"2*sin(2*thetal + 2*theta3) -
1/32*Imaxy*Kr4"2*thetadd"2*sin(2*theta3 - 2*theta2) - 1/32*Im4xy*Kr4"2*thetadd"2*sin(2*theta2 - 2*theta3) -
1/16*Imdyy*Kr4"2*theta4d"2*sin(2*theta3 - 2*theta2) - 1/16*Im4yy*Kr4"2*thetadd"2*sin(2*theta2 - 2*theta3) -
1/2*Imdyy*Kr4"2*thetadd"2*sin(2*theta2 + 2*theta3) + Im4zz*Kr4"2*thetadd"2*sin(2*theta2 + 2*theta3) + 1/4*d4*g*mm4*cos(thetal - theta2)
+ 1/4*Im4xx*Kr4*thetaddd*cos(2*thetal - theta2 - theta3) + 1/4*Imaxy*Kr4*thetaddd*cos(2*thetal - theta2 - theta3) -
1/2*Imdyy*Kr4*thetaddd*cos(2*thetal - theta2 - theta3) - 1/8*L4"2*mL4*thetaddd*sin(theta2 + theta3) + Im3xy*Kr3*theta2dd*sin(2*thetal) +
Im3xy*Kr3*theta3dd*sin(2*thetal) - 1/2*L3*g*mL3*sin(thetal + theta2 + theta3) + 3/8*IL4xz*thetald*theta4d*cos(thetal + theta2 + theta3) -
3/4*|L4xz*theta2d*thetadd*cos(thetal + theta2 + theta3) - 3/4*1L4xz*theta3d*thetadd*cos(thetal + theta2 + theta3) + 1/4*d4*g*mL4*sin(thetal -
theta2) + 1/2*d4*g*mL4*sin(theta2 + 2*theta3) + 1/4*d4*g*mm4*sin(thetal - theta2) - 1/8*L4"2*mL4*theta4dd"2*cos(2*thetal + 2*theta2) -
1/8*L4"2*mL4*thetadd 2*cos(2*thetal + 2*theta3) + 9/512*L4"2*mL4*thetadd"2*cos(2*theta2 - 3*thetal) -
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21/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta2) - 15/128*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta2) -
9/512*L4"2*mL4*thetadd"2*cos(- 3*thetal - 2*theta3) - 9/512*L4"2*mL4*thetadd"2*cos(2*theta3 - 3*thetal) -
3/512*L4"2*mL4*thetadd"2*cos(3*thetal - 2*theta3) - 51/512*L4"2*mL4*thetadd"2*cos(3*thetal + 2*theta3) +
11/2048*L4"2*mL4*thetadd 2*cos(- 2*theta2 - 2*theta3) - 21/2048*L4"2*mL4*thetadd"2*cos(2*theta3 - 2*theta2) +
21/2048*L4"2*mL4*thetadd"2*cos(2*theta2 - 2*theta3) - 1099/2048*L4"2*mL4*thetadd"2*cos(2*theta2 + 2*theta3) +
21/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*thetal) - 37/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta2) +
3/64*L4"2*mL4*thetadd"2*cos(4*thetal + 2*theta2) - 25/2048*L4"2*mL4*thetadd"2*cos(- 4*thetal - 2*theta3) +
3/128*L4"2*mL4*thetadd"2*cos(2*theta3 - 4*thetal) - 1/64*L4"2*mL4*thetadd"2*cos(4*thetal - 2*theta3) -
23/2048*L4"2*mL4*thetadd"2*cos(4*thetal + 2*theta3) + 9/512*L4"2*mL4*thetadd2*cos(4*theta3 - 3*thetal) -
9/512*L4"2*mL4*thetadd"2*cos(3*thetal - 4*theta3) + 9/2048*L4"2*mL4*thetadd"2*cos(- 2*theta2 - 4*theta3) +
1/1024*L4"2*mL4*thetadd 2*cos(4*theta3 - 2*theta2) - 1/1024*L4"2*mL4*thetadd"2*cos(2*theta2 - 4*theta3) -
777/2048*L4"2*mL4*thetadd"2*cos(2*theta2 + 4*theta3) - 7/512*L4"2*mL4*thetadd 2*cos(- 4*thetal - 4*theta2) -
5/1024*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*thetal) + 5/1024*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta2) +
15/512*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta2) - 1/512*L4"2*mL4*thetadd"2*cos(- 4*theta2 - 2*theta3) -
181/512*L4"2*mL4*thetadd"2*cos(2*theta3 - 4*theta2) + 181/512*L4"2*mL4*thetadd"2*cos(4*theta2 - 2*theta3) -
215/512*L4"2*mL4*thetadd"2*cos(4*theta2 + 2*theta3) - 5/1024*L4"2*mL4*thetadd 2*cos(- 4*thetal - 4*theta3) -
27/2048*L4"2*mL4*thetadd"2*cos(4*theta3 - 4*thetal) + 27/2048*L4"2*mL4*thetadd"2*cos(4*thetal - 4*theta3) -
11/1024*L4"2*mL4*thetadd"2*cos(4*thetal + 4*theta3) - 1/2048*L4"2*mL4*thetadd"2*cos(- 4*theta2 - 4*theta3) -
17/2048*L4"2*mL4*thetadd"2*cos(4*theta3 - 4*theta2) + 17/2048*L4"2*mL4*thetadd"2*cos(4*theta2 - 4*theta3) -
1087/2048*L4"2*mL4*thetadd 2*cos(4*theta2 + 4*theta3) + 1/4*Im4xx*Kr4*thetaddd*sin(2*thetal - theta2 - theta3) -
3/4*Im4xy*Kr4*thetaddd*sin(2*thetal - theta2 - theta3) + 1/2*d4*g*mL4*cos(thetal + theta2 + theta3) + 1/2*d4*g*mmé4*cos(thetal + theta2 +
theta3) - 3/8*1L4xz*thetald*thetadd*sin(thetal + theta2 + theta3) + 3/4*IL4yz*thetald*thetadd*sin(thetal + theta2 + theta3) -
3/4*1L4yz*theta2d*thetadd*sin(thetal + theta2 + theta3) - 3/4*1L4yz*theta3d*thetadd*sin(thetal + theta2 + theta3) +
1/8*L4"2*mL4*thetadd2*sin(2*thetal + 2*theta2) + 1/8*L4"2*mL4*thetadd"2*sin(2*thetal + 2*theta3) -
33/512*L4"2*mL4*thetadd"2*sin(2*theta2 - 3*thetal) - 21/512*L4"2*mL4*thetadd"2*sin(3*thetal - 2*theta2) -
15/128*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta2) + 1/32*L4"2*mL4*thetadd"2*sin(2*thetal - 4*theta2) -
3/32*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta2) + 9/512*L4"2*mL4*thetadd"2*sin(- 3*thetal - 2*theta3) +
63/1024*L4"2*mL4*thetadd"2*sin(2*theta3 - 3*thetal) + 39/1024*L4"2*mL4*theta4d"2*sin(3*thetal - 2*theta3) +
69/512*L4"2*mL4*thetadd"2*sin(3*thetal + 2*theta3) + 17/2048*L4"2*mL4*theta4d"2*sin(- 2*theta2 - 2*theta3) +
3/128*L4"2*mL4*thetadd"2*sin(2*theta3 - 2*theta2) + 3/128*L4"2*mL4*thetadd"2*sin(2*theta2 - 2*theta3) +
1681/2048*L4"2*mL4*thetadd 2*sin(2*theta2 + 2*theta3) - 29/1024*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*thetal) -
37/1024*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta2) - 3/128*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta2) +
1/32*L4"2*mL4*thetadd2*sin(2*thetal - 4*theta3) - 3/32*L4"2*mL4*thetadd"2*sin(2*thetal + 4*theta3) +
3/1024*L4"2*mL4*thetadd"2*sin(4*theta2 - 3*thetal) + 3/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta2) +
1/512*L4"2*mL4*thetadd"2*sin(- 4*thetal - 2*theta3) + 7/2048*L4"2*mL4*thetadd” 2*sin(2*theta3 - 4*thetal) -
25/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 2*theta3) - 23/512*L4"2*mL4*thetadd"2*sin(4*thetal + 2*theta3) +
9/1024*L4"2*mL4*thetadd"2*sin(4*theta3 - 3*thetal) + 9/1024*L4"2*mL4*thetadd"2*sin(3*thetal - 4*theta3) +
1/1024*L4"2*mL4*thetadd 2*sin(- 2*theta2 - 4*theta3) + 17/2048*L4"2*mL4*thetadd"2*sin(4*theta3 - 2*theta2) +
17/2048*L4"2*mL4*thetadd"2*sin(2*theta2 - 4*theta3) - 335/1024*L4"2*mL4*thetadd"2*sin(2*theta2 + 4*theta3) +
15/2048*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*thetal) + 15/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta2) +
3/2048*L4"2*mL4*thetadd"2*sin(- 4*theta2 - 2*theta3) - 327/2048*L4"2*mL4*thetadd"2*sin(2*theta3 - 4*theta2) -
327/2048*L4"2*mL4*thetadd"2*sin(4*theta2 - 2*theta3) - 765/2048*L4"2*mL4*thetadd"2*sin(4*theta2 + 2*theta3) +
9/2048*L4"2*mL4*thetadd"2*sin(4*theta3 - 4*thetal) + 9/2048*L4"2*mL4*thetadd"2*sin(4*thetal - 4*theta3) +
159/2048*L.4"2*mL4*thetadd"2*sin(4*theta3 - 4*theta2) + 159/2048*L4"2*mL4*thetadd"2*sin(4*theta2 - 4*theta3) +
1/4*L4"2*mL4*thetadd2*sin(4*theta2 + 4*theta3) + 3/4*L4"2*mL4*thetaddd*cos(thetal - theta2 - theta3) -
1/8*L4"2*mL4*thetaddd*cos(2*thetal + theta2 - theta3) + 1/8*L4"2*mL4*thetaddd*cos(2*thetal - theta2 + theta3) +
1/16*L4"2*mL4*thetaddd*cos(2*thetal + theta2 + 3*theta3) - 1/16*L4"2*mL4*thetaddd*cos(2*thetal + 3*theta2 + theta3) +
1/4*L4"2*mL4*thetaddd*cos(thetal - 3*theta2 - 3*theta3) + 1/4*L4"2*mL4*thetaddd*cos(thetal + 3*theta2 + 3*theta3) +
3/8*L4"2*mL4*thetaddd*sin(2*thetal + theta2 - theta3) + 3/8*L4"2*mL4*thetaddd*sin(2*thetal - theta2 + theta3) -
1/8*L4"2*mL4*thetaddd*sin(2*thetal + theta2 + 3*theta3) - 1/8*L4"2*mL4*thetaddd*sin(2*thetal + 3*theta2 + theta3) +
1/2*d4"2*mm4*theta2dd*cos(thetal) + 1/2*d4"2*mm4*theta3dd*cos(thetal) - 1/4*d4"2*mm4*theta2dd*cos(thetal - 2*theta2 - 2*theta3) -
1/4*d4"2*mm4d*theta2dd*cos(thetal + 2*theta2 + 2*theta3) - 1/4*d4"2*mm4*theta3dd*cos(thetal - 2*theta2 - 2*theta3) -
1/4*d4"2*mm4d*theta3dd*cos(thetal + 2*theta2 + 2*theta3) - 1/4*Im4xx*Kr4*thetaddd*cos(2*thetal + theta2 + theta3) +
1/4*Imdxy*Kr4*thetaddd*cos(2*thetal + theta2 + theta3) - 1/4*Im4xz*Kr4*thetaddd*cos(thetal + theta2 - theta3) -
1/4*Imdxz*Kr4*thetaddd*cos(thetal - theta2 + theta3) + 1/2*Imdyy*Kr4*thetaddd*cos(2*thetal + theta2 + theta3) + L4*d4*mL4*thetaldd +
4*L4*d4*mL4*theta2dd + 4*L4*d4*m... Output truncated. Text exceeds maximum line length of 25,000 characters for Command Window
display.

