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Introduction

Kinematics of rigid bodies (RB): relations between
time and the positions, velocities, and accelerations of
the particles forming a rigid body. 8
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Introduction

Classification of RB motions:

> Translation:
 rectilinear translation

e curvilinear translation

| » Rotation about a fixed axis

» General plane motion

» Motion about a fixed point
> General motion |
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= RB In translation:

» Direction of any straight
line inside body Is
constant

» All particles forming RB
move In parallel lines.

= For any two particles in the
body,

fB :TA+fB/A

Dr. Mohammad Suliman Abuhaiba, PE
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= Differentiating wrt time,
g =Tp+Tg/p=Tp
Vg =Vp
All particles have same
|

velocity.
= Differentiating wrt time again,
fg =Ta+Tg/a=Th
dg =dp
All particles have same
acceleration.
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Rotation About a Fixed Axis

Velocity / » Velocity vector V =dr/dt of
> particle P Is tangent to the
path with magnitude v = ds/dt

As = (BP)AO = (rsing)Ad

ds AG .
Vv=—= lim(rsin =résin

t At—)O( ¢)At ?
V = d— =Xl

dt

= wk =6k = angular velocity

Dr. Mohammad Suliman Abuhaiba, PE
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Rotation About a Fixed Axis
Acceleration = Differentiating to get,

, . dav d,. .\ do . . dr
A A=—=—(@xF)=—xT +dx—
dt dt dt dt
do . . _
=—XI+wXV .
dt

a=axF+oxaoxr

/A a x T = tangential acceleration component

- —

wx wx T =radial acceleration component

Dr. Mohammad Suliman Abuhaiba, PE
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Rotation About a Fixed Axis T
Representative Slab g

= \elocity of any point P of slab,

V=Xl =wKxIv=rw

= Acceleration of point P of slab,

d=axT+axdxF=akxF - | -
« Tangential &  normal -~ |
I components of acceleration, | |
| & =okxr a=re | 7
o ol o _ro? CRED

Dr. Mohammad Suliman Abuhaiba, PE
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Equations Defining Rotation of a RB About a
Fixed Axis _do do

o= —
dt )

04 =

dt  gt? dé -

« Uniform Rotation, « = 0:
- 0 = 90 + ot

« Uniformly Accelerated Rotation, «
= constant:

w =wq +oat

6 ZHO +0)0t+%0!t2

Dr. Mohammad Suliman Abuhaiba, PE 0)2 = a)g + 26{(& — 80 )
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Sample Problem 5.1

Cable C has a constant
acceleration of 9 in/s? and an
Initial velocity of 12 in/s, both
directed to the right. Determine:

a.number of revolutions of
pulley in 2 s,

b.velocity & change in position
of load B after 2 s

c.acceleration of point D on the
rim of the inner pulley att = 0.

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 5.1

Solution:

» Tangential velocity & acceleration
of D are equal to velocity &
acceleration of C.

i (Vp )y = (V¢ )y =12in./s —>

——

% ¢ (VD )o =Ty
’I > Wp = (V[; b 132 = 4rad/s y
(@p), =ac =9in./s >
(aD )t =ra =
a = (@)} 9 —3rad/s
r 3

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 5.1

= Uniformly accelerated rotation:
determine velocity & angular
position of pulley after 2 s.

w w=wy+at=4rad/s+ (3 rad/ SZXZ s)=10rad/s

e

0=t +1at?
= (4rad/s)25s)+2(3rad/s* 2 s)
=14 rad

N =(14 rad)( Lrev j = number of revs = 2.23rev
27 rad

Vg =ro=(5in.)10rad/s)=50in/s (upward)
Ay, =r@=(5in.)14rad)="70in

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.1

«_®Initial tangential & normal
acceleration components of D.

