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MV-2040: Load Estimation for a Fore Canard Actuator
Mechanism under Aero-dynamic Loads

In this tutorial, you will learn how to:
e Represent pressure/distributed loads as Modal Forces on a CMS flexible body.
e Scale Modal Forces to real world loads in MotionView/MotionSolve.

What is Modal Force?

Forces acting on a flexible body may be an aerodynamic load, liquid pressure, a thermal
load, an electromagnetic force or any force generating mechanism that is spread out
over the flexible body, such as non-uniform damping or visco-elasticity. It may be even
a contact force between two bodies. These distributed loads can be conveniently
transformed from Nodal to Modal domain and represent as Modal Forces.

[@

If we define ] as the mode shapes of the flexible body, and {F} as the Nodal load

acting on the flexible body, the equivalent Modal load on the flexible body {f} is defined
as:

{12[e] {F)

Exercise:

In this exercise, you will create a flexible body of a Fore Canard of an aircraft with aero-
dynamic loads using Optistruct. Aero-dynamic loads for three operating positions of the
fore canard, namely -10 deg, 0 deg, and 10deg, considering an air speed of 200m/sec at
1 atm pressure are available from a CFD simulation using AcuSolve. A later section of
the exercise involves embedding this flexible body in the actuator mechanism model in
MotionSolve to estimate actuator loads required for the operation of fore canard.

Copy all of the files located in the mbd modeling\flexbodies\modalforce folder to the
<working directory>.

Fore Canard of an Aircraft
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Step 1: Creating a Fore Canard flexible body.
1. Review the HyperMesh model:

— Open ForeCanard.hm in Hypermesh with Optistruct selected as the user profile.

¥ X

Fore Canard meshed model

— The HM file contains a meshed model of Fore Canard with material properties and
control cards defined.
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HyperMesh model browser

Note Please note model units are Newton-Meter-KG-Sec, therefore all properties
defined are consistent with this unit system.
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2. Create aerodynamic loads from CSV files:

Average pressure distribution over the surface of canard is exported as text file from
AcuFieldView. This file contains the location and value of the pressure. The
AerodynamicLoad 0Odeg.csv, AerodynamicLoad NegativelOdeg.csv, and
AerodynamicLoad PositivelOdeg.csv files contain the pressure distribution
information for Odeg, -10 deg, and 10 deg of canard orientation respectively.

— Add load collectors for three cases:
e Left click on the Load Collector icon from toolbar.

e Verify that the create radio button is selected and specify a new load collector
name as AerodynamicLoad 0Odeg.

e With drop-down menu for card image set as no card image, click on the
create button.

1 —
o imen b ROs T T @ D@ e HE —
-
W Crmak \zarool rane - [ 2 e ] B " ] ] 2 3 oo |
roEpla [ ciodee - Vo L B M |

e Follow steps above to create the other two load collectors with names as
AerodynamicLoad NegativelOdeg and AerodynamicLoad PositivelOdeg.

o Click return.
3. Browse to the Pressure load panel:
— Select the Analysis radio button to go to the Analysis page.

— Click on Pressures button to open the pressure panel.

prasse roen s mbor B

Analysis page

4. Set the pressure load type to linear interpolation:

- Verify that the create radio button is selected.

E) ceen - races I [ g [ TE 040 o
F updems T —
- At = (]

] namal Erank angle = I

oad b = [FLOATDA

Pressures panel

— Click on the drop-down arrow next to faces button.

[Il faces ] 14 |

Surface type set as faces by default

7y Altair

Proprietary Information of Altair Engineering



Altair MotionView 2019 Tutorials p.4

— Select entities from the drop-down menu to switch the surface selection type
from faces to elems.

L - — - | mlems | ¥ magride 5 - | [ LI
rowposs | sems || W iabelloas
COMmpE
W
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|
TuE

Specifying entity type as elems from list

— Click on drop-down menu button next to magnitude.

v I magnitude = | 1 . 0 0 0D

Magnitude type is a constant vector by default

- Select linear interpolation from the list.

constant vector | equation
constant components | linear interpolation |
curve, vector field loads
curve, components

Specifying magnitude as linear interpolation from list

— Upon selection of the above settings, you can select elements on which pressure
loads are applied and a CSV file for pressure load info.