T4 =

IL1zz*thetaldd + IL2zz*thetaldd + IL3zz*thetaldd + IL4zz*thetaldd + Im2zz*thetaldd + Im3zz*thetaldd + Im4zz*thetaldd -
IL2xz*thetaldd*sin(thetal) - IL2xz*theta2dd*sin(thetal) - 2*1L3xz*thetaldd*sin(thetal) - IL3xz*theta2dd*sin(thetal) -
IL3xz*theta3dd*sin(thetal) - 2*IL4xz*thetaldd*sin(thetal) - IL4xz*theta2dd*sin(thetal) - IL4xz*theta3dd*sin(thetal) -
Im3xz*thetaldd*sin(thetal) - Im3xz*theta2dd*sin(thetal) - 2*Im4xz*thetaldd*sin(thetal) - Imdxz*theta2dd*sin(thetal) -
Im4xz*theta3dd*sin(thetal) + IL2yy*theta2dd*cos(thetal)"2 + 2*IL3yy*theta2dd*cos(thetal)*2 + 2*IL3yy*theta3dd*cos(thetal)"2 +
2*IL4yy*theta2dd*cos(thetal)"2 + 2*IL4yy*theta3dd*cos(thetal)"2 + Im3yy*theta2dd*cos(thetal)"2 + 2*Im4yy*theta2dd*cos(thetal)"2 +
2*Im4yy*theta3dd*cos(thetal)"2 + IL2xx*theta2dd*sin(thetal)"2 + 2*IL3xx*theta2dd*sin(thetal)"2 + 2*IL3xx*theta3dd*sin(thetal)"2 +
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2*|L4xx*theta2dd*sin(thetal)"2 + 2*IL4xx*theta3dd*sin(thetal)"2 + Im3xx*theta2dd*sin(thetal)"2 + 2*Im4xx*theta2dd*sin(thetal)"2 +
2*Imdxx*theta3dd*sin(thetal)"2 + Im1zz*Krl 2*thetaldd + IL2yz*thetaldd*cos(thetal) + IL2yz*theta2dd*cos(thetal) +
2*IL3yz*thetaldd*cos(thetal) + IL3yz*theta2dd*cos(thetal) + IL3yz*theta3dd*cos(thetal) + 2*IL4yz*thetaldd*cos(thetal) +
IL4yz*theta2dd*cos(thetal) + IL4yz*theta3dd*cos(thetal) + Im3yz*thetaldd*cos(thetal) + Im3yz*theta2dd*cos(thetal) +
2*Im4yz*thetaldd*cos(thetal) + Im4yz*theta2dd*cos(thetal) + Im4yz*theta3dd*cos(thetal) + Im2xx*Kr2/2*theta2dd*sin(thetal)"2 +
Im3xx*Kr3/2*theta3dd*sin(thetal)"2 + L2"2*mL2*theta2dd*cos(theta2)"2 + a2"2*mL3*theta2dd*cos(theta2)"2 +
a2"2*mL4*theta2dd*cos(theta2)"2 + a2"2*mm3*theta2dd*cos(theta2)"2 + a2"2*mm4*theta2dd*cos(theta2)"2 +
Im2yz*Kr2*thetaldd*cos(thetal) + Im2yz*Kr2*theta2dd*cos(thetal) + Im3yz*Kr3*thetaldd*cos(thetal) + Im3yz*Kr3*theta3dd*cos(thetal) -
Im2xz*Kr2*thetaldd*sin(thetal) - Im2xz*Kr2*theta2dd*sin(thetal) - Im3xz*Kr3*thetaldd*sin(thetal) - Im3xz*Kr3*theta3dd*sin(thetal) +
|L4zz*thetaddd*cos(theta2)"2*cos(theta3)"2 + Im3yy*Kr3*theta2dd*cos(thetal)"2 + Im3yy*Kr3*theta3dd*cos(thetal)"2 +
IL4zz*thetaddd*sin(theta2)"2*sin(theta3)"2 + Im3xx*Kr3*theta2dd*sin(thetal)"2 + Im3xx*Kr3*theta3dd*sin(thetal)"2 -
IL4zz*thetaldd*cos(theta2)*cos(theta3) - IL4zz*thetaddd*cos(theta2)*cos(theta3) + 2*IL2xy*theta2dd*cos(thetal)*sin(thetal) +
4*|L.3xy*theta2dd*cos(thetal)*sin(thetal) + 4*IL3xy*theta3dd*cos(thetal)*sin(thetal) + 4*IL4xy*theta2dd*cos(thetal)*sin(thetal) +
4*|L4xy*theta3dd*cos(thetal)*sin(thetal) + 2*Im3xy*theta2dd*cos(thetal)*sin(thetal) + 4*Im4xy*theta2dd*cos(thetal)*sin(thetal) +
4*Im4xy*theta3dd*cos(thetal)*sin(thetal) + IL4zz*thetaldd*sin(theta2)*sin(theta3) + IL4zz*thetaddd*sin(theta2)*sin(theta3) +
Im2yy*Kr2/2*theta2dd*cos(thetal)*2 + Im3yy*Kr3"2*theta3dd*cos(thetal)"2 + IL4xy*theta2dd*cos(thetal)"2*cos(theta2)*cos(theta3) +
|L4xy*theta3dd*cos(thetal)"2*cos(theta2)*cos(theta3) + 2*IL4xy*thetaddd*cos(thetal)*2*cos(theta2)*cos(theta3) +
IL4xy*theta2dd*cos(thetal)"2*cos(theta3)*sin(theta2) + IL4xy*theta3dd*cos(thetal)*2*cos(theta3)*sin(theta2) +
2*IL4xy*thetaddd*cos(thetal)*2*cos(theta3)*sin(theta2) - Im4zz*Kr4*thetaldd*cos(theta2)*cos(theta3) -
Im4zz*Kr4*thetaddd*cos(theta2)*cos(theta3) - IL4xx*thetadd"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)"2 -
IL4xy*theta2dd*cos(theta2)*sin(thetal)"2*sin(theta3) - IL4xy*theta2dd*cos(theta3)*sin(thetal)"2*sin(theta2) -
IL4xy*theta3dd*cos(theta2)*sin(thetal)"2*sin(theta3) - IL4xy*theta3dd*cos(theta3)*sin(thetal)"2*sin(theta2) -
2*|L4xy*thetaddd*cos(theta2)*sin(thetal)"2*sin(theta3) - 2*IL4xy*thetaddd*cos(theta3)*sin(thetal)"2*sin(theta2) +
2*Im3xy*Kr3*theta2dd*cos(thetal)*sin(thetal) + 2*Im3xy*Kr3*theta3dd*cos(thetal)*sin(thetal) +
IL4xx*thetadd"2*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 + IL4xy*thetadd"2*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 +
Im4zz*Kr4"2*thetaddd*cos(theta2)"2*cos(theta3)"2 + Im4zz*Kr4*thetaldd*sin(theta2)*sin(theta3) +
Im4zz*Kr4*thetaddd*sin(theta2)*sin(theta3) - IL4xy*thetadd"2*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 + L2*g*mL2*sin(thetal)*sin(theta2) -
IL4zz*thetald*thetadd*cos(theta2)*sin(theta3) - IL4zz*thetald*thetadd*cos(theta3)*sin(theta2) +
Im4zz*Kr4~2*thetaddd*sin(theta2)"2*sin(theta3)"2 + L2~2*mL2*thetaldd*cos(thetal)"2*cos(theta2)"2 +
2*L4"2*mL4*theta2dd*cos(theta2)"2*cos(theta3)"2 + 2*L4"2*mL4*theta3dd*cos(theta2)"2*cos(theta3)"2 +
2*IL4xz*thetaddd*cos(thetal)*cos(theta2)"2*cos(theta3)"2 - a2*g*mL3*sin(thetal)*sin(theta2) - a2*g*mL4*sin(thetal)*sin(theta2) -
a2*g*mm3*sin(thetal)*sin(theta2) - a2*g*mm4*sin(thetal)*sin(theta2) + L2"2*mL2*thetaldd*cos(theta2)"2*sin(thetal)"2 +
L2/2*mL2*theta2dd*cos(thetal)*2*sin(theta2)"2 + a2"2*mL3*thetaldd*cos(thetal)"2*cos(theta2)"2 +
a2"2*mL4*thetaldd*cos(thetal)"2*cos(theta2)"2 + a2~2*mm3*thetaldd*cos(thetal)"2*cos(theta2)"2 +
a2"2*mmd4*thetaldd*cos(thetal)*2*cos(theta2)"2 + 2*d4"2*mL4*theta2dd*cos(theta2)"2*cos(theta3)"2 +
2*d4"2*mL4*theta3dd*cos(theta2)"2*cos(theta3)"2 + 2*IL4zz*thetadd"2*cos(theta2) *cos(theta3)"2*sin(theta2) +
2*|L4zz*thetadd"2*cos(theta2)"2*cos(theta3)*sin(theta3) + L2"2*mL2*theta2dd*sin(thetal)"2*sin(theta2)"2 +
2*L4"2*mL4*theta2dd*sin(theta2)"2*sin(theta3)"2 + 2*L4"2*mL4*theta3dd*sin(theta2)"2*sin(theta3)"2 +
a2/2*mL3*thetaldd*cos(theta2)"2*sin(thetal)"2 + a2*2*mL3*theta2dd*cos(thetal)"2*sin(theta2)"2 +
a2"2*mL4*thetaldd*cos(theta2)"2*sin(thetal)"2 + a2"2*mL4*theta2dd*cos(thetal)"2*sin(theta2)"2 +
a2"2*mm3*thetaldd*cos(theta2)"2*sin(thetal)"2 + a2"2*mm3*theta2dd*cos(thetal)"2*sin(theta2)"2 +
a2/2*mm4*thetaldd*cos(theta2)"2*sin(thetal)2 + a2”2*mmd4*theta2dd*cos(thetal)"2*sin(theta2)"2 +
d4"2*mmé4*theta2dd*cos(theta2)"2*sin(theta3)"2 + d4"2*mm4*theta2dd*cos(theta3)"2*sin(theta2)"2 -
2*1L4zz*thetadd"2*cos(theta2)*sin(theta2)*sin(theta3)"2 - 2*1L4zz*theta4d"2*cos(theta3)*sin(theta2)"2*sin(theta3) +
2*Im2xy*Kr2/2*theta2dd*cos(thetal)*sin(thetal) + 2*Im3xy*Kr3"2*theta3dd*cos(thetal)*sin(thetal) +
a2/2*mL3*theta2dd*sin(thetal)"2*sin(theta2)"2 + a2"2*mL4*theta2dd*sin(thetal)"2*sin(theta2)"2 +
a2"2*mm3*theta2dd*sin(thetal)"2*sin(theta2)"2 + a2"2*mm4*theta2dd*sin(thetal)"2*sin(theta2)"2 +
2*d4"2*mL4*theta2dd*sin(theta2)"2*sin(theta3)"2 + 2*d4"2*mL4*theta3dd*sin(theta2)"2*sin(theta3)"2 -
IL4xz*thetaldd*cos(thetal)*cos(theta2)*cos(theta3) - IL4yz*theta2dd*cos(thetal)*cos(theta2)*cos(theta3) -
