Supplementary materials of reconfigurable tri-prism mobile robot with eight modes

A. DOF analysis of the mobile robot
The twist system of limb 1 is obtained as:

                                (A1)
where {x13, y13, z13}T is the position of the center of joint r5 in limb 1, {x12, 0, z12}T is the position of center of joint r3, L13, N13, L14, M14, N14, L15, M15 and N15 are arbitrary constants that cannot be simultaneously equal to zero. The wrench of limb 1 can be derived as:

                                   (A2)
where,

                                                                (A3)


                                                          (A4)



                                                           (A5)   

 is a wrench with finite pitch. 
  The twist system of limb 2 is calculated as:

                                   (A6)
  The wrench of limb 2 can be yielded as:

                                    (A7)
where,
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The twist system and the wrench system of limb 3 are in the same format as limb 2. The three limbs exert three independent constraint wrenches in total on Foot 2. There are no common constraints and the mechanism is not over-constrained, the DOF of the mobile robot is calculated as three.

B. Positions and accelerations of the links of the mobile robot in the sphere rolling mode
The positions of the links and feet of the robot (represented by F1, F2, L1, L2, L3, L4, L5 and L6) can be obtained as

                                                              (B1)

                                                         (B2)

                                                            (B3)

                                                        (B4)

                                              (B5)

                                                    (B6)

                                            (B7)

                                                         (B8)
The accelerations of the links of the mobile robot in the sphere rolling mode are:


                                                                         (B9)     (B10)

                                                 (B11)

                                                (B12)

                         (B13)

                            (B14)

                            (B15)

                                                  (B16)
C. Positions and accelerations of the links of the mobile robot in the wheeled rolling mode
The position of each foot and link of the robot in the first step of motion can be obtained as

                                                                (C1)

                                                         (C2)

                                                                (C3)

                                                           (C4)

                                                         (C5)

                                                               (C6)

                                                        (C7) 

                                                          (C8)
The accelerations of the links of the mobile robot in the wheeled rolling mode can be derived as:

                                                                    (C9)

                                                 (C10)

                                                 (C11)

                                                 (C12)

                                               (C13)

                                               (C14)

                                                 (C15)

                                                (C16)
D. Positions and accelerations of the links of the mobile robot in the somersaulting mode
  Let ∠EFA = λ and ∠FEC = β. We have

                                       (D1)

                                           (D2)

                                           (D3)

                                            (D4)
 The position of each foot and link can be obtained as

                                                           (D5)

                                                    (D6)

                                                              (D7)

                                                (D8)

                                     (D9)

                                                 (D10)

                                   (D11)

                                                      (D12)
The accelerations of links of the mobile robot in the somersaulting mode is got as

                                                                  (D13)

(D14)

                                                                 (D15)

                                      (D16)

                              (D17)

                              (D18)

                             (D19)

                                       (D20)
where,

                                                                    (D21)

                                                         (D22)

                                          (D23)

                              (D24)

 (D25)

 (D26)
E. Positions and accelerations of the links of the mobile robot in the turning mode
The position of each link and foot is obtained as

                                                           (E1)

                                               (E2)

                                                     (E3)

                                                                  (E4)

                                                             (E5) 

                                                                (E6)

                                                                 (E7)

                                                             (E8)
The accelerations of the links of the mobile robot in the turning mode are 

                                                                      (E9) 

   (E10)

  (E11)

 (E12)

 (E13)

 (E14)


 (E15)  (E16)

oleObject3.bin

oleObject48.bin

image49.wmf
5

52

5

2

2

33

cos

22

3

sin

2

L

L

L

a

x

aa

y

z

a

q

q

éù

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject49.bin

image50.wmf
6

62

6

2

2

3

cos

22

sin

2

L

L

L

a

x

aa

y

z

a

q

q

éù

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject50.bin

image51.wmf
1

1

1

0

0

0

F

F

F

x

y

z

éù

éù

êú

êú

=

êú

êú

êú

êú

ëû

ëû

&&

&&

&&


oleObject51.bin

image52.wmf
2

2

22222

2

2

2222

0

2(cos-sin)

2(sincos)

