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Lecture objectives

• Dynamics of a linkage mechanism

• Introduction to the coursework
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D’Alembert’s principle

Fundamental Laws of Rigid Body Motion

→+: Σ𝐹𝑥 = 𝑚𝐺a𝐺,𝑥

↑+: Σ𝐹𝑦 = 𝑚𝐺a𝐺,𝑦

↶+: Σ𝑀𝐺 = 𝐽𝐺𝛼

→+: Σ𝐹𝑥 − 𝐹𝑥
𝑖𝑛𝑒𝑟𝑡𝑖𝑎 = Σ𝐹𝑥 −𝑚𝐺a𝐺,𝑥 = 0

↑+: Σ𝐹𝑦 − 𝐹𝑦
𝑖𝑛𝑒𝑟𝑡𝑖𝑎 = Σ𝐹𝑦 −𝑚𝐺a𝐺,𝑦 = 0

↶+: Σ𝑀𝐺 −𝑀𝑖𝑛𝑒𝑟𝑡𝑖𝑎 = Σ𝑀𝐺 − 𝐽𝐺𝛼 = 0



Fundamental Laws of Rigid Body Motion
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Given: arbitrary point P with known aP

G

G

JGα
F

MG
P

d

P

maGP

maP

n

maGP

t

dP

external

forces

“inertia”

forces

(3)

D’Alembert’s principle

a𝐺 = 𝑎𝑃 + a𝐺𝑃
𝑛 + a𝐺𝑃

𝑡

↶+: 𝑀𝑃
′ = 𝑀𝐺 + 𝐹𝑑 − 𝐽𝐺𝛼 −𝑚𝑃𝐺2𝛼 +𝑚a𝑃𝑑𝑃 = 0

𝑀𝑃 +𝑚a𝑃𝑑𝑃 = 𝐽𝑃𝛼



Worked Example III.6: Slider-Crank mechanism
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From Worked Example II.4 in Planar Kinematics of Rigid Bodies:

Assume frictionless cylinder and:

AB = 80 mm

BC = 240 mm

BG = 120 mm

θ = 45O

ω1 = 100 rad/s = const.

a𝐺1 = 400 Τ𝑚 𝑠2 ; a𝐺𝑥 = 579.7 Τ𝑚 𝑠2 ; a𝐺𝑦 = 282.8 Τ𝑚 𝑠2 ; a𝑐 = 573.7 Τ𝑚 𝑠2 ; 𝛼 = 2283 𝑟𝑎𝑑/𝑠2
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Worked Example III.6: Slider-Crank mechanism
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Worked Example III.6: Slider-Crank mechanism

𝑚1𝑔 = 0.02 × 9.8 = 0.196 N

𝑚1a𝐺1 = 0.02 × 400 = 8 𝑁 𝑚2a𝐺𝑥 = 0.06 × 569.7 = 34.18 𝑁

𝑚2a𝐺𝑦 = 0.06 × 282.8 = 16.97 𝑁

𝑚𝐶a𝐶 = 0.2 × 573.7 = 114.7 𝑁

𝑚2g = 0.06 × 9.8 = 0.588 𝑁 𝑚𝑐𝑔 = 0.2 × 9.8 = 1.96 𝑁

a𝐺1 = 400 Τ𝑚 𝑠2 ; a𝐺𝑥 = 579.7 Τ𝑚 𝑠2 ; a𝐺𝑦 = 282.8 Τ𝑚 𝑠2 ; a𝑐 = 573.7 Τ𝑚 𝑠2 ; 𝛼 = 2283 𝑟𝑎𝑑/𝑠2

𝐽2𝛼2 =
1

12
𝑚2𝐵𝐶

2 𝛼2 =
1

12
0.06 × 0.242 × 2283 = 0.6575 𝑁𝑚
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Rigid body: 3 E.O.M Rigid body: 3 E.O.M Particle: 2 E.O.M

Total 8 E.O.M for 8 unknowns
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Worked Example III.6: Slider-Crank mechanism
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Rigid body: 3 E.O.M Rigid body: 3 E.O.M Particle: 2 E.O.M
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Worked Example III.6: Slider-Crank mechanism
a𝐺1 = 400 Τ𝑚 𝑠2 ; a𝐺𝑥 = 579.7 Τ𝑚 𝑠2 ; a𝐺𝑦 = 282.8 Τ𝑚 𝑠2 ; a𝑐 = 573.7 Τ𝑚 𝑠2 ; 𝛼 = 2283 𝑟𝑎𝑑/𝑠2