(@p), =dc =9in./s >
(ay). =r @? =(3in.Y4rad/s)* = 48in/s? (downward)

Magnitude & direction of total '
acceleration, ;

dp = \/(aD )’[2 +(aD)i
—\J9? + 482 —48.8in/s2 =
tan¢ — (aD )n — 48 ¢ — 79.40

(85) ¢

Dr. Mohammad Suliman Abuhaiba, PE
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Home Work Assignment # 15.1
1,8, 14, 21, 28, 35

Due
Saturday 29/3/2014 (Civil)
Sunday 30/3/2014 (Mechanical)
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General Plane Motion (GPM

Translation with A + Rotation about A

Plane motion

= GPM is neither a translation nor a rotation.

= GPM = translation + rotation

Dr. Mohammad Suliman Abuhaiba, PE
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General Plane Motion (GPM)

Displacement of particles A, & B, to A, & B, can be
divided into two parts:
1. translation to A, l
2. rotation of B, about A, to B,

N :‘.\- “-_

Dr. Mohammad Suliman Abuhaiba, PE
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Absolute and Relative Velocity In
Plane Motion

Plane motion Translation with A g Rotation about A

VB ZVA -I-VB/A o

) VB/Aza)kxFB/A
VB IVA +C()erB/A

Dr. Mohammad Suliman Abuhaiba, PE
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Absolute and Relative Velocity In
Plane Motion B

A fxed) Ve—V4 + VB/A
Plane motion = Translation with A +  Rotation about A
Assuming that velocity v, of end A is known,

determine velocity vg of end B and angular velocity o
In terms of v,, |, and 6.

Dr. Mohammad Suliman Abuhaiba, PE
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Absolute and Relative Velocity in
Plane Motion

B (fixed)

VA=VB+VA/B

Plane motion = Translation with B + Rotation about B

Selecting point B as the reference point and solving
for velocity v, of end A and angular velocity o leads

to an equivalent velocity triangle.

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.2

The double gear rolls on the stationary lower rack:
the velocity of its center is 1.2 m/s. Determine:

a. angular velocity of gear

b. velocities of upper rack R and point D of gear.

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.2

Solution:

Displacement of gear center in one revolution = outer
circumference Xa__ 0

onr 21
For x, > 0 (to right), @ < 0 (rotates cw),
Differentiate to relate translational & angular

velocities. Vp =—ho
S, R
(A~ H_:';u-" B : ri.zn@gé- ~AmAmAA? D = _V_A _ 1-2 m/S
a=1.2m/s rl 0150m

@ = ok =—(8rad/s)k

B nnnn o Sl A anAn Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.2

= For any point P on the gear, P =Va+Vp/a =Va+ @K xTp/a

Translation + Rotation = Rolling Motion

Velocity of upper rack is equal to velocity of point B:
Vg =V, + kK xTy =(L.2m/s) +(8rad/s)k x(0.10m)j
=(L.2m/s)i +(0.8m/s)i Vg =(2m/s)i

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.2

Translation + Rotation = Rolling Motion i‘

Velocity of the point D:
Vp =V, +ak xTy, = (L.2m/s) +(8rad/s)k x(—0.150 m)i

Vp =(L.2m/s)i +(1.2m/s)j
VD — 1697 m/S Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.3

The crank AB has a constant cw angular velocity of
2000 rpm. For the crank position indicated, determine:

a. angular velocity of connecting rod BD

b. velocity of piston P

/\1—6111

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.3

A Solution: Vp=Vg "'VD/B

341

B
AT o rev \ min \ 2z rad
w.«zg( /4N°° Pre = (ZOOO i j[ ]( ]
f./ b min )i 60s rev

Al
o =209.4rad/s

Vg = (AB)m,s =(3in.)(209.4 rad/s)
= Direction of vy Is horizontal.

= Direction of relative velocityVp/s
IS perpendicular to BD..

sin40° _sinf
gin.  3in.

