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Introduction

The Dbl_Pendulums model has one ground reference and two bodies:
1. bl=ground reference
2. b2= penduluml
3. b3= pendulum2

This memo shows how to build, simulate, and visualize two pendulums that swing under the action
of gravity and a spring and damper force that couples their motions using XMR programs. In this
set up the gravity is -32.12 ft/sec” along the inertial z-axis. Some viscous friction is applied to the
pendulums hinges torque to slow the Dbl Pendulums towards the vertical position. The following
is a snap shot of the Dbl Pendulums.
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Figure 1.1 Image of the Dbl_Pendulums



1. Building Dbl_Pendulums

The first thing to do in a simulation project is to define the model to be simulated. The Buildx
program helps you to create that model interactively. You should have already read the memo on
Pendulum. The Buildx dialogs that you learned there are nearly identical to those that you need to
use to build the Dbl_Pendulums except for the data to be entered. So in the following, we will show
the final menus that you should have for the Dbl_Pendulums example.

The strategy for building the Dbl_Pendulums model is as follows.

1.
2.

O

Start Buildx

Start with a single body, b1. Use R1 command from the Buildx Menu to do that. See Section
1.1 of the Pendulum memo

Add bodies b2 and b3 as children to bl

Name b1, b2 and b3 as {Ground, Pend1, Pend2}

Set type of b1, b2 and b3 to {C, A, A}

Set mass values to {0, 5, 5} Slug-ft2 and other attributes of the three bodies...

Need one force on b2 and its reaction force on b3

Set the gravity vectorto [0 0 -32.12] ft/sec?

Define the Ydata, Odata and Udata lists for this simulation

10 Define the sample time for saving the Odata to z.1 file
11. Save the model to pendulum.txt and exit

Let’s now go through the menus that displays the attributes of the Dbl_Pendulums model. Your
starting point is the Buildx Menu shown below. From there type GO to open the Model Menus.

LZEZZEZEZEEZEEEEZEE CONCURRENT DYMAMICS ZZEZZEZZZZEZZEZZZLE
™~ BUILDX MEMU ™

SY¥YSTEM ID
MODEL
FLEX FILE
OUTPUT
LICENSE

COMMANDS =

GO TO MODEL MEMUS

CHANGE SY¥STEM

READ A WEW MODEL

RESET TO A OWME_BODY MODEL
SHORT SUMMARY

GET YOUR PLATFORM ID

HELP

EXRIT

i
dbl_pendulums . txt
FLE® .1

2.1
EMTERPRISE

Figure 1.A Buildx Menu



1.1 Model Menus

The Model Menus page for Dbl_Pendulums.txt is shown in Figure 1.1.1 below. At the top of that
menu you see the connectivity diagram of Dbl_Pendulums. The bracket after the body b1 encloses
the alphabet C. That alphabet signifies that bl has a 1 rotational dof with respect to its parent
frame, an inertial frame and that motion is prescribed. Since the prescribed motion will be zero, we
have effectively grounded that body. There is another flag defined in the Gravity Menu that defines
the translational degree of freedom of the system. In general, each body inboard motion can be
characterized by a letter from A to H, their definition is given in the next table.

Hinge Type Hinge Motion Definition coordinates
A 1 dof rotation Hinge angle
B 3 dofs rotation Attitude quaternion
C 1 dof prescribed rotation Hinge angle
D 3 dofs prescribed rotation Attitude quaternion
E 1 dof translation Hinge axial displacement
F 3 dofs translation Hinge displacement
G 1 dof prescribed translation Hinge axial displacement
H 3 dofs prescribed translation Hinge displacement

Table 1.1.1 Hinge Type Definition

™~ MODEL MEMUS ™
System Graph: h

b1 ¢C>+—h2<AY
+—h3CAD

COMMANDS =

DATALY . 0. U] OBJECTS[B.WH.F.T1 MARKERSI[PM.DMI SENSORSLE]
FLEKX[FL]1 SHOWLSF.S8T.S5PM.SDM]1 CONSTRAINT [CH] SWITCHLISW]
ODELOD] DISCRETEIDI 1 LINR_MODELIL]1 DATE_TIMEILDT]

GRAVITYLGR] SYSUIEWLUN] SUMMARY [SM]

COMPUTELC] UNITSCUU] CURR_FILEILCU] TREEILTRI]
SAVELSU] HELPLH] DONELD]

Figure 1.1.1 Model Menus Page for Dbl_Pendulums

1.2 Help Command

As in most menus in this program, there is a Help Menu to explain the data and the menu
commands that are on the displayed page. If you type the H command from the Model Menus Page
you would see the following. Use the H command liberally as you visit other menus.




™ MODEL MEMUS ™

COMMANDS := h
B GO TO BODY MENU
COMPUTE SELECTED UARIABLES
GO TO COMSTRAINT MEMU
EDIT CURRENT.1 FILE
DIRECTIONAL MARKER MENU
DISCRETE FROCESES MEMU
DATE & TIMING MENU
EXTERNAL FORCE MEMU
FLERIBLE DATA MENU
GRAUITY MEMWU
0 MEMU FOR PLOT DATA
ODE MEMU
POSITIONAL MARKER MEMU
SENSOR MEMUS

SHOW TREE WITH DIRECTION MKRS
SHOW TREE WITH EXT-FORCES
SHOW MODEL SUMMARY

GO TO SUM-MADIR MEMU

SHOW TREE WITH POS MKRS

SHOW TREE WITH ERT-TORGQUE
SAVE THE MODEL_FILE

GO TO SWITCHING MENU

GO TO EXTERMAL TORQUE MENU
SHOW TREE WITH GIVEM ROOT BODY

GO TO U MEMU FOR ACTUATION DATA
SHOW BODY, WHEEL & S5Y¥S5 DATA

GO TO WHEEL MEMWU

GO TO ¥ MEWU FOR MOTION DATA
EMDS THE EDIT SESSION

Figure 1.2.1 The Help Menu of the Model Menus Page




1.3 Body Menu

The B command of the Model Menus page takes you to the Body Menu. That menu for
Dbl_Pendulums is shown next.

~ BODY MEWHD ™
NO. OF BODIES 3
SYSH_ECI -ABAAAAAAE +AA . AIRAARABRAE+BA . ARBAAAAAE +A8
SY¥YSCHM -A8HAAAAAE +A0- . SABABAAAE +AA— . 1 86 6A254E+01 k
IDE HAME Pa U FL TP AX ANMGLE R¥ RY RE

=»> 1 ground FPE B8 C X .48 _AAAAARE+AA .BAABABRE+AA . ARARBOE-+80

2 Pendl FPS 8 A X 180.880 .AAAAARE+AA _CHAAAHE+AA -.200ABAE+A1
A n X

3 Pend2 FPS 1564.48 .AABARBE+AA —.158A0AE+A1 -.17328L5E+81
COMMANDE :
SELECTILS ] IDALH] NAMELH]1 PARENTLP] UNITS[U]1 AXISLU]
TYPELT]1 ANGLELG] POSICM.HP.dP]1 RATELYW.dU]1 MPROPIM.I1 EDITIE]
WHEELS[WH ] ADDLA] GCOPYIC]1 REMOUELRI] SAVELSU] SCROLLIUP.DHI]
HELPLH] DONELD]

Figure 1.3.1 Body Menu for Dbl_Pendulums

Notice the entries in the PA, TP, AX and Angle columns.

