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OSMEC. COMPUTER AIDED LINKAGE DESIGN: USER MANUAL

1 INTRODUCTION
11 Synopsis

OSMEC is a general-purpose linkage design program. It can model plane linkages composed of links,
pivoted and dliding joints, gear trains and springs. OSMEC can also model cam-driven mechanisms and
can interface with the cam design program OSCAM (see Reference 1). OSMEC eiminates the lengthy,
expensive and error-pronelabour of drawing and cal culation when laying out or modifying the basic design
of amechanism. OSMEC provides both static and animated drawings of the mechanism on the computer
screen. Dimensions, masses, moments of inertia and load forces can be altered easily and quickly. The
effects of these alterations are anaysed and displayed.

OSMEC is used for the rapid design analysis of mechanisms. OSMEC produces graphs and tabl es of:

positions of points,

angles of links,
linear/angular velocities,
linear/angular accelerations,
driving and bearing forces,
drive torque

and prints timed and dated reports on al dimensions of the mechanism. Hard copy of any display can be
sent to a plotter or printer, or sent to afilefor usein any program that can read HPGL files. OSMEC can
export a DX F* file to CAD (Computer-Aided Design/Drafting) software. The detail design of the
constituent parts can then be carried out.

OSMEC performs force/torque calculations using two distinct methods and reports the position of the
mechanism at which the maximum difference between the forces cal culated using the two methods occurs.
Thisinformation provides an indication of the accuracy of the predicted values.

OSMEC can be used to design mechanisms for applications involving high speeds and large forces.
OSMEC is menu driven and has extensive on-line help.

ESDU Copyright material. For current status contact ESDU.

OSMEC includes an extensive library of mechanism models representing the majority of planar linkages
found in practice. Therelevant datafile may be easily edited to model the design parameters representing
the user's mechanism. A series of tutorial examplesis included in this Data Item that demonstrates this
procedure, see Section 5.

Various motive power units can be specified for mechanisms capable of being modelled using OSMEC.
Linear input motion may be provided by trunnion-mounted and fixed-axis rams or actuators. Rotary input
motion from both motors and human input may be applied to cranksthat either rotate fully or movethrough
an arc. The specified motion may be either constant speed or user-defined by importing afile specifying
the length, velocity and acceleration of the input actuator/ram or, in the case of a rotating crank, the
equivalent angular quantities.

T Hewlett Packard Graphics Language File defined by Hewlett Packard corporation
* Drawi ng Exchange File Format defined by Autodesk Inc.
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L oadsmay beappliedtoany link inthe mechanism asexternal forces/torquesor using linear/torsion springs.
Inertial effects may also be included.

12 Limitations on the Type of Mechanism
OSMEC can only model mechanisms that can be built up from the entities provided. However most
mechanisms used in practical applications can be modelled. A list of the mechanism datafilesis provided
in Appendix B with typical applications suggested for each.

13 Assumptions

When considering the kinematic and kinetostatic relationships between the parts of a planar mechanism
modelled using OSMEC, it is assumed that:

@ al joints connecting links have a single degree of freedom,
(b no out-of-plane motion or forces occur,
(© the motion of the input link is defined,
(d) there are no clearances at the joints,
(e al parts of the mechanism are stiff enough to be considered rigid bodies
and ()] the effects of friction at all bearings are negligible.
14 Document Syntax
Throughout this document links are labelled using numbers shown emboldened, e.g. 2, while points are
labelled using aletter e.g. B. Point letters and link numbers are discussed in Section 3. When software
menu items are described they areitalicised, for example Create, whereas keyboard entries are enclosed in

quotes, e.g. 'EsC'.

15 Installation

ESDU Copyright material. For current status contact ESDU.

The procedure for installing OSMEC, notes on the copyright and fitness for purpose are described in Data
Item 97023 (Reference 2).

16 Acknowledgment

The Mechanisms Committee and ESDU International gratefully acknowledges the original contribution of
Dr S. Molian who conceived and developed previous versions of OSMEC.

