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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

𝜃12 is the input and 𝑠16 is the output.

Disconnect A and C to eliminate loops.

Reconnecting A (C disconnected):

𝐴0𝐴2 = 𝐴0𝐵 + 𝐵𝐴3

Reconnecting C (A disconnected):

𝐴0𝐵 + 𝐵𝐶4 = 𝐴0𝐶6
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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

𝐴0𝐴2 = 𝐴0𝐵 + 𝐵𝐴3

𝑎2𝑒
𝑖𝜃12 = −𝑖𝑠15 + 𝑠53𝑒

𝑖𝜃14

Re: 𝑎2𝑐𝑜𝑠𝜃12 = 𝒔𝟓𝟑𝑐𝑜𝑠𝜽𝟏𝟒

Im: 𝑎2𝑠𝑖𝑛𝜃12 = −𝒔𝟏𝟓 + 𝒔𝟓𝟑𝑠𝑖𝑛𝜽𝟏𝟒

𝐴0𝐵 + 𝐵𝐶4 = 𝐴0𝐶6

−𝑖𝑠15 + 𝑎4𝑒
𝑖𝜃14 = 𝑖𝑎1 + 𝑠16

Re: 𝑎4𝑐𝑜𝑠𝜃14 = 𝒔𝟏𝟔

Im:−𝑠15 + 𝑎4𝑠𝑖𝑛𝜃14 = 𝑎1
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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

𝜃12 is the input and 𝑠16 is the output.

Disconnect A and B to eliminate loops.

Reconnecting A (B disconnected):

𝐴0𝐴2 = 𝐴0𝐶 + 𝐶𝐴3

Reconnecting B (A disconnected):

𝐴0𝐵5 = 𝐴0𝐶 + 𝐶𝐵4
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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

𝐴0𝐴2 = 𝐴0𝐶 + 𝐶𝐴3

𝑎2𝑒
𝑖𝜃12 = 𝑖𝑎1 + 𝑠16 + 𝑎4 − 𝑠53 𝑒𝑖 𝜃14−𝜋

Re: 𝑎2𝑐𝑜𝑠𝜃12 = 𝒔𝟏𝟔 + 𝑎4 − 𝒔𝟓𝟑 𝑐𝑜𝑠 𝜽𝟏𝟒 − 𝜋

Im: 𝑎2𝑠𝑖𝑛𝜃12 = 𝑎1 + 𝑎4 − 𝒔𝟓𝟑 𝑠𝑖𝑛 𝜽𝟏𝟒 − 𝜋

𝐴0𝐵5 = 𝐴0𝐶 + 𝐶𝐵4

−𝑖𝑠15 = 𝑖𝑎1 + 𝑠16 + 𝑎4𝑒
𝑖 𝜃14−𝜋

Re: 0 = 𝑠16 + 𝑎4𝑐𝑜𝑠 𝜃14 − 𝜋

Im:−𝒔𝟏𝟓 = 𝑎1 + 𝑎4𝑠𝑖𝑛 𝜃14 − 𝜋
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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

𝜃12 is the input and 𝑠16 is the output.

Disconnect B and C to eliminate loops.

Reconnecting B (C disconnected):

𝐴0𝐵5 = 𝐴0𝐴 + 𝐴𝐵4

Reconnecting C (B disconnected):

𝐴0𝐴 + 𝐴𝐶4 = 𝐴0𝐶6
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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

𝐴0𝐵5 = 𝐴0𝐴 + 𝐴𝐵4

−𝑖𝑠15 = 𝑎2𝑒
𝑖𝜃12 + 𝑠53𝑒

𝑖 𝜃14−𝜋

Re: 0 = 𝑎2𝑐𝑜𝑠𝜃12 + 𝒔𝟓𝟑𝑐𝑜𝑠 𝜽𝟏𝟒 − 𝜋

Im: 𝒔𝟏𝟓 = 𝑎2𝑠𝑖𝑛𝜃12 + 𝒔𝟓𝟑𝑠𝑖𝑛 𝜽𝟏𝟒 − 𝜋

𝐴0𝐴 + 𝐴𝐶4 = 𝐴0𝐶6

𝑎2𝑒
𝑖𝜃12 + 𝑎4 − 𝑠53 𝑒𝑖𝜃14 = 𝑖𝑎1 + 𝑠16

Re: 𝑎2𝑐𝑜𝑠𝜃12 + 𝑎4 − 𝑠53 𝑐𝑜𝑠𝜃14 = 𝒔𝟏𝟔

Im: 𝑎2𝑠𝑖𝑛𝜃12 + 𝑎4 − 𝑠53 𝑠𝑖𝑛𝜃14 = 𝑎1
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2. Kinematic Analysis
4. Numerical Solution of Loop Closure Equations

