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Rigid Body Dynamics

Dynamics of Rigid Bodies.01
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References: Engineering Mechanics: Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.31, P.2.13
Type of Analysis: Kinematics of particles, Linear Motion

Type of Element: Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Initial height So 0 m
Initial velocity Vg 25 m/s




1. Theoretical Solution

av 14 t
a=_, fVodeftoadt , V=V, +at (a = const)

das S t 1
V= E ) fSO s = fto(VO + at)dt , S= SO + Vot +Eat2 (a = COTlSt)

av as 14 S
dt="-=3", [, VdV = [; adS, V*—V,* =2aS (a= const)

2. Time Required to Reach Maximum Height
V = VQ + at
0=25-9.807"t

t = 2.549 [s]

3. Maximum Height

S = Sy + Vot +zat?

= 0425 X 2.549 — % X 9.807 X 2.5492

=31.865m

4. Calculation of Height (h)
h=§-15=16.865m

5. Calculation of Velocity (Vz) and Time Required to Drop to Point "B”
Vr=0
Vg% —Vp? = 2ah
V32 —0=2x9.807 x 16.865
Vg = 18.188
Vg = Vr+at
18.188 =0+9.807 x t

t = 1.855s



6. Time Required to Reach Point "B” after Launch
tA—B =4404 s

O Numerical Solution - RecurDyn

1. Body modeling and Set initial velocity

Body Initial Velocity

r Velocity
Ox [o [v]
My [z [[pv]
Oz [o ]
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Ox [o
Ov [ ]
Oz [ []
Reference Marker E

2. Plot the results
- Measure the time when the ball reaches a height of 15 m
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- Measure the velocity of the ball when the time is 4.404
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O Comparison of results

Object Value Theory RecurDyn Error(%)

h [m] 16.865 16.866 0.006
t[s] 4.404 4.404 0

Vs [m/s] 18.188 18.189 0.005




Dynamics of Rigid Bodies.02

Reference of Problem : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige),

7th Edition, pp.72, P.2.136
Type of Analysis : Kinematics of Particles, Polar Coordinates

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Initial length r 500 mm
Decreasing rate T -150 mm/s

Rotation rate 6 60 deg/s

1. Velocity of Point B
v, =1 =-150mm/s

v =16 = 500 g = 523.6 mm/s

v =/ (12 + vg?) = 544.7 mm/s



2. Acceleration of the Point B
a, = # —rf? = —548.31 mm/s>
ag =160 + 210 = —314.16 mm/s?

a=./(a,%+ ayp?) = 631.93 mm/s?

v" Note
e, =0ey , €5=—0e,
D =7#= re, +ré, =ie, + ey
d=1v= ie, + 7€, +7heg +reg + 1€,

fe, +10ey + 70ey + rley — r62%e,
(# —162)e, + (270 + 10)eg

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- Velocity of Point “"B”
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O Comparison of results

Object Value Theory RecurDyn Error(%)

v [m/s] 0.5447 0.5447 0
a[m/s?] 0.63193 0.63193 0




Dynamics of Rigid Bodies.03

Reference : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,
pp.77, P.2.161

Type of Analysis : Kinematics of Particles, Polar Coordinates

Type of Element : Particle (One part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Initial angle B 30 deg
Angular velocity ¢ 60 rad/s

1. Geometrical Constraint

=

- c0s0 + 90 - cosf = 300
r-cosf =300 —90-cosf = 222.06

=

- sinf = 90 - sinf3 = 45
r-cosf@ =300 —90 - cosf = 222.06

- 6 =1146°




1T =22657
2y =B +6=30+1146 = 41.46°

2. Velocity and Acceleration of Point A of Link AC
v =90 = 5400 mm/s
a=90-p%=324-10° mm?/s

3. Calculate 7, #, 6, § with the Velocity and Acceleration
vg =16 = v cosy = 5400 - cos41.46 = 4046.86 mm/s
. 4046.86
~ 22657
v, =1 =v-siny = 5400 -sin41.46 = 3575.32 mm/s
7 =3575.32mm/s

=17.86rad/s

a, =%¥—18%=a-cosy

#=10%+a-cosy = 226.57 - 17.86% + 324 - 103 - cos41.46 = 315,082.68 mm/s>

ag =10 + 270 = —a - siny

—a-siny — 270 (—324-10° - sin41.46 — 2- 357532 17.86)
r N 226.57

6 =

= —1,510.48 rad/s?

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results



- The relative velocity and acceleration

0.
Time (s)

- The angular velocity of acceleration of the "“RCase”

Piots

[Poge |
bk R E P s EEADE »

Angar Acceleration (radfs~2)
8. 3
g 8

Comparison of results

Object Value Theory RecurDyn Error(%)
r 3.58 3.58 0
s 315 315.12 0.038
] 17.88 17.86 0.112
] -1510 -1510.43 0.028
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Dynamics of Rigid Bodies.04

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.114, P.2.253
Type of Analysis : Kinematics of particles, Linear Motion

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Initial angle 0, /3 rad
“OA” Length l 0.8 m
Where, w, = [

L
0 =6, sinw,t
0 =6, w, - cosw,t

0 =—0, w,?" sinw,t

A tangential acceleration a, of the pendulum OA is,

11



at:l-é=—l-90-wn2-sinwnt:—l-QO-%-sinwntz—HO-g-sinwnt

A normal acceleration a, is,

a,=102=1-0,%" w,2cos?w,t =16, % cos2wpt = 0y% - g - cosZw,t

Thus, the acceleration of the pendulum OA is,

a=+/(a;?+a,?) = g6, -\/(sinzwnt + 6,2 - cos*wpt)

A Period T of the pendulum OA is,

T/4 = 0.4486, where T = 2= = 1.7943.

Wn

Calculate the extreme value,

da
dt

_ an-sinwnt-coswnt—4902-wn-cos3wnt-sinwnt _
=96 =0

ZJ(sinzwnH Bp%-costwnt)

= g0y 2w, - sinw,t - cosw,t - (1 - 2902 : cosza)nt) =0
2 1 —26y% cos?w,t =0

1
2602

o coswyt =+ /% = +0.67524

= ~t=0.23688 or 0.66026s

=  costw,t =

During the 1/4 period, calculate the “a” value to find the maximum value and
the minimum value when the time is 0, 0.23688, and 0.4468,
1) t=0

6 =0°
a=10.76 m/s? : the maximum value
2) t=0.23688

0 =0.77241 rad = 44.26°
a =9.026 m/s? : the minimum value

12



3) t=0.4468

6 = 1.04718 rad = 60.0°
a=10.27 m/s?

Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- Measure the acceleration when t=0, t=0.23688 and t=0.4468
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AT e P25
& S e AcM-Boart v 2 10,
e ATT——
10 average e \ s A TM - Bodyd my’ D
s s -
: % : 5 :‘.:::}
§ i \ =
NEB i
N \L
w w SO v e = w e o w
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CES)

Accelerstion (m/s~2)

O Comparison of results

Object Value Theory RecurDyn Error(%)
Apnin [M/5%] 9.026 9.002 0.266
t[s],O[deg] 0.23688, 44.26° 0.23688, 44.26° 0
Amax [M/5%] 10.76 10.76 0
t[s],O[deg] 0.0, 0° 0.0, 0° 0
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Dynamics of Rigid Bodies.05

- Vo=7m/s

M,= 0.40

References: Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.129, P.3.2
Type of Analysis : Kinetics of particles, Linear Motion

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Initial velocity Vo 7 m/s
Initial angle 0 15,30 deg
Mass m 50 kg
Friction coefficient U 0.40 -

ZFy=N—m'g-cose=0 <
N=m-g-cosf 0 y
X

15



ZFx=m-g-sin6—u-m-g-cos@=m-a

~a=g-sind —u-g-cosf

(1)6 = 15°

a;s = 9.81- (sin15 — 0.4 - cos15) = —1.251 m/s?
v? —vy? = 2aS

02—-72=-2-1251-§

S =19.584m

v =1+ at

t=-vy/a= —7/(—1.251) = 5.596 sec

(2)6 = 30°

aso = 9.81 - (sin30 — 0.4 - cos30) = 1.507 m/s?
=>» Sliding occurs continuously because the acceleration has plus valu
e

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- The displacement on the X axis of the block when the inclination of the
slope is 15° (The block slides down the slope as 19.063 m and then it stops
when the time is 5.593 ss)

16



2.0 400
X:TIME

O Comparison of results

Object Value Theory RecurDyn Error(%)
t[s] 5.59 5.593 0.054
6 =15°
x [m] 19.58 19.069 2.61
t[s] - - -
6 =30°
x [m] - - -
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Dynamics of Rigid Bodies.06

3keg
B
05m
2 kg
A —_— > P=40N

References: Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.129, P.3.2
Type of Analysis : Kinetics of particles, Linear Motion

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Units
Initial length X4, Xp 0.4,0.3 mm
Decreasing rate V4, Vg 0.9,1.2 mm/s

Rotation rate Wap 3 deg/s

va 0.9 12:]
w =£=""=3==
AB 93 7 03 0.4

vg =xp=12m/s

Geometrical Constraint

x4% + x5% = 0.52

18



Differentiate this equation, then,

ZXAX:A + szx.B = O

Differentiate one more time, then,
Xg Xy + X2 +xpXg+ X2 =0

_ (x4 %n + %4> +25°) ~ (%42 + x5%) XXy 0924127

Xy = = =
Xp Xp Xp 0.3

. 4 ..
xB = _75 - ng

F.B.D. of the Body A

'T\ X4y
| v

l,

ZFX=P—T-COSG=mAJé;4

MO-TFogy
5 <M

5 . 5 .
T=Z(40—2xA)=50—§xA

F.B.D. of the Body B

I
™~

sz = —T - sinf = mpxp

19
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¥p = —10+3- %) (2)

From equation (1) and (2),

" 4. 1 .
Xp = —7.5—§xA =-10+="%4

2
Xy =1364m/s
~ Xp =-9318m/s
~T=4659N

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- The acceleration on the X axis of "Body A” and acceleration on the Y axis of
\\Body BII

20
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O Comparison of results

Object Value Theory RecurDyn Error(%)
a, [m/s?] 1.36 1.361 0.074
ag [m/s?) -9.318 -9.315 0.032

T [N] 46.59 46.592 0.004
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Dynamics of Rigid Bodies.07

V=

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.182, P.3.139
Type of Analysis : Kinetics of Particles, Work-energy Equation

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Spring coefficient k 24 N/m
Initial length lo 0.375 m

Law of Energy Conservation

mgh, + ivaz + %kxA2=mghB + %msz + ikaZ
x4 = 0.4996 [m]

hg = 0.250 [m]

xg = 0.125 [m]

0+0+ %kxAzzmghB + %msz + %kaz

22



k
Vp = \/; (x4% — xp2) — 2ghg

vg = 1.1558 m/s

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- Measure the velocity when the displacement on the X axis of the “Slider”

is zero
:;1-|n-¢enr|e4@glw
— [RecurDyn e-Leaming] Dynamics - Dynamics of Particles 7
- 2N
P4
/ S Troce oa
I :ﬂ Vel TM - Shider fman's). \
e/ e
e / -
/ o \
/ B \
[ \
\
S e oo S T SR R TR T O o s

O Comparison of results
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Object Value Theory RecurDyn Error(%)

vg[m/s] 1.1558 1.1556 0.017

24



Dynamics of Rigid Bodies.08

1‘2kg| A
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v 0 J
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D e
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30° Y,

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.182, P.3.141
Type of Analysis : Kinetics of Particles, Work-energy Equation

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Units
Initial height hy 4.5 m
Initial velocity Uy 0 m/s

Law of Energy Conservation

Calculate the velocity of the point “B”

The point "B” is the lowest point, thus hzy =0m, vg =?

1 2 1 2 1 2 2
mghy, + Eva =mghg + EmvB =mghr + EkxF + Eva

25



A-B : mgh, + %vaz =mghg + %msz
vg =+/2ghy = 9.395m/s

Calculate the maximum deformation of the spring

A point of the spring that occurs the maximum deformation is called “F”, hy =

1.5m, vp =0, xp =96

A-F: mgh, + %vaZ = mghr + %kxpz + %mvpz

’2 hy—h
Xp=060= W=54.24mm

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- Measure the maximum value from the velocity plot of the “Slider - Body
A” and the minimum deformation from the deformation plot of “Spring”

26
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O Comparison of results

Object Value Theory RecurDyn Error(%)
Vg [m/s] 9.395 9.393 0.213
6 [mm] 54.24 54.08 0.295
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Dynamics of Rigid Bodies.09
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References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.263, P.3.350
Type of Analysis : Kinetics of Particles, Work-energy Equation
Type of Element : Particle (one part)

O Theoretical Solution
Basic Conditions

- Calculate the time “t” and the angle “6” when the particle is separated from
the tube with r = 1[m], wy = 0.5 [rad/s] = const, where “r” is the length of the
tube and “w,” is the angular velocity of the tube.

Given Symbol Value Unit
Tube length r 1 m
Angular velocity Wy 0.5 rad/s

Newton’s Equation of Motion

ZFr = ma,

28



mgsind = m(# — r6?)

# —rf?% = gsind
0 =0+ wyt +%at2, where 6, =0, w, = const, and a =0

ThUS, 9 = (l)ot

2

7 — wo“r = gsinwyt

That is the second order linear differential equation,

r=1,+1,=Ce "+ Ce®t — (g/zwoz)sinwot

T = _Clwoe_w()t + Czwoewot — Wy (g/zwoz) COS(U()t

Where t=0,and r=0, 7r=0
C,+C,=0

—Cywp + Crwq — 9/2&)0 =0
__9g
C1=-— /4w02

C, =9/4w02

r= g/4w02 (—e % +e? — 2s5ind)

Where r = 1[m], wy = 0.5 [rad/s]
Solve the nonlinear equation using numerical analysis which satisfies the
equation, —e~% + e — 2sin6 — 0.10194 =0

It is difficult to solve the nonlinear equation by hand. So the following solution
is calculated using numerical analysis on a computer (Newton-Rapson Method,

MatLab, Maple, Mathmatica, etc.)

