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Abstract

As computer CPU gets fast, script computing is increasipglyular. Script computing allows
a computer program to be executed interpretively withodibies compilation and linking. It can
be used for rapid prototyping, embedded scripting, molataguting, teaching, and learning.

Ch is an embeddedable C/C++ interpreter. It execute C/Cegrams as scripts interpretively
without compilation. In this project, Ch and Ch Excel aredi mechanism design and analysis.
Microsoft Excel is a user friendly software commonly useddmgineers to solve many compu-
tational problems. Using Excel as a GUI front-end, many Efesgures are readily available for
applications and use Ch as backend to handle computatiodamiar structure programming
paradigm in C can be used for scripts with capabilities obo#oftware modules in Ch. Mecha-
nism design and analysis modules developed in Ch, Ch ExdeCarMechanism Toolkit are ideal
solutions with user friendly Excel interface for solving chanism design and analysis problems.
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Chapter 1

Introduction

Today’s global economy has raised the level of competithwaughout the world. Globalisation
removed physical boundaries between coutries leadingrtgaaies venturing all over the world.
This increased level of competition and has forced comganibe lean, adaptable and responsive
while maintaining the quality in order to stay in the markeéhe penetration of information tech-
nology into scientific field has led to developement of vasiapplication specific software. This
has led companies to look for more diversed people which nmesdieictors to teach students with
a variety of software and their application, but one of thgamigsue is choosing the environment
in which students can get quick start in programming.

Ch [1][2] was designed and implemented for novice and inggpeed users to get start with
programming. Ch is a high-level language environment,ldved students to focus on program
structure and algorithm instead of tedious compile linkrdigtion. Due to the availability of vari-
ous softwares specialising in particular field, studentsr@searchers may find it difficult to pro-
cure different software for each application. This couleMent them in using the latest technology
which can improve their efficiency. Ch environment coulddrae a useful tool in this scenario,
where the software modules that has been integrated watethiironment would prove helpful
for engineers and scientist for learning and research getpo

1.1 Compiler Vs Interpreter

The process of execution of a program marks the differenteds® a compiler and interpreter.
Compiler translates a source program to a binary moduleesepting the program in machine
readable format. The compiled program is then linked toiokitee executable format. Where as
an interpreter interprets the source program line by lingkies up the input data and the source
program at the same time and do not produce any executallelfilease of interpreter, the source
code is translated only if it is executed and the error messsage tied to the source which make
debugging easier and also working environment more supporAn interpreter is used when
filters are implemented in the operating system kernel wierapilation may not be feasible
due to protection and robustness concerns even though letimpiincreases runtime efficiency.
Interpreters increase the execution over head since tlyggimois continuously re-examined, and
also increase space overhead compared to compiler. Buteoing) the fact that the speed of the
processor and the storage capactiy has been growing at queteahat the execution overhead



and space overhead can be neglected to some extent. Theofisaigepreter by novice software
developers who may have to frequently modify the code is algdmice as they don’t have to
compile every time they debug. Techniques like self-maddycode is easy to implement using
interpreter and is also conceptually simpler and could bgredit help to beginners.

1.2 Software and Mechanisms

The necessity of computer technology in every field rangmgfliterature to space technology
has been proved beyond doubt. It is so advanced and divdraedvery field needs a specific
software to perform the tasks efficiently. Computationathmods involved in mechanism design
and analysis have led to development of various applicataitware that help engineers to de-
sign complicated mechanisms. Packages like Automated mignanalysis of Mechanical Sys-
tems (ADAMS) were developed to solve complicated engimgediesign and analysis problems.
There are various special purpose software packages sUMAEE by Heron[3], Pro/Engineer
simulation[4], Simulation and Analysis of Mechanisms [3}iah provides powerful and easy tools
to draw, design, analyze motion and force of arbitrary 2Bciha@isms. Compared to various gen-
eral purpose software available, these specialized paskag easier to use to obtain the desired
result. But from a learner’s point of view, learning how cartgtions are performed from a menu
driven software is always going to be challenging. It is isseey that the students learn the back-
ground of this software development and to understand hewdimputational aspects are applied
in software to obtain the solutions. There is also a poggiliiat these commercially available
package and software does not allow users to incorporategpecial needs. In that case, the
user may have no option to write their own software moduleotaestheir unique problem. The
mechanism toolkit[6] fills up this gap.

1.3 Ch and Mechanism Toolkit

Ch [1] was originally developed by Cheng. Ch was designedsagparset of C programming lan-
guage extended for numerical computing, network computiisgance learning and interpretive
programming. Ch language environment has other softwackites integrated to its environment
using tools like Embedded Ch [7] and Ch SDK [8]. By using thiesds various software [9] has
been integrated to this environment. For example, Open@®l, @penAL [11], XML [12] were
integrated using ChSDK. The goal is to make Ch Language@mvient as a single destination for
heavily used softwares.

The Ch Mechanism Toolkit[6] is significantly different froather packages in terms of pro-
viding the source code to the user. The users now have thdoimreéo modify the available code,
according to their requirements, which is provided with Cadddanism Toolkit. By analyzing the
source code, the user can develop their own module to somplamated engineering design and
analysis problems which may be unique to their field or expeni.

Unlike other mathematical software packages, Ch confomtise open C/C++ standard. The
various high-level mathematical features of Ch such as t&nmmbers, matrix operations are
very useful in engineering applications. The availabibfyvarious other softwares that can be
executed in Ch environment makes it more comfortable fouser to use the best software for a



given application. For example, Ch gives easy solution fechanism animation, it could be the
ideal environment to develope mechanism related animatiba user specific development in Ch
can be done by adding small software module by the user, velictes their personal requirement.
Once it has been inducted it remains in the environment fer aud can be used repetitively. This
makes the task of developing and maintaining the softwargmaple as possible. Even though
this mechanism toolkit has been developed for simple masher) this can be expanded to other
complicated mechanisms.

Ch also has a well built toolkit to deal with control systenside and analysis [13][14]. The
development of modules of classes in this toolkit [14] makeasier to develop a new control sys-
tem. Ch can be used for CGI[15] which allows the user to accessol [14] and mechanism [6]
toolkit through the web. This mechanism toolkit is implerteghas a module which can be utilized
from various other softwares that has been embedded withGBiiExcel [16] is one among the
newly developed application by which Ch can be accessedxeel. In this work the utilization
of this mechanism toolkit with Ch Excel has been demonddrafeailability of demo programs
along with this package helps novice designer to undergtengrocess of using software in solv-
ing mechanical problems. They can also modify these progtansolve their own mechanism
design and analysis problems. Chapters 2 and 3 explain &l dethow ChExcel has been used
in analyzing various mechanisms.

1.4 Spreadsheet

Spreadsheet was originally created to help the accountatitgir business applications. It was
later used in educational purpose and is now being widelg usaimost every field. More recently,
spreadsheet was used to simulate engineering system, suolyia networks, control systems
and antenna array design [17]. The spreasheet modules bBasubed in the field of machine
design[18]. Spreadheet is also used to aid the designes apgbroximation process [19]. There are
various application of spreadsheet modules like desigroofimgear geometry [20], determination
of spur gear form factors [21] and various other applicatiohhese research projects highlights
the usage of Excel in analyzing various mechanisms.

1.5 Scripting

Most software systems are seldom developed starting froatcsg but rather built using the ex-

isting libraries [22] which led to recent sprout in develaggmof scripting languages [23].To have
various advantages over a compiled language a scriptimgiége must provide two capabilities.
First, developers must have a large number of software cosrge readily available to be used
in scripts. These components must support many applicdtbomains such as graphical user in-
terfaces, internet communication or text processing [&3Jcondly, the scripting language envi-
ronment must integrate seamlessly with software compsreamd applications written in system
programming languages. These advantages can be seen imi@hwhere a Ch script can ac-

cess all the software that has been integrated to the Chdgegenvironment and also integrate
seamlessly with other software component.

This research project presents the usage of ChExcel foyzinglvarious mechanisms. Excel



spreadsheets were developed for specific purpose whitcreufih Mechanism Toolkit in back end
to analyze the mechanisms. It also exposes various oth@rasefintegrated to Ch to be accessed
from Excel. The second part of this research project is fedumn integration of Java with Ch
for Windows version and Kaffe for Linux. The final chapteusgtrates application of ChJava in
manipulating a mechatronic system in stand alone and inlvesied application(client side and
remote).



Chapter 2

Design and Analysis of Fourbar Linkage
Using Ch and ChExcel

Computers have changed the way design and research arepeeiogned. They are so sophisti-
cated that decision regarding developement of new progstgpe taken only after getting satisfying
results on running simulations. The use of software forigappbns makes the process of research
and developement easier and more efficient. This chapteiséscon utilizing a spreadsheet in
analyzing various mechanisms using ChExcel.

2.1 Ch Excel

Ch Excel was desgined and developed to use the computapionar of Ch from Excel work-
sheets [16]. The availability of Add-In technique in Excelegs a seamless extension from Excel
to Ch. Students and researcher’s who have been using MitEsmel to great extent would find
a programming language like Ch integrated with Excel careiage its usability many folds. For
example, various user defined software modules that havedmeloped in Ch can be accessed
from the worksheets. Excel being one of the widely used sisteset by engineers, adapting to
new addition with Excel shall not be a difficult task for theeusvhen Excel is used as front end
while Ch does the computation at the back end [24].

