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STATIC FORCE ANALYSIS OF MECHANISMS

Two force members

—

> F=F,+F,=0

This requires that two force members should have forces equal in magnitudes and
opposite in directions for equilibrium.

—

I, In equilibrium
Not in equilibrium Force analysis of mechanisms




Three force members

If three forces are coplanar, if their line of actions intersects at a common point and
if the vector sum of the forces is zero three forces are in equilibrium.

ST

F, In equilibrium
Not in equilibrium Force analysis of mechanisms



Four-bar mechanism
Graphical solution

3 . Ao
/

B
) 4 Force P is given, find moment M
M, and reactions at joints by graphical
method.
A AD
1
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Fy, =—F,;

M12 :hF32

Force analysis of mechanisms 5



Analytical solution

Force P is given, find moment M2
and reactions at joints by analytical
method.

Force analysis of mechanisms 6



ﬁ34 ¢ ZMD =0
0 . - - ~
3 p Fpe X Fy + 1, xP =0
E rpce’” x Fye’” +r, e’ x Pe’” =0
4
e (cosl, + jsind,) x F,,(cosf, + jsin6,)
0, + 1, (c0s6, + jsing,) x P(cosf, + jsind ) =0
D \
X
F
14 914

(cosf, + jsinb,) x(cosl, + jsinb,) =cosf, sinb, —sinb, cosb, =sin(6, - 0,)

Fpc sy sin(@; —6,) + 1, Psin(@, —6,) =0

o sin(@, —6,) p

F =
oy, osin(@, —6,)

Force analysis of mechanisms 7



Y F=0 F,+P+F,=0

— — —

F14 :_F34_P

F % =—F, (cosb, + jsin®&;)—P(cosd, + jsind)

E,e’% = —(F,, cosé, + Pcos6))— j(F,,siné; + jPsinf )

F,= \/(E,,4 cosf, + Pcosd,)’ +(Fy, sinf, + Psin0 )’

F,,sin6; + Psin6,

6, =tan"
F,, costs + Pcoso,



B — B > M, =0

Fup X5 =M, =0

2 -
M,
rge’” x(~Fe’™) =M, =0
F A . .
17 r,z(cosl, + jsinb,)x—F,,(cosé, + jsinb,)-M,, =0
= S M, = —rpFy, sin(6; —0,)
by, =-F;, = I,

— — —

F, =-F, F, =—-F,

F,, and F41 are calledshaking forcesbecause they shake the body while the mechanism Works

Force analysis of mechanisms



example

AB=3cm BC=7cm AD=6cm DC =9cm
0,=110° 6,=54° 6,=109° 0p=220O P=100N

determine moment M, and reactionforceson the links.

Force analysis of mechanisms
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F, = VDEPS.iH(Qp -0,) _ _5(100). sin(220-109) _ 6330N
F'ne SIN(G, —06,) 9sin(54-109)

F,= \/(F34 cosd, + Pcosd))* +(Fy, sind, + Psin6 )’

= \/(63.3200854+ 100c0s220)” +(63.32sin54+100sin220)"
=41.49N

| Fy,sinf; + Psing, ; 63.325in54+100sin220
=t

6, =tan" = tan
F,, cost;+ Pcos6, 63.32¢0s54+100c0s220

=18.33°

F,,=F, =63.32N

M, =—r,,F, sin(@, —0,) = —3(63.32)sin(54-110)=157.48 Ncm



Four-bar mechanism
Graphical solution

N

13 C

3

E

B

2 4

M12

A°
A 1
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Fy =—Fg

o

34

Fl4 Fl4 = _EM

Force analysis of mechanisms



Analytical solution

Force analysis of mechanisms

14



dM,=0

Yae X Fiy + 1, xP=0

b LA Jos 10, _
rge€ * X Fpe’™ +rge’” xPe ™ =0

Fee (OSSO, + jsinG,) x F,(cosb, + jsinb))
+1y:(cost; + jsinG;) x P(cosd, + jsind)) =0

acFys IO, —0,) + g Psin(@, —6;) =0

T sin(@, —6,) p

by = :
Ve SINO, —6,)