" owow LI —Te— ' moguaste %o I TE 04
T opdels W imbelioazs
= | I niwrolghar | ¥ roxin on face | scdn L]
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s gL = [ T 01 041 cadipen o [FL o AD 4  — T — |

Pressures panel with linear interpolation type

5. Create pressure loads on canard surface:

Pressure loads for each position are created under their respective load collectors so
that you can scale them in MotionSolve with respect to the canard position. Create
a pressure load for 0Odeg by following the steps below.

— Make AerodynamiclLoad_0deg as the current load collector by following below
steps:

e Left click on the Set Current Load Collector button located at the bottom.

 cwnis - | - siern | m 1 miagade % I I T
 apdnke = sk icoch
e el ' sades o e | Faedi M

Earch sxdn e TE 00 bl bpuri = [FLoA&D 4
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Information bar at the bottom with current model, component, and load collector information
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e Select AerodynamicLoad_0Odeg from the load collector list.

O cms |

C{AerodynamicLoad _Odeg J v | all |

B AerodynamicLoad_NegativelOdeg < | < || 1 > >3
B Asrodynamicload_Positvel0deg

- ome |

Load collectors list

— Specify the elements from the Fore Canard collector by following the steps below:

e Left click on the elems button.
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Left click on elems button to display different element selection options

e Select by collector from the list.

e o plona by gawrs | by vy
cazeed e by ] by niace I )
- - [ Iy mnriin] | [
|
|

v T by coriy byisce
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Element selection options dialog

e Select the Fore Canard collector from the component collector list and activate
the select button to return back to pressures panel.

E Fore Canard ] - | comps |
- all

[T Rigds

v neme | |

Component collectors list

— Select the 0 deg pressure info CSV file by following below steps:

e Click on the ellipsis button ... to browse for the file.

¢ | file= | ]
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e The Open dialog box is displayed. Browse to your <working directory> to
select the AerodynamicLoad 0Odeg.csv file and click Open.

o Open
Look in: | ) MForce - «@crm-
f ‘; = MName ‘ Twe Size
R = 0. Aerodynamicload Odeg.csv Microsoft Excel C... T92KB
0| AerodynamicLoad_Negative10deg.csv Micrasoft Excel C... TS0 KB
w 0! AerodynamicLoad_Positivel0deg.cov Microsoft Excel C... 792 KB
Deskiop 7\ ForeCanardhm Altair HyperWorks 190 KB

{228 Jik

[File name: I ;J
=]

Files of type: | A fles 1)

— The selection of surface elements and the pressure info file is now complete. Click
on the create button to create pressure loads for the Odeg position.

)
£ comsis L BTl | ] magniucs % I TE G071
£ updes = isballaade
- | e rherpaion | L | ot on face | = | |
] e ] T Awrtaodynamiclaand bk ange = | 71 _6o0q
R dgm
naceh wade = (L] [ L] baerd byan = LOa [ P |

Completed pressure panel

Pressure loads on canard surface
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Note The pressure load on each element is obtained by a linear interpolation of
pressure values with respect to its location.

— Follow the above steps to create pressure loads for -10deg and +10deg under the
respective load collectors AerodynamicLoad_Negativel0deg and
AerodynamicLoad_PositivelOdeg.

6. Specify load sets for CMS method:

Three load cases modeled in previous step represent nodal forces. These nodal
forces are transformed as modal forces using CMS method. In this step you modify
the existing CMSMETH card image to include three load sets.

— Open an existing CMS card image by following the steps below:
e Browse to the CMS load collector from Entities browser.

e Right click on CMS load collector.

| Entities D@
£ ige Assembly Hierarchy
#i@ Cad(2)
Vo comm
= {§, Load Collec!
L 10
T e 2@
UL 30
TR oo 4
\ TR ‘u o SH
alg Mateal(1) 7
#1%p Property (1)
33 Tie(1)
Make Current
XRef Entities
Include XRef
Show
Hide
Isolate
Isolate Only
Review »
‘ Remove v
|Name Value *
Solver Keyword Collapse Al M
Name Expand All CMS
= Show Find 1
]Cdm = Show Fikter D
nciude Fie Ma
Card Image Columns » CM...
User Comments Configure Browser Do ..
= Tura Cheus

Opening CMS load collector card image from browser context menu
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— From the context menu select Card Edit to open the load collector card image.