The simple GUI front end in assembling the input and outplis ceakes interaction with
the user easier. Excel’s ability to check the values enteretcell is utilized in this work for
preliminary decision making and the compilcated issuetanelled by Ch running in the backend.
As a general purpose programming language, the amount angattety of work that Ch Excel
could perform are almost unlimited.

2.1.1 Plotting Variety

Excel is mainly used in tabulating data which lead to plattof graphs. Adding to the variety
of graphical options already available in Excel, Ch prosidewider variety of 2D/3D graphical
plotting [2], which can be saved in variety of formats. Aedility of different format of graphs
prevents the user to change other features to fit the givgghgoamat. For example, to publish
a graph using Latex, the user may need a graph in postscripatavhich can be generated from



Ch. This capability would play an important role when sel/peoople exchange information for
their research.

2.2 Ch Mechanism ToolKit

The Ch mechanism toolkit [25][6] consists of many C++ stysses, namely

CFour bar ,CCr anksl i der andCGear edFi vebar , which can be used to handle the analysis
of various planar mechanisms like fourbar, crank-slidet geared-fivebar linkages respectively.
The input is obtained from the Excel spreadsheet and usindgeZihanism Toolkit in back end, var-
ious positions, velocity, acceleration of different lirdkge determined. The output is then displayed
according to the user specification on the same spreadstmeagh which input is given. Classes
in Ch Mechanism Toolkit have several member functions facudating the angular positions,
velocities and accelelrations of individual link membeirthe specified mechanism configuration.

2.2.1 Kinematic Analysis

The simplest closed-loop planar mechanism is the fourb&agie shown in Figure 2.1. The kine-
matic analysis of the linkage mechanism is performed byduastdefined in th€Four bar class.
Some of the functions are described in the following sestion

F

]

Figure 2.1: Fourbar Mechanism.



2.2.1.1 Angular Position

Given the link lengths of a four-bar linkages along with #ietaind theta2, the angular positions
theta3 and theta4 can be solved using the funatimmpl exsol ve() . In general, there are two
sets of solutions of theta3 and theta4 for a given theta2¢chvborresponds to the two different
circuit or two geometric inversions. The functiamgul ar Pos in the classCFour bar is used

in determining the two set of solutions.

CFour bar: :angul arPos(theta_1, theta 2, theta_id)

Where thetal and theta2 are arrays which gets the two sets of solution returned thenfunction.

2.2.1.2 Angular Velocity

The velocity analysis for a closed loop linkage can be cdrot from its loop-closure equation.
Given the lengths of all links and angles thetal and thetatigular velocities of link 3 and link
4 can be found out using the functiamgul ar Vel

CFour bar: : angul ar Vel (t heta, onega, onega_id)

The other required angles can be found usingatigul ar Pos function decsribed earliet.het a
andonega are arrays which contains the angle that every link makds gvitund and the known
angular velocity of the link.onega_i d represents the link number whose angular velocity is
known.

2.2.1.3 Angular Acceleration

The acceleration is the second derivative of the loop csguation. A fourbar class member
functionangul ar Accel () calculates alpha3 and alpha4 when all the angle that the tirdke
with ground and their angular velocity along with angulacederation of link 2 is given.

CFour bar:: angul ar Accel (theta, onega, al pha, alpha_id)

The variables het a andonega have the angle and the angular velocity of the links in thelhmec
anism. The variablal pha has the angular acceleration of the known link and its cpoeding
link number is sent to the function through the variablgha_i d.

2.2.1.4 Dynamic Force Analysis

Dynamic force analysis is performed based on D’Alemberiisgiple. In this analysis we assume
that the position, velocity and acceleration of each mowady in the system is already known.
The user can also use the above explained methods to findghiea® velocity and acceleration
of each link. The methoflor ceTor que defined in theCFour bar class, using which the forces
acting on those links can be identified.

CFour bar: :forceTorque(theta, onega, alpha, tl, X)

wheret | is the input torque and is the output array of all reaction forces that has been Gtlet
in this function.



2.2.1.5 Animation

One of the best advantages of using ChExcel is that the demetan use all the software modules
that have been integrated to Ch. For examgémi mat e which can be accessed from Ch can be
used for developing a mechanism animation. This may not bsiple if some one uses only Excel
to analyze the mechanism. This animation is made possibéerbgthod calleéni mat i on()
which is defined in the claggFour bar asCFour bar : : ani mati on(ci rcui t no).

2.3 Excel Worksheet

2.3.1 Developement of Excel sheet

The input requirements for a particular problem are firstrafito develop the excel sheet. It
should also be noted that each cell is uniqgue and should noiseé for muliple usage. The
cells that takes up the input values are arranged in the seshee @s the values are to be entered.
Corresponding comments that appear in the first columngédaihe values which are either input
or output for the given problem. The user can go through &ldélls that requires input data
and enter the data. The automatic calculation is over-ridie ChExcel, so the user may not
hesitate to go through the cells, only after pressing F2 angtfon indicated in the cell would
execute, whereas by default in Excel pressemg er key would invoke the process. A variable
used in computation has to be declared first. This is done img tisnctionChRunScript(). This
performs the role of a destructor and constructor. It rera@lepreviously declared variables first
and initializes the variables that would be used in the ciircentext in Ch program. The funtion
ChPutMatrix() takes the input value from Excel.

The same variables that handle the values obtained from Bseased in computing the result
in Ch. These computation occurs in the background using thedinputation power. As Ch
has been integrated with various other software modulesjéireloper can use the best available
software to perform the required task. As Ch has all capgadslof Matlab, input values can be
treated as a computational array. This quality of Ch is gé&edy while using Excel, as every
input is in terms of columns and rows which can be considesenhatrix. Availability of pre-
written functions in Ch to deal with matrix makes coding eagor handling matrix operation.
For example, calculating the inverse of a matrix is done lpystallingi nver se( A) function
which takes an argument of a two dimensional array and retiisrinverse considering the two
dimensional array as a matrix with rows and columns.

All the values that is generated from the script file is stoneel Ch variable. From Excel, these
variable are called by using funtiddhGetMatrix() [16]. This function gets the values from the
Ch script files and are displayed in the designated cells.hAsrtput and output are in terms of
matrices, the results are easily distributed among the amdscoloumns which give clear view of
the results obtained. This also reduces the amount of weddvad in writting code to print the
values in a tabular format. As Ch has variety of softwaregrated in it, the kind of output that is
required by the user can be obtained by using those softwadelles.
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2.3.2 Description of Excel Work Sheet

The variables that are displayed in column A are the inpuangut of this problem. The variables
R1, R2, R3, R4 represent the lengths of the links of a fouib&age as shown in Figure 2.1. The
angle thetal is the angle made by the link 1 with the groundaangle beta is the angle that the
coupler link makes with the link 3. The known angle cell camsathe angular position of the
stationary linkl i nk1. The other angle which is required to be known could be of tiggeathat
link 2 or link3 or link4 makes with the ground. The cell A15 ¢ams a drop down list of various
angle number and the cell A16 is provided with the correspanangle for calculating the angular
position of other links.

The fourbar link has two circuit for a given set of inputs. Téfere, there are two sets of
result for the problem as shown in Figure 2.3. The two sestiornthe spreadsheet namely the
first sol utionandthesecond sol uti on represent the two results. The next section in
the Excel sheet deals with the limits of the input range asdatresponding output range where
the angle covered by link2 represents the input range anoltipeit range represents the minimum
and maximum angle that link4 can make with the ground.

2.3.3 Processing of Excel Work Sheet

The communication to Ch has to be restarted ustagt ar t Ch button for a new process[16].
The user can be given the choice of selecting their requings tor the input values. By default,
unit for angle isr adi ans and for length isret er s. The Excel sheet is designed to incorporate
all input values in the order the user goes through for impgthe values. Preliminary validations
are performed using Excel’s built in functions. This make#ing a program in the backend a lot
easier, by eliminating the conditional statements that reguire to validate the input values and
also reduce the time taken.
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Ed Microsoft Excel - fourbar_position_analysis.xls

File=  Edit Wiew Insert  Format  Tools Data  Window Help  Adobe PDF - 8 X

RS SRY BRI ©- ax-4 e > o
PutMatriz GetMatriz Declvar EvalExp RestarkCh _
sl S

P27 - 2

A B © D E F € H I =
1 1=
2 |Lengths 0| <==ChRunScript("fb_pos_initialization.ch")
3
4 R 0.5 0| <==ChPutMatrix(C4,"r1" —
5 |R2 0.15 1] <:==ChF'utMatr|}{(CE 2"
6 |[R3 0.4 1] {==ChF‘utMatrl}{[CE "r3 |
7 R4 0.45 0| <==ChPutMatrix(C7 "rd")
g Rp 0.15 0 ::=:ChF'utMatr|}{(Cf1 ")
9
10 [Known Angle in Degree
11 |Thetal 10 0 <==ChPutMatrix(C11,"thetal™
12 |Beta 36.59 0 <==ChPutMatrix{C12,"beta™
13
14 |Unknown Angle
15 | Theta Angle na 3 0| <==ChPutMatrix(C15 "anglena™)
16 |Angle 45 0| <==ChPutMatrix(C15 "angle")
17
18 0 <==ChAppendScript("is_link.ch")
19 -
M 4 » M\ Sheetl ! Sheet? ¢ Sheet3 / |<] | W[
Draw~ [3 Autcshapes= ™ W [ J O E 4l D& - L-A-== 5B i@ .
Ready Calculate MM
Figure 2.2: ChExcel spreadsheet of fourbar linkage positi@nalysis (four-

bar_positionanalysis.xIs).