OSMEC usesthe INTERACTER graphics library produced by Interactive Software Services Limited and
their file conversion programs INTPRINT and INTCONYV are included with OSMEC, under license from
Interactive Software Services Limited.
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2. TECHNICAL TERMINOLOGY AND UNITS

2.1 Technical Terminology

Mechanisms are used in a very large number of different industries and different technical terms are
therefore sometimes used that have the same meaning. To avoid confusion, the words that have comeinto
common use in text-books and papers on mechanism theory are used in this document. Their meaning(s)
are defined asfollows.

A planeor planar mechanism isonein which every moving point movesin aplane and all of those planes
areparalel to each other. Themotionisconsequently two-dimensional and such mechanismsare sometimes
called 2-D mechanisms. For example, apair of spur gearsis a plane mechanism; a pair of bevel gearsis
not. Most of the mechanismsin common useare plane, and OSMEC isrestricted to such plane mechanisms.

Each separate part of amechanism, including theframe, iscalled alink or bar. Any arrangement of moving
parts connected together so as to transmit motion is called amechanism. Thisincludes cam mechanisms,
gear trains, etc. A mechanismusing only pivoted and/or slidingjointsiscalledalinkage. Thus, for example,
afour-bar linkage (avery common and important mechanism) consists of three moving links and aframe
connected together by pivotedjoints. Anexampleisprovidedin mechanism model fileM02.0S (see Sketch
5.2).

The part of alink in contact with another link is called an element. The connections between links are
made by eements coming into contact and these joints are therefore known as kinematic pairs.
Considering only the planar mechanisms modelled by OSMEC, the kinematic pairs fall into two classes -
higher and lower pairs. In higher pair joints the connection is at aline or point, asin gear-teeth or acam
and follower. Lower pair jointsinvolve a surface contact, asin ajournal/plane bearing or between a piston
and cylinder. Lower pair joints are restricted to a single degree of freedom of movement whereas higher
pairs alow two degrees of freedom of movement. OSMEC models mechanisms in which the links are
connected by jointswith asingle degree of freedom. Thesejointsareeither revolute, inwhich only angular
relative motion between the links is possible, or diding in which only trandation between two links can
occur.

A link that rotates about a centre fixed to the frameis called a crank or arocker. In this Data ltem alink
that drives the mechanism isreferred to asacrank. If thelink isdriven by the motion of other input links
it is referred to as arocker. Note, however, that some references use the terms interchangeably. For
example, the "double-crank™ mechanism model file M06.0S (see Sketch 5.6) is afour-bar linkage with a
driving crank and a driven rocker.

ESDU Copyright material. For current status contact ESDU.

A link that has no fixed centres, such as the connecting rod of an engine or pump, is called acoupler or a
floating link. When afloating link (or coupler) is connected to arocker link (or another floating link) this
two-link entity is known as adyad (see Section 3.4.1). Note that a single driven link cannot be added to
amechanism model becauseitsmotionisnot uniquely defined. Similarly asub-assembly of linksconsisting
of a connecting rod, a slider and its track must be added to a mechanism as a single dider entity. The
entities availablein OSMEC are described in Sections 3.3 and 3.4.

The transmission angle between two links at a pivoted joint is shown in Sketch 2.1a. It isof significance
if onelink isa coupler and the other is driven by it.
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Transmission
angle

Transmission
angle

Sketch 2.1 Transmission angle

It is recommended that this angle should not be allowed to fall much below 45° or rise much above 135°.
Beyond those limitsthereisarisk of jamming. The effect is sometimes deliberately used by arranging for
the transmission angle to fall to (or near) zero so that the linkage will jam in a particular position; thisis
called atoggle action. A dider entity is shown in Sketch 2.1b. It is recommended that the transmission
angle between the link and the slider track should be less than 30° or greater than 150°.

A mechanism consisting of a crank, connecting rod and piston or slider (such as a single-cylinder engine
or pump) is called a slider-crank mechanism. An example, constructed from an OSMEC crank entity
driving a slider entity, is provided in mechanism model file M19.0S (see Sketch 5.19). A complicated
mechanism can consist of asimple mechanism, such as afour-bar linkage, with extralinks connected to it.
Insuch acaseit isoften useful to focus attention on the simple mechanism and thisisthen called afour-bar

group.

The term kinematics is used to refer to all motion characteristics of the mechanism that affect only the
relative motion of the links, ignoring the effects of forces. When forces areinvolved, the terms dynamics,
kinetostatics or force analysisare used. See also Reference 4.