Lard Image

METHOD E E [HRODEE |

] - Du N E et |

- | Simichure Diaky |

[~ PRELOAD
- LOADEET

- = _

CMS load collector card image dialog with method specified as Craig-Bampton (CB) and the number of
modes as 25

7. Specify load sets for CMSMETH by following below steps:
— In Card Image dialog, activate the LOADSET check box.
— Specify the CMSMETH_LOADSET_LSID_NUM value as 3.

Card Image
METHOD [MMOCES ]
CHMSWMETH & L
[USETYFE] LIOT) | LI0GD | LS
LOADEET BOTH L] [] n
|  Twe
= | Svuciun Dnky |
™ =ADJNT
[ PRELO&D
1 ¢ LOSDSET 2
CREMETH_LOADEET_LEIN WL = I
- | [ DD

Specifying LOADSET option for CMSMETH

Observe that the Card Image shows an option to specify three load sets.
— Specify load collectors for three load sets by following the steps below:

e Double click on the LSID(1) button to open load collectors list.

Card Image
WE Tr [NMCDES ]
CEMEWETH 1 =) P}
| Doubbecis ]
-
[USETYFE] LEIT] LEIT LSO |
LOADSET BT | 1} L] a
- | Tvpa
= | Swwihisg Drky
I SA0_MT
[T PRELO&D
F LOAOEET
CHEMETH_LOALEET LED_ MUK = [ -

- | [~ DMy

Browsing to load collector’s list from Card Image dialog
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e Select AerodynamicLoad_0deg from the list and click on return button to
return back to CMS card image.

I

Card Image
O Cis
L1 AerodynamicLosd_ldag ] - all
Aprodynamiclosd_Negainelldeg |
B AerodymamicLosd_Positve]Odeg
v | e | [
Load collectors list
Card Image
METHOD E_FRE [HUGCES |
CMEMETH 1 cn — 77
[USETYPE] LSO} LB | LEIDNT) |
LOADSET BOTH ] o ]
re Type
bl Ewmichie Dby |
[ ERO_MT
PRELOAD
 LOADEET
| CMEMETH LDADGET_LSD_HLB = |
- DG

Card image with LSID(1) specified

e Similarly, specify the AerodynamicLoad_Negativel0deg and
AerodynamicLoad_Positivel0deg load collectors for LSID(2) and LSID(3)
respectively.

e Click Return.
8. Generate flexbody.

Your model is now ready for solving to generate a flexbody. The two control cards
required to solve for flexbody creation are already specified in the model.

— Review the control cards:

e Click on control cards button from the Analysis page.

Vectorns load hpes intartaces | controd cards C  Geom
systems constronts | rigid walls | output block D
preserve node aquations temparodes | ennty sats | oadsteps c 20
foecas ux | blocks | ~ 3
moments. load on gaom | COr\!gE’f!{K \ opsmizabon | & Analysis
pressures J __bodes | ~ Tool
nsem | OptiStruct | © Post
e Click on the DTI_UNITS button from the first page to review flexible body
units. Click Return.
MASS FORCE LEMNGTH THE

DT I UNITS 1 KG N M | 5

DTI_UNITS card image

& | -
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e Click on GLOBAL_CASE_CONTROL in the next card to see the CMS load
collector specified for CMSMETH solution.
e Click return twice.
CMSMETH |
CMSMETH = 1
callector D
- [~ ANALYSIS
[~ CDSMETH
[ CMETHOD
fF CMSMETH
[~ CHTHLSUB
[~ DEFORM
- [~ DESVAR
GLOBAL_CASE_CONTROL card image
— Solve the model by following the steps below:
e Click on the Optistruct button from Analysis page.
vectors load types nledaces control cards Geom
systems consvomts nigid walkis oufput block c 10
prasene node equatons tamperatures anity sets londstaps c 20
forces fhux blocks c 30
moments load on geom contactsurts oplimizston | & Anshyuis
pressures bodies C  Tool
nsm OpaSyuct ] © Fost
Analysis Page
e In the Optistruct analysis panel:
o Set export options to all.
o Set run options to analysis.
o Browse to your working directory and specify input file name as
flex ForeCanard.fem.
o Click on the Optistruct button.
pas ik [« and®aes sl 1 8F i | a8 f MFooascowe | Foreteanssosd nr'\-i' i —'
epoet opliong E e GG Ty Ophony . " —
- | w - e | | ey defout ]
7 R
[T inchude comeciors ophon “apink _

