Ansys Twin Builder basicz =7 —

> =3 L —>3 iR

YAINXY M RATLGA R



CYBERNET

- A= —nBE”

Atz=7F —I(FAnsys Twin BuilderOEARREFZEEBEWN AN ZaL—23>
(CKDFHREEETZEML CTLWETEITDLDICRDBEDET O>MFELTWLWETESZ L
ZENELTHEDERT,

RN F—TEAHIDISItE>X

Ansys Twin Builder Pro

© 2021 CYBERNET SYSTEMS CO., LTD. Al Rights Reserved. 2 \n sys



CYBERNET

F£1E (FUDHIC

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 3 \n sys



CYBERNET

= B wlEI D]

~—
25¢
—

\

> =0 > Xl 74— R)\y Il

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 4 \n sys



CYBERNET

7« — )\ Dl

R * | ma =5m
’\Uﬁﬁ T2 =Y ES

A

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 5 \n sys

v



CYBERNET

7« — )\ Dl

\4

il it

BRE +
E 4 Q

RIFE

l HHEL

il EIT SR

hil{E=

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

\nsys

»
»



CYBERNET

B &l —

w8

— > =T > Al

— J4— R\l —

o5 BRI i) -
IR A
— 7R NERA I AE]

— Z At

\nsys



CYBERNET

E2E BN AT AESTT S AL

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 8 \n sys



CYBERNET

)| AN
o BEDANRZGFTRBEDREICEEKET S

- MR AEEXTERSINDIIESR
BE—(FR-9)(% RLCIEIES R IKATR
R L
x(t) O—f e O q:(t)
i(t)l ’\

f(t) ei(t) C - e, (t)

O +—(O) —

A
qo(t)

d? d d?e, de, dh(t)
w4 e e = o e o8 e 2B o9 = 0 AS 2 =40 - a,()

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 9 \nsys



CYBERNET

BN RAT LA EMDHIERN
o HIRDBIS 2T ACRNIZMATHRNE—MET B L

d"y(t) d"ty(t) dy(t)
[an T T Ano1 o bt ==+ agy (©) 77 y(t)
d™u(t) d™ tu(t) du(t)
= b, TN + b4 Jem—-1 + -+ by T + bou(t)

o FPEDERIZEMDHIEINE /LD TNDDT
—RR(CEEESRODZENFHLLY. . .

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 10 \n sys



CYBERNET

— S5 AZHA
o LITOLSICEAE SO ICHWUTIEDZEMUEYT. sIdEFEE

F(s) = j FO e stde F(s) = LIF (D] mmtcossisnies
0

o STSRAZEWZFERAT D LB T DMAEDZ
RELRECRIRIDICENTEFT.

d
[f (t)] f (f(&)) e~stdt = [f(t)e SIS J f©)(est)'dt

= [f(t)e '] ] f@®)(e s dt——f(0)+s[f f(t)e‘“dt]
0 : [f ()]

© 2021 CYBERNET SYSTEMS CO., LTD. Al Rights Reserved. 11 \nsys




CYBERNET

— S5 AZHA
o STSAZHACKD
t 1
W L & = sF(s)  =Wa) LUO g(r)drl =2G(s)

XA (IO OERF RO THERSTE TREICIRSILERETY.

£ (B ) St
0)
/=)

N

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 12 \nsys




CYBERNET

=5 5 AR
o BIROMWDHIERETT TS RAEIRTDE

d™y(t) 4 1)’(15) y( )
d™u(t) d™ 1u(t) du(t)
=bmdt—m+ m_lw+"°+b17+bou(t)

(a,s"+ a,_1s" 1+ -+ a;s+ag)Y(s) = (b,,s™+ b,_15™ 1 + - bys + by)U(s)

Y(s) = byS™ + byp_1s™ 1+ bys + bo]
S
ApS™ + ap_1S™V L+ ags + a(J

U(s)

ZEREZN G(s)

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 13 \n sys



CYBERNET

— J 5 AZ A
S i T T T ':
| |
u(t) (t) 1 U(s) R Y(s) !
WABRR > | STIREM 1 — mEEE
| |
|
| |
21y (=] vel | | G(S)U(S)% I
ey SRR AR | | ‘ o !
| |
BFEIIOE

y(t)

I
Y(s)=G(s)U(s) :
|
|

o STSRZEW=ZED tﬁﬂﬁﬁ;&ﬁﬁﬂd E DRI EIRIET
FFREIOEZRDDZENTEXT.