To call the Ch scripts from Excel, certain cells have beenabed with Ch API's. The script file
has to be executed in a predetemined sequence as scripsiigslepend on the values determined
by the previous script files . This being the case, the scigs fire arranged in the required order
it has to be called. The user has to go through the cells ona®ynccolumn E in this example. To
initiate the call the user has to press F2 which activatesdnemand that executes the script file
inducted in column E [16]. On execution of these functiompeteling up on its success or failure,
the corresponding cells in coloumn E are returned with \sa&ither0 upon success #dERROR#
upon failure.

All the values that have been calculated in Ch are stored iarialMe which are then called
from Excel when it is needed. As all the variables are glothe,values can be used by different
script files. As the values are handled in terms of matrix réselts are easily distributed among
the rows and columns as shown in Figure 2.3.
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21 |Theta? 10 0174533 0 <==ChGetMatrix(D21:024,"theta_1")
22 |Theta? 45 0.7853598 0 <==ChGethatrix(D28:031 ,"theta_2")
23 |Thetad 65.89471 1.167533 0 <==ChGethatrix(C21:C24 "theta_1deg")
24 |Thetad 1206444 2105643 0 <==Chizethatrix(C258:C31,"theta_Zdeg")
25
26
27 |Second salution Degree  Radian |
28 |Thetat 10 0174533
29 |Theta2 45 0.785385
30 |Thetad -F2.8973 -1.26706
31 |Thetad 126347 220517
32

33 |Input Range 0 <==ChAppendScript("fb_getjointlimits.ch™)

34 |Circuit {in deg) Circuit 1 Circuit 2 0| ===ChGethatrix(C35:035 "inputlimitmin™
35 |Lower limit 0 0 0| ===Chizethatrx(C36: 036 "inputlimitmax")
36 | Upper limit 360 360 [ «==ChGethatrix(C40: D40 "outputlirmitrmin®
37 0 «==ChiGetMatrix(C41:041 "outputlimitrmax")
38 |Output Range
39 |Circuit {in deg) Circuit 1 Circuit 2
40 |Lower limit 119.4712 -140.074
41 |Upper limit 160.0736 -99.4712 -
M4 4 » M} Sheetl { Sheet2 [ Sheet3 / | <] | 3l
Draw= [  Adtoshapes= . “w [] (O & 4[ A 7] [ &v-_vivE = = I m .
Ready Calculate I
Figure 2.3: ChExcel spreadsheet of fourbar linkage positi@nalysis (four-

bar_positionanalysis.xIs) (contd.).

2.3.4 Execution of fourbar position_analysis.xIs

After refreshing the link between Ch and Excel, the scripffbh_pos_initi alizat- ion.ch
is executed using the functigdhRunScript() which is inducted in the cell E2.

ChRunScript("fb_pos_initialization.ch")

On executing this function, Ch removes all the variables tfazae been declared before and ex-
ecutes the statement in this file which may declare new asadiccording to the requirements.
Once this has been performed, the input values are to beedntethe respective cells. These
values are read from cells by the ChExcel func@iPutMatrix() . For example, to read the input
value of R1 that has been entered in cell C4, the fund@ibRut Mat ri x(C4, "r1") is used

in declaring and initializing the variablel with the value that has been entered in cell C4. This
variabler 1 can be also used as such in Ch for computing purpose. Thenlehgihks are given
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in respected cells and is read and stored in the correspprdimable usingCchPutMatrix() func-
tion. On completion of storing all the variables with theuwggd input, script fild s_l i nk() is
executed. This script file is appended to the previous sbyi@hAppendScript().

ChAppendScript("is_link.ch")

This file can be called every time the user changes the inputents. Similarly the program
f b_angul ar pos. ch is also appended to determine the angular position of tle Tihe initial-
ization should not be performed in files that are appended,dses not destroy the previously
declared variables. So, there is a possibility of redentpd variable which may lead to syn-
tax errors. Once the required calculations are performesptitput is displayed using function
ChGetMatrix() . For example, to display the output in radians for first sohut

ChGet Mat ri x(D21: D24, "t heta_1")

which displayst het a_1 in cells D21 through D24. The cells in column E has a value
throughout, which states that all the functions were suatigsalled.

2.4 Position Analysis

This section would explain the various script files used isifpan analysis of a Fourbar linkage
mechanism.

2.4.1 Initialization

The scriptf b_pos_i ni ti al i zati on. chisused inintialization of all the variables. The script
includes the header files, declares and initializes vargatiiat will be used. This file does not
either declares or intializes the variables that has beela®l in Excel because the same variable
can be used in both Ch and Excel. For example the varitahéd a_1 is declared in Ch but is
used in Excel and the variabitel is declared and intialized in Excel but can be used as any othe
variable in Ch. The commandhPutMatrix(C4,r1”) when exectued initialize the variablel

and store the value entered in the cell C4.
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#i ncl ude <mat h. h>

#i ncl ude <fourbar. h>

#i ncl ude <chpl ot. h>

#i ncl ude <stdio. h>

#i ncl ude <wi ndows. h>

#define APP_NAME "Link Status"
PCHAR string="This Link is not Possible\n";
PCHAR stringl="This Link is Possible\n";

doubl e theta_ldeg[ 1: 4], theta_2deg[1:4];

doubl e theta_1[1:4], theta_2[1:4];

int fourbartype;

double inputlimtmn[2], inputlimtnmax[2],
outputlimtmn[2], outputlimtmax[?2];

int i;

doubl e retcurvex[51], retcurvey[51];

string_t islink;

CFour bar fourbar;

class CPlot plot;

Program 2.1: Initialization of variables used in positiomalysis of fourbar linkage

(fb_posinitialization.ch).

The header fileM ndows. h is included to utilize theressage box. This file is called only
once before refreshing the link between Ch and Excel. Thialization file is called using the Ch
API ChRunScr i pt which acts as both destructor and constructor.

2.4.2 Feasibility of Fourbar Linkage Formation

The script filei s_| i nk. ch is used in determining the feasibility of a fourbar linkagenfiation
with the given set of link lengths and angles. This script Wi# display eitherThi s Li nk

is not possibleorThis Link is possibleinamessage box which clearly states
the status of the problem and user can make the required ebavithout disconnecting the com-
munication between Ch and Excel. This script uses the fon€Four bar : : grashof () to
determine the status of the proposed link.

fourbar.setLinks(rl,r2,r3,r4,thetal);
f our bar t ype=f our bar . grashof (i sli nk);

i f(fourbartype == FOURBAR_I NVALI D)
MessageBox( NULL, string, APP_NAME, MB_OK | MB_SYSTEMVODAL | MB_NOFOCUS);
}

el se

MessageBox( NULL, stringl, APP_NAME, MB_OK | MB_SYSTEMVODAL | MB_NOFOCUS);

Program 2.2: Validation of a fourbar linkage formatiod({rsk.ch).

2.4.3 Angular Position

Angular position of the links are determined in the scrig fib_angul ar Pos. ch as shown in

Program 2.3. The input valuehet al and the length of links are obtained from Excel. The
funtion CFour bar : : angul ar Pos () determines the angular position of various links. The
possible formation of two circuits is also considered and $e&ts of results are determined. These
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sets of two values are stored in two seperate variables wdrehhen displayed in Excel. The
output is printed in Excel by the functiddhGetMatrix() , using the same variable that was used
in Ch.

thetal = thetal*M PI/ 180;

theta_1[1] = thetal;

theta_1[ angl eno] = angle * M_PI/180;
theta_2[1] = thetal;

theta_2[ angl eno] = angle * M_PI/180;

beta = beta * M_PI/ 180;

fourbar.setLinks(rl, r2, r3, r4, thetal);

f our bar . set Coupl er Poi nt (rp, beta);

fourbar. angul ar Pos(theta_1, theta_2, angl eno);

for(i=1;i<=4;i++)
{
theta_1ldeg[i]
theta_2deg[i]
}

theta_1[i]*180/ M PI ;
theta_2[i]*180/ M PI;

Program 2.3: Angular position analysis of fourbar linkafiegngularPos.ch).

2.4.3.1 Range of Motion

The angular ranges of the input and output links are deteythin this script file. This is done
by using the funtiorCFour bar : : get Joi nt Li mi t s() . This gives the range of the input link
and the output link in unit of radian which are later converte degree explicitly. On analysing
the given input details it was found to frame two circuits. eTfanges for two circuits are cal-
culated using the script fileb_get Joi nLi m t s. ch and output of this file is displayed in the
corresponding cells on the Excel sheet as shown in Figure 2.3

fourbar.setLinks(rl, r2, r3, r4, thetal);
fourbartype = fourbar.getJointLimts(inputlimtmn, inputlimtnmax,
outputlimtmn, outputlimtnax);
for(i = 0; i<=1; i++)
{
inputlimtmn[i]*= 180./MPI;
outputlimtmn[i]*= 180./MPI;
inputlimtmax[i]*= 180./MPI;
outputlimtmax[i]*= 180./MPI;
}

Program 2.4: The range for motion of fourbar linkage ¢#tJointLimits.ch).

