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Power and Efficiency

Power. The term “power” provides a useful basis for choosing ¢,
type of motor or machine which is required to do a certain amount
work in a given time. For example, two pumps may each be ?ble to empy
a reservoir if given enough time; however, the pump having the larger
power will complete the job sooner. :

The power generated by a machine or engine that performs an amoyp,

of work dU within the time interval dt is therefore

P = 51—? (14-9)

If the work dU is expressed as dU = F - dr, then

P—dU—“F'dr—F-E
T At at dt

or

P=F-v ou-tvu.‘t (14-10)

Hence, power is a scalar, where in this formulation v represents the
velocity of the particle which is acted upon by the force F.

The basic unit of power used in the SI system is the watt (W). These
units are defined as

IW=1J/s=1N-m/s

Efficiency. The mechanical efficiency of a machine is defined as the
ratio of the output of useful power produced by the machine to the input
of power supplied to the machine. Hence,

; power output

£ (14-11)

power input




The man in Fig. 14-15a pushes on the 50-kg crate with a force of
F = 150 N. Determine the power supplied by the man when 1 = 4
The coefficient of kinetic friction between the floor and the crate i
i = 0.2, Initially the create is at rest.

£

Fig. 14-15

SOLUTION

To determine the power developed by the man, the velocity of the
150-N force must be obtained first. The free-body diagram of the crate
is shown in Fig. 14-15b. Applying the equation of motion,

+13F, = ma,; N — (2)150N - 5009.81))N =0
N =5805N

4 3F, = may (3)150N — 0.2(580.5 N) = (50 kg)a
a = 0.078 m/s?

The velocity of the crate when 1 = 4 s is therefore
(B) v=1 + at
v =0+ (0.078 m/s*)(4s) = 0.312m/s
The power supplied to the crate by the man whent = 4 sis therefore
P=F-v=Fp=(%)50N)0312m/s)

=374 W e
e




An automobile having a mass of 2 Mg travels up a 7° slope
at a constant speed of v = 100 km/h. If mechanical friction
and wind resistance are neglected, determine the power
dcvclng;d by the engine if the automobile has an efficiency
« = (.65,

SOLUTION

Egquation of Motion: The force F which is required to maintain the car’s constant
speed up the slope must be determined first.

+3F, = may; F — 2(10%(981)sin T° = 2(10°)0)
' F = 2391.08 N

_ | 100{(10°*) m (lh
Power: Here, the speed of the car is v = e LR

The power outpul can be oblained using Eq. 14-10.

) = 2778 m/s.

P = Fov = 2391.08(27.78) = 66.418(10°) W = 66.418 kW

Using Eq. 14-11, the required power input from the engine to provide the above
power outpul s

power oulput
ES

power input =

66418
- 065

~ 102KW Ans.

2(10°K9.81) N
?l




EXAMPLE | 14.8

The motor M of the hoist shown in Fig. 14-16a lifts the 35-kg crate C
so that the acceleration of point P is 1.2 m/s2. Determine the power
that must be supplied to the motor at the instant P has velocity of
0.6 m/s. Neglect the mass of the pulley and cable and take & = 0.85.

SOLUTION

In orde.r to find the power output of the motor, it is first necessary to
determine the tension in the cable since this force is developed by
the motor.

From the free-body diagram, Fig. 14-16b, we have

+| SF, =ma; -2T+35981)N = (35kg)a. (1)

The acceleration of the crate can be obtained by using kinematics to
relate it to the known acceleration of point P, Fig. 14-16a. Using the
methods of absolute dependent motion, the coordinates s¢ and sp can
be related to a constant portion of cable length / which is changing in
the vertical and horizontal directions. We have 2s- + sp = I. Taking
the second time derivative of this equation yields

ZaC = —dap (2)

Since ap = +1.2 m/s? thenac = —(1.2m/s?)/2 = —0.6 m/s>. What ”p
does the negative sign indicate? Substituting this result into Eq. 1 and
retaining the negative sign since the acceleration in both Eq. 1 and
Eq. 2 was considered positive downward, we have

lac

3508y NY 7

(b)
Fig. 14-16

2T + 35(9.81) N = (35 kg)(—0.6 m/s?)

T=1822N

The power output required to draw the cable in at a rate of 0.6 m/s is
therefore

P =T-v= (1822 N)(0.6 m/s)
= 1093 W

This power output requires that the motor provide a power input of
1
power input = ;(power output)

= (1093 W) = 129W Ans

NOTE: Since the velocity of the crate is constantly changing, the
power requirement is instantaneous.
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SOLUTION

(B) vemtal
25 =0+ a (30)
a, = 08333 m/s?

Fg a,

F = 361893N

= H.ma" 'Ha & maximum ng'ﬁf mpm az the motor can be dﬂmrmtmd [mm

_ ‘me, uze manm mma;t tnpul is given ﬁ?
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avorage power supplied by the cagine.