6 = 0.5347 [rad]
Where 6 = wgt, thus t = ‘9/&)0 = 1.07 [sec]

O Numerical Solution - RecurDyn

29



1. Modeling

2. Plot the results
- Measure the time when the displacement of the “Slider” is “*1m”

[ves I
(B kEL- R E >S5 EE£3E &

| —Pon_rut. S|
[RecurDyn g) Dynamics - Dynamics of Particles 9

Length (m)
s
preegfy
g
|

- A plot of the rotation angle of the “"Guider” by the relative displacement
of “TraJoint1”

30



O Comparison of results

Object Value Theory RecurDyn Error(%)
t[s] 1.07 1.068 0.187
0 [deg] 30.653 30.681 0.009
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Dynamics of Rigid Bodies.10

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.287, P.4.31
Type of Analysis : Kinetics of Particles, Work-energy Equation

Type of Element : Particle (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Mass m 1 kg
Length l 0.5 m

Law of Momentum Conservation

det=AG= Gy + Gy —0

0=2m-v,+2m- (v, — 16)
2v, =16 (1)

32



For the entire system,
U1_2 = AT + AI{q

1 , 1 -
AT=E-2m-vx +§-2m-(vx—l9) -0

=m- (2v,% - 210v, + 1?6?)
AVy = =2mg - 2l = —4mgl
Up-2=0

m- (2v,2 — 210v, + 126%?) —4mgl = 0
20,2 — 210v, + 1202 —4gl =0
Form equation (1), 2v, =16

2v,2 —4v 2 + 4,2 —4gl =0

vy = 4/2gl

é=2"l—x=2\/¥ (2)

m=1kg, [=05m, g=981m/s?
vy =29l =V2-9.81-0.5=3.13m/s

g2 g P9y 298 s ad
R 05 12>3rad/s

O Numerical Solution - RecurDyn

1. Modeling

33



2. Plot the results

- The angular velocity of the “Pendulum”
(X axis : rotation angle, Y axis : rotation velocity)

— Ve A2 Pancuum rass
[RecuDyn e-Learning] Dynamics - Dynamics of Partidles 10

Angular Velooty (rads)

" ogle (deg) :

- The velocity of the “Cart”
(X axis : rotation angle of the “Pendulum”, Y axis : Velocity on X axis)

O Comparison of results

Object Value Theory RecurDyn Error(%)
0 [rad/s] 12.53 12.53 0
v, [m/s] 3.13 3.13 0
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Dynamics of Rigid Bodies.11

Reference : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.353, E.5.9
Type of Analysis : Plane Kinematics of Rigid Bodies, Relative Velocity

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Wop 50 rad/s
Length I, 0.25,0.1 m
“OB” length r 0.125 m
“AOB” angle 0 60 deg

Geometrical Constraint

35



0.125
0.35

T
p =sin"1 (— - sine) = sin—l( -sin60) =18.02°
Ly =71.98°

Vg =7 wpp = 0.125 X 50 = 19.63 m/s

The Equation of Relative Velocity

Uy = Vp + vA/B

VB~ 78,020 \ Vass
30° 14
Vg
Uy VUp

sin78.02 - siny

U
=B .5in78.02=2019
VA= Sin71.98 S m/s

Va/p _ Vg

sin30  siny

VB ;
VA/E = Si91 08 +sin30 = 10.32m/s

v
AT/B = 29.49 rad/s

Wpp =
Vg =Vs + Vg/a
= 20.197 + 29.49k x (0.25¢0518.027 + 0.25sin18.02)) = 20.197 + (7.01] — 2.287) =

17917+ 7.015

vg =+/(17.912 + 7.012) = 19.23 m/s

36



O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The velocity and angular velocity of the "CM” of the “"CRod"”

T

Tt
skE-REPed @E3E 5

®lkEL-2EesF &L K

e . - .
- : \
gm L. [““miﬁ/ || 4 \\ \\
D\ ES= LN R \
RS JIRVRY |- \
) \ J : /
O Comparison of results

Object Value Theory RecurDyn Error(%)

ve [m/s] 19.23 19.24 0.27

wyp [rad/s] 29.5 29.53 0.346
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Dynamics of Rigid Bodies.12

200 mm

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.346, P.5.54
Type of Analysis : Plane Kinematics of Rigid Bodies, Absolute Motion

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Woa 0.5 rad/s
“ABC” angle 6 45 deg
“BC” length r 0.2 m
“AB” length l 0.1 m

Geometrical Constraint

With the trigonometric function formula,

l r

sina  sinf
l T
sin(mr— (6 +p)) sinp

38



l T
sin(8+B) sinf

r-sin(6@ +B) =1L-sinf

Differentiate both sides of this equation,
r-(@+pB) cos(@+p)=1-pcosp
Where, wp, = é, Wyp = W = .8

(1-cosp—r-cos(@+PB))B=r1-6"cos+B)

r-0-cos(6+pB)
(l ~cosf —r-cos(6 + ﬁ))

w=f=

With the equation (1),

r-sin(@ +pB) =1-sinf

r - (sinf - cosf + cos@ - sinff) =L - sinf

Multiply both sides of this equation by i,
r - (sinf + cosf - tanP) = L - tanP

(I —7-cosB)-tanp =r - sind

. _ T - sind
anf = (Il —71"-cosB)
— tan-1 r-sinf
B = tan l—1-cos6

If, 8 =45° wpa=6=3rad/s , |=02m , r=01m,

_ tan-1 0.1-sin45 28.68°
B =t o 0T cosas ~ 2
0.1-3 - cos(45 + 28.68)

(0.2 - c0s28.68 — 0.1 - cos(45 + 28.68))

w=p= = 0.572rad/s
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O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The angular velocity on Z axis of the link “"AB”

Tt
&l - 2w e s s & £3E K
[vecnz- s imas)|
[RecurDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 2
Lo
Lo
o
o
o
o
§u.
f o
2.
H —_
T
x e
. & e 0.57223070M91676.
Point: (11101
[P —
> s
Fon? —
prag [ T—
T T
o !
o0 o oo s o o o o oo o oo
Tme (s) |

O Comparison of results

Object Value Theory RecurDyn Error(%)
wyp [rad/s] 0.572 0.572 0
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Dynamics of Rigid Bodies.13

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.347, P.5.57
Type of Analysis : Plane Kinematics of Rigid Bodies, Absolute Motion

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity wo 3 rad/s
“AB” length l 0.2 m
“OB” length r 0.1 m

“AOB” angle 0 60 deg

Geometrical Constraint

(1)

l-sinf =r-sinf

r
sinf = Tsin@
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T+ sinf

P O
\/l2 — r2sin?6

12 —r2sin?6 T
cosp = — = 1-— (Tsme)z

Differentiate both sides of the equation (1),
l-B-cosB=r-6-cosd (2)

r-é-cos@_r cos0

l- l
cosp fl - (%sin@)2

wap =P =

Differentiate both sides of the equation (2),
l-B-cosp—1-B% sinf=r-6-cos® —r-6?-sind
Where w, = 0 = const, thus § =0

2
T cos“0 r . .
|55 wg? ——F———Fsind — r- wy? - sind

. : T
L-B?-sinf —r-0%-sinf ! 1—(75”19)21

g = F = l-cosp N r .
- [1- (Tsmﬁ)z
r®  cos*6 1 5 5
r 71— (%sin@)z r 7—260529 -1+ %sinze
= —wy? - sind = —wy? - sinf =
l r . P l (1 T 9)2)3/2
1= (ysinb) (7sin
2
T
T2 z !
=7a)0 - sinf

(1 — (7 sing)?)3/>
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The angular velocity and the angular acceleration of the link “"AB”

Where [=02m , r=01m , wy=3rad/s, 6 =60°, thus

r cos6 0.1 cos60
wABz—wO—z—-3' =0832Tad/5

l r . o\, 0.2 0.1 .