ESDU Copyright material. For current status contact ESDU.

The concepts introduced in this section are discussed in detail in References 6 to 15 listed in Section 10.
2.2 Units

OSMEC offers a choice of units, between the "Default”" or the "User-defined" system of units. When the
program is activated it uses the default system. Immediately after a new mechanism has been created the
program provides a choice between the two systems of units and the system can be changed at any time by
a command on the Edit menu. The choice of system is recorded in the mechanism data file when a
mechanismissaved, andwhenthefileisretrieved the programwill automatically usethe appropriate system
of units.

In both systems the positive sense for angular quantitiesis counter-clockwise. Angles are measured from
the positive global x-axis (horizontally to the right on the screen). A moment of inertiamust be specified
about the axis perpendicular to the plane of motion that passesthrough the mass centre of thelink concerned.
The driving speed of arotating input (crank) is measured in rev/min. Otherwise the units are as follows.
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221 Default System of Unitsused in OSMEC

The default system is the system commonly used in the UK and on the European continent. Essentially it
isthe Sl system except that lengths are in millimetres, anglesin degrees and input speeds in rev/min.

TABLE 2.1 List of Default System of Units applicableto OSMEC computations

Parameter Default unit
Distance mm
Angle degree
Velocity m/s

= Input speed rev/min

(%]

'I'_,;' Angular velocity (for output graphs/tables) rad/s

©

< Acceleration m/s?

§ Angular acceleration rad/s®

§ Mass kg

3 Mass moment of inertia kg m?

3 Force N

5

L Torque N'm

% Helical spring rate N/m

e Torsional spring rate N m/rad

=

.90

Z 2.2.2 User-defined System of Units

(@]

O

- Any dynamically consistent system of unitsisallowed except that angles are measured in degrees and input

g speedsinrev/min. OSMEC employsonly oneexceptiontothisrule: to conformwith common engineering

practice, angles are measured in degrees and angular velocities and accelerations of driven links are
measured using rad/s and rad/s?, respectively.

When using a user-defined system of units, it isimportant that consistent units are selected if the results of
the analysis are to be meaningful. For example, it is not acceptable to measure distances in millimetres
and velocities in metres per second. Table 2.2 lists examples of units applicable to OSMEC computations
for three commonly used systems.
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TABLE 2.2 Examples of user-defined systems of units applicable to OSMEC computations

Copyright Engineering Sciences Data Unit

Provided by IHS Markit under license with ESDU

Units Sl CGS FPS
Distance m cm ft
Angle degree degree degree
Velocity m/s cm/s ft/s
Rotational speed - input rev/imin rev/imin rev/min
Angular velocity - output rad/s rad/s rad/s
Acceleration m/s cm/s? ft/s?
Angular acceleration rad/s® rad/s® rad/s®
Mass kg g Ib
Mass moment of inertia kg m? gcm? b ft?
Force N dyne pd
Torque Nm dynecm ft pdl
Helical spring rate N/m dyne/cm padl/ft
Torsional spring rate N m/rad dynecm/rad | pdl ft/rad
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3. HOW MECHANISMSARE MODELLED IN OSMEC

The user isreminded that throughout this document link numbers are shown using abold font, e.g. 2, while
points are labelled by letters, e.g. B. When software menu items are described they are italicised, for
example Create, whereas keyboard entries are enclosed in quotes, e.g. 'EsC'.

Note that some complicated planar mechanisms cannot be modelled (see Section 5.5) using OSMEC.
However the majority of mechanisms used in practical applications are provided in the stored mechanism
model fileslisted in Appendix B. It issuggested that the original versions of these files are not overwritten
and the modified mechanism is saved to a different file name on exit.

31 Introduction

To use OSMEC effectively it is important to understand how the constituent parts of a mechanism are
represented and how a real mechanism is modelled in the abstract form that the program uses.