Quick Return Mechanism

Whatever we try:

In total four equations with four

unknowns however coupled for input 𝜃12!

a. Try numerical solution.

b. Assume 𝑠16 is known, solve backwards in closed 

form.
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2. Kinematic Analysis
Velocity and Acceleration Analyses, Direct Derivatives

Inverted Slider-Crank Mechanism

𝑠23𝑒
𝑖𝜃12 + 𝑎3𝑒

𝑖 𝜃12−
𝜋
2 = 𝑎1 + 𝑎4𝑒

𝑖𝜃14

Since loop closure equation is a constrain equation its 

time derivatives relate velocity and accelerations!

𝑖 ሶ𝜃12𝑠23𝑒
𝑖𝜃12 + ሶ𝑠23𝑒

𝑖𝜃12 + 𝑖 ሶ𝜃12𝑎3𝑒
𝑖 𝜃12−

𝜋
2 = 𝑖 ሶ𝜃14𝑎4𝑒

𝑖𝜃14

𝑉𝐴2 + 𝑉𝐴3/𝐴2 + 𝑉𝐵3/𝐴3 = 𝑉𝐵4
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𝑉𝐴2
𝑉𝐴3/𝐴2

𝑉𝐵3/𝐴2

𝑉𝐵4

𝑉𝐵4

𝑉𝐴2

𝑉𝐴3/𝐴2

𝑉𝐵3/𝐴3

𝑉𝐵4

2. Kinematic Analysis
Velocity and Acceleration Analyses, Direct Derivatives

Inverted Slider-Crank Mechanism

𝑖 ሶ𝜃12𝑠23𝑒
𝑖𝜃12 + ሶ𝑠23𝑒

𝑖𝜃12 + 𝑖 ሶ𝜃12𝑎3𝑒
𝑖 𝜃12−

𝜋
2 = 𝑖 ሶ𝜃14𝑎4𝑒

𝑖𝜃14

𝑉𝐴2 + 𝑉𝐴3/𝐴2 + 𝑉𝐵3/𝐴3 = 𝑉𝐵4

𝑖 ሷ𝜃12𝑠23𝑒
𝑖𝜃12 + 𝑖 ሶ𝜃12 ሶ𝑠23𝑒

𝑖𝜃12 − ሶ𝜃12
2
𝑠23𝑒

𝑖𝜃12 + ሷ𝑠23𝑒
𝑖𝜃12 + 𝑖 ሶ𝜃12 ሶ𝑠23𝑒

𝑖𝜃12

+ 𝑖 ሷ𝜃12𝑎3𝑒
𝑖 𝜃12−

𝜋
2 − ሶ𝜃12

2
𝑎3𝑒

𝑖 𝜃12−
𝜋
2 = 𝑖 ሷ𝜃14𝑎4𝑒

𝑖𝜃14 − ሶ𝜃14
2
𝑎4𝑒

𝑖𝜃14

Ԧ𝑎𝐴2
𝑡

+ 1
2 Ԧ𝑎𝐴2

𝐶
+ Ԧ𝑎𝐴2

𝑛
+ Ԧ𝑎𝐴3/𝐴2 + 1

2 Ԧ𝑎𝐴2
𝐶

+ Ԧ𝑎𝐵3/𝐴3
𝑡

+ Ԧ𝑎𝐵3/𝐴3
𝑛

= Ԧ𝑎𝐵4
𝑡

+ Ԧ𝑎𝐵4
𝑛
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2. Kinematic Analysis
Velocity and Acceleration Analyses, Direct Derivatives

Inverted Slider-Crank Mechanism

𝑖 ሶ𝜽𝟏𝟐𝑠23𝑒
𝑖𝜃12 + ሶ𝒔𝟐𝟑𝑒

𝑖𝜃12 + 𝑖 ሶ𝜽𝟏𝟐𝑎3𝑒
𝑖 𝜃12−

𝜋
2 = 𝑖 ሶ𝜽𝟏𝟒𝑎4𝑒

𝑖𝜃14

Given one velocity (say ሶ𝜃12) the others ( ሶ𝑠23 and ሶ𝜃14) can be determined (recall F =

1). Please recognize the equation is linear in unknowns!