Force analysis of mechanisms 15



Y F=0 F,+P+F,=0

F23:_F43_P

F23ej‘923 =—F;(cosf, + jsinf,)— P(cosd, + jsind,)

F,.e’” =—(F,, cosf, + Pcosf,)— j(F,;sinf, + jPsing )

F,, = \/(F43 coso, +Pc036’p)2 +(F,;sin6, +Psin9p)2

_, Fi3sin6,+Psinf,

0,, = tan
Fcos6, + Pcosd,

Force analysis of mechanisms
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ZMA:O (94
rgxF,—M;,=0

. roe'” x(—F,.e’)—M., =0 _
- X ) -M, \ ;.

12
/ r,z(cosO, + jsinb,)x—F,;(cosb,;, + jsinb,;)-M,, =0

- . M, =—r,F,;sin(0,, —0,) -
b, =-F, F,=-F,

Force analysis of mechanisms 17



example

AB=3cm BC=7cm AD=6cm DC =9cm
0,=110° 6,=54° 6,=109° 9p=180°+54°+300=264° P=100N

Determine moment M |, and reactionforceson the links.

Force analysis of mechanisms 18



1 Psin(6, —6;) __4d00)sin(264—54)
e SIN(G, — 6,) 7s1in(109—-54)

=34.88N

Fy=

F,, = \/(F43 cosd, + Pcosf,)’ +(F,;sin6, + Psind,)’

= \/(34.88008109+100008264)2 +(34.88sin109+100sin 264)°
=069.96 N

 Fy sin6’4+Psin€p ~tan”! 34.88sin109+100sin 264

0,; =tan" = tan
F,cos0,+ Pcoso, 34.88c0s109+100co0s264

=71.83°

M., =—r,,Fy,sin(0,; — 6,) = —3(69.96)sin(71.83—110) =129.7N



Al 2
M,=M,+M,

If each link has a force we should solve the problem for one force for the mechanism
and superpose the solutions to find total reaction moment and reaction forces

Force analysis of mechanisms 20



Analytical solution
Second method

Force analysis of mechanisms

21



Y F =0 F=0 YM,=0

D.+C, —Fcosd, =0
D +C =P, cos¢9p1 #1

D, +C,—FBsind, =0
D, +C =Fsin0, #2

|

Tog XB +1.xC=0

—_

jo. 70y jé . _
rpee’ "t x Be " + e’ x(C + jC ) =0

rpe(€osO, + jsinf,)x B(cosO, + jsinb, ) + 1, (cosb, + jsind,)x(C, + jC,) =0

rpe B sin(@ , —6,)+ 1, cos6,C, —r1,.sinf,C, =0

Ipe €080,C — 1, sin@,C =—r, Fsin(0,, —60,) #3

Force analysis of mechanisms
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YF =0 F =0 >M,=0

B.—C,—P,cos0,=0
B.—C =Pcost, #4

B,—-C, -Psinf, , =0
B, —C, =Psin6, #5

Yop X Py + 15 xC =0

jos J0p> js _ o _
rgge’” X Pe’ " +rpe’” x(=C = jC ) =0

rgp(COs6s + jsind) x P (cosO,, + jsinb ;) +ry.(cost + jsind)x (—C,.— jC ) =0

rep By 8in(0 ), —0,) — 15 cO8O,C | + 1y sin6,C, =0

— T COSOC | + 15 8INO,C, =—ry P sin(@ , —6;) #6

Force analysis of mechanisms
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YF =0 F =0 >M,=0

