& RECURDYN

Landing Gear System Tutorial
(AutoDesign)

FunctionBay




Copyright © 2020 FunctionBay, Inc. All rights reserved.

User and training documentation from FunctionBay, Inc. is subjected to the copyright laws of
the Republic of Korea and other countries and is provided under a license agreement that
restricts copying, disclosure, and use of such documentation. FunctionBay, Inc. hereby grants
to the licensed user the right to make copies in printed form of this documentation if provided
on software media, but only for internal/personal use and in accordance with the license
agreement under which the applicable software is licensed. Any copy made shall include the
FunctionBay, Inc. copyright notice and any other proprietary notice provided by FunctionBay,
Inc. This documentation may not be disclosed, transferred, modified, or reduced to any form,
including electronic media, or transmitted or made publicly available by any means without
the prior written consent of FunctionBay, Inc. and no authorization is granted to make copies
for such purpose.

Information described herein is furnished for general information only, is subjected to change
without notice, and should not be construed as a warranty or commitment by FunctionBay,
Inc. FunctionBay, Inc. assumes no responsibility or liability for any errors or inaccuracies that
may appear in this document.

The software described in this document is provided under written license agreement,
contains valuable trade secrets and proprietary information, and is protected by the copyright
laws of the Republic of Korea and other countries. UNAUTHORIZED USE OF SOFTWARE OR
ITS DOCUMENTATION CAN RESULT IN CIVIL DAMAGES AND CRIMINAL PROSECUTION.

Registered Trademarks of FunctionBay, Inc. or Subsidiary
RecurDyn is a registered trademark of FunctionBay, Inc.

RecurDyn/Professional, RecurDyn/ProcessNet, RecurDyn/Acoustics, RecurDyn/AutoDesign,
RecurDyn/Bearing, RecurDyn/Belt, RecurDyn/Chain, RecurDyn/CoLink, RecurDyn/Control,
RecurDyn/Crank, RecurDyn/Durability, RecurDyn/EHD, RecurDyn/Engine,
RecurDyn/eTemplate, RecurDyn/FFlex, RecurDyn/Gear, RecurDyn/DriveTrain,
RecurDyn/HAT, RecurDyn/Linear, RecurDyn/Mesher, RecurDyn/MTT2D, RecurDyn/MTT3D,
RecurDyn/Particleworks I/F, RecurDyn/Piston, RecurDyn/R2R2D, RecurDyn/RFlex,
RecurDyn/RFlexGen, RecurDyn/SPI, RecurDyn/Spring, RecurDyn/TimingChain,
RecurDyn/Tire, RecurDyn/Track_HM, RecurDyn/Track_LM, RecurDyn/TSG, RecurDyn/Valve

are trademarks of FunctionBay, Inc.

Edition Note

This document describes the release information of RecurDyn V9R4.




==
Tutorial Sample F 2l ZHE .. 4

= A = e PP 4

0 = BN P 4
R TI0] A AR O A i 5
2 SH7] X MOl AIXES| OfL|HO|M XH .o, 7
A B O] O i e 10
Lol = S I 12
ER A O A 15
IS e il e 19




LANDING GEAR SYSTEM TUTORIAL (AUTODESIGN)

Tutorial Sample F 2| 7|2

o ol M o
Landing Gear System Design Problem:
o 44 2X+= Mo HXoM ZHO| Gain 4t 2785t AYLICH HIF
AA EX= ZHERSH 2O|X|2t, O] 2H-2 RecurDyn/Professional, CoLink %
Sample_F | AutoDesign & S2retol get F2 oLict.
Key Point: AutoDesign 2t CoLink 0| A| Interface Guide & ¥1&HL|Ct,
o Q7
= O] REZ|Y2 O|F0| RecurDyn/CoLink & AL83l & &0l A= RAES Y22 gL

3D Crank-Slider, Engine with Propeller, Pinball (2D Contact) §E2|¥ E£& 12t

ot =22 A2 daoi 2 X0|0{0F o, 7|=X 2l =2| X|40] LT
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Sample
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SHE Open IUE
1 <Install Dir>
\Help\Tutorial\AutoDesign\AutoDesign_F\Examples\Sample_F.rdyn
Sample
2 <Install Dir>
\Help\Tutorial\AutoDesign\AutoDesign_F\Examples\Sample_F.clk
1 <Install Dir>
\Help\Tutorial\AutoDesign\AutoDesign_F\Solutions\Sample_F.rdyn
Solution
2 <Install Dir>
\Help\Tutorial\AutoDesign\AutoDesign_F\Solutions\Sample_F.clk
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Chapter
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RecurDyn

