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. Position Analysis

. Graphical Position Analysis of Linkages
. Algebraic Position Analysis of Linkages

. Vector Loop Method for Analysis of Linkages
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1. Position Analysis

 For mechanisms, it is important to predict its position in space to
analyse its motion since velocity and acceleration are require a

position analysis.

« Dynamic forces are linked with accelerations via Newton’s 2" |aw.
Given dynamic forces and static forces, stresses in the

components are calculated and proper materials are selected.
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Approaches to Analysis

* There are several approaches to analysing
linkages/mechanisms

— Graphical approach

— Analytic approach

— Complex-algebraic approach
— Vector-algebraic approach

— Numeric approach
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1. Position Analysis - Representation

All position parameters are taken with respect to the selected

reference frame. In most mechanism, reference point is

Ground. <

The choice of reference axes depends on what analysis is

being undertaken but is usually chosen to make calculations as

simple as possible.
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1. Position Analysis — Reference Frame

Use vector notation to describe
Position of D wrt O

Position of C wrt A

Position of LCS wrt GCS
Position of C wrt LCS

The sum of the vector loop
comprising points O, A, B, C,
O

unhwh e

X
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Position Vectors

Frame Orientations

1. Position Analysis — Reference Frame

Spacecraft position relative
to planet center
(“spacecraft” SPK file)

Spacecraft frame
orientation relative to
inertial frame
(“spacecraft” CK file)

High gain antenna gimbal
position relative to
spacecraft

(“structures” SPK file)

Camera frame orientation
relative to spacecraft frame
(“mission” FK file)

High gain antenna phase
center location relative to
high gain antenna gimbal
(“structures” SPK file)

High gain antenna frame
orientation relative to high
gain antenna gimbal frame
(“mission” FK file)

Solar array gimbal frame
orientation relative to
spacecraft frame

(“solar array” CK file)

Solar array gimbal position
relative to spacecraft center
(“structures” SPK file)

High gain antenna gimbal
frame orientation relative to
spacecraft frame
(“antenna” CK file)

Magnetometer position
relative to solar array
gimbal

(“structures” SPK file)

Magnetometer frame
orientation relative to solar
array gimbal frame
(“mission” FK file)

Reference: An Overview of Reference Frames and Coordinate Systems in the SPICE Context.
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1. Position Analysis — Coordinate System

z Z
i |
P(p.#5)
5 o
— p (X'Y.Z) f
— Ly : =
-------------------------- P'(xy2) Y ppes
X X
Rectangular or Cartesian coordinates: Spherical coordinates:
XY Z $,0,p

Why would we choose one coordinate system over the other?
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1. Position Analysis - Displacement

Displacement is a straight-line distance between initial and final

position in the reference frame.

What would the
difference be if Rgp
describes the relative
position of two points?

Path
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1. Position Analysis — Types of Motion

 Translation: all points
of the body experience

the same displacement v

R, 4 = Rpp

Rpa'

What is the difference & - X

between RA’A and RAA'? \__ Curvilinear translatjonpalh
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1. Position Analysis — Types of Motion

« Rotation: all points undergo
different displacements and
there is a displacement
difference between any two

points.

Rp/p = RB'A — Rp,
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1. Position Analysis — Types of Motion

« Complex motion s
sum of translation and -
rotation 1
Rgiiy = Ryry + Rprry,

Is there a difference between
translation-then-rotation and rotation-

then-translation?

What is the total displacement of B?
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2. Graphical Position Analysis of Linkages

Position Analysis for Four-bar Linkage
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Read the notes https://tinyurl.com/miet2510-notes relevant to this section
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3. Algebraic Position Analysis of Linkages

The coordinates (reference X,Y) of

. : I Y Open
point A are found from: v R
, Ay O
Ay = acosf, and Ay = asinf - -
X 2 Y 2 8, 3 / \’
The coordinates of point B are found b /
A /9‘ C
from: A 3] A M
& LNCS \ ,.
b? = (By — Ax)?+(By — Ay )? af .
3 \
¢2=(d —By)>+B2 /a2 6 : B4 \
B \ ‘ ¥
Using above equations, the solution 7o 0 i L " j /4 Oq G(‘E X
. g X “ . :
for By and By are obtained. N ﬁ/
- /
\ .
. ;
o Crossed
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IE AR