B =13.95°

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.3

; o ol
S e, \ {l'\(ldi QW: s
oora -~\~‘.‘

= Translation + Rotation

Vp = Vg +\7D/B Vb  Vp/B  628.3in./s

sin53.95° sin50° sin76.05°

v o e V, =V, =523.4in./s = 43.6ft/s
. . \ L’,B= 13.95° VD/B — 4959 |n/S

vp=626.3 ”'“ _r-j'::" VuB VD/ B — Ia)BD
N} _ Vo 495.9in./s

— — =62.0rad/s
“e> = 8in. /

Dr. Mohammad Suliman Abuhaiba, PE
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Home Work Assighment # 15.2
38, 46, 53, 59, 66, 72

Due
Wednesday 2/4/2014 (Civil)
Tuesday 1/4/2014 (Mechanical)
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Instantaneous Center of Rotation
(ICR) in Plane Motion

- Plane motion of all particles inaslab
can be replaced by: e,

| 1. translation of an arbitrary point A \ I'
r=u/o
B 2. rotation about A with an angular
velocity that is independent of choice o\
of A ’ i T )

Dr. Mohammad Suliman Abuhaiba, PE
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Instantaneous Center of Rotation in

Plane Motion

A

'/I @ 7
« Same translational & rotational | (\

velocities at A are obtained by
allowing slab to rotate with same
angular velocity about some point C.

 The slab seems to rotate about the ,,
instantaneous center of rotationC.

Dr. Mohammad Suliman Abuhaiba, PE p SR
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Instantaneous Center of Rotation in
Plane Motion és C

» If velocity at two points A & B are '
known, IC lies at intersection of /
perpendiculars to velocity vectors/

through A & B

Dr. Mohammad Suliman Abuhaiba, PE
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Instantaneous Center of Rotation in
Plane Motion

* If velocity vectors at A and B are /|
perpendicular to line AB, IC lies at /A
Intersection of line AB with line

joining extremities of wvelocity =~ |
£ B | Vi ars] |
vectors at A & B. e o

« If velocity magnitudes are equal, IC
is at infinity & angular velocity is

ZerO . Dr. Mohammad Suliman Abuhaiba, PE
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Instantaneous Center of Rotation in

Plane Motion
= |CR lies at intersection of
4 perpendiculars to velocity vectors
through A and B .
_ VA _ VA
~ AC  lcosd

g va Vg = (BC )a) - (I o 9)

=V, tané

| cos @

A = velocities of all particles on rod are as
If they were rotated about C.

= particle at ICR has zero velocity.

Dr. Mohammad Suliman Abuhaiba, PE
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Instantaneous Center of Rotation in
Plane Motion

= particle coinciding with ICR changes
with time and acceleration of particle
at ICR Is not zero.

= acceleration of particles In the slab
cannot be determined as If the slab
were simply rotating about C.

Dr. Mohammad Suliman Abuhaiba, PE
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Instantaneous Center of Rotation in
Plane Motion
= Body centrode: trace of locus of ICR on the body

= space centrode: trace of locus of ICR iIn space

Space
centrode

—
\

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.4

The double gear rolls on the stationary lower rack: the
velocity of its center is 1.2 m/s. Determine:

a. angular velocity of the gear

b. velocities of upper rack R and point D of the gear.

-

St
‘ w 24
. o2 ;

. S <
. ¢
e L,

S .. 3

7 e I S

‘afin*

ro = 100 mm

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.4

Solution:

= point C is in contact with stationary lower rack and,
Instantaneously, has zero velocity. It must be the

location of ICR.

» Determine angular velocity about C based on given

velocity at A.
Vp = rAC() O=—=
AR, R
T B fwﬁ-ﬂ-._.-.nr;:;_»

