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Introduction to Control System

= Control: process of making a system of design
variables conform to some desired values

reference controller signal actuator plant  output ‘V
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= Reference: the desired output

= Sensor: provides measurement of output

= Actuator: converts the control signal to power
signal

= Plant: the physical part to be controlled, can be in
the form of a linear system (represented as a
transfer function or state space), or FEA model
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Introduction to Control System

Control in your daily life
= Cruise control = ABS

control

drivingfast.net 2 sEdGuru.com

= Pre-crash system = Human closed-loop system
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Overview of Control Capabilities in LS-DYNA

reference controller signal actuator plant output

for control force application

sensor and actuator
= *SENSOR

= *CTRLLER keywords toolbox for controller design

= Controller GUI: under development

= *CTRLLER_PLANT for plant model derivation
based on modes truncation method

= PIDCTL and DELAY in *DEFINE_CURVE_FUNCTION

= *MAT_PZELECTRIC for piezoelectric material-based
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Control design toolbox in LS-DYNA

*CTRLLER keywords

= System definition
— *CTRLLER_ SYSLIN, TF, etc.
= Analysis
— *CTRLLER_ RANK, ROOTS, SVD, EIG, PLZR, etc.

= Solver
— *CTRLLER_ LSQ, ODE, CSIM, etc.

= Control tools

— *CTRLLER_ PID, LQR, LQG, KALMAN, etc.
= Model Reduction

— *CTRLLER_ BALANCMR, MINREAL, etc.

= System connections
— *CTRLLER_FEEDBACK, etc.
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Control design toolbox in LS-DYNA B}

Graphical User Interface

= Currently available: System definition
solver, model reduction and analysis

Long term focus: graphical result viewing

Next focus: control tools, system connections, running Is-dyna

I' =il “testllsctriler - LS-DYNA Control Toolbox 1.0.0

r
syslin
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Continuous Linear System: State-space model parameters

Recal:

Array definition: [1.0, -2.06-1 3.0e+2] or 1.0; -2.0E-1 3.0e+2
A matrix

dimension (m.n)

B matrix

dimension (0]

C matrix

dimension (g.n)

D matrix

empty or dimension (g,o)

x0 initial state

empty or dimension n

Matrix definition: [1.0, 2.06-1, 3: 4.0e+2 -5.1 +6; ... ] with or without [].

QK

]

Cancel

[ L5-CTRLLER 1.0.0

tf 4M”§LSTC

LI\!'EI“I"I‘IDl‘G Software Livermore Software Technology Corporation

“mm Technulogy Corp.

MNew project
Working Directory
R_GUN\trunk\GUINLSCTRLLERU

Browse

Asctrller

Filenarme

Problem Description

Author

Open recent project

LS-CTRLLER User Interface
Version 1.0.0 (Revision 107246)

by

(C) Copyright 1999-2015 - All Rights Reserved

testl1bis.Isctrller
ChlUsers\keisser\Desktop)\ Ordi_boulot\testGUT
testl.lsctrller
Ch\Usershkeisser\Desktop\Ordi_boulot\testGUTY
test2.Isctriler
ChUsers\keisser\Desktop\Ordi_boulot\testGUTY

ChUsers\keisser\Desktop\LSCTRLLER_GUNtrun

4| 1} | 3

[ Open other project ... l

/|

Quit Help
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*CTRLLER PLANT: Model derivation I I
*CTRLLER PLANT

= A modes-reduction method for model order reduction (MOR)

. = Ax(t)+Bv(t) State equation
Md +Cd +Kd =F = y(t)=Cx(t)+ Du(t) Output equation

DAVeree ! | | | [ |

Freq. modes [ PLNTID NINPUT NOUTPUT NMODE

Output files [ Variable | FSCILAB FLSDYNA FMATLAB

Input nodes | NN I N I A A A I

& DOF e IN1 IDOF1 IN2 IDOF2 IN3 IDOF3 IN4  IDOF4

Output nodes_____-___

& DOF | Variable | ODOF1 ON2 ODOF2 ON3 ODOF3 ON4 ODOF4

I model mode2 mode3 mode4 mode5 mode6 mode7 mode8

Modes
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*CTRLLER PLANT: Model derivation 1l
example: Vertical vibratio

