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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 lz21:
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 (10" line) ....=3.91 rad/s> CW ....=3.91 rad/s> CCW
2-7 (2" velocity polygon) acs=4989.4 ac3=5028.8
2-9 o4 = 3.58 rad/sec CW o4 = 3.58 rad/sec CCW
2-10 This page has been updated (See below)
2-12 (Table) 03=3.91 rad/sec’2 CW | 03=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 13™) ...be written in as ... ....be written as....
2-26 | (E2.1-Line 3" line) .. angular acceleration of .. angular acceleration of 50 rad/s"2 CCW..
50 rad/s"2 ..
4-2 (Sketches labeling) Fa F14
4-8 (FBD of link 2) the direction of F'12 should be reversed
4-8 Fi=8.81b Fi=111b
Fiy=14.721b Fis=18.41b
4-9 T'=FL xd=1472x 252 =37.11b.in T' = Fl, xd =184 x 2.52 = 46.4 lb.in
4-10 T=T'+T?=182+26.1=44341b.in T=T'+T? =464 +26.1=725lb.in
4-12 | (2" row in the Table) w, @3
4-13 | (FBD of link 2) M3 Mi2-3
4-18 | (Acceleration graph) mm?/S mm/S?
4-19 | (Acceleration graph) mm?/S mm/S?
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 Then, the total torque is
Ty = Jirey @ = 1.516 X 107* x 3945 = 0.598 [N.m] Ty = Jicrey @+ Ti_pey = 1.516 X 107 X 3945
+0.0455 = 0.644 [N.m]
4-37 | (Unit of the angular acceleration) [rda/sec?] [rad/sec?]
4-38 | (Torque pattern graph) 0.598 N.m 0.644 N.m
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4-38 | (TRMS calculation) Trus
Trms 1 0.644% x02+0 X 0.4+ 0.644% X 0.2+ 0% 0 2
0.598% x0.24+0 x 0.4+ 0.598% x 0.2+ 0 x 0)\2 :( 02+04+02+0 )
- 02+04+02+0 ) = 0.455 [N.m]
= 0.423 [N.m]
4-41 (9th line) Texternat = Tgravity =0
Texternal = Tgravity = Tpreload =0
4-41 | (Unit of the angular acceleration) [rda/sec?] [rad/sec?]
4-44 | (E4.3)..at angular acceleration of 400 rad/s?... | at the angular acceleration of 400 rad/s? CW..
4-44 | (E4.4) this problem has been updated. See below
4-45 | (E4.53"line)..N=1/2... ..N=2...
4-46 | (E4.7 3" line) .. are 100 cm in diameter, 160 ..are 100 mm in diameter, 160 mm long.. the
cm long...the bely weighs 2000 kg 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) Ay T
6-15 | (Step 9) TS =T T, ..T3 "
T =T3¢ TE....T
6-17 | Change the direction of x; along OgO1
Change the direction of x3 (parallel to x»)
6-19 T =T3¢ TE....T T =T2T}.. T 1

H=T¢ =T, (H}%)Tl(zi(uz) e To—1 ()
— — n
H= [0 1] =T

H=T) =T} (ulle)Tzld(uz) e T (M)
— _ 0
H= [o 1] =T
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Chapter 2 | Planar Mechanism Kinematic Analysis

e  Calculate ay. Normal acceleration of point A on link 2 is determined as follows:
|:1N=Jf-.c.|.1?=3><1I{Il2=300E
A 2@z g2
¢ Calculate aj Tangential acceleration of point A on link 2 1s determined as follows:
- in.
ay =Ly =3x40=120 3
s Calculate a}f ;. Normal acceleration of point B on link 3 is determined as follows:
. ; in.
aps = laws = 9% 1.73% = 269 )
e Calculate a¥f. Normal acceleration of point B link 4 is determined as follows:
N — 2 _ 2o n.
ag = lywy =5 x3.58° = 64.1 2

¢ Complete the velocity polygon.
Generate the acceleration polygon according to the accelration information. Add approprniate
dimensions and notations as shown below.

¢ Determine the angular acceleration of link 3 and link 4.
Then the angular acceleration of link 3 and link 4 can be determined as follows:

r )
. — Qa4 _ 2194
37 L T e
3

=243 rad/s? CCW ay =

a 3873
Ly

5

=77.5rad/s* CCW
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Chapter 2 | Planar Mechanism Kinematic Analysis

* Draw a line from the end of a4 parallel to line AD as shown below. It represents the direction

of aps™.
N ; 2 i
apy = DA ws = 360.56 % 2.15° = 1666.6

sec?

¢ Draw a line from the end of a}}, perpendicular to line AD as shown below. It represents the
direction of ap.”. the magnitude of this vector is unknown at this point.

¢ Draw a line from the end of a,/” parallel to line BD as shown below. It represents the

direction of aps".

N . 2 mm
al, = DB w? = 250 x 2.15% = 1155.6

sec?

¢ Draw a line from the end of afjy perpendicular to line BD as shown below: showing the
direction of aps’. The magnitude of this vector is unknown at this point.

¢ Draw a line from a, to the the mtersection of ap,” and apz’.

* Add appropnate annotations and arrows as shown below.

* Then ap = 6300.9 mm?/s.