é va=12m/s

15 () ro =100 mm
ry=15 mm uz @fv

P SN EAEAN aWal g ey h--iJu..I‘-J_—.uJ‘L—J-Ju':l
L

Dr. Mohammad Suliman Abuhaiba, PE

Va 1.2m/s

=8rad/s

ran 0.15m

= 250 mm

\

\ W
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Sample Problem 15.4

= Evaluate velocities at B & D based on their rotation
about C.
Vg =V = ,o=(0.25m)8rad/s)=(2m/s)i
b =(0.15m)/2 =0.2121m
Vp = Ipw = (0.2121m)(8rad/s) l
r,;=:21)() mm VD =1.697 m/s
Vp = (.21 +1.2] (m/s) 5

ra = 150 mm

L

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.5

The crank AB has a constant cw angular velocity of
2000 rpm. For the crank position indicated, determine:

a. angular velocity of connecting rod BD

b. velocity of piston P

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.5

* From Sample Problem 15.3,
U, =(403.97 —481.3])in,/s), v, =628.3in./s, B=13.95°

* |CR Is at Intersection of perpendiculars to velocities
through B & D.
J 40°&/\/j

/
# 80
/

C

vg =40°+ B =53.95°
5 =90° — B = 76.05°
BC CD 8in.

sin 76.05° sin53.95° sin50° 7
BC =10.14in. CD=8.44in. *

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.5

» Determine angular velocity about ICR based on
velocity at B

Vg = (BC)(OBD
Oy, = Vs _ 628'3"_]'/3 =62.0rad /s
BC 10.14In.

400%(7 = Calculate velocity at D based
” 50° on its rotation about ICR

Vp = (CD)wy, =(8.44in.)62.0rad/s)
=43.6ft/s

Dr. Mohammad Suliman Abuhaiba, PE
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Home Work Assighment # 15.3
74, 80, 88, 95

Due
Saturday 5/4/2014 (Civil)
Sunday 6/4/2014 (Mechanical)
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Absolute and Relative Acceleration
in Plane Motion

Plane motion = Translation with A + Rotation about A

é:B :§A+§B/A

(ﬁB/A A :alZXrB/A

=~ . 2
( w rB/A a‘B/A n ra) Dr. Mohammad Suliman Abuhaiba, PE

o
\
>

>
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Absolute and Relative Acceleration in
Plane Motion

% (fixed)

Plane motion = Translation with A + Rotation about A

ﬁB :§A+§B/A

— aA + (aB/A )n + (a‘B/A )t Dr. Mohammad Suliman Abuhaiba, PE
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Absolute and Relative Acceleration in
Plane Motion

= \ector result depends on sense of and the relative
magnitudes of a, and (ag/a).

= Must also know angular velocity w.

ap

Dr. Mohammad Suliman Abuhaiba, PE
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Absolute and Relative Acceleration
in Plane Motion |

A (fixed)
= Translation with A + Rotation about A

— +Xx components: 0=ap +lw?sind—lacosd

2 .
+ T y components:  —2s =—lw” cosd—-lasing

Dr. Mohammad Suliman Abuhaiba, PE
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Analysis of Plane Motion in Terms of a
Parameter

Xp =1sIN6G yg =lcosé

vV, =X, =16c0os 8 =lwcos

Vg =Yg =—16sin@=—lwsin @ I]

a, =X, =-160*sinf+16cos b

=—lw’sin@+lacos O
a, =V, =—16°cosd—10sin O

— —lw®cos@—lasin @

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.6

The center of the double gear has a velocity and
acceleration to the right of 1.2 m/s and 3 m/s?
respectively. The lower rack Is stationary. Determine:

a. angular acceleration of the gear

b. acceleration of points B, C, D

K a,=3 m/s=
ro = 100 mm

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.6

Solution:

X, =—10, V,=—T0=—Tw
Vo  12mjs | S

0=——"= —8rad/s
. NAARAA R0 ;-\nr\_nnnnnn.r’
ap =—ho =-na e o
Ds Y i

a, = 3 1mn/s=

ap 3m/ 5 g
ry =150 mm “%
I 0.150m " aaaaan

d=ak = —(20 rad/sz)z

o ro = 100 mm

A e R s e e Ml

Dr. Mohammad Suliman Abuhaiba, PE
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Sample PrObIem 15 6 Dr. Mohammad Suliman Abuhaiba, PE