Matrix A

z =
0. 0. 0 0 0. 1. 0. 0. 0 0
0. 0. 0 0 0. 0. 1. 0. 0 0
0. 0. [} [} 0. 0. 0. 1. [} [}
0. 0. 0 0 0. 0. 0. 0. 1 0
0. 0. 0. 0. 0. 0. 0. 0. 0 1
12774, 0.0000002 6.881D-08 0.0000002 5.57&D-08 a. 0. 0. 0 0
0.0000002 460440, 0.0000001 0.0000002 6.525D-08 0. 0. 0. [} [}
9.658D-08 1.201D-08 3359300. 0.0000001 0.0000003 0. 0. 0. 0 0
0.0000001 0.0000002 - 0.0000002 11732000. 5.851D-08 0. 0. 0. 0 0
- 1.626D-08 4.630D-089 - 0.0000003 1.472D-08 25154000. 0. 0. 0. 0 0
ea—
Matrix C Matrix B | 0
— 0 0
4] 4]
166. 149.56  118.58  74.446 - 31.458 0. 0. 0. 0. 0. o. ]
166. 149.6 118.93  75.458 - 32.582 0. 0. 0. 0. 0. a. a.
;.66. 2?9.56 2?4-54 0?.446 E?I%J i;ss. 249.55 2:15.5.3 2.:&.445 - gi.&sa - 168 - 168
0. 0. 0. 0. 0. 166. 149.6 118.83  75.458 - 32.592 149.56 149.56
0. 0. 0. 0. 0. 166. 149,56  118.58  74.446 - 31.458 - 118.58 - 118.58
- T74.446 - T4.446
- 31.458 - 31.458
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*CTRLLER PLANT: Model derivation I

example: Vertical vibration
Validation of derived plant model:

= Damped solution with initial
vertical velotgmiﬂg}/m ..

00000E+0

AN

= Solution with initial step-

loading I——
Ie

_A Isdyna-explicit/no-damp
/,f\ m _B Isdyna-explicit/damped
_C scilab/no-damp
D scilab/damped

Loading at the tip

g 1 1 1 1
0o 0.02 0.04 0.06 0.08 0.1

0.00000E+00
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PIDCTL and DELAY -

- - 15 /net/nas2/nas2_l1/isheng/ctrl/beam1/PID3.nodout
*DEFINE_CURVE_FUNCTION Vibration Control | | -
$# Icid sidr sfa sfo offa offo dattyp 10

201 0 1.000000 1.000000 0.000 0.000 0
DRX(1) s )

*DEFINE_CURVE_FUNCTION
$# Icid sidr sfa sfo offa offo dattyp

1 0 1.000000 1.000000 0.000 0.000 0
PIDCTL(101, 0.0, 14.273400,0,0.0, 3.31570,0,0.0,0,0.0)+
PIDCTL(102, 0.,0, -0.951E+01,0,0.,0, -0.01200,0,0.0,0,0.0)+ "~ 7
PIDCTL(201, 0.0, -42.910800,0,0.,0, -0.51480,0,0.0,0,0.0)+
PIDCTL(202, 0.,0, 367.32540,0,0.,0

Z-displacement (E-03)

0, 3.6699,0,00,0,00) Ty a
Active Muscle for HBM by Chalmers U. Sweden

Controller model Musculoskeletal model
rt) o el PID u(t) | Activation Na(t) Material |F(t)=g Body model
- controller Dynamics model dynamics 1200 ms

yit It

v(t)
Neural
delay

£
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Piezoelectric Material s

=  Pjezoelectric effects:

— Direct, sensor: generates electric potential when subject to
mechanical stress.

— Inverse, actuator: Application of an electric field (voltage)
results in mechanical strain.

c“]lg - []'E
e](§ + [d°]E

Sensor for wheel pressure

= LS-DYNA

— *MAT_ADD _ PZELECTRIC for PZ coefficients and dielectric
coefficients

— *BOUNDARY_PZEPOT for electric potential specification
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Piezoelectric Material

|

Impulsive
loading

SENSOor

Validation of direction effect,
\Aluminum

PZ material as sensor

B_3rd party software

Volateg at Node 45
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Piezoelectric Material s

Validation of inverse effect, actuator
= Bimorph beam subject to 1-V across the thickness

T
'\ polarity ‘ é_)

Time

Voltage distribution
Tip displacement:
LS-DYNA: 3.33 e-7 vs. theoretical Sol. of 3.43 e-7
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Next Steps

= Achieve in two years

LSDYNA

l' Reduced model

r e u y
—E —— e —

— Gather opinions from potential users

— Improve currently implemented capabilities with more testing

— More applications like MBS control, vibration control and
acoustic control with piezoelectric material

— More FEM model reduction methods and applications
Thanks to
— Katharina Witowski for helping in GUI implementation

— Francois-Henri Rouet and Cleve Ashcraft for mathematical
consultations

— Zhidong Han for enhancing PIDCTL implementation
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Control System

Thank you for your attention

TbOvnna

WVMIORE