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 14 \n sys



CYBERNET

— JZ’EE’%
o KRR ESTT S RAEIHA

[RBAER : f(¢) REIER : L[f(0)] JRBAER : f(¢) EREIER : L[f ()]

%’f_L’f//\)l/Z o
%LLZT‘JT 1 g 1
5 : u(t) S (s + a)?
1 th 1
t S_Z ﬁ gn+1
T ! e~ sin wt ¢
s+ a (S + a)z + w?
W s+a
: —at
sin wt 712 e cos wt G o)+

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 15 \nsys



CYBERNET

— J 5 X2

B T5 T HEER

RDEXD1R( 1 RENDWREBIRCEM AT Y T @ MR IZRDIGEZ RO THET .

6 =537

BEAIRTYIROTu(t) =11CRDEYT. STSRERIDEU() = /s IROTHAE
2 1

Y($) =GU(S) =75 y(©).
EDDENCDEREIT D E )

o) — Gy = 2 L 11 1 1 5

() = G(s) (S)_s+4 s s 2 s+4
BFRAEIRICRUZE I &
1 1
y(t)=§-1—§ _4t_ (1 e *t)
0

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 16

\nsys

”V



CYBERNET

—5 ) S AZE
o =L —> 3> TR

- STEPOwoEGSTOv OB LU THRIEULET.

74 Tuin Builder - ANSYS Electronics Desktop 2020 R24 - Projects - TwinBuilder! - SchematicEditor - [Projects - TwinBuikder! - Schematic] - 8 x
W) Fle Edit View Project Oraw Schemabic TwinBuilder Tools Window Help N
H Dungo (B @ zoomin ol fi(z #dd Design ~ L E & =] Add Model ) Edit Active Setup RJp Replay Anatysis (] Ada TR & Settings -

. % g zoomOut 9 Drawe Primitive - - & import Madel ™ EladdAC @ Launch

s g o -l& - 2 @) characterize = "™ sy protile & Monitor [5Z]Output Dislog BM|asaDC 3§ Tools -

Desiop  View  Schematic | Smuiafion  Resulls  Automation en
Project Mansger 3 x Component Libraries B x
&= 1 Projects

=1 [ TwinBuilder1* # & Favorites ~
£jports B Most Recently Used
1 Analysic =8 Simplorer Elements
@m Elements
B opumerics "
o Rt STEP1 GS1
5 & ekt Continuous Blocks
 ss1u DEAD: Desd Time
@ (2 Defirimons. | DIFF: Derivative
GAIN: Gain
|:
& THTG Ttegrator
D D G(S) ° ME‘AOR‘?MHn\al',
® P Discrete Blocks.
Froperties L3 & Sources Blocks
© CONST: Canstant Value
EANDOM: Random Value
ignal Processing Blocks
Math Blocks
es
Measurement
1 Tools.
£1-53 Physicsl Domains
& @ Signal Characteristics
-3 Basic Elements VHOLAMS v
e >
<
Message Manager 3 x | Prageess 3 x

+ 3] Project (C:/Lsers/mpyz-r/Cocuments/ Ansoft/)

Number of selected fems: 0 X 1354mil Y. 2409mil

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

1 Hide § Messages |[— Hids Progress

nsys



CYBERNET

e =L —>3>THEER

Step Time: 0 s
Final Time: 1
Init Time: O

© 2021 CYBERNET SYSTEMS CO., LTD.

— J S XZHA

- STEPD OV O EG(s) OV IDEREZUTDLSICIBELUET.

Parameters - STEP1 - Step Function

Parameters | AC - Parameters | Output / Display

Neme  [sTerq]

L] Le| L«

SampleTime [ Use System Sample Time

Outputs
¥ Block Output Signal

¥ Show Name

eyt

All Rights Reserved.