F

F

F

x

ya

z

a

wqaq

wqaq

éù

éù

êú

êú

=-

êú

êú

êú

êú

-+

ëû

ëû

&&

&&

&&


oleObject52.bin

image53.wmf
1

2

12222

1

2

2222

0

(cos-sin)

2

(sincos)

2

L

L

L

x

a

y

z

a

wqaq

wqaq

éù

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


image4.wmf
)]

)]

)(

(

[

)]}

(

)

(

)[

{(

)]

(

)

[(

13

13

15

14

13

13

15

14

13

13

14

15

12

15

14

13

12

14

15

13

13

15

13

14

13

14

13

15

13

15

13

14

13

14

13

15

12

15

13

14

12

14

13

15

13

14

13

14

13

1

13

14

13

14

13

12

13

12

13

14

13

13

15

14

13

13

14

15

2

13

15

14

2

13

14

15

13

13

15

14

13

13

14

15

13

14

13

14

13

14

13

14

1

z

N

M

L

z

N

M

L

z

N

M

+L

z

N

M

L

z

N

M

+L

y

N

N

+L

y

N

N

L

x

N

N

M

x

N

N

+M

x

N

N

+M

x

N

N

M

z

+M

y

N

z

l

z

L

x

N

+N

z

L

x

N

N

z

y

M

L

z

y

M

+L

y

N

+L

y

N

L

y

x

N

M

y

x

N

M

z

+M

y

N

/

y

+L

x

M

l

l

u

-

-

-

-

-

-

-

=

-

-

-

-

-

-

-

-

-

-

=


oleObject53.bin

image54.wmf
2

2

22222

2

2

2222

0

(cos-sin)

2

(sincos)

2

L

L

L

x

a

y

z

a

wqaq

wqaq

éù

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject54.bin

image55.wmf
3

2

32222

3

2

2222

0

3

(cos-sin)

2

3

(sincos)

2

L

L

L

x

a

y

z

a

wqaq

wqaq

éù

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject55.bin

image56.wmf
4

2

42222

4

2

2222

0

3

(cos-sin)

2

3

(sincos)

2

L

L

L

x

a

y

z

a

wqaq

wqaq

éù

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject56.bin

image57.wmf
5

2

52222

5

2

2222

0

3

(cos-sin)

2

3

(sincos)

2

L

L

L

x

a

y

z

a

wqaq

wqaq

éù

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject57.bin

image58.wmf
6

2

62222

6

2

2222

0

(cos-sin)

2

(sincos)

2

L

L

L

x

a

y

z

a

wqaq

wqaq

éù

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject4.bin

oleObject58.bin

image59.wmf
2

22

2

2

()(2)

CFaaCFcos

a

l

p

=

+--


oleObject59.bin

image60.wmf
222

coscos

22

aaa

CF

ll

=+-


oleObject60.bin

image61.wmf
22

2

2

(2)22

aaacos

CF

b

-

=

+


oleObject61.bin

image62.wmf
222

arccos[(3)/22]

aCFa

b

=-


oleObject62.bin

image63.wmf
1

1

1

0

2

0]

F

F

F

x

a

y

z

éù

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

ëû


image5.wmf
l

u

m

m

m

1

1

1

=


oleObject63.bin

image64.wmf
2

2

2

0

cos(2)cos(2)

22

sin(2)sin(2)

22

F

F

F

x

a

ya

z

a

aa

p

lblb

p

lblb

éù

êú

éù

êú

êú

êú

=----+

êú

êú

êú

êú

ëû

êú

+-+-+

ëû


oleObject64.bin

image65.wmf
1

1

1

0

0

2

L

L

L

x

y

a

z

éù

êú

éù

êú

êú

=

êú

êú

êú

êú

ëû

êú

ëû


oleObject65.bin

image66.wmf
2

2

2

2

cos()

24

sin()

24

L

L

L

a

x

a

ya

z

a

p

b

p

b

éù

-

êú

éù

êú

êú

êú

=-++

êú

êú

êú

êú

ëû

êú

+

êú

ëû


oleObject66.bin

image67.wmf
3

3

3

2

cos()cos()

422

sin()sin()

