Dynamic Force Analysis

Example:

Determine the force F,, to be applied on
link 2 so that it has a constant velocity
to the right for any position of the
mechanism (i.e. s;,). The mechanism is
in horizontal plane and masses of links
2 and 4 are negligible compared to link
3 which is a uniform slender rod of
mass m.

Solution Procedure:
* Perform kinematic analysis.

 Draw free body diagrams with inertia
forces and write the equations of
dynamic equilibrium.

« Solve the equations for unknown
force.
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Dynamic Force Analysis

Example: &

Perform kinematic analysis with s, input.

Disconnect and reconnect B:
S12 + a36i913 = 1S14
Re: s, + azcosf,3 =0
Im: a3sinfi3 = Sq4

512

cosfi{3 = ——
as

_ 512
0,3 = ocos 1| ——=
as

S14 = agsinglg
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Dynamic Force Analysis

B

Example:

Perform kinematic analysis.

Re: S12 + a3C05013 =0
Im: a3Sin313 = S14

a(Re): .';12 — 913a35in913 =0

— (Im) 913G3C0$613 = $14

dt

9-13 _ 5.12
a3sinf;

S14 = e
tan813
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Dynamic Force Analysis

B

Example:
Perform kinematic analysis.

a(Re): .';12 — 913a35in913 =0

— (Im) é13a3C05313 = 5.'14_

dt
2 , 2
F(Re): S12 — 013a35inb;3 — 013 azcosb3

2

. - 2 . .
o2 (Im):0,3a3c0s6;3 — 013 azsinbi3 = Sq4
X . 2

9, B S12 — 613 a3C05813

13 —

azsinf; ;
§14 — 9136136'05913 - 913 agsinglg
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Dynamic Force Analysis

F3,*
Example:

Draw free body diagrams with

inertia forces and write the Fas)
equations of equilibrium. — ¥ For®

. B
Link 4: L4
D=

F

Grqa — F34" =0 7 <
.=
F34y —
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Dynamic Force Analysis
F3,*
Example:
Draw free body diagrams with inertia
forces and write the equations of
equilibrium.

Link 3:
D=
F23x + F34_x — Ms3dg =0 -7
— — y
Z E, ag, = Qg,” t1ag,~ = Tg,
T, S1o + & elb13
y — =3
Fy37 + F347 —mgag,” =0 - Fp3” = mgag,” Gz — 12 T 9 .
. . s 3 i6
_ Te, = Sy + 10,5 —e'¥13
ZMA _ Gz = S12 13 2 )
v 3 io » 2083 g
TG, = S12 191379 13 — 045 ?e 13

T
a3F34xSin(O — 013) + a3F34ySin (E — 913)
as

+ 7m3a63x5in(n —643) +

— IG30£3 =0- F34x

as Vo 31
7m3a03 sin 7—913
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Dynamic Force Analysis

Example:

Draw free body diagrams with
inertia forces and write the
equations of equilibrium.

Link 2: R,
Z E, = 2 Al 7y B
Fip —Fp3" =0 - Fy, TGH
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Dynamic Force Analysis

Example:

Determine the force F,, to be applied on
link 2 so that it has a constant velocity
of 10 mm/s to the right for any position
of the mechanism (i.e. 0 < 51, < 200 mm).
The mechanism is in horizontal plane
and masses of links 2 and 4 are
negligible compared to link 3 which is a
uniform slender rod of length a; = 200
mm and of mass m; = 2 kg.
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Dynamic Force Analysis

Solution with Geogebra

a = 200 @
®
- mg = 2.00
CJ
Vp = 10.0
()
s.,=0.00
@2 250
B
200
150
100
50
0 90.0°
13
Y f
0 50 100 50 200 25( 4 0 0 700 750 800 2K
Q
Fyp=0.00 N 5
50

ME 301 Theory of Machines I




Dynamic Force Anal

Solution with Excel xR
~ACOS(-A7/B$2)*180/PI() 0.8
~B$2*SIN(B7}PI() / 180) 0.7
—B$4/(B$2AJINB7*PI()/180) |

0.5
=B$4 /TAN( *\I()/ 180) (=
\ 0.4

~(B$5-D7/2*B$2*COS(B7+*PI()/ 180))/ (B$2*SIN(B7*PI() / 180))

0.2
0.1
0

S14 013d s1ad 013¢d  s14dd  agsx agay Faax Foax
90 200 6L-16 -21-19 -0.5 -0.25 -3E-17 3E-17
90.286 200 -0.05 1E-05 -0.5 -0.2488 -0.0017 0.0017
90.573 199.99 -0.1 3E-05 -0.5001 -0.2475 -0.0033 0.0033
90.859 199.98 -0.15 4E-05 -0.5002 -0.2463 -0.0049 0.0049
91.146 199.96 -0.2 5E-05 -0.5003 -0.245 -0.0066 0.0066

sSis
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