1.4 Buildx Dialog

A typical dialog with Buildx starts with you typing <command><j=data index> <Return>. The
command may be to switch to another menu, some action to the current menu or for some
information. In the latter case, you would supply the requested information and Buildx would
update the model database accordingly.



So by typing H in the Body Menu, you would see the definition of the data and commands on this
page.

~ BODY MEND ™

BODY IMDEX h
BODY MWAME
PARENT BODY IMNDEX
UNMITS OF MEASURE,. I.E. FPS.MKS.CGS.IPS
NOF FLEX MODES
INBOARD HIMGE MOTIOM TYPE <{A.B....H>
AXIS OF INBOARD HIMGE MOTION <X.Y¥Y.O0R Z>
INBOARD HINGE ROTATION AWGLE

R{.RY.REZ CH POSITION IN BODY<1>» COORD

COMMANDS =
Aj ADDS A CHILD BODY TO BODY{JX
] EDIT BODYj
Gj CHANGE THE ANGLE OF BODY j
CHANGE ANGLE OF A GROUP OF BODIES
CHANGE MNAMEj
CHANGE PARENT OF BODYj

REMOUE BODY j
DELETE A GROUP OF BODIES
SAVE THE MODEL_FILE
SELECT BODYj FOR EDITING
CHANGE TYPE OF HINGEj
CHANGE UNITS OF BODYj
CHANGE UNITS OF GROUP OF BODIES
CHANGE THE FREE AXIS OF BODYj
CHANGE INDEX OF BODYj
MASS MEMU
IMNERTIA MENU
HINGE POSITION MEMU
HINGE DISPLACEMENT MENU
CH MENU
ANGULAR RATES MENU
HINGE DISPLACEMENT RATE MENU
WHEELS MENU
EAZIT THE MENU

Figure 1.4.1 Help Menu for the Body Menu

Buildx has the following data editing restrictions for DEMO license users.
1. It cannot add or remove objects (body, wheel, force, position markers ... etc)
2. It cannot change the value of selected mass property data (mass, inertia, cm position, ... etc. )

However, it still allows the DEMO users to set the initial conditions for the simulations. These are
the hinge angles, initial body(1) attitude matrix, the hinge rates, wheel rates, and others.



1.5 Initial Attitude of B1
The attitude of body(1) in the inertial frame is defined by its DCO matrix in the Body(1) Menu.

To define the body(1) attitude, you would type E1 from the Model Menus page to go to the Body(1)
Menu and you would see the next menu.

~ BODY MEMU *~
ground k

INDER

NAME

PARENT BODY
UNMITS

MASS
INERTIA

1

5]
FPS
-AABARARAE +BA
-AANANAAAE+AA . ABABHAPAE+AA . ARABABAAE +BA
-AANANANAE+AA .ABABPARAE+HA . ABABABAAE +BA
-AANANAAAE+AA . ABABHAPAE+AA . ARABABAAE +BA
-AANANANAE+AA .ABABPARAE+HA . ABABABAAE +BA
-AANANAAAE+AA . ABABHAPAE+AA . ARABABAAE +BA
-ABHANANAE+AA  .ABABUABAE+AA .ABABABAEAE +B8
1 DOF PRESCRIBED ROTATIOM
"
-A8A[
-18HANARAE+A1 .ABABPBRAE+HA .ABABABAAE +BA
-ABNANAAAE+AA  .1BABHAMAE+A]1 .ARABABAAE +BA
-AAHANANAE+BA .ARABABABE+HA .1HABABARE+A1
EULR_SEQ 123
EULR_ANG -B8a -B8a -B8a

B2I MATRIX = .1AAAABAAE+H1 .AOABAAARE+AR .AOBBABAAE+A8
-ABNANAAAE+AA  .1BABHAMAE+A]1 .ARABABAAE +BA
-AHANANAE+BA .ARABABABE+HA .1HAAABARE+A1

-B8A -A8A -A8a
-AANANAAAE+AA . ABABHAPAE+AA . ARABABAAE +BA
-AANANANAE+AA .ABABPARAE+HA . ABABABAAE +BA

B_FORCE -AANANAAAE+AA . ABABHAPAE+AA . ARABABAAE +BA
B_TORQUE -ANANANAE+BA .ABOBOBRBE+AA .ABABABAAE +B8
16> GRAVITY_FLAG= @

CM POS
HINGE POS

R

MOTION TYPE
FREE ARIS
AMGLE

DCA MATRIX

13> W_REL
14> HPOS_REL
15> HUEL_REL

COMMANDS : CHAWGELC] B2ILI1 SAVELSU] HELFILH]1 DOWELD.DD]
Figure 1.5.1 Menu for Body(1)

Look at item 12. It is set to an identity matrix. Let’s change it to a 90 degree rotation about the z-
axis, then proceed by typing C12 (meaning change item 12) to open the Edit DC Menu. The
following dialog rotates body(1) frame by a 90 degree z-axis rotation.



~ EDIT DC MENU ™

DC MATRIX -180AAAAAARAE+A1 .AABARARAAAE+AA . AARAAAAAAAE +AA
-B000HAABAAE+BA .100B0AARAE+A1 . BAGBOERABE+B0
-ABAAANAAAE +AR . ARBARABABAE+AA .1HAAAAAAARAE +A1

DET -188088880AE +81
- EULER SEQ :
. EULER ANGLES:

123
-B88 -B88 -B88
QUATERNI ON -ABHAAAE+AR . ARARARE+AA .AABABAE+AA .1AAARAE+A1
COMMANDS : CHANGELC+=1. IGHNORELI1. ACCEPTIA]

TYPE THE EULER ANGLES <DEG>:

Figure 1.5.2 Attitude Matrix Edit Menu

In this dialog. The C3 command means change item(3) to which we answered with [0 0 90].
Finish the dialog with a Return. After that you would see the changed DC in the next display.

