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Finite Center of Rotation
==

Instantaneous Center of Rotation
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Instantaneous Centers

Instant center - unique point at which two objects in general planar motion have the same
velocity

Absolute center — instant center between an object and ground

Relative center — instant center between two moving objects

Velocity of a point — tangent to the path of the point, perpendicular to the line that joins the point
and the relative instant center of rotation

Kennedy-Aronhold theorem — relative instant centers between three bodies are collinear

J1 joints define instant centers

v

1.8 no slip
’ 8 V=ro

1

1,2 and 2,3 are collinear with 1,3
1,4 and 3,4 are collinear with 1,3

1,2 and 1,4 are collinear with 2,4
2,3 and 3,4 are collinear with 2,4

from J1 joints

by Kennedy-
Aronhold
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Velocity iransier
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Vg2 = 2 (AB)

- —3Vp2 = Vg3
'---—; ) VB3 = w3 (BP)
W7/ Ve =3 (CP)
— Ve =V

3
Vca = o4 (CD)
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n=AD n=AB 1rn=BC n=CD
N=0,-0,  sin(m—~)=sin~
triangle PBC

sin (6, —6,) _ sin (6, —6,) _ sin(m—~) _ siny
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I, CP BP BP
Bp——_ B8N0 _neinlf, 26, by
sm(64—62) sm(64—92> -@=io---- Lot
Q=24
AB r,sin(0, —0
Vi, = w,AB =V, =w,BP Wy =W, =w, 2 (,4 2)
BP I, Sin -y
r, sin(0, —0 r,sin(0, —0
Vo =w,CP=V,, =w,CD w4:w3CP:w3 2 ©, 3>: : (_2 )
CD r,sin(6, —96,) r, sin~

Note: will not provide correct + signs for CW and CCW

triangle QDC
sinf;  sin~y _r,sinny AQ=DQ-—r
I, DQ sin 0, !
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R=AB L=BC s=AC 3"
“iP=13
ind =R ' S
sin =—sin6 s=RcosO+ Lcosd ! ,/ .
L | //2-6 |
Vi2 = w2 (AB) Q=24 i ) |
VB2 = VB3 ~e. 2,317 i
VB3=(X)3 (BP) : Sso , 6+(|) i
Ves =03 (CP) i i
V3 =V 12 i i
A - -
Va2 = o2 (AQ) 1
Va2= Vo4 : i 14
V= Vs 11,4 at oo + 1,4 at oo
triangle PBC : i
sin($—0) sin(0+¢) sin(3—0)
L  CP BP
BP_Lsin<§—¢)_Lcos¢ CP_Lsin<6+¢)_Lsin(9—|—d})
sin(3—6)  cosf sin (3 —0) cosf
: : . -~ AB - Rcosf
V,,=0AB=V,, =¢ BP =0 =0
B2 B =0 ¢ BP Lcosd
: : . Lsin(0+0) . sin(0+d)
V., =bCP=V,, V.=$CP=¢—— R/

cosb cosd
Note: will not provide correct + signs for CW and CCW
triangle QAC

AQ=stanod

M:Résin(f)—lﬂb)

V., =0AQ=V_, =V V. =0stand=0(R cos0+ Lcos
Q2 Q Q4 c4 C 0 ( dD) cos® cosd
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Sewing Machine

Determine the angular velocity of links 2, 3, 4 and 5 as well as the velocity of needle 6 for the
sewing machine linkage as shown below when sewing at 4 stitches per second constant speed. {

i 1,2 and 1.4 intersect 2,4 =P
o 2,3 and 3,4
i i 2 P=24 5 ‘ 1,6 and 1,4 intersect 4,6 = Q |'I
23atB B | . co“qstant L’_f}iélnﬂéﬁ_ S
, o B( m\f’ : gg z ;22 (C;Ell 1,2 and 1,6 intersect 2,6 =R
7 i J : 4\§o i15.4o DC =224cm 2,4 and 4,6
| > N CE =1.60cm
'G | DE =274cm
_@_“- P S e EF =3.81 cm AG = 1.15 inch on page = 1.42 cm actual
TV R=26 A AG =142cm AR =2.10 inch on page = 2.59 cm actual
— 1,2at A | /i DG =3.81cm
—= i AP = 1.64 inch on page = 2.00 cm actual
NF DCE =90 deg DP = 1.76 inch on page =2.17 cm actual
=\ T ‘R" " CDE =35.7deg DQ =2.36 inch on page = 2.88 cm actual
1,6 at oo ;
' S,ﬁ atF
o2 =8 nrad/s CCW R ®2 A
@ Viz = 02 (AR) = 65.09 cps
VRr2 = Vge v
Vre =V s
R6 = VF6 D Q
04
V2= w2 (AP) =50.27 cps D
Vp2= Vp4
V4 = w4 (DP) o4 =23.16 rad/s CW Vo4
\ Vs = w4 (DQ) = 66.71 cps 4
B j_;l Vs = Ve P
" Vs = Vrs
(2.4 % different from complex numbers)
Vp2 = Vp2 ®2

O))
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Rigid Body

Determine the velocity of point C on rigid body link 3. The rigid body and the velocity vectors
are drawn to scale. Link 3 is NOT pinned to the ground. Show your work.

C

¢ =27 mm
Ye:=121 mm

®3

VB3 = 5.7 cm/sec
dir for

Vcs

X =90 mm
Ye =80 mm

1
I
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Va3 = 9.2 cm/sec

define P at IC 3 Vas-L AP Vs 1 BP VoL CP
measurements AP =73.7 mm BP =45.8 mm CP=475mm £ 182°
Vas = o3 (AP) w3 = 1.253 rad/sec CCW

Vg3 = w3 (BP) w3 = 1.244 rad/sec CCW

use o3 = 1.249 rad/sec CCW average

Ves = @3 (CP) =59.3 mmps £272°
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Centrodes of Four Bar
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Knee ACL and PCL
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