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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
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government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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DWELL-RISE-FALL-DWELL CAM LAWS. COMPUTER PROGRAM

Data Itemsin the series on Dwell-Rise-Fall-Dwell cam laws are:
Item 06002 [ - Sections1to8:  segments having equal rise and fall periods,
Item 06003 [4 - Sections 9to 13: segments having asymmetric rise and fall periods,
Item 06004 [3] - Sections 14 to 23: examples,
Item 06005 [ - Computer program.
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DWELL-RISE-FALL-DWELL CAM LAWS. COMPUTER PROGRAM

1 INTRODUCTION

This Dataltem provides guidance on the use of computer programs, W0605 and A0605, to aid the selection
of cam laws suitable for symmetric Dwell-Rise-Fall-Dwell (DRFD) follower motions, i.e. those having
equal rise and fall periods. They include motions having an intermediate constant-velocity (V) component
in both the rise and fall actions (DRVFD). The program also analyses the complete follower motion. See
ESDU 06002 for these types of symmetric motion, including the converse DFRD and DFVRD follower
actions.

An associated Data Item, ESDU 060032 refers to asymmetric follower motions of the DRFD, DFRD,
DRVFD and DFVRD types having unequal periods for the rise and fall actions. ESDU 06004[%] contains
examplesto illustrate the application of these motions.

The current version of the computer program is restricted to symmetric DRFD and DRVFD rise and fall
segments where values are entered for the cam segment angles and follower lift (or swing) as specified
(positive) values. It is anticipated that future versions of the computer program will provide the ability to
determine asymmetric motion segments including ones formed from blended profiles.

The theoretical background that describes alternative forms of the mechanism and follower motion,
including definitions and terminology, is explained in Section 2 of ESDU 0600211 The desi gn procedures
for deriving alternative types of blended motion are given in Sections4 and 5 of ESDU 06002!Y. Their use
isillustrated by examplesin ESDU 0600413,

Throughout this Data Item the description of follower motion is based on the presumption that it is cam
driven. However, while the computerised procedure is applicable to all configurations of a disc cam
mechanism driving either atranslating or swinging follower, it can also be used to analyse any DRFD or
DRVFD motion, whatever the type of input drive.

The current version of the computer program calculates the Dwell-Rise-Fall-Dwell (DRFD) motion of
either a trandating or swinging follower at specified intervals of input motion and is supplied in two
executable forms:

0] aWinteracter® VIEWpac program, W0605v##.EXE¥ (described in Section 2),

ESDU Copyright material. For current status contact ESDU.

and (i) aMicrosoft® program, A0605v##.EXE* (described in Section 3).

Thetypeof follower motion required determinestheinput quantitiesnecessary to producethemation profile
and run the program. It is strongly recommended that the Winteracter version of the program, W0605, is
used since it alows data input files to be created from within the program by following descriptive screen
prompts, or by using data imported via previoudly created files. When all motion data have been entered
or edited, the program automatically sets the values of the numerous identifiers and kinematic parameters
that define the motion datain the input file. Section 4.1 provides alist of all input file parameters.

T The term VIEWpac describes the Winteracter version of an executable program (see ESDU 04013!12

registered by Interactive Software Services Limited.

). Winteracter is a trade name

* The symbols ## refer to an encoded version number of the program, e.g. if the version number is 1.0 then ## is 10. Thus the full name of
Version 1.0 of the executable program W0605 will be W0605v10.EXE and must be used when accessing thefile.
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Section 2 of this Item provides guidance on the use of the Winteracter version of the computer program,
WO0605, including the procedure for use of the graphical user interface required to enter and edit all input
data, to run an analysis and access the output data files and graphical plots. Section 3 provides similar
guidance on the use of Microsoft® computer program A0605. Section 4 defines the content and form of
theinput files associated with programs W0605 and A0605. A worked example includes sample input and
output filesfrom both programs and graphical output plotsfrom program WO0605. Section 5 gives guidance
on the effective use of the computer program for designing mechanisms with DRFD or DRVFD follower
motion.

11 Type of Follower Motion

Thefollower motion for the complete rise and fall segment may be defined in one of threeways, asasingle
cam law, by direct blending or by blending with an intermediate constant velocity (CV) component.

