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WXYXZ[X\

]I4BH>A 89:4:82> 23< ^343H :G:GF366CQ 9::4@>6B2C\
1:82BJ>A K4BP ϕ

B −→A
a

\

VAx = VBx − aϕ̇ sin ϕ _`a

VAy = VBy + aϕ̇ cos ϕ _ba
K@3

VBx = −ωRR _ca

VBy = 0 _da
:2eQ@B

V 2

B = ω2

RR2 _fa
V@387 ωR

? CK<:JBE 89:4:827 J4BF36>E =><>6@4B J ;4:39=>> 6B :87 g
hH K4BPB 2π−ϕ

A −→ O
a

\

VOx = VAx + ωa sin ϕ _ia
`



VOy = VAy + ωa cos ϕ _ja
2N9N VOy = 0 D 2:

ω =
−VAy

a cos ϕ
= −ϕ̇ _ka

V@387 ω ? CK<:JBE 89:4:827 J4BF36>E 823456E lm J ;4:39=>> 6B :87 g
hH K4BPB 3π−3ϕ

B −→ C
a

\

VCx = VBx − ωRa sin 3ϕ _na

VCy = −ωRa cos 3ϕ _`oa

p: HB9:6C 8<:536>E 89:4:823L\
VCx = V per

Cx + V ot
Cx _``a

VCy = V per
Cy + V ot

Cy _`ba
K@3 V per

Cx/y
? ;4:39=>E ;3436:86:L 89:4:82> 6B :87 x/y

V ot
Cx/y

? ;4:39=>E :26:8>23<76:L 89:4:82> 6B :87 x/y

hH K4BPB 2π−ϕ
A −→ C

a

\

V per
Cx = VAx + ωAC sin ϕ _`ca

V per
Cy = VAy + ωAC cos ϕ _`da

K@3
AC = 2AB cos 6 BAC = 2a cos(2ϕ − π) = −2a cos 2ϕ _`fa

]392:4 89:4:82> −→

V ot
C
6B;4BJ<E3A ;: 823456Q ml >H 1 J lD2:K@B

V ot
Cx = V ot

C cos(π − ϕ) = −V ot
C cos ϕ _`ia

V ot
Cy = V ot

C sin(π − ϕ) = V ot
C sin ϕ _`ja

b



p:@82BJ>A
(3), (4) −→ (1), (2), (9)

(1), (2), (8), (15) −→ (13), (14)

(9), (10), (13), (14), (16), (17) −→ (11), (12)p:<C^>A\
−ωRR − ωRa sin 3ϕ = −V ot

C cos ϕ − ωRR − ϕ̇a sin ϕ + 2aϕ̇ cos 2ϕ sin ϕ _`ka

−ωRa cos 3ϕ = V ot
C sin ϕ + ϕ̇a cos ϕ + 2aϕ̇ cos 2ϕ cos ϕ _`na

q3RBE 8>823AC C4BJ636>L (18), (19), ;:<C^B3A
ωR = −3ϕ̇ _boa

]:HJ:@E J 9JB@4B2 _naD_`oa > 89<B@IJBED ;:<C^B3A
V 2

C = ω2

R(R2 + a2 + 2Ra sin 3ϕ) _b`a

p:@82BJ<EE _`a J _iaD ;:<C^B3A
VOx = −ωRR − aϕ̇ sin ϕ + ωa sinϕ _bba

rBL@sA 9>632>^389CQ t634K>Q\

T1 =
1

2
m1V

2

B +
1

2

m1R
2

2
ω2

R _bca

T2 =
1

2
m2V

2

C +
1

2
Jω2 _bda

p:@82BJ>A
(20) −→ (5)

(5), (20) −→ (23)

(20) −→ (21)

(8), (21) −→ (24)

c



p:<C^>A\

T = T1 + T2 =
27

4
m1R

2ϕ̇2 +
9

2
m2ϕ̇

2(R2 + a2 + 2Ra sin 3ϕ) +
1

2
Jϕ̇2 _bfa

rBL@sA :G:GFs66CQ 8><C\

Q =
∂(FVOx − mgVCy + MωR)

∂ϕ̇
_bia

p:@82BJ>A
(8), (20) −→ (22)

(20) −→ (10)

(10), (20), (22) −→ (26)p:<C^>A\
Q = F (3R − 2a sin ϕ) − m2g3a cos 3ϕ − 3M _bja

u4BJ636>3 vBK4B65B b?K: 4:@B \
d

dt

∂T

∂ϕ̇
−

∂T

∂ϕ
= Q _bka

p:@82BJ>A
(25), (27) −→ (28)p:<C^>A\

(
27

2
m1R

2 + 9m2R
2 + 9m2a

2 + J)ϕ̈ + 18m2Raϕ̈ sin 3ϕ + 27m2Raϕ̇2 cos 3ϕ =

= F (3R − 2a sin ϕ) − m2g3a cos 3ϕ − 3M _bna

d