Ac/A )t

Translation + Rotation -

é:B = éA + éB/A = éA + (aB/A) + (ﬁB/A)n

@ (¢ |
c\apsary

A+aerB/A w T’B/A

m/s? )I —(ZOrad/s ) (0.100m)j — (8rad/s)* (- O.ldOm)T

?
((m/s )i +(2m/s )i —(6.40m/s )T

m/sZ)T—(6.4O m/sZ)T ag =8.12m/s?
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Sample Problem 15.6

At

Translation e Rotation -

= = = = > 2
aC :aA+ac/A:aA+Okarc/A—Q) rc/A

3m/s )I —(3m/s )I +(9 60m/s )
( 60m/32)j

(3m/s )u —(20rad/s ) (-0.150m)7] — (8rad/s)?(— 0.150 m)]
(

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.6

\Ac/A )t

Translation + Rotation - Rolling motion

é:D :§A+§D/A:§A+a|2xf'D/A—a)2?D/A
=(3m/52) (ZOrad/s ) ~0.150m)i —(8rad/s)* (- 0.150m)i

:(3m/32)i +(3m/s )j +(9.60m/s )i

ap =(12.6m/s2 )i + [3m/s?)]  ap =12.95m/s?

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.7

Crank AB of the engine system has a constant cw
angular velocity of 2000 rpm. For the crank position
shown, determine angular acceleration of the
connecting rod BD and the acceleration of point D.

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.7

Solution:

= Angular acceleration of connecting rod BD and
acceleration of point D will be determined from

éD = éB + éD/B = é:B +(§D/B)t +(§D/B)n

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.7

w,; =2000rpm=209.4rad/s = constant
pg =0

a, = ro’, = (3 ft)(209.4rad/sy =10,962ft/s?

=

ap = (10’962ﬂ/ SZX— cos40°i —sin 40°j )

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.7
: = .+
AN
Plane motion = Translation - Rotation
dp =Fapl

I Sample Problem 15.3: @yp = 62.0 rad/s, = 13.95°. )

P (ap/s). =(BD)whp = ( ft)62.0rad/s)? = 2563ft/s?
(@0s). = (2563ft/s? [~ cos13.95° +sin13.95°]) i

(aD/B) (BD)agp = (& ft brgp = 0.667agp
(@p/5 ), = (0.667agp Y sin 76.05°T + c0s76.05°] )

Dr. Mohammad Suliman Abuhaiba, PE
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Plane motion = Translation - Rotation | .
dp =dp +dp/g =dg +(§D/B)t +(§D/B)n
X components: —ap =-10,962co0s40° — 2563¢c0s13.95° + 0.667 g SiN13.95°
y components: 0=-10,962sin 40° + 2563sin13.95° + 0.667agp €0513.95°

&)

dgp = (9940rad/s? K
dp = —(9290ft/ sZ)T

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.8

In the position shown, crank AB has a constant angular
velocity @, = 20 rad/s ccw. Determine angular
velocities and angular accelerations of connecting rod
BD and crank DE.

 - LS in.->~<—12 in.—-=—17 in.——.>|. '

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.8

Solution:

Vp =Vg +Vp,p
Up = Bpg X Fp = wpgk x (~177 +177) ]
=—17wpei —17wpg I
Vg = @pp x Ty = 20k x (81 +147)
T =-280F +160]
rp = 8i + 14;

rp=-17i + 17j Vp/g = ®@pp * Ip/g = @pkK X (12i . 31)

I—*B in. 12 in. 17 in. !