𝑖 ሷ𝜽𝟏𝟐𝑠23𝑒
𝑖𝜃12 + 𝑖 ሶ𝜃12 ሶ𝑠23𝑒

𝑖𝜃12 − ሶ𝜃12
2
𝑠23𝑒

𝑖𝜃12 + ሷ𝒔𝟐𝟑𝑒
𝑖𝜃12 + 𝑖 ሶ𝜃12 ሶ𝑠23𝑒

𝑖𝜃12

+ 𝑖 ሷ𝜽𝟏𝟐𝑎3𝑒
𝑖 𝜃12−

𝜋
2 − ሶ𝜃12

2
𝑎3𝑒

𝑖 𝜃12−
𝜋
2 = 𝑖 ሷ𝜽𝟏𝟒𝑎4𝑒

𝑖𝜃14 − ሶ𝜃14
2
𝑎4𝑒

𝑖𝜃14

Given one acceleration (say ሷ𝜃12) the others ( ሷ𝑠23 and ሷ𝜃14 ) can be determined

(recall F = 1). Please recognize the equation is again linear in unknowns!
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2. Kinematic Analysis
Velocity and Acceleration Analyses, Direct Derivatives

Inverted Slider-Crank Mechanism

𝑠23𝑒
𝑖𝜃12 + 𝑎3𝑒

𝑖 𝜃12−
𝜋
2 = 𝑎1 + 𝑎4𝑒

𝑖𝜃14

Re: 𝑠23𝑐𝑜𝑠𝜃12 + 𝑎3𝑠𝑖𝑛𝜃12 = 𝑎1 + 𝑎4𝑐𝑜𝑠𝜃14 1
Im: 𝑠23𝑠𝑖𝑛𝜃12 − 𝑎3𝑐𝑜𝑠𝜃12 = 𝑎4𝑠𝑖𝑛𝜃14 2
ሶ1 : ሶ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12𝑎3𝑐𝑜𝑠𝜃12 = − ሶ𝜃14𝑎4𝑠𝑖𝑛𝜃14
ሶ2 : ሶ𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12𝑠23𝑐𝑜𝑠𝜃12 + ሶ𝜃12𝑎3𝑠𝑖𝑛𝜃12 = ሶ𝜃14𝑎4𝑐𝑜𝑠𝜃14

Let ሶ𝜃12 be the input:
𝑐𝑜𝑠𝜃12 𝑎4𝑠𝑖𝑛𝜃14
𝑠𝑖𝑛𝜃12 −𝑎4𝑐𝑜𝑠𝜃14

ሶ𝑠23
ሶ𝜃14

=
𝑠23𝑠𝑖𝑛𝜃12 − 𝑎3𝑐𝑜𝑠𝜃12
−𝑠23𝑐𝑜𝑠𝜃12 − 𝑎3𝑠𝑖𝑛𝜃12

ሶ𝜃12
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2. Kinematic Analysis
Velocity and Acceleration Analyses, Direct Derivatives

Inverted Slider-Crank Mechanism

ሶ1 : ሶ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12𝑎3𝑐𝑜𝑠𝜃12 = − ሶ𝜃14𝑎4𝑠𝑖𝑛𝜃14
ሶ2 : ሶ𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12𝑠23𝑐𝑜𝑠𝜃12 + ሶ𝜃12𝑎3𝑠𝑖𝑛𝜃12 = ሶ𝜃14𝑎4𝑐𝑜𝑠𝜃14
ሷ1 : ሷ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12 ሶ𝑠23𝑠𝑖𝑛𝜃12 − ሷ𝜃12𝑠23𝑠𝑖𝑛𝜃12 − ሶ𝜃12 ሶ𝑠23𝑠𝑖𝑛𝜃12 − ሶ𝜃12