Order: O
B[O] : 2

Order: 1
A[0] : 4
All1]:1

18

Parameters IDutput/ Display

Hame  [G51 [ Show Name
Input Signal  [STEP1.VAL [ | 7 Usepin
Numerator )

Denominator

Order 1

Coefficient | Value | p—

o v> G(s) =

J

SampleTime [ Use System Sample Time

Outputs
¥ Block Output Signal

OK ot

\nsys

s+ 4



CYBERNET

> J S AL HA
e =1L —>3>2THER
- Transient Analysis SetupZIA FTDLSICERELCEZaL—>3>%
EKITUEY. (Analyzelh5>%= 20UV IUET. )

1l Praject Manager 1 x
=7 Praject3*
=-fifs TwinBuilder1*
E Ports
Eﬂ' Analysis

i TR
@ Optimetrics
B Results
- XY Plot 1
L GSLVAL
-1 Definitions

Properties

Name |Va\ue‘ Unit |Eva\ual
Name TR
Enabled | [
Continue | [
" |Tend 2
Hmin 1 ms
Hmax 0 ms
| |Uselnitial... [
< 7

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

Transient Analysis Setup

Analysiz Setup Mame

Analpsis Contral

™ Dizable this analpsis

End Time - Tend 2 s =
Iin Time Step - Hmin 1 m:
Max Time Step - Hmax 0 mg T

[ Use Intial alues
| I

[ Enable continue to solve

[Default Options)

Analygiz Options

End Time - Tend: 2 s
Min Time Step - Hmin: 1 ms
Max Time Step - Hmax: 10ms

19

>

Analyze

S MIVES)

\nsys



CYBERNET

— J S XZHA

B Report: Projects - TwinBuilder1 - New Report - New Trace(s)

Context

Solution:

Domain:

Optimetrics setup: [Mone -

Update Report

¥ Real time

Trace l Famll\esl Families Display I

C—

e =1L —> 3> THSR
[Result]> [Create Standard Report]>[Rectangular Plot]Zz2oUw 2O UXT.

X

Primary Sweep: |T|me j |AH
Time: -

=

X W Default [Time

|esLva

¥:
Select Quantities. ..

Category:
Variables

Output Variables

Function:

|

Range
Function...

Qutput Variables... | Options... | l Mew Repcrt' | |

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

0.5

XY Plot 1 TwinBuildert  ANSYS

T g —— — — —— — T T — 7
050 075 1.00 125 150
Time [s]

Y() = 5 (1 —e™4) = 2 (1 - ¢ 025

20 \nsys



CYBERNET

38 Ja— R\ IHIEHOREE

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 21 \n sys



CYBERNET

JOw U4RX

o JOVIBEHDIEESICDULT
— HIHIROBHPI AL -3 3> TLL TRT OV IEROME(C
DNWCCCCHEICHEREL TREET.

u(s) P(s) y(s) u(s) - y(s) - u(s) y(s)‘
' _|_' - >
ir ‘ z(s)
y(s) = P(s)u(s)

w(s)
y(s) = z(s) = u(s)

y(s) = u(s) xw(s)

© 2021 CYBERNET SYSTEMS CO., LTD. Al Rights Reserved. 22 \n sys



CYBERNET

)
o HERDEEICDULT
P(s)

u(s)

y(s):

\4

P;(s) > Py(s)

BI§ES P(s) = P1(s)P,(s)

P(s)

u(s) y(s)

W ZIHRIX

u(s)

P (s)

A

P,(s)

w(s)

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

v

J— RIS P(s) =

23

P(s)

P;(s)

y1(s)

\4

P,(s)

__j%}

*

y2(s)

P;(s)

1+ Py (s)P,(s)
\nsys

y(s)

W5kES P(s) = Pi(s) + P,(s)



CYBERNET

7+ — RV Ol

o BEIRETRIBICHITDIREE
- ZTTIA— RNy UHIHROBEEIC DN THNETY.

r(s) e(s) =E u(s) . P(s) )’(S)=

+i [
NN _ P()C(s)
J—R)\woiEs v(s) = T+ P(5) C(S)r(s)

B -T2 25

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 24

\nsys



CYBERNET

7+ — RV Ol

o (AEMb=NE)F1F+RX DT EHIRIE
- BIROBIIL—T S RAFANRETHDIEHIC(ZE, P(s)C(s) NEZETHD,
P(s)C(s) DRI NLEVERN (- 1,002 B (CAERIICRZ & ThHD.