~ EDIT DC MENU ™

DC MATRIX . 9APAAAAPARE +00— . 1 APAPAPAPAE+B1 .APAAAPNAANGE +B0
- 1PAAAAARARE+A1 .PAPAPERBARE+BP .GPBARAAAAGE +B0
- PANAPPAPAPE+AD .PPPAPAPNAPPE+AB .1PPAPAPABAE +B1

DET - 19AAAABAABE +61

123 L

EULER SEQ :
EULER AMNGLES: - 868 -A8A[ 78.8088

QUATERHION -ABNANAE+BA .AABABAE+BA .7AVIAYE+AA .7AV1AYE+HA
COMMANDS = CHANGELC+=1. IGHORELI1. ACCEPTIA]

Figure 1.5.3 Attitude Matrix Edit Menu after the ¢c3 command is executed

Type A to accept the result and return to the Body(1) Menu which reflects the changed DCO and
B2l matrices.
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~ BODY MEWU ™
1

IMDEA

NAME

PARENT BODY
UNITS

MASS
IMERTIA

ground

5]
FPS
- IEBHEBEBE +BH
-HEBNEAERE+RE _BHEREBORE+BD _BOEBHEEAE-+B0
-HEBHEREBE+BR .BHEOEBOEE+BR .BOEBHEBHE-+B8
-HEBNEAERE+RE _BHEREBORE+BD _BOEBHEEAE-+B0
-HEBHEREBE+BR .BHEOEBOEE+BR .BOEBHEBHE-+B8
-HEBNEAERE+RE _BHEREBORE+BD _BOEBHEEAE-+B0
-BAEBHEREBE+BA .BHBOPEBOEE+BE .BOEBOBEBHE-+B8
1 DOF PREECEIBED ROTATION
-a88
-AEBHEREBE+BE —.1HB0PBBOEE+B1 .BOEBHEBHE+B8
-1000EAERE+A1 .BHEEEBORE+BD _BOEBHEEAE-+E0
-HEBHEBEBE+BR .BUEBHBREE+BE .180BBEBHOE+H1
EULR_SEQ 123
EULR_ANG -B88 -B88 78.6880

B2I MATRIX = .BHB0EBHEE+BO —.100B0BBRE+B1 .HB80BBHBOE+08
-1000EAERE+A1 .BHEEEBORE+BD _BOEBHEEAE-+E0
-BEB0EBEBE+BY .BUEBHBRRE+BE .180BBEBHOE+H1

-B88 - 888 - 888
-HBMARAAAE+AA . ABMBNBRAE+AA . ARAAAANAE +B8
-HEBHEREBE+BR .BHEOEBOEE+BR .BOEBHEBHE-+B8
-HBMARAAAE+AA . ABMBNBRAE+AA . ARAAAANAE +B8
.SBBBBBBBE+BB -BEB0EBEBE+BR .BOEBHBBEE-+B8

CH POS
HIHGE POS

MOTION TYPE
FREE AXIS
AMGLE

DCB MATRIX

13> W_REL

14> HPOS_REL

15> HUEL_REL
B_FORCE
B_TORQUE

16> GRAVITY_FLAG

COMMAWDS = CHAWGELC] B2ILI1 SAUVELSU] HELPIH] DOMELD.DD]
Figure 1.5.4 Body(1) Menu after the DCO Matrix Edit
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1.6 Attributes of Dbl _Pendulums

When all the data for the Dbl_Pendulums Data have been entered you should see the following
displays. In other words, you should visit all the following menus to be sure that all the body

attributes are entered properly before running a simulation.

™~ BODY MEWHU ™
MO. OF BODIES 3
SYSH_ECI -HBMAPRAPEE+BA . AHAAAAARE+BH . ABBBABAARE +B8
SYSCH -BHABRAWEE +B0- . SABABAARE +BA— .1 8660254E+01

IDE MAME PA U FL TP AX ANGLE R¥ RY

RZ

=> 1 ground FPE B8 C X -A8  _GUOAGARE+AA . A0BBBME+BR . AOBAAAE-+B0

2 Pendl FPS B A & 180.88 _ABHAABE+AA _LHABOAPE+AA -.200080E+81
3 Pend2 FPE B8 A X 158.80 _OGA0AARE+AA —_1500WE+@A1 -.173205E+81

COMMAMNDS =
SELECTIS] IDHLR] HAMELH] PARENTIF] UHITSIU] AXKISIU]
TYPELT] ANGLELG] POSICM.HP.dFP]1 RATELUW.dU]1 MPROFPIM.I1 EDITIE]

WHEELSI[WH] ADDILA] COPYIC]1 REMOUELR] SAVELSV] SCROLLIUP.DHI]

HELFIH] DONELD]
Figure 1.6.1 Body Menu Display for the Dbl_Pendulums

Type M from the Body Menu to open the Mass Menu. Use Mj to change the mass of body(j). Figure

1.6.2 is the Mass Menu for Dbl Pendulums.

~ BODY MASS MEMU ™
NO. OF BODIES

3
SYSH_ECI -HBHARARAE+BA . ARAAAAANE+BH . ANBHAREKRE +B@
SYSCH -BEBHBBEBE +BH— . SBHBBEABOE +HB—- . 18668254E+81

IDE WAME u MASS

=*» 1 ground FPS .HB0B0BBHE-+B8
2 Pendl FPE .58080HB0E+A1 h
3 Pend2 FPE .5808BHBOE+A1

COMMANDS =
SELECTIE] NAMELN] UNMITSIU] MASSIM.MM.SY¥YS] ADDIA]
EDITIE] REMOUELR] SCROLLIUP.DH1 SAUELSU] HELFPIH]1 DONELD]

Figure 1.6.2 Body Mass Menu Display for Dbl_Pendulums

Type | from the Body Menu to open the Inertia Menu. Type 1j to change the inertia of body(j). The

next figure is the Inertia Menu of Dbl_Pendulums.
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~ BODY IMERTIA MEWU ™
HO. OF BODIES 3

SYSH_ECI : .GPPBPEBRE+GE _PAEBPEBRGE+BE .ABREBRARE+E0
SYSCH : .HBPBHABAE+BA- . SABRBRBRE +BH—-_18668254E+81

IDA HAME IHRAH IHRYY INRZE IHRRY INRRE

INRYZ

=» 1 ground .AMAHBAE+BA .AABAAE+HA .HAMAWE+BA .AAARE+HA .HABMAE+BHA .BAABAE-+BA
2 Pendl .2000BE+HA1 .20HBHE+B1 .200BHRE+A1 .BHBHE+BH _ABARE+AA .HABHAE+H8
3 Pend2 .Z2HAABE+H1 .Z20WBHE+B1 .20AHAAE+A1 .AUBWE+BH _ABERE+AA .HABHAE+B8

COMMAMNDS =
SELECTIE] MAMELM] MOILY. IXR, . IYY . IZZ. IXY. IXZ. IYZ.8¥8]1 ADDIA]
EDITLE] REMOUEIR] SCROLLIUP.DM1 SAUVELSU]1 HELFPIH]1 DOMEILDI]

Figure 1.6.3 Body Inertia Menu for Dbl_Pendulums

Type CM from the Body Menu to open the CM Position Menu. Type Cj to change the cm position

of body(j). The next figure is the CM Position Menu of Dbl_Pendulums. Notice that we
changed that positionto [ 0 0 2] ft.

™~ CM POSITION MEMU *~
NO. OF BODIES 3

SY¥YSH_ECI -AAHAARE+AR .AARBARE+AA .AEBHAAE+BA
SYSCHM -ABHAAAE+AA —.5AABABE+AA —.1866A3E+A1 h

IDA HAME GM_X CH_Y CM_Z

=» 1 ground -ABAAAAAAE+AA .ABABABARE+AA . AAAAABAAE +AA
2 Pendi FPS .AAHBARARE+BA .HAAHAAAARE+A0 .20000AHAE+A1
3 Pend2 FPS .0A0AAAAAE+BA .AAHAEAEAE+BA .Z20ABABHAE+A1

COMMANDS :

SELECTILE] HAMELH]1 UNITSC[U] CPOSLC,.CC.AE.CX.CY.CZ.CE1]
ADDLA] PGIVEC.RAE] EDITLE] REMOUELR] SCROLLIUP.DH]

SAVELSU] HELPLH] DONELD]

Figure 1.6.4 Body CM POSITION MENU for Dbl_Pendulums

have

Type HP from the Body Menu to open the Hinge Position Menu. Type Pj to change the hinge
position of body(j). The next figure is the Hinge Position Menu of Dbl_Pendulums. Notice the base

position of Pendl and Pend?2 are 1 foot apart along the ground y-axis.