IL4xz*thetaddd*cos(thetal)*cos(theta2)*cos(theta3) - 1L4yz*theta3dd*cos(thetal)*cos(theta2)*cos(theta3) -
2*IL4yz*thetaddd*cos(thetal)*cos(theta2)*cos(theta3) - L3*g*mL3*sin(theta2)*sin(theta3)"2 - L4*g*mL4*sin(theta2)*sin(theta3)"2 -
IL4xz*thetaldd*cos(thetal)*cos(theta3)*sin(theta2) + IL4xz*theta2dd*cos(theta2)*cos(theta3)*sin(thetal) +
IL4xz*theta3dd*cos(theta2)*cos(theta3)*sin(thetal) - IL4xz*thetaddd*cos(thetal)*cos(theta3)*sin(theta2) +
2*IL4xz*thetaddd*cos(theta2)*cos(theta3)*sin(thetal) - IL4xz*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2 +
IL4xx*thetaddd*cos(thetal)"2*cos(theta2)"2*cos(theta3)"2 - IL4yz*thetaldd*cos(theta2)*sin(thetal)*sin(theta3) -
IL4yz*thetaldd*cos(theta3)*sin(thetal)*sin(theta2) + IL4yz*theta2dd*cos(thetal)*sin(theta2)*sin(theta3) +
IL4yz*theta3dd*cos(thetal)*sin(theta2)*sin(theta3) + 2*IL4yz*thetaddd*cos(thetal)*sin(theta2)*sin(theta3) -
IL4yz*thetaddd*cos(theta2)*sin(thetal)*sin(theta3) - IL4yz*thetaddd*cos(theta3)*sin(thetal)*sin(theta2) - d4*g*mL4*sin(theta2)*sin(theta3)"2 +
2*IL4xz*thetadd"2*cos(thetal)*cos(theta3)"2*sin(theta2)"2 + IL4xz*thetadd”~2*cos(theta2)"2*cos(theta3)"2*sin(thetal) -
2*1L4yz*theta4d"2*cos(theta2)"2*cos(theta3)"2*sin(thetal) + IL4xx*thetaddd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 -
IL4xz*theta2dd*sin(thetal)*sin(theta2)*sin(theta3) - IL4xz*theta3dd*sin(thetal)*sin(theta2)*sin(theta3) -
2*IL4xz*thetaddd*sin(thetal)*sin(theta2)*sin(theta3) - IL4xz*thetadd"2*cos(thetal)*sin(theta2)"2*sin(theta3)"2 +
2*1L4yz*theta4d"2*cos(theta2)"2*sin(thetal)*sin(theta3)"2 + 2*IL4yz*thetadd"2*cos(theta3)"2*sin(thetal)*sin(theta2)"2 +
IL4yy*thetaddd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 + IL4yy*thetaddd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 -
2*1L4yz*theta4d"2*sin(thetal)*sin(theta2)"2*sin(theta3)"2 - Im4xz*Kr4*thetaldd*cos(thetal)*cos(theta3)*sin(theta2) +
Im4xz*Kr4*theta2dd*cos(theta2)*cos(theta3)*sin(thetal) + Im4xz*Kr4*theta3dd*cos(theta2) *cos(theta3)*sin(thetal) -
Im4xz*Kr4*thetaddd*cos(thetal)*cos(thetad)*sin(theta2) + 2*Im4xz*Kr4*thetaddd*cos(theta2)*cos(theta3)*sin(thetal) -
2*IL4yz*thetaddd*cos(theta2)*sin(thetal)*sin(theta2)*sin(theta3)"2 - 2*IL4yz*thetaddd*cos(theta3)*sin(thetal)*sin(theta2)"2*sin(theta3) +
2*Im4xz*Kr4"2*thetaddd*cos(thetal)*cos(theta2)"2*cos(theta3)"2 - Im4yz*Kr4*thetaldd*cos(theta2)*sin(thetal)*sin(theta3) -
Im4yz*Kr4*thetaldd*cos(theta3)*sin(thetal)*sin(theta2) + Im4yz*Kr4*theta2dd*cos(thetal)*sin(theta2)*sin(theta3) +
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Im4yz*Kr4*theta3dd*cos(thetal)*sin(theta2)*sin(theta3) + 2*Im4yz*Kr4*thetaddd*cos(thetal)*sin(theta2)*sin(theta3) -
Imdyz*Kr4*thetaddd*cos(theta2)*sin(thetal)*sin(theta3) - Imdyz*Kr4*thetaddd*cos(theta3)*sin(thetal)*sin(theta2) +
3*a2*d4*mL4*theta2dd*cos(theta2)"2*cos(theta3) + a2*d4*mL4*theta3dd*cos(theta2)"2*cos(theta3) -
L3*g*mL3*cos(thetal)*cos(theta2)*sin(theta3) - L3*g*mL3*cos(thetal)*cos(theta3)*sin(theta2) +
L3*g*mL3*cos(theta2)*cos(theta3)*sin(thetal) + L4*g*mL4*cos(theta2)*cos(theta3)*sin(theta3) +
1/2*1L4xz*thetald*thetadd*cos(thetal)*cos(theta2)*cos(theta3) - 1/2*IL4xz*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) -
1/2*1L4xz*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) + 2*Imdzz*Kr4"2*thetadd"2*cos(theta2)*cos(theta3)"2*sin(theta2) +
2*Im4zz*Kr4"2*thetadd 2*cos(theta2)"2*cos(theta3) *sin(theta3) - Im4xz*Kr4*theta2dd*sin(thetal)*sin(theta2)*sin(theta3) -
Im4xz*Kr4*theta3dd*sin(thetal)*sin(theta2)*sin(theta3) - 2*Im4xz*Kr4*thetaddd*sin(thetal)*sin(theta2)*sin(theta3) +
2*a2*d4*mm4*theta2dd*cos(theta2)"2*sin(theta3) - L4*g*mL4*cos(theta2)*sin(thetal)*sin(theta3) -
L4*g*mL4*cos(theta3)*sin(thetal)*sin(theta2) - 1/2*1L4xz*thetald*thetadd*cos(thetal)*cos(theta2)*sin(theta3) -
1/2*1L4xz*thetald*thetadd*cos(thetal)*cos(theta3)*sin(theta2) - 1/2*IL4xz*thetald*thetadd*cos(theta2)*cos(theta3)*sin(thetal) +
1/2*1L4yz*thetald*thetadd*cos(thetal)*cos(theta2)*sin(theta3) + 1/2*IL4yz*thetald*thetadd*cos(thetal)*cos(theta3)*sin(theta2) +
IL4yz*thetald*thetadd*cos(theta2)*cos(theta3)*sin(thetal) - IL4yz*theta2d*thetadd*cos(thetal)*cos(theta2)*sin(theta3) -
IL4yz*theta2d*thetadd*cos(thetal)*cos(theta3)*sin(theta2) - 1/2*IL4yz*theta2d*thetadd*cos(theta2)*cos(theta3)*sin(thetal) -
IL4yz*theta3d*thetadd*cos(thetal)*cos(theta2)*sin(theta3) - IL4yz*theta3d*thetadd*cos(thetal)*cos(theta3)*sin(theta2) -
1/2*1L4yz*theta3d*thetadd*cos(theta2)*cos(theta3)*sin(thetal) - 2*Im4zz*Kr4~2*thetadd"2*cos(theta2)*sin(theta2)*sin(theta3)"2 -
2*Im4zz*Kr4"2*thetadd” 2*cos(theta3)*sin(theta2)"2*sin(theta3) + d4*g*mL4*cos(theta2)*cos(theta3)*sin(theta3) +
L4ar2*mL4*theta2dd*cos(thetal)*cos(theta2)*3*cos(theta3)”"3 + L4"2*mL4*theta3dd*cos(thetal)*cos(theta2)"3*cos(theta3)"3 +
2*L4"2*mL4*thetaddd*cos(thetal)*cos(theta2)"3*cos(theta3)"3 - 1/2*IL4xz*thetald*thetadd*cos(thetal)*sin(theta2)*sin(theta3) -
1/2*IL4xz*thetald*thetadd*cos(theta3)*sin(thetal)*sin(theta2) + 1/2*IL4xz*theta2d*thetadd*cos(thetal)*sin(theta2)*sin(theta3) +
IL4xz*theta2d*thetadd*cos(theta2)*sin(thetal)*sin(theta3) + IL4xz*theta2d*thetadd*cos(theta3)*sin(thetal)*sin(theta2) +
1/2*IL4xz*theta3d*thetadd*cos(thetal)*sin(theta2)*sin(theta3) + IL4xz*theta3d*thetadd*cos(theta2)*sin(thetal)*sin(theta3) +
IL4xz*theta3d*thetadd*cos(theta3)*sin(thetal)*sin(theta2) - d4*g*mL4*cos(theta2)*sin(thetal)*sin(theta3) -
d4*g*mL4*cos(theta3)*sin(thetal)*sin(theta2) - d4*g*mm4*cos(theta2)*sin(thetal)*sin(theta3) - d4*g*mm4*cos(theta3)*sin(thetal)*sin(theta2)
- IL4yz*thetald*thetadd*sin(thetal)*sin(theta2)*sin(theta3) + 1/2*IL4yz*theta2d*thetadd*sin(thetal)*sin(theta2)*sin(theta3) +
1/2*1L4yz*theta3d*thetadd*sin(thetal) *sin(theta2) *sin(theta3) + 3*IL4xz*theta4d"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(theta2) +
3*IL4xz*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3d)*sin(theta3) - IL4yz*thetadd 2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(theta2) -
IL4yz*thetadd~2*cos(thetal)*cos(theta2)"2*cos(theta3)*sin(theta3) + 2*IL4xx*theta4dd*cos(thetal)"2*cos(theta2)*cos(theta3)"2*sin(theta2) +
Im4xy*Kr4*theta2dd*cos(thetal) 2*cos(theta2)*cos(theta3) + Im4xy*Kr4*theta3dd*cos(thetal)"2*cos(theta2)*cos(theta3) +
2*Im4xy*Kr4*thetaddd*cos(thetal)"2*cos(theta2)*cos(theta3) - L4"2*mL4*theta2dd*cos(thetal)*sin(theta2)"3*sin(theta3)"3 -
L472*mL4*theta3dd*cos(thetal)*sin(theta2)"3*sin(theta3)"3 - 2*L4"2*mL4*thetaddd*cos(thetal)*sin(theta2)"3*sin(theta3)"3 +