Im#?t Im 4
-1
I > = >
Re -1 Re
P(jw)C(jw) P(jw)C(jw)
B —T> AT ANRTE FAN—TS AT ANARTE

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 25 \n sys



CYBERNET

/,

e

Z E7RfG

o LTEFRBICDWVWTIFRIRD I A F R hCDOZEHBIEDNRD ) LBV T HHEER
IRIZENTETFEFIN, CCTIINR—MRHEICLDRGZFHRHALET.

Gain[dB] 4 Gain[dB] 4
Wge w[rad/s] \
0 A > 0 A
Gy : IE Gy : B Wy w [rad/s]
V\ >
Phase[deg]4 Phase[deg]4
[deg]4 — [deg]4 w [rad/s]
'y -180 ‘ >
Py : IE  wlrad/s] ©pc Py &
-180 T ‘ >
B -T2 LN RERIGE A —-TS 27 A ARBEERIZS

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 26 \n sys



CYBERNET

o ZHHEEICDULT
Wge 1 TADRERBIEER
wWpe B ZEEEER

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

Py : AHRA

27

\nsys



CYBERNET

>=Zalb—>3a>c K BmER
o 5
Bl EIT SROAGIERIEX
1
P(s) = G117

> bO—SDIimEREE =

C(s)=ky,, k,>0
EUFET.

r(s) ~O R k y(s)
COESREN-TROTS % T (s + 1)3
TwinBuilderTEFTIILELET.

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 28 \n sys



CYBERNET

>=Zalb—2 32 KDhER

™ Twin Builder - ANSYS Electronics Desktop 2021 R1 - ex1_control - TwinBuilder1 - SchematicEditor - [ex1_control - TwinBuilder! - Schematic] - x
W7 File Edit View Project Draw Schematic Twin Builder Tools Window Help - 8 x
H # cut ¥ undo @ @, zZoomn Fo ot (iff Add Design ~ €5 rotate [ Pop up f Add Model ’ [.2] Edit Active Setup  RJp Replay Analysis [ Add TR | & Settings -
23 copy (¥ Redo ~% @, Zoom Out [ Draw Primitive ~ 2 Flip Vertical = &) Short/Open = & Import Model TR - (B optimetrics ~  [Z|AddAC @ Launch ~
Save . Zoom o S o - Links Analyze
P Paste X Delete | ity [ Zoom Area | Standard Reports v = Align Vertical » /¥ Properties - ) Characterize = A Profile & Monitor (%] Output Dialog E®AddDC | 88 Toals -

Desktop  View | Schematic  Simulstion  Results  Automation  Ansys Minerva @A
Project Manager 2 x ~ |l Component Libraries 3 x
5 ex1_control

i TwinBuilder1 553 Blocks ~

Lot o =8 Continuous Blocks
-3 Analysis © DEAD: Dead Time
® DIFF: Derivative
(21 Definitions STE P 1 S U M 1 GS 1 ® MEMORY: Memory
-V Discrete Blocks
g8 Sources Blocks
® CONST: Constant Value
-~ ® RANDOM: Random Value
Processing Blocks
IMP: Comparator
f: Discretization Element
fiUBL: Equation Block
MIT: Limiter
AX: Maximum Input
MIN: Minimum Input
e 7 x MINMAXT: Maximum & Minimum Valus
© MUL Multiplier
Name [ Value | Unit [Evaluated value[ | © NDNL: Muhi dimensional table block
© NEG: Negator
~ @ NL: Nenlinear Characteristic
NP: N-Point Element
TPH: Two-Point Element with Hysteresis
v
>
<
Variables Paget / =
Message Manager 2 x

= {1, #Gilobal - Messages
MNumber of selected items: 0 X 5111mil ¥: 2422mil

2 x Ivmgnss

1\ Hide 28 Messages | [~ Hide Frogress |

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 29 \nsys



CYBERNET

>=Zalb—> 3> ckKBER

e XTJOVIDEEZUTOLISICIEELFET.