2.5 Animation

Animation feature of Ch was utilized in creating an animatgequence of the designed four-

bar linkage. A seperate Excel spreadsheet was designedntondérate animation for the given

set of links as shown in Figure 2.4. The various initialiaatis performed in the script file

fb_ani _initialization. ch. Thisscriptisinvoked by functio@hRunScript(fb _ani_initialization.ch)
,which removes all previously declared variables and eseah arrayt het a_1. All the other

input values like the length of links, angles are obtainedumction ChPutMatrix() from the

Excel sheet. There are multiple branches for a fourbar ¢jgkaThe branch of a fourbar link-

age animation is determined by the user using a drop dowimlis¢ll C15. The corresponding
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branch number is stored in varialdde anchno. Script filef b_ani mat i on. ch that has been
inducted in cell E16 is then executed. The single line in tr@sthat performs the animation is

f our bar . ani mati on( br anchno) , is one of the reason why Ch can be considered as an easy
tool for learning purpose. The corresponding animationspldyed in another window as shown

in Figure 2.5)

#i ncl ude <mat h. h>
#i ncl ude <fourbar. h>

doubl e theta_1[1:4];
CFour bar fourbar;

Program 2.5: Initialization for animation of a fourbar lade (fhaniinitialization.ch).

fourbar.setLinks(rl, r2, r3, r4, thetal);
fourbar . set Coupl erPoint (rp, beta, TRACE_ON);
f our bar . set NunPoi nt s(50) ;

f our bar. ani mati on(branchno);

Program 2.6: Animation of a fourbar linkage (#mimation.ch).

E} Hicrosoft Excel - fourbar,_animation_analysis.xls

File Edt ‘iew Insert Faormat Tools Data  Window  Help - - B X
NeEHasE GRY tbe @xz-33 weer -
PutMatrix GetMatrix DeclVar EvalExp RestartCh
L31 - &

A, B C D E F G H | =
] =
2 |Lengths 0 <==ChRunScript(*fh_ani_initialization.ch")
3
4 |R1 012 0 ===ChPutMatrix{C4,"r1"
5 |R2 0.04 0 ===ChPutMatrix(C5 "r2")
£ |R3 0.1 0 «==ChPuthdatrix(C5 3"
7 R4 0.07 0 ===ChPutMatrix(C7 "rd")
g Rp 0.05 0 <==ChPutMatrix(C4 "rp"
9
10 |Angle in Degree
11 | Thetal a 0 «==ChPuthatrix(C11 "thetal™)
12 |Beta 20 0 z==ChPutMatrix(C12 "beta")
13
14 | Animation
15 |Branch no 1 0 ===ChPutMatrix(C15 "branchno™
16 0 <===ChAppendScript("fb_animation.ch")
17 -
M 4 v v Sheetl { Sheet? f Sheet3 / | <] | W[
Draw~ [3 | AutoShapes= ™. \I:IC)4[ e = @}‘v-_vévE:::,%i .
Ready Caloulate UM

Figure 2.4: ChExcel spreadsheet for fourbar linkage ananafourbaranimationanalysis.xIs).
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,&} s3fc.3 - QAnimate
File Wiew Help

Frev all Go |

Crank-Rocker

RN

Figure 2.5: Snap shot for a fourbar linkage animation.

2.6 Plotting

Ch has the option of 2D/3D plotting which can also be savedfiarént format likegi f , post scri pt,
png, etc. This feature is utilized in getting the plotting of ber curve of a foubar linkage. As Ex-
cel spreadsheet was designed and developed to plot theecaupye as shown in Figure 2.6 which
has the comments on column A. The script file_pl ot _.i nti al i zati on. ch is invoked by
theChRunScript() which does the required initialization. The input values @ntered in column

C corresponding to the comment in column A, which are stanedhriables using ChExcel func-
tion ChPutMatrix() . As this mechanism has two different branches for givenfsepot data, the
user has been given an option of selecting the branch numdoerthe drop down list from cell
C15. On execution of script fileb_cur ve. ch, it displays the selected branch’s coupler curve as
shown in Figure 2.7. The function that creates plottinfyasir bar . pl ot Coupl er Curve(),

this shows the simplicity of using Ch.

#i ncl ude <mat h. h>
#i ncl ude<f our bar. h>

CFour bar fourbar;
class CPlot plot;

Program 2.7: Initialization for plotting of coupler curveorf fourbar linkage
(fb_plot.initialization.ch).
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fourbar.setLinks(rl,r2,r3,r4, thetal);
f our bar . set Coupl er Poi nt (rp, beta);
f our bar . set NunPoi nt s(50) ;

f our bar . pl ot Coupl er Curve(&pl ot, 1);

Program 2.8: Plotting of coupler curve for fourbar linkage ¢urve.ch).

E] Microsoft Excel - fourbar_plotting_analysis.xls
Fle Edit Yiew Insert Fomat  Tools Data  Window Help

a8 SRV 4 &

PutMatrix GetMatrix Declvar EvalExp RestartCh |

¢ 0

s QoA @D -2

027 v f

A B € D E F G H | =l
] 1= |
2 |Lengths 0/=z==ChRunScript"b_plat_initialization.ch")
3
4 |R1 12 0 «==ChPuthatrix(C4,"r1")
5 R2 4 0 ===ChPutMatrix(Ch,"12")
6 |R3 10 0 «==ChPuthatrix(C8,"13")
7 R4 7 0 «==ChPutMatrix(C7 "r4")
8 Rp 5 0/ <==ChPutMatrix(C4,"m")
9
10 |Angle in Degree
11 Thetat 0 0 «==ChPuthatriz(C11,"thetal"”)
12 |Beta ] 0/ «==ChPutMatrix(C12,"beta")
13
14 |Platting
15 |Branch no 1 0 z==ChPutMatrix(C15,"branchna")
16 0/<==ChAppendScript("b_curve.ch")
17 -

W 4 » n}\Sheetl / Sheet? / Sheet3 / 4] | W[
Draw = % futoshapes+ N [ O [E Aﬂ 2:: ﬁ 2] &viv&vf = ﬁ' [ ] i .
Ready Calculate HUM
Figure 2.6: ChExcel spreadsheet for a fourbar linkage @vupturve.

bar_plotting analysis.xIs).
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|! gnuplot graph E]@EJ

Coupler curve

Py (m)

P im)

Figure 2.7: Plotting of a fourbar linkage coupler curve.

2.7 Angular Velocity Analysis

The ClassCFour bar has funtions for determining the angular velocity of th&dinn a fourbar
linkage mechanism [6]. An Excel spreadsheet as shown inr&@8 was designed for analysis of
the angular velocity of all the links.

From the spreadsheet, the required input are obtained fierager. The comments in column
A in spreadsheet are the representation of either inpuesatwm output values. The column C
and D are used in getting input and displaying output. Thisroo can be chosen by the user
by changing the cell number in commands inserted in coulmiRdE example, if the user wants
to enter value oR1 in cell B4, the parameter of functioBhPutMatrix(C4,’r1”) in cell E4 is
changed ta@ChPutMatrix(B4,’r1”) . The column F indicates the function that has been written in
the adjacent column. All values that has been given as imgusent to Ch script for processing
and the output are then sent back again to the Excel shedtatedisplayed at the required cells.
The scriptf b_vel _i ni ti al i zati on. ch performs the task of initialization of all the variables
that are used in velocity analysis.

The scripti s_| i nk. ch determines whether the proposed length of links can fornosed
fourbar link or not. The output of this script is the displdyaanessage box stating the possibility.

The various input values that have to be given are listedarEtkcel spreadsheet. The known
angle is selected from the drop down list from cell D16 anditilewhose velocity is known from
cell D19. The corresponding values are inserted in thepaetive cells as shown in Figure 2.8.
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As the script files are executed in the required order, evgytivalue is passed to Ch script for
calculations.

theta[1] = thetal*M PI/180; thetalangl eno]=angl e*M PI/180;
onmega_1[ | i nkno] =vel oci ty;
t het a_2[ angl eno] =t het a[ angl eno] ;

fourbar. angul ar Pos(theta, theta_2, angleno);

onmega_2[linkno] = onega_1[li nkno];
i f((fourbartype == FOURBAR_ROCKERCRANK) | | (f our bartype == FOURBAR_ROCKERROCKER)) ({
fourbar. angul ar Vel (theta, onega_1, |inkno);
fourbar. angul ar Vel (theta_2, onmega_2, |inkno);
} else {
four bar. angul ar Vel (t heta, omega_1, |inkno);
fourbar. angul ar Vel (theta_2, onega_2, |inkno);

}

for(i=1; i<=4; i++)
{
onmega_1ldeg[i]
omega_2deg[i]
}

onega_1[i]*180/ M PI ;
omega_2[i]*180/ M PI ;

Program 2.9: Angular velocity analysis of a fourbar linkdipeangularVel.ch).