Derive the above equations using the local reference x,y
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3. Algebraic Position Analysis of Linkages

\Y Open
] ] . ly 41{
« If the solution for By and By are imaginary, 1T .4 \i.‘
it indicates that the links cannot connect at AN s
H:/Ao v) ‘\‘ i .47 ;\ﬁ .
the given input angle or at all. R S o B
N i
»
. . C Crossed
 |f the obtained values are real, the link .
angles are found from:
[ B, — A4,
0, = tan 1(—} !
BX — AX
4 By
94 = tan E— See here for more details of this derivation;
BX — d https://bamason2.github.io/miet2510-

module/notes/fourbar_crank_slider_%20po
s_analysis_algebraic.html
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3. Algebraic Position Analysis of Linkages

Solution Procedure Outline

¢ 1. ...
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4. Vector Loop Method for Analysis of Linkages

Polar form: Re j®

Cartesian form: Rcos© + jRsin@ Imaginary
L s
. R=|Ry J
Irnagmary B 1 RB - _IR
it »
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R w )RR
¢ P She X i »+8
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s R4 » - (e . N -
JjRsin 0 / p C 0 Real
B . v R,
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Real Rp=jR=-jR ‘
= D ¢
Rcos 9
\J
(@) Complex number representation of a position vec or (b) Vector rotations in the complex plang

Remember Euler’s equation: e/? = (cos 8 + j sin )
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4. Vector Loop Method for Analysis of Linkages

« Write the vector loop equation for the following fourbar

linkage
§ A | ‘ll‘
- T
o i Ry
A__'/ 93 ' xb. .
f N = | .
c% R> %
A.
' \
02 — R] 04

R, + Rpy — Rpo, —Rp, =0
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4. Vector Loop Method for Analysis of Linkages

« Replacing vectors with complex numbers, the following
equation can be derived: R, = ae’?-
ae’% + pel¥% — cel¥+ — delf1 =0 ete
* Replacing the exponential form with complex form gives

the following.

a(cosB, + jsin®; )+b(cosB;+ jsinO;)—c(cosB, + jsin@, ) —d(cosB, + jsinB; ) =0
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4. Vector Loop Method for Analysis of Linkages

Solving the Vector Loop Equation

1.

2.

Separate the final equation on the previous slide into real and
imaginary components.

After some algebraic manipulation and the use of identities we
obtain an equation in quadratic form

_,(—B £ VB%Z—4AC
941'2=2tan ( 2 )
And following a similar process
—E +VE? — 4DF
f3,, =2tan™! ( >

2D

From the above all angles are now known. The above indicates
that there are two possible solutions for each angle.

If the solution is imaginary then it is an infeasible mechanism.

® RMIT

UNIVERSITY




Read the notes and understand the derivation for the vector

position analysis of the four-bar linkage: nhttps:/tinyurl.com/miet2510-notes

Using the Vector Loop Method, conduct the position analysis for
the following mechanisms which are included in the Reading

Note for Week 2:
« Example 4.1: Four-bar Linkage
 Example 4.2: Four-bar crank-slider Linkage

 Example 4.3: Four-bar slider-crank Linkage

 Example 4.4: Inverted crank-slider Linkage
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Further topics to be investigated

1. Position Analysis for Linkages of more than four bars
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Further topics to be investigated

2. Position Analysis of any Point on a Linkage

. X

b "'1
_ UNIVERSITY
Reference: Design of Machinery by Robert L. Norton




Further topics to be investigated

2. Position Analysis of any Point on a Linkage

¥l
A
i S B H: Polar form:
R Ra A | | R
Y . : 4
/ 1 Cartesian form:
> ; Rx, Ry
/ : -
: X
it
Ry '

(@) Gloodl coordinate system XY

Reference: Design of Machinery by Robert L. Norton
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(D) Local coordinate system xy

® RMIT

UNIVERSITY



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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