STEPJ OV

Par:

Parameters | AC - Parameters | Output / Display

sumMJOws

ameters - STEP1 - Step Function s Parameters - SUM1 - Summaticn

Parameters | Output / Display

N SU
Name [sTEP] W Show Name ome | EHIN (= S=n =
Parameters
21X X 5 =
Step Time [o [s ~| i ; fiigad .
INPUTIO] 7+ STEPLVAL
FinalValue  [1 [ ~| ~
INPUT[1] v - GSTLVAL
|| Initvalue o [ ~| — ; w—p
INPUTI3] [+ | Empy
INPUT4] [T+ | Empy
INPUTIS] [~ - | Empw
) INPUT[E] [~ - | Empy
SampleTime ¥ Use System Sample Time [ |weutn [~ - | Empy
[ H r
Sample Time [ Use System Sample Time
Qutputs ‘ B¢
¥ Block Output Signal
Outputs

vl ' Block Output Signal

v
GSJ0Ovy7
Parameters - GS1 - S-Transfer Function X

Parameters | Qutput/ Display |

Name  [Gs1 ¥ Show Name
Input Signal  [SUM1.VAL [ ] ® UsePin
der [0 Order  [3
Coefficient | Value Coefficient | Value |
B[0] Al0] 1
[ [arn 3
| |A22 3
AL3) 1

SampleTime [ Use System Sample Time.

Outputs
¥ Block Output Signal

Step Time: 0 s
Final Time: 1
Init Time: O

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

Input[0]
Input[1]

Sl

M +
7 —

30

Order: O Order: 3

B[O] : 1 A[0] : 1
A[l1]: 3
A[2]: 3
A[3]: 1

\nsys



CYBERNET

=L —>2 3> (kDR
o TREFAT & ACERATDE E’a’:bi@'

Transient Analysis Setup

Analyzis Setup Mame TH Analysiz Setup Mame AL

Analyziz Contral Analyziz Control

[ Disable this analysis [ Dizable this analysiz

End Time - Tend 30 g - Start frequency - FStart |I:|_EIEI1 |H2 ﬂ

Min Time Step - Hrin 1 g :l" Stop frequency - FEnd |1 0 |H2 ﬂ

Max Time Step - Hmax |1 ms :l' |D-DD-I |H2 j
=l

Frequency step - Fstep

[ Use Initial Values

1| AC sweep type linear
| | \. | J
[ Enable continue to sakve l [ Enable cortirue to solve
Analysis Options (Default Options) | | Analysis Options [Drefault Options) |

Qg | Cancel | [ K Cancel |

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 31 \n sys



CYBERNET

j_ I/ /3 /(Ld:éﬁﬁmb\

o TREFATZEITU CHEZMHRELET.
[Result]> [Create Standard Report]>[Rectangular Plot]Zz2oUw 2O UXT.

B Report: ex1_control - TwinBuilder1 - New Report - New Trace(s) X oo XY Plot 1 TW‘”E““"S:;C:SYS
Cantext Trace lFamiIies] Families Display] =
i = Primary Sweep: |‘ﬁme j |A" J 050
pomai: Time = X ¥ Default |T|me J

Optimetrics setup: |MNone - 1
¥: |cs.vaL Range 040
Select Quantities... Function...

Category: Quantity: ~ Function: é 030 -
Variables °
Output Variables

020

Update Report

¥ Real time
Output Variables. .. | Options... | New Report | | |

T T
5.00

Time [s]

BERELCHUTCHEDIIEE TEE(RENEOTUVD)

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 32 \n sys



CYBERNET

>=alb—>3aZ(CkDhE

o ACHMTZEITU CHaRZHERULET.
— [Result]> [Create Standard Report]>[Nyquist Plot]Zz2o w2 ULZET.