Thef b_angul ar Vel . ch script calculates the angular velocity of all the otheréinKhe out-
putis displayed in both radians per second and degreesgera€hGetMatrix(C24:C27,"omega_1")
in cell E24 displays the values stored in the arvagega_1 from cells C24 through C27. This ar-
ray has values in terms of rad per sec and varialotega_1deg in terms of deg per sec which
are displayed in cells D24 through D27 using functi@nGetMatrix(D24:D27, "omega.1ldeg”)
which is inducted in cell E26.
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EE0

F3 Microsoft Excel - fourbar_velocity_analysis.xls

@ File Edit View Insert Formak  Tools Dats  Window  Help ypea questlon for help. = a @ X
NeHa8 GRY $B2R-F| o @ xz-4 3 menr -7
PutMatrix GetMatrix DeclVar EwalExp RestartCh _
EX9 * b

A [ 8 E | © e F 1 & [ H =
1 i
2 |Lengths 0 ===Chappend>cript("fb_vel initialization.ch™
3
4 Rl 12 0 ===ChPutMatrix(C4,"r1")
5 |RZ 4 0 ===ChPutMatriz(C5,"r2")
B R3 12 0 ===ChPutMatrix(CE,"r3")
7 R4 7 0 <==ChPutMatrix(C7 "r4")
g8 Rp 0.15: 0 ===ChPutMatriz(C4,"rp"
9
10 |Constant angles degree _
11 Theta 1 1] 0 ===ChPutMatrix(C11,"thetal™)
12 Beta 36.58 0 ===ChPutMatriz(C12 "beta")
13|
14
e 0 ===ChAppend=cript(®is_link.ch")
16 Velocity Analysis
17 |Known Angle no 2 0 ===ChPuthatriz(D17 "angleno”)
18 |Angle 150 0 ===ChPuthatrix(018,"angle™)
18 |Link no of known velocity 2 0 ===ChPuthatrix(D13,"linkna")
20 Melocity rad/sec ] 0 ===ChPutMatrix({D20,"velocity™)
21
22 |First Solution rad/sec | degfsec 0 ===ChAppendScript{"fb_angularvel.ch"
23|
24 [Omega 1 1] 1] 0 ===ChGethatrix(C24:C27 "omega_1")
25 Omega 2 5 286.4789 0 ===ChGetMatrix(C31:C34 "omega_2")
26 Omega 3 - 07273 41.7056 0 ===ChiGetMatrix(D24:D27 "omega_1deg")
47 [Omega 4 2224684 127.4R5 0 ===ChGetMatrix(031:034 "omega_2dey")
28 |
gg Secand Solution I _l
3 Ormega 1 0 0
32 Ornega 2 5 206.4785
33 [Omega 3 1.639855 93.95675
34 Ormega 4 0.143071| 8.197361 o
% .
W 4 » nhSheet1 (Sheat2 { Sheets / [« I W[
Draw~ 3 Autoshapes- ™ W [ O E 4l 7t B[ - Z-A-=E=c B @ .
Ready Calculate LR

Figure 2.8: ChExcel spreadsheet for a fourbar linkage wglo@analysis. (four-

bar velocity analysis.xIs).
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2.8 Angular Acceleration Analysis

An Excel sheet shown in Figure 2.9 was designed for analysasgular acceleration of fourbar
mechanism. The design of this Excel sheet is similar to thétevelocity analysis Excel sheet.
The initialization script fild b_acc_i ni ti al i zat i on. chinitializes all the required variables
that would be used in the analysis of the angular accelerafithe links.

All the input values are to be inserted in the correspondeits ¢n the Excel spreadsheet as
shown in Figure 2.9. The various input values that are regufor this analysis are arranged
in the spreadsheet. The scripgh_angul ar Accel . ch when executed determines the angular
acceleration of all the links which are then passed to Excgl@aced at the required cells.

r{1] =r1; r[2] =r12; r[3] =713; r[4] = r4;
theta[1] = thetal*M PI/180;

theta[ angl eno] = angl e*M Pl / 180;
onmega_1[linkno_vel] = velocity;

al pha_1[l i nkno_accel ] = accel erati on;

theta_2[ angl eno] = theta[angl eno];
onega_2[linkno_vel] = onega_1[Ilinkno_vel];
al pha_2[linkno_accel] = al pha_1[linkno_accel ];

fourbar. angul ar Pos(theta, theta_2, FOURBAR_ LI NK2);
i f((fourbartype==FOURBAR ROCKERROCKER) | | (f our bart ype==FOURBAR_ROCKERCRANK) )

four bar. angul ar Vel (t heta, onmega_1l, FOURBAR_LI NK2);

fourbar. angul ar Accel (theta, onega_1, al pha_1l, FOURBAR LI NK2);

four bar. angul ar Vel (theta_2, omega_2, FOURBAR_ LI NK2);

fourbar. angul ar Accel (theta_2, onega_2, al pha_2, FOURBAR_ LI NK2);
} else {

fourbar. angul ar Vel (theta, onmega_1, FOURBAR LI NK2);

f our bar. angul ar Accel (theta, omega_1, al pha_1, FOURBAR LI NK2);

four bar. angul ar Vel (theta_2, omega_2, FOURBAR_ LI NK2);

fourbar. angul ar Accel (theta_2, onega_2, al pha_2, FOURBAR_ LI NK2);
}

for(i=1;i<=4;i++)
al pha_1deg[i] =al pha_1[i]*180/ M _PI ;
al pha_2deg[i] =al pha_2[i]*180/ M PI ;
}

Program 2.10: Angular acceleration analysis of fourbdage. (fhangularAccel.ch).
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F3 Hicrosoft Excel - Fourbar_acceleration_analysis.xls

@ File Edit ‘“ew Insert Format  Tools  Data window  Help YEE 3 ques orhelp = @ OX
eEda5 &EV & BB <t . @ =z-23% e > w0 -2
PutMatrix GetMatriz Declhar EvalExp RestartCh |
Fa5 - P

| A B C D E F G H | | £
1 o
2 |Lengths 0 ===ChaAppendZcript("fb_acc_initialization.ch™)
3
4 |R1 12 0 «==ChPutMatrix(C4,"r1")
5 |R2 4 0 «==ChPutMatrix(C5,"r2")
B |R3 12 0 «==ChPutMatrix(CE,"(3")
7 |R4 7 0 ===ChPuthMatrix(C7 "r4"
8
2 |Constant angles degree
10 | Theta 1 0 0/ ===ChFuthatrix(C11, "thetal™
11| 0 «==ChAppendZcript(“is_link.ch")
12 |Acceleration Analysis
13 [Known Angle no 2 0/ ===ChFutMatrix(D13,"angleno")
14 |Angle 150 0/ ===ChFutMatrix(D14 "angle"
14 |Link no of known velocity 2 0 ===ChPuthdatrix(D15,"linkno")
16 Yelocity radfsec o 0 ===ChPutMatrix(D16 "velocity™
17 |Link no of known Acceleration 2 0! s==ChPuthdatrix(D17 "linkno_accel™
18 |Acceleration radfsect2 5 0 ===ChFutMatrix(D18 "acceleration™
19 |
20 :First Solution rad/sec™”? deg/sec'? 0 «==ChAppendScript(*fh_angularaccel.ch”)
21
22 |Alpha 1 0 1] 0 «==ChGethatrix(C22:C25 "alpha_1")
23 |Alpha 2 5 286.4789 0 ===ChGetMatrix(C29:.C32 "alpha_2")
24 |Alpha 3 5473861 3136291 0 «==ChGethatrix(D22:025 "alpha_1deg"
25 | Alpha 4 -5.29134 -303.171 0 «==ChGethatrix(D29:032 "alpha_2deg")
2B
2?’ |Second Solution
28
29 |Alpha 1 0 1]
30 |Alpha 2 5 28E 4789
31 |Alpha 3 050784 -29 0971 _
32 |Alpha 4 10.25736 587.7035
33 b
4 4 » M\ Sheetl { Shestz f Sheets / | 4| | Wil
Draw= |3 AgtuShapes‘\\D@AJﬁ?ﬁi;Eé &vﬁvivfzﬁﬂﬁ,
Ready Calculate ML

Figure 2.9: ChExcel spreadsheet for a fourbar linkage ecatbn analysis. (four-

bar.acceleratioranalysis.xIs).

2.9 Dynamic Analysis

The interia-force analysis of the fourbar mechanism candsfopmed using the member function
forceTor que() inthe classCFour bar . This function can calculate the joint forces and the
required input torque to achieve the desired motion of tluelfar linkage mechanism. The matrix
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method has been used in formulation and analysis of dynashfosir bar mechanism. To simplify
the programming burden, computational arrays in Ch are fsgetynamic analysis.

Figure 2.10: Free body diagram of fourbar linkage.

An Excel spreadsheet shown in Figure 2.11 was developedaigzmnthe dynamics of four-
bar linkage mechanism. The spreadsheet has several egriabtl script files that have to be
intialized and executed, respectively, are arranged inotider of the requirement. The script
flefb_force.initialization.chdoes all required declaration and initialization of all the
variables that are used in the force analysis. All the linigtes and angleshet al andbet a
as shown in Figure 2.1 are initialized. All the necessarwirgata for this analysis are listed in
the Excel sheet which also includes link's moment of intesiiagles that the corresponding links
make with the ground. The other required parameters are &8s of links, magnitude of centre
of gravity, deviation angles for center of gravity and théeemal load on joint of link1 and link4
as shown in Figure 2.10. The known angular velocity and argdceleration of a link is given as
input which can be selected from the drop down list.

Whenf b_f or ceTor que. ch is executed, the control goes to the Ch to perform the redyuire
calculations and the results are stored in form of array. rdt fletermines the various angular
accelerations of all the links and uses the member fundtmmceTor que() to determine the
reaction force in the joints. The output is then passed ohddcikcel sheet where it is displayed in
the required cell as shown in Figure 2.12.