1. HESIROIA RecurDyn O[0|2S CiZ :

SEISHL| L}, Neme [T |
unit [ MMKSMillimeter/Kilogram/Newtan/Second) [=] [ setting |

2. RecurDyn O| A|ZtE[HA| Start RecurDyn Gty [ -]
CHO|YR T AT} LiErLICH,
Open Model

. RecurDyn CIO|¥ 21 BIAE EH1 0|0

3 Start RecurDy Fo| SfAE EFD 00| ot o =

¢ USON YUt BUS AR

4. EHto|M Open RS 28t
A

Bt

Sample_F.rdyn &

5. StHO| A& 7|0 A[AFO0] LIEFEL|CE,

Show ‘Start RecurDyn' Dialog when starting
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n 6. CoLink 0|®0{A Run Colink O}0|Z& Z&/¢fL|C}t, 12{H, CoLink 7} LIEELICt. Open
| o

H&E &3t = Sample_F.rdyn 0| & ZZ0|A Sample_F.clk & ME3tLICE,

Run

SN E

Recurlyn Demu

# 000

-
—

Sum

ol

7. CoLink 0|A Simulation H|+2| Start HES Z&lgtL|Ct

B 8. RecurDyn O|A Z{M HES SEITLICEH

A2 7]0f A|AHIO| A4 otoZ o|sL|Ct, OHX| &2 HALLE, Colink 20| RecurDyn
DEI HAZX| %2 Z{0|ZE ColLink ZHS CiA| 2LBIL|CH =2 Colink Tap Ol 9I%|8
Connect CoLink HEZ F+&L|C}.
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)57:" E#%% PID I-”O-I gxlgl OlEI Design Parameter List
Design Parameter
wSYLC 222z, 3712
o L' Name| Type ‘ Prop. | Descripti... |Currm| LB ‘ UB |Deswgn Cost...|DPFarm | oV -
I:I 7HE¢_%% AngOI'—Tl— _;F_7| ZAI-%% 1 |DP1 Direct P_Gain 20. 1. Value IV_ A
o TDPz Direct _I |_Gain 20, Value I\7
gg—lgﬂ—l I:I'- B _| D_Gain | 20. vae |[¥ A
Colink RI=®=Z Fghatuct, O2{H, Y
371ef O47 #S0| Database v
Windows 0 = 0ZL|ch. 121, ofg B
Create Insert | Direct Relation | - ‘ Delete
JgoM 20X|= AME P, I, D 0|5 T T
oK Cancel Apply
A0l chet oj7f HaSS FZELCL
u
>
.
. i -
+———W — —— I Gai - ’
s :: ) —P&nrzumm
. Plant
Integrator Gain1 _':: +
Gain
D_Ga =
> - [ czin |
Gain2
an sample time ‘ﬂ- |
| oK | | Cancel | | Apply |
2000.
Constant
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SilA 2cto] KMo
1T od— O—

Plant = HMO{Z|7] ?Igt A28 2RSS LIEFALICH J2§A, Plant Input 2 A Of FX|Q| E&0|1
Plant Output 2 X0 &X|2| & SES0| ELIC O] Z&0jA, Plant Input 2 ™& 7|0j
HEICHe| £2{0|1, Plant Output 2 =% g5k0|| [HE HEF| SMIF SH K| AtO|0|A{Q] ACHH

Xt YO SEYLC

Properties of Axiall [ Current Unit : N/kg/mmy/s/ded

General | Connector | Axial

Type | Standard Axial Force
— Expression

Mame |Ex‘|

Expression

PIM[1}

Force Display n |:|App|y Only to Action Body

OK | | Cancel

St7| oll, MY ®A, Plant Input 2 Expression 22 E#TtL|C},

Plant Input 2 0| A4S
Expression 2 HHZ Ho|st=0 AtEEL|C.
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(AUTODESIGN)

LICH CoLink Of et O XtMISH HE=

i S8 /K| Afo|e] HAE x|asiohs AYLICH XZ=9
tS SUCh ®Xt= 529 O 00| OflLCt,

OlF|, | MA EXE mefsjEAlct:

Hof &X|o] 2Xg DHEAIZ|7| Q8] 2 Z0|M HAS A4stAZLICH

OHEMS 98, TXt ATh ItE SEO| HAQ| A9 ®S XX fOfopRt FL|Ch,

ME M2 98§ Plant Input 31| ZtECH Hojof SHL|Ch,

HALTL | ASEQS01E 7511, 30| 00| ECkD BEEXE LTt N, HALIE 0 0]
T2 87| QfsfAf 7K Q1 P20| QLofof FLCh

EAto| ORX|St Zhe 0 0|ofof BiLict
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Expression 2 0|&3t0] HXIE
Ho|gtL|Ct. STEP &+ 2%
2200 ZHEE EHY 57| 2/l

