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Example: The 0.8-m arm OA for a remote-control
mechanism is pivoted about the horizontal x-axis
of the clevis, and the entire assembly rotates about
the z-axis with a constant speed N =60 rev/min.
Simultaneously, the arm is being raised at the
constant rate 8 =4 rad/s. For the position where
f =30, determine the angular velocity and
angular acceleration of OA. If, in addition to the
motion described, the vertical shaft and point O
had a linear motion, say, in the z-direction, would

that motion change the angular velocity or angular

acceleration of OA?
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VELOCITY AND ACCELERATION USING A
MOVING REFERENCE FRAME
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We have already seen that the observations of the position of point P from the

fixed and moving reference frame are related by

re;o="rovo+Fpo.

z

.- d
Differentiating above equation yields: Vp=Vor+ 4t o
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Presumably the (moving) xyz reference frame has been chosen for its convenience in
describing the position of point P. We therefore describe position Fp,o' in terms of the

coordinates of point P with respect to the axes of this reference frame. Thus,

fp/of = x;+yj+2,z.

d . T
Erp/oi=x1+yj+2k+wxrp/0'.

Suppose you were an observer moving with the xyz reference frame; you would see
only the (x,y, z) coordinates change. Thus, the first three terms on the right side of

above Eq. describe the velocity of point P as seen from the moving reference frame.

I Vp = Vo' + (Vp)xy, + @ X Fps0,

where the relative velocity is

- o . S T
(VP)xyz = 57 Pr0r =X +yi+Zk.
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A relation for the acceleration of a point is obtained by differentiating the velocity

relation. The differentiation of second velocity term is:

d

E(i}P)xyz = (éP)xyz +w X (ﬁP)xyza

where the relative acceleration is:

- 6 - '3 ey oo J
(ap)xy; = S?(VP)xyz =Xi+yj+Zk.

The differentiation of third velocity term is:

a((b XFP/Of) =« XFP/O""(IJ X [(i'.i‘f:’))(yz-l_G"J XFP/O']'

The resulting acceleration relation is thereby found to be:

éP = éO"" (‘:-1'-1")er2'|'(-)-f X FP/O"'"'-:J X (@ X fP/O’) +26 X (i’P)xyz'

The final term in above Eq., that preceded by the factor 2, is called the Coriolis

acceleration.
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For a merely translating reference frame xyz, we have:

Vp =Vor+ (Vp)xyzs

ap=do + (éP)xyr

For a Fixed Particle Relative to xyz

’;’-p - \70""63 X Fp/of,

Ap=Aaog +aXFpo+@X(@XFpso).
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*

mig-vg+5@-Hg for all motions;

H

T
T =1%-H, for pure rotation about point O.

o e sl gl ey b gl G ple Boyb 5l g Cesl o e (sl gl pyiiege H a5 o>

[HA} - ”HWL )l bl py & a0 4

pr: 'ﬁ - - -
I -1, -1, inertia matrix

(1= -1, {,.I -1, |.

_I.rz - Izz

fn=”f(f+21}dm f”{x +2z%)dm, I,,= “ f(x +y?%)dm
fxy=fffxydm, Iﬂ:fffyzdm, In=fff.rzdm.
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2F= mé(;,

- oH _
EMA= 6{A +(.1-JXHA,

H,= (Ixxwx—Ixywy—Ixzwz)f+ (Iyywy—lxywx—Iyzwz)f

+ (Izzwz_lxzwx_lyzwy)ky

6H
ot

= (Ixx Ay — Ixy a}’ - Ixz az) IT+ (I)’)’ a)’ - Ix}’ Ay = I)’Z az)j

+(,a,— I, ,a, —Iyzay)lz.

.a)‘oUABQ‘)soQTJyMJM|M65)@Uc\.hiﬁu_iil.l;./.Lawr:).?}ffoAdh&; *
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My, = Iexa,—(1,
EMAy = Iyyay_ (I,,—1,,)w,w,,

My =10, — (L — Iy )wywy.
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Ol s 1,1 “‘.g:;&n el odStsls ‘Uif:' (SO a\i&ib




ke (L..?| Sl $Salis> (5 dakiie gREe J»Aé“’.g:ntii oS

S axao &S o> bluwo

* The principles governing spatial motion provide an interesting perspective
for the Kinetics of planar motion. Let X and )} represent convenient

directions in the plane, so that () is parallel to the Z axis. Then

dg =dagxi+ag,J, @ = wk, a=wk.

 The corresponding angular momentum for a coordinate system whose

origin is at an allowable point is
Hy=-1,0i- Iyzwf+ 1, wk.
* Hence, the equations of motion are:

2 F=mag,, X F,=mag, XF,=0;
EMAx=_Ixzd-’+Iyzw2’ EMAy=_IyzG-’+Ixzw2’ 2My,=1,,06.
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Example: The homogeneous thin triangular plate of mass m is welded to the
horizontal shaft, which rotates freely in the bearings at A and B. If the plate is
released from rest in the horizontal position shown, determine the magnitude of

the bearing reaction at A for the instant just after release.
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Example: The slender shaft carries two offset particles, each of mass m, and
rotates about the z-axis with the constant angular rate w as indicated. Determine
the x- and y-components of the bearing reactions at A and B due to the dynamic
imbalance of the shaft for the position shown.
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Example: The electric motor with an attached disk is running at a constant low
speed of 120 rev/min in the direction shown. Its housing and mounting base are
initially at rest. The entire assembly is next set in rotation about the vertical Z-axis

at the constant rate N = 60 rev/min with a fixed angle y of 30. Determine the
angular velocity and angular acceleration of disk.
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Example: The disk is rotating about shaft AB at 3,600 rev/min as the system rotates about
the vertical axis at 20 rad/s. Determine the angular velocity of the disk. Use this angular
velocity to determine the approximate displacement of point C on the perimeter of the disk

2 microseconds after the instant depicted in the sketch.

3,600 rev/min

\/f
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We obtain the angular velocity by vectorially adding the rotation rates.

W= w,IZ'+ wzéA/B,

é4,5 = —(sin 60°) I+ (cos 60°)K.
27

@ = 20K + 3,600 (5)(—0.86601—+ 0.50K)

= —326.57+208.5K rad/s.

Since Point A is fixed, we can write: Afc = (@ X Feyq) AL,
At this instant, the position is
Fe,q = 0.2{(sin 60°)] — (cos 60°)K 1+ 0.10J
=0.173217/+0.10J—0.10K m.
Thus, for At = 10~ °s, we find

AFcsq = (—326.51+208.5K)x (0.173217+0.10J — 0.10K){2(10 )]
= (—41.707+6.929J — 65.30K)(10~%) m.
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Example: Determine the angular acceleration of the

disk in previous example. z

Solution: The corresponding general description of « <>

the angular velocity is

W= MIK_Lﬂzf,

K=0 oand i=axi

@Xi).

——

c'i=—w3

K = —(cos 60°)i + (sin 60°) k.

20(—0.50i +0.866k) —1207i = —387.0i +17.32k rad/s,
& = —(1207)(—387.0i +17.32k) x i = —6,530/ rad/s>.
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