2
𝑠23𝑐𝑜𝑠𝜃12 + ሷ𝜃12𝑎3𝑐𝑜𝑠𝜃12 − ሶ𝜃12

2
𝑎3𝑠𝑖𝑛𝜃12

= − ሷ𝜃14𝑎4𝑠𝑖𝑛𝜃14 − ሶ𝜃14
2
𝑎4𝑐𝑜𝑠𝜃14

ሷ2 : ሷ𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12 ሶ𝑠23𝑐𝑜𝑠𝜃12 + ሷ𝜃12𝑠23𝑐𝑜𝑠𝜃12 + ሶ𝜃12 ሶ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12
2
𝑠23𝑠𝑖𝑛𝜃12 + ሷ𝜃12𝑎3𝑠𝑖𝑛𝜃12 + ሶ𝜃12

2
𝑎3𝑐𝑜𝑠𝜃12

= ሷ𝜃14𝑎4𝑐𝑜𝑠𝜃14 + ሶ𝜃14
2
𝑎4𝑠𝑖𝑛𝜃14

Let ሷ𝜃12 be the input:
𝑐𝑜𝑠𝜃12 𝑎4𝑠𝑖𝑛𝜃14
𝑠𝑖𝑛𝜃12 −𝑎4𝑐𝑜𝑠𝜃14

ሷ𝑠23
ሷ𝜃14

= −
− ሶ𝜃12 ሶ𝑠23𝑠𝑖𝑛𝜃12 − ሷ𝜃12𝑠23𝑠𝑖𝑛𝜃12 − ሶ𝜃12 ሶ𝑠23𝑠𝑖𝑛𝜃12 − ሶ𝜃12

2
𝑠23𝑐𝑜𝑠𝜃12 + ሷ𝜃12𝑎3𝑐𝑜𝑠𝜃12 − ሶ𝜃12

2
𝑎3𝑠𝑖𝑛𝜃12 + ሶ𝜃14

2
𝑎4𝑐𝑜𝑠𝜃14

ሶ𝜃12 ሶ𝑠23𝑐𝑜𝑠𝜃12 + ሷ𝜃12𝑠23𝑐𝑜𝑠𝜃12 + ሶ𝜃12 ሶ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12
2
𝑠23𝑠𝑖𝑛𝜃12 + ሷ𝜃12𝑎3𝑠𝑖𝑛𝜃12 + ሶ𝜃12

2
𝑎3𝑐𝑜𝑠𝜃12 − ሶ𝜃14

2
𝑎4𝑠𝑖𝑛𝜃14

𝑐𝑜𝑠𝜃12 𝑎4𝑠𝑖𝑛𝜃14
𝑠𝑖𝑛𝜃12 −𝑎4𝑐𝑜𝑠𝜃14

ሶ𝑠23
ሶ𝜃14

=
𝑠23𝑠𝑖𝑛𝜃12 − 𝑎3𝑐𝑜𝑠𝜃12
−𝑠23𝑐𝑜𝑠𝜃12 − 𝑎3𝑠𝑖𝑛𝜃12

ሶ𝜃12

𝑑𝑒𝑡 𝐴 = 𝐴 ≠ 0, there is a solution

𝑑𝑒𝑡 𝐴 = −𝑎4𝑐𝑜𝑠𝜃12𝑐𝑜𝑠𝜃14 − 𝑎4𝑠𝑖𝑛𝜃12𝑠𝑖𝑛𝜃14
𝑑𝑒𝑡 𝐴 = −𝑎4cos 𝜃14 − 𝜃12

𝑑𝑒𝑡 𝐴 = 0 when 𝜃14 − 𝜃12 =
𝜋

2
,
3𝜋

2 ME 301 Theory of Machines I
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2. Kinematic Analysis
Velocity and Acceleration Analyses, Direct Derivatives

