HW 6,ME 240 Dynamics, Fall 2017

Nasser M. Abbasi

December 30, 2019

0.1 Problem 1

A 741 1b floating platform is at rest when a 210 Ib crate is thrown onto it with a horizontal
speed v = 15 ft/s. Once the crate stops sliding relative to the platform, the platform and the
crate move with a speedv = 2.652 ft/s. Neglecting the vertical motion of the system as well as
any resistance due to the relative motion of the platform with respect to the water, determine
the distance that the crate slides relative to the platform if the coefficient of Kinetic friction
between the platform and the crates u; = 0.28.

e [l

Let state 1 be when the crate is thrown at the platform. Let the crate by body A and the
platform be body B. We will use work-energy to solve this.
T+ Vi + ui'réternal + uiazcternal =T,+V,

Where Uit is work done due to internal forces between the two bodies, which is the
friction. We will use notation v4, to mean velocity of A in state 1 and v,4, to mean velocity
of A in state 2 and the same for body B. Therefore the above equation becomes

1 2 1 2 i 1 2 1 2
> MAVA, + MV, —j; Uxm8dx = >MAVa, + 5T,
Notice that V; = V, and hence they cancel. Also since in state 2 both body A and B move
with same speed v, and also v, = 0, then the above simplifies to

1 1
EmAvil — wmagd = > (m 4 + mp) v?

We now solve for d, the distance that body A (the crate) slides. The above is one equation
with one unknown.

~ %mAvil - % (m 4 + mg) v?

Hkmag
_1(210) (15)* - (210 + 741) (2.652)°
2 (0.28) (210) (32.2)
=10.712 ft

0.2 Problem 2
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Blocks 4 and B are released from rest when the spring is unstretched. Block.4 has a mass
m 4 =4 Kg, and the linear spring has stiffness ¥ = 9 N/m. If all sources of friction are

negligible, determine the mass of blockB such that B has a speed vy = 1.3 m/s after moving

1.5 m downward, assuming that4 never leaves the horizontal surface shown and the cord

connecting.4 and B is inextensible.

k A

Let state 1 be just before release and state 2 after it moves by 1.5 meter

state 1 T, =0,V =0 state 2

k

— W

datum datum e

1.5 meter

>

Therefore

Ty + Vy + Ujgerm 4 ygglena = T, + v,
T, = 0,V; = 0 and U;, = 0 since there is no friction and no external force. T, =
% (m, + mg)v? since both bodies will have same speed. V, comes from spring and gravity.
The distance i = 1.5 meter. Therefore V, = %khz—mth since spring extend by same amount
mp and m, moves. The above becomes

1 1
0= E (mA + mB)UZ + Ekhz —mth

Where v above is 1.3 since both bodies move with same speed. We want to solve for mp
the only unknown in this equation

1 1 1
0= Emsz + Evaz + Ekh2 — mpgh
1 1 1
=mpg (502 —gh) + ETI’IAUZ + Ekhz
mAv> + kh?
mp= —————
B™ ogh—?
Plug-in numerical values gives
_ @3’ +©) s’
P 29.81)(15) - (1.3)
= 0.974 kg

0.3 Problem 3



Consider the simple catapult shown in the figure with an 814 Ib counterweight 4 and a

129 1b projectile B. If the system is released from rest as shown, determine the speed of the
projectile after the arm rotates (counterclockwise) through an angle of 110° Model and B

as particles, neglect the mass of the catapult's arm, and assume that friction is negligible. The
catapult's frame is fixed with respect to the ground, and the projectile does not separate from

the arm during the motion considered.
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Let state 1 be just before release and state 2 after it rotation.
B =110 —

STATE 1 STATE 2
A

T, =0

_1 2,1 2
Vi = —mpgLisina +magLssin o Ty = 3mp(Liw)” + gma(Low)

Vo =mpgLyisin 8 —magLssin 8

Ty + Vi + Ui + Uggemd = T, + v,
But U, = 0 since there is no friction and no external forces. Now T; = 0 since at rest. And
Vi = -mpgLisina + mygl, sina
Where a = 36°. In state 2

T; = %mB (Liw)” + %mA (Low)”

Where w is the angular velocity, which we do not know, but will solve for. And
Vo = mpgLysin —mugL, sin 3

Therefore (1) becomes

1 1
—mBng sina + mAng sina = EmB (Lla))z + EmA (LzCU)Z + mBgL1 Sinﬁ - mAng Sin

1 1
—mpgLisina + magLl, sina — mpgly sinf + mugL, sinf w? (—mBL% + —mALg)

2 2
- magL, (sina + sin ﬁ) —mpgLy (sina + sinﬁ)
“T %mBL% + %mAL%
2 (mAgL2 - mBng) (Sinoc + sinﬁ)
w =

mBL% + mAL§

Now we solve for w and use it to find speed of B from vg = Lyjw. Since m, = 814, mp =



129, =10,L, = 5,a = 36,8 = 110 — 36 = 74° then

o \/2((814) (32.2) (5) - (129) (32.2) (10)) (sin (36 (5= ) + sin (74 (55 )))
(129)102 + (814) 5

= 2.888 rad/sec

Hence
vg = Liw
=10(2.888)
= 28.88 ft/sec

0.4 Problem 4

A cyclist is riding with a speed v =21 mph over an inclined road with & = 13° Neglecting
aerodynamic drag, if the cyclist were to keep his output power constant, what speed would he

attain if¢ were equal to 20°?

T

Power P is

P=Fv

Where F is force generated by cyclist. From force balance we see that F = mgsin 6. Hence
for constant power, we want

(mg sin 130) v = (mg sin 200) vy

Solving for v,

(mg sin 130) 2
(mg sin 200)
_sin (13(5))
sin (20 ()
=13.812 mph

Uy =

21

0.5 Problem 5



The motor B is used to raise and lower the crate C via a pulley system. At the instant shown,
the cable is being retracted by the motor with the constant speed'. = 4.5 ft/s. The weight of

the crate isi# ¢ = 460 Ib. If the power meter .4 shows a power input to the motor of 1.37 hp,

determine the overall efficiency of the system.

Where ¢ is the efficiency and P,,; is power out and P;, is power in. But P,,; = Fv.. So we

just need to find force in the cable that the motor is pulling with. This force is W since
there are 4 cables and hence the weight is distributed over them, and then the tension in

the one cable attached to the motor is VIV . Now we have all the information to find ¢

Pyt = (4.5) (?)

= 517.5 Ibft/sec

But hip = 550 lb-ft/sec, therefore in hp the above is % =0.941, hence

_oom
T3 T

0.6 Problem 6

Assuming that the motor shown has an efficiency £ = 0.78, determine the power to be
supplied to the motor if it is to pull 216 Ib crate up the incline with a constant speed

¥ = 6.6 Tt/s. Assume that the Kinetic friction coefficient between the slide and the crate is
My =0.24 and that & = 28°,

Mass of crate is % slug. (note, number given 216 is weight) These problem should make
it more clear if /b given is meant to be weight or mass.



We need to find P;,,. We are given ¢. We now calculate P,,; and then will be able to find P;,.
But P,,; = Fv, where F is force given by motor to pull the crate. From free body diagram,
we see that this force is F = ymgcos 0 + mgsin 6. Hence

P = (ymg cos 0 + mgsin 9) v
= mg(pcos@+sin9)v

_ (32;_62) (32.2) (0.24 cos (28 (%)) + sin (28 (L%))) (6.6)

= 971.374 IbAft/sec

_INITA
T 50 0P
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