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Panel 1

ES204 Mechanical Systems

Rotating Axes Acceleration
Lecture 28

1 Dr. Fisher

Panel 2
-1
Kinematics
(the geomeny of the motion)
P
—_—
——
[Felative motion notation Basic kinematic relano:n:l:jp: f‘)!pq:xdfm o
dé 1) Define position vectors
Ty =g +fus A== 2) Write a constraint equation
Fa =g+ d'_ (length of cable, for example)
A R d= s 3) Dufferenuate to get an equation
g =gt dt that yelates the
il velocities/accelerations
Separate variables and Represent in
integrate g
/ T \ Define position vectors and
Acceleration not constant P differentiate

dv
alt): ue a=—
dt "‘\_‘_‘

[Rectangular Normal and Tangential [Polar Coordinates
Coordinates

alx): wse a =-;£
dx

Use analogous expressions for o), alt)

¥ =108, 168,

i=(i-18%f, <8+ 288,

T 3 (Q 15 any vector)
| a=agi+a,)

Constant acceleration Fixed Axis Rotation

x=xy +vgt+oat’ Translation vp=0xg,, (Magnitude is G, direction is
2 (6 = constant)
- (8= consracd) perpendicular to 1)
vEvy at v, B 5 [ ¢ )
i =dx +ox(thx )
2 = P o Lol T
vi=vi+lalx-xg) a7 General Plane|

= or perpandicular tor and

(there are analogous @°r directed from p to the fixed point O

expressions for 0,0.9 andt)

Motion

(General Plane Motion (translation=1otation)
Ca=tpt+ian
pr@xiy g

(General Plane Motion (rotating axis)
T, =0, ey 405,

By =, Ry FERE, +Dx(BXE, 4 2007y

Projectile Motion
x-direction: x=xg+ v t.¥y =¥, dy=dg+iym

y-direction: =ig +dxiy g +ax(Brgy,y)
y=

0¥ Vo, T3

\Vy =V —ELV =V =2z(v-vy)

=3g + G x5 -03slly 5)

~
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Panel 3

Rotating Axis Velocity equation

o -3 K e 5 -
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e
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/ / | /
v = \'f -£ Vel . -+ A X s
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= B “oOXY - SOXY ‘
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Panel 4
Acceleration q A _ e \
e A = -4
Oy = ci(\lﬁ\ = CLEQ\JD o "fruQ_ ST Gf@,
= T
*

S
Neeh LI X F,E{

Op = Owdlenhion of Yoo ongn of Hu laheg
Scamt
Lovnerdent ({ AAC = *’ﬂﬂﬂm‘hmﬁ- oceglerahon ol:a +z> ﬁb‘ﬁ::‘f‘t/j Q:
L‘O@KF’) = nommed occelemno ~
Zwx \}N_p S Corwolis occelerufion
Oee) = oxelerahon  Hohic +o roiv_hnﬁ ‘gmw

caeleahion

Rotating Axes Acceleration
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Panel 5

Rotating Axes Acceleration

Rotating Axis Acceleration equation
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Each term is something with respect to (wrt) something else

w Vv

Not any harder

- v

2:.) X Urel

-’
. Just more.

Panel 6

At Disney World there is a ride called *“The Mad Hatter's Tea Party™. The
ride consists of a large spinning disk. Artached 1o this disk are ndditional
spinning disks and attached to these disks are a number of tea cups which also
spin (naturally). A photograph of the ride is shown to the nght and a
schematic dingram of a top view is shown below. Idon’t remember how
many dicks there were (or in what direction or how fast they rotated), so [ am
Just guessing. I've only included one cup to keep the figure from becoming
cluttered. The rider had the option of contrelling the direction and speed of
rotation of the cup. Personally. I hated this ride because it made me very
dizzy, but unfortunately, my children loved it. Naturally, being a good father
I took them on it, but while riding I couldn’t help but think about the
dynamics (as I'm sure you would). Let's assume all the angular velocities are
constant and the large disk rotates at 0.2 rad’'s (CCW), the medium disk
rotares at 1.4 rad's (CW) with respect to the large disk. and the cup rotates at
6 rad/s (CCW) with respeet to the medium disk. Let’s define the distance
from A to C to be 12 feet, the distance from A to B
0 be § feet and the distance fromBtoPtobe 2
feet. A snapshot of a Working Model simulation of
these conditions 15 shown below so you can see the
actual path of pomnt P.

a) At the mstant shown, determine the veloeity and
acezleration of point P.