Four-Bar Mechanism

𝑎2𝑒
𝑖𝜃12 + 𝑎3𝑒

𝑖𝜃13 = 𝑎1 + 𝑎4𝑒
𝑖𝜃14

Re: 𝑎2𝑐𝑜𝑠𝜃12 + 𝑎3𝑐𝑜𝑠𝜃13 = 𝑎1 + 𝑎4𝑐𝑜𝑠𝜃14 1

Im: 𝑎2𝑠𝑖𝑛𝜃12 + 𝑎3𝑠𝑖𝑛𝜃13 = 𝑎4𝑠𝑖𝑛𝜃14 2

ሶ1 :− ሶ𝜃12𝑎2𝑠𝑖𝑛𝜃12 − ሶ𝜃13𝑎3𝑠𝑖𝑛𝜃13 = − ሶ𝜃14𝑎4𝑠𝑖𝑛𝜃14
ሶ2 : ሶ𝜃12𝑎2𝑐𝑜𝑠𝜃12 + ሶ𝜃13𝑎3𝑐𝑜𝑠𝜃13 = ሶ𝜃14𝑎4𝑐𝑜𝑠𝜃14
ሷ1 :− ሷ𝜃12𝑎2𝑠𝑖𝑛𝜃12− ሶ𝜃12

2
𝑎2𝑐𝑜𝑠𝜃12− ሷ𝜃13𝑎3𝑠𝑖𝑛𝜃13− ሶ𝜃13

2
𝑎3𝑐𝑜𝑠𝜃13 = − ሷ𝜃14𝑎4𝑠𝑖𝑛𝜃14− ሶ𝜃14

2
𝑎4𝑐𝑜𝑠𝜃14

ሷ2 : ሷ𝜃12𝑎2𝑐𝑜𝑠𝜃12 − ሶ𝜃12
2
𝑎2𝑠𝑖𝑛𝜃12 + ሷ𝜃13𝑎3𝑐𝑜𝑠𝜃13 − ሶ𝜃13

2
𝑎3𝑠𝑖𝑛𝜃13 = ሷ𝜃14𝑎4𝑐𝑜𝑠𝜃14 − ሶ𝜃14

2
𝑎4𝑠𝑖𝑛𝜃14

Let 𝜃12, ሶ𝜃12 and ሷ𝜃12 be the input:
−𝑎3𝑠𝑖𝑛𝜃13 𝑎4𝑠𝑖𝑛𝜃14
𝑎3𝑐𝑜𝑠𝜃13 −𝑎4𝑐𝑜𝑠𝜃14

ሶ𝜃13
ሶ𝜃14

=
𝑎2𝑠𝑖𝑛𝜃12
−𝑎2𝑐𝑜𝑠𝜃12

ሶ𝜃12

−𝑎3𝑠𝑖𝑛𝜃13 𝑎4𝑠𝑖𝑛𝜃14
𝑎3𝑐𝑜𝑠𝜃13 −𝑎4𝑐𝑜𝑠𝜃14

ሷ𝜃13
ሷ𝜃14

= −
− ሷ𝜃12𝑎2𝑠𝑖𝑛𝜃12 − ሶ𝜃12

2
𝑎2𝑐𝑜𝑠𝜃12 − ሶ𝜃13

2
𝑎3𝑐𝑜𝑠𝜃13 + ሶ𝜃14

2
𝑎4𝑐𝑜𝑠𝜃14

ሷ𝜃12𝑎2𝑐𝑜𝑠𝜃12 − ሶ𝜃12
2
𝑎2𝑠𝑖𝑛𝜃12 − ሶ𝜃13

2
𝑎3𝑠𝑖𝑛𝜃13 + ሶ𝜃14

2
𝑎4𝑠𝑖𝑛𝜃14

𝑑𝑒𝑡 𝐴 = 𝐴 ≠ 0, there is a solution
𝑑𝑒𝑡 𝐴 = 𝑎3𝑎4 𝑠𝑖𝑛𝜃13𝑐𝑜𝑠𝜃14 − 𝑐𝑜𝑠𝜃13𝑠𝑖𝑛𝜃14
𝑑𝑒𝑡 𝐴 = 𝑎3𝑎4𝑠𝑖𝑛 𝜃13 − 𝜃14
𝑑𝑒𝑡 𝐴 = 0 when 𝜃13 − 𝜃14 = 𝑘𝜋 ME 301 Theory of Machines I
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𝜃13 − 𝜃14 = 𝜋
𝜃13 − 𝜃14 = 0
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𝑎2𝑒
𝑖𝜃12 = 𝑖𝑎1 + 𝑠14 + 𝑎3𝑒

