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Lecture objectives

* Dynamics of a linkage mechanism
* |Introduction to the coursework
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Fundamental Laws of Rigid Body Motion .

Equations of motion E
—)+: ZFx = mGaG,x

T+: ZFy = mGaG,y

\t\'l': ZMG :]Ga

D’Alembert’s principle

—>*: F, — F"eTa = 3 —mgag, = 0
T IF, — E"e"e = 3F, —mgag, =0

m+: ZMG _ Minertia — ZMG _]Ga =0
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Fundamental Laws of Rigid Body Motion .

D’Alembert’s principle

Given: arbitrary point P with known a,

“inertia”
n
mag, forces

external
forces

t
n ¢ Macp
ag = ap +3gp + agp

oty My =M; + Fd — Jca — mPG?a + mapdp = 0
Mp + mapdp :]pa (3)
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Worked EXampIe III.6: Slider-crank meChanism UNITED KINGDOM -« CHINA - MALAYSIA

a, w,; = 100 rad/s = const.
BC =240 mm
6 = 450

AB = 80 mm
BG =120 mm

From Worked Example 11.4 in Planar Kinematics of Rigid Bodies:

agy = 400 m/s*; agy =579.7m/s?; ag, =282.8m/s*; a,=573.7m/s*; a=2283rad/s*

Assume frictionless cylinder and:
m; = 0.02kg, m, =0.06kg and m; =0.2kg
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Worked EXampIe III.6: Slider-crank meChanism UNITED KINGDOM -« CHINA - MALAYSIA

ag; = 400 m/s*; ag, =579.7m/s?; ag, =282.8m/s?; a,=573.7m/s*; a=2283rad/s*

myg = 0.02x9.8=0.196 N

mqdgq1 = 0.02x400=8N

12

m,; = 0.02kg, m, =0.06 kg and m¢c = 0.2 kg

mZaGy

Myagy

m,g = 0.06 X 9.8 = 0.588 N m.g = 0.2x98=196N

myag, = 0.06 X 569.7 = 34.18 N meac = 0.2 X 573.7 = 114.7 N
mpag, = 0.06 x 282.8 = 16.97 N

1
—mZBC2> ay = E0.06 x 0.24% x 2283 = 0.6575 Nm

1
J2a; :<
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Worked Example III.6: Slider-crank meChanism UNITED KINGDOM -« CHINA - MALAYSIA

B Total 8 E.O.M for 8 unknowns

mZaGy

Ay G \us | cC m
TG« G SO G o= —c C
A TAy m,g Cy oy X

Rigid body: 3 E.O.M Rigid body: 3 E.O.M Particle: 2 E.O.M
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Worked EXampIe III.6: Slider-crank meChanism UNITED KINGDOM -« CHINA - MALAYSIA

ag; = 400 m/s*; ag, =579.7m/s?; ag, =282.8m/s?; a,=573.7m/s*; a=2283rad/s*

m,; = 0.02kg, m, =0.06 kg and m¢c = 0.2 kg
Myagy,

Rigid body: 3 E.O.M Rigid body: 3 E.O.M Particle: 2 E.O.M

>t¥EL =0 C,+mea, =0 - C,=-mea,=—-114.7N

ot MEC = 0:
—CyBC c0s13.6° — C4BC sin 13.6° + mya;,BG sin 13.6° + myag, BG cos 13.6° —m,gBG cos 13.6° — a, =0 —
Cy =37.34N

T™3F =0 (,+N-meg=0 - N=m.g—-C,=-3538N
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Worked Example III.6: Slider-crank meChanism UNITED KINGDOM -« CHINA - MALAYSIA

ag; = 400 m/s*; ag, =579.7m/s?; ag, =282.8m/s?; a,=573.7m/s*; a=2283rad/s*
m,; = 0.02kg, m, =0.06 kg and m¢c = 0.2 kg

Myas, Cy =37.34N
N=—-35.38N

ol - 9 mc%ﬁ_é Cx
=—114.7 N
Cy

mcg
Rigid body: 3 E.0.M Rigid body: 2 E.O.M Particle: 0 E.O.M
>t eEPY =00 —Cy+mpage —By =0 — B, = —C,+myag, = 149.48N
1 3EPY =0: —C, —myg +myag, —B,=0 - B, =-2096N
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Worked Example III.6: Slider-crank meChanism UNITED KINGDOM -« CHINA - MALAYSIA

ag; = 400 m/s*; ag, =579.7m/s?; ag, =282.8m/s?; a,=573.7m/s*; a=2283rad/s*
m,; = 0.02kg, m, =0.06 kg and m¢c = 0.2 kg

Myas, Cy =37.34N
N=—-35.38N

ol - 9 mc%ﬁ_é Cx
=—114.7 N
Cy

mc9
Rigid body: 3 E.0.M Rigid body: 0 E.O.M Particle: 0 E.O.M

B, = 149.48 N

St SEA) = 0: A, +mya; c0s45°+B, =0 - A, =-155.16N
1 2E® = 0: A, +mya sind5°+ B, —myg=0 - A, =1550N

at MAE = 0:
T —mygAG; cos45° — ByAB sin45° + B,AB cos45° =0 — T =9.65Nm
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