Completed Optistruct panel
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9. Review flexbody modes.
On successful completion of solver run, open the flexbody flex ForeCanard.h3d
created from Optistruct run in i HyperView to review the various mode shapes.
Your flexbody contains 34 modes constituting normal modes, constraint modes, and
Static modes.
Total number of modes = Normal modes + Static modes [ Constraint modes (number of constraints = §)
+ Loadset modes (number of load sets]]
= 254[1+6+3] = 34

CMS Mode Frequency Eigenvalue

1 3.201236E-04 4.045713E-06

2 6.147661E-04  1.492037E-05

3 8.204394E-04 2.657374E-05

4 8.496589E-04 2.850027E-05

5 9.269365E-04  3.392030E-05

6 1.001399E-03  3.958892E-05

7 7.523622E+01  2.234671E+05

8 8.995211E+01  3.194349E+05

9 1.055819E+02 4.400872E+05

10 1.131912E+02 5.058076E+05

11 1.313088E+02 6.806870E+05

12 1.403516E+02 7.776687E+05

13 1.462932E+02  8.449047E+05

14 1.681590E+02 1.116349E+06

15 1.762500E+02 1.226360E+06

16 1.806985E+02 1.289048E+06

17 1.949189E+02  1.499918E+06

18 1.977864E+02  1.544375E+06

19 1.988683E+02 1.561317E+06

20 2.035630E+02 1.635902E+06

21 2.048646E+02 1.656890E+06

22 2.076144E+02 1.701667E+06

23 2.175228E+02 1.867967E+06

24 2.198202E+02 1.907633E+06

25 2.230178E+02  1.963536E+06

26 2.276060E+02 2.045160E+06

27 2.321855E+02 2.128286E+06

28 2.365257E+02  2.208596E+06

29 2.398275E+02 2.270689E+06

30 2.461475E+02  2.391941E+06

31 3.254115E+02 4.180474E+06

32 3.586049E+02 5.076826E+06

33 4.039304E+02 6.441289E+06

34 6.987050E+02  1.927292E+07
Frequency and Eigen values read from flex_ForeCanard.out file
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Three aero-dynamic loads represented as static modes

Step 2: Creating a MotionView model.

A MotionView model of the fore canard mechanism has been provided. In this model,
the Fore Canard body is modeled as a rigid body. In this next step we will replace the
rigid Fore Canard body with a flexible body created in the previous step and use
ModalForce entities to scale the pressure loads with respect to canard position.

1. Review the MotionView model:
— Open the ForeCanard Model.mdl in MotionView. The model contains:
e Four bodies namely Fore Canard, Torque Arm, Piston, and Cylinder.

e A motion on the Piston with an expression 0.025*SIN (2*PI*TIME) to extend
and retract the piston by 25mm at 1 Hz. This piston motion varies the fore
canard angular position between -9.619 deg to +9.984 deg.

MotionView model of Fore canard mechanism

7y Altair
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e An expression type Output request to measure the “ForeCanard angular
position” and “Piston force along its axis”.

— The Fore canard angular position is measured from the
Revdnt TorqueArm Gnd joint rotation angle using the expression
"RTOD ({j_4.AZ}) .

— The Piston force is measured from the Piston Motion using the expression
"MOTION ({mot O.idstring}, {0}, {4},{J _2.i.idstring}) .

operer IEM ﬂ
F2 [RTODEZIBO0Z030, 301010300 e [0
F3 [MOTIONOOOT0430T03070) ——  F7 o
F4 [0 Fe: [0

Output requests

— Solve the model with the rigid Canard to review piston forces without aero-
dynamic loads.

Invoke the Run panel by clicking the Run Solver button, @, in the toolbar.
e Specify the MotionSolve file name as ForeCanard withoutAeroloads.xml.

e Select the Simulation type as Quasi-static, the End time as 1 sec, and the
Print interval as 0.01.

e Click on the Run button.

o After the simulation is completed, click on the Animate button to view the
animation in HyperView.

z WWAVM‘L‘" —

| N2 l’l\\'.