OSMEC produces diagrams similar to the layout drawings produced using computer-aided design/drafting
(CAD) software or manually on a drawing board during basic design. These diagrams represent the links
of the mechanism as straight lines joining their bearing centres. To make the diagrams more realistic
OSMEC addsrectanglesto indicate sliders and cylinders, and circlesto indicate gears. A shape consisting
of lines drawn by the user to represent features of the link may be attached to a moving link, see Section
3.4.6, insufficient detail for layout purposes. Featuresof thefixed frame may also beincluded for reference
purposes. Fixed bearing centres are indicated by small crosses and fixed slider guides by their centre-lines,
both drawn in red when viewed on a colour monitor. Each link in the mechanism is assigned a number and
each bearing or reference point is given aletter, displayed in yellow and green, respectively.

3.2 Representation of Links

In areal mechanism, or aworking drawing, the essential features that govern the kinematics and dynamics
areusually surrounded by agreat deal of detail. A typical machinelink isshownin Sketch 3.1a. 1t comprises
3 bearing housings, 1 lightening hole and seatings to attach various other components. The representation
of thislink in OSMEC isshown in Sketch 3.1b in which thethree bearing centresarejoined by straight lines.

ESDU Copyright material. For current status contact ESDU.

O

O O

(@ (b)

Sketch 3.1 Typical machinelink (a) and itsrepresentation in OSMEC (b)
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This defines the link completely for kinematic purposes. If inertial forces are significant, the location of
the mass centre, the values of the mass and the moment of inertia taken about an axis through the mass
centre perpendicular to the plane of motion must be specified.

Sometimes the symbolic representation of parts of a mechanism are not obvious. Sketch 3.2a shows a
mechanism in which alink isdriven by acrank. The other end of the link is guided by aslider running in
acurved dlot, theslot being cut in theframe. The pivot-centre of the slider therefore movesalong acircular
arc struck from the same centre asthe slot. Thelink isdriven by the crank, asbefore, and guided by another
link. Thissecond link is pivoted at the centre from which the slot was struck and itslength is equal to the
pitch radius of the slot. The symbolic representation of the mechanism is shown in Sketch 3.2b.

Driving crank

AN

/

+/ Slot radius |
(b)

Sketch 3.2 Link driven by crank with other end runningin slot

(@)

This representation is exact for kinematic purposes. It is also exact for force analysis if the mass, mass
moment of inertia and the position of the mass centroid of the rocker link are equal to those of the slider.

An eccentric, as shown in Sketch 3.3, ismodelled in OSMEC as a very short crank whose length is equal
to the eccentric, as shown in the symbolic representation of Sketch 3.3b.

ESDU Copyright material. For current status contact ESDU.

Eccentric
(@ (b)
Sketch 3.3 Eccentric modelled by a very short link
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Similarly amechanism with two eccentrics, shown in Sketch 3.4a, ismodelled symbolicaly in Sketch 3.4b.

Driving eccentric Driven eccentric

Driving crank Dyad

(@ (b)

Sketch 3.4 Mechanism with two eccentrics

Sketch 3.5a shows a mechanism in which an eccentric drives a pivoted slider. Its symbolic representation
is shown in Sketch 3.5b.

Driving eccentric

Link carryingin

ESDU Copyright material. For current status contact ESDU.

/ slider entity
Driving crank
(b)
Sketch 3.5 Eccentricdriving a pivoted slider
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3.21 Offset/coupler points

Any link in amechanism can carry additional points, either on the link axis or offset from it. Such points
are called offset points and their location on the link is defined using local co-ordinates. See Sketch 3.6.

Offset point with local
coordinates (X, y)

Local y-axis @

\ Local x-axis

\ Bearing B

Bearing A
Local origin

Sketch 3.6 Offset pointson alink

An offset point on a coupler (floating link) is usually called a coupler point and the path followed by the
coupler point asthe mechanism movesiscalled the coupler curve. The complex pathsfollowed by different
coupler points on the same link are often quite distinct. Mechanism model file M05.0S (see Sketch 5.5)
illustrates this point.

ESDU Copyright material. For current status contact ESDU.

Theorigin of local co-ordinatesisone of the end-pointsof thelink, depending on which was selected during
the original Create process. The positive local x-axis extends from the origin to the other end-point. The
positive local y-axis extends perpendicularly from the origin to the left of this line when viewed along the
positive local x-axis from the origin.

