
24-Nov-20

1

2. Kinematic Analysis
Example Problem

Four-bar mechanism, graphical position analysis by Geogebra
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

1. Define the link lengths and calculate the coefficients of

Freudenstein’s equation (optional).

2. Define the sign for closure.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

3. Change the names of fixed parameters.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

4. Calculate the coefficients of quadratic equation for 14.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

5. Determine the root corresponding to the selected closure for

14.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

6. Determine 14 in radians (first) then convert into degrees.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

7. Determine 13 in radians (first) then convert into degrees.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, analytic position analysis by Excel

8. Obtain 13 and 14 versus 12 plots.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, velocity and acceleration analysis by

Excel

1. Determine velocity influence coefficients.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, velocity and acceleration analysis by

Excel

2. Determine accelerations.
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2. Kinematic Analysis
Example Problem

Four-bar mechanism, velocity and acceleration analysis by

Excel

3. Plot velocities and accelerations.
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2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

a. Determine DOF

𝐹 = 𝜆 ℓ − 𝑗 − 1 +෍

𝑖=1

𝑗

𝑓𝑖

𝜆 = 3

ℓ = 6

𝑗 = 7 5𝑅, 2𝑃

෍

𝑖=1

7

𝑓𝑖 = 7

𝐹 = 3 6 − 7 − 1 + 7 = 1
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2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

a. Write LCE(s)

Disconnect A and C

Reconnect A (C disconnected)

𝐴0𝐴2 = 𝐴0𝐷𝑂 + 𝐷0𝐴3

Reconnect C (A disconnected)

𝐷0𝐴 + 𝐴𝐵 + 𝐵𝐶5 = 𝐷𝑂𝐶5
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2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

a. Write LCE(s)

𝐴0𝐴2 = 𝐴0𝐷𝑂 + 𝐷0𝐴3

𝑎2𝑒
𝑖𝜃12 = 𝑎1 + 𝑖𝑏1 − 𝑠43𝑒

𝑖𝜃13

𝐷0𝐴 + 𝐴𝐵 + 𝐵𝐶5 = 𝐷𝑂𝐶5

−𝑠43𝑒
𝑖𝜃13 + 𝑎3𝑒

𝑖 𝜃13−𝛽3 + 𝑎5𝑒
𝑖𝜃15 = 𝑠16 − 𝑎1 − i 𝑏1 − 𝑐1
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2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

b. Solve LCE(s), 12 input

𝑎2𝑒
𝑖𝜃12 = 𝑎1 + 𝑖𝑏1 − 𝑠43𝑒

𝑖𝜃13

𝑠43𝑒
𝑖𝜃13 = 𝑎1 + 𝑖𝑏1 − 𝑎2𝑒

𝑖𝜃12

𝑠43𝑐𝑜𝑠𝜃13 = 𝑎1 − 𝑎2𝑐𝑜𝑠𝜃12

𝑠43𝑠𝑖𝑛𝜃13 = 𝑏1 − 𝑎2𝑠𝑖𝑛𝜃12

Square and add:

𝑠43
2 = 𝑎1 − 𝑎2𝑐𝑜𝑠𝜃12

2 + 𝑏1 − 𝑎2𝑠𝑖𝑛𝜃12
2

𝑠43 = 𝜎 𝑎1 − 𝑎2𝑐𝑜𝑠𝜃12 2 + 𝑏1 − 𝑎2𝑠𝑖𝑛𝜃12 2

𝜃13 = 𝑃𝑜𝑙
𝑎1 − 𝑎2𝑐𝑜𝑠𝜃12

𝑠43
,
𝑏1 − 𝑎2𝑠𝑖𝑛𝜃12

𝑠43

Two 𝜃13 solutions are 180° apart and two 𝑠43 are negative of each other!
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2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

b. Solve LCE(s), 12 input

−𝑠43𝑒
𝑖𝜃13 + 𝑎3𝑒

𝑖 𝜃13−𝛽3 + 𝑎5𝑒
𝑖𝜃15 = 𝑠16 − 𝑎1 − i 𝑏1 − 𝑐1

𝑎5𝑒
𝑖𝜃15 = 𝑠16 − 𝑎1 − i 𝑏1 − 𝑐1 + 𝑠43𝑒

𝑖𝜃13 − 𝑎3𝑒
𝑖 𝜃13−𝛽3

𝑎5𝑐𝑜𝑠𝜃15 = 𝑠16 − 𝑎1 + 𝑠43𝑐𝑜𝑠𝜃13 − 𝑎3𝑐𝑜𝑠 𝜃13 − 𝛽3

𝑎5𝑠𝑖𝑛𝜃15 = − 𝑏1 − 𝑐1 + 𝑠43𝑠𝑖𝑛𝜃13 − 𝑎3𝑠𝑖𝑛 𝜃13 − 𝛽3
Square and add:

