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DESIGN OF MECHANISMS WITH SOLIDWORKS MOTION ANALYSIS AND 

MATLAB/SIMSCAPE 

 

Page Presently reads: Change to 

1-5 (Last line)    If the canter of rotation …. ….center…. 

1-31 (Fourth line)    … the link relative to: … the link relative to Iz1z1: 

2-2 (First Table. Delete Step 3) Step 4 and Step 5 Step 3 and Step 4 

2-7 (Fifth line) Complete the velocity polygon Complete the acceleration polygon 

2-7 (10th line) ….=3.91 rad/s2 CW ….=3.91 rad/s2 CCW 

2-7 (2nd velocity polygon) aG3=4989.4 aG3=5028.8 

2-9 ω4 = 3.58 rad/sec CW ω4 = 3.58 rad/sec CCW 

2-10 This page has been updated (See below) 

2-12 (Table) α3=3.91 rad/sec^2 CW α3=3.91 rad/sec^2 CCW 

2-13 This page has been updated (See below) 

2-16 (Fifth line) ..link 2 is rotates with angular… 

 

..link 2 rotates with a constant angular… 

(the angular acceleration of link 2 is zero) 

2-19 The graph on this page has been updated (See below) 

2-20 The graph on this page has been updated (See below) 

2-21 (Mechanism sketch-labeling-) link 3 link 4 

2-23 (Line 13th) …be written in as … ….be written as…. 

2-26 (E2.1-Line 3rd line) .. angular acceleration of 

50 rad/s^2 .. 

.. angular acceleration of 50 rad/s^2 CCW.. 

4-2 (Sketches labeling)  F41 F14 

4-8 (FBD of link 2) the direction of F1
12 should be reversed 

4-8 𝐹43
1 = 𝟖. 𝟖 𝑙𝑏      

𝐹23
1 = 𝟏𝟒. 𝟕𝟐 𝑙𝑏                             

𝐹43
1 = 𝟏𝟏 𝑙𝑏  

𝐹23
1 = 𝟏𝟖. 𝟒 𝑙𝑏                             

 

4-9 𝑇1 = 𝐹32
1 × 𝑑 = 14.72 × 2.52 = 37.1 𝑙𝑏. 𝑖𝑛 𝑇1 = 𝐹32

1 × 𝑑 = 18.4 × 2.52 = 46.4 𝑙𝑏. 𝑖𝑛 
 

4-10 𝑇 = 𝑇1 + 𝑇2 = 18.2 + 26.1 = 44.34 𝑙𝑏. 𝑖𝑛 
 

𝑇 = 𝑇1 + 𝑇2 = 46.4 + 26.1 = 72.5𝑙𝑏. 𝑖𝑛 
 

4-12 (2nd row in the Table) ω2 ω3 

4-13 (FBD of link 2) M3 M12-3 

4-18 (Acceleration graph) mm2/S mm/S2 

4-19 (Acceleration graph) mm2/S mm/S2 

4-25 (Last line)..the magnetite of… ..the magnitude of… 

4-35 (Example 4.4).. With the Safety Factor of 2: ..With the Safety Factor of 1: 

4-35 (Last row in Table) 0.25% 25% 

4-37 Then, the maximum torque is 

𝑇𝑡 = 𝐽𝑙−𝑟𝑒𝑓  𝛼 =  1.516 × 10−4  × 3945 = 0.598 [𝑁. 𝑚] 

 

Then, the total torque is 

𝑇𝑡 = 𝐽𝑙−𝑟𝑒𝑓  𝛼 + 𝑇𝑙−𝑟𝑒𝑓 =  1.516 × 10−4  × 3945

+ 0.0455 = 𝟎. 𝟔𝟒𝟒 [𝑁. 𝑚] 

 

4-37 (Unit of the angular acceleration) [rda/sec2] [rad/sec2] 

4-38 (Torque pattern graph) 0.598 N.m 0.644 N.m 

 



Design of Mechanisms with SWMS and MATALAB/Simscape                                                Apr 2020 

4-38 (TRMS calculation) 

𝑇𝑅𝑀𝑆

= (
𝟎. 𝟓𝟗𝟖𝟐  × 0.2 + 0 × 0.4 + 𝟎. 𝟓𝟗𝟖𝟐  × 0.2 + 0 × 0

0.2 + 0.4 + 0.2 + 0
)

1
2

=  𝟎. 𝟒𝟐𝟑  [𝑵. 𝒎] 
 

𝑇𝑅𝑀𝑆

= (
𝟎. 𝟔𝟒𝟒𝟐  × 0.2 + 0 × 0.4 + 𝟎. 𝟔𝟒𝟒𝟐  × 0.2 + 0 × 0

0.2 + 0.4 + 0.2 + 0
)

1
2

=  𝟎. 𝟒𝟓𝟓  [𝑵. 𝒎] 

 

4-41 (9th line) 
𝑇𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 = 𝑇𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 𝑻𝒑𝒓𝒆𝒍𝒐𝒂𝒅 = 0 

 

𝑇𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 = 𝑇𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 0 

 

4-41 (Unit of the angular acceleration) [rda/sec2] [rad/sec2] 

4-44 (E4.3)..at angular acceleration of 400 rad/s2…  at the angular acceleration of 400 rad/s2 CW.. 