3.22 Multiple Joints

A multiple joint occurs where more than two entities are connected together. These entities can be links
(including the frame) or helical springs. Sketch 3.7 shows a mechanism with two examples.
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Sketch 3.7 Mechanism with multiplejointsat pointsC, D and E

The connecting rod for the dlider is connected to the central pivot of the dyad and a helical spring is
connected to the slider pivot and anchored to one of the fixed pivots. The forces acting at amultiple joint
can, however, be analysed by putting an offset point on one of the relevant links, asin Sketch 3.8.

G F
|
|

ESDU Copyright material. For current status contact ESDU.

Sketch 3.8 Simulating multiplejointsfor force analysis

Thelocal co-ordinates of the offset point are then set to zero after Createisended by using the Offset option
in the Dimension sub-menu of the Edit menu. Forces may be analysed and graphs drawn for these offset
points.
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3.3 Driving Entities

In OSMEC a mechanism is modelled from entities connected in the same sequence in which they would
bedrawn. A driving link isthe first entity that provides the input; the first entity drives the second, and so
on throughout the chain of entities that make up the mechanism. The driving entities currently availablein
OSMEC are described in the following Sections 3.3.1 to 3.3.3.

331 Crank

The OSMEC representation of a driving crank is shown in Sketch 3.9.

Sketch 3.9 Driving Crank
Anexampleof thissingle-link entity isprovided in the mechanism model fileM01.0Sthat isalsoillustrated
in Sketch 5.1. The crank angle is the input variable. The rotating point at the end of the crank drives all
connected entities.

3.3.2 Piston in afixed cylinder

A piston sliding in a cylinder with afixed axisis shown symbolically in Sketch 3.10.

ESDU Copyright material. For current status contact ESDU.

Sketch 3.10 Piston in afixed axis cylinder

Thisentity isavailablein the mechanism model file M21.0Swhichisillustrated in Sketch 5.21. Thefixed
angle of inclination of the cylinder axis is defined by the vector joining point A to point B. The distance
between these points is the input variable defining the piston displacement. Point C drives all connected
entities.
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3.3.3 Trunnion-mounted ram

Sketch 3.11 shows a trunnion-mounted ram (links 1 and 2) connected to arocking link (3) that is usualy
attached to the frame.

C L eft-hand assembly mode

_— \l

Sketch 3.11 Trunnion-mounted ram

Thecylinder length, link 1, measured along the centre-line between points A and B, actsastheinput variable
defining the piston displacement and drives the piston rod, link 2, measured between points B and C. The
ram pivots about the trunnion bearing at point A and drivesthe rocker, link 3, connected by arevolutejoint
at point C. Point D isthe pivot for the rocker link.

This entity is provided in the mechanism model file M22.0S illustrated in Sketch 5.22. Note that the
trunnion-mounted ram has one of two possible assembly modes for given positions of the pivots A and D.
Intheleft-hand mode (solid linesin Sketch 3.11) points B and C are on theleft when viewed from A towards
D. In the right-hand mode (broken lines) they are on the right. Both assembly modes are shown in the
OSMEC representation in Sketch 3.11. The Assembly option (on the Dimensions sub-menu of the Edit
menu) is used to set the assembly mode. A short exercise will demonstrate this procedure.

ESDU Copyright material. For current status contact ESDU.

L oad mechanism model file M22.0S using the File menu option of the main menu (see Section D1.1 of
Appendix D) and select the Dimensions sub-menu of the Edit menu where the option Assembly islocated.
Select this option and aform will appear with acolumn labelled Mode. This column will contain the word
Left, this being the current assembly mode of the trunnion-mounted ram. Press either of the horizontal
arrow keys or the spacebar and the assembly mode will change to Right. Press the 'Return’ or 'Enter' key
and observe the changed assembly mode.
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34 Driven Entities

Each of the entities described in Section 3.3 can be used as the first entity in a mechanism and can either
serve as the complete mechanism or drive other entities. The additional driven entities are described in
Sections 3.4.11t0 3.4.7.

341 Dyad

The layout for both assembly modes isincluded in the OSMEC representation of a dyad shown in Sketch
3.12.

L eft-hand assembly mode

Sketch 3.12 Pair of links connected by a central pivot — Dyad

This entity is constructed from two links connected by a revolute pivot. The dyad must have one of the
two possible assembly modes for given positions of end pivots A and C.

