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1. Acceleration Analysis

« After velocity analysis the next step is to determine the acceleration of
all links and points of interest in the mechanism or machine. We need

to know the accelerations to calculate the dynamic force.

« The dynamic force will contribute to the stresses in the links and other

components.

« We will focus on the analytical solution for acceleration analysis.
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1. Acceleration Analysis

« Angular Acceleration will be defined as a and linear acceleration as A.

Ap |
L Reference: Design of Machinery by Robert L. Norton.
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2. Analytical Solution for Acceleration Analysis

Conventional Pin-Jointed Four-bar linkage
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2. Analytical Solution for Acceleration Analysis

* From previous part (velocity analysis), we have:
jam,e’®? + bwqe’®? - jew e’ =0

« If we take derivative from velocity equation for the loop in 4-link

mechanism, then:
d

a(jawzejez + jbwsel?s —jca)4ej94) =0
(j2aw3e’® + jaa,e’%2) + (j2bwie’% + jbaze’%3)

— (j2cwielP + jcasel®) =0
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2. Analytical Solution for Acceleration Analysis

« Simplifying the grouping terms:
(ac:r.;_ jeJ'B?'- ua{ﬂ% el )+(bn:3 jﬂjﬂf' —nbmg e”la'f‘)-—(cmq jeje“‘ ~cm§ /64 ]=G
» Above equation is in fact:
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2. Analytical Solution for Acceleration Analysis

* Qur problem is to find angular acceleration az and a4 knowing
the angular input acceleration a5, the link length, all link angles,

and angular velocities.

Ol —-—f(ﬂ._ b,c,d,B,,03,04, ®, ®3, Wy, (I?_)
04 =g(ﬂ, b..f:., d, 02, 03,04. mg, m3,m4, (IQ_)
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2. Analytical Solution for Acceleration Analysis

 The strategy of solution will be the same as was done for

position and velocity analysis.

[aaz Jj(cos8, +jsin81)—am% (cosB, + jsin®, ﬂ
+|:bu.3j(c0583 + /sin®;)—b w3 (c0583+js‘1n83ﬂ

—[L'U.4 j(uusﬁ4 + jsinfy )—cm% (L}Uﬁﬁq_ + jsinBy )]=U
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2. Analytical Solution for Acceleration Analysis

 The real component is

—a0ts 8inB, —rzm% cosf, —hoaysinB, —hm%cnsﬁ; +c0L, sinfy +r_‘mi cnsfly =0 [1]

« The imaginary component is:

aoly cos B, —a(u% sin@, + bot; cosO; —-b(ﬂ% sinB;—co, cosOy +c (u% sinf, =0 [2]
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2. Analytical Solution for Acceleration Analysis

« Solving [1] and [2] simultaneously we get

(acry cos By — aw?sinfy — bw? sin B3 + cw?sinfy)(ccosby)

o= (csinfly)(bcosfs) — (bsinfs)(ccosby)
(csinfy)(aay sin fy + aws; cos By + bw? cos B3 — cw? cos by)
a (csinfy)(bcosfs) — (bsinfy)(ccosby)
N (acrp sin By + aw; cosfy + bw? cos B3 — cw? cosfy)(beos ;)
4=

(csinfy)(bcosfs) — (bsinfs)(ccosby)
(bsinBs)(aay cosfy — aw? sinfy — bw? sin b + cw? sinfy)

(csinfly)(bcosby) — (bsinfs)(ccosby)
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2. Analytical Solution for Acceleration Analysis

* Having obtained a; and a, we can obtain the
accelerations.

A,y —any (—sinfy + jcosby) — tlwg (cos By + jsinbs)

Aps = bas (—sinf; 4 jcosfs) — bw; (cosf; + jsinbs)
Ap = cay (—sinby + jcosfy) — cwy (cos by + jsinby)
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3. Homework and Further Topics

« Graphical Approach in Acceleration Analysis.
« Sample Problems in the Reading Notes.

« Acceleration of Any Point in the Linkage.
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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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