4-44 (E4.4) this problem has been updated. See below 

4-45 (E4.5 3rd line)..N=1/2… …N=2… 

4-46 (E4.7 3rd line) .. are 100 cm in diameter, 160 

cm long…the bely weighs 2000 kg 

..are 100 mm in diameter, 160 mm long.. the 

bely weighs 2 kg 

5-24 Tutorial 5.3 Tutorial 5.2 

6-11 (Example 6.7) P=[0,1,0] P=[0,-1,0] 

6-15 (Step 8) Ai-1
i   Ti-1

i   

6-15 (Step 9)  
𝑇0

𝑛 = 𝑇0
1 𝑇1

2 … . 𝑇𝑛−1
𝑛  

 

𝑇𝑛
0 = 𝑇1

0 𝑇2
1 … . 𝑇𝑛

𝑛−1 
 

6-17 Change the direction of x1 along O0O1 

Change the direction of x3 (parallel to x2) 

6-19 𝑇0
𝑛 = 𝑇0

1 𝑇1
2 … . 𝑇𝑛−1

𝑛  
𝐻 = 𝑇0

𝑛 = 𝑇0
1 (µ1)𝑇1

2(µ2) … . 𝑇𝑛−1
𝑛 (µ𝑛) 

𝐻 = [
𝑅 𝑑
0 1

] = 𝑇0
𝑛 

 

𝑇𝑛
0 = 𝑇1

0 𝑇2
1 … . 𝑇𝑛

𝑛−1 
𝐻 = 𝑇𝑛

0 = 𝑇1
0 (µ1)𝑇2

1(µ2) … . 𝑇𝑛
𝑛−1(µ𝑛) 

𝐻 = [
𝑅 𝑑
0 1

] = 𝑇𝑛
0 
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Page 2-20 Update 

Page 2-19 Update 
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Problem E4.4 Updated 
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𝑇௟ି௥ =
0.2 × 6.2

2𝜋(0.1)
+

24.5

2𝜋(0.1)(0.9)
= 45.5 𝑁. 𝑚𝑚 = 0.0455  𝑁. 𝑚 

Step 3. Determine reflected load inertia (𝐽௟ି௥௘௙) 

𝐽௟ି௥௘௙ = 𝐽௠௢௧௢௥ + 𝐽௖௢௨௣௟௜௡௚ + 𝐽௦௖௥௘௪ + 𝐽௟௢௔ௗ ௔௡ௗ ௖௔௥௥௜௔௚௘ି௥௘௙ 

Lead screw inertia is calculated as follows: 

𝐽௦௖௥௘௪ =
1

2
𝑚 ൬

𝐷஻

2
൰

ଶ

=
1

2
𝜌𝜋 ൬

𝐷஻

2
൰

ଶ

𝑙஻ ൬
𝐷஻

2
൰

ଶ

=
1

2
𝜌𝜋𝑙஻ ൬

𝐷஻

2
൰

ସ

 

𝐽௦௖௥௘௪ =
1

2
(7.9 × 10ଷ)𝜋 ቆ

12 × 10ିଷ

2
ቇ

ସ

(600 × 10ିଷ) = 0.964 × 10ିହ  [𝐾𝑔. 𝑚ଶ] 

The reflected inertia of load and carriage is calculated as follows:  

𝐽௟௢௔ௗ ௔௡ௗ ௖௔௥௥௜௔௚௘ି௥௘௙ =
𝑊௟ + 𝑊௖

𝑔

1

(2𝜋𝑃)ଶ𝜖
= 50

1

൫2𝜋(0.1 × 10ଷ)൯
ଶ

(0.9)
= 1.409 × 10ିସ [𝐾𝑔. 𝑚ଶ] 

Then, the total inertia on the motor side is calculated as follows: 

𝐽௟ି௥௘௙ = 380 × 10ି଻ + 1.059 × 10ି଺ + 1.409 × 10ିସ + 0.964 × 10ିହ = 1.516 × 10ିସ  [𝐾𝑔. 𝑚ଶ]  

Step 4. Calculate the acceleration torque 

The angular acceleration is calculated as follows:  

𝛼 =
𝜔

∆𝑡
=

789

0.2
= 3945       [

𝑟𝑎𝑑

𝑠𝑒𝑐ଶ
] 

Then, the maximum torque is 

𝑇௔ = 𝐽௟ି௥௘  𝛼 + 𝑇௟ି௥௘௙ =  1.516 × 10ିସ  × 3945 + 0.0455 = 0.6435 [𝑁. 𝑚] 

Step 5. Determine the torque pattern 

The torque pattern is shown on the next page 
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Step 6. Calculate the magnitude of Trms 