422

L

L

L

a

x

a

yaa

z

a

a

pp

bl

pp

bl

éù

-

êú

éù

êú

êú

êú

=-++--

êú

êú

êú

êú

ëû

êú

++-

êú

ëû


oleObject67.bin

image68.wmf
4

4

4

0

cos(2)

2

sin(2)

2

L

L

L

x

a

y

z

a

a

lb

lb

éù

êú

éù

êú

êú

êú

=--

êú

êú

êú

êú

ëû

êú

+-

ëû


oleObject5.bin

oleObject68.bin

image69.wmf
5

5

5

2

cos()cos()

422

sin()sin()

422

L

L

L

a

x

a

yaa

z

a

a

pp

bl

pp

bl

éù

êú

éù

êú

êú

êú

=-++--

êú

êú

êú

êú

ëû

êú

++-

êú

ëû


oleObject69.bin

image70.wmf
6

6

6

2

cos()

24

sin()

24

L

L

L

a

x

a

ya

z

a

p

b

p

b

éù

êú

éù

êú

êú

êú

=-++

êú

êú

êú

êú

ëû

êú

+

êú

ëû


oleObject70.bin

image71.wmf
1

1

1

0

0

0

F

F

F

x

y

z

éù

éù

êú

êú

=

êú

êú

êú

êú

ëû

ëû

&&

&&

&&


oleObject71.bin

image72.wmf
2

2

2

2

2

2

2

0

sin(2)(2)2cos(2)

(cos(2)(2)2sin(2))

2

cos(2)(2)2sin(2)

(sin(2)(2)2cos(2))

2

F

F

F

x

ya

z

a

lbwbblb

lbwbblb

lbwbblb

lbwbblb

éù

êú

éù

êú

---+-

êú

êú

=----+-+

êú

êú

êú

êú

ëû

---+-

êú

----+-+

êú

ëû

&&

&&&

&&&

&&

&&

&&&

&&&


oleObject72.bin

image73.wmf
1

1

1

0

0

0

L

L

L

x

y

z

éù

éù

êú

êú

=

êú

êú

êú

êú

ëû

ëû

&&

&&

&&


image6.wmf
)]

(

[

)]

(

[

13

13

15

14

13

13

14

15

12

15

14

13

12

14

15

13

13

15

13

14

13

14

13

15

13

15

13

14

13

14

13

15

12

15

13

14

12

14

13

15

13

1

13

13

15

14

13

13

14

15

2

13

15

14

2

13

14

15

13

13

15

14

13

13

14

15

13

1

z

N

M

L

z

N

M

+L

z

N

M

L

z

N

M

+L

y

N

N

+L

y

N

N

L

x

N

N

M

x

N

N

+M

x

N

N

+M

x

N

N

M

z

m

z

y

M

L

z

y

M

+L

y

N

+L

y

N

L

y

x

N

M

y

x

N

M

N

m

l

u

-

-

-

-

-

=

-

-

-

=


oleObject73.bin

image74.wmf
2

2

2

2

2

0

cos()sin()

2424

sin()cos()

2424

L

L

L

x

aa

y

z

aa

pp

bbbb

pp

bbbb

éù

êú

éù

êú

êú

êú

=-+-+

êú

êú

êú

êú

ëû

êú

-+++

ëû

&&

&&&

&&

&&

&&&


oleObject74.bin

image75.wmf
3

22

3

3

22

0

cos()sin()sin

442

sin()cos()cos

442

L

L

L

x

a

yaa

z

a

aa

pp

bbbbwl

pp

bbbbwl

éù

êú

éù

êú

êú

êú

=++++

êú

êú

êú

êú

ëû

êú

+-+-

ëû

&&

&&&

&&

&&

&&&


oleObject75.bin

image76.wmf
4

2

4

4

2

0

(cos(2)(2)2sin(2))

2

(sin(2)(2)2cos(2))