In the left-hand mode (solid lines in Sketch 3.12) the central pivot B is on the left when viewed from A
towards C. In the right-hand mode (broken lines) it is on the right.

ESDU Copyright material. For current status contact ESDU.

A four-bar linkage mechanism, constructed from a crank driving a dyad, is provided in the mechanism
model fileM02.0S asillustrated in Sketch 5.2. When thismechanism fileisretrieved, the Assembly option
(onthe Dimension sub-menu of the Edit menu) can be used to observe the difference between thetwo modes.

3.4.2 Slider with connecting rod

The layout for both assembly modes isincluded in the OSMEC representation shown in Sketch 3.13.

This page Amendment B Documents
14 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 97026 B 2004


http://www.avadocuments.com/doc/esdu-97026-b-2004
http://www.avadocuments.com/doc/esdu-97026-b-2004

ESDU Copyright material. For current status contact ESDU.

=I5, 97026

343

Big-end bearing
(Point A)

Little-end bearing
(Point B)

Viewing
direction

Right-hand mode

Track angle

Sketch 3.13 Assembly mode of a slider with connecting rod

This entity consists of alink (the connecting rod) with big-end bearing point A and little-end (also called
agudgeon-pin or wrist-pin) bearing point B. The slider is pivoted with thelink at B. The slider runson a
straight track, defined by its angle of inclination relative to the positive horizontal x-axis and the fact that
is passes through the reference point C.

There are two possible assembly modes for thisentity. 1n the right-hand mode (solid linesin Sketch 3.13)
the dider (point B) islocated to the right of the line drawn perpendicular to the track through point A, when
viewed along that line in the direction 90° anticlockwise to the track. Therefore the assembly mode is
unchanged regardless of which side of the track the big-end (point A) is located. In the |eft-hand mode
(broken lines), thedlider ison theleft. A mechanism made up of acrank driving aslider entity (slider-crank
mechanism) is provided in the mechanism model file M17.0S that is also illustrated in Sketch 5.17. By
retrieving this mechanism using the File menu and changing the assembly mode using the Assembly option
on the Dimensions sub-menu, the difference between the two modes may be observed.

Link carrying a dlider
This entity, shown in Sketch 3.14, consists of atrack (usually a bar) with a dlider running freely along it.
This entity is driven by one of the two end pivots (the first one that appears when the entity was selected

in Create) and by the pivot point on the slider. The second end pivot point can be left free or used to drive
another entity.

Sketch 3.14 Link carrying a slider
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Typical applications are demonstrated by the mechanism model files M26.0S, M28.0S and M29.0S. In
M26.0S the first end pivot is fixed and the dlider pivot is driven by a crank (see Sketch 5.26). M28.0S
has a similar arrangement except that the second end pivot is used to drive a slider via a connecting rod
(see Sketch 5.28). Mechanism model file M29.0S provides afurther examplein which the first end pivot
isdriven by a crank and the dider pivots about a point on the frame, to which it isfixed (see Sketch 5.29).

344 Springs

Helical springs and torsion springs (displayed in OSMEC as dashed lines and broken circles, respectively)
can be added to the mechanism. Examples of mechanisms that include springs are provided in mechanism
model files M30.0S (see Sketch 5.30) and M31.0S (see Sketch 5.31). Notethat in OSMEC a spring only
applies aforce (or torque) to a mechanism model and does not affect its kinematics.

345 Gear trains

A gear train can beintroduced to connect any pair of cranks provided the second crank in the pair is capable
of being used asan input link. Examplesare givenin mechanism model filesM33.0Sto M38.0Sinclusive
(see Sketches 5.33 to 5.40) and are discussed in Section 5. Note that force analysis for mechanisms which
include gear trainsis not possiblein OSMEC.

3.4.6 Shapesand frames

Asexplainedin Section 3.1, linksarerepresented by straight linesjoining their pivot centres. It issometimes
necessary to show links in more detail, for example in mechanism model file M25.0S (see Sketch 5.25)
which shows an excavator. Thisisdone by attaching "shapes' to thelinks. A shape consists of a series of
lines that represent the outline of the actual component. When commands on the Run menu are selected,
the shapes in the animated mechanism move with the link to which they are attached.

