Leckure F

Rolling Without Slipping

Consider the wheel shown below that rolls along a rough, stationary horizontal surface with the
center of the wheel O having a velocity and acceleration of vo and ap, respectively. As the wheel
moves, it is assumed that sufficient friction acts between the wheel and the fixed horizontal surface
that the contact point C does not slip. The consequences of the “no slip” condition at C are:

Veg = 0
ez =0

(If either of the above is not true, then point C “slips” as the wheel moves.)
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We will encounter many problems throughout the course that involve the rolling without slipping of
a body on a stationary surface. Although this concept is defined through a simple set of equations,
the consequences of rolling without slipping on the velocity and acceleration of other points on the
body can become quite complicated. We will see this through a number of examples.

CHALLENGE QUESTION: If C is a no-slip point, what are the y-components for the velocity
and acceleration of C?7

ANSWER: Since O moves on a straight, horizontal path, the y-components of the velocity and
acceleration of O are zero. From this and the no-slip condition above for C, we can write:
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e i g (o) x (R - ACRS)

= (a,o + Ra)i -+ Rij = acy = Rw2

From this we see that: 9, = 0 and d¢ = Rw?j # 0.
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This says that the velocity for a no-slip point is zero; however, the acceleration of that point is
NOT zero. ¥ has a novn-evo \6 ‘OMPOMCA"'.
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Consider another situation where here the wheel rolls without slipping on a second body B that is
itself translating in the z-direction.
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No slip for this situation is described by the following:

vwm=vs p Uy =0
Qcgx = AB / (:Lcy —T/' O
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Following the same type of analysis shown above, we can show that the no-slip conditions produces:

vy =0 and acy # 0.
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Example 2.A.4

Given: Rack A moves to the right with a speed of v4 and an acceleration of a4. Rack B moves to
the left with a constant speed of vp. Assume v4 = 0.8 m/s, ay = 2 m/s?, vg = 0.6 m/s, r = 0.1
m and R =0.16 m.

Find: Determine:
(a) The velocity of point P on the outer rim of the gear; and
(b) The acceleration of point P on the outer rim of the gear.

y i
no slip
A' and B’ are
on Hhe ywr o
oo,le, & ode,
g:xpa/t w be,mﬁad‘f‘ff/ also o.
J%mfe,qq_

o Rulate udoci//’7ou(: A’ % w./oc'cy at B’
To detern~rne’ to.

o Relote arrelornfon at F) fo  arcederafton
at B, and thun use components 1o
determuie o

2 4 A A

A S
« Rulate @y to Tply use b wwmpomw
/\
o fnd ap = dod /
O mowes In & straugut e

’ }Zuouff CbPﬁ’“’D o j“’d’ CL”



i

00 ek ol (f?

ey,

wWow (R 3*

N )
+ W b (Kt

(Vat Ve

(1.:»’ ? -5 e

r# T2 H f’;,,

\, ‘;a\
4

red /6

)

a3 ek
e T L T

) AN A
+CL 8 L + agi } + of {l}?‘“‘x { Q; r;“g :g
A A AN AAAAAA AR

0.

Con 5?@&4}"
Vg o




Jc‘lﬁd ;E}P ai)(f Cl./f:}

NI

.

s = =

Al

ﬁP _,____9.__./))"’ A a),kx CQ&‘?Q? /

_ oy
Tp = - (Vp T Qa)) 4+ de = .. mls
| ,x__i‘/Mﬁ e T
R /\ mﬁr
{*}"() g! -+ @/5 e (0;@/
/'(\ ARA A o A \ 2 [ A
doi = ek TOy 5 4+ wkx{Ry) — @ Bg
5(« auygnt i 3 I S
hnd ﬁd'ﬁﬁl O A eyl o ? A
{ v 2
L, Op. = — «R - o
 Zo = —xRE m?
_(—]ﬁj)b = “EE:O -+ X [ /6 . &)gm '3:*
f F £I0
N o
e AR A + Ll Ri — w({Ha }
» -
p (—-—~ oL R ~—~cof\> Lok K o
v ;o - . - “
ap = dR%@ o) A Y 3 [ 2




Example 2.A.2

Given: The belt-driven pulley and attached disk are rotating about a shaft passing through O.
At a certain instant, the speed v of the belt is known to be 1.5 m/s and the MAGNITUDE of the
acceleration of point A on the disk is 75 m/s®. Assume that the belt does not slip on the disk.

Find: For this instant:
(a) Determine the angular acceleration of the pulley and disk;
(b) Determine the acceleration vector of point B on the disk; and
(c) Determine the acceleration of point C on the belt.
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