2

L

L

L

x

a

y

z

a

lbwbblb

lbwbblb

éù

êú

éù

êú

êú

êú

=----+-

êú

êú

êú

êú

ëû

êú

---+-

ëû

&&

&&&

&&

&&

&&&


oleObject76.bin

image77.wmf
5

22

5

5

22

0

cos()sin()sin

442

sin()cos()cos

442

L

L

L

x

a

yaa

z

a

aa

pp

bbbbwl

pp

bbbbwl

éù

êú

éù

êú

êú

êú

=++++

êú

êú

êú

êú

ëû

êú

+-+-

ëû

&&

&&&

&&

&&

&&&


oleObject77.bin

image78.wmf
6

2

6

6

2

0

cos()sin()

2424

sin()cos()

2424

L

L

L

x

aa

y

z

aa

pp

bbbb

pp

bbbb

éù

êú

éù

êú

êú

êú

=-+-+

êú

êú

êú

êú

ëû

êú

-+++

ëû

&&

&&&

&&

&&

&&&


oleObject6.bin

oleObject78.bin

image79.wmf
p

q

b

=

&


oleObject79.bin

image80.wmf
2

11

pqqp

q

b

-

=

&&


oleObject80.bin

image81.wmf
sin[4cos(541cos)]

222

p

lll

w

=-+-++


oleObject81.bin

image82.wmf
2

1

4(1cos)[1(12cos1coscos)]

2822

q

lll

l

=+---++


oleObject82.bin

image83.wmf
2

1111

cos[4cos(541cos)]sin[sin(541cos)2cossin]

22222222222

1cos

2

p

llllllll

www

l

=-+-+++--+++-

+

&


image7.wmf
l

u

c

c

c

1

1

1

=


oleObject83.bin

image84.wmf
2

2

cos

111

2

sin[1(12cos1coscos)](1cos)[(sinsin2sin1c

os)]

22822282222

1cos

2

1

2(1cos)[1(12cos1coscos)]

2822

q

l

wlllllll

lwl

l

lll

l

----++++-+--+

+

=

+---++

&


oleObject84.bin

image85.wmf
1

1

1

0

3

3

0

F

F

F

x

ya

z

éù

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

ëû


oleObject85.bin

image86.wmf
1

2

22

212

2cos

3/32cos

2sinsin

F

F

F

a

x

yaa

za

q

q

qq

éù

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

ëû


oleObject86.bin

image87.wmf
1

1

12

1

12

cos

2

cos

2

sinsin

2

L

L

L

a

x

a

y

z

a

q

q

qq

éù

êú

éù

êú

êú

êú

=

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject87.bin

image88.wmf
1

2

22

2

12

cos

22

3

cos

22

sinsin

2

L

L

L

aa

x

aa

y

z

a

q

q

qq

éù

-+

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject7.bin

oleObject88.bin

image89.wmf
1

3

32

3

12

3

cos

22

33

cos

22

3

sinsin

2

L

L

L

aa

x

aa

y

z

a

q

q

qq

éù

-+

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject89.bin

image90.wmf
1

4

42

4

12

3

cos

2

3

cos

2

3

sinsin

2

L

L

L

a

x

a

y

z

a

q

q

qq

éù

êú

éù

êú

êú

êú

=

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject90.bin

image91.wmf
1

5

52

5

12

3

cos

22

33

cos

22

3

sinsin

2

L

L

L

aa

x

aa

y

z

a

q

q

qq

éù

+

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject91.bin

image92.wmf
1

6

62

6

12

cos

22

3

cos

22

sinsin

2

L

L

L

aa

x

aa

y

z

a

q

q

qq

éù

+

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject92.bin

image93.wmf
1

1

1

0

0

0

F

F

F

x

y

z

éù

éù

êú

êú

=

êú

êú

êú

êú

ëû

ëû

&&

&&

&&


image8.wmf
)]

(

[

)]

)(

[(

13

13

15

14

13

13

14

15

12

15

14

13

12

14

15

13

13

15

13

14

13

14

13

15

13

15

13

14

13

14

13

15

12

15

13

14

12

14

13

15

13

1

13

13

15

14

13

13

14

15

2

13

15

14

2

13

14

15

13

13

15

14

13

13

14

15

12

13

12

13

1

z

N

M

+L

z

N

M

L

z

N

M

+L

z

N

M

L

y

N

N

L

y

N

N

+L

x

N

N

+M

x

N

N

M

x

N

N

M

x

N

N

M

z

c

z

y

M

+L

z

y

M

L

y

N

L

y

N

+L

y

x

N

+M

y

x

N

M

z

L

x

N

c

l

u

-

-

-

-

-

=

-

-

-

-

-

=


oleObject93.bin

image94.wmf
2

1111

2

2

22222

22

2

12121121212212

2(cossin)