I'p

E

= —BC()B DT + 12(()BD]>

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.8

X Components:
— 170)DE =280 — 30)BD

y components:
—17Q)DE =+160 + 126()BD

l 8 in=fi2in e 17in— E)BD (29 33 rad/s)k e = (11.291ad/s)k |

I'p = = 2
dp _aDE X Tp —CODE?D

rg =8i+ 14j
rD = —171 + 17j
rpp = 12i + 3j Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.8

a.B = O‘AB X ?B a)iBfB =0- (20)2 (8? + 14])
T = _3200F +5600]

NEV = _ = 2
! Al .8 dp/g =dBp *Te/D ~®BDIB/D

:_BaB/DT -|—:I.26ZB/D]>—].0,320r—2580]> I
[~
\ y components:
E | _17aDE —120[BD =-6010
::Bzfi;ii4§7j X components:
rD,I;= 12i +3j. —1/apg + 3O‘BD =—15,690

dgp = —(645 rad/ 52)2 Gpg = (809 rad/ 52)2

Dr. Mohammad Suliman Abuhaiba, PE
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Home Work Assighment # 15.4
105, 112, 119, 126, 133, 141

Due
Wednesday 9/4/2014 (Civil)
Tuesday 8/4/2014 (Mechanical)

Dr. Mohammad Suliman Abuhaiba, PE




63 Monday, March 24, 2014

Rate of Change wrt a Rotating Frame
= Frame OXYZ is fixed.

= Frame Oxyz rotates about
Y fixed axis OA with angular
velocity &

= \ector function Q(t) varies
In direction and magnitude.

X

Dr. Mohammad Suliman Abuhaiba, PE
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Rate of Change wrt a Rotating Frame

= \Wrt the rotating Oxyz frame,
v Q=Q, +Q,j+Q;k

(Q)Oxyz — QXT + Qy T + QZ lz
= \Wrt the fixed OXYZ frame,

Q) =07 +Q,j+0k+Qi+q,j+ak
Qx7+QyT+QZIZ=(c3)

= rate of change wrt rotating frame

Oxyz

Dr. Mohammad Suliman Abuhaiba, PE
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Rate of Change wrt a Rotating Frame

Y = |If Q were fixed within Oxyz

A\ " then (Q)OXYZ IS equivalent to
3 \ I velocity of a point in a rigid
'| /.~ body attached to Oxyz and

T QI +Q, +Qk=0xQ |

= wrt to the fixed OXYZ frame,
Z -~ = — —
(Q )OXYZ = (Q )Oxyz +Q2%xQ B

Dr. Mohammad Suliman Abuhaiba, PE
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Coriolis Acceleration

= Frame OXY is fixed
Y = frame Oxy rotates with angular
velocity .

= Position vector Ip for particle P is
the same In both frames |

= Rate of change depends on choice
+ of frame

(/.
0
|
N\

Absolute velocity of particle P is
Up = (Floxy =QxF+(r Joxy

Dr. Mohammad Suliman Abuhaiba, PE
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Coriolis Acceleration
= Arigid slab attached to rotating frame Oxy ().

= PP = point on slab which corresponds
Instantaneously to position of particle P

—>

Vo = (?)Oxy = velocity of P along its pathon theslab
Y V. = absolute velocity of point P’ on theslab

» — (v}
Ve/g = \L/Oxy

= Absolute velocity for particle P
may be written as

Vp =Vp' +Vp5
Vp =Qxf+(l’)

/N AN

Oxy

= VP, + VP/SE Dr. Mohammad Suliman Abuhaiba, PE
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Coriolis Acceleration

= Absolute acceleration for particle P is

y " dp = Ox T +Qx(QxT )+ 20 (F)g,, + (F)

X
u Dr. Mohammad Suliman Abuhaiba, PE
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Coriolis Acceleration

« Utilizing the conceptual point P’ on the slab,
dp’ =flx?+ﬁx(§2x f)

aP/OS£ = (F)Oxy

» Absolute acceleration for the particle P becomes

Ay = 8y + ) +20x(F ), ;

=ap +dp; + 8,
a, = ZQx(r;)OXy = ZQXVP/F =
= Coriolis acceleration

Dr. Mohammad Suliman Abuhaiba, PE
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Coriolis Acceleration

= Collar P 1s sliding at constant
relative velocity u along rod OB.

= The rod Is rotating at a constant
angular velocity w.

= Point A on the rod corresponds to
Instantaneous position of P.

