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2.032 :D_y-na:mics

Fall 2004

Problem Set No. 6§

jcmcra.[s'zd coordimates for the rull.’,g disk :

9"'2 9':.--_1",, ?3=q, 7;:?

] P ° 2

ral[iv. constraimts : () iP-Rf:Sl}nq:o —_— a.”=l, a,=0, a,;=0, 0.,4_=—R5£-n-r
(2) jF—Rr.nCos-(::O — Qz;=0, 422=/, 423= 0, 424_=_Rc.sq

31'4' = - R Cos * 2%z =0
9, 71* : 9,
= (1)&(2) are not mtegméble.
2224 o RSime 3 222 <o '
"09.3 g+
Canstra,mnts are non holomomic.

Assume that there are tnteqrating Factors : ¢ (%:,¢), C(%,t) 5 tzls
~ ~ — ~ R
= a.“ = CI > 0—,2 =0 , o.l3= o, 0_'4 = _ RC' Sime
Cond ~ L d o~
a—Z‘= [/] P} a.22= CZ 2 a-23= ] ) a_2+= -RCZ COS‘(
Mecessary comditions For the constraimts o be L:ntara.élc :
22 _, . 2% _, — 2%.,
31L 37,2 , . E}/P
2213 Loy —» 2% .9 o 2% -0 & -RSan%E’--—RC,COS-<=O —= =0
- x e



Froblem 1

*N

2C
2 >c
=0 = RCosec 2. :
— & i~ S + RC; Simac =0
— Cz =0
—~—

— 7o Mom trivial iwtfjra,t[,_,g ?gr.c'tors exist

two rbllt':n’ Comstraints canmot be imfgrm‘,[ to /u»lmovm'c Constraints.



Prol,lc-m 2
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3c—nera.l£zea[ Coordimates assuming

Vehicle B does not rotate:
A B
P2 9 9 Y v
' =4 2=yﬁ 3-'6 """"""""""""""""""""" ,'Q"'_>"‘L""
%,4-= *p %= Ja R
Constraint : The orientation of ," E yB
Vclu'cle A  -must a.lwa._—», Lc V / '
toward vehicle 8 : y ¢ 0 :
o< L Y
---------- (.)-""""""""""":"""-"A"-
Y. x r, =0 :
A" ~hs = < Xy —>i< Xp > JiA
Gaﬁ"""ynj)x("aﬁ'fyaé) =0 I X >

Figure by OCW. After 4.3/4 in Baruh, H. Analytical Dynamics. Boston MA: McGraw-Hill, 1999.
% Yy - Y o *g = O nonholomomic scleronemic constraint
N e
Check the itgrability :

Qu = HB By a.'z= —'ZB 3 a,; = al4.= a.ls =0

22 _y 2a,s

+

=0 —_—— Constramt (s mot i-ntgra.ue.
?gs ?2'

I)f we allow A}’ an L'ntgraﬁ-’_.? éctor : C(g‘,tj 3 (:gl,...,s,

”~ ~ ~ ~ ~
1. it - 2C - 2C
4‘.—.0 — —_—— = — T“o & -, -C =0 —_— C=0
4. ‘ 3 8

== Constraint (s trucb nonholonomic.



Problem 3 4/
For ,poi-nt P:
% = <L,+LZS£-"9) Cas? Z
= (L, + LySme) St
o Gl 2 50e) g 1
2= — LyCos8 < L1
(0)

Virtual alislabcc-»pc‘nt: & ) .

§x = L,Cose Cosp S0 — (1, +LzS£n9) Sing S
S-y = chose Si-n:r SG + (L, +L2 54:919) Cosr Sf

5§z = LZ Sing §6

-

In the case 07( constant ? (S?=0)-' /// Z 7

s Figure by OCW.
After 4.4/7 in Baruh, H. Analytical Dynamics. Boston MA: McGraw-Hill, 1999.

2 2 2
224yt + 22 = OP = LT+ Ly _2(,L; Ces(90+46) e
‘ {

2 2 .
=L +L + 24, L, Sin@

virtual dc's,: lacement :

2xSx 4 2ySy + 2252 = 2L,L, Cos6 86
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(\Te‘ 9, Top View of a Tricycle
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Figure by OCW. After 6.8 in Ginsberg, J. H. Advanced Engineering Dynamics. 2nd ed. New York: Cambridge University Press, 1998.
»W/wets do mot st['a : !

'Una R?'
’UB= rg
‘Uczl‘?é

Points A, B, and ¢ are on the Frame as well.

Ome cam fimd the mstantameous azis of rotation

)(ar the {m'mc :
u)‘ rome = 9 ‘k'
0A = L ’ oc = _L d o8 L
. = - = d
Snv/; t“,, g *‘“ﬁ +

‘u —-— . a - n - >
0A.@6 vc_oc.e ’uB_ 08.6
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-Proéle‘m 4

. _ L . '-_ » v
at RE S Sims Sl s
_ o L d é » - = 25‘9
wm Gt [ rER
) .o _ 208 _ 2RESinp _ apcco
. r + = = 4 = 7
Ve=rf = <t:,. _4)9 SARD) tamp tanp fi

—_— r<7'»2+753)= ZRf; CaS/3
— Velocity cConstraints

To /md the vember of algrecs o/ A’:cda’w:

Each wheel is like a vertical disk rollimg without s&}a on a 2.2 plame so ot has 2 degrees
of Freedom. we have the following comstraints :

I- A = Const,

2. AC = Const.

2. BC = Const.

4- wheel B has to be fcr/zena‘icular to the shaft BcC. Sa‘tt's% the mo SL'P Constraint J(W'Ces

the wheel C to be /ocr/ae-m,licular to the shalt 8¢ as well .

# DOF = 3x2 -4 =2 '

Note that e Need. 4 _qc-ncm(i;&l coordimate to daénc the System.