2(cos-sin)

2()sinsincossin2coscossincos

F

F

F

a

x

ya

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

éù

êú

êú

=-

êú

êú

êú

êú

éù

-++++

ëû

êú

ëû

ëû

&&

&&

&&


oleObject94.bin

image95.wmf
2

1111

1

2

12222

1

22

12121121212212

(cossin)

2

(cos-sin)

2

()sinsincossin2coscossincos

2

L

L

L

a

x

a

y

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

éù

-++++

ëû

êú

ëû

&&

&&

&&


oleObject95.bin

image96.wmf
2

1111

2

2

22222

2

22

12121121212212

(cossin)

2

(cos-sin)

2

()sinsincossin2coscossincos

2

L

L

L

a

x

a

y

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

éù

-++++

ëû

êú

ëû

&&

&&

&&


oleObject96.bin

image97.wmf
2

1111

3

2

32222

3

22

12121121212212

3

(cossin)

2

3

(cos-sin)

2

3

()sinsincossin2coscossincos

2

L

L

L

a

x

a

y

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

éù

-++++

ëû

êú

ëû

&&

&&

&&


oleObject97.bin

image98.wmf
2

1111

4

2

42222

4

22

12121121212212

3

(cossin)

2

3

(cos-sin)

2

3

()sinsincossin2coscossincos

2

L

L

L

a

x

a

y

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

éù

-++++

ëû

êú

ëû

&&

&&

&&


oleObject8.bin

oleObject98.bin

image99.wmf
2

1111

5

2

52222

5

22

12121121212212

3

(cossin)

2

3

(cos-sin)

2

3

()sinsincossin2coscossincos

2

L

L

L

a

x

a

y

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

éù

-++++

ëû

êú

ëû

&&

&&

&&


oleObject99.bin

image100.wmf
2

1111

6

2

62222

6

22

12121121212212

(cossin)

2

(cos-sin)

2

()sinsincossin2coscossincos

2

L

L

L

a

x

a

y

z

a

wqaq

wqaq

wwqqaqqwwqqaqq

éù

--

êú

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

êú

éù

-++++

ëû

êú

ëû

&&

&&

&&


oleObject100.bin

image9.wmf
1

r

$


oleObject9.bin

image10.wmf
21

2121

2222222221222122212221

23232323232223222322232223222322

24242424242324232423242324232423

252525252513252325

(100;0)

(0;)

(;)

(;)

(;

zy

MNMzNyNxMx

LMNMzNyNxLzLyMx

LMNMzNyNxLzLyMx

LMNMzNyNx

=-

=--

=---

=---

=-

$

$

$

$

$

23252325232523

)

LzLyMx

--


oleObject10.bin

image11.wmf
22

2222

222222

222222

1

(;)

111

r

lm

abc

lmlmlm

=

++++++

$


oleObject11.bin

image12.wmf
l

u

l

l

l

2

2

2

=


oleObject12.bin

image13.wmf
)]}}}

(

)

(

)[

(

)]

(

)

(

)[

(

{

)]}

(

21

)[

(

)]

(

)[

(

{

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

21

(

)[

(

)]

(

)[

(

)]}{{

(

)[

(

)]

(

)[

(

{{

)]}

(

)

(

[

)

(

)]

(

)

(

)[

(

{

)]}

(

)[

(

)]

(

)[

(

{

{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

25

23

25

22

21

25

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

25

22

22

25

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

M

N

/

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

=

l

u

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject13.bin

image14.wmf
)]}}

(

)

(

)[

(

)]

(

)

(

[

)

(

)]}{

(

)[

(

)]

(

)(

(

[

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

[

)

(

)]

(

)[

(

)]}{{

(

)

(

)[

(

)]}

(

)