1 - (7sind) 1- G sin60)?
r? 0.12

oo, 7z 1 0.1 2 . 022 1

aAB=7w0 - sinf _— 3/2=E-3 - sin60 o1 372
(1- Gsing)?) (1- G- sin60)2)
= —3.99 rad/s?

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The angular velocity and angular acceleration on Z axis of the link “"AB”
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O Comparison of results
Object Value Theory RecurDyn Error(%)
wyp [rad/s] 0.832 0.832 0
a,p [rad/s?) -3.99 -3.99 0
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Dynamics of Rigid Bodies.14

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.359, P.5.80
Type of Analysis : Plane Kinematics of Rigid Bodies, Relative Velocity

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Wop 0.8 rad/s
“AB” length l 0.5 m
“OB” length r 0.25 m
“OA-OB” angle B 20 deg
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~1

-2

The “"OB” rotates on the point of “0”, thus

Uy = Wop X Top = —0.8k X 0.257 = —0.2]

0A = /(12 —12) = 0.433

0= cos‘l(r/l) = 60°

I,cA = 0A/cosp = 0.461

Up

— —0.2 —
Wpp = m - /0408 = 0.49

Uy = Wug XToa = —0.49k x (0.1587 — 0.433)) = —0.0774] — 0.21227
~ vy = 0.2259 [m/s]

46



V({7 - rz)\- tanp

V(2 —12)/cosB

V¢ =y +UC = U + Wyp X Tpe = —0.2] — 0.49k X (—0.25 - cos607 — 0.25 - sin60J)
B

= —0.10617 — 0.1388]

@ ve = 0.1747 [m/s]

O Numerical Solution - RecurDyn

1. Modeling

47



2. Plot the results

- Measure the time when the displacement of the “Slider” is “*1m”

Page

{RecurDyn e-Learning) Dynamics - Dynamics of Rigid Bodies 4 ecuOyn L earmingiDyamics-Oymarics ofigd Sode ¢

O Comparison of results
Object Value Theory RecurDyn Error(%)
v, [m/s] 0.2259 0.2261 0.089
v [m/s] 0.1747 0.1746 0.057
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Dynamics of Rigid Bodies.15

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.361, P.5.89
Type of Analysis : Plane Kinematics of Rigid Bodies, Instantaneous Center of Zero

Velocity
Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Wop 0.5 rad/s
Angle tan 6 4/3 -
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The Velocities of Each End Point of the Link “"AB” (*A” and “B”) and the
Relative Velocity of the “"A” with Respect to the “B”

Tp = —wopk X 1] = —0.5k x 0.12] = 0.067

Ty = —wuck X (—0.127+ 0.16]) = 0.16 - wyci + 0.12 - wycf

Va/p = Wap X Tga = —Wapk X (—0.247 + 0.04)) = 0.04 - wypi + 0.24 - wyp]

Calculate the Accelerations of the Link “AB” and the Link “AC
Uy =Vg + Vg

{: 0.16- wAC = 0.06 + 0.04 - Wyp

7 012~ Wypc = 0.24 - Wyp

s wyp = 0.214 rad/s

& wye = 0.429 rad/s
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O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The angular velocity on Z axis of the "AB” and “C

ot
DEE2- R E P s EEDL*

P
RkEL-vEPLF(@EE x

—veLRz - Ca )
Mw—-ﬂm—f-m—numuﬂ [ReaxDyn e-Leamning] Dynamics - Dynamics of Rigid Bodies 5
e

(Ttle:  veLR2. A8 et

™~
i
¢

Q\\
s
= Agﬁ
\
\
\
‘\
\
\
\
\

.00 £%0) oo o0

i

o3 o

O Comparison of results
Object Value Theory RecurDyn Error(%)
wap [rad/s] 0.214 0.214 0
wyc [rad/s] 0.429 0.429 0
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Dynamics of Rigid Bodies.16

400mm

(® ®

300mm
500mm

© o

_—

Va

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.405, P.5.195
Type of Analysis : Plane Kinematics of Rigid Bodies

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Initial velocity Uy 1.2 m/s
Angular velocity Woc 2 rad/s

The Relative Velocity Equation of the points “A”, *B”, and “C”
U5 = U3 + Vg4 = UG + U/

T = —wpck X 0.3] = 0.67

A Graph of the Velocity Relationship
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Vg — V¢ _ 0.6

VB/C T Ttan g _ﬁ= 08

Vp/c 0.8
w36=%=ﬁ=2rad/s

U—B)= E{+UB/A =17—C)+VB/C = 06?"‘ 08_7

The Angular Acceleration of Link “AB”

'UA—'UC_ 0.6 _

VB/4= "gng 375 10
vB/A 1.0
Wap = =g =05~ 2rad/s

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- The angular velocity on Z axis of the “"BC”
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[RecurDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 6

ty (radis]

Angular Vel

O Comparison of results

Object Value Theory RecurDyn Error(%)
wpgc [rad/s] 2 2 0
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Dynamics of Rigid Bodies.17

300mm //

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.405, P.5.198
Type of Analysis : Plane Kinematics of Rigid Bodies, Linear Motion

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Woa 3 rad/s
Angle 0 30 deg

Geometrical Constraint - Second Law of Cosines

CA? =0.32+40.12-2x 0.1 X 0.3 X cos 120 = 0.13

CA =0361

01  CA
sinf sin120
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0.361

0.1
B= sin‘l(ﬁ sin120) = sin™?! ( sin 120) = 13.88°

y=180—-120 —13.88 = 46.12°

Calculate a Velocity
V4 = woy0A=3-01=03rad/s

vgcosy  0.3-cos46.12
CA 0361

Wep = = 0.576rad/s

Where, Wecyp = Wpc

vy = wpe - BC = 0.576- 0.5 = 0.288 m/s

Up

Uy

Wo4g Y

0 AV

0.3
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O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The acceleration in the Z direction of “"CB” and the velocity of the point
\\BII Of \\BDII

% ¥ ] | gm. ‘C ‘(‘,
% ‘\\ s ‘q‘\' “\
® \‘ |
O Comparison of results
Object Value Theory RecurDyn Error(%)
wpgc [rad/s] 0.576 0.577 0.174
vp [m/s] 0.288 0.286 0.694
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Dynamics of Rigid Bodies.18

O} V%

a0 ,
AR 250mm
/
!

© \\ w
C / ‘\\Q/ o
A4

«—— 600mm —

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.408, P.5.204
Type of Analysis : Plane Kinematics of Rigid Bodies

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Wy 5 rad/s
X
B 4’
Up
650 /\ﬂo
v, 250
B
A 600 0
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— —1@_ o
B=tan 200 = 22.62

1. The Equation of Relative Velocity
If a point located on the point “C” of the rod “"BD” is called “A”,
Tp = @g X Top = —5k X (0.25 - sin22.627 + 0.25 - cos 22.62]) = 1.1547 — 0.4817

— — [ — _ _
Vy = VUp +UA/B = Vp + Wyp XTA/B

’UA _
Va/p = Wap X Tyyp

B R

Up

vy =vgcosf = 1.25-cos22.62 = 1.154
Va/p = Vg Sinf = 1.25-sin22.62 = 0.481 = wyp * 74/p

ryp = 0.65, then the angular velocity is wyp = 0.74 rad/s.