1

Initial position 0 deg (meshed) and rotated position 10deg at 0.25 sec of simulation

e Click on the Plot button from the MotionView Run panel to load the
ForeCanard withoutAeroloads.abf file in HyperGraph2D.

& | -
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e Plot the Piston Force versus Fore Canard Angular Position by selecting the
below data in HyperGraph.

Select the following for X-axis data:

X Type Expression

X Request REQ/70000000 Fore Canard Angular Position
(deg)F2, Piston Force (N)F3

X Component |F2

Select the following for Y-axis data:

Y Type Expression

Y Request REQ/70000000 Fore Canard Angular Position
(deg)F2, Piston Force (N)F3

Y Component (F3

Pision Force Vs Fore Canand Angular Fosiion

Results without aero-dynamic loads

The piston forces in this case are due to the canard mass moment of inertia.
2. Return to MotionView and switch the rigid fore canard to a flexible body.

— Browse and select the Fore Canard body from Project browser.

- In the Body panel, activate the Flex Body(CMS) check box.

J b_canard Xl F Ijrl
FProperties

Flex Body [CMS5) [ Get Properties from associated Graphic{z)
Ch Coordinates

(]

Inertia Coordsys Inertia properties:
Body Coordsys e | 1674930 by | 83632
Initial Conditions e | 1926200 Iz | 57.0083
Mass: | 197714 lzz | N1814 Iz | 221164
Body panel

7y Altair
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— Browse to your working directory, specify flex ForeCanard.h3d for the Graphic

and H3D files.
Properties .
o v Flex Body [CMS) Arsmation scale 1.0000
FEM Inesta Props
Body Coondsys Graphec He A,:_[EWFDF!CE\Mcxjchnﬁe:d-.ﬂez‘Mcht'JacC,ywdh?d Locate l
Irstial Conditions ]
HD fe i | € \MFORCE \ModelandResultsF des\MF orce\F oreCanard h3d Nodes |
™ Rigdiy J Je geometnc sl Mode:

Specify flexbody h3d file for Fore Canard body

— Click on Nodes button and resolve the flexbody interface nodes.
3. Model Aero-dynamic loads through Modal Force entity:

The aero-dynamic loads are estimated at three distinct positions of canard namely -
10 deg, Odeg, 10deg. We assume the each pressure load to linearly vary in interval
+10deg on a 0 to 1 scale. This variation of the aero-dynamic loads is achieved by
scaling Modal Forces with respect to canard angle using an expression.

— Create a solver variable:
An explicit solver variable is created to measure the fore canard’s position.
e Right-click on the SolverVariable -V icon from the toolbar.
The Add SolverVariable dialog is displayed.

e Specify the Label as Angle Measure and the Variable name as sv_ang.

P "

” Add SolverVariable ==

Farent; ovstemn  ||Model

Label: |Angle kMeasure
Yariable:|sv_ang

Type:
* Single
" Pair

Comment (Optional):

(0];8 ‘ Apply ‘Qancel‘

Completed Add SolverVariable dialog

o Click OK.

The SolverVariable panel is displayed.

/4 | :
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e From the Properties tab, specify the Type as Expression and enter
"RTOD ({j_4.az}) " for the Expression.

&= v_ang x| |

Propertios [~ Uses-defined properties [ Imphck  AutoBalance [l elak J

&"'3‘ Specify Type as . Ll

i —Expression” Expression ‘ 1 100.1
Type: WPIESTIOn.

|E>:|:less-0n L] |RTOD{AZ{301 02030, 30101030)) ©
Defining explicit solver variable

This creates an explicit variable that measures the Fore Canard angle.

— Add a ModalForce:

Add three modal forces each corresponding to one load set.

iy
e Right-click on the ModalForce icon 3 from the Force Entity toolbar.

*\ Force Entity @
~EooHess%

MotionView Force Entity toolbar

The Add Modal Force dialog is displayed.

e Specify the Label as AerodynamicLoad Odeg and the Variable name as
mfrc_Odeg.

