ROSE-HULMAN INSTITUTE OF TECHNOLOGY
Department of Mechanical Engineering

ES 204 Mechanical Systems

Example Problem - Le 22

7.27  Arm BC has a mass of 12 kg and the mass
moment of inertia about its center of massis 3
kg-m?. If aam AB has a constant clockwise
angular velocity of 2 rad/s and arm BC has a
counterclockwise angular velocity of 2 rad/s
and a clockwise angular acceleration of 4
rad/s’,
determine:

a) the couple exerted on arm BC at B,

b) thereactionat B
(taken from Dynamics, 2nd Edition by Bedford
& Fowler)

700 mm

Strategy: Isolate system (arm BC)
Kinetics (COLM, COAM RF)
Kinematics (relative accel eration)

A A

Given: Wy, =-2K , 8,5 =O0K , Wy 2K , @pe =-4K , I oo =3, My =12
Kinetics:
FBD KD unk 1eqs
M (1)
B, 2
My Mac s, =
aecex | (4)
aceey | (5)
ax |(6)
Mg e, sy (7
a  |(8)
| GBCa BC day (9)
COLM(RF)
x dir: B, = Mgc8gpc, @
y dir: B, - Mgc.g = Mpc8gpc, 2
COAM(RF) about B
M - My 9(0.3¢0540) = I 5008 g +Mycg e, (0.3c0540)- Mycag,., (0.3sin40) 3)
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Kinematics:

. a3 i~ 3 = a T 2T
Arm BC: Acpc — A T g, 8 = Tape Tg, 8~ Waclo, /s

A A

~ ~ - . K - 2 K :
aGBCXI +aGBCyJ _aBXI +aByJ +aBCk (rGBc/Bxl +rGBC/ByJ)- WBC(rGBc/Bxl +rGBc/ByJ)

_ o * * o 2 o 2 °
= ag,! +aByJ +aBCrGBC/BXJ - aBCrGBC/Byl - WBCrGBC/BXI - WBCrGBC/ByJ

- — 2
1Y @ggcy T8y - aBCrGBC/By - WBCrGBC/BX
. — 2

J- aGch _aBy +aBCrGBC/BX - WBCrGBC/By

(4.5

. —_— —_— —_ —_— —_— Va— 2 —
Arm AB: aB—aA+aB/A—aB +a 5 rB/A-WABrB/A
o~ S o~ ~ ", o~ ~ 2 o~ ~
Ag,l tag, | =a,l +3, ] +a gk (rB/AXI + rB/Ayl)' Wge (rB/AXI + rB/AyJ)
_ o < < o 2 o 2 -~
=ap,l + aAyJ +aABrB/AXJ - aABrB/AyI - WABrB/AXI - WABrB/AyJ
- — 2
1o 8g, = ap, - aABrB/Ay - WABrB/AX

2

J: aBy - aAy +aABrB/AX - WABrB/Ay

Geometry and Constraints:
. =0.3c0s40i +0.3sin40]j
GBC/B

rga =0.71 +0.0]

a, =0.0i +0.0] (8,9)

Solving:

B, = 35.4N -
By = 97.4N -
M =17.2NmCCW
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