These velocities as a vector are,

7y = 1.1547
Tag = —0.651

If the angular velocity is assumed to be @, = 0.74k, then

Va/s = Wap X Tasp = 0.74k x (—0.650) = —0.481] (2)
Since the signs of (1) and (2) are different, @,; = —0.74k
Finally, the angular velocity is @,; = —0.74k because the equation (1) and the

equation (2) have different signs.
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2. The Equation of Relative Acceleration

Gy = Qg + Wap X Ty/p + Wap X (wap % TA/B) + 2045 X Vpep + Qe
@5 = @ X (@g X Top) = —5K x (=5K x (0.25 - 5in 22,621 + 0.25 - cos 22.62))

= —2.4047 - 5.769]

Wap X Tazp = wypk X (—0.650) = —0.65 - wyp]

wap X (@15 X Tajp) = —0.74k x (—0.74k x (—0.657) ) = 0.3561
/

Vrer =0
—_
Arer =0

@y = el + ayy] = —2.4047 — 5.769 — 0.65 - wyp] + 0.3567
U @ oay =—2.404+ 0.356 = —2.048

J i oag =—5769—0.65 wyp

\dxw) = dx +xdo
N =wdx+0

Consider Coriolis acceleration of the pivoted collar that rotates about a fixed
axis through the point “C”,

Gy = 200 X Uy = =2+ 0.74k x 11541 = —1.708]

Ay = —5.769 — 0.65 - wy5 = —1.708

& wyp = —6.248rad/s

- _ —rad
= Gy = —6.248k—
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O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The angular acceleration about the Z axis of "BD”

%é@-(a-fwmx
/
/
i 1
| _
GEEE-—
e e Sk o
O Comparison of results
Object Value Theory RecurDyn Error(%)
agp [rad/s?] -6.25 -6.24 0.16
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Dynamics of Rigid Bodies.19

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.408, P.5.212
Type of Analysis : Plane Kinematics of Rigid Bodies

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity 1) 157.08 rad/s
“AB” length l 0.35 m
“OB” length r 0.125 m
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()
l
r
X )8 0
< 5 >
Va x O

Geometrical Constraint
x=1l-cosf+r-cosf
vy=—x=1-f-sinf+r-0-sinb

l-sinB=r-sind

Calculate a Velocity
Differentiate both sides of the equation,

l-B-cosB=r-0-cosB

. 1r cos@ . r . cos 0 ro. cos 0 w-cos B
ﬁz?cosﬁlezflgl—'zzflgl z 2
1_Slnﬁ \/1_(%511,10) \/(%) —Sin29
w-cos B T ) ] cos 0
sy =l——————="-sinf+r-w-sinf=r-w-sinf-|1+

2 l 2
(é) — sin?0 /(%) — sin?0
Where, | =035m , r=0.125m , w = 1500 rev/m = 1500 27/60 = 157.08 rad/s

cos 6

vy =19.635 - sin 6 - [1 —_—
V7.84 — sin?0
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20
20

10

10 0

-10

-20

X

= 20.865m/s at 8 =1.2566rad = 72°

“ VAmax

Calculate the Acceleration

Differentiate the equation to calculate the acceleration,

2 — - . . o ]
26 cos 26 - (%) — sin%6 —sin 26 25”192 cosf -6
l .
ag=——=1"w'|0cos0+= _
“ i (L) — sin?%6
r
2 —lsin29

cos 26 - L — sin2%6 — sin 26 2
(T) 2 (f:)z—sinze

= r-w°-|cos O+

2

cosZH-[Gﬂ) — sin?6 +lsin229

4
8 o]

2 2
- (cos®® — sin0)- [1 — G) sinZB] +%G) (4 - sin®0 - cos?0)
=r-w?-|cos O+~

: [1 - G)Z sin29]3/2

= r-w°-|cos O+
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2

. [1 — 2sin?0 + G) sin“G]

way =1 w?|cosf+~-

l "N .,
[1 - (T) sin 9]

3/2

Where, [ =035m , r=0.125m , w = 1500 rev/m = 1500 - 27/60 = 157.08 rad /s

[1 - 2sin%6 + 0.128 - sin*6]
[1—0.128 - sin20]3/2

ay, = 3084.27 - [cos 6+ 0.357-

4000 4000
3000 3000
2000 2000

1000 | 1000 |

~1000 -1000

~2000 -2000 |

= 417297 m/s?> at 8 = 0°

AU max

a, = —1983.19m/s? at 6 = 180°
a, =0m/s? at 8 = 1.26125rad = 72.26°

O Numerical Solution - RecurDyn

1. Modeling

N
MOGION

2. Plot the results

65



- The velocity on X axis of the “Piston”

(X axis : the angle of the "Rev]ointl”,Y axis : The velocity on X axis
of the “Piston”)

[RecDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 9

mm/s)

Velooty (i

R R R R

- Calculate of the “8” value when a, = 0 m/s?

(deg)

O Comparison of results

Object Value Theory RecurDyn Error(%)
Vamax [M/S] 20.865 20.875 0.048
0 [rad] 1.2566 1.2566 0
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Dynamics of Rigid Bodies.20

R =250mm

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.433, E.6.4
Type of Analysis : Plane Kinematics of Rigid Bodies, Rotation about a Fixed Axis

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit

Mass m 7.5 kg
“0OG” length To 0.295 m
Initial angle 0 60 degree

ZMO = [0 = mgr cos 6
mry?a = 7.5 X 0.2952 X a = 7.5 X 9.81 X 0.25 X cos 6

o= 28.18cos

oo = 14.091 rad/s?
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w 0 7]
f wdw =] adb =f 28.18 - cos 6 do
0 0 0

1, .

S0 = 28.18 - sin@

~w=699rad/s

ZF" = 0, — mgsin @ = ma,, = mrw?

0, —7.5%9.81 X sin60 = 7.5 X 0.25 X 6.992

~ 0, = 155.33 [N]

th =—0; + mgcosf = ma, = mr«

—0; +7.5%x9.81 X cos60 = 7.5 x 0.25 x 14.091

- 0, = 10.37 [N]

~0= /otz + 0,% = 155.68 [N]

o Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
- The total reaction force when the angle is “60.06°”
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[RerDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 10

e T o e S )

Comparison of results

Object Value Theory
Ry [N] 155.65

RecurDyn
155.67(60.06°)

Error(%)
0.013
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Dynamics of Rigid Bodies.21

300
mm

500
mm

600 mm

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.428, P.6.25
Type of Analysis : Plane Kinematics of Rigid Bodies, Translational Motion

Type of Element : Rigid Body (three parts)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Momentum M 200 N-m
Angular velocity W 5 rad/s
w=>5rad/s
D D , C
— Dy Dy, « [\ Cn
mag
g B,
may
mg
B, w = 5rad/s A
B Vi
B, +— [ [ — A
B Bn n \ \ A n
B, M=200N-m



In the case of the link “"CD”,

a, =rw? = 0.6 x 52 = 15m/s?