Dr. Mohammad Suliman Abuhaiba, PE
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Coriolis Acceleration

= Absolute acceleration of collar iIs

, / éA:flx?+ﬁx(ﬁx?) aA:r‘a)2 .

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.9

Disk D of the Geneva
mechanism rotates with
constant ccw  angular
velocity wy = 10 rad/s. At
the instant when ¢ = 150°,
determine:

a.angular velocity of disk S

b.velocity of pin P relative
to disk S

Disk S

R =50 mm

Disk D

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.9
Solution:

= Absolute velocity of point P:

Vp =Vpr +Vp/s

= Magnitude &  direction of
absolute velocity of pin P:

Vp = Rowp = (50 mm)(10 rad/s)=500mm/s
= Direction of velocity of P wrt S is

parallel to slot. From the law of
cosines,

r’ =R?+1°-2Rl cos30° = 0.551R?

= 371 mm Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.9

sinf3 _ SN 30 sin 3 = sin 30
R r 0.742

\/ y =90°—42.4°—30°=17.6°
6 =150°
/\ Ve =V, sin y = (500mm/s)sin17.6° =151.2mm/s

B =42.4°

PR > |? 151.2mm/s
I | =ro, o, = I
\ v 37. 1 mm
N \! @, = (—4.08rad/s k
v/ 7 Vpjg=Vpcosy =(500m/s)cosl7.6°
\Z*“\\\p,@ _ - . -
Vp/s = (477 m/s)(— C0S42.4°1 —sin 42.4°] )

[\ B =42.4°
- VP — 500 mm/S Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.10

In  the  Geneva
mechanism, disk D \
rotates  with a
constant ccw angular
velocity of 10 rad/s.
At the Instant when
¢ = 150°, determine w
angular acceleration - Disk D
of disk S.

R =50 mm

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.10

Solution:

dp =dp' +dp/g +dg

B=424° s =(—4.08rad/s)k
Up s = (477 mm/s)(— cos42.4°T —sin 42.4°])

—t ]

ap = Rewd = (500mm)10rad/s)? = 5000mm/’s

(ap:), =618 mm/s>

a, = 3890 mm/s? dp = (SOOOmm/ S XCOS30°I —sin 30° j)
2N IR o 40

49.4° k"‘%% ap = 5000 mm/s

&\Z 32:/

/4 "
| T.1¢ N, W8 %
Pt = S

% \ 424°

/\ Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.10

n

(rcoé — c0542.4°T —sin 42.4°7)

=(rag) ( sin 42.4°1 + cos42. 4°j)

= (arg )(37.1mm)(— sin 42.4°T + c0s42.4°] )

(ap) = 618 m? = Direction of  Coriolis
N ——— acceleration Is obtained by
~1 . ... rotating direction of relative

N / velocity Vps by 90°in the
. ~';‘7.|u/j l’%% Sense Of a)S.
‘ N \ 42.4

Dr. Mohammad Suliman Abuhaiba, PE
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Sample Problem 15.10

= (2@,V, |-5in 42.4°T + cos 42.4] )
= 2(4.08rad/s)(477 mm/s ) sin 42.4°T + cos 42.4 )
= (3890 mm/s’ X— sin 42.4°1 +cos 42.4]7)

= Relative acceleration ap/s

B
‘+—— | =vV2R »

(ap), =018 mim /s>
a,. = 3890 mim/s2
;‘-:"f'"’;-sﬁl /
W 42.4°
‘w,:\: I')/r
0 4% %
Qo .
} 30
IQ"".'-,
/ T,
l ap/s Eﬁ@\
( \
\ 42 4

must be parallel to the slot.

 Equating components
perpendicular to slot,

Lo 37, 1arg +3890 —5000€0817.7° = 0

ag =—233rad/s
dis = (—233rad/s)k

Dr. Mohammad Suliman Abuhaiba, PE
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Home Work Assighment # 15.5
150, 158, 166, 172, 179

Due
Saturday 12/4/2014 (Civil)
Sunday 13/4/2014 (Mechanical)
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