A —-B. =0 #7

A ~B =0 #8

FsXxB—M,=0

rABeje2 x(—B,—jB,)—-M,=0

ryg(cost, + jsinG)x (=B, — jB )—-M,, =0
— 1,5 COSE,B +r1,,8in0,B. —M,, =0 #9

unkonwns areAx,Ay,Bx,By,Cx,Cy,Dx,Dy,M12

Force analysis of mechanisms
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S O = O O O O O O

o o = O O O

-1
0

1y SIng,

o O = O O O O

-1

— 1,5 810,

1 0
0 1
—7IpeSInf,  r,.coso,
-1 0
0 -1
e SING,  —71,. cOSO,
0 0
0 0
0 0
Ax =B

x=A"B

S O O O O o o o =

S O O O O o o = O

oS O O O O O o O
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Forces at joints can be calculated from

A= A2+ A2
B=,/B*+B’
C=,/C+C’
D=,/D?+D?

Axial and transversal components of the forces are

F" =A, cosb,+A, sinb,

12

F' =—A sinf, + A cosb,

12

F" =-B cos0,—B, sinb,

32

F' =B, sinf, - B, cos0,

32

Force analysis of mechanisms
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Forces at joints can be calculated from

B

Axial and transversal components of the forces are

F'" =B, cost, + B, sinb,
F2t3

F' =-C_ cost;—C sind,

43

F' =C,sinf,—C, cos0,

43

—B, sinf; + B, cosb,

Force analysis of mechanisms
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Forces at joints can be calculated from

Axial and transversal components of the forces are

F" =D cosf,+ D, sinb,

14

F' =-D_ sin6, + D, cos0,

14

F’=C, cosf,+C, sinb,

34

F' =-C, sind, +C cosd, F¢

34

Force analysis of mechanisms 28



Slider-crank mechanism
Graphical solution

Force P is given, find moment M2
and reactions at joints by graphical
method.

~o!

Force analysis of mechanisms
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Slider-crank mechanism
Graphical solution

F34

Force analysis of mechanisms

T

4
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Slider-crank mechanism
analytical solution

Force P is given, find moment M2 and
reactions at joints by analytical
method.

~o!

Force analysis of mechanisms 31



Y F=0 F,+P+F,=0 ~_¢

~o!

jo Je JOs _

F,(cosO; + jsinb;)+ P(cosf, + jsind,))+ F,(cos,, + jsind,,) =0 b

F,, cost + PcosO, + F, cosd, =0
F,sin@,+ Psing +F,sing, =0
F,, cos@, + Pcosl80+ F,, cos90=0

F,,cos6,—P=0
P

ry, =
coso,

F,,sin6, + Psinl180+ F;, sin90=0

F,,sin6,+F, =0

. P .
F,=-F,,sin6, =—Wsmﬁ3 =—Ptan 6,
3

Force analysis of mechanisms
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dM,=0

Jjo. Jjo: _

r,z(cosl, + jsinf,)x—F,,(cosé, + jsinb,)-M,, =0

: P
M, =-r,F,, sin(@,—0,) =—r,, —gsm(é’3 —0,)=—1,
3

Force analysis of mechanisms

sin(@, —6,) p
cos6,

33



example

~ol

AB =2cm BC =6cm
0,=61° 6,=343° P=100N

Determine moment M |, and reactionforceson the links.

F,=—t - 190 04578

- coso, © c0s343

F, =-Ptan6, =—100tan343=30.57N

M,, =—r,F,, sin, —0,) = —2(104.57)sin(343— 61) = 204.57Nem

Force analysis of mechanisms
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Quick return mechanism
Graphical solution

y -

E N Fl6
P
E
P F_:Sé
D
. F56
Fy
P
Y _F56

-------------------------------- > X 5

Force analysis of mechanisms

F45__
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M, )
F,
M, = hF32

Force analysis of mechanisms
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Quick return mechanism

~o!

Analytical solution

Force analysis of mechanisms
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et

6
Y F=0 F,+P+F,=0
. 0 a. -
F566195 + Pe’™ +Fl6eﬂ91 =0 6 c \FS6
F(cosO; + jsinb;)+ P(cos@, + jsinb)) + F (cosO,, + jsinG,,) =0

F cost + PcosO, + Fi,cost, =0 Xjﬂ@ - F,

Fsing; + Psing, + F;sinf =0

~o!

