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The gear train shown operates in a horizontal plane and is used to transmit motion to the rack D
of mass mp. If an input torque M is applied to gear A, what will be the resulting acceleration a of

the unloaded rack? (The mechanism which it normally drives has been disengaged.) Gear C is E] Continue to post
: : Related
keyed to the same shaft as gear B. Gears A, B, and C have pitch diameters dp, dg, and d¢, and videos 20 questions remaining
centroidal mass moments of inertia /5, Ig, and I, respectively. All friction is negligible.
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Draw the free body diagram of the gear A.
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Figure (1)
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Since the gear B and gear C is keyed to the same shaft, the angular acceleration of the gear g
and gear (" is equal.

oy =a.

= {IHE'

Here, . is the angular acceleration of the gear gand gear (', &, is the angular

acceleration of the gear g, and a,. is the angular acceleration of the gear (.

Write the relation between angular acceleration of the gear .4 and angular acceleration of the

gear B and (.
d d
?rr&'g = '?Eﬂnr
d o
&y = . b §
dy

Here, a, is the angular acceleration of the gear 4, 4 is the pitch diameter of the gear g, and

‘fj is the pitch diameter of the gear A.
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Write the acceleration relation for the rack.

a=%q,

2 B
Here, a is the resulting acceleration of the unloaded rack, and d.. is the pitch diameter of the
gear (.
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Substitute ———* for a,,..
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From the figure (1), taking moments about point 4:

EMJ =1,a,
M_ﬁxﬁrﬁ' = ‘;;1'1,-1
2
M_Irraﬂ =d_ﬂHFAH
2
2
Fr.ll _d_{*w-f,lﬂ,l}

Here, Af isthe inputtorque, f, isthe centroidal mass moment of inertia of the gear 4, and

F is the force acting on the gear A and gear B.
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Draw the free body diagram of the gear g and (.
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Figure (2)
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From the figure (2), taking moments about the center of the gear:

ZM.EL‘ = (I +1c)ay

o i .
- ; Fﬂi' +T{- Fn:r :{!3 +I{.‘]a.-r{'

Here, [, is the centroidal mass moment of inertia of the gear g, /. is the centroidal mass
moment of inertia of the gear (', [, is the force acting on the gear C and rack D, and 4. is

the pitch diameter of the gear (.

2
Substitute d—{M—f,,&‘r,} for F,,.
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Draw the free body diagram of the rack [j.

mp

e X
Fep

Figure (3)

Comment

Step 8 of 9

From the figure (3), resolving the forces in the vertical direction.

ZF = M,

_Fal_"n = mpyda

Here, m,, is the mass of rack p.

Substitute di[{fﬂ +1.)ay, +d—;|di[M—I_{ad]" for F., . —% for ., and
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By solving the preceding equation, the following relation is obtained.

Cda(ly+1) dal dy _ 2dyM
d;. didy, 7 dd,
dad; (1, +1.)+4al d; + mpad;di  2d,M
ded dd,
al4d}1, +4d; (1, +1.)+ mydd] | =-2d d,d .M
2d d,d.M

4d3l, +4d5 (1, + 1)+ mydid’ |

Therefore, the resulting acceleration of the unloaded rack is

zdﬂdﬂdf'm
5 5 5 A d{}Wﬂ. .
[4dl +4d (1, + 1)+ mydld:, |
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Chapter 6, Problem 12P Chapter 6, Problem 140P

If the collar P is given a The 8-kg crank OA, with :-‘_ﬂ!l - |
constant acceleration a = mass center at G and Al o 0l

< 3g to the right, the radius of gyration about >
pendulum will assume a O of 0.22 m, is connected | I
steadystate deflection 6 to the 12-kg uniform 10.18 m |
= slender... -
See solution See solution
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