™ HINGE POSITION MEWU ™
MO. OF BODIES 3

SYSH_ECI -HAMABAE+HA _ARABARE+AA _BBBBAHE+B8
SYSCHM -HBHBHBE+BA — . SAABHBE+HA —_1866BA3E+A1

IDX MAME u HNG_X HNG_Y¥ HNG_Z
=» 1 ground FPE .HEBEAAAMAE+BH .HBHBHAAHBE+BA .ABABHBHAE+H8

2 Pendl FPS .HABAAAAAE+BA .S5APMAMABEE+BA .ABABABHAE +B8
3 Pend2 FPE .HEBEAEAHAE+BH - . 58HBHBHBE+BA .ABHBHBHAE+H8

COMMAMNDS =
SELECTIS] HWAMEIM] HPOSIP.PP.AE.PA.PY.PZ.PS1 ADDILA]
PGIVEC.RAE]1 EDITIE]1] REMOUEILRI] SCROLLIUP.DH]1 SAUVELSU]
HELPLH]1 DOHEILD]

Figure 1.6.5 HINGE POSITION MENU for Dbl_Pendulums

N
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Since there are no translational hinge in this model, we will skip the hinge displacement and

displacement rate menus.

We set the initial angular rates of Dbl_Pendulums to 0.2 deg/sec. Type W from the Body Menu, and
you should see the angular rate menu as follows.

™ BODY ANGULAR RATE MEMU *~

NO. OF BODIES

3
SY¥YSH_ECI -AMANANAE+HA . AARARABRAE+BA . ANBPNARAKWE +B8
SYSCH -8HBHBHAE +BA- . SABABABRE +BH— .1 866B254E+Q1

IDE MAME Ax ANG

=» 1 ground M o -aa
2 Pendl A " 188._88
3 Pend2 A " 158._88

COMMAMDS =
SELECTIS] TYPELT1 ARISIU]
HELPLH1 DONELD]

WRELXR LRELY WRELZ
-HBHBHNANBE +BA . AABARABAE+BH . ANBHBHEKWE +B8

-AAMANANAE+BA . AARARABRAE+BA . ANABABAKWE +BA
-HBHBHANBE+BA . AEBABABAE+BE . AHBHBHEKE +B8

AMGLELG] RATE[W] SCROLLIUP.DNI]

Figure 1.6.6 Angular Rate Menu of Dbl_Pendulums
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1.7 Position Markers Menu

The Dbl_Pendulums model needs one position marker on b1 and another on b2 for the inter-body
force computation. We will create these by first typing PM from the Model Menus page to open the
Position Marker Menu. Assuming that there are no markers in the menu at this time. Then type A to
add the first marker. Repeat it again to add the second marker. Set their names to MKRP1 and
MKRP2 using the Nj command. Set their parents to [2 3] using Pj command.Set their positions on
the respective bodies to [ 0 O 1] ft using the PPj command. The result is as follows.

™ MKRF MEWU ™

MO. OF POS MABRKERE = 2 k
POS CHAWGE OPTIONLO]: POINT

IDE WAME PA U POSH POSY POSE

=» 1 MKRP1 2 FP: .PB0EBHEBE+OB .OEBOEBEBE+BH .1080HB0AE+81
2 MKRP2 3 FPS .AOAOAOAME+BAH .HAHEHEBEE+BA .|1808HBHAE+A1

COMMANDS :

SELECTIS] IDKLA.XA1] NMAMELN] PARENTIF] POSLPP.AE.PX.PY.PZ.PS1]
BODY¥[B1] UNMITSIU] OPFTIONIO] REMOUELR] PGIUEC.RAE]1 ORDERIORI]
ADDIA] COPYILC] SAVELSV] HELFIH] DONMELD]

Figure 1.7.1 Position Marker Menu of Dbl_Pendulums

Use the H command to open the Help Menu to see the use of other commands in this menu.

1.8 Force Menu

The Dbl _Pendulums example requires a force vector to push body(2) at MKRP1 and an equal and
opposite force to push body(3) art MKRP2. See Section 1.7 for the position markers definition. So
you would type F from the Model Menus page to open the Force Menu. Assuming that there are no
forces defined, then you would type A to add the first force. Hit the Return key to complete the
command. Repeat it again to add the second force. Apply the following settings for the two forces.

idx Name Parent(P) Type(T) Coordinate(C) Position(P)
1 F1 2 3 1 [0 0 1]1t
F2 3 3 1 [00 1]ft

Table 1.8.1 Force Setting for Dbl Pendulums

The corresponding Force Menu is shown next.
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FORCE MEMU ™

MO. OF FORCES: 2
UNMITS: FPS

F_MAG < 12:= - A8BARARAE +BA
F_UNITC 12: -18AMAHAARE+A1 .ABMBHBBAE+AA . ABABABHAE +BA
F_POS < 12:= -HBHBRAHBEE+BA .ABABABABE+H8 .1HAHEBERE+A1

IDA HAME Fx FY FZ

P
=»> 1 F1 2 -HBHARARAE+AA .ABHBUBRAE+HA . ARABABAAE +BA
2 F2 3 -HBHAHARAE+BE . ABMBNBHAE+AA . ABABHABHAE +B8

COMMAMNDS =
SELECTIS] IDAILA.AA] HAMELM] PAREWTIF] TYPELT] COORDICO]
FUECLF.M.AE] POSIPP] SUMMARYI[FS]1 UIEWIUEC.RAE.POS.FTQ]1 REMOUELRI]
UNMITSI[U]1 SAVELSU] HELPLH]1 DOHEID]

Figure 1.8.1 Force Menu of Dbl _Pendulums

Force type of 3 means that the indexed force is a (3 x 1) force vector are to be supplied at run time
to the dynamics solver. Therefore, there must be two external forces in the Udata List. See Section
1.10.

We also need to specify the position the forces are applied. You would type POS to open the Force
Position Menu. Then use PPj command to enter the position of force(j) as listed in Table 1.10.1.
The resulting Force Menu is as follows.

