Elementary Dynamics Example #29: (Rigid Body Kinematics — Pure Rotational Motion)

Given: r;=6(in), r,=4(in), r; =2 (in) A Ak
~1000 (rpm) CCW |7
a,="5 (r/s*) CCW

- no slipping between the gears
- radii represent the pitch circles
Find: a) w,, w,

b) a,, g
C) Aps Ay
Solution:

a) Because the gears do not slip relative to each other, |v, =V, | and

<<
w

=V

xR

Vs =101 ] =V =10, §| =|@, =1t ) @, = 3(1000) 1500 (rpm) CW

Va =120, | =Yy =103 ]| =| 3= )0, =4(1500) =300 (rpm) COW

Each of these rates can be expressed in radians/seconds by multiplying by —75 For example,

1000287 L Mia 27 rad ~1000(%%) ~104.7 (rad/s)

ﬁ'nq 60 sec | 1 re¢

b) Because the gears do not slip, the accelerations of the contact points tangent to the

contacting surfaces must be equal. Thatis, |(a,) =(ax)_|and |(ag) =(as),_ |

(QA)tan =ra, | :(QA’)tan =na, j| =|a, =(%)051 =8(5)=7.5 (1/s*) CW

(2s) =-ra, j=(ay) =T j| =|a —(r—z) —15 (r/s?) CCW

. Using the equations for

c) ForA, |e,=i|and |e,=j|.For A’, |e,=—i|and |e, =]

J —

radial and transverse acceleration for constant radius motion,
a,=—Tali+na, j= (_(%)(104.72)2)1 +((§)5) i ~-5480i+25 j (fis?)

a, =N i +1,a, j:(_(%)(lsoggzm)zj i+((£5)7.5) | ~8225i +25 j (fUs?)

Note that the accelerations of Aand A’ are equal only in the tangential direction, j .

Their accelerations in the i direction differ in both magnitude and sign.
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