25



23R

mass?2/ g;
mass3/ g;
mass4/ g;

beta = beta*M Pl / 180;
tl = 1oad,;

theta_1[1] = 0;

theta_1[ angl eno] =angl e*M PI / 180;
theta_2[1] = 0;

t het a_2[ angl eno] =angl e*M Pl / 180;
onmega_1[linkno_vel] = velocity;

al pha_1[l i nkno_accel ] = accel erati on;
onmega_2[linkno_vel] = velocity;

al pha_2[ i nkno_accel ] = accel erati on;

f our bar.
fourbar.
f our bar.

four bar

f our bar.

f our bar.
fourbar.
fourbar.
f our bar.

f our bar.
fourbar.

f our bar

setLinks(rl, r2, r3, r4, thetal);

set Coupl er Poi nt (rp, beta);

setGravityCenter(rg2, rg3, rg4, delta2, delta3, delta4);
.setlnertia(ig2, ig3, ig4);

set Mass(n2, nB, m4);

angul ar Pos(theta_1, theta_2, FOURBAR LI NK2);

angul ar Vel (theta_1, onmega_1l, FOURBAR LI NK2);

angul ar Accel (theta_1, onega_1, al pha_1l, FOURBAR_LI NK2);
forceTorque(theta_1, onega_1, alpha_1, tl, X 1);

angul ar Vel (theta_2, onega_2, FOURBAR_LI NK2);
angul ar Accel (theta_2, onega_2, al pha_2, FOURBAR_LI NK2);
.forceTorque(theta_2, onega_2, alpha_2, tl, X 2);

Program 2.11: Force analysis of fourbar linkagef(fbceTorque.ch).
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E3 Microsoft Excel - fourbar force _analysis.xls

File Edit ‘Wiew Insert Format Tools  Data:  indow  Help
DeEdam &Y ¢t BRE-T o-

PutMatrix GetMatriz Declvar EvalExp RestartCh _

% =-2 % men

=10

r - 3 X

»
-

-

Pa3 - &

& T & [ & T © T & T &= T & [ & [ 7 T =
1 e
2 |Lengths {m) 0| ===ChRunZcript{"fb_farce_initialization. ch™)

d |R1 12 0} ===ChPutMatrix(C4 "1™

4 |RZ 4 0 ===ChPuthatrix{C5 "r2")

5 |R3 12 0 ===ChPutMatrix(CE "r3")

B |R4 P 0 ===ChPuthMatrix(C7 "rd")

7 |Rp 5 0 ===ChPuthatrix{C7 "rp")

8 |Constant angles degree

9 |Theta 1 0 0! s==ChPutMatrix(C02,"thetal”)
10 |Beta 20 0 ===ChPuthatrix(C10,"beta")
11 |Link maments of Inertia

12 |Ig2 0012 0 ===ChPuthatrix{C12 "ig2"
13 |lg3 o119 0} ===ChPuthatrix{C13,"ig3")
14 lgd 0.033 0/ ===ChPuthatrix(C14,"igd")
15

16 |Farce Analysis
17 |Known Angle no
18 |Angle

20 |Link Mass (kg)
21 M2
22 M3
23 m4

0.s
24
1.4

25 |Magnitude of Centre of Grawity

26 |Rg2 2
27 |Rg3 5
28 |Rg4 35

30 |Departure from Link position

a1 |Delta 2 0
32 Delta 3
33 |Delta 4 0

{nan}

35 External load on jaint (1,4
36 |load ]

38 iVelncity
39 |Link no of known velocity
40 |Velocity radisec

42 | Acceleration
43 |Link no of known acceleration
44 lacceleration radfsect?

W 4+ M)\Sheet1 Shest? / Shestd /

Draw = [  Aueshapes= . w [ O [E] 4l 8 (0 D g -AS

Ready Calculate

150

o}

)

0! ===ChPutMatrix(017,"angleno”)
0 ===ChFuthatrix(C18,"angla")

0 ===ChPuthMatrix{C21,"mass2")
0 <==ChPutMatrix(C22,"mass3")
0} ===ChPutMatrix(C23,"mass4")

0 ===ChPuthdatrix(C26,"rg2")
0 ===ChPutMatrix(C27,"rg3")
0 ===ChPuttatrix(C28,"rg4")

0 ===ChPuthatrix(C31,"delta2")
0 <==ChPuthMatrix(C32,"delta3d")
0! ===ChPutMatrix(C33,"deltad")

0 «==ChPutMatrix(C35,"lnad")

0 «==ChFuthatrixiD39,"linknao_vel")
0 <==ChPuthatriz(D40 "velocity")

1] =:==ChF'utMatrix(D43,"Iinknn_accel")
0 <==ChPutiatrix(D44 "acceleration)

|« |

Figure 2.11: ChExcel spreadsheet for fourbar dynamic amal{fourbarforce_analysis.xIs).
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Fd Microsoft Excel - fourban_force_analysis.xls @@=l

File Edit  Wiew Insert  Format  Tools  Data  dindow  Help  Adobe PDF - 8 X
DEEHSE SRY 2R - &=-4 @en > -
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Figure 2.12: ChExcel spreadsheet for fourbar dynamic arsly (fourbarforce analysis.x|s)
(Contd.).
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Chapter 3

Analysis of Other Mechanism Using Ch and
ChExcel

The other mechanism classes of the Ch mechanism Toolkmf8jdes

CGearedFivebar - Geared Fivebar mechanism

CCranksSlider - Crank slider mechanism

CFourbarSlider - Fourbar Slider Mechanism

CStevSixbarl - Stephenson | mechanism

CStevSixbarlll - Stephenson | mechanism

e CWattSixbarl - Watt | mechanism
e CWattSixbarll - Watt Il mechanism

The design and implementation of other mechanism are sitoillose of the fourbar mech-
anism that has been presented in the previous chapter. Agl Epeeadsheet has been developed
for each mechanism mentioned above for specific requiresn@&hiese Excel sheets are described
in this chapter.

3.1 Position Analysis of Geared Fivebar Mechanism

The Geared fivebar linkage as shown in Figure 3.1 is congidand its position analysis is per-
formed. The class CGearedFivebar was developed with \&rmmmber funtions using which the
problems pertaining to its analysis can be solved. Simddhé fourbar mechanism described in
the previous chapter, geared fivebar mechanism is solvad asset of equations to determine the
kinematic properties of each link as well as a coupler poAn. Excel sheet in Figure 3.2 was
developed to determine the angular position of the gearebddivinkage.
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Figure 3.1: Geared fivebar mechanism.

The spreadsheet in Figure 3.2 has been designed to obtaieoghieed input in predetermined
order. The user may have to go in the same order to input tleatiatexecute the commands in the
order they are listed. Theg_i niti al i zat i on. chinitializes all the variables that are used in
determinig the angular positions of all links in a gearedifardinkage shown in Figure 3.1. The
various equations are solved internally usirigpl exsol ve() function. The various inputs are
obtained through the Excel sheet. Tdg.angul ar Pos. ch uses the&CGear edFi vebar class
and its member functions to do the required calculationsthadesults are then stored in a Ch
variable. This Ch variable is directly called from Excelegisheet and displayed in the required
cells as shown in Figure 3.2.
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a8 &RV s BR-T v- %z~ =
PutMatrix GetMatrix DeclVar EvalExp RestartCh |
us7 *
A | B 5 I = B H J K T

0! <==ChRun3cript{"cq_initialization.ch")

0 «==ChPutMatrix(D5,"r1")
0 «==ChPutMatrix({DE,"r2")
D' <==ChPuthatrix(D7 "r3")
0 ===ChPutMatrix(D8,"r4")
0} «==ChPutMatrix(09,"r5")
0 «==ChPuttatrix(D10,"rp")

0 «<==ChPutMatrix(D13,"thetal")
0 «==ChPuthdatrix(D14 "theta2")
0}===ChPutMatrix(D15,"heta")

0 «==ChPutMatrix(D24,"larbda")
0l «==ChPutMatrix{D25,"phi")

0} <==ChAppendScript("cy_angularPos.ch”)
0 ====ChGetMatrix(E23.EZ7 "theta_1"
0j====ChGetMatrix(023:027 "theta_1_deg")
0 «===ChGetMatrix(D31:035 "theta_2 deg")
0/ «===ChGetMatrix(E31:E35,"theta_2")

L] | sl

TLIr

Figure 3.2: ChExcel spreadsheet for position analysis okareyl fivebar mechanism (five-

bar analysis.xIs).

3.2 Slider Position Analysis of Crank Slider Mechanism

For a crank slider as shown in Figure 3.3, a spreadsheet wakged to analyze the slider position
at a given instant. The clag®Cr ankSl i der in the mechanism toolkit has various member
functions which analyze and finds the position, velocity andeleration of slider. Furthermore
there are member functions which determine the angulatiposvelocity and acceleration of the

links at a given instant.

31



Figure 3.3: Crank Slider Mechanism.

Figure 3.4 shows the snap shot of Excel sheet that was dedtopletermine the position of
the slider of a crank slider mechanism. The scriptddesp_i ni ti al i zati on. chinitial-
izes the variables used in slider position analysis. Thimuarnnput are entered in the correspond-
ing cells, like the length of link, angles thetal, theta2 aeth as shown in Figure3.3. Script file
cs_sl i der Pos. ch determines the current position of slider for the given ingata. It was also
found that there is possiblity of two circuit being formedngsthe given input data and the position
of slider for both circuits is identified and displayed in tleguired cells as shown in Figure 3.4.
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Ed Microsoft Excel - slider_position_analysis.xls
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1B FPaos X Pas ¥
17 | Circuit 1 2341929 0.920659 0 ===ChizetMatrix(C17:C18 ,"real"
18 |Circuit 2 -1.53077 | 0237797 0 ===Chiethatrix(017: 013 "imag") e
19 -
M 4 » wlSheetl { Sheet2 f Sheets / || | BNl
Draw= [  Autoshapes+ ™. w [] O 430 E d-Z-A-=S=5 8@,
Ready Calculate TR

Figure 3.4: ChExcel spreadsheet for the analysis of slidsitipn of crank slider mechanism
(slider_positionanalysis.xIs).