F, cost, + PcosO+ F,,cos270=0 5

F, cosO,+P=0
P

Fy, =—
* cosd \

F. sin6; + Psin0+ F,sin270=0

F,sin6,—F,=0

: P .
F, = F sin0; =—@s1n6’35 = —P tan 6,
5

Force analysis of mechanisms 38



> M, =0

Fap X Foy + 1, X Fy =0

j94 — jt95 j‘94 j934_
e’ X—Fse™ +r e xFuet™ =0

1, (cosO, + jsinb,) x—F, (cosf; + jsinb)
+71,.(cosf, + jsinf,) x F,,(cos@Q0+6,) + jsin(90+6,)) =0

— 1Py sin(@;, —6,)+r, . F,,sin(90+ 6, —6,) =0
o rADF56 Siﬂ(@s _04) + I’ACF34 =0

F, = Taptse sin(Gs —60,) 1y, sin(6s —6,) P

Fac .o  COSO.

Force analysis of mechanisms 39



|

—

Y F=0 F 4+ Fy, +

g T3y

|

0
0

54
56

el
~

by =—Fy +F
ﬁ}4 = —F34ej6'34 + 1175.661"95 =—F,,(cos@,, + jsinb,,)+ F, (cosf; + jsinb;)

—

F,=-F,,(cos@0+6,)+ jsin(90+6,)) + F,.(cosO, + jsinb)

F,, =(F,,sin@, + F,, cosf,) + j(F,, cosf, + F,, sinf,)

F, = \/(F34 sin@, + F,, cos6,)’ + j(F,, cosf, + F sinf,)’

. F,, cos0, + F sinf,
F,,sin@, + F, cosf,

6, =tan



2
— - M, =0
Ezz_F3\ Z A

rypxFy,+M,,=0

rge’” x(=F,e’ ™Y+ M, =0
r,z(cosl, + jsinb,)x—F,,(cosO0+6,)+ jsin(O0+6,))+ M,, =0
—r,,F,, sin(90+ 6, —0,)+ M, =0

M, =r,;F,sin(90+6, -60,)=r,F,, cos@, —6,)

Force analysis of mechanisms
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DYNAMIC FORCE ANALYSIS
ZﬁzmﬁG

Y M;=1a

These equations show that when an unbalanced system of forces acts upon a rigid body, the
body experiences a linear acceleration d; of its mass center in the same direction as the
resultant force > 7. The body also experience an angular acceleration & due to the moment
of the forces and torques about the center of mass, in the same direction as the resultant
moment XM, If the forces and moments are known, these equations can be used to
determine the resultant accelerations g, and & .

In engineering design the motion of the machine members is usually specified in advance by
other machine requirements. The problem then is; given the motion of the machine
elements, what forces are required to produce this motion.



The problem therefore requires;

1. Kinematic analysis in order to determine the linear and angular acceleration of the
various members.

2. A definition of the actual shape, dimension, and material of the member; otherwise the
masses and moment of inertias could not be determined. (subject of machine design).

D’ Alembert’s Principle;

The vector sum of all the external forces and the inertia forces acting upon a rigid body is
zero. The vector sum of all the external moments and the inertia torques acting upon a rigid
body is also separately zero.

> F—mi, =0 —mad, is calledinertial force

ZMG _1a=0 — [, 1s calledinertial moment



The principle of superposition:
Linear systems are those in which effect is proportional to cause. This means that the
response or output of the system depends directly upon the drive or input to the system.

F=kx output force F is proportional to the input distance x

The principle of superposition is used to solve problems by considering separately each of
the drives or inputs to a system. If the system is linear the responses to each of these inputs
can be summed or superposed on each other to determine the total response of the system.
Thus the principle of superposition states that for linear systems the individual responses to
several disturbances or driving functions can be superposed on each other to obtain the total
response.