I

" Add ModalFerce [eE3a)

Farent: System ||\Model

Label: |Aerodynamicload_ldeqg
Sariable: mfrc_Odeg

Twpe:
& Single
" Fair

Comment (Optional):

Ok | Apply ‘Qancel|

e Click OK.
The ModalForce panel is displayed.

7y Altair
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e From the Connectivity tab, specify Fore Canard for the FlexBody.

= mirc_Odeg X | N |J|

Connectivity

e

Properties

& |EM B3

|.-’-".|:tiu:un onily j FlexBody IFore Canard l
[T User-defined properties

Specifying flexbody
e From the Properties tab, specify the scaling type, expression, and load case
ID as shown below:
o Specify the Scale type as Expression.
o Specify the LoadCaselID corresponding to 0deg, in other words 3.

o Specify Expression as 'STEP (VARVAL ({sv_ang.idstring}) , -
10,0,0,1) *STEP (VARVAL ({sv_ang.idstring}),0,1,10,0) .

b mifrc_Odeg x| |5

i1 Connectivity

Properties Isc*: lEWESW’I!
Expression | w|

2 @ rea
Curve EI
Spline3D
Eupression |

% P |Scalu: J lEmaesioru
E @ Expression =
LoadCase ID: | 3 -
B ]
4
5

ﬁeﬂDl mirc_Odeq
i

Connectivity
Properties Scale:
&

LoadCase ID: | 3

Steps of creating Modal Force for 0deg

& | :
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The product of the two STEP functions evaluates to gradually increasing the value of
the scale from 0 to 1 and then back to 0, while the canard angular position varies
from -10deg to 10 deg as shown in the expression below:

"STEP(VARVAL({sv_ang.idstring}),-10,0,0,1) * STEP(VARVAL({sv_ang.idstring}),0,1,10,0)

o~
T

mre B oW
-~
""Il'.-l-
S

o=

Ty
-

Sy
e

[=]
S|

o
|
N

=Y\

AD
v

Fore Canard Angle
Graphical representation of the scaling factor

e Follow the steps above to create the remaining Modal Forces as specified
below:

S.No Label Variable Flexbody Scale Type Load Expression

name Case
ID

1 Aerodyna |mfrc ne |Fore Expression |4 "STEP (VARVAL ({s
micLoad |glOdeg |Canard v_ang.idstring}
Negative ),-20,0,-
10deg 10,1) *STEP (VARV

AL({sv_ang.idst
ring}), -
10,1,0,0) "

2 Aerodyna |mfrc po |(Fore Expression |5 "STEP (VARVAL ({s
micLoad |slO0deg |Canard v_ang.idstring}
Positive ),0,0,10,1) *STE
10deg P (VARVAL ({sv_an

g.idstring}), 10
»1,20,0)°

& | -
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Step3: Solving the model and post-processing.

1. Invoke the Run panel by clicking the Run Solver button, @, in the toolbar.
2. Specify the MotionSolve file name as ForeCanard withAeroloads.xml.

3. Select the Simulation type as Quasi-static, the End time as 1 sec, and the Print
interval as 0.01.

4. Click on the Run button.

5. After the simulation is completed, click on the Animate button to view the
animation in HyperView.

6. Use the Start/Pause Animation button to play the animation.

1 @-00|0/0C 0= =0

7. Click on the Contour button -] to activate the Contour panel.

8. Under Result type, select Stress (t) and click Apply to view the stress contours.

Stress contour at 0.25 sec

9. Click on the Plot button from MotionView Run panel to load the
ForeCanard withAeroloads.abf file in HyperGraph2D.

& | -
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10. Plot the Piston Force versus Fore Canard Angular Position by selecting below data in
HyperGraph2D.

Select following for X-axis data:

X Type Expression

X Request REQ/70000000 Fore Canard Angular Position (deg)F2,
Piston Force (N)F3

X Component |[F2

Select the following for Y-axis data:

Y Type Expression

Y Request REQ/70000000 Fore Canard Angular Position (deg)F2,
Piston Force (N)F3

Y Component |F3

Pistion Force s Fore Canard Angular Poston

Results with aero-dynamic loads

You can overlay the plots to observe the difference in piston forces with and without
aero-dynamic forces.

Pimen Fores Vi Fore Canand Anguler Pesiisn

Overlay of results
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