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Dynamic Force Analysis

Dynamic Force Analysis — Single Link in Pure Rotation
Dynamic Force Analysis — Three-bar linkage

Dynamic Force Analysis — Four-bar linkage
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1. Dynamic Force Analysis

The following section deals with force analysis in mechanisms with

significant accelerations.

We will concentrate on solving for the forces and torques that result
from, and are required to drive, our kinematic system in such a way as

to provide the designed accelerations.
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1. Dynamic Force Analysis

Apply Newton’s second law,

* For linear motion: ZF =ma /,___\
}

Ag acceleration of the link’s centre of gravity. ';

 For angular motion: 2 T=1;0 o %

Suppose we wish to take moments about arbitrary point D, the sum of the
moments about point D can be written as:

Y Mp = Iga+Rgp x mAg. ® RMIT
UNIVERSITY



1. Dynamic Force Analysis — Solution Methods

« Superposition: The method of superposition attacks the problem by solving
for parts of the solution and then adding (superposing) the partial results

together to get the complete result.

 Linear simultaneous equation solution: All the relevant equations for the
entire system are written as a set of linear simultaneous equations. These
equations can then be solved simultaneously to obtain the results. This can be

thought of as analogous to a “parallel processing” approach.
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Note: XY is the fixed, global coordinate system (GCS)

(a) Kinematic diagram (b) Force (free-body) diagrams

Reference: Design of Machinery by Robert L. Norton.
FR»C + F12x =myag_

ZF =Fp +F, =myag Fp, + by, =mpag

ZT: T, +(R12 ><F12)+(RP X FP)= I;0 Tip H{Rip Bz, — Ria F12x)+(RR¥ Fp, = Rp Ip_|=Ig0.




2. Dynamic Force Analysis — Single Link in Pure Rotation

Fr +F, =mya
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3. Dynamic Force Analysis — Three-bar Crank-slide Linkage
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3. Dynamic Force Analysis — Four-bar Linkage

(a) The linkage and dimensions ” f——f‘K
\
uz/ 5
® 4 \ R
RC‘G2 GCS

Reference: Design of Machinery by Robert L. Norton.
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3. Dynamic Force Analysis — Four-bar Linkage

(b) Free-body diagrams
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For link 2 the equations are,

Fiop + F39, = my aqg,,

Fiay + F32y = maag,,
T2 + (Rige Fiay — RigyFioz) + (Raaz Fhoy — Ragy Fo,) = Lo
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and for link 3,

F-J;S.r — F:Szx T FPJ:? — Mg3ag,,

Fysy — F39y + Fpy = m3agq,,
(R4I3£F413-y - R43yF4:3x) — (Rgg.‘vFggy — RQSyFBQm) - (RPJc FPy — RPyFPa!) — IG3a:3
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for link 4 we substitute the reaction force —F43 for F34,

Flyp — Fy3, = myag,
FLIL; Fys 3y = M4ag,,
(R14£Fl4-y — R14yF14.r) — (R34;1!F43y — R:M-yF%;r.) Bl T4 — IG4Q-—1
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[ 1 0 1 0 0 0 0 0 0] [Fia] [ maag,, |

0 1 0 1 0 0 0 0 0 1278 maagc,
—Ri2y Rizz —Ray Rsop 0 0 0 0 1 Fso, Ig,az

0 0 1 0 1 0 0 0 0 Fi, mzag,, — Fp;
0 0 0 —1 0 1 0 0 0| X |Fg,| = maag,, — Fpy
0 0 Rysy  —Rzse —Ruzy  Rus, 0 0 0 Fya, Ig,a3 — Rp. Fpy + Rpy Fp,
0 0 0 0 1 0 1 0 0 Fi, maag,,
0 0 0 0 0 1 0 1 0 298 myag,

| 0 0 0 0 R3yy —Raye —Rigyy Ry 0 | T1> | | Ig,aq — Ty
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4. Further Topics to be investigated as Homework

* Force Analysis Of A Four-bar Crank-slider Linkage.
* Force Analysis Of The Inverted Crank-slider.

 Force Analysis - Linkages With More Than Four Bars.
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Preparation for Class Test

1. Mobility analysis (week 1 tutorial)

2. Dynamic force analysis (week 3 tutorial)
I.  Free body diagram
ii. Equilibrium equations
lii. System equations

3. Velocity Analysis (week 2 tutorial)
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Thank you for your attendance :D
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Copyright Claim

The notes contain copyrighted material. It is intended
only for students in the class in line with the provisions
of Section VB of the Copyright Act for the teaching

purposes of the University.
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Reference

» Design of Machinery by Robert L. Norton.
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