Dynamic forces for a four-bar mechanism

Determine reactions at links
and reaction moment M1z at
crank under dynamic loads.
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Y F =0 F=0 YM,=0

D +C,.—mi;, =0

D +C, =mi, #

oy
D, +C —miz, =0

D, +C,=m,i}, #2

Foga X (=i, — jm, i)+ F, < (C, + jC,)— 1,0, =0

X

i0 .. . . 12} . n
pgae’ " X (=myiz, — jmiz,)+re’™ x(C + jC ) —1;,0,=0

T4 (€OSO, + jsing,) x (—m,isy, — jm,i2,) + 1, (cosO, + jsind,)x(C, + jC,)—1;,0, =0

Tpgally (=75, €080, +ig, sin6,) +r,cos0,C —r,sin0,C . —1;,0,=0
. _ 'ty ctx . Ay
r,c086,C —r,sin0,C, =—ry;,m,(—1;, cosO, +i;,sin6,)+1,,0, #3

Force analysis of mechanisms
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YF =0 F =0 >M,=0

Bx_Cx_m3ig3 :O

B —-C. . =myi;, #4

B,—C, —mig; =0

B,—C, =mji}, #5

Fags X (—miGs — jisigs) + 1% (—C, _jCy)_IG3é3 =0
rBG3ej93 X (=myis, — jngips) + 7‘3€j93 x(—C, —jCy)—IGﬂ3 =0
Fag3(€OSO, + jSinG,) x (—myity, — jmyiisy) + 15 (cosf, + jsin€,)x (—C, — jC,)—1;,6, =0

.ty .'.x . . ~ _
Tl (=153 COSEs + i sin6h) —r, cosO,C  +rsin6,C — 1,0, =0
. _ cty nnx . ~
—1,C080,C  + 1, 8INO,C = —1p,,m, (—; OS8O, + 15, 8In60;) + 1,0, #6

Force analysis of mechanisms
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YF =0 F =0 >M,=0

A —B =0 #7
M12
A —-B =0 #8
y y
Ay
F,xB—M, =0

rne'” x (=B, — jB,)—-M,, =0

r,(cosO, + jsinb,)x(-B,— jB,)—M, =0
—r,co86,B +r,sin6,B. —M,, =0 #9

unkonwns areAx,Ay,Bx,By,Cx,Cy,Dx,Dy,M12

Force analysis of mechanisms
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oS O = O O O O O O

oS O = O O O O

— 1, sin6,

1
0
—1,81n0,
-1
0
r,sin 0,
0
0
0

0 10 0] A |

1 0 1 0| 4
rcosd, 0 0 0] B,

0 0 0 0| B,

-1 00 0} C, |=
—rycosty 0 0 0| C,

0 0 0 0} D,

0 00 0| D,

0 00 -1)M,| |

Ax =B
x=A"B

Force analysis of mechanisms

m,ic,
m,ic,
—I'pe My (=i, cosB, +7;, sin6,) + IG4654
My,
myics
— Tyalty (=725 c0s B, + 72, sinf;) + IG393
0
0
0
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To find the inertial forces

- == _ j6 JO4
Toa =H T lpgy =he€  +T1pgs€

;.:G4 = ”1J.9.1ej91 + rDG4j94ej04
;7'(;4 = ”1].551ej‘91 + ’ijzélzejg' + I”DG4jé4€j9“ + rDG4jzéjej94
;_;.G4 =1rj6e’" —r6le™ + ”Dc;zd.éztej‘g4 - rDG4éjej94 (j*=-1
Ty = (10, —1,60)e”” +(ru 0, — 156,07 )e’™
Tow = (16, —1,07)(cOSO, + jSinG)) + (a0, — 1403 )(c0sO, + jsin,)

s . - e
Is, = ji6,cos6, — 10, sin6, —r,0 cosO, — jr,6 sin6,

. .. . . . .
+ jtpga0, €080, —1,;,0, 8100, — 1,0, cosO, — jr,.,0, sinf,

w ) . )
e, =—1,0,sin6, — 1,0 cosO, —r,;,0,sin6, —1,.,0, cosb,

+ j(1,6, cosO, — 1,07 sin@, +r,,;,0, cosO, —1,,,,0; sin6,)