(

)[

(

{{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

22

25

23

22

22

23

22

23

21

23

22

23

22

21

22

23

25

22

22

25

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

n

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

N

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

=

l

l

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject14.bin

image15.wmf
l

u

m

m

=

m

2

2

2


oleObject15.bin

image16.wmf
)]}

(

)

(

)[

(

)}

(

)]}}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

[

)

(

)]

(

)[

(

{

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

{{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

25

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

25

22

22

25

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

=

m

u

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject16.bin

image17.wmf
)]}

(

)

(

[

)

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

{

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

)]){

(

)[

(

)]

(

)[

(

{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

22

25

23

22

22

23

22

23

21

23

22

23

22

21

22

23

25

22

22

25

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

nN

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

-N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

=

m

l

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject17.bin

image18.wmf
l

u

a

a

=

a

2

2

2


oleObject18.bin

image19.wmf
)]}}}

25

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)(

(

[

)]}

(

)

(

[

)

(

)]

(

)

(

){

(

)]}[

(

)[

(

)]

(

)[

(

{{

{

23

25

23

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

25

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

25

22

22

25

21

21

2

z

+M

y

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

y

=

a

u

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject19.bin

image20.wmf
)]}

(

)

(

)[

(

)]

(

)

(

)(

[

)]}{

(

)[

(

)]

(

)[

(

{

)]}

(

)

(

[

)

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

22

25

23

22

22

23

22

23

21

23

22

23

22

21

22

23

25

22

22

25

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

=

a

l

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject20.bin

image21.wmf
l

u

b

b

=

b

2

2

2


oleObject21.bin

image22.wmf
)]}}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

23

(

)[

(

{

)]}

(

)

(

[

)

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

)]}}}{{

(

)

(

)[

(

)]

(

)

(

)[

(

){

{(

)]}}

(

)[

(

)]

(

)[

(

){

(

{

)

(

)]

(

{[(

)]}}

(

)

(

)[

(

)]

(

)

(

)[

(

){

{(

)

)]}(

(

)[

(

)]

(

)(

(

{[

)]

(

)

[(

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

22

23

22

21

23

22

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

25

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

25

22

22

25

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

22

22

23

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

22

22

23

21

23

22

22

23

22

21

23

22

23

22

22

23

22

23

21

23

22

23

21

23

22

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

22

22

23

22

22

23

21

23

22

22

23

22

21

23

22

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

23

22

22

23

22

22

23

21

22

23

22

22

23

21

23

22

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

N

+M

N

M

/

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

N

M

z

N

+M

y

N

+N

y

N

N

N

+M

N

M

/

z

+L

z

L

x

N

x

N

N

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

N

+M

N

M

/

z

N

M

z

N

+M

y

N

+N

y

N

N

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

N

+M

N

M

/

y

N

L

y

N

+L

x

N

+M

x

N

M

=

b

u

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject22.bin

image23.wmf
)]}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

{

)]}

(

)

(

)[

(

)]

(

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

22

25

23

22

22

23

22

23

21

23

22

23

22

21

22

23

25

22

22

25

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

)+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

=

b

l

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


image1.wmf
11

12

13131313121312

14141414141314131413141314131413

15151515151315131513151315131513

(100;000)

(010;000)

(0;00)

(;)

(;)

LNNxLz

LMNMzNyNxLzLyMx

LMNMzNyNxLzLyMx

=

=

=-

=---

=---

$

$

$

$

$


oleObject23.bin

image24.wmf
l

u

c

c

=

c

2

2

2


oleObject24.bin

image25.wmf
)]}}

(

)

(

)[

(

)]

(

)

(

)

(

)]}[

(

)[

(

)]

(

)[

(

{

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

{

)]}

(

[

)

(

)]

(

)[

(

)]}}{{

(

)

(

)[

(

)]

(

)

(

)[

(

{

)

{(

)]}}

(

)[

(

)]

(

)(

(

)][

(

)

(

{[

)

(

)]

(

{[(

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

){

{(

)]

(

)

(

)]}[

(

)[

(

)]

(

)(

(

{[

)]

(

)