@ Report: ex1_control - TwinBuilder1 - New Report - New Trace(s)

Context Trace l Families l

Solution:  [a¢ -
Primary Sweep: |FFECI ﬂ |'°'"

Domain: Sweep d
Signal: [ |G51-\"""“-

Optimetrics setup: |None 7

Select Quantities... | Category: Quantity: :" Function:

Variables

Output Variables

STEPL.WAL
SUM1.VAL

Update Repart

¥ Real time l Base: |SUMLVAL

Output Variables... | Options... | MNew Report | | |

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

KT ZEL TVVAERIE
-1EWAERIBOTRETY

)

Nyquist Plot 1

0.02

TwinBuilder! ANSYS
CurvelInfo
—— GS1.VALSUMIVAL

025

AC

043 7

-0.25

Im

075 10

33

\nsys



CYBERNET

j_ I/ /3 /(Ld:éﬁﬁmb\

o ACHthZZEITU CHERZMRELUET.
[Result]> [Create Standard Report]>[Bode Plot]Zz2oUw 2O ULXT.

= . i R : \
Report: ex1_control - TwinBuilder - New Report - New Trace(s) X Bode Plot 1 TwinBuilder] ANSYS
0.00 =1 -0.00
Sl Trace lFamiIies] ] _ coneine
= | . . 2000 A _m GS1.VALISUM1.VAL
olution: AC - ] AC
Primary Sweep: |Freq j |A|| J 000 4
Domain: Sweep - 5 1 W ~ N
- § 5 ] " N
W v Default |F|eq J s 60,00 GM ! / ] /{/? \?I:l 18dB
Optimetrics setup: |None * °© ]
Signa|{ |as1.vaL ] -80.00
Select Quantities. .. ]
-100.00 4
Category: Quantity: hal Function: —
Variables 000 7 <1 943
Output Variables
_ -100.00 —
o ] 1 A
H 1 n
S . Py : (\ABRAG 177 [deg]
[¥ Real time I Base: [sumtvar . l ]
) . -300.00 T T T — — — :
Output Variables... | Ophons...| New Reportl | | Close 0001 ! T Iu‘.ulm T 0‘1‘00 ! ! 1‘u|uu ' m I1u.uuu
Freq[Hz]
0274 [o278

0.002

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 34 \n sys



CYBERNET

>=Zalb—> 3> c kK BER

o O2bO—5 k, DEZZEUTCEZEMNESEILT DIMHEERL T
HTLITEN.

- ZEEODB%

[ 7°IZI’G7\%U1EI]031%|/:.—\] 54BN 3~10dB , AERBEN20[deg]U L

Y—NGlEDiHE HASERBH10~20dB , AiBR#BH40~60[deg]

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 35 \n sys



CYBERNET

55 4 B {mEZR2L & PID el

© 2021 CYBERNET SYSTEMS CO., LTD. Al Rights Reserved. 36 \n Sys



CYBERNET

PID 4]
e PIDO> bO—ScC(s) ITIE, UTD3IDOEMENSENTET.
LEBIENE(PEIVE) @ HIEIE v (t) & BAEMBr(t) & DIRZe(t) = r(t)-y(H) A= IFNE

BFEu(t) 2 RE L, REe(H)DVNSITNIERIEEU(t) 2/ N < T 3.
(lRZEe(t) DIRFEDBRE FER)

BEDEME(IBNE) : REe(t) DIEDMEZRIR(IRZe(t) DIBEDBEHRZRIR)TDKD
B ZITWERREZNET D.

WD ENE(DENME) : RZEe(t) DEILE(MME) e MIRY D K S/3HE=ZITLY,
ZEHZNETD.

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 37 \n sys



CYBERNET

PID 1M

v

k;/s
r(s) e(s) +1 u(s)
_I_:A ~———» kP +=+ > P(S) ’
— kDS

y(s)

PIDHIENC L BB —TS AT n

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 38 \n sys



CYBERNET

PID /1]
o BFMEITEIICHIFTBPIDO> FO—S%NTERI &,
u(t) = kp (e(t) + Tl, j eOdr+ T, d(;it)>
0
= kpe(t) + k; Jte(r)dr + kp dil(tt)
0

I Tkp: WONTA>, ki ERTAZ, kp: DT>, T, FEDEEH,
T WOBEE EMHUET. LD ZSTSRAERIDE

u(s) = C(s)e(s)

1 k;
C(S)=kp<1+m+TDS>=kp +?+kDS

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 39 \n sys



CYBERNET

PID!1EM

BE??@EE&:@(JTL%?‘E“C‘(i}ﬂ@ck’.'i (CUTINSGA—SDAEZITVNET.
FIPO> bO—SZAVWCTFREERTLEH T 1 > ZRAICRE U TVE,
TERFERDLEHNT A 2 kp ZTNFT . CORFDIRENEEAT.DIEZE(C
UTKp, K;, Kp ZRFOEDLS ICRELET.