Kinematics: Tho constant accoleration of the car can bo delermined from

Eguations of Motlon: By rcferring 1o the free-body dilgrllﬁ of the car !mtm ﬁn

{:Tu.,,},.,ﬂ = %f-tsfn(zl) - STWMW
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*14-56.

The 10-1b collar starts from rest at A and is lifted by
applyiag a constant vertical force of F = 25 b to the cord.

If the rod is smooth, determine the power developed by the

force at the instant 8 = &0°.

SOLUTION
Work of F

Uy = 25(5 — 3.464) = 3840 Ib- M1
Ty + 32U =13

1.1 .
0 + 3840 - 10(4 - 1.732) = 5(355 v

» = 10.06 [1/s
P = F-v = 25cos 60°(10.06) = 125.76 [1 - Ib/s |

? = (0.229 hp

Ans.




~ The block has a mass of 0.8 kg and moves within the smooth
vertical slot. If it starts from rest when the attached spring is
in the unstretched position at A, determine the constant
- vertical force F which must be applied to the cord so that
the block attains a speed vg = 2.5 m/s when it reaches B;
sp = 0.15 m. Neglect the size and mass of the pulley. Hint:
The work of F can be determined by finding the difference
Al in cord lengths AC and BC and using Up = F Al.

SOLUTION
Iac = V(03) + (0.4)2 = 0.5m

Igc = V(0.4 — 0.15)* + (0.3)? = 0.3905 m
TAo+2ZUp =Ty

fo
0 + F0S5 - 0.3905)—%(100)(0.15)2 —~ (0.8)(9.81)(0.15) = 5(0.3}(2_.5)2

F=439N

Ans.




If the cord is subjected to a constant force of F = 300 N
and the 15-kg smooth collar starts from rest at A, determine

the velocity of the collar when it reaches point B. Neglect
the size of the pulley.

SOLUTION

Free-Body Diagram: The free-body diagram of the collar and cord system at an
arbitrary position is shown in Fig. a.

Principle of Work and Energy: Referring to Fig. a, only N does no work since it
always acts perpendicular to the motion. When the collar moves from position A to
position B, W displaces vertically upward a distance A = (0.3 + 0.2) m = 0.5m,

while force F displaces a distance of s= AC — BC = V0.72 + 0.4% —

/022 + 022 = 0.5234 m. Here, the work of F is positive, whereas W does
negative work.

%
Ta+t3U,s p=Tp :
0 + 300(0.5234) + [~15(981)(0.5)] = 5 (15)v
vg = 3.335m/s = 3.34m/s Ans.




The 50-Ib block rests on the rough surface for which
the cocfficient of kinetic friction is uy = 02. A force
F = (40 + 5%) 1b, where s is in ft, acts on the block in the
direction shown. If the spring is originally unstretched
(s = 0) and the block is at rest, determine the power

developed by the force the instant the block has moved
s=151.

SOLUTION o L R e T s
+1 ZF =0, Ng— (40 + 6} sin30° - 50 = 0 L | : e -—F

Ny = 70 + 0582 - b o . :

H+iU=T,

_ b 2 n 0 %2 ml(iﬂ)
0+ fu (40 + 52) cos 30 ds — 5 (20)(1.5) t),zfa (0 + 05%)ds = 5( 2 @

0 + 5293 — 22.5 — 21.1125 = (776413
v, = 346511 /s

When s = 1511,

F =40+ (15) = ﬂlﬁlh |
Pu=F-ym (42.255'.@115 1(3‘}(‘!4&‘3} |

P=126T91:b/s =02 hp |\ | || | | Ans. _




-"l‘he 1000Hb elevator is hoisted by the pulley system and

- motor M. If the motor exerts a constant force of 500 Ib on

the cable, determine the power that must be supplied to the

motor at the instant the load has been hoisted s = 15 ft
starting from rest. The motor has an efficiency of & = 0.65.

- SOLUTION
. Equation of Motion. Referring to the FBD of the elevator, Fig. ,
+13F, = ma,, 3(500) — 1000 = %a .
a=T6HN/F— ;
When S = 1571, =
+t v = g§+ Za,(S S P = = 2(16. I)(i'F]

v =121 98 fl/s

Power. Appl;ﬂgghq 14-9, the pmver oulput is =5
P = F- V= = 3(500)(21.98) = 32. 97( 10°) 1h- /s
- The pﬂ%i‘ mpul can be dc_lcrmm;é using Fq. 149
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. 2
= 209 U + 409 &3’
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-
Roo 4 wos A
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é 2(.)2'.)4.0-3 =0 “"‘"""@

5
. :
15 Gy + 10 (-euw) =

_ 2
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| 0 -5
5SS Up = 5




SOLUTION

Block A:

NIF, = ma; N, - 6ol = 0
N,=2b
Fa=0100) = 3

+ALF, ~may; Ny~ 4o XP -0
Ng=Msd b
 Fa= 01(464) = 34641
Uec tha apviam o both blocks. N, N, T, s R do no work.
T+ =1

e . Sy 1/ 40
0+ 0) + 60sin60FlAs,] — 400 XP1As, ~ JAs]- 3464|185, = E(Tﬁ)"}' + E('-ﬁ)"f'