d4"2*mmé4*theta2dd*cos(thetal)*cos(theta2)"2*sin(theta3)"2 + d4"2*mm4*theta2dd*cos(thetal)*cos(theta3)"2*sin(theta2)"2 +
d4"2*mmé4*theta3dd*cos(thetal)*cos(theta2)"2*sin(theta3)"2 + d4"2*mmé4*theta3dd*cos(thetal)*cos(theta3)"2*sin(theta2)"2 -
IL4xz*thetadd"2*cos(thetal)*cos(theta2)*sin(theta2) *sin(theta3)"2 + IL4xz*thetadd"2*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) -
IL4xz*thetadd~2*cos(thetal)*cos(theta3)*sin(theta2)"2*sin(theta3) + I1L4yz*thetadd"2*cos(thetal)*cos(theta2)*sin(theta2)*sin(theta3)"2 +
IL4yz*thetadd"2*cos(thetal)*cos(theta3)*sin(theta2)"2*sin(theta3) - 2*IL4xy*thetaddd*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 +
Imaxy*Kr4*theta2dd*cos(thetal)2*cos(theta3)*sin(theta2) + Im4xy*Kr4*theta3dd*cos(thetal)"2*cos(theta3)*sin(theta2) +
2*Im4xy*Kr4*thetaddd*cos(thetal)"2*cos(theta3)*sin(theta2) + 4*L4*d4*mL4*theta2dd*cos(theta2)"2*cos(theta3)"2 +
4*L4*d4*mL4*theta3dd*cos(theta2)"2*cos(theta3)"2 - IL4xz*thetadd"2*cos(theta3)*sin(thetal)*sin(theta2)"2*sin(theta3) -
Imaxz*Kra"2*thetadd~2*cos(thetal)*cos(theta2)"2*cos(theta3)"2 + Ima4xx*Kr4"2*thetaddd*cos(thetal)"2*cos(theta2)"2*cos(theta3)"2 -
Imaxy*Kr4*theta2dd*cos(theta2)*sin(thetal)"2*sin(theta3) - Im4xy*Kr4*theta2dd*cos(theta3)*sin(thetal)"2*sin(theta2) -
Imaxy*Kr4*theta3dd*cos(theta2)*sin(thetal)"2*sin(theta3) - Im4xy*Kr4*theta3dd*cos(theta3)*sin(thetal)"2*sin(theta2) -
2*Im4xy*Kr4*thetaddd*cos(theta2)*sin(thetal)"2*sin(theta3) - 2*Im4xy*Krd*thetaddd*cos(theta3)*sin(thetal)*2*sin(theta2) -
L3*g*mL3*cos(thetal)*cos(theta3)"2*sin(theta2) - L4*g*mL4*cos(thetal)*cos(theta3)"2*sin(theta2) -
1/2*1L4xx*theta2d*thetadd*cos(thetal)*2*cos(theta2)*cos(theta3) - 1/2*IL4xx*theta3d*thetadd*cos(thetal)2*cos(theta2)*cos(theta3) -
1/2*1L4xy*theta2d*thetadd*cos(thetal)"2*cos(theta2)*cos(theta3) - 1/2*IL4xy*theta3d*thetadd*cos(thetal)"2*cos(theta2)*cos(theta3) +
2*Im4xz*Krd"2*thetadd"2*cos(thetal)*cos(theta3)"2*sin(theta2)"2 + Im4xz*Kr4"2*thetadd"2*cos(theta2)"2*cos(theta3)"2*sin(thetal) -
2*Im4yz*Kr4"2*thetadd"2*cos(theta2)"2*cos(theta3)"2*sin(thetal) + Imdxx*Kr4"2*thetaddd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 +
4*L4*d4*mL4*theta2dd*sin(theta2)"2*sin(theta3)"2 + 4*L4*d4*mL4*theta3dd*sin(theta2)"2*sin(theta3)"2 +
1/2*1L4xx*theta2d*thetadd*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*1L4xx*theta2d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*1L4xx*theta3d*thetadd*cos(theta2)*cos(theta3)*sin(thetal)"2 - 1/2*1L4xx*theta3d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
IL4xy*theta2d*thetadd*cos(theta2)*cos(theta3)*sin(thetal)2 + 1/2*IL4xy*theta2d*theta4d*cos(thetal)*2*cos(theta2)*sin(theta3) +
1/2*1L4xy*theta2d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) + IL4xy*theta3d*thetadd*cos(theta2)*cos(theta3)*sin(thetal)"2 +
1/2*1L4xy*theta3d*thetadd*cos(thetal)"2*cos(theta2)*sin(theta3) + 1/2*IL4xy*theta3d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*1L4yy*theta2d*thetadd*cos(thetal)2*cos(theta2)*sin(theta3) + 1/2*1L4yy*theta2d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
1/2*1L4yy*theta3d*thetadd*cos(thetal)"2*cos(theta2)*sin(theta3) + 1/2*1L4yy*theta3d*thetadd*cos(thetal)"2*cos(theta3)*sin(theta2) +
IL4xx*theta2dd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + IL4xx*theta3dd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) +
2*IL4xx*thetaddd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) - Im4xz*Kr4"2*thetadd"2*cos(thetal)*sin(theta2)"2*sin(theta3)"2 +
2*Im4yz*Kr4"2*thetadd"2*cos(theta2)*2*sin(thetal) *sin(theta3)"2 + 2*Imdyz*Kr4~2*thetadd"2*cos(theta3)"2*sin(thetal)*sin(theta2)"2 +
Imdyy*Kr4"2*thetaddd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 + Im4yy*Kr4"2*thetaddd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 -
d4*g*mL4*cos(thetal)*cos(theta3)"2*sin(theta2) + d4*g*mmé4*cos(thetal)*cos(theta2)*sin(theta3)"2 -
d4*g*mm4*cos(thetal)*cos(theta3)"2*sin(theta2) + L3"2*mL3*thetaldd*cos(thetal)2*cos(theta2)"2*cos(theta3)"2 +
L4"2*mL4*thetaldd*cos(thetal)2*cos(theta2)"2*cos(theta3)"2 - L4"2*mL4*thetaldd*cos(thetal)*2*cos(theta2)"3*cos(theta3)"3 -
L4r2*mL4*thetaddd*cos(thetal)2*cos(theta2)"3*cos(theta3)"3 + 2*L4*2*mL4*thetaddd*cos(thetal)*2*cos(theta2)"4*cos(theta3) 4 +
1/2*1L4xx*theta2d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2) + 1/2*IL4xx*theta3d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2) +
1/2*1L4xy*theta2d*thetadd*cos(thetal)"2*sin(theta2)*sin(theta3) + 1/2*IL4xy*theta3d*thetadd*cos(thetal)"2*sin(theta2)*sin(theta3) -
1/2*1L4yy*theta2d*thetadd*cos(theta2)*sin(thetal)"2*sin(theta3) - 1/2*IL4yy*theta2d*thetadd*cos(theta3)*sin(thetal)"2*sin(theta2) -
1/2*1L4yy*theta3d*thetadd*cos(theta2)*sin(thetal)"2*sin(theta3) - 1/2*1L4yy*theta3d*thetadd*cos(theta3)*sin(thetal)2*sin(theta2) +
IL4xx*theta2dd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) + IL4xx*theta3dd*cos(thetal)*cos(theta3d)*sin(thetal)*sin(theta2) +
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2*|L4xx*thetaddd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) - IL4yy*theta2dd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) -
IL4yy*theta2dd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) - IL4yy*theta3dd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) -
IL4yy*theta3dd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) - 2*IL4yy*thetaddd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) -
2*IL4yy*thetaddd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) - 2*IL4zz*thetaddd*cos(theta2)*cos(theta3)*sin(theta2) *sin(theta3) -
Im4zz*Kr4*thetald*thetadd*cos(theta2)*sin(theta3) - Im4zz*Kr4*thetald*thetadd*cos(theta3)*sin(theta2) -
2*Im4yz*Kr4"2*thetadd"2*sin(thetal)*sin(theta2)"2*sin(theta3)"2 + L3"2*mL3*thetaldd*cos(theta2)"2*cos(theta3)"2*sin(thetal)"2 +
3*L3"2*mL3*theta2dd*cos(thetal) 2*cos(theta2)"2*sin(theta3)"2 + 3*L3"2*mL3*theta2dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 +
2*L.3"2*mL3*theta3dd*cos(thetal)"2*cos(theta2)"2*sin(theta3)"2 + 2*L3"2*mL3*theta3dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 +
L4r2*mL4*thetaldd*cos(theta2)"2*cos(theta3)"2*sin(thetal)"2 + 2*L4"2*mL4*theta2dd*cos(thetal)"2*cos(theta2)"2*sin(theta3)"2 +
2*L4"2*mL4*theta2dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 - L4"2*mL4*thetaldd*cos(theta2)"3*cos(theta3)"3*sin(thetal)"2 +