A& E LT

Expression List CIO|Y = 2fA0|

(AUTODESIGN)

Expression

MName Ex5

DY(1,2)*STER(TIME, 1.99,0,2.0,1)

AME = o
T = _<50‘”A-| EXI — Plant Available Argument List
Input O||_| |:|- Ex4 = HI‘%' %AI:I I' =-Aoe ;:'nction expressions D Entity
_ - Fortran.??Functions ] nosegear. POINTI
%-‘H’- Tlxl A|-o|O”A-|2| J'|l'_1x|. IL‘l I:I- *:""TCI Eir:;l::;omne;:nstants 2 nosegegarbay.POINTZ
Ex5 = Ex4 °| EHIE SEHYULIC G Aecaestion
+E‘G Gene.r\cforce
SiAl SEHS Creqp ZHo| A4ABHLICH, ¢ o e et 3]
A wm ] v [ add ] | Delete
‘ oK | ‘ Cancel | | Apply |
AR =1} Expression = AIO|OAMQ| XtATH HE = T3l #2f &5 LC
AR Expression Treatment
AR1 Ex4 Max Value
AR2 Ex1 Max Value
AR3 Ex5 RMS Value
AR4 Ex4 End Value
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*.w/ 1. Design Optimization Of0|2& Z2/3tL|Ct, 2|1 LtA{, ofef 1 2lnt ZHo| dA =

222 golgct,
Opt

Design Optimization

Design Variable | Performance Index I Optimization Control I Result Sheet I Summary Sheet |

() DP | Description | Current | LB | UB | Tvpe | Value
1 DP1 P_Gain 20. 1. 40, Variable j 0.
2 DFP2 |_Gain 20, 0. 40, Variable j 0.
3 DP3 D_Gain 20, 0. 40, Variable j 0.

2. Performance Index T2 Z2/gfLICt O2|10 LIA, CH2o| EE2 =QIgtLCh O izt
Al

=]
HAt7E HIO] Je®, Chait 22 PISS YAl

Design Optimization

Design Variable | Performance Index | Optimization Control I Result Sheet I Summary Sheet |

Pl Use | AR | Description | Definition | Goal | Weight/Limit Value
1 ,7 AR3 * | Ower Shooted Resp... Objective j MM j .

2 '7 AR1 j Y_Deviation Betwee.., Constraint j LE j 50.

3 ,7 AR4 j End_Response Constraint j EQ j 0.

4 ,7 AR2 j Plant Input 1 Constraint j LE j 40000,

15



LANDING GEAR SYSTEM TUTORIAL (AUTODESIGN)

M

3. Optimization Control 2 2Lt ZE FHIAXE2 7[2USE AHEEY

£ =
Execution HHES 2&/5}7| A0 Analysis Setting 0lA Step 2 &QIsl= 0| 2

.

A L.
23|, CoLink 7t AFBE|QUS If, 39t sjAdo| MET A|ZF 2tHE Colink 2 AlZH ZtA 1}

Design Optimization

|Design Variable I Performance Index | 2ptimization Control | Result Sheet | Summary Sheet |

DOE Meta Modeling Methods | Methods

~Convergence Tolerance

Ohbjective Change Rate in Consecutive Iterations |
Equality Constraints |1.e-0}‘_ |
Inequality Constraints |1.e-03 |
Maximum Iteration of SAO [30. |
Convergence Relaxation Control |OFF |v|
Simulation Type |Dynamicf|{inematic |V|

Save Results | 15CD2\ | Number of Trials

Analysis Setting | | Execution

oK | | Cancel App

4. Analysis Setting HHES S2/$tL|Ct. O2|1 LtA, Ct29| HEE 2QIgtL|Ct, End Time 2
52 Step 2 500 22 HFTILI|C} Expression #E2 A2| 0.01 X9| A|7t ZtHo=2
TS & LT

Dynamic/Kinematic Analysis x

General | Parameter | Initial Condition |

End Time E [[ev]

Step [ 500, [ v
Plot Multiplier Step Factor [ [[pv]
] output File Mame |I5CD2\_DD |
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5. CoLink &2 2 TghetL(Ct, J2[1 LtA, RecurDyn Plant £ G S LCL 12H,
HE AlZHS LIEILE Oist &ALt LIEFELICE & WE AIZF2 Z0tof ghLCh O XiAeH

YEE ColLink Ui 72S TSHAI7| HFELICE

r-"_;v
Gain
" L -
Lt B P |_Gail - -
> [ | RECURDYM
. - Plant
Integrator Gain1 -
Sum e Demux
P2
. RecurDyn
Gain2
sample time
Plant Inputs Plant Qutputs
Mo Mame Mo MName
2000. 1 Plantinputi 1 PlantCutput1
PlantOutput2
Constant
- E o .
6. Execution HHEZ2 . ol HtAO| LHE A EH

MEE0| =5, OK HES 2

Execution

—Summary for Execution
Design Variables

MNa DV Description Current LB UB Tvpe Value
1 2141 P_Gain 20. 1 40, Variable 0.
2 DP2 |_Gain 20. 0. 40, Variable 0.
3 DP3 D_Gain 20. 0 40, Variable 0.