Za, +Ex = :i’

TAxy =~ Aiy

When jas,] - E fi.iax j-f =1h
Aka, | |

2’%‘ g

Substituting and sohong, e o i AN

Hy i “ ﬁfﬂ




'-jﬁzm_md'mmuaﬂsmhmwmm |

| it =1 3:,;—=.=i :

| M- Aty =0 Agy- 282, =209 - Ml

1 | p—-03=0 | e
?quwmquummemqmm ' i

+EZFy =may; N~ 60(5) {(}). N =80

_M@Mnﬂwmmmmmm W, whichactsin =

__Eghedrrm of the dnpmdmpmﬂmm W.aﬁiiis mfum&_f____

al rest rmls:-ﬂlly.t, - i}gw;ymggq 14.7, we have
Tg 52{;1 2_?2

s 3 2 GO0 &) ! IEI_; v
= (ﬂ‘_’[g ff"}] LG = MG {a;u)”: 3(”;?‘?)”5*
e 1236.48 - 60, + 106} | HEL

B (1) and (2) yoehs

?ifﬁ FI




Dynamics

Dr. Hashem Alkhaldi
Suggested Problems: Chapter 14

(12 problems, 2 pages)

g=9.81 m/s? = 32.2 ft/s®

Q1) The spring has a stiffness k = 401b/ft and an
unstretched length of 2 ft. As shown, it is confined by the
plate and wall using cables so that its length is 1.5 ft. A 6-1b
block is given a speed v4 when it is at A, and it slides down
the incline having a coefficient of kinetic friction p; = 0.2.
If it strikes the plate and pushes it forward 0.25 ft before
stopping, determine its speed at A. Neglect the mass of the
plate and spring.

Q3) If the cord is subjected to a constant force of
F =400 N and the 15-kg smooth collar starts from rest at A,
determine the velocity of the collar when it reaches point B.
Neglect the size of the pulley.

180 mm
)

F=400N

QS5) The 50-Ib block rests on the rough surface for
which the coefficient of kinetic friction is u; = 0.2. A force
F = (50 + s%) Ib, where s is in ft, acts on the block in the
direction shown. If the spring is originally unstretched
(s = 0) and the block is at rest, determine the power
developed by the force the instant the block has moved
s = 1.8 ft. F

3Ni k =25 T /it

Q2) When s = 0, the spring on the firing mechanism is
unstretched. If the arm is pulled back such that s =130 mm
and released, determine the maximum angle 6 the ball will
travel without leaving the circular track. Assume all surfaces
of contact to be smooth. Neglect the mass of the spring and
the size of the ball.

k =1500N/m

Q4) The elevator E and its freight have a total mass of
450kg. Hoisting is provided by the motor M and the 60-kg
block C. If the motor has an efficiency of € =(.7, determine
the power that must be supplied to the motor when the
elevator is hoisted upward at a constant speed of v = 5 m/s.

\ .
- 5

Qﬁ) If the cord is subjected to a constant force of

F = 401b and the smooth 15-1b collar starts from rest at A,
determine its speed when it passes point B. Neglect the size

of pulley C.

- 1
y y=1+2

|-—If[ ! 30 ! 2 i—



Q7) The 10-kg sphere C is released from rest when Qs The roller coaster car has a speed of 20 ft/s when it

# = 0° and the tension in the spring is125 N. Determine the is at the crest of a vertical parabolic track. Determine the
speed of the sphere at the instant § = 90°, Neglect the mass car’s velocity and the normal force it exerts on the track
of rod AB and the size of the sphere. when it reaches point B. Negleet [riction and the mass of the
wheels. The total weight of the car and the passengers
i83001b.
¥
|
=200 /s
—
¥ = =i (40000 — x%)
200 1t

PTAVAVATAVAVA N

200 1t {

Q10) Thel5-Ib box falls off the conveyor belt at 5-ft/s. If
Q9) The assembly consists of two blocks A and B the coefficient of kinetic friction along AB is p; = 0.2,
which have a mass of 25 kg and 40 kg, respectively.  determine the distance x when the box falls into the cart.
Determine the speed of each block when B descends 2 m.
The blocks are released from rest. Neglect the mass of the
pulleys and cords.

351t

Q12) The girl has a mass of 50kg and center of mass at G.

Q11) Design considerations for the bumper B on the If she is swinging to a maximum height defined by 6 = 70°,
4-Mg train car require use of a nonlinear spring having the ) determine the force developed along each of thi four
load-deflection characteristics shown in the graph. Select supporting posts such as AB at the instant 6 = 0°. The

swing is centrally located between the posts.

the proper value of k so that the maximum deflection of the . i ) o
b) repeat solving part (a) again at instant 6 = 30.

spring is limited to 0.3 m when the car, traveling at 5 m/s,
strikes the rigid stop. Neglect the mass of the car wheels.

F = ks*

s (m)




