ME 104: Homework 7 Solutions

Prof. Karl Hedrick: University of California, Berkeley



Chapter 15, Solution 8

w, =6900 rpm(é—g)

=722.57 rad/s
t=4min=240s

(a) w=w,+at; 0=72257+ «(240)

a =-3.0107 rad/s a=-3.01rad/s’ 4
(b) O=wyt + %atz = (722.57)(240) + %(—3.0107)(240)2

6 =173,416 - 86,708 = 86, 708 rad

<9=86,708rad[ Lrev ] 0=13,800 rev 4

27 r
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AC = (350 mm)i — (200 mm)j + (200 mm)k  AC = 450 mm
AC _ 350i —200j +200k 1

Ape =— == (7i—4j + 4k
AT AC 450 9( J )

o=l =9 rad/s)%(?i — 4j + 4K)

o = (7 rad/s)i — (4 rad/s)j + (4 rad/s)k a=0
Corner F: reg = (=175 mmyji + (100 mm)k
=—(0.175 m)i + (0.100 m)k
Ve =0XTgg
[ j k
=l 7 -4 4
-0.175 0 0.100
=-0.4i +(-0.7-0.7)] - 0.7k

Ve =—(0.4 m/s)i — (L4 m/9)j — (0.7 M9k <

a=0
aF =oxlgg +Ox(@xrgg)
=0+ox Vg
a =Ox Vg
[ j k
=7 -4 4
-04 -14 -07

=(2.8+5.6)i + (-1.6+4.9)j + (-9.8-1.6)k

ac = (8.4 m/s?)i + (3.3 m/s?)j — (114 m/s?)k o
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(@ t=0:
by t=2s:

(o0 t=4s:

Uniformly accelerated motion.

o=wy+at=0+at w=oat
a=ra a,=ro’=ra’?
ag=a’ +a’ =r’a? +r’a*t* =r?a®(1+ at*)
ag =ra(l+ athy?
r=02m, a=0.3rad/s’
ag = (0.2)(0.3)(1+ (0.3)%t*)¥?
= 0.06(1+ 0.09t*)Y2

ag = 0.06(1+0)
ag = 0.06(1+ 0.09x 2*)"?

ag = 0.06(1+ 0.09x 4*)"?

ag = 0.0600 m/s* <
ag = 0.0937 m/s® <

ag =0.294 m/s> <
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a, =ra = (0.025 m)(120 rad/s?)
W J=/20 rodfs™

a, =3ms’, g
(@ t=05s o= at = (120 rad/s?)(0.5 s) = 60 rad/s C1— \r=25‘w
a, =ro’ = (0.025 m)(60 rad/s)? 2e
a, =90 m/s” —
ag =a +a; =3 +90° ag = 90.05 m/'s® <

(b) t=2s: o = at = (120 rad/s?)(2 s) = 240 rad/s
a, =ro’ = (0.025 m)(240 rad/s)®

a, =1440 m/s?

a2 =a’ +a’ =3* +1440° ag =1440 m/'s” <«
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Vg =Vat Veia
[Vg =7 30°] = [L.2 mVs ]+ [V~ 25°]
Law of sines.

V& Vga _L12m/s

sSn65° sin60°  sin55°

(b)
Vg =1.269 m/s~ 65°

Vg = (AB)@pg
1.269 m/s= (0.5 m)w,g
Wz = 2.538 rad/s

(@)

Vg =1.328 m/s 7 30° <

0,5 =254radls 0 4
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D

Yy

()

Wy

Arm AB: wpg =90 rpm =37 rad/s )

Vg = Iag®@ps = (15)(37) = 457 in./s \,
Gear A: w, =120 rpm = 4z rad/s

Vp =0, = (6)(47) = 247 in/s \
Gear B: Vp =Vg +Vppg

247\, =457 \ + Vs
Vo =217 in/s™
“"s

= 2\ ) + C:-B

wg =710 rpm)

<
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Law of sines.

AC _ BC
sin[90°— (B —6)]  Sin(90° - 6)
|
~ns
AC _ BC
cos(f—6) cosf
|
“sing
AC = LB =0)
sing
BC =19
sng

Angular velocity: vy =(AC)w =1 wa)
sin

B

Va sing

| cos(f—-6)

Velocity of B: Vg =(BC)o =

sing
Ve —v cost
" cos(8-0)

_Va_sing _3m/s  sin50°

cosf |V,  sing
| cos(f-0)

@) T = T
cos(f—-6) 0.6 m cos(50°—20°)

o =4.423 rad/s

® R a

_(3miy) co0s20
cos(50° — 20°)

Vg =3.2552 m/s

Locate the instantaneous center at intersection of lines draw perpendicular to v, and V.

|

Data: 6=20°, f=50° 1=06m, v,=3m/s

0=442radls ) 4

Vg =3.26 m/s A 50° 4
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Velocity. T =Tooth of gear D in contact with gear A
Gears: Vi =rw, =(3in)w,
Since v¢ =0, Eisinstantaneous center of gear D.
Vp =2rap
(Bin)w, =23in)wy
1

O =—0
D A
2

Vp =frawp =(3 in.)%a)A =(15in)w,

. Wwe
Spider:
Vp =(6in)wg ) ‘\

i )} *
(L5 in)a, = (6in)og % /
s :%Q’A

®, =150 rpm =15.708 rad/s )

op = 1a)A =7.854 rad/s)
2

g = L, —3.927 radls »
4

Acceleration. /}‘ w\
Spider: wg = 3.927 rad/s s ot
a, = (AD)w? = (6 in.)(3.927 rad/s)* ;( / ap
ap =92.53in./s? /
Gear D:

Planemotion = Trans. withD +  Rotation about D




PROBLEM 15.119 (Continued)

(@ Tooth T in contact with gear A.
ar =ap +ayp =y +(DT)w}
=9253in./s? / +(3in.)(7.854 rad/s)? /
=9253in./s’ / +185.06in./s? /
a; =92.53in/s* /

a; =92.5in./s* 4
(b)  Tooth E in contact with gear E.

ag =ap +agp = ap + (ED)wj
=9253in/s? / + (3in.)(7.854 rad/s)? /
=92.53in/s* / +185.06in/s* /
ag =277.6in./s” / az =278in./s’ 4