2*L4"2*mL4*theta3dd*cos(thetal)"2*cos(theta2)"2*sin(theta3)"2 + 2*L4"2*mL4*theta3dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 -
L4n2*mL4*thetaddd*cos(theta2)"3*cos(theta3)"3*sin(thetal)"2 + L4"2*mL4*thetaddd*cos(theta2)"4*cos(theta3)"4*sin(thetal)"2 -
IL4xy*theta2d*thetadd*sin(thetal)"2*sin(theta2)*sin(theta3) - IL4xy*theta3d*thetadd*sin(thetal)*2*sin(theta2)*sin(theta3) +
d4n2*mL4*thetaldd*cos(thetal)"2*cos(theta2)"2*cos(theta3)"2 + d4"2*mmd4*thetaldd*cos(thetal)"2*cos(theta2)"2*cos(theta3)"2 +
IL4xx*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) + 2*IL4xy*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)2*sin(thetal)
+ IL4xx*thetadd"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) + IL4xy*thetadd"2*cos(thetal)*2*cos(theta2)*cos(theta3)"2*sin(theta2)
+ IL4xy*theta4d"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) + L3"2*mL3*thetaldd*cos(thetal)"2*sin(theta2)"2*sin(theta3)"2 +
L3"2*mL3*theta3dd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 + L3"2*mL3*theta3dd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 +
L4"2*mL4*thetaldd*cos(thetal)2*sin(theta2)"2*sin(theta3)"2 + 2*L4"2*mL4*theta2dd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 +
2*L4"2*mL4*theta2dd*cos(theta3)"2*sin(thetal)*2*sin(theta2)"2 + L4"2*mL4*thetaldd*cos(thetal)"2*sin(theta2)"3*sin(theta3)"3 +
2*L4"2*mL4*theta3dd*cos(theta2)2*sin(thetal)"2*sin(theta3)"2 + 2*L4"2*mL4*theta3dd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 +
L4"2*mL4*thetaddd*cos(thetal)2*sin(theta2)"3*sin(theta3)"3 + 2*L4"2*mL4*thetaddd*cos(thetal)"2*sin(theta2)4*sin(theta3)"4 +
L472*mL4*thetaddd*cos(theta2)4*sin(thetal)"2*sin(theta3)"4 + L4"2*mL4*thetaddd*cos(theta3)"4*sin(thetal)"2*sin(theta2)"4 +
d4"2*mL4*thetaldd*cos(theta2)"2*cos(theta3)"2*sin(thetal)"2 + 2*d4"2*mL4*theta2dd*cos(thetal)"2*cos(theta2)"2*sin(theta3)"2 +
2*d4"2*mL4*theta2dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 + 2*d4~2*mL4*theta3dd*cos(thetal)*2*cos(theta2)"2*sin(theta3)"2 +
2*d4"2*mL4*theta3dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 + d4"2*mm4*thetaldd*cos(theta2)"2*cos(theta3)"2*sin(thetal)"2 +
2*d4"2*mm4*theta2dd*cos(thetal)2*cos(theta2)"2*sin(theta3)"2 + 2*d4"2*mm4*theta2dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 +
3*d4"2*mm4*theta3dd*cos(thetal) 2*cos(theta2)"2*sin(theta3)"2 + 3*d4"2*mm4*theta3dd*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 +
IL4xx*thetadd"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 - IL4xy*thetadd"2*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3)"2 -
IL4xy*thetadd"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 + IL4xx*thetadd"2*cos(thetal)"2*cos(theta3)*sin(theta2)"2*sin(theta3) -
IL4xy*thetadd"2*cos(theta2)*cos(theta3)"2*sin(thetal)"2*sin(theta2) - IL4yy*thetadd"2*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3)"2 -
IL4yy*thetadd"2*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 - IL4xy*thetadd"2*cos(theta2)"2*cos(theta3)*sin(thetal)"2*sin(theta3) -
2*IL4yy*thetadd"2*cos(theta2)*cos(theta3)"2*sin(thetal)"2*sin(theta2) -
2*IL4yy*thetadd"2*cos(theta2)"2*cos(theta3)*sin(thetal)"2*sin(theta3) + L3"2*mL3*thetaldd*sin(thetal)*2*sin(theta2)"2*sin(theta3)"2 +
L472*mL4*thetaldd*sin(thetal)"2*sin(theta2)"2*sin(theta3)"2 + L4"2*mL4*thetaldd*sin(thetal)"2*sin(theta2)"3*sin(theta3)"3 +
L4"2*mL4*thetaddd*sin(thetal)"2*sin(theta2)"3*sin(theta3)"3 + L4"2*mL4*thetaddd*sin(thetal)"2*sin(theta2)"4*sin(theta3)"4 +
d4~2*mL4*thetaldd*cos(thetal) 2*sin(theta2)"2*sin(theta3)"2 + 2*d4"2*mL4*theta2dd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 +
2*d4"2*mL4*theta2dd*cos(theta3)"2*sin(thetal)*2*sin(theta2)"2 + 2*d4~2*mL4*theta3dd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 +
2*d4"2*mL4*theta3dd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 + d4"2*mm4*thetaldd*cos(thetal)*2*sin(theta2)"2*sin(theta3)"2 +
2*d4"2*mm4*theta2dd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 + 2*d4~2*mm4*theta2dd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 +
2*d4"2*mm4*theta3dd*cos(theta2)"2*sin(thetal)"2*sin(theta3)"2 + 2*d4"2*mm4*theta3dd*cos(theta3)"2*sin(thetal)"2*sin(theta2)"2 +
2*IL4yy*thetadd"2*cos(theta2)*sin(thetal)"2*sin(theta2)*sin(theta3)"2 +
2*IL4yy*thetadd"2*cos(theta3)*sin(thetal)"2*sin(theta2)"2*sin(theta3) - Im4xx*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)"2 +
d4~2*mL4*thetaldd*sin(thetal)2*sin(theta2)"2*sin(theta3)"2 + d4"2*mm4*thetaldd*sin(thetal)"2*sin(theta2)"2*sin(theta3)"2 +
Imaxx*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 + Im4xy*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta3)"2*sin(theta2)"2 -
L2/2*mL2*thetaldd*cos(thetal)2*cos(theta2)*sin(theta2) - L2"2*mL2*theta2dd*cos(thetal)*2*cos(theta2)*sin(theta2) +
L4*g*mL4*cos(thetal)*sin(theta2)"2*sin(theta3)"3 + 2*IL4xz*thetaddd*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(theta2) -
Imaxy*Kr4"2*thetadd"2*cos(theta3)"2*sin(thetal)*2*sin(theta2)"2 - Im4xz*Kr4*thetaldd*cos(thetal)*cos(theta2)*cos(theta3) -
Im4yz*Kr4*theta2dd*cos(thetal)*cos(theta2)*cos(theta3) - Im4xz*Kr4*thetaddd*cos(thetal)*cos(theta2)*cos(theta3) -
Im4yz*Kr4*theta3dd*cos(thetal)*cos(theta2)*cos(theta3) - 2*Imdyz*Kr4*thetaddd*cos(thetal)*cos(theta2)*cos(theta3) -
4*L4"2*mL4*thetadd"2*cos(thetal)"2*cos(theta2) 4*cos(theta3) 4 - L4"2*mL4*thetadd"2*cos(thetal)3*cos(theta2)4*cos(theta3)"4 +
L2"2*mL2*thetaldd*cos(theta2)*sin(thetal)"2*sin(theta2) + L2/2*mL2*theta2dd*cos(theta2)*sin(thetal)*2*sin(theta2) -
2*IL4xz*thetaddd*cos(thetal)*cos(theta3)*sin(theta2)"2*sin(theta3) + 2*IL4yz*thetaddd*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
2*IL4yz*thetaddd*cos(theta2)"2*cos(theta3)*sin(thetal)*sin(theta3) - L3*a2*mL3*theta2dd*cos(theta2)"2*cos(theta3) +
L3*a2*mL3*theta3dd*cos(theta2)"2*cos(theta3) + 3*L4*a2*mL4*theta2dd*cos(theta2)"2*cos(theta3) +
L4*a2*mL4*theta3dd*cos(theta2)"2*cos(theta3) - 1/2*IL4xx*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) -
1/2*1L4xx*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) +
IL4xy*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) + IL4xy*theta3d*theta4d*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal)
+ IL4yy*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) +
IL4yy*theta3d*thetadd*cos(thetal)*cos(theta2)*cos(theta3)*sin(thetal) -
Im4xz*Kra"2*thetadd2*cos(thetal)*cos(theta2)*sin(theta2) *sin(theta3)"2 +
Im4xz*Kra"2*thetadd2*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) -