3.3 Position Analysis of Multi-Loop Six Bar Linkages

Among the various multi-loop six bar linkage fourbar sliféatt six-bar(l) linkage, Watt six-
bar(ll) linkage, Stephenson six bar(l) Linkage and Stepbarsix-bar(lll) linkage were consid-
ered. The Ch mechanism toolkit contains classes for thekades which have member functions
to detemine the angular positions, angular velocities argular accelerations of a link at any
given instant. The following sections explain more on anialy these mechanisms from Excel.

3.3.1 Position Analysis of Fourbar Slider Mechanism

For a fourbar-slider mechanism shown in Figure 3.5, a sgteset as shown in Figure 3.6 and
3.7 was developed to analyze the angular position of vatialgs in the mechanism at a given
instant. The clas€Four bar Sl i der was developed with member functions to determine the
angular position of the links, their angular velocitiesgalar accelerations and also its coupler
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point positions, velocities and accelerations. This speteeet (Figure 3.6, 3.7) analyze the angular
positions of links.

Figure 3.5: Fourbar slider mechanism position analysis.

The various input data such as the length of links and angésterhy the link to the groung,
andy, the angle between the link 4 and link5 as shown in Figure &%&en as input.The vari-
ables used in position analysis of crank slider mechanisrméiaized incf s_i ni ti al i zati on. ch.
All the input values are stored in variables that are showtlhéncorrespondin@hPutMatrix()
funtion argument.

The scriptcf s_angul ar Pos. ch, when executed determines the angular positions of various
links in the mechanism and stores them in an array. This &rdigplayed in Excel spreadsheet at
the specified cells using the functi@hGetMatrix() .
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Figure 3.6: ChExcel spreadsheet for position analysis obuabfar slider mechanism (four-

barslider.xIs).
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Figure 3.7: ChExcel spreadsheet for position analysis obuabfar slider mechanism (four-
barslider.xls)(contd.).

3.3.2 Position Analysis of Watt Six-Bar(l) linkage

A Watt (1) Six bar linkage is assembled from two four bar megkas as shown in Figure 3.8. A
spreadsheet was designed and developed to analyze thampgsition of various links at a given
instant. Figure 3.9 shows the input cells of the spreadshkete the values are entered by user.
The corresponding cells in column F are executed to storgghes in the variables. The script
wsl.initialization. chinitializes all variables used in this analysis in Ch. Thautwalues

36



Figure 3.8: Watt (I) Six-Bar Mechanism.

are the length of links as shown in Figure 3.8, whep@ indicates} in the figure Rpp4 indicates
r7, Rp5 indicatesr; andRpp6 indicatesrg in the Figure 3.8. The other values required are listed
in the Excel sheet.

The scriptws 1 _angul ar Pos. ch finds the angular positions of various links in the mecha-
nism. It also determines the position in all the possiblebings that can be formed with the given
link specification. On analysis it was found to have fouretnt branches for the given specifica-
tion and all four different set of values are determined aatdrned to Excel spreadsheet as shown
in Figure 3.10.
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Figure 3.9: ChExcel spreadsheet for position analysis oft \Wa six-bar mechanism(watt-1-

6bar.xls).
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Figure 3.10: ChExcel spreadsheet for position analysisatt (i) Six-Bar Mechanism (contd.).

3.3.3 Position Analysis of Watt Six-bar (Il) Linkage

A Watt(ll) sixbar linkage is formed from two fourbar mechams where the output link of the
first fourbar is the input link of the second fourbar linkageor the Watt(ll) linkage in Figure
3.11, there is also a coupler point located on the floating dihthe second fourbar linkage. An
Excel spreadsheet in Figure 3.12 was designed and devealmdetermine the angular positions of
various links at a given instant. The instant is defined byatigles namely thetal, theta2, theta5,
beta and psi as shown in Figure 3.11. In Figures 3.12 and 8alldnn A represents the variable
which is either input or output, column E has values that atered by the user. Cells in column

39



G has function inducted in it, the cells in column H refersfilnection that has been inserted in the
adjacent cell in column G.

After restarting Ch, variables for the computation areiafited. Then all the required input
values are entered in the corresponding cell. On execuéltgia column G in Figure 3.12 corre-
sponding scripts are executed. To perform computatiorsahipt filews2_angul ar Pos. ch is
executed. The outputis shown in Figure 3.13, there are ffferent circuits possible for the given
input data. The first circuitis displayed by ChExcel funotithGetMatrix(D23:D30,theta_deg1”).
The parameter D23:D30 specifies the cells in which the owpudlisplayed which can be changed
according to the user requirement and all other outputsiaptaged in the same manner.

Figure 3.11: Watt (ll) six-bar mechanism.
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Ready Calculate R

Figure 3.12: ChExcel spreadsheet for position analysis ait W) six-bar mechanism(watt-2-
6bar.xls).

41



E3 Microsoft Excel - watt-2-6bar.xls

File Edit ‘ew Insert Format Tools [Data  Window Help P ques orhelp oo @ X
= JES- A=y 2 -4} % Bl in =5~ 2
PutMatriz GetMatriz Declvar EvalExp RestartCh |
> X &

= 1 B8 [ & T © [ & [ F B R [ 1T [ 3 T w %
21 S
22 |Circuit 1 - Solutions Degree Radian 0 ===ChAppendScript("ws2_angularPos.ch”)
23 |Theta 1 100 0174533 0 «==ChGetMatrix(D23:030 "theta_deg1")
24 Theta 2 700 122173 0 «==ChGetMatrix(E23:E30 "theta_1")
25 |Theta 3 26.30743 0.459151 0 «==ChGetMatrix(D33:040 "theta_deg2")
26 |Theta 4 5748195 1.5265849 0 «==ChGethatrix(E33:E40 "theta_2")
27 |Theta 5 -10) 017453 0 «==ChGethatrix(D43: 050 "theta_deg3")
28 |Theta & 5748198 1.00325 0 «==ChGethatrix(E43:ES0 "theta_3")
29 Theta 7 541327 -0.09448 0 «==ChGethatrix(D53:060 "theta_deg4")
30 Theta B 51.213687 0.853851 0 «==ChGethatrix(ES3:EBD "theta_4")
31 | 1
32 |Circuit 2 - Solutions Degree | Radian
33 Theta 1 100 0174533
34 |Theta 2 700 1.22173
35 |Theta 3 2630743 0.4559151
36 [Theta 4 8748198 1.526549
37 [Theta 5 -100 -0.17453
38 |Theta B 5748198 1.00325
39 |Theta 7 890841 -1.72934
40 :Theta B8 165711 271767
41
42 |Circuit 3 - Saolutions Degree  Radian
43 | Theta 1 10/ 0.174533
44 | Theta 2 700 1.22173
45 |Theta 3 44,5206 077703
46 |Theta 4 -105.695 -1.84473
47 |Theta 5 -100 017453
48 |Theta B -135.695) -2.36833
49 Theta 7 4585017 0.800236
50 | Theta & 1447447 | 2526271
51
42 |Circuit 4 - Solutions Degree  Radian
53 |Theta 1 100 0174533
54 Theta 2 70 122173
55 |Theta 3 -4 5206 -0.77703
56 |Theta 4 -105.695 -1.84473
57 :Theta 5 -100 -0.17453
58 |Theta B -135.695 236833
59 Theta 7 21.3168 -0.37205
B0 |Theta 8 1200211 -2.09808 i
51 &
W 4« » whSheetl { Sheetz f Sheetd / KN | Wil
Drraw = futoShapes = &viv&vfzaﬁﬁ g
Edit Caleulate MLIP

Figure 3.13: ChExcel spreadsheet for position analysisaif () six-bar mechanism (watt-2-
6bar.xls) (contd.).

3.3.4 Stephenson Six-bar (1) Linkage

A Stephenson (I) mechanism is composed of a fourbar linkageaarestricted moving fivebar
linkage as shown in Figure 3.14. The rigid body input and oulipks of fourbar linkage moves
the links of the fivebar linkage, thereby a relation is crdatetween the input and output of
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Figure 3.14: Stephenson (I) six-bar mechanism.

the two linkages. The clagsSt evSi xbar | has been developed with member functions like
angul ar Pos() to determine the angular position of the linksigul ar Vel () to determine
the angular velocity of the links.