In the case of the link “"BD”,
ZMB =D, x 0.8 = ma,d

D, X 0.8 =25 x 0.6 X 52 x 0.5 = 187.5
« D, = 235.375 [N]

It is assumed that the mass of the link "AB” is ignored,
ZMA = M—Bt X 0.6 = mABatdl =0

B, =200/0.6 = 333.33

In the case of the link “"BD”,

ZFt =ma; = mra

B, —mg = mra

ca= B mg)/(mr) — 5.872 [r/s?]
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O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The size of the reaction force of the Joint "D” and the angular acceleration
of the link "CD”

Pagel | 3

REEZ- 2EteF LD x L 2R PEFEEDE])
o L
_— | L ,N\
[ - . i
. i,‘ ?&T
| L =
i e
O Comparison of results
Object Value Theory RecurDyn Error(%)
Ry [m/s?%] 235.375 234.375 0.425
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a [rad/s?) 5.871 5.872 0.017
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Dynamics of Rigid Bodies.22

1200mm

.\: oy

600mm

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.429, P.6.29
Type of Analysis : Plane Kinematics of Rigid Bodies, Translational Motion

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
“CE” length leg 600 mm
“CD” length lep 1200 mm

The Driving Constraint

o=201

—g( 0037)

e_nn nt_nz Tt
=g g sin_=15sins
_7'[2 T 7Tt_7T3 Tt
“122 2 24 7
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(@) 6=0° t=0

mat G
A
mg
480
v A\ 4
A A‘L
D{ 600 Fr
Fp Fpp
=0
5=
24

.. s
=710 =12X—=1.55
ar =1 4

ZMF = (mg — Fp) - 0.6 = ma, - 0.48

o Fp = 1714 [N]
(b) t=1sec
VA T T
9=g(1—c055)=g
T2 T 2
0=—. gin—=—
12 M2 712
6=" . cos™=0
T4 %77
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G
mat an
mg P 48 FFt
A 4
D F
0 6 0
FD FFn
a, =0
a, =rf%=12x 7r—22—0812
S F P

ZMF =mg-0.6—Fp-0.6-cosf =ma, " (0.6-cosf —0.48 - sinH)

« Fp = 2178.13 [N]

O Numerical Solution - RecurDyn

1. Modeling
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2. Plot the results

- The reaction force of the revolute joint “"D” when the time is 0 and 1

PRe? Lo 10 e 200 0.0 0.0 « ¥ L0
Time (s) Time (s)

O Comparison of results

Object Value Theory RecurDyn Error(%)
Di_o [N] 1714 1714 0
D;_1 [N] 2178 2178 0
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Dynamics of Rigid Bodies.23

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.439, P.6.57

Type of Analysis : Plane Kinematics of Rigid Bodies, Rotation about a Fixed Axis

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Mass m 6000 kg
Torque T 30 N-m

78



1
I; = E6000 - [1.52 + 2.52] = 4,250 kg - m?

Iy = I + md? = 4250 + 6000 - 2.05% = 29,465 kg - m?

ZMO = Ioa

T =30 =29465 X «
a=1.018 x 1073 rad /s>

1
9 = 90+a)0t+zat2

Calculate the time when the rotation angle, 0", is 45°,
Bp=0, wo=0,8=45°=7

Tl 1018x 1073 x ¢.2
4 277 1
t, =39.28s
"t =7856s

O Numerical Solution - RecurDyn

1. Modeling
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2. Plot the results

- Measure the time when the rotation angle is 90°

3
[®eEe-mE P s F @ EIE &

—Pos_pi-soan (sen)|
[RecwDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 13

100.00

S i

Angle (de9)
H

10,00 |
0.

O Comparison of results

Object Value Theory RecurDyn Error(%)
t [s] 78.56 78.6 0.051
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Dynamics of Rigid Bodies.24

0.8m
1.0m

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.454, P.6.92
Type of Analysis : Plane Kinematics of Rigid Bodies, General Plane Motion

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit

Mass m 10 kg
Angular velocity Wy 4.5 rad/s
Angular velocity Wap 3 rad/s
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D

\ 4

—
—

Or
M Sl N
>

,
1
N

Va

0.8
1.0

\ 4

U.0

A

Wap

m(ag/a)n v

0.8

m(dg;a)

=
N
(s}

m(aB/A)t

Ng

The Equation of Relative Velocity
ag = as + (ag/a)n + (Ap/a):

a, = 0A- wy? = 0.4 X 452 = 8.1 m/s?
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(aB/A)n =E' O)ABZ =1.0x 32 = 9m/52

a
tan § = ( B/A)n

(aB/A)t

- (aB/A)n 9

= AB - = =—=12 2
(aB/A)t Oap tan 0 3/4 m/s

a
g = ( Z_/;)t = 12rad/s?

ZMA =la + mad = I;a + magd

ag = ay + (ag/a)n + (@G a)¢

(ag/a)e = ragp = 0.5 X 12 = 6 rad/s?

1
Z My, =mg-0.3—Ng-0.6= Eml2 Qg + m(ag/A)t 0.5 —may - 0.4

1
10><9.81><0.3—NBX0.6=E><10><1.02><12+1O><6><0.5—10><8.1><0.4

~ Ny = 36.38 [N]
O Numerical Solution - RecurDyn

1. Modeling

e e
62+

2. Plot the results

- The reaction force acting on the end of the roller "B”, which is attached at
one end of the link "AB”
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FY_Reaction_ Force-T41 0
[RecurDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 14

Force (N)

O Comparison of results
Object Value Theory RecurDyn Error(%)
Ng [N] 36.38 36.38 0
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Dynamics of Rigid Bodies.25

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.457, P.6.105
Type of Analysis : Plane Kinematics of Rigid Bodies, General Plane Motion

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity Wogp 1007 rad/s
Angular acceleration Qop 0 rad/s?
(as /B)t

myp = 0.6 kg, mp =0.82 kg

I, = 0.075m, I, = 0.0325m
Va il A/B)n

r =0.0425m, r; = 0.028m

Calculate the velocity and the acceleration

Vg = wgpp X 0.0425 =13.35m/s
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vy =vg = 13.35m/s
&~ wyug =0rad/s
ag = (ag)n=Top  Wop? = 0.0425 x (1007)? = 4.195 x 103 m/s?

. _, Tos _, 00425 A
= C0S = C0S = .
L+, 0.075 + 0.0325

The Equation of Relative Velocity

ag = ag + (aa/p)n + (Aa/8)¢

_(ap)n 4195x10°

= 3 2
(@a/p)e = sinf  sin66.71 4567 x 107 m/s (aa/B)¢ 0
27}
tap = T 424837 vad/s?
AB E . <
_(ag)n 4195 x10° (@p)n

= 1.806 x 103 m/s?

= tanf  tan66.71

(1) Piston

mpg

lf__x_-

4y

Z E = MpQpy

A, =0

Z Fy = Mpayy

Ay —mpg =mpay
mpg =0 : Ignore
A, =0.82 x 1.806 x 10> = 1480.7 [N]

mpg # 0 : Consider
A, =0.82 x (9.81 + 1.806 x 10%) = 1488.8 [N]
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(2) The link “AB”

ZMB:IB(Z'i'ﬁXmaB

Ig = Iz + mp? = mrg? + mp? = m(rg? + p?) = 0.6 - (0.0282% + 0.03252) = 0.00110415
ag = 4.195 x 103 m/s?