Pl 0.5kp,
PIHI 4] 0.45kp, 1.2Kp /Ty .
PIDHl1 0.6kp, 2Kp /Ty KpTy; /8

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 40 \nsys



CYBERNET

~>=1lL—=>3 /(L_J:éﬁﬁmu

o
AT CER LIz ROmER R &

> bO—SDImERZZ
C(s)=ky,, k,>0

EUTRERREITT A >Z LT THET.

X k, = I RERFRTTY.

y(s)

TS
(s) ) . kp
+ 3
(s+1)
© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 41

\nsys



CYBERNET

=L —>2 3> (kDR
e kp=8lCcULIcEED> =2 I/—/EI /ﬁ‘i%(fﬁﬁﬂﬁ@ﬁﬁﬁﬂ)

STEP1 SUM1 GS1 ‘

Lwﬂ,ﬁﬂh\3.629[s]

i

o]

1 \/ \/ \/
m

N

G(s)

o

TAVREOMUERED
OO TLD

------

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 42 \n sys



CYBERNET

>=Zalb—> 3> ckKBER

o [RREEEICKIDKRDIZPID/I\SA—FIHEHEZXT
=3l —>3>zEhm9 B.

PIDJOYIDSTE STEP1 GS1

Parameters - PID1 - PID Controller x PI D 1
Parameters I Output / Display
Name  |EEH [ Show
I N N G
+ S
Paaretes | b—" P (s)
Name ‘ Value ‘Unlts‘ Description ~ D’ _ PI D
KP 4.8 Gain ‘
K 26454 Integral Gain K P " 4 8
€D 21774 Derivative Gain " "
—
o 1000000000000 Opper Limit
! . : !
n - 1000000000000 Lower Limit K I 6454
s 0 s SampleTime " "
o o Initial Integral Value
L1 .
ULl 0 Upper Integral Limit K D 2 1 ; ; 4
1 (] ~ [ IR PR [ Y & - -
Default Qutp:
v VAL

—.. | XPAODREMELITRHFY

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 43 \n sys



CYBERNET

>=alb—> 32 KDMHEER

EIiE G SR | 2=

Boda Plot 1

TAR1E : 18dB
BFRIfEES 21 -3 3>

XY Plot 1 TweBkikger1 AMSYS

fIEFRMG : 177[deg] ™=

100
Freq Mz

Nyquist Plot 1 TwinBubdert ANSYS

0
......

/ | EEEO-1RIC
BRMEDLGERL TWET

=1 BTVODDTRIE

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 44 \n sys



CYBERNET

E5F YHEETY D LHIH/I S A -5 D@1t

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 45 \n sys



CYBERNET

YiRE> >0
e HIEX CIIERMZNR—X(CHE>Za2L —>3>DEE%
CHBIMTUTEFE U . Ansys Twin Builder(3=ZEREER ED
SREZESTILLIMC BARA IYPIEREIR D> =1 L —2 3 > H' el
TY. CCTIEIERICI R-NYR-Y )\ —FRDIRENEFIL EDC
T —57%Z B (CPIDHIEI(PIFIEN) D) S A —SZE=mE b =R U
CF1——TUTHEWEBRWNET.

X COENE TIEBOBNICEEDEWVWERBWEFINBIEETILEIREFIEES
HAELULTEDEIDOTCCHFEDS It FTEZ 20N,

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 46 \n sys



CYBERNET
)R- R-S > )\—TFF)LDPIDHE
e Ansys Twin BuilderT, L TFTDK S/ \R-Y -S> )\—D
T I)ILZ/ERR UET .