[(

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

25

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

25

22

22

25

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

22

22

23

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

22

23

22

23

22

21

22

21

22

23

23

22

22

23

22

23

21

23

22

23

22

21

22

23

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

23

24

21

24

23

24

22

21

24

22

23

22

22

23

22

23

21

23

22

23

22

21

23

22

24

22

22

24

23

22

22

23

22

22

23

21

22

23

22

23

22

21

23

22

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

N

+M

N

M

/

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

l

z

+L

x

N

+M

x

N

M

N

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

/

z

L

z

+L

x

N

+M

x

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

N

+M

N

M

/

z

+M

y

N

+M

z

+M

y

N

M

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

y

+L

y

L

x

M

+M

x

M

M

N

+M

N

M

+

N

M

N

M

/

y

M

L

y

M

+L

x

M

+M

x

M

M

=

c

u

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject25.bin

image26.wmf
)]}

(

)

(

[

)

(

)]

(

)

(

)[

(

{

)))

(

)(

(

)]

)[

(

(

)]}

(

)

(

)[

(

)]

(

)

(

)[

(

)]}{

(

)[

(

)]

(

)[

(

{

23

25

23

25

22

21

22

21

22

25

23

22

22

23

22

23

22

23

22

21

22

21

22

23

25

22

22

25

23

24

21

24

23

24

22

21

22

24

23

22

22

23

22

23

21

23

22

23

22

21

22

23

24

22

22

24

23

24

23

24

22

21

22

21

22

24

23

22

22

23

22

23

22

23

22

21

22

21

22

23

24

22

22

24

23

25

21

25

23

25

22

21

22

25

23

22

22

23

22

23

21

23

22

23

22

21

22

23

25

22

22

25

2

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

L

z

+L

x

(N

+M

x

N

M

n

+M

N

M

z

+M

y

N

+M

z

+M

y

N

M

N

+M

n

M

+

z

+M

y

N

+M

z

+M

y

N

M

N

+M

N

M

z

L

z

+L

x

N

+M

x

N

M

N

+M

N

M

+

z

-L

z

+L

x

N

+M

x

N

M

N

+M

N

M

=

c

l

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


oleObject26.bin

image27.wmf
1

1

1

0

2

0

F

F

F

x

a

y

z

éù

éù

êú

êú

êú

=-

êú

êú

êú

êú

ëû

ëû


oleObject27.bin

image28.wmf
2

1234

2

2

1234

0

coscoscoscos

2

sinsinsinsin

2

F

F

F

x

aaaaa

y

z

aaaa

jjjj

jjjj

éù

êú

éù

êú

-++++

êú

êú

=

êú

êú

êú

êú

ëû

+++

êú

êú

ëû


oleObject1.bin

oleObject28.bin

image29.wmf
1

11

1

1

0

cos

2

sin

2

L

L

L

x

a

y

z

a

j

j

éù

êú

éù

êú

êú

êú

=

êú

êú

êú

êú

ëû

êú

ëû


oleObject29.bin

image30.wmf
2

24

2

4

2

cos

2

sin

2

L

L

L

a

x

a

ya

z

a

j

j

éù

-

êú

éù

êú

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject30.bin

image31.wmf
3

343

3

43

2

coscos

2

sinsin

2

L

L

L

a

x

a

yaa

z

a

a

jj

jj

éù

-

êú

éù

êú

êú

êú

=-++

êú

êú

êú

êú

ëû

êú

+

êú

ëû


oleObject31.bin

image32.wmf
4

412

4

12

0

coscos

2

sinsin

2

L

L

L

x

a

ya

z

a

a

jj

jj

éù

êú

éù

êú

êú

êú

=+

êú

êú

êú

êú

ëû

êú

+

ëû


oleObject32.bin

image33.wmf
5

543

5

43

2

coscos

2

sinsin

2

L

L

L

a

x

a

yaa

z

a

a

jj

jj

éù

êú

éù

êú

êú

êú

=-++

êú

êú

êú

êú

ëû

êú

+

êú

ëû


image2.wmf
11

11

222222

111111

1

(;00)