Ay -l-sinf — Ay -rop —mypg-p-cos =g " ayp —Myp-ag-p-sind

mypg = 0 : Ignhore
A, x0.1075 X sin 66.71 — 1488.8 x 0.0425

= 0.0011 X 42483.7 — 0.6 X 4195 x 0.0325 X sin 66.71
A, = 353.1[N]

“A= /sz + A% = 1530.1 [N]

mypg # 0 : Consider
A, = 353.9[N]

“A= /sz + A% = 15303 [N]

ZMle_a+mc_ld

Ay

ag =ag + (ag/a)n + (Ag/a)t

I; = mrg? = 0.6 X 0.0282 = 0.0004704

mypg = 0 : Ignore

A, x0.1075 X sin66.71 — 1488.8 x 0.0425
= 0.0004704 x 42483.7 + 0.6 X (—4195 x 0.0325 X sin66.71
+ 0.03252% x 42483.7)

A, = 354.9 [N]

“A= /sz +Ay? = 15305 [N]

mypg # 0 : Consider
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A, = 355.69 [N]

“A= /sz + A% = 1530.7 [N]

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The reaction force of the joint when 6 =90°

(X axis : the angle of Revolute Joint “"O”, Y axis : the reaction force of
Revolute Joint “"A")

Page
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O Comparison of results

Object Value Theory RecurDyn Error(%)
R, [N] 1530.5 1531.3 0.052
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Dynamics of Rigid Bodies.26

. 04m ———
AL 0
© e (2

0.18m

0.8m

1.0m

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.474, P.6.139
Type of Analysis : Plane Kinematics of Rigid Bodies, Work-energy Equation

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

04

fanY

ﬁ U A
7y
0.18
0.18
S w 04
'y 0.8 Vy
1.0 ’
0.4 b
04 Vg
_v A 62 U >
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Given Symbol Value Unit

Mass Mo Myp 8,12 kg

Gyration radius g 0.22 m

v, = 0.4 m/s
Vg =Vg =V

wAB=0

Work-energy Equation
The link “"OA”
AV, = —mpagh, = —8 X 9.81 X 0.18 = —14.13

1 1 Vg 2 1 UAZ
AT = 2 Iow? = = X moyTo? X [ﬂ] = S X8x0.222 X or = 12172
The link “AB”
AV, = —mupgh, = —12 X 9.81 X 0.2 = —23.54

1 1 1

AT=—mABvB2 =—X12X1732 =—X12XVB2 =6V
2 2 2

The total system

U1_2 = AT + AVg

0=-14.13+1.21-v?—23.54+ 6 - v?

Lv=229m/s

2

O Numerical Solution - RecurDyn

1. Modeling
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2. Plot the results

- The velocity of end B (X axis : the rotation angle of Revolute Joint “"O”, Y
axis : the velocity on X axis of “"B”)

[RecurDyn e-Learning] Dynamics - Dynamics of Rigid Bodies 16

Angie (deg)

O Comparison of results

Object Value Theory RecurDyn Error(%)
vp [m/s] 2.29 2.29 0
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Dynamics of Rigid Bodies.27

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.509, P.6.221
Type of Analysis : Plane Kinematics of Rigid Bodies

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Mass m 1.2 kg
k 100 N/m

Spring coefficient

ll = 0.6 m,lz =0.2m
0=00_)170=0, 80=0
The length of the spring without deformation, [, = 0.6v/2m
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06 6v2

06 0.6'sin @

© A

0.2

Work-energy Equation

The length of the spring with deformation when the angle is 6,
12 =10.62+0.6> — 2% 0.6 X 0.6 X cos(90 + 8) = 2 X 0.6% X (1 + sinB)

Thus, the equation of deformation of the springis, § =1-1, =

V2 x0.62 X (1+sinf) —0.6v2 = 0.6v2(~/T +sinf — 1)
Ul—Z :AT+AI{9 =O

Omax 2 V=0

1 2 1 2 1 2 1 2
mgh1+§kx1 +Elo(l)1 =mgh2+§ka +5100)2

X1=0, 0)1=0, h2=0, 0)2=0
1 2
12x9.81x 0.45in6 = 2% 100 X [0.6V2(V1 +sind — 1))

47088 -sinf = 36 - (2 + sinf — 2v1 + sin 6)
31.2912-sinf — 72V1 +sin@ + 72 =0

If sin6 = X, then,

31.2912- X — 721+ X+ 72 =0

31.2912- X + 72 = 72V1 +X

Squares both sides of the equation,

979.14- X% + 4505.93 - X + 5184 = 5184(1 + X)
979.14- X2 - 678.07-X =0
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X-(979.14- X — 678.07) = 0
X=0 or X=06925
#6=0° or 6=43.83°

o Opay = 43.83°

When 6 is an arbitrary angle,
Uy = AT+ AV, =0
1 1 1 1
mghy + =kx;? + =lyw,? = mgh, + =kx,% + = lyw,?
2 2 2 2
x1=0, (1)1=0, h2=0

1 2 1 1
1.2x9.81 X 0.4sin@ :§x100x[0.6\/§(\/1+sin9—1)] +oX3X12x08% X w?

4.7088 - sinf = 36 - (2 + sinf — 2V1 +sin6) + 0.128 - w?
0.128 - w? = —31.2912 - sin@ + 72V1 + sinf — 72

L= \/—244.4625 -sinf + 562.5-v1 +sinf — 562.5

If, w =/ —244.4625 - sin0 + 562.5 V1 + sin @ — 562.5 = \/f

cos 6

—244.4625 - cos 6 + 562.5 ——
d_a): o8 2\/1+sin9=0

do 2\/7

—244.4625-cosf-2-vV1+sinf + 562.5-cosf =0
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cos@ - (—488.925-V1 +sinf + 562.5) = 0

cos@ =0 or V1+sinf = 1.1505

~0=90° or 6 =18.88°

~ 6 =18.88°(0.3295rad) — wmpmax = 2.353rad/s

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The angular velocity on Z axis of the "AB” and “CA”

[Pl
k-2 E e E|8 SDE X

[ReaurDyn e-Leaming] Dynamics - Dynamics of Rigid Bodies 17

[

|

Aaguer Vedoaty (radfs)




O Comparison of results

Object Value Theory RecurDyn Error(%)
Wnax [Tad/s] 2.353 2.353 0
0 [deg] 18.88 19.07 1.001
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Dynamics of Rigid Bodies.28

1.2m

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.511, P.6.229
Type of Analysis : Plane Kinematics of Rigid Bodies

Type of Element : Rigid Body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Mass m 30 kg
Angular velocity Wy 4 rad/s

wo=4rad/s = 6,=0

l=24m
lz=02m
k =3kN/m

1 1
Iy =§mlz =§><30><2.42 =57.6m
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. 1.2

O 1.2

Work-energy Equation
lo=12v2m

The length of the spring with deformation when the angle is 6,
12=12%2+122-2x12x12xcos(90 +0) = 2 x 1.2%2 X (1 + sinH)

Thus, the equation of deformation of the springis, § =1—-1[, =
J2x1.22x (1 +sin@) —1.2v2 = 1.2V2(/1 +sinf — 1)

U1_2:AT+AI{g:O

1 2 1 2 1 2 1 2
mgh1 +§kx1 +§Io(l)1 =mgh2 +§kx2 +§Io(l)2

X1=0, h2=0

1
30><9.81><1.2><(1—cos¢9)+§><57.6><42

1 2 1
= 5% 3000 % [1.2vV2(V1 +sin6 — 1)] +5 X 57.6 X w?