6
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Panel 7

Using 4 coordinate systems

OXY = fixed to ground

Ox,y, = fixed to large disk

Ax.y, = fixed to the medium disk with its origin at A
Bx,¥; = fixed to the cup with its origin at B

Acceleration of P wrt to Acceleration of P wrt A2

Step #2 Think of O as stationary and relate
Acceleration of P wrt Ax2y2 to Acceleration of P wrt Oy

Step #3 The ground is statiohary so relate
Acceleration of P wrt Ox1y1 to Acceleration of P wrt OXY

Panel 8

Acceleration of P wrt to Acceleration of P wrt Ay

- - - — o = Ty
- - - T, + 2 w X Ure[
Qp = Q, ¥y * AN, %

Ol
I

re|

—_ _ Given:
Uml - s = 6 rad/s
PtoBis 2 ft
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Panel 9

Step #2 Think of O as stationary and relate
Acceleration of P wrt Ax2y2 to Acceleration of P wrt Oxip

- & 7 5 -, + 2 J ve |
Qp = 0O, ¥ Ay 2 24, %
Knowns: " Beal = =720
oz = 1.4 radis PtoBis 2 ft BtoAis 5 ft
9
Panel 10

Step #3 The ground is stationary so relate
Acceleration of P wrt Ox1y1 to Acceleration of P wrt OXY

Given: R ) o
w = 0.2 rad/s Sl B =GiesAe
PtoBis2ft o
BtoAis 5 ft Tu:r-elr = -Z.¢1
AtoQis 12
- P9 —a ~ s - = . »
Gp = Q, * Oy F AN, "W+ 200 X e

Motion of P (defined in Oxv,) w.r.t. OXY (that is. with respect to our fixed coordinate system).

50 :O 6‘_:0
51'81 = 518]] — —5212] Gi‘el =Y rel] = —2,”]
&=,k =02k F=-12i+7]

Substituting mto our acceleration equation we get
A, =0+(=52.12)) +0—(0.2)* (=121 + 7)) +2(0.2K) x (-2.21)
=-52.12j+0.481—0.28]—0.88;
=0.481-53.28] {4,5

10
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Panel 11

Note:

This problem is very simple because all of
the i*directions are the same and all of the §
directions are the same. Rotating Axes
problems become more challenging when the
fdirections are at funny angels.

The stationary coordinate system is often a capital letter

11

o

Panel 12

Rotating Axis z
Acceleratiogath

Rotating Axes Acceleration
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Panel 13
15.126 In the automated welding setup shown, the position of the two
welding tips G and H is controlled by the hydraulic cylinder D and rod BC. The
cylinder is bolted to the vertical plate which at the instant shown rotates counter-
clockwise about A with a constant angular velocity of 1.6 rad/s. Knowing that at
the same instant the length EF of the welding assembly is increasing at the con-
stant rate of 300 mm/s, determine (a) the velocity of tip H, (b) the acceleration of

tip H.
13
Panel 14

15.126 In the antomated welding setup shown, the position of the two
welding tips G and H is controlled by the hydraulic eylinder D and rod BC. The
cylinder is bolted to the vertical plate which at the instant shown rotates counter-
clockwise about A with a constant angular velocity of 1.6 rad/s. Knowing that at
the same instant the length EF of the welding assembly is increasing at the con-
stant rate of 300 mm/s, determine (a) the velocity of tip H, (b) the acceleration of

tip H.

Determine the velocity of H
What is the general form equation for velocity

Saolve for \TH

14

Fig. P15.126
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Panel 15

 15.126 In the automated welding setup shown, the position of the two
welding tips G and Humtnﬂudbyﬁpbyﬁwhcqﬁuduﬂdmdnc. The
mhm.wunur

eylinderis bolted to the which at i

dockwhnlmuawnh
Determine the acceleration of H
What is the general form equation for acceleration?

Solve for ay

e (a) the velocity of tip H, [b)th
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