𝑎5
2 = 𝒔𝟏𝟔 − 𝑎1 + 𝑠43𝑐𝑜𝑠𝜃13 − 𝑎3𝑐𝑜𝑠 𝜃13 − 𝛽3

2 + − 𝑏1 − 𝑐1 + 𝑠43𝑠𝑖𝑛𝜃13 − 𝑎3𝑠𝑖𝑛 𝜃13 − 𝛽3
2

Quadratic in 𝑠16

𝜃15 = 𝑃𝑜𝑙
𝑠16 − 𝑎1 + 𝑠43𝑐𝑜𝑠𝜃13 − 𝑎3𝑐𝑜𝑠 𝜃13 − 𝛽3

𝑎5
,
− 𝑏1 − 𝑐1 + 𝑠43𝑠𝑖𝑛𝜃13 − 𝑎3𝑠𝑖𝑛 𝜃13 − 𝛽3

𝑎5

ME 301 Theory of Machines I

2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

c. Obtain velocity loop equations, 12 input

𝑠43𝑐𝑜𝑠𝜃13 = 𝑎1 − 𝑎2𝑐𝑜𝑠𝜃12

𝑠43𝑠𝑖𝑛𝜃13 = 𝑏1 − 𝑎2𝑠𝑖𝑛𝜃12

ሶ𝑠43𝑐𝑜𝑠𝜃13 − ሶ𝜃13𝑠43𝑠𝑖𝑛𝜃13 = ሶ𝜃12𝑎2𝑠𝑖𝑛𝜃12

ሶ𝑠43𝑠𝑖𝑛𝜃13 + ሶ𝜃13𝑠43𝑐𝑜𝑠𝜃13 = − ሶ𝜃12𝑎2𝑐𝑜𝑠𝜃12
𝑐𝑜𝑠𝜃13 −𝑠43𝑠𝑖𝑛𝜃13
𝑠𝑖𝑛𝜃13 𝑠43𝑐𝑜𝑠𝜃13

ሶ𝑠43
ሶ𝜃13

=
𝑎2𝑠𝑖𝑛𝜃12
−𝑎2𝑐𝑜𝑠𝜃12

ሶ𝜃12
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2. Kinematic Analysis
Example Problem

(Textbook Prob. 32, p. 208)

c. Obtain velocity loop equations, 12 input (cont’ed)

𝑎5𝑐𝑜𝑠𝜃15 = 𝑠16 − 𝑎1 + 𝑠43𝑐𝑜𝑠𝜃13 − 𝑎3𝑐𝑜𝑠 𝜃13 − 𝛽3

𝑎5𝑠𝑖𝑛𝜃15 = − 𝑏1 − 𝑐1 + 𝑠43𝑠𝑖𝑛𝜃13 − 𝑎3𝑠𝑖𝑛 𝜃13 − 𝛽3

− ሶ𝜃15 𝑎5𝑠𝑖𝑛𝜃15 = ሶ𝑠16 + ሶ𝑠43𝑐𝑜𝑠𝜃13 − ሶ𝜃13𝑠43𝑠𝑖𝑛𝜃13 + ሶ𝜃13𝑎3𝑠𝑖𝑛 𝜃13 − 𝛽3
ሶ𝜃15 𝑎5𝑐𝑜𝑠𝜃15 = ሶ𝑠43𝑠𝑖𝑛𝜃13 + ሶ𝜃13𝑠43𝑐𝑜𝑠𝜃13 − ሶ𝜃13𝑎3𝑐𝑜𝑠 𝜃13 − 𝛽3

𝑎5𝑠𝑖𝑛𝜃15 1
−𝑎5𝑐𝑜𝑠𝜃15 0

ሶ𝜃15
ሶ𝑠16

= −
ሶ𝑠43𝑐𝑜𝑠𝜃13 − ሶ𝜃13𝑠43𝑠𝑖𝑛𝜃13 + ሶ𝜃13𝑎3𝑠𝑖𝑛 𝜃13 − 𝛽3
ሶ𝑠43𝑠𝑖𝑛𝜃13 + ሶ𝜃13𝑠43𝑐𝑜𝑠𝜃13 − ሶ𝜃13𝑎3𝑐𝑜𝑠 𝜃13 − 𝛽3
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