Im4xz*Kra"2*thetadd” 2*cos(thetal)*cos(theta3)*sin(theta2)"2*sin(theta3) +
Imdyz*Kra"2*thetadd”2*cos(thetal)*cos(theta2)*sin(theta2) *sin(theta3)"2 +

Imdyz*Kra"2*thetadd” 2*cos(thetal)*cos(theta3)*sin(theta2)"2*sin(theta3) -
2*Im4xy*Kr4~2*thetaddd*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 +
2*L4"2*mL4*thetald*thetadd*cos(thetal)2*cos(theta2)*3*cos(theta3)"3 -
1/2*L4"2*mL4*theta2d*thetadd*cos(thetal)"2*cos(theta2)"3*cos(theta3)"3 -
1/2*L4"2*mL4*theta3d*thetadd*cos(thetal)"2*cos(theta2)"3*cos(theta3)"3 - d4*g*mL4*cos(thetal)*cos(theta2)*cos(theta3)*sin(theta3) -
d4*g*mm4*cos(thetal)*cos(theta2)*cos(theta3)*sin(theta3) + 1/2*IL4xx*theta2d*theta4d*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) +
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1/2*IL4xx*theta2d*thetadd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) +

1/2*1L4xx*theta3d*thetadd*cos(thetal) *cos(theta2)*sin(thetal)*sin(theta3) +

1/2*1L4xx*theta3d*thetadd*cos(thetal) *cos(theta3)*sin(thetal)*sin(theta2) +
IL4xy*theta2d*thetadd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) +
2*IL4xy*theta2d*thetadd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) +
IL4xy*theta3d*thetadd*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta3) +
2*IL4xy*theta3d*thetadd*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2) -
Im4xz*Kr4"2*thetadd2*cos(theta3)*sin(thetal)*sin(theta2)"2*sin(theta3) +
1/2*L4"2*mL4*theta2d*thetadd*cos(thetal)"2*cos(theta2)"3*sin(theta3)"3 +
1/2*L4"2*mL4*theta2d*thetadd*cos(thetal)"2*cos(theta3)"3*sin(theta2)"3 +
1/2*L4"2*mL4*theta2d*thetadd*cos(theta2)*3*cos(theta3)"3*sin(thetal)"2 +
1/2*L4"2*mL4*theta3d*thetadd*cos(thetal)*2*cos(theta2)"3*sin(theta3)"3 +
1/2*L4"2*mL4*theta3d*thetadd*cos(thetal)"2*cos(theta3)"3*sin(theta2)"3 +
1/2*L4"2*mL4*theta3d*thetadd*cos(theta2)*3*cos(theta3)"3*sin(thetal)"2 + d4*g*mm4*cos(thetal)*cos(theta3)*sin(theta2)*sin(theta3) -
L3"2*mL3*thetaldd*cos(thetal)"2*cos(theta2)*cos(theta3)"2*sin(theta2) -
L3"2*mL3*thetaldd*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) -
L3"2*mL3*theta2dd*cos(thetal)"2*cos(theta2)*cos(theta3)"2*sin(theta2) -
L3"2*mL3*theta2dd*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) +
L4"2*mL4*theta2dd*cos(thetal)*cos(theta2)*3*cos(theta3)"3*sin(thetal) +
L4"2*mL4*theta3dd*cos(thetal)*cos(theta2)*3*cos(theta3)"3*sin(thetal) +
2*L4"2*mL4*thetaddd*cos(thetal)*cos(theta2)"3*cos(theta3)"3*sin(thetal) +
1/2*1L4xx*theta2d*thetadd*cos(thetal)*sin(thetal)*sin(theta2)*sin(theta3) +
1/2*1L4xx*theta3d*thetadd*cos(thetal)*sin(thetal)*sin(theta2)*sin(theta3) -
IL4yy*theta2d*thetadd*cos(thetal)*sin(thetal)*sin(theta2)*sin(theta3) - IL4yy*theta3d*thetadd*cos(thetal)*sin(thetal)*sin(theta2)*sin(theta3) -
L472*mL4*thetald*thetadd*cos(theta2)"3*sin(thetal)*2*sin(theta3)"3 - L4"2*mL4*thetald*thetadd*cos(theta3)"3*sin(thetal)"2*sin(theta2)"3 -
1/2*L4"2*mL4*theta2d*thetadd*cos(theta2)*3*sin(thetal)"2*sin(theta3)"3 -
1/2*L4"2*mL4*theta2d*thetadd*cos(theta3)"3*sin(thetal)*2*sin(theta2)"3 -
1/2*L4"2*mL4*theta3d*thetadd*cos(theta2)"3*sin(thetal)"2*sin(theta3)"3 -
1/2*L4"2*mL4*theta3d*thetadd*cos(theta3)"3*sin(thetal)*2*sin(theta2)"3 +
L3"2*mL3*thetaldd*cos(thetal)2*cos(theta2)*sin(theta2)*sin(theta3)"2 +
L3"2*mL3*theta2dd*cos(thetal)*cos(theta2)*2*sin(thetal) *sin(theta3)"2 +
L3"2*mL3*theta2dd*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 +
L3"2*mL3*thetaldd*cos(thetal)"2*cos(theta3)*sin(theta2)"2*sin(theta3) +
L3"2*mL3*theta2dd*cos(thetal)"2*cos(theta2)*sin(theta2)*sin(theta3)"2 +
L3"2*mL3*theta3dd*cos(thetal)*cos(theta2)"2*sin(thetal)*sin(theta3)"2 +
L3"2*mL3*theta3dd*cos(thetal)*cos(theta3)"2*sin(thetal)*sin(theta2)"2 +
L3"2*mL3*theta2dd*cos(thetal)2*cos(theta3)*sin(theta2)"2*sin(theta3) -
L4"2*mL4*theta2dd*cos(thetal)*cos(theta2)3*sin(thetal)*sin(theta3)"3 -
L4r2*mL4*theta2dd*cos(thetal)*cos(theta3)"3*sin(thetal)*sin(theta2)"3 -