Offset pointson alink are joined by straight lines between them and the two main pivot centres that locate
thelink. Anexample of acomplicated mechanism represented in thisway is shown in model file M16.0S
(see Sketch 5.16). When a shape is added to alink the lines joining offset points are suppressed, to make
the display clearer when there are several offset points, asin mechanism model file M05.0S (see Sketch
5.5). Note that a shapein OSMEC can consist of asingle offset point.

A "frame" isincluded in the mechanism as a series of (purple) lines. These features are for reference only
and do not affect the kinematics or move when the mechanism is animated.

ESDU Copyright material. For current status contact ESDU.

347 Markers

Small static crosses can be added to the display to serve as guide marks during design work. (Thisis an
option on the Edit menu only, it is not part of the Create process described in Section 9.)

35 Modelling a M echanism in OSMEC

The starting point in design is often an existing mechanism that has to be analysed or modified. The
mechanism is usually available as a drawing or as actual hardware. If anew mechanism is to be created
the starting point is usually a rough sketch. In either event, to model the mechanism in OSMEC it is
necessary to reduce it to asymbolic representation using the entities described in Sections 3.2 to 3.4.

Thefirst step in understanding a mechanism isto locate the pivot centres and make a sketch in which the
centres are shown joined by lines to represent the (kinematic) links. It is particularly important that the
fixed centres are clearly marked. This sketch and all subsequent sketches need not be very accurate.
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3.5.1 Mechanism topology

Oncethe sketch has been madeit is easier to decide whether the mechanism is an existing stored type, such
asoneof the.OSmechanism model filessupplied with OSMEC. At thisstagethedimensionsareirrelevant,
sincethey can bealtered later using Edit commands. Any four-bar linkagewith revolutejoints, for example,
can be represented by model file M02.0S, illustrated in Sketch 5.2.

The characteristics of amechanism (apart from its dimensions) that define its type are called the topology.
The topology is determined by the number of links, the number and types of joints and the order in which
these links are connected together. All four-bar linkages, for example, have the same topology. In most
practical cases a mechanism can be modelled by one of the .OS mechanism model files. New entities can
be added but existing entities cannot be removed. If, because the required topology is not available in an
existing .OSfile, Create must be used.

It is easier to understand a complicated mechanism if a preliminary sketch is made showing it separated
into distinct 'units' of links, dliders, offset pointsetc. For example, consider Sketch 3.15a, which showsthe
mechanism modelled in file M16.0S, and Sketch 3.15b, which shows the separate units.

—

2

ESDU Copyright material. For current status contact ESDU.
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(b) © Y1

Sketch 3.15 (a) Mechanism M 16.0S (b) and (c) M echanism M 16.0S broken
into its basic sub-assemblies

Referring to Sketch 3.15b, it can be seen that the driving unit isafour-bar group (unit 1). Thisdrivesadyad
(unit 2). Another dyad (unit 3) isthen driven from pointson units 1 and 2. Finally, unit 4 isdriven by unit 3.
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3.5.2 Identification of OSM EC mechanism entities

Thenext stepistoreducetheunitsto aset of OSMEC entities. Thisiscarried out, for example, by separating
the four-bar group (unit 1) into acrank and dyad and then identifying the link with which each offset point
isassociated. This givesthe symbolic representation shown in Sketch 3.15c. The mechanism can now be
represented by a set of OSMEC entities and the Create process used to model it if an existing mechanism
model file with the same chain of entities does not exist.

By using the Delete and Restore options in the main Edit menu, it is possible to see how a mechanism is
constructed and how motion is transmitted through the kinematic chain of entities. It isinstructive to try
this procedure on a stored mechanism before reading further.

Load and run M16.0S and select Delete repeatedly until al of the links have been removed. Now select
Restore repeatedly until the complete mechanism has been re-built. Run the mechanism after each Restore
and its motion can be seen.

It is suggested that the user triesto separate the mechanism in Sketch 3.16 into entitiesin the same way. It
will be seen that this mechanism has the same topology as the mechanisms shown in Sketch 3.15 despite
its very different appearance.

ESDU Copyright material. For current status contact ESDU.

Sketch 3.16 Mechanism with topology identical to Sketch 3.15
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4, USING OSMEC

4.1 Sarting the Program

To run the program change to the appropriate directory (such as C:\OSMEC) and click on the file
OSMECV##+EXE".