111

r

lm

c

lmlmlm

=

++++++

$


oleObject33.bin

image34.wmf
6

64

6

4

2

cos

2

sin

2

L

L

L

a

x

a

ya

z

a

j

j

éù

êú

éù

êú

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject34.bin

image35.wmf
1

1

1

0

0

0

F

F

F

x

y

z

éù

éù

êú

êú

=

êú

êú

êú

êú

ëû

ëû

&&

&&

&&


oleObject35.bin

image36.wmf
2

2222

21111222233334444

2

2222

1111222233334444

0

(cossincossincossincossin)

2

(sincossincossincossincos)

2

F

F

F

x

a

y

z

a

wjajwjajwjajwjaj

wjajwjajwjajwjaj

éù

êú

éù

êú

êú

êú

=-+++++++

êú

êú

êú

êú

ëû

êú

--+-+-+-

ëû

&&

&&

&&


oleObject36.bin

image37.wmf
1

2

11111

1

2

1111

0

(cossin),

2

(sincos)

2

L

L

L

x

a

y

z

a

wjaj

wjaj

éù

êú

éù

êú

êú

êú

=--

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject37.bin

image38.wmf
2

2

24444

2

2

4444

0

(cossin)

2

(sincos)

2

L

L

L

x

a

y

z

a

wjaj

wjaj

éù

êú

éù

êú

êú

êú

=--

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject2.bin

oleObject38.bin

image39.wmf
3

22

344443333

3

22

44443333

0

(cossin)(cossin)

2

(sincos)(sincos)

2

L

L

L

x

a

ya

z

a

a

wjajwjaj

wjajwjaj

éù

êú

éù

êú

êú

êú

=--+--

êú

êú

êú

êú

ëû

êú

-++--

ëû

&&

&&

&&


oleObject39.bin

image40.wmf
4

22

411112222

4

22

11112222

0

(cossin)(cossin)

2

(sincos)(sincos)

2

L

L

L

x

a

ya

z

a

a

wjajwjaj

wjajwjaj

éù

êú

éù

êú

êú

êú

=--+--

êú

êú

êú

êú

ëû

êú

-++-+

ëû

&&

&&

&&


oleObject40.bin

image41.wmf
5

22

544443333

5

22

44443333

0

(cossin)(cossin)

2

(sincos)(cossin)

2

L

L

L

x

a

ya

z

a

a

wjajwjaj

wjajwjaj

éù

êú

éù

êú

êú

êú

=-+-+

êú

êú

êú

êú

ëû

êú

----

ëû

&&

&&

&&


oleObject41.bin

image42.wmf
6

2

64444

6

2

4444

0

(cossin)

2

(sincos)

2

L

L

L

x

a

y

z

a

wjaj

wjaj

éù

êú

éù

êú

êú

êú

=--

êú

êú

êú

êú

ëû

êú

-+

ëû

&&

&&

&&


oleObject42.bin

image43.wmf
ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

0

3

3

0

1

1

1

a

z

y

x

F

F

F


image3.wmf
l

u

l

l

l

1

1

1

=


oleObject43.bin

image44.wmf
2

22

2

2

0

3

2cos

3

2sin

F

F

F

x

a

ya

z

a

q

q

éù

éù

êú

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

ëû


oleObject44.bin

image45.wmf
1

12

1

2

0

cos

2

sin

2

L

L

L

x

a

y

z

a

q

q

éù

êú

éù

êú

êú

êú

=

êú

êú

êú

êú

ëû

êú

ëû


oleObject45.bin

image46.wmf
2

22

2

2

2

3

cos

22

sin

2

L

L

L

a

x

aa

y

z

a

q

q

éù

-

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject46.bin

image47.wmf
3

32

3

2

2

33

cos

22

3

sin

2

L

L

L

a

x

aa

y

z

a

q

q

éù

-

êú

êú

éù

êú

êú

=-+

êú

êú

êú

êú

ëû

êú

êú

ëû


oleObject47.bin

image48.wmf
4

42

4

2

0

3

cos

2

3

sin

2

L

L

L

x

a

y

z

a

q

q

éù

êú

éù

êú

êú

êú

=

êú

êú

êú

êú

ëû

êú

ëû