↑+ Σ𝐹𝑦
𝐶 = 0: 𝐶𝑦 + 𝑁 −𝑚𝐶𝑔 = 0 → 𝑁 = 𝑚𝑐𝑔 − 𝐶𝑦 = −35.38 N

↶+ Σ𝑀𝐵
𝐵𝐶 = 0:

−𝐶𝑦𝐵𝐶 cos 13.6° − 𝐶𝑥𝐵𝐶 sin 13.6° + 𝑚2a𝐺𝑥𝐵𝐺 sin 13.6° + 𝑚2a𝐺𝑦𝐵𝐺 cos 13.6° − 𝑚2𝑔𝐵𝐺 cos 13.6° − 𝐽2𝛼2 = 0 →

𝐶𝑦 = 37.34 N

→+ Σ𝐹𝑥
𝐶 = 0: 𝐶𝑥 +𝑚𝐶a𝑐 = 0 → 𝐶𝑥 = −𝑚𝑐a𝑐 = −114.7 N
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Rigid body: 3 E.O.M Rigid body: 2 E.O.M Particle: 0 E.O.M

Worked Example III.6: Slider-Crank mechanism

= 𝟑𝟕. 𝟑𝟒 𝐍

= −𝟏𝟏𝟒. 𝟕 𝑵

= −𝟑𝟓. 𝟑𝟖 𝐍

a𝐺1 = 400 Τ𝑚 𝑠2 ; a𝐺𝑥 = 579.7 Τ𝑚 𝑠2 ; a𝐺𝑦 = 282.8 Τ𝑚 𝑠2 ; a𝑐 = 573.7 Τ𝑚 𝑠2 ; 𝛼 = 2283 𝑟𝑎𝑑/𝑠2
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→+ Σ𝐹𝑥
(𝐵𝐶)

= 0: −𝐶𝑥 +𝑚2a𝐺𝑥 − 𝐵𝑥 = 0 → 𝐵𝑥 = −𝐶𝑥 +𝑚2a𝐺𝑥 = 149. 48N

↑+ Σ𝐹𝑦
(𝐵𝐶)

= 0: −𝐶𝑦 −𝑚2𝑔 +𝑚2a𝐺𝑦 − 𝐵𝑦 = 0 → 𝐵𝑦 = −20.96 N
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Rigid body: 3 E.O.M Rigid body: 0 E.O.M Particle: 0 E.O.M

Worked Example III.6: Slider-Crank mechanism

= 𝟑𝟕. 𝟑𝟒 𝐍

= −𝟏𝟏𝟒. 𝟕 𝑵

= −𝟑𝟓. 𝟑𝟖 𝐍

a𝐺1 = 400 Τ𝑚 𝑠2 ; a𝐺𝑥 = 579.7 Τ𝑚 𝑠2 ; a𝐺𝑦 = 282.8 Τ𝑚 𝑠2 ; a𝑐 = 573.7 Τ𝑚 𝑠2 ; 𝛼 = 2283 𝑟𝑎𝑑/𝑠2
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= 𝟏𝟒𝟗. 𝟒𝟖 𝐍

= −𝟐𝟎. 𝟗𝟔 𝐍

↑+ Σ𝐹𝑦
(𝐴𝐵)

= 0: 𝐴𝑦 +𝑚1a1 sin 45° + 𝐵𝑦 −𝑚1𝑔 = 0 → 𝐴𝑦 = 15.50 N

→+ Σ𝐹𝑥
(𝐴𝐵)

= 0: 𝐴𝑥 +𝑚1a1 cos 45° + 𝐵𝑥 = 0 → 𝐴𝑥 = −155.16 N

↶+ Σ𝑀𝐴
𝐴𝐵 = 0:

𝑇 − 𝑚1𝑔𝐴𝐺1 cos 45° − 𝐵𝑥𝐴𝐵 sin 45° + 𝐵𝑦𝐴𝐵 cos 45° = 0 → 𝑇 = 9.65 Nm



Machine Dynamics Case Study
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Machine Dynamics Case Study

• Use your individual values

• Follow the submission process guidelines
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