™ FORCE MEMU *~

NO. OF FORCES: P
UMITS: FPS

F_MAG ¢ 12:= - AIBBARARAE +BA
F_UNITC 13: -1AHAHAAAE+A1 .ABABEARAE+AA . ARABABAEAE +BA
F_POS < 12:= -AANANANAE+BA .ARARABARE+HA _1HABABARE +A1

IDA HAME FPOSH FPOSY FPOSZE

PT C
=> 1 F1 23 1 .AAAAAAARE+AR _ANAPNAVANE+AR .1AAABABAE-+H1
33 1

2 F2

COMMAMDS =
SELECTIS] IDALA.AA] HAMELN]1 PARENTLP] TYPELT]1 COORDLCO]
FUECLF.M.AE] POSIPP] SUMMARY[F31 UIEWILUVEC.RAE.POS.FTQ1 REMOUELRI]
UNITS[U]1 SAVELSU] HELPLH1 DONELD]

-AMANANBAE+BA .ABABABARE+HA _1HAAABARE+A1

Figure 1.8.2 Force Position Menu for Dbl_Pendulums
Type H to view the Help Menu to see the use of other commands in the Force Menu.
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1.9 Gravity Menu

The Gravity Menu lets you specify the gravity vector for the simulation. You can also
specify the inertial position of the origin of the Body(1) fixed coordinate frame in the inertial frame.
The Gravity Menu for Dbl_Pendulums is shown next.

™~ GRAVITY MEMU ™~
UNITS FPS

SYSPOS
SYSUEL

REFFOE
REFUEL

-AAAAAAAE +84
-880HBABE +B0

-AAAAARE +B4

-AAAAAAAE +84
-880HBABE +B0

-A00RBAABE+AR —.50000BAAE+BA —.18668254E+01
- IARAARAAE +BQ - IARAARAAE +BQ
- AARAARAAE +BQ
-880HBABE +B0

GRAUITY :
G GY GZ

SY¥YSACC FLAG

-A0HAAAARE+AR .AARAAAAAE+AA —. 32200001 E+Q2

COMMANDE = k
CHANGELC] SAUVELSV] HELPIH]I DONELD]

Figure 1.9.1 Gravity Menu for Dbl_Pendulums

Items 4 and 5 are the inertial position and velocity of the origin of the frame that’s fixed on
body(1). Items 2 and 3 are the inertial position and velocity for the system cm. They are related by

SYSPOS = REFPOS +CM,

SYSVEL = REFVEL + CM,

where
CM; = system cm relative to the body(1) origin in inertial coordinates

CM, = system cm velocity relative to body(1) origin in inertial coordinates

(1.9.1)
(1.9.2)

Item 6 is the gravitational acceleration in the inertial frame. It is set to zero for the moment. You
can use the C16 command to toggle it between 1 and 0. If SYSACC_FLAG = 1, then it means that
the dynamics program dynawiz1.dll will solve the acceleration REFACC in the inertial frame, based
on the total external forces in the system. Otherwise, REFACC would be a prescribed time function
to be supplied to the dynamics solver, dynawiz1.dll, from the Simulink workspace. For this example
REFACC will be zero. That will ground the base body of Dbl_Pendulums.

Use the Cj command to change item(j) in this menu. The next figure is the Help Menu for the
Gravity Menu.
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™~ GRAVITY MENU ™
UNITS = OME OF THE UNITE BELOW: k

LENGTH MASS INERTIA FORCE TORQUE

dyne—cm
1hbf ft—1hf
ex*]1hf z=*in_lhf

g=12=32 . 16
SYSPOS
SYSUEL
REFPOS

SYSTEM CM POSITION IN INERTIAL FRAME
SYETEM CM UELOCITY IN INERTIAL FRAME
BODY<1> ORIGIN POSITION IM IMNERTIAL FRAME
REFUEL BODY¥ (1> ORIGIN UELOCITY IN INERTIAL FRAME
GH . GY.GZ GRAUVITY ACCELERATION IM IMERTIAL COORD

SYSACC FLG= 1 MEANS THAT SYSACC IS DYMAMICALLY DETERMIMED
SYSEACC IS DEFINED IN THE INPUT STREAM
GRAVITY FLAG= 8@ MEANE GRAVITY= [GX.GY.GZ]

COMMANDE =

Cj CHANGE PARAMETER;J

SH GO TO SUM_MADIR MEMU
S0 SAUE THE MODEL_FILE
D EXIT THE MENU

Figure 1.9.2 Gravity Menu Help Display
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1.10 Y.O.U. Data

Three data lists need be defined in any simulation. These are the Ydata, Odata and Udata. The
Ydata list are the parameters that the dynamics solver (dynawiz1.dll) outputs to the control system
workspace. The Odata list are the parameters that the solver outputs to a plotfile (z.1) in the course
of the simulation. The Udata are the force and torque signals that the solver reads from the control
system workspace to move the modeled mechanism/vehicle.

For the Dbl_Pendulums example, we want the angle and angular rate of body(1) for the Ydata. To
do that, you would type Y from the Model Menus page to open the Ydata Menu. This menu could
be emptied using the RR command.

~ OUTPUT <¥DATA> MEMU *

NOF ¥YDATA DEFIMED= A
CURRENT YDATA IDH= 1 k

YDATA LIST:

DaTa LIST IS EMPTY!

COMMAMDS =
SELECTILS 1] ADDLA]1 CHANGELC] REMOUELR] HNEW_LISTIM]
UENALUI WVALUELV] LENGTHILLI] SAVELSV] HELFILH] DONELD]

Figure 1.10.1 Empty Ydata Menu for Dbl_Pendulums

You would type A to add data to the end of the current list. If there is a non-empty list already, you
would type Aj to insert data at the jth list position. So, after the A command you would see the
Ydata Selection Menu. The next dialog adds Angle(2) to the Ydata list.

A (B O
)

Figure 1.10.2 Ydata Selection Menu Dialog
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In the above dialog, the S1 command means selecting Angle (parameter 1). You follow the Sj
command by the data index. In this case you select 2. Then type Y to accept the data. After you hit
Return, Buildx would acknowledge that request. Repeat this process for all the data that are needed
for the dynamics solver to pass to the control system. The Ydata list for Dbl_Pendulums is shown
next.

~ QUTPUT<¥DATA> MEWU *

HOF YDATA DEFIMED= 8 k
CURRENT Y¥DATA IDX= 1

¥YDATA LIST:

1> AMGLE.Z2 22 AMGLE.3 3> WRELAX.2 4> WHRELAX .2
5% MKRPOS .1 6> MKRPOS.2 ?» MKRUVEL.1 8> MKRUVEL.2

COMMANDS =

SELECTILS] ADDLA] CHANGELC] REMOUELR] MNEW_LISTINI]
UKMEIU] WVALUELV] LENGTHIL] SAVELSV] HELFIH] DONMELD]

Figure 1.10.3 Ydata List for Dbl_Pendulums

Type D to return to the Model Menus page.

You would define the Odata list to record the dynamic response to the plot file (z.1). To do so, you
would type O from the Model Menus page to open the Odata Menu. By the same procedure just
described, you would generate the following Odata list for Dbl_Pendulums.

™ PLOT<ODATA> MEMU ™

HOF ODATA DEFIMED= 12
CURRENT ODATA IDX-= 1 k

ODATA LIST:
1> AMGLE.2 22 AMGLE.3 3> WHELAX.2 4> WHELAX .2

5> HTQAX .2 6> HTQAX.3 ?» KRFSUM.2 82 KFSUM.3
2> MERPOS .1 18> MKRPOS.2 11> MKRUEL.1 12> MKRUEL.Z2

COMMAMDS =

SELECTIS ] ADDLA] CHAWGELC] REMOUELR] HWEW_LISTIM]
UALUELU] LEMGTHIL]1 PLOTMEILP] SAVELSU] HELPILH]
DOMELD]

Figure 1.10.4 Odata List for Dbl_Pendulums
The meaning of the parameters above is as follows.