Force analysis of mechanisms
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w . .o -

r., =—10,sin6, — 6’ cosb, —r,;,0,sin6, —r,.,0, cosb,
a . . o
5, =1,0,cos6, — 0 sinb, +r,;,0,cos0, —r,.,0, sinf,

—m, 1.}, =m, (1,0, sin6, + 1,07 cosO, + 1,0, sin O, +1,,.,0; cosb,)
—m,1.), =m, (=16, cosO, + 1,07 sin@, —r,,.,0, cosb, +1,.,0; sinb,)
'_:x . oo . . 2

a . o
—myr;, =My, (=0, cos6, + 06, sinf,)

Force analysis of mechanisms
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- = _ Jjo Jjos
Tz =1 T gy =hHe ™ +1ps3€
= . _Jj0, - Jj6;
T3 =1, ]0,e" + 1y, jOse
= . jo, 272 jb, . jb, 2 A2 jo,
To3 =1, J0,e"7 +1,j°0,e" + 1y, j0e"" 1y, ] Ofe

= - i )2 i, L 2 o 2
Ioy =1 j0,e" —r0ye’” +1,.,]0se NN (j-=-1

s e 6 2\ i
tos = (1 J0, —1,07)e"” + (13 J Oy — Fya65 )e’™

Ty = (1,70, — 1,07)(c08O, + jSinG,) + (s j O — 1,602 (cosO, + jsin,)

s . ) o
Iyy = jh0, cosl, — 1,0, sin6, — 1,0, cosl, — jr,0, sinb,

L . . o,
+ Jrye30; €080, — 15,0, sIn0; — 1,0, cosO, — jr,.,0; sino,

s ) . )
Isy =—10,8In0, — 1,0, cosO, — 14,0, SIn O, — 1,0, coso,

+ j(1,0, cosO, — 1,0, sin O, + 1,0, c0SO, —1,.,0% sinb,)

Force analysis of mechanisms
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2y _ .. . 2 . . 2
-_:y _ .o . o .e . o .
15, =10, cos0, — 1,0, sIn0, + 1,0, cosO, — 1,0, sino,

ae . . . "
—myt, = m, (15,0, 81In0, + 1,0, co80, + 1y:,0, SIn0, + 1,0, cosb;)

s . . . .
—myt;; = my(—1,0, cosO, + 1,0, sin@, —r,.,0, cosO, + 1,,,0; sinb;)

Force analysis of mechanisms
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Dynamic forces for a slider-crank mechanism

Determine reactions at links
and reaction moment at
crank under dynamic loads.
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>z —m,

I

Y F.=0 ) F =0

5

C.=m,i;, #l

F,+C,=0 #2

Force analysis of mechanisms
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YF =0 F =0 >M,=0

Bx_Cx_mfii”gii :O

B —-C =m,j;, #3

C B,—C, —miz; =0
B, —C, =mjig; #4

Fags X (—miGs — joigy) + KX (=C — jCy) _Ic3é3 =0
rBG3ee3 X (=myis, — jngips) + 7‘3693 x(—=C, — jCy)—IGﬁ3 =0
Fag3(€OSO, + jSinG,) x (—myity, — jmyiisy) + 15 (cosf, + jsin€,)x (—C, — jC,)—1;,6, =0

.ty .'.x . . ~ _
Tl (=153 COSEs + i sin6h) —r, cosO,C  +rsin6,C — 1,0, =0
. _ cty nnx . ~
—1,C080,C  +1,8INO,C = —1y.my (=155 COSO; + 15, 8In6;) + 1,0, #5
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YF =0 F =0 >M,=0