L4"2*mL4*theta3dd*cos(thetal)*cos(theta2)"3*sin(thetal)*sin(theta3)"3 -
L4"2*mL4*theta3dd*cos(thetal)*cos(theta3)"3*sin(thetal)*sin(theta2)"3 -
2*L4"2*mL4*thetaddd*cos(thetal)*cos(theta2)"3*sin(thetal)*sin(theta3)"3 -
2*L4"2*mL4*thetaddd*cos(thetal)*cos(theta3)"3*sin(thetal)*sin(theta2)"3 +
2*IL4xx*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
3*IL4xy*thetadd"2*cos(thetal)*cos(theta2)*cos(theta3)"2*sin(thetal)*sin(theta2) +
2*IL4xx*thetadd"2*cos(thetal)2*cos(theta2)*cos(theta3)*sin(theta2) *sin(theta3) +
IL4xy*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)*sin(thetal)*sin(theta3) +
IL4xy*thetadd"2*cos(thetal)"2*cos(theta2)*cos(theta3)*sin(theta2) *sin(theta3) +
2*L3*a2*mL3*thetaldd*cos(thetal)*2*cos(theta2)*2*cos(theta3) + 2*L4*a2*mL4*thetaldd*cos(thetal)"2*cos(theta2)"2*cos(theta3) +
L4*a2*mL4*theta2dd*cos(thetal)*cos(theta2)"3*cos(theta3)"2 + L4*a2*mL4*thetaddd*cos(thetal)*cos(theta2)"3*cos(theta3)"2 +
L4*d4*mL4*theta2dd*cos(thetal)*cos(theta2)"3*cos(theta3)"3 + L4*d4*mL4*theta3dd*cos(thetal)*cos(theta2)"3*cos(theta3)"3 +
2*L4*d4*mL4*thetaddd*cos(thetal)*cos(theta2)*3*cos(theta3)"3 +

10*L4"2*mL4*thetadd 2*cos(thetal)2*cos(theta2)"2*cos(theta3)4*sin(theta2)"2 +

10*L4"2*mL4*thetadd 2*cos(thetal)"2*cos(theta2)4*cos(theta3)"2*sin(theta3)"2 -
L4"2*mL4*thetadd"2*cos(thetal)"2*cos(theta2)"4*cos(theta3)"4*sin(thetal)"2 -
IL4xy*theta4d"2*cos(thetal)*cos(theta2)*sin(thetal)*sin(theta2)*sin(theta3)"2 -
3*IL4xy*thetadd"2*cos(thetal)*cos(theta3)*sin(thetal)*sin(theta2)"2*sin(theta3) -
IL4xy*theta4d"2*cos(theta2)*cos(theta3)*sin(thetal)2*sin(theta2)*sin(theta3) - L3*a2*mL3*thetaldd*cos(thetal) 2*cos(theta2)"2*sin(theta3)
+ 2*L3*a2*mL3*thetaldd*cos(theta2)"2*cos(theta3)*sin(thetal)"2 + 3*L3*a2*mL3*theta2dd*cos(thetal)"2*cos(theta3)*sin(theta2)"2 -
L3*a2*mL3*theta2dd*cos(thetal)"2*cos(theta2)"2*sin(theta3) + L3*a2*mL3*theta3dd*cos(thetal)*2*cos(theta3)*sin(theta2)"2 +
2*L4*a2*mL4*thetaldd*cos(theta2)"2*cos(theta3)*sin(thetal)"2 + 3*L4*a2*mL4*theta2dd*cos(thetal)"2*cos(theta3)*sin(theta2)"2 +
L4*a2*mL4*theta3dd*cos(thetal)"2*cos(theta3)*sin(theta2)"2 - 2*Imdzz*Kr4"2*thetaddd*cos(theta2)*cos(theta3)*sin(theta2) *sin(theta3) +
2*L4"2*mL4*theta4d"2*cos(thetal)2*cos(theta2)"2*sin(theta2)"2*sin(theta3)"4 +
2*L4"2*mL4*thetadd"2*cos(thetal)"2*cos(theta3)"2*sin(theta2)"4*sin(theta3)"2 +
2*a2*d4*mL4*thetaldd*cos(thetal)*2*cos(theta2)"2*cos(theta3) + 2*a2*d4*mm4*thetaldd*cos(thetal)*2*cos(theta2)"2*cos(theta3) +
L3*a2*mL3*theta2dd*cos(theta3)*sin(thetal)"2*sin(theta2)"2 + L3*a2*mL3*theta3dd*cos(theta3)*sin(thetal)"2*sin(theta2)"2 +
3*L4*a2*mL4*theta2dd*cos(theta3)*sin(thetal)"2*sin(theta2)"2 + L4*a2*mL4*theta3dd*cos(theta3)*sin(thetal)"2*sin(theta2)"2 +
Imaxx*Kr4"2*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) +
2*Im4xy*Kr4~2*thetadd"2*cos(thetal)*cos(theta2)"2*cos(theta3)"2*sin(thetal) +
Imaxx*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) +
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Im4xy*Kr4~2*thetadd”2*cos(thetal) 2*cos(theta2)*cos(theta3)"2*sin(theta2) +
Imaxy*Kr4"2*thetadd"2*cos(thetal)"2*cos(theta2)"2*cos(theta3)*sin(theta3) - L4*d4*mL4*theta2dd*cos(thetal)*sin(theta2)"3*sin(theta3)"3 -
L4*d4*mL4*theta3dd*cos(thetal)*sin(theta2)"3*sin(theta3)"3 - 2*L4*d4*mL4*thetaddd*cos(thetal)*sin(theta2)"3*sin(theta3)"3 +
2*a2*d4*mL4*thetaldd*cos(theta2)"2*cos(theta3)*sin(thetal)"2 + 3*a2*d4*mL4*theta2dd*cos(thetal)*2*cos(theta3)*sin(theta2)"2 +
a2*d4*mL4*theta3dd*cos(thetal)2*cos(theta3)*sin(theta2)"2 + 2*a2*d4*mm4*thetaldd*cos(theta2)"2*cos(theta3)*sin(thetal)"2 +
3*a2*d4*mmd*theta2dd*cos(thetal)"2*cos(theta3)*sin(theta2)"2 + a2*d4*mm4*theta3dd*cos(thetal)*2*cos(theta3)*sin(theta2)"2 +
1/2*Imdxz*Kr4*thetald*thetadd*cos(thetal)*cos(theta2)*cos(theta3) - 1/2*Imdxz*Kr4*theta2d*thetadd*cos(thetal)*cos(theta2)*cos(theta3) -
1/2*Im4xz*Kr4*theta3d*... Output truncated. Text exceeds maximum line length of 25,000 characters for Command Window display.