4.2 Menusand Forms
A menuisalist of options (such as"run the mechanism", "close the program", etc.) that appears along the
top line of the screen. Asthe cursor ismoved along thetop line by pressing the arrow keys, an explanation
of each option appears on the line below. Inthis Data ltem, thisis referred to as the help line.

A formis arectangular area of the screen in which numerical values are entered and/or choices are made
between certain options.

Sketch 4.1 shows a typical screen display with a menu along the top line. The Offset option has been
selected and aform for entering the relevant data. occupiesawindow in the top right-hand areaof the screen,
partialy obscuring the menu help line and the mechanism display. The mechanism links are defined by the
lines drawn between the bearing pivots that appear as small circles. On a colour monitor, the links are
identified by yellow numbers positioned near the centre of the link. Bearings and offset points are defined
by green letters|ocated slightly to the right of the point. Offset points (see Section 3.2.1) on any given link
are shown as a point joined by straight lines to two bearings.

Mouse  Trnsfm Coordinate Length fAngle QEUSEISM Gearz  Assenbly o
Local coordinates of an of Off=et points

Base link Point letter X offset of fset
A.A8BBRe .BpBAEA

84 .A88068 .5ABAEA

78 . AABAEA .ARAREA

-40 . AREREA .ARBAEA

End of data
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vslue of input uvariable is

Sketch 4.1 Typical screen display with menu along thetop line

T The full name of the OSMEC executable file depends on the current version number of the program. Thus, for example, the full name
of Version 7.0 of OSMEC will be OSMECv70.EXE and must be used when accessing thefile.
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4.3 Program Control

4.3.1 Program control using the keyboard

When the program is activated, a summary of the way the keys are used appears on the screen. In addition
to the help line that appears automatically below the menu line, context-related on-line help is available.
To useit at any point in the program press 'F1'.

The horizontal arrow keys are used to move backwards and forwards along a menu of optionsto reach the
desired choice. The space bar has the same effect but moves the cursor only to theright. If amenu hastoo
many optionsto fit on the screen arow of dotswill appear after the last one displayed. If the arrow key is
repeatedly pressed further options in the same menu will appear.

The'Return’ (or 'Enter') key is used to move forward through the program. When an option in the menu is
highlighted the computer will not execute it until 'Return’ is pressed. The option has then been selected.
Theword "Select" is used throughout this Data Item to mean " Choose an option and press 'Return’ .

Entering the highlighted letter of an option selects it automatically regardless of the current position of the
cursor. If two or more items in a menu have the same initial letter pressing that letter will always select
thefirst of them. The arrow keys or space bar must be used to select alater option with the same initial.

Sometimesthe sel ection of amenu item causesasub-menuto appear. Itemsin asub-menu may havefurther
sub-menus.

As'Return' is used to move forward through the program, 'Esc' is used to move back through the hierarchy
of menus.

Some additional keys are used when manipulating aform. Pressing the 'Tab' key moves the cursor to the
right or downwards while 'Shift' + 'Tab' (i.e. both keys pressed simultaneously) moves it to the left or
upwards. The arrow keys are only used in aform to select options such as Yes or No. To change from Yes
to No, or vice versa, press either horizontal arrow key.

The 'Page Up' and 'Page Down' keys are used in some forms to run through alist of itemsif there are too
many to fit in the form simultaneously. The form will display a message if these keys are needed.

The main purpose of aform isto enter numerical data. Thisis done viathe number keys. The 'Delete’ and
'‘Backspace' keys are used in the usual way.

ESDU Copyright material. For current status contact ESDU.

When al of the data have been entered in the form press'Return’ to exit. The program will accept the data
unless there is some incompatibility, in which case an error message will appear. Pressing 'Esc' closesthe
form and cancels any changes to the original data.

When a form is displayed it usually includes some numerical values. These are called default values.
Default choices also appear for options such as Yes/No or Left/Right, and by default the cursor will appear
at aparticular position onamenu. The program isdesigned so that the default choices are those most likely
to be selected.

4.3.2 Program control using the mouse

The mouse is used when creating a new mechanism and for certain editing functions. Thisisexplainedin
Section 6.3a.
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