5411.70
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Problem E4.4 Updated

E4.4 For the mechanism shown on the
right, determine the magnitude and
direction of torque M), to be applied to
link 2 from the base to overcome the
effect of inertia of link 3. Assume ag;=10
mm/s> at 179.4°. The CoM of link 3 is
located at the middle of link 3. Assume
the mass and moment of inertia of link 3
are 10 kg and 20 kg.mm? respectively.

L,=76.2 mm .
L;=228.6 mm

L,s=127 mm

0,0,=228.6 mm

a;=100 rad/s> CCW



Chapter 4: Force Analysis and Actuator Sizing for Planar Mechanisms

02x62 24.5

- — 455 N.mm = 0.0455 N.
20 T 2no)9) - Foo N.mm m

Tl—r

Step 3. Determine reflected load inertia (J;_ref)

]l—ref = ]motor + ]coupling + ]screw + ]load and carriage—ref

Lead screw inertia is calculated as follows:
1 (Dg\> 1 (Dgp\* (Dp\* 1 Dg\*
Jscrew =M (7) =3P" (7) s (7) =3Pmls (7)
1 12x 1073\* . . ,
Jscrew = E(7.9 x 1037 — (600 x 1073) = 0.964 x 1075 [Kg.m?2]

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

wirw, 1 1
g (2mP)%e (2(0.1 x 10%))%(0.9)

= 1.409 x 10~* [Kg. m?]

]load and carriage-ref =

Then, the total inertia on the motor side is calculated as follows:
Ji—rer =380 x 1077 + 1.059 x 107° + 1.409 x 10™* + 0.964 x 107> = 1.516 x 10~* [Kg.m?]
Step 4. Calculate the acceleration torque

The angular acceleration is calculated as follows:

w 9 _ 3945 rad
t - [secz]

Then, the maximum torque is

Ty =J1re @+T)_por = 1516 x 107* x 3945 + 0.0455 = 0.6435 [N.m]

Step 5. Determine the torque pattern

The torque pattern is shown on the next page

4-37



Chapter 4: Force Analysis and Actuator Sizing for Planar Mechanisms

Velocity 1‘

Time [sec]

) ; >
! 1
1 1
1
i 0.2 0.4 0.2 1
1 1 ¢ ’:4_’:
1 : : :
1 1 1
Torque 4 | : !
1 1 1
| ! i
1 1 :
| ! .
1
0.6435 N.m | Tacc i !
1 1
1 1

00455 N.m N i Time l<ec]
-0598Nm|——————————————— Tdec

Step 6. Calculate the magnitude of 7}y

1
1 J-tcycleT (t)Z dt = Taz ta + Trz tr + Tc% td + szw tdw 2
Cycle Time J, " ta +tr +ta + taw

Trus =

(0.64352 x 0.2 + 0.0455 x 0.4 4+ 0.598% x0.24+0x0
RMS =

1
2
02+04+02+0 ) = 04403 [N.m]
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Chapter 4: Force Analysis and Actuator Sizing for Planar Mechanisms

D,\?
— p
]parts =5 (]part relative to its CoG + ”lpart ( 2 ) >

3.2
Jparts =5 (0-5 x 107 +0.2 (22) ) =0.0103 [Kg.m?)

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

J; =0.606 + 1.860 x 107> + 0.0103 = 0.0709 [Kg.m?]

0.0709

— = /. x 107* .m?
107 X 0.95 7.843 x 107" [Kg.m*]

Ji—ref =380x1077 +

Step 3. Determine maximum torque (Ta)

Tl = Texternal + Tgravity + Tfriction + Tpreload + -

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

Texternai = Tgravity =0
We calculate both the friction and preload as follows:
Tfriction = 0.05 Tinertia

The angular acceleration is calculated as follows:

w 4.53 rad rad
(Z—E—H—4-5.3 [@] or an =a X N =453 [@]

Then, T, at the output shaft of the gearbox is
Ty = [Ji—refa + 0.05 X Ji_sera] X 2
T, =[(7.843 x 10™* ) x 453 + 0.05 X (7.843 x 10™* ) x 453] X 2 = 0.7468 N.m
T, = [0.05 x (7.843 x 107* ) X 453] x 2 = 0.0356 N.m

T, = —[(7.843 x 10™* ) X 453] x 2 = —0.7112 N.m

Step 5. Determine the torque pattern

The torque pattern is shown on the next page.
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Chapter 4: Force Analysis and Actuator Sizing for Planar Mechanisms

Velocity 1‘

Time [sec]
0.1 0.2 0.0 1 0.0
Torque 4 E E E i
0.7468 N.m | Tacc E i .:
0.0356 N.m i i !
. E » Time [secl
-0.7112Nm |—————————————7— Tdec I
Step 6. Calculate the magnitude of T}
1
; 1 ftcyCleT (t)Z dt Taz ta + Trz tr + Tg td + TL%W tdw 2
RMS ™ I Cycle Time J, " B ta ¥ 1y T 1g + taw
1
_ (0.7468% x 0.1 +0.0356% x 0.2 +0.7112% x 0.1+ 0 x 0.1\2 _ 04671 [N
RMS = 01+02+01+01 - (-]

442
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