(angle,2:3) = hinge angles of body(2:3)

(wrelax,2:3) = hinge angular rate of body(2:3)

(htgax,2:3) = hinge axial torque of body(2:3)

(xfsum,2:3) = external forces on body(2:3)

(mkrpos,1:2) = position markers(1:2) position in body(1) coordinates
(mkrvel,1:2) = position markers(1:2) velocity in body(1) coordinates
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Use the Rj command to remove the jth data in the list if necessary. You can type P from this Menu
to open the Plotme menu to create a Matlab script called plotme.m to view the time response of the
Odata that you have selected. How this menu works is explained in the next section.

Type the done command D to return to the Model Menus page.

You would type U from the Model Menus page to go to the Udata Menu. By the same process as
explained above you would have created the following Udata list to send the actuation signals to
Dbl Pendulums dynamics solver.

~ CONTROL<UDATA> MEND ™

NOF UDATA DEFIMED= 4
CURRENT UDATA IDH= 1

UDATA LIST:

1> HTQAX.Z i 2> HTQAX.3 i 3> KF.1 i 4> XF.2

COMMANDS : \
SELECTL[S1 ADDLA] CHANGELC]1 REMOUELR] MEW_LISTIN]
UALUELU] LEMGTHLL1 SAUELSU] HELPILH] DONELD]

Figure 1.10.5 Udata List for Dbl_Pendulums
The meaning of the parameters above is as follows.

(htqax,2:3) = hinge axial torque of body(2:3)
(xf,1:2) = external forces(1:2)

1.11 Plotme Menu

The dynamics simulation saves its selected odata (see section 1.8) in the z.1 file for later analysis
and viewing. We will create a Matlab script called plotme.m to help display these data. For that
purpose, you would type P from the Odata Menu to open the Plotme Menu to start a typical dialog
as described as follows.

1. Ifa plotme.txt file already exists, then type RD to read in the plotme data. You can edit
those data or form new plotme data by the following steps.
2. Type A in the Plotme Menu to add a new page of plots.
a. Supply a title when prompted
b. Execute the A command as many times as the number of figures desired
c. Type Rj to remove the jth figure if necessary
3. Type vj to define the variables of figure(j)
a. A Plotme Vars Menu would open for figure(j)
4. Top of the Vars Menu are the Odata List
5. Type Ak to select odata(k) to the vars list
a. Execute Ak for different k’s for as many variables that you want to be displayed on
the current figure
b. Type Rk to remove odata(k) if necessary
6. Type APK to define a plot for variable(k)
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a. Execute APk for different k’s to create other plots
7. Type F to set the plots format(n, m). The latter means that the plots will be displayed in an n
rows by m columns format
8. Type D to return to the Plotme Menu
9. Repeat steps 2-8 until all the figures and their variables are defined
10. Type M to make the plotme.m script From the Plotme Menu
11. Type SV to save the Plotme data that you have generated to plotme.txt

The Plotme Menu after five figures were defined appears as follows. Apply steps 2 and 3 as
explained above to create these figures.

™~ PLOTME MEHD ™

NHOF PLOTS DEFIMED= 5
CURRENT PLOT IDX = 1

PLOT LIST:
IDE! TITLE

=» 1 angles
2 rates
3 torgue
4 fzums
L mkrvels

COMMANDE :
SELECTILS] ADDCA] TITLELT]1 WARSLU]1 FORMATLF]1 REMOUELRI]
PLOTME.THAT[RD.SU1 MAKELM]1 HELPIHI] DONELD]

Figure 1.11.1 Five Figures Created for Dbl _Pendulums

You can edit the variables for display in each of the four pages by typing the vj command for j = 1
to 4 from the Plotme Menu. Review steps 5, 6 and 7 of the procedure above regarding the editing
commands that govern the Plotme Vars Menus. The Plotme Vars Menu for the five figures above
are shown next. Type H to view the help menu for the commands on this page.
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™~ PLOTME UARS MEMU ™

ODATA LIST:

1> AMGLE.2 22 AMGLE.3 3> WHELAX.2 4> WHELAX .2
5> HTQAX .2 6> HTQAX.3 ?» KRFSUM.2 82 KFSUM.3
2> MERPOS .1 18> MKRPOS.2 11> MKRUEL.1 12> MKRUEL.Z2

FIGUREC 12: h
DISPLAY FORMAT IS ¢ 3. 1>

YLIST _SIZEC 12:
YLIST POIWTER :

ID: UARS i TYP | Z_SGRIFT
angle2 LOC 2
angled LOGC 3
ang2diff3 EXP angle2—-angled

HLABEL YLABEL PLOT SCRIPT
t{sec AMGLEZ t.angle?
t{zec AMGLE3 t,.angle3
tizec? ANGZDIFF3 t.ang2diff3d

COMMAMDS =

SELECTIS] ADDIA.AP.I]1 CHAMGELC] UARIV.L.T.Z1 PLOTIF.XL.YL.P1]
REMOUELRY .RP1 SHOWIO1 SAUVEILISU] HELFPILH] DOMELD]

Figure 1.11.2 Angles Data for Dbl Pendulums

You can hide the Odata display in the Plotme Vars Menu by typing the O command as is done for
the next figures.

™~ PLOTME UARS MENU ™
FIGUREC 2X:
DISPLAY FORMAT IS ¢ 2. 1>

YLIST_SIZEC 2>:
YLIST POINTER :

ID: UARS H TYPF | Z_SCRIPT
wre lax? LOG 4
wre laxd LOGC L

HELABEL YLABEL PLOT SCRIPT
ti{zec WRELAKZ t.urelax2
ti{zecr WRELAKZ t,.urelaxd

Figure 1.11.3 Angular Rates for Dbl Pendulums
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~ PLOTME UARS MEMU ~

FIGURE<C 3>:
DISPLAY FORMAT IS ¢ 2. 1>

YLIST _SIZEC 33:
YLIST POINWTER :

ID: UARS i TYP | Z_SGRIFT
htgax2 LOC [
htgax3 LOGC 7

HLABEL ¥YLABEL FLOT SCRIPT
tizec HTQAKZ t htgax2
t{sec HTQAX3 t,.htgax3

Figure 1.11.4 Hinge Torque for Dbl Pendulums

™~ PLOTME UARS MENU ™
FIGUREC 4>:
DISPLAY FORMAT IS ¢ 4. 1>

YLIST_SIZEC 4>:
YLIST POINTER :

ID: UARS H TYPF | Z_SCRIPT

xf sum2 LOG #:18

wfszum3 LOGC 11:13
xf2Zplusd EXP xf sumZ +xf sum3
wf2diff3 EXP wf sumZ2—xf sum3

HALABEL YLABEL PLOT SCRIPT
ti{zec> HFSUMZ t,xfzum2
tizec? "HFSUM3 t,.xfzumd
ti{zec> HF2ZPLUS3 t,xfZ2plus3
tizecr HFZDIFF3 t.xf2diff3

1
2
3
4
PLi
1
2
3
4

MERL
MK

Figure 1.11.6 Position Markers for Dbl Pendulums

Remember to execute steps 10 and 11 in the Plotme Menu dialog to save the plotme data and to
generate the plotme.m file.