𝑇ோெௌ = ඨ
1

𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒
 න 𝑇௠(𝑡)ଶ

௧೎೤೎೗೐

଴

𝑑𝑡 = ቆ
𝑇௔

ଶ 𝑡௔ + 𝑇௥
ଶ 𝑡௥ + 𝑇ௗ

ଶ 𝑡ௗ + 𝑇ௗ௪
ଶ  𝑡ௗ௪

𝑡௔ + 𝑡௥ + 𝑡ௗ + 𝑡ௗ௪
ቇ

ଵ
ଶ

 

 

𝑇ோெௌ = ቆ
0.6435ଶ  × 0.2 + 0.0455 × 0.4 + 0.598ଶ  × 0.2 + 0 × 0

0.2 + 0.4 + 0.2 + 0
ቇ

ଵ
ଶ

=  0.4403  [𝑁. 𝑚] 

 

 

 

 

 

 

Time [sec] 

Velocity 

0.2 0.4 0.2 

Tacc 

Tdec 

0.6435 N.m 

- 0.598 N.m 

0.0455 N.m Time [sec] 

Torque 
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𝐽௣௔௥௧௦ = 5 ቆ𝐽௣௔௥௧ ௥௘௟௔௧௜௩௘ ௧௢ ௜௧௦ ஼௢ீ + 𝑚௣௔௥௧ ൬
𝐷௣

2
൰

ଶ

ቇ 

𝐽௣௔௥௧௦ = 5 ൬0.5 × 10ିସ + 0.2 ቀ
ଶ଴଴×ଵ଴షయ

ଶ
ቁ

ଶ

൰ = 0.0103  [𝐾𝑔. 𝑚ଶ) 

Then, the total inertia as seen at output of the gearbox is  

𝐽௟ = 0.606 + 1.860 × 10ିହ + 0.0103 = 0.0709  [𝐾𝑔. 𝑚ଶ]  

𝐽௟ି௥௘௙ = 380 x 10−7 +
0.0709

10ଶ  × 0.95
= 7.843 × 10ିସ  [𝐾𝑔. 𝑚ଶ]   

Step 3. Determine maximum torque (𝑇𝑎) 

𝑇௟ = 𝑇௘௫௧௘௥௡௔௟ + 𝑇௚௥௔௩௜௧௬ + 𝑇௙௥௜௖௧௜௢௡ + 𝑇௣௥௘௟௢௔ௗ + ⋯ 

No external and preload loads applied to the system. Also, the effect of gravity along the motion is 
zero. Then: 

𝑇௘௫௧௘௥௡௔௟ = 𝑇௚௥௔௩௜௧௬ = 0 

We calculate both the friction and preload as follows: 

𝑇௙௥௜௖௧௜௢௡ = 0.05 𝑇௜௡௘௥௧௜௔ 

The angular acceleration is calculated as follows:  

                𝛼 =
ఠ

∆௧
=

ସ.ହଷ

଴.ଵ
= 45.3   [

௥௔ௗ

௦௘௖మ]               or                      𝛼௠ = 𝛼 × 𝑁 = 453  [
௥௔ௗ

௦௘௖మ] 

Then, Ta at the output shaft of the gearbox is 

𝑇௔ = [𝐽௟ି௥௘௙𝛼 + 0.05 × 𝐽௟ି௥௘௙𝛼] × 2 

𝑇௔ = [(7.843 × 10ିସ  ) × 453 + 0.05 × (7.843 × 10ିସ  ) × 453] × 2 = 0.7468 𝑁. 𝑚 

𝑇௥ = [0.05 × (7.843 × 10ିସ  ) × 453] × 2 = 0.0356 𝑁. 𝑚 

𝑇௔ = −[(7.843 × 10ିସ  ) × 453] × 2 = −0.7112 𝑁. 𝑚 

 

Step 5. Determine the torque pattern 

The torque pattern is shown on the next page. 
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Step 6. Calculate the magnitude of Trms 

𝑇ோெௌ = ඨ
1

𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒
 න 𝑇௠(𝑡)ଶ

௧೎೤೎೗೐

଴

𝑑𝑡 = ቆ
𝑇௔

ଶ 𝑡௔ + 𝑇௥
ଶ 𝑡௥ + 𝑇ௗ

ଶ 𝑡ௗ + 𝑇ௗ௪
ଶ  𝑡ௗ௪

𝑡௔ + 𝑡௥ + 𝑡ௗ + 𝑡ௗ௪
ቇ

ଵ
ଶ

 

 

𝑇ோெௌ = ቆ
0.7468ଶ  × 0.1 + 0.0356ଶ  × 0.2 + 0.7112ଶ  × 0.1 + 0 × 0.1

0.1 + 0.2 + 0.1 + 0.1
ቇ

ଵ
ଶ

=  0.4671  [𝑁. 𝑚] 

 

 

 

 

 

Time [sec] 

Velocity 

0.1 0.2 0.1 

Tacc 

Tdec 

0.7468 N.m 

-0 .7112 N.m 

0.1 

0.0356 N.m 

Time [sec] 

Torque 
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