813.96 — 353.16 - cos @ = 4320 (2 +sinf — 2V1 + sin ) + 28.8 - w?
28.8- w? = —4320-sin 0 + 8640V1 + sin§ — 7826.04 — 353.16 - cos §

Sw = \[—150 -sin@ + 300-v1+sinf —271.74 — 12.263 - cos 6
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& Wmin = 0909 rad/s at 8 =1.2879rad = 73.79°
6 =90° - w=1589rad/s

1.5

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- The angular velocity on the Z axis of “"A”
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(X axis : the rotation angle of revolute joint “K”, Y axis : the angular
velocity on the Z axis of “"A")

= B R
{RecuDyn e-Leaming] Dynamics - Dynamics of Rigid Bodies 18 {RecurDyn e-Learming] Dynamics - Dynamics of Rigid Bodies 18
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3 2

z* s

i §

L] »

Biw

R ouo0 = . 5.0 10.06 o 10.00 000 10,00 o MR

O Comparison of results

Object Value Theory RecurDyn Error(%)
Wpin [rad/s] 0.909 0.901 0.88
0 [deg]| 73.79 73.99 0.271
Wapp=o [rad/s] 1.589 1.599 0.629
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Dynamics of Rigid Bodies.29

Top view

Front view

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.536, P.7.46
Type of Analysis : 3-Dimensional Rigid Body Dynamics, Rotational Motion about a

Fixed Point
Type of Element : Rigid body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Angular velocity .
p 10m rad/s
of disk
Angular velocity N
Q 4 rad/s

of frame

p = 10nj [rad/s] = pj [rad/s] = const
Q = 4nk [rad/s] = Ok [rad/s] = const
R, =037+0.1k

a0 = 0.1k
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Interaction Formula of Acceleration

G=p=p/+p/= Oxp=0kxpj=—pQi = —40n?7

d)A=d)o +6XFA/0 +ﬁx(ﬁXFA/0)+ZﬁXﬁrel+arel

QU

0 =0 x (AxRy) = 4k x (4k x (0.37+ 0.1k)) = 4nk x 1.2n] = —4.8n21
=0
A x 740 = 4mk x 0.1k = 0

L ol

Bror = B X T4/ = 10m] x 0.1k = nif

Grey =P X (B X P4/0) = 10m] x (107 x 0.1k) = 107] x ni = —10m2k

©dy=—487%+ 0+ 0+ 8wk x nl — 10n%k = —4.87%7 + 872] — 10m2k
= 2m%(—2.47 + 4] — 5k) m/s?

w8y = —47.377+ 78.96] — 98.70k m/s?

« |da) = [(47.372 + 78.962 + 98.70% +) = 134.98 m/s?

O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results
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1-1) Create a scope of the point "A” which is on the disk
1. Enter the “Name” and click the “Et” button after select the “Entity” i
icon. And, drag and drop “Disk-Marker2” in the “Database” window
2. Change the “"Component” to "Component - Acc_TX"
3. Change the “Reference Frame” to “Ground-InertiaMarker”

4. Click the “Add to Plot” 2 jcon to add these scopes to the “Plot”
A P7_46

Groups
& Group

Scope Entity

MName |Acc_Ax |

Entity Mame Disk.Marker2

X
component ([acen]  [] \>
Reference Frame”Ground.InertiaMarke@{

E Display

I, Markerl
7 RPlate

Markerl

[ OK ] [ Cancel ]

1-2) “Add to Plot” for the acceleration on the X,Y,Z axis of the “"Disk”

Page 1

W (M2 - R @ 2@ o0k

—YACC_Ax #1 — YIACC_ty #1 — Y:ACC_Ax#1

100000.00

~50000.00 \
\

00000 e
/
\\\ ///
~. L e
-2s0000.00 - L |
0.000 0.010 0.000 0.0 0.00 0.050 0.000 o.670 .00 0.0% 0,100
X:TIME

¥ Trace Data x | |'"¥ trace pata x | |'¥ Trace Data x
Title : Y:ACC_Ax #1 Title : Y:ACC_Ay #1 Title : Y:ACC_ Az #1
X: 0. X3 0. X: 0.
¥: -47374.1011252286 Y: 78956.8352087153 \t -98696.0440108941
Point:  [11]101] Point:  [11/[101) Point:  [11/101]
Min : -150458.529368818 Min : -137702.990909891 Min: -98696.0440108941
Max : 60453.010290357 Max : 78956.8352087153 Max: 98696.0440108936
Average -75811.9150220541 Average -55680.2154459528 Average 489,137107608999
RMS : 100599.789798788 RMS : 92693.986990545 RMS : 70140.6072373131

2) Draw a plot of an angular acceleration on the X axis of the “Disk”
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Acceleration (rad/fs"2)

Anguder

O Comparison of results

Object Value Theory RecurDyn Error(%)
a [rad/s?) -394.781 —394.787 0
(ay), [m/s?] -47.37 -47.37 0
(an)y [m/s?] 78.96 78.96 0
(an), [m/s?] -98.70 -98.70 0
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Dynamics of Rigid Bodies.30

X K = 108 N/m | =18 N*s/m

X0 -

References : Engineering Mechanics : Dynamics (J.L.Meriam, L.G.Kraige), 7th Edition,

pp.598, P.8.36
Type of Analysis : Vibration and Time Response, Free Vibration of Particles

Type of Element : Rigid body (one part)

O Theoretical Solution

Basic Conditions

Given Symbol Value Unit
Mass m 3 kg
Spring Coefficient k 108 N/m
Damping Coefficient c 18 N-s/m

The Equation of Motion of Free Damped Oscillation

mi+cx+kx=0

c
X+—x+—x=0
mm

106



k 108
Wy = E: T: 6rad/s
c 18

=0.5

= mk 23 108
wg = wp/1— % =6-V1—0.52 =5.196rad/s

The Solution of the Second Order Differential Equation

¥+ 2w, X + wy%x =0

x = (A; cos wgt + A, sin wgt)e " @nt

If, t=0 - x=x,

o Al = xO

If, t=0 > %=0
% = wy(—A;sinwyt + A, cos wyt)e 5¢nt — Tw, (A, coswyt + A, sinwyt)e " @nt
0= O)dAZ - cO)nAl

%@, _05x6
T2 T, T 5196 1

0= 0577x0

s x = x0(cos 5.196t + 0.577 sin 5.196t)e 3¢

5.196
Wg = 7 Hz = 0.827 Hz
1
T =—=1.209s/cycle
Wq
T
t= 5 = 0.605 sec

wx=x, = —0.163%,

Xo=03m

x; = —0.0489
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O Numerical Solution - RecurDyn

1. Modeling

2. Plot the results

- Draw the "DEFL_TSDA" of Springl (the deformation of the spring) from the
database

108



[RecurDyn e-Learning] Dynamics - Dynarmics of Rigid Bodies 20

Length (i

o Comparison of results

Object Value Theory RecurDyn Error(%)
xq [m] -0.0489 -0.0489 0
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