24



1.12 Timing Data

You have to tell the dynamics solver the data frequency that you want to save the Odata with. This
is the only timing data that needs be defined if you are simulating Dbl_Pendulums in the Simulink
workspace. You would type DT from the Model Menus page to arrive at the following page.

ELEZEZEZEZEZEZEZEZ CONCURRENT DYHAMICS ZZZZZZZZZZZZZZZZZE
™~ TIMES MEMU *™

- HBBABABAE +8A
-418ABAAAE +A2
- 2088HARAE—-A1
-1AMABAARE +8H
-iBBBBABAE +BA

TSTART
TEND

DTPRINT
COMMANDS : CHANGELC] HELPIH] DOWEILD]

Figure 1.12.1 Times Menu for Dbl_Pendulums

Note that we set the plot data sample time is 0.1 second. Items 3, 4, 5 and 7 are not elevant to the
Dbl_Pendulums simulation if it is done with Simulink..
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1.13 Save Model Data

After editing the model data, you should save it by typing the SV command from the current Menu.
The dialog below is from the UDATA Menu. You will be prompted as follows. Choose option 1
for now. Most other menus hav the SV command.

™ CONTROL<UDATA> MEWU ™

MOF UDATA DEFIMED= 4
CURRENT UDATA IDX= 1 h

UDATA LIST:
1> HTQAX .2 i 23 HTQAX .3 i 3> HF.1 i 4> HF.2
COMMAMNDS =

SELECTIE] ADDLA] CHAWGELC]1 REMOUELR] HMWEW_LISTIM]
UALUEIU] LEMGTHIL] SAUVELSU] HELFPILH] DOMELD]

COMMAMDS =

[11 SAUE TO dbl_pendulums.txt
[2]1 SAUE TO AMOTHER FILE

[31 DO MOT SAUE AND EXIT
SELECT 1:37

Figure 1.13.1 Save File Command Dialog

After you type return in the above dialog, you would have saved the data to Dbl_Pendulums.txt.
You also have two other options. Try them next time.

1.14 Exiting Buildx

You can quit the Buildx program by clicking the top right x button or through the Exit command in
the Buildx Main Menu.

1.15 XMR USER’S MANUAL

For more details about how to use Buildx, read the XMR USER’S MANUAL . It is located in the
C:\xmr\ folder.
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2. Simulating Dbl_Pendulums

There are two parts to creating a Dbl_Pendulums simulation. One is to create the
Dbl_Pendulums.txt model file as is done in Section 1. The other is to create the Simulink mdl file to
mate the dynamics solver (dynawiz1.dll) and the actuation forces that determine the motion of
Dbl_Pendulums.

The procedure to simulate the Dbl _PPendulums is as follows:
1. Execute the run_buildx.bat file out of the Dbl_Pendulums folder.
2. Set up the initial condition with Buildx. These include initial body(1) angle and angular rate
3. Save the setup condition to Dbl_Pendulums.txt before exiting Buildx..
4. Double click Dbl_Pendulums.mdl to start Matlab and Simulink with Dbl_Pendulums
program in the Simulink window.

1334 | ] an_Pendqums
with XMREFLSON2
Digital Clodk sim time
LTRLOT=.1 . dul "
MATLAE I:l rogram: pendulum.m
Function » One link pendulum

hodel File = pendulum.

elapsed_time_cale etime Flot File ==z.1
spead:
sim time =100

Rka etime = 1203 (11-11-07)

Ydata = 1 %

e Flant dynamics

Figure 2.1 Simulink Model of Dbl Pendulums

Important: The digital clock is a must to insure that the plot data are sent to the z.1 file. Its
sample time must be set to the dt_plot value as given by the Times Menu (see Sec. 1.9).

The etime computation block is inserted to compute the elapsed time for the simulation. It is
for evaluating the speed of the simulation and is not necessary for the simulation. You can
change the time setting for the et calc.m if you want to run the simulation for a time
different from 100 seconds.

The control system is shown next. One functional block computes the hinge torques to b2

and b3, and the other block computes the spring and damper force that couples the two
pendulums.
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=] dbl_pendulumsfcontrol system *

File Edit Wiew Simulation Format Tools  Help

O =S =2 2 |N|:|rmal j = =]

angz:3,rate?:3 MATLAR

Function

htq_cale

mpos] 2, mwell:2
12 hATLAB

Functian

inter_body_forces

Ready 100%: oded
Figure 2.2 Dbl Pendulums Control System

Go to the Matlab window and open the files htq_calc.m and inter_body_forces.m with the
edit command to see the details of their computations.

5. Run the simulation for 100 seconds for the demonstration case (set that time in the
Simulation Menu, see the control bar at the top of the window).
6. Type plotme in the Matlab window to see selected simulation result that is saved in the z.1

file during the simulation. You can execute plotme any time during the simulation. You
would see the next three figures.

Dbl Pendulums Simulation Sequence of Events:

Time(sec) Action
0 Dbl _Pendulums starts with an angular rate and angle setting given in the
Angle Menu
>0 Hinge torque damps out the swinging motion, XF1 and XF2 couples the
motion of the two pendulums
100 simulation ends

The following figures shows the time response of the Dbl Pendulums plotted by the plotme.m
script that we created in section 1.11.
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Figure 2.3 Dbl _Pendulums Angles (deg)
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Figure 2.4 Dbl Pendulums Hinge Rates (deg/sec)
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3. Animating Dbl_Pendulums

QX3D is the program that helps you visualize the simulated model in either still pictures or in a
movie. The following procedure explains that process for the Dbl_Pendulums.

First you would double click run_gx3d.bat from the c:\xmr\Dbl_Pendulums\ folder. You will see
the QX3D greeting page as shown next.

QOG- Hw Hw
g% g% B HM
Q3 Q-

Q-9 g~
o~ Qg
Qs g~
QOO-OsK~ BN

UERSTON
COPYRIGHT
CONMCURRENT

Figure 3.A QX3D Greeting Page

Hit Return to go to the QX3D Menu. From there type GO to to to the Model Menus. You should see
the next two displays.
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LELELETETREFRZEZEZEL CONCURRENT DYWAMICS ZZZZZZZZZZRZZZZEZE
™ QX3 MEND ™

CURRENT MODEL
SHAPE FILE
PLOT FILE =.

LICENSE SELECT k
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Figure 3.B QX3D Menu
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Figure 3.C Model Menus

The Model Menus gives you the option of going to the Visualization Menu and to several other
menus that relates to the visualization activities. These include the Body(B), Position Marker(PM),
Direction Marker(DM), and Data(O) Menus.