A —B =0 #6

A ~B =0 #

F,xB—M, =0

rne'” x (=B, — jB,)—-M,, =0

r,(cosO, + jsinb,)x(-B,— jB,)—M, =0
—r,co86,B +r,sin6,B. —M,, =0 #3

unkonwns areAx,Ay,Bx,By,Cx,Cy,Dx,Dy,M12

Force analysis of mechanisms
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oS O = O O O O O

0 0 1 0 0 0 A m,i.,
0 0 0 1 1 0 A, 0
1 0 -1 0 0 0 B, m,i,
0 1 0 -1 0 0 B, m,i, )
0 0 r,sin@, -rycosd, 0 0 C, |=|—Tyeimy(=i; c086, + i, sind,) + 1 ., 6,
-1 0 0 0 0 0 C, 0
0 -1 0 0 0 0 F, 0
r,sinf, —r,cosd, 0 0 0 -1 M, 0

Ax =B
x=A"B

Force analysis of mechanisms 58




To find inertial forces

T3 =hh + g3 = ”2392 ""’19(;3303
’_.;03 = ’"2J.9.2ej92 + ’39G3J.93ej03
;_;.G3 = ”2]6526]02 +r2j2922€j92 ""’19(;3]'6.;361'93 ""’BG3].26)32€W3
'?'G3 = rzjézej'g2 — ,,29'226192 + rBG3jé3ej'93 — rBG393zej93 (j2 =—1)
;_;.G3 = (rzjéz - "2‘922)892 + (rBG3jé3 - ”19(;3932)61'93
Ty = (1,70, — 1,07)(c08O, + jSinG,) + (s j O — 1,602 (cosO, + jsin,)

s . ) o
Iyy = jh0, cosl, — 1,0, sin6, — 1,0, cosl, — jr,0, sinb,

L . . o,
+ Jrye30; €080, — 15,0, sIn0; — 1,0, cosO, — jr,.,0; sino,

s ) . )
Isy =—10,8In0, — 1,0, cosO, — 14,0, SIn O, — 1,0, coso,

+ j(1,0, cosO, — 1,0, sin O, + 1,0, c0SO, —1,.,0% sinb,)
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2y _ .. . 2 . . 2
-_:y _ .o o .e . o .
15, =10, cos0, — 1,0, sIn0, + 1,0, cosO, — 1,0, sino,

ae . . . "
—myt, = m, (15,0, 81In0, + 1,0, co80, + 1y:,0, SIn0, + 1,0, cosb;)

s . . . .
—myt;; = my(—1,0, cosO, + 1,0, sin@, —r,.,0, cosO, + 1,,,0; sinb;)

—

— 7 o~ 0, 0
= _ . A j6, - jos
Ie =1,j0,e’” +r,jOe
- _ L A ]02 '2 .2 ]02 L A j93 '2 .2 j93
r.=1,j0,e’” +r,j°0e’ +r,j0e’” +1,j°0,e

— :) 0 )2 ,J60> N i . N2 ,i0 2
r.=1,j0,e’” —r,0,e’” +r,j0.e ro;e (j-=-1

FC = (rzjéj2 — 1’26}22)61"92 + (1*3j653 — 73932)€j93
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r. = (1, jO, —1r,02)(cosb, + jsind,) +(r,jO, — ,02)(cosb, + jsin6,)

w . - Do
r. = jr,0,cos8, —r,0,sinb, —r,0, cos@, — jr,0; sin0,

+ jr,0, cosd, —r,0, sin @, — r,07 cosO, — jr,07 sin b,

s - . )
. =—1,0,s1n0, — 1,0, cosO, — 1,0, sinb, — r,0; cosb,

+ j(r,0,cos8, — 1,05 sin, + 0, cosf, — 07 sin6,)

-_:x _ . . 2 .. . )

—m,rt = my (1,0, sin0, +1,0; cosb, +r,0, sin @, + r,0 cosd,)
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