111 Singlecam law

A single cam law is chosen for the complete rise and fall segment of the motion from the cam laws
recommended for DRFD cams (see ESDU 06002 Thefivecamlaws presented by the computer program
are:

Double Harmonic Motion (DHM)
Triple Harmonic Motion (THM)
2-4-5 Polynomia motion

3-4-5-6 Polynomial motion
3-5-6-7-8 Polynomial motion

1.1.2 Direct blending

This method forms the complete rise and fall motion segment by blending two components of cam laws
chosen in such away that there is continuity of follower displacement, velocity and accel eration between
the two components (see Sketches 4.1 and 4.2 of ESDU 06002[1]). The blending process is accomplished
in one of five ways, by:

€) ensuring continuity of jerk at the blend point,

(b) specifying the Blending Ratio,

ESDU Copyright material. For current status contact ESDU.

(© specifying the Acceleration Ratio,
(d) specifying the maximum follower velocity

orby (e specifying the maximum follower acceleration.

The cam laws for Components N1 and N2 are chosen from two distinct lists recommended for blending
DRFD motions. The six cam laws presented by the computer program for Component N1, from the dwell
to the blending point, are:

Cycloidal motion

Modified Trapezoidal Acceleration motion

Modified Sinusoidal Acceleration mation

Triple Harmonic Modified Trapezoidal Acceleration motion
3-4-5 Polynomia mation

4-5-6-7 Polynomial motion
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and the three cam laws presented by the computer program for Component N2, from the blending point to
maximum displacement at the reversal of follower velocity, are:

Simple Harmonic Motion (SHM)
Constant-Cosine-Constant Acceleration motion (CCCA)
Double Harmonic Motion (DHM)

1.1.3 Blending of two components of cam lawswith an inter mediate
constant velocity component

This method involves the insertion of an intermediate constant velocity component between Components
N1 and N2 of ablended DRV FD motion (see Sketches 5.1 and 5.2 of ESDU 06002[1). The blending process
is accomplished in one of two ways.

€) by specifying the start and end cam angles of the constant velocity component,

or (b) by specifying both the acceleration ratio and the cam angle subtended by the constant
velocity component.

The cam laws are selected from those given for Components N1 and N2 in Section 1.1.3.
12 Program Application

Generadl instructionsfor running the computer programstogether with the required input dataare described.
However, if you do have any difficulty in using this program please contact ESDU and we will do all that
we can to assist you to overcome the problem.

Every reasonable effort has been made to ensure that the program performs the intended calculations
satisfactorily. However, in common with other providers of software, no representation asto the suitability
or fitness of the program for any particular purpose is made and no liability for any loss occasioned by any
persons as a direct or indirect result of use of the program whether arising from negligence or otherwise
can be accepted. In no event shall ESDU or any individual s associ ated with the devel opment of the program
be liable for any damages, including loss of profit or consequential loss, arising out of or in connection
with the program.

ESDU Copyright material. For current status contact ESDU.
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2. GUIDANCE ON USE OF PROGRAM W0605

This section includes a comprehensive guide to the choice of values for entry to the computer program,
WO0605, and should beread in conjunction with Section 4 when entering data’. Theunitsdefined for program
input, given in Section 4.1, must be used. The output from program WO0605 is described in Section 2.4.
Design guidance, including recommendations for efficient use of the program, is contained in Section 5.

2.1 Winteracter VIEWpac Program W0605

This version of the program, named WO0605v##.EXE, provides a user-friendly Winteracter Windows
graphical user interface (see ESDU 0401312 and ESDU 04014[13]) and isfor use on a computer running
a Microsoft Windows 95 (or later) operating system. Various other files, including saflibc.dll,
help_0605.hlp, help_0605.cnt and swiss.chr, required to run this version of the program, are al so provided.

Thisversion of the program:

» alowsdatato be created from within the program following descriptive screen prompts,

e provides comprehensive embedded on-line help for every quantity, available from both the
Help menu included in the Tool Bar options (see Sketch 2.2) and viathe F1 key,

« alows program runs to be launched from within the interface,
* providesatext editor that may be used to view, edit and print output files (see Section 4.2),
« alowsgraphical and hardcopy plots of the motion characteristics of the follower.