The top of the QX3D Menu indicates that the current model is Dbl Pendulums.txt and the

associated shape file. This is because the current.1 file in the present model folder points to that
file. Go to the model file and double click current.1 and you should see the next display.
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Figure 3.D Current.1 File for Dbl_Pendulums

The way QX3D works is that it makes use of the geometric information in the current model file in
creating a stick-figure model for you and save it in the Dbl_Pendulums.shp file. You can then
modify that stick figure by adding, editing additional shapes per body to enhance the quality of the
displayed picture of your model.

3.1 Save Shape File

The only command that lets you save the shape data is the exit command at the QX3D Menu. With
the X command, QX3D would first prompt you to save the model data. (You might have changed
the angles or the geometry of the model.) Afterwards, it would prompt you to save the shape data.
You would respond accordingly either Y or N. Then you exit QX3D.

3.2 Quit QX3D

You can always exit from QX3D by clicking the X button at the top left corner of the QX3D
Window. Or you can go to the QX3D Menu and exercise the X command as explained in (3.1).

3.3 Body and Other Menus

Changing the member body properties especially the coordinates, attitudes, and linear dimensional
attributes are very necessary in the course of building the shape model of the Dbl_Pendulums. You
would use the B command from the Model Menus page to make those changes in the manner
explained in Section 1.0 earlier. After these geometry changes have been made. You would go to
the Visualization Menu and update the shape files and display the image of the Dbl_Pendulums that
has the latest geometry data.

The same can be said about the Position Marker and Direction Marker changes.

3.4 VRML Menu for Visualization

You would type VR from the Model Menus to display a still image of the Dbl_Pendulums or to
animate it. You should see the VRML Menu display as in Fig. 3.4.1.
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Figure 3.4.1 VRML MENU for Dbl_Pendulums

On first entry when the Dbl_Pendulums.shp file is still empty, QX3D would have created a short
list of shapes for each body based on the geometrical data that are in the Dbl_Pendulums.txt file.
These shapes are the spheres for the cm, cylinders for the lines connecting the origin of the local
body frame to the cm, and to the hinges of child bodies. It also includes a box to represent where
the hinge is located.

You are at liberty to change them later. As the VRML Menu shows, body(1) has 6 shapes and it has
the ground.wrl to visualize it. Body(2) has 5 shapes. So has body(3).

QX3D reserves body(40) to define the shapes used for the background. These shapes can also be
edited, and their images are displayed through the world.wrl file.

There are 12 commands that can be invoked from the VRML MENU. Please review Section 3.5 and
3.6 in the Pendulum memo and the QX3D User’s Manual on how to edit shapes.
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3.5 Make a WRL File

After you have made changes to the shapes of body(j) there are three ways that you can regenerate
the wrl file for that body.

Method 1: Type MK from the Shapes Menu of body(j)
Method 2: Type Mj from the VRML Menu
Method 3: type MX from the VRML Menu

The last method regenerates the wrl files for all bodies.

3.6 Display a Still Image

VRML Menu has two commands to display still images. The Vj command lets you see the still
image of body(j). The VX command lets you see the still image of the entire model.

The procedure of displaying still images from the QX3D program is as follows.

1.

AW

Go to the Body Menu

Set the hinge angular and displacement coordinates to desired values using the Gj and the
dP commands from the Body Menu. For this example, these commands are not necessary.
However we can set the initial B20 (body to orbit attitude matrix) by going to the Body(1)
Menu. See section 1.5.

Set the hinge attitudes using the C12 command in the Body(j) Menu (Use Ej command of
the Body Menu takes you from the Body Menu to Body(j) Menu)

Set the hinge locations and the cm positions using the HP and CM commands from the
Body Menu

Return to the Model Menus Page

Type VR to go to the VRML Menu

Type MX to create all the wrl files of the model

Type VX to see the still image of the Dbl_Pendulums. The following image is obtained after
some perspective manipulations using the study-turn, study-plan, and study-pan image
control knobs that lie on the left edge of the browser window.
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Figure 3.6.1 Still Image of the Dbl_Pendulums

Notice that there is a 3-axis reference fixed to body(1), and the inertial 3-axis reference are co-
located at the origin of the body(1) fixed 3-axis. The {red,green,blue}scheme means the{x,y,z}
axes respectively.

The default inertial coordinate frame orgin is located at [0 0 0], however in order to place it else
where you would type the 3X command from the VRML Menu page. This opens the 3-Axis Menu.
and make the change in the 3-axis Menu page as shown next. The next figure shows the setting of
the 3-axis location to [0 2 0] by the AP command. The figure after that shows the use of the RWO
command to apply the location change to the World frame only.
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DOME D]
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Figure 3.6.2 Setting the Location of the 3-Axis Origin by the AP Command
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DONE D1

TYPE AN ASCII COMMAND:

THE WORLD 2AXES PARMETERS ARE RESET.

g

Figure 3.6.3 The RWO Command Applies the Current Setting to the
World Frame 3-Axis

Refresh the wrl files with the MX command from the VRML Menu. Type the VX command again to
see the updated Dbl_Pendulums image.
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Figure 3.9.3 Dbl_Pendulums Image after offsetting the placement of
the World 3-axis
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3.7 Animated Image

The Animate Command, A, of the VRML Menu opens the ANIMATE BY SIM DATA MENU. To
prepare for the animation, a simulation of the Dbl_Pendulums must have been already run In other
words, a non-empty data file (z.1 file) resulting from an arm simulation must be present in the
model folder. The content of z.1 is defined by the ODATA list that was generated earlier in the
model definition. See section 1.10.

QX3D assigns a VRML DEF Node to each body in the system. It automatically connects these

nodes to their respective coordinates in the z.1 file by their locations in the latter. The Animate
Menu shows that connection as in Figure 3.3.1.

"™ ANIMATE BY SIM DATA MENU ™

oDATA LIST:

1> ANGLE.2 2> ANGLE.3 3> UWRELAX.2 4> UWRELAX.2
5» HTQAX .2 6> HTQAX.3 7> AFSUM.2 8> XFSUM.3
2> MKRPOS .1 18> MERPOS.2 11> MERVEL.1 12> MERVEL.Z2

HO TYPE

> 1 BODY ground
2 SYSP ground
3 BODY Pendl
4 BODY Pend2

COMMANDS :
CONMMECT[C]1 RESETILR.RA1 AMIMATELA] SHOWLO1 HELPLH1 DOMELD]

Figure 3.10.1 Animate Menu for Dbl_Pendulums

You can hide the Odata list in the above display by typing the O command. The next dialog leads to
a 100 second animation of the the Dbl Pendulums at 1x real time speed.
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HO TYFPE
> 1 BODY ground
2 SYSFP ground

3 BODY Pendl
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COMMAMNDS =

COMNECTLC]1 RESETILR.RA]1 ANIMATELA] SHOWLO]1 HELFILH1 DONELD]
DISPLAY START TIME AND END TIME?

SELECT DISPLAY SPEED: [1X1.[2X1,.[5X1. OR [18X1%
dbl_pendulumsz_an.wrl HAS BEEM CREATED.

UIEY THE AMIMATION <Y./N>7?

PREPARING THE ANIMATION MOW..._

Figure 3.10.1 Dialog to Animate Dbl_Pendulums

Y ou would use the control knobs around the browser to see the animation in your desired
perspective.
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