An Excel spreadsheet was designed and developed to anbb/zmgular position of various
links at a given instant. Figure 3.15 shows all the input @althat are given to Ch through Excel
spreadsheet cells. All inputs are given and the scriptsfileangul ar Pos.  ch is executed,
all the corresponding angles made by the links are identifted the given set of values there are
four possible circuits and the correspoding angles formith® links in the respective circuits are
determined and are stored in an array. This array is themegisg as output in the specified cells
in Excel spreadsheet as shown in Figure 3.16.
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Figure 3.15: ChExcel spreadsheet for position analysistept&nson (I) six-bar mechanism
(stephen-1-6bar.xls).
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E3 Microsoft Excel - stephen-1-6bar.xls

File Edit Wew Insert Format Tools Data Window  Help Type-a queskion For hely » -0 X
DEHaSA&RY bR - v % =-2 % e 250 w2
PutMatrix GetMatriz Declvar EvalExp ReskartCh
J4 x B
& T & | & ' © [ & [ &= [ & [ & | T

20 P
21 [Circuit 1 - Solutions Cegree  |Radian

22 |Theta 1 10] 0.174533 0 «===ChaAppendScript("s1_angularPos.ch™)

23 Theta 2 700 1.22173 0 ===ChGetMatrix(D22:027 "theta_degl")

24 |Theta 3 2630743 0.459151 0 ===ChGetMatrix(E22:EZ7 "theta_1")

25 Theta 4 g7.48198  1.526549 0 <==ChGetMatrix(D30: 035 ,"theta_deg")

26 |Theta 5 -11.825 -0.20635 0 ===ChGetMatrix(E30:E35,"theta_2")

27 Theta B 4900577 0.855312 0 <==ChetMatrix(D38: 043 ,"theta_deg3")

25 | 0 ===ChGethMatrix(E38:.E43 "theta_3")
29 |Circuit 2 - Salutions Degree  |Radian 0 ===ChiGetMatrix(D46: 051 "theta_degd")

30 | Theta 1 10] 0174533 0| «==ChGetMatrix(E46:ES1 "theta 4"

31 Theta 2 700 1.2173

32 [Theta 3 2630743 0.459151

33 Theta 4 g7.48198 1.526549

34 |Theta b 42.28631 | 0.738035

35 Theta B -18.5444 1 -0.32366
3%
37 |Circuit 3 - Solutions Degree  |Radian

35 |Theta 1 100 0174533

39 |Theta 2 0 12173

40 |Theta 3 -4 5206 077703

41 |Theta 4 -105.695 -1.584473

42 'Theta & -115:916] -2.02312

43 |Theta B £.27915. 010953

44 |

45 |Circuit 4 - Solutions Degree  |Radian

46 Theta 1 10] 0.174533

47 Theta 2 70 122173

43 |Theta 3 -44.5206 -0.77703

48 |Theta 4 -105.695 -1.684473

50 Theta & 224268 -0.39142

&1 |Theta b -132.064] -2.30495
52 |
M 4 » ¥ Sheetl / Sheet2 / Sheets / |4] | Al
Draw= [y | Autoshapes= . “w 1O [E] 4l ¢ (3 D-L-A-=E=E 0.
Ready Zalculate TR

Figure 3.16: ChExcel spreadsheet for position analysistept&nson (I) six-bar mechanism
(stephen-1-6bar.xIs)(contd.).

3.3.5 Stephenson Six-bar (11l) Linkage

A Stephenson (I1l) mechanism is composed of a normal fourblage and a restricted moving
fourbar as shown in Figure 3.17. The output link of the firstriar linkage becomes the input of
the second fourbar linkage. The limited motion of the folirtk results in the restrictive motion of
the second fourbar. In order to determine the angular positgarious links, an Excel spreadsheet
was developed as shown in Figures 3.18 and 3.19.
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Figure 3.17: Stephenson (1) six-bar mechanism.

The input values are entered in cells of column E which ard Bathe function inserted in
cells of cloumn G. The script file3_i ni ti al i zati on. ch when executed initializes all the
variables used in this analysis. All input values as showFfigiure 3.18 are stored in the variables
using ChExcel functio@€hPutMatrix() . On executing the script filg3_angul ar Pos. ch using
ChExcel functiorChAppendScript(), the angular position of various links are determined aed ar
displayed in the specified cells using ChExcel funct@inGetMatrix . For the given set of input
values it was found that there is a possibility of four diffet circuits. The angular positions of
all links for all the circuits dre etermined and stored in av@hiable. This variable is called from
Excel and its contents are displayed in spreadsheet as shdwigure 3.19.
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3 Microsoft Excel - stephen-3-6bar.xls H=E
=

File Edit Wiew Insert Format  Tools  Data  ‘Window  Help r -0
NSHSE SRY tBER-F - @ =-4% @@ B, w0 - B2
PutMatrix GetMatrixz Declvar EvalExp RestartCh
33 - I

A B © D E F G H | J K o
1 1|
2 0 ===ChRunScript("s3_initialization.ch"
3 |Links (m or ft)
4 R 9 0 ===ChPutMatrix(E4,"r1"
5 R2 4 0 <==ChPuthatrix(E5 "r2")
B R3 10 0 ===ChPutMatrix(EE,"r3")
7 R4 =} 0 ===ChPutMatrix(E7 "rd")
8 RS 8 0 ===ChPutMatrix(ES,"r5") o
9 RE a 0 ===ChPutMatrix(E3,"G")
10 |RY 12 0 ===ChPutMatrix(E10,"r7"
11 |Rp 5 0 ===ChPutMatrix(E11,"rp")
12 |Rp3 3 0 <==ChPuthiatrix(E12 "rP3")
13
14 Angles (deg)
15 |Theta 1 10 0 ===ChPutMatrix(E15, "thetal™)
16 |Theta 2 70 0 ===ChPutMatrix(E16,"theta2")
17 |Theta 5 15 0 ===ChPutMatrix(E17 "thetad"™)
18 Beta 30 0|===ChPutMatrix(E18 "beta")
19 |Beta 3 20 0 «==ChPuthatrix(E19,"beta3")
20 -
M 4 » n}Sheetl / Sheetz / Sheet3 / [«] | vl
Draw~ [3  AutoShapes = ™. " IZIOAI i &'-j'ﬁ'—zﬁﬁﬁ -
Ready Calculate ]

Figure 3.18: ChExcel spreadsheet for position analysistepi&nson (lll) six-bar mechanism
(stephen-3-6bar.xls).
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F3 Microsoft Excel - stephen-3-6bar.xls

@ File Edit  ‘iew Insert Format Tools  Data  MWindow  Help Type a question Ep e @ X
NEeHa8 gRY @R - @ xz-4 % oo -2, 0 - B 7
PutMatrix GetMatrix Declvar EvalExp RestartCh _
ylala] -
oA B b | E B &8 oW KR

20 e
21 |Circuit 1 - Salutions Degree  Radian 0/ ===ChAppend3cript("s3_angularPos. ch")
22 |Theta 1 10 0174533 0} ===ChGethatrix(D22: 028 "theta_deg1")

23 Theta 2 o0 12173 0 ===ChGetMatrix(E2Z: EZ8,"theta_radl™)

24 [Theta 3 2051838 0.356113 0 ===ChGetMatrix(031:037 ,"theta_deg2")

25 [Theta 4 71.83619 ) 1.255778 0 ===ChGetMatrix(E31.ES7 "theta_rad2")

26 Theta 5 15 0261733 0/ ===ChGetMatrix(040:046,"theta_deg3")
27 Theta B 53.43228 0.8932569 0 ===ChGetMatrix(E40. E4E,"theta_rad3")
28 |Theta 7 128.1735 2.254503 0!===ChGetMatrix(D43: 055 "theta_deg4")
29 0 ===ChGethatrix(E49: ES5 "theta_radd")

30 | Circuit 2 - Solutions Degree  Radian

31 |Theta 1 100 0174533
32 Theta 2 00 1.22173
33 |Theta 3 2051838 03568113

34 Theta 4 71.83619 1.253778

35 Theta s 15 0.2E1733
36 |Theta & 716451 -1.25044
37 |Theta 7 -147.386 0 257235

30

39 | Circuit 3 - Salutions Degree  Radian

40 | Theta 1 100 0174533

41 |Theta 2 0] 12473

42 Theta 3 S3.1774 0.92812

43 Theta 4 -104.495 -1.82379

44 [Theta 5 151 0.261793

45 |Theta B 70.83818 | 1.236359

46 |Theta 7 144 4025 25203

47 |

48 | Circuit 4 - Solutions Degree  Radian

49 Theta 1 10, 0174433

a0 Theta 2 00 122173

a1 Theta 3 S3.1774 0.92812
52 |Theta 4 -104.495  -1.52379
453 |Theta & 15 0261799

54 Theta B A7 2334 -0.99531

55 Theta 7 -130.798 ) -2.268285
56 |
AT ! | i
W 4 v w\Sheetl {Sheets [ Sheets / [« I W[
Draw~ [ AutoShapes- > W 1O E 4l 3 B E - £-A-=EZE5 B g .
Ready Calculate T

Figure 3.19: ChExcel spreadsheet for position analysistepi&nson (lll) six-bar mechanism
(stephen-3-6bar.xIs)(contd.).
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Chapter 4

Conclusions

This research work is mainly focused on applying Ch to sohggreeering problems. Ch Excel has
been used to solve mechanism analysis and design problems.

In this work, ChExcel was used for analysis of various me@dms. It highlights the usage
of computational power of Ch from Excel which acts as the tfiemd for GUI whereas Ch at the
back-end performs all the required computations. Becausaiser friendly, Excel is commonly
used software by engineers for various computational taSksscripts executed in the back end
follow the well established programming paradigm in C. Tjigvides a great flexibility for de-
velopers in developing software modules. By using Ch, tiveldpers can take advantage of other
software modules, toolkits and packages in Ch. For exarmplleis project, QAnimate was used in
generating animation for mechanisms. Instead of devefppimew software module, the available
components in Ch can be used for variety of purposes.
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