22 Running Program W0605

The Winteracter program is run by double clicking on the executable file, W0605v##.EXE, located within
the in?tgl]lation directory containing the program and associated files (see ESDU 0401312 and ESDU
0401413

The opening and main screen of the program, shown in Sketch 2.1, presents:

e tool bar icons (illustrated and described in Sketch 2.2),

« fiveinput groups: Titles, Files, Segment rise and fall periods, Follower type and Motion data,
*  two output groups; View and Plot,

» four salf-descriptive buttons: About, Help, Run and Exit program.

ESDU Copyright material. For current status contact ESDU.

Tool bar icons

The New icon allows data to be input directly into the various data sections of the program.

Datafrom existing files are entered into the various forms of the program with the use of the Open
icon, which when activated presents alist of the existing files.

The Close icon closes the data file but does not close the compl ete program.

The Saveicon is only active, i.e. ungreyed as shown in Sketch 2.2, when data has been changed
within one of thedataformsfrom apreviously loaded file. Similarly the Save Asiconisonly active,

T It is noted that the executable programs WO0605v##.EXE and A0605v##.EXE use identical input parameters, such that the input file
(see Section 4.1) can be used directly by either program. The symbols## refer to an encoded version number of the program, e.g. if the
version number is 1.0 then ## is 10. Thus the full name of Version 1.0 of the executable program WO0605 will be W0605v10.EXE and
must be used when accessing thefile.
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i.e. ungreyed as shownin Sketch 2.2, when sufficient data are present within the dataforms. These
datafilesaredirectly compatiblewith the datarequired by Program A0605v##.EX E (see Section 3).

The Help and Exit program icons are self explanatory.

Sketch 2.1 Main screen of Winteracter program W0605

Dies| S8 2|

New  Open Close Save  Save bs Help

ESDU Copyright material. For current status contact ESDU.

Sketch 2.2 Tool bar icons
Input groups
The Titles group allows up to three descriptive title lines to be entered.

TheFilesgroup holdsthe names of theinput and two output datafiles. A click onone of the Browse
buttons presents a standard dialogue box that can be used to change the file name or directory to
which the output will be written.

To select either Symmetric or Asymmetricinthe Segment riseand fall periodsbox, tworadio buttons
are presented near the top right-hand corner of the main screen window. Only Symmetric motion
isavailableinthisVersion 1.0 of the program so the Asymmetric option isunavail able and therefore

greyed.
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The choice between Trand ating or Swinging follower motion is presented viathe two radio buttons
in the Follower type group (see ESDU 820241 for guidance).

Click the Motion data button to gain access to the forms for entry of the specific data relating to
follower mation.

Output groups

Once the data are entered, but prior to a Run, the options within the View and Plot sections on the
main menu areunavailableand thereforegreyed. To analysethefollower motion dataspecification,
click the Run button on the main program screen (see Sketch 2.1). A dialogue box presents a
summary of the success (or otherwise) of the analysis and, if successful, the View and Plot options
become available.

Click the Descriptiveoutput file and Motion datafile buttonsin the View group to accessthe (A SCII)
text files containing output from the program (see Section 2.4). Examples of thesefiles are shown
in Sections 4.2.2 and 4.2.3, respectively. Thesefiles may be edited and printed.

To view graphical output, select the Follower displacement, or Follower velocity, or Follower
acceleration or Follower jerk buttons in the Plot group. Each of these motions is shown plotted
against cam shaft angle. Examplesof these plotsare shownin Sections4.2.4,4.2.5,4.2.6 and 4.2.7,
respectively. These files may be printed or exported.

2.3 Motion Data

Click onthe Motion data... button on the main screen of the program (see Sketch 2.1) to display the motion
data screen shown in Sketch 2.3.

WOG0S5 - Motion data - Symmetric rise and fall periods x|

— Type of follmwer motion — Follower dizplacement

Follower swing| 1500 degree

{~ Single cam law [SL]
{* Direct blending [DE]

= Blending with Constant Welociy (O] component -~ Cam angle displacement
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Segment angle| 1300 degree

Rize startz occurs at 0 dearee

I 200.0 i
Cam speed T/ b aximumn zwing ocourz at|  130.0 degres

Calculation intewall 01 vl deqree Dwell zegment startz at| 2600 deqree

ERRIENE

Enterfedit ancilliary motion data. . |

I Rize/Fall zeaments - Caze DBS Cancel |
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