Nao AR Description Definition Goal Weight/Limit Value
1 AR3 Owver Shooted Response in ... Objective MIN 1.

A AR1 ¥_Deviation Between Mose ... Constraint LE 50,

3 AR4 End_Response Constraint BEQ 0

4 ARZ Plant Input 1 Constraint LE 40000

Meta - Model
Initial DOE Method Incomplete Small Composite Design -2
Meta-Model Method Radial Basis Functions Model{Multi-Quadratic)
Polynominal Type Auto
Trial Mo 5

QK

Cancel |

7. X3t 22 E|H, Result Sheet B2 S2/LICL X Hak= 19 BHEE|of A EL|CH
AR £9| OiX|8} ZHE2 (2.062, 35681.28, 0.7808, -1.59e-003) 2 L|Ct, XX 3}o
QFE & Mol == 7| MEY HMS ZTSt 24 HYLICE

b
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Design Optimization

| Design variable | F e Index | Optimization Control | Result Sheet |5, Sheet
Optimization History of AR Values
No AR1 | ARZ | AR3 | AR4 | Vialation 4]
16 3.186173921 35821.0726444291

17 35674.2580311022
18
19 2.06269622424156 ¢ . 7 ).

1300.

1200.
1100.
1000.

8 Mormalized Object
@ Maximum Violation

100.00 /
0.00 — \‘—‘

1 H 9 10 11 12 13 14 15 16 17 18 19
SAO Iteration

oK | | Cancel | | Apply
Design Optimization
|Design"" iabl I F e Index I Optimization Control I Result Sheet| Summary Sheet |
Design Variables
Mo Mame | Description | Optimum | Current | LB uUB
1 DP1 P_Gain 9,52981384593 20, 1. 40,
2 DP2 |_Gain 25,1493245960 20, 0. 40.
3 DP3 D_Gain 27.8728838870 20, 0. 40,

Analysis Responses

Mo Mame Description Optimum

1 AR1 Y_Deviation Between MNose Gear 2,06269622424156

2 AR2 Plant Input1 35681.2836928225

3 AR3 Over Shooted Resp 0.780844773172767 |Z|

Performance Indexes

Mo AR Description Definition Goal Weight/Limit Value

1 AR3 Over Shooted Resp Objective MIMN 1.

2 AR1 Y_Deviation Between MNose ... Constraint LE 50.

3 AR4 End_Resp Constraint EQ 0.

4 ARZ Flant Inouti Constraint LE 0000, |Z|
~SAC

Initial DOE Method  [Incomplete Small Composite Design -2 |

Meta - Model |Radia| Basis Functions Model(Multi-CQuadratic) | Polynominal Type | Auto |

Initial Sample Runs SAD 19(0) Total Evaluations | 24 |

Optimal Design | ENSVINGT\Trunk\AddFile\Tutorial\10.AutoDesign'06.Landing GearSystem'Landing G earSystem_Ch4_25\| SC|
Create New Optimum Model | | Apply to Current Model | | Open Summary file |

oK | | Cancel | | Apply
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off 21t=2| H|u

7] dAQ| ofL|oolMdat Opx|ak HA Q| ofL|mo|ME HlwsiFEAICH X7 4= ( 20, 20,
20)Q! O|5Zt2 ALETLCt OiX|8 A= (9.529, 25.149, 27.872 )2 Hst XX 0|5

T HA =

YL ofgfel a2 =7 @A E 2l ofLo]d 2utE HEOF1 S L

d2|3 Bhg OE2 0K 2AE I ofiLioojd ZatE 2031 /gLt o] EA= 7|9
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OX|gtez, ohgel dsj=S2 27| 2A2 oHX|% 2A4 S < At €SS2l HuE HojFa
USLCH "ZHE2 OpX|9 @A 0|1 mpetd2 7] A YU CH 2 = o|=0f O ZA = H

:
=

00| 5[=5 T

| — F2{Ex4) - ExRq1 - _DOE=— F2(Ex4) - ExRg1 -_Opt
Opt

100. 00

0.00

N NN WU
-100.00 /

-200.00 el
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./
-400. 00 /
-500. 00 / /
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-700. 00 /
g /
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Thanks for participating in this tutorial!
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