𝑖𝜃13

Re: 𝑎2𝑐𝑜𝑠𝜃12 = 𝑠14 + 𝑎3𝑐𝑜𝑠𝜃13 1
Im:𝑎2𝑠𝑖𝑛𝜃12 = 𝑎1 + 𝑎3𝑠𝑖𝑛𝜃13 2
ሶ1 :− ሶ𝜃12𝑎2𝑠𝑖𝑛𝜃12 = ሶ𝑠14 − ሶ𝜃13𝑎3𝑠𝑖𝑛𝜃13
ሶ2 : ሶ𝜃12𝑎2𝑐𝑜𝑠𝜃12 = ሶ𝜃13𝑎3𝑐𝑜𝑠𝜃13

ሶ2 → ሶ𝜃13 =
𝑎2𝑐𝑜𝑠𝜃12
𝑎3𝑐𝑜𝑠𝜃13

ሶ𝜃12 = 𝒈𝟐𝟑
ሶ𝜃12

𝒈𝟐𝟑 is the velocity influence coefficient of ሶ𝜃1𝟑 when ሶ𝜃1𝟐 is the input  

ሶ1 → ሶ𝑠14 = 𝒈𝟐𝟑
ሶ𝜃12𝑎3𝑠𝑖𝑛𝜃13 − ሶ𝜃12𝑎2𝑠𝑖𝑛𝜃12 =

𝑎2𝑐𝑜𝑠𝜃12
𝑎3𝑐𝑜𝑠𝜃13

𝑎3𝑠𝑖𝑛𝜃13 − 𝑎2𝑠𝑖𝑛𝜃12 ሶ𝜃12 = 𝑎2
𝑠𝑖𝑛 𝜃13 − 𝜃12

𝑐𝑜𝑠𝜃13
ሶ𝜃12 = 𝒈𝟐𝟒

ሶ𝜃12

𝒈𝟐𝟒 is the velocity influence coefficient of ሶ𝑠1𝟒 when ሶ𝜃1𝟐 is the input

𝒈𝟐𝟑 and 𝒈𝟐𝟒 are both undefined when 𝑐𝑜𝑠𝜃13 = 0 that is 𝜃13 =
𝜋

2
,
3𝜋

2

ሶ𝜃13 = 0 when 𝑐𝑜𝑠𝜃12 = 0 that is 𝜃12 =
𝜋

2
,
3𝜋

2

ሶ𝑠14 = 0 when 𝑠𝑖𝑛 𝜃13 − 𝜃12 = 0 that is 𝜃13 − 𝜃12 = 𝑘𝜋
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𝑔23 =
𝑎2𝑐𝑜𝑠𝜃12
𝑎3𝑐𝑜𝑠𝜃13

𝑔24 = 𝑎2
𝑠𝑖𝑛 𝜃13 − 𝜃12

𝑐𝑜𝑠𝜃13

𝑔23 and 𝑔24 are both undefined when 𝑐𝑜𝑠𝜃13 = 0 that is 𝜃13 =
𝜋

2
,
3𝜋

2

ሶ𝜃13 = 0 when 𝑐𝑜𝑠𝜃12 = 0 that is 𝜃12 =
𝜋

2
,
3𝜋

2

ሶ𝑠14 = 0 when 𝑠𝑖𝑛 𝜃13 − 𝜃12 = 0 that is 𝜃13 − 𝜃12 = 𝑘𝜋

𝑉𝐴

𝑉𝐵

𝑉𝐵

𝑉𝐴
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Slider-Crank Mechanism

ሶ𝜃13 = 𝑔23 ሶ𝜃12
ሷ𝜃13 = ሶ𝑔23 ሶ𝜃12 + 𝑔23 ሷ𝜃12

ሶ𝑠14 = 𝑔24 ሶ𝜃12
ሷ𝑠14 = ሶ𝑔24 ሶ𝜃12 + 𝑔24 ሷ𝜃12
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