78



APPEMDICES 3

Matlab program for calculation of Inertia Matrix and Equation of Motion.

symsL1L2L3L4s1s2s3clc2c3s32¢c32a2d4Krl1Kr2Kr3Kr4;
symsthetaltheta2theta3thetadthetalddtheta2ddtheta3ddthetad4dd
symsthetaldtheta2dtheta3dthetadd

thetad=transpose ([thetald theta2d theta3d theta4d]);
thetadd=transpose ([thetaldd theta2dd theta3dd theta4dd]):;
sl=sin(thetal);

s2=sin (theta?2);

s3=sin(theta3l);

s32=sin (theta3+theta?2);

cl=cos (thetal);

c2=cos (theta?2);

c3=cos (thetal);

c32=cos (theta3+theta2);

% Jacobian for link
JpLl=[0 0 0 0;0 0 0 0;0 O O 0Q1;
JplL2=[L2*c2*cl -cl*L2*s2 0 0;L2*c2*sl L2*sl*s2 0 0;0 L2*c2 0 0];
JpL3=[-a2*c2*s1-L3*c32*sl -a2*s2*cl-L3*s32*cl -L3*s32*cl 0;

a2*c2*cl+L3*c32*cl -a2*s2*s1-L3*s32*cl -L3*s32*sl O;

0 a2*c2-L3*c32 L3*c32 0];
Jpld=[-a2*c2*s1-d4*c32*s1-L4*c32*s]l -a2*s2*cl-d4*s32*cl-L4*s32*cl -
dd4*s32*cl-L4*s32*cl L4*sl*c2*s3*s32+L4*s2*s1*c3*s32—
L4*s2*s3*s1*c32+L4*c2*c3*c32*sl;

a2*c2*cl+d4d*c32*cl+L4*c32*cl —-a2*s2*sl1l-d4*s32*s1-1L4*s32*sl -
d4*s32*%s1-L4*s32*sl LA*cl*s2*s3*c32-L4*c2*cl*c3*c32-L4*cl*c2*c3*s32-
Ld*cl*c2*c3*s32;

0 a2*c2+d4*c32+L4*c32 dd*c32+L4*c32
Li*cl*c2*c3*c32*sl1+L4*cl*s2*c3*c32*sl-
L4*c32*cl*s2*s3+L4*cl*c2*c3*c32];

JoLl=[0 0 0 0;0 O O 0;1 O O 0Q1;

JoL2=[0 s1 0 0;0 -c1 0 0;1 O O 01,

JoL3=[0 sl s1 0;0 -cl -cl1 0;1 0 O 0],

JoL4=[0 sl sl cl*c2*c3+cl*s2*c3;0 -cl -cl sl*c2*s3+sl*s2*c3;1 0 O
sS2*s3-c2*c3];

% Jacobian for motor

Jpml=[0 0 0 0;0 0 0 0;0 O O Q1;

Jpm2=[0 0 0 0;0 0 0 0;0 O O Q1;

Jpm3=[-a2*c2*sl -a2*s2*cl 0 0;a2*c2*cl -a2*s2*sl 0 0;0 a2*c2 0 0],
Jpmé=[-a2*c2*s1-d4*c32*sl -a2*s2*cl-d4*s32*cl -d4*s32*cl
0;a2*c2*cl+d4*c32*cl -a2*sl*s2-dd4*s32*sl -d4*s32*sl 0;0 a2*c2+d4*s32
dd*s32*cl 0];

Joml=[0 0 0 0;0 0 O O0;Krl O O 01;
Jom2=[0 Kr2*sl 0 0;0 -Kr2*cl 0 0;1 0 0 0];
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Jom3=[0 sl Kr3*sl 0;0 -cl -Kr3*cl 0;1 0 0 0];
Jom4=[0 sl sl Krd4*cl*c2*c3+Krd*cl*s2*c3;0 -cl -cl
Krd*sl*c2*s3+Krd*sl*s2*c3;1 0 0 Krd*s2*s3-Krd*c2*c3];

% i1nertia tensor

symsILIxxILlxyILlxzILlyyILlyzILlzzIL2xxIL2xyIL2xzIL2yyIL2yzIL2zzIL3x
xIL3xyIL3xzIL3yyIL3yzIL3zzIL4xxIL4xyIL4xzIL4yyIL4yzIL4zz;

IL1=[IL1xx -ILlxy -ILlxz;-ILlxy ILlyy -ILlyz;-ILlxz -ILlyz ILlzz]
IL2=[1IL2xx -IL2xy -1IL2xz;-1IL2xy IL2yy -1L2yz;-1L2xz -IL2yz IL2zz];
IL3=[IL3xx -IL3xy -IL3xz;-IL3xy IL3yy -IL3yz;-IL3xz -IL3yz IL3zz]

’

’

IL4=[TL4xx -IL4xy -Ildxz;-I1lL4xy IL4yy -IL4yz;-IL4xz -IL4yz IL4zz];
symsImlxxImlxyImlxzImlyyImlyzImlzzIm2xxIm2xyIm2xzIm2yyIm2yzIm2zzIm3x
xIm3xyIm3xzIm3yyIm3yzIm3zzImdxxImdxyImdxzImdyyImdyzImdzz;

Iml=[Imlxx -Imlxy -Imlxz;-Imlxy
Im2=[Im2xx -Im2xy -Im2xz;-Im2xy
Im3=[Im3xx -Im3xy -Im3xz;-Im3xy
Im4=[Imdxx -Imdxy —-Imdxz;-Imdxy

o)

% calculate inertia matrix B
symsmLImL2mL3mL4mmlmm2mm3mm4

Imlyy -Imlyz;-Imlxz
Im2yy -Im2yz;-Im2xz
Im3yy -Im3yz;-Im3xz
Imdyy -Imdyz;-Imdxz

’

-Imlyz Imlzz];
-Im2yz Im2zz];
]
]

r

-Im3yz Im3zz
-Imdyz Imdzz

’

Bl=mLl*transpose (JpLl) *JpLl+transpose (JoLl) *IL1*JoLl+mml*transpose (J
pml) *Jpml+transpose (Joml) *Iml*Joml;
B2=mL2*transpose (JpL2) *JpL2+transpose (JoL2) *IL2*JoL2+mm2*transpose (J
pm2) *Jpm2+transpose (Jom2) *Im2*Jom2;
B3=mL3*transpose (JpL3) *JpL3+transpose (JoL3) *IL3*JoL3+mm3*transpose (J
pm3) *Jpm3+transpose (Jom3) *Im3*Jom3;
B4=mL4*transpose (JplL4) *JpL4+transpose (JoL4) *IL4*JoL4+mmé4*transpose (J
pm4) *Jpmé4+transpose (Jom4) *Im4d*Jom4;

B=B1+B2+B3+B4;
bl1=B(1,1);
bl12=B

o)

% equation of motion

diff thetal=diff (B, 1,thetal);
diff theta2=diff (B,1,theta2);
diff theta3=diff (B, 1,theta3);
diff thetad=zeros(size(B));

mL=[mLl mL2 mL3 mL4];
mm=[mml mm2 mm3 mm4];
symsg;
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g0=[0 0 g*cos(theta3) g*cos(theta3)*cos(thetad);0 g 0
g*sin(thetad) ;g 0 g*sin(theta3) g*sin(theta3)];
Jpl=[JpLl JplL2 JpL3 Jpl4];

Jpm=[Jpml Jpm2 Jpm3 Jpmé4];

ddsigma=0;
ssigma=0;
gsigma=0;

fori=1:4
for j=1:4
for k=1:4
if k==
dgk=diff thetal;
elseif k==
dgk=diff theta2;
elseif k==
dgk=diff theta3;
elseif k==
dgk=diff theta4;
end
ifi==
dgi=diff thetal;
elseifi==
dgi=diff theta2;
elseifi==
dgi=diff theta3;
elseifi==
dgi=diff theta4;
end
h=dgk (i,3)-1/2*dqgi (3, k) ;
suml=h*thetad (k) *thetad (j) ;
end

ddsigma=ddsigma+suml;

ssigma=ssigma+B (i, j) *thetadd(j) ;
gsigma=gsigma+mL (j) *transpose (g0 (:, 1)) *IpL(:,4* (j-

1)+1i)+mm (J) *transpose (g0 (:,1i)) *IJpm(:,4* (jJ-1)+1);

end

torque (1) =simplify(ddsigma+ssigma+gsigma) ;

end

o)

s test torque

Ll=1; L2=1; L3=1; L4=1;Krl=1; Kr2=1; Kr3=1l; Kr4=1;thetal=0;
theta2=30*pi/180; theta3=45*pi/180; thetad4=0;g=10;a2=1;d4=1;
thetald=0; theta2d=0.1; theta3d=0.2; thetad4d=0;thetaldd=0;
theta2dd=0.6; theta3dd=0.4; thetad4dd=0;

ILlxx=1; ILlxy=1; ILlxz=1; ILlyy=1l; ILlyz=1; ILlzz=1; IL2xx=1;
IL2xy=1; IL2xz=1; IL2yy=1l; IL2yz=1; IL2zz=1; IL3xx=1; IL3xy=1;
IL3xz=1; IL3yy=1l; IL3yz=1l; IL3zz=1; IL4xx=1; IL4xy=1; IL4xz=1;
IL4yy=1; IL4yz=1l; IL4zz=1;

Imlxx=1; Imlxy=1; Imlxz=1; Imlyy=1; Imlyz=1; Imlzz=1; Im2xx=1;
Im2xy=1; Im2xz=1; Im2yy=1; Im2yz=1; Im2zz=1; Im3xx=1; Im3xy=1;
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Im3xz=1; Im3yy=1; Im3yz=1; Im3zz=1; Imdxx=1; Imdxy=1; Imdxz=1;
Imdyy=1; Imdyz=1; Imdzz=1;
mL1=1;mL2=1;mL3=1;mL4=1;mml=1;,mm2=1;mm3=1;mm4=1;
testtorque=subs (torque) ;

% testtorque(:,1l)=testtorque;

Tl=testtorque(l);

T2=testtorque (2
T3=testtorque (3
T4=testtorque (4

)
)7
).

I
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