JCRTEZ1[N]

ﬁ 4
—
A>)8—:0.1[N/m]

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 47 \n sys



CYBERNET

J\HR-NR-SF )

=5 ) LAODPIDH

o J\R-YR-AH>)\—DEF)LICPIDO> bO—SH&IEHUFET.

-

AFvI A1

_ # |
PIDj> I\D_j . ;g?;: 1 %\EE TRE1
¥ - \é + I " Ty R l _.bﬂ_b W=D kg G:) +
\ J \ J DAMFIMG=OLING_par m
Uy — .
-10<F<10
© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 48 \n sys



CYBERNET

J\HR-N RS 2 )\ —FF)LDPIDH

Parameters - PID1 - PID Controller >
Parameters IDulput.." Display
Name PID1 ¥ Show P|D1
- Parameters
Mame | Value | Unitsl Description I | ~ D + b
M SM_TRB1.S nput Signal
;’\ T STEP 1. WA Beference loput Signal = Pl D
KP kP Gain
i KI Integral Gain
BE kD Derivative Gain
UL 1000000000000 Upper Limit
gm ~1000000000000 Lower Limit
| 15 o s Sample Time
| o 0 Initial Integral Value
[N X e e e . PIDHIEID/ 5% —57% Bidf b 2@ T
o k&HBIHICTwinBuildero D _EEE
r Default Cutputs 0 —
¥ VAL EJﬁEUJbX—’ﬂ:b'CEB%i@'
o | wevwr |

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 49 \nsys



CYBERNET

J\R-NR-5 > )\ —FF)LDPIDHIE
e Ansys Twin BuilderdssiE{bigEZ{ER U CULTFDL DR

. \&«\y_ DY SIS EEE
ol N =/IMEITBEDCPIDINSA—4
N a3 G AVESER

wwwwwwwwwwwwwwwww

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 50 \n sys



CYBERNET

)R- - )N
e Optimetrics> OptimizationSetup C&E{LD

—— —

Ansys Minerva

_J

JLDPIDHIiE

NET LET.

Desktop View Schematic Simulation Results Automation
Project Manager s Setup Optimization
o [ sample_model_20210322*
+-fiifs MK

E1-fifs MCK_optimizer®

Goals IVarlab\esl General l Dpiluns}

E Forts I Optimizer: |Quasw Mewton(Gradient)

{iifa subsheet1: TwinBuilder4

Cost Function:

Max. No. of lterations:  [100

1) RBIEFEDER

| Calc. Solution ‘

Calculation

‘ Calc. Range | Condition Goal

Weight

ITR

iae

Time[All)

Minimize

[]-[Z] Definitions

Properties a3 x

Name ‘ Value ‘ Unit |Eva|uated Value ~

Narme Opti...
Enabled |7
SaveSolut... |—

B R BIEDERTE

Optimizer Quas...

Max lters | 100 v Setup Calculations...

< >

A ble Cost: a
Optimetrics ceeptable Co

Moise: |0.0001

[~ Show Advanced Options

Message Manager
# sample_model 20210322 {C:/TE_seminar/Basi

Edit Variables ¥ ‘ HPC and Analysis Options... |

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

51

0K

sl |

\nsys



CYBERNET

)R- RX-SF )\
S (C KD TKFEDEPID/INSGA—SIZ{FERUIZE

o FEILETE

=5 ) LADPID

L PEES

Project Manager nox XY Plot 1 MCK_optimizer ANSYS
=[] sample_model_20210322* 120
{iff mek -
=iy Mck_optimizer*
fii#s subsheeti: TwinBuilderq 1.00 —
388 Analysis
=-1F Optimetrics ]
2 OptimizationSetup2 e
| - Results 0.80 —
i =-E XY Plot 1 4
BB XY Plot 2 g
: B3 X Plot 3 < 050 Curve Info
. |:| Definitions ! —— SubShest1 Port2
e TR
Properties a x 0.40 - —— STEP1.VAL
B TR
Name |Va\ue‘ Unit ‘Eva\uated Value| Ty
KP 44.1... 44.1120147208... Design |
KI 9.61... 9615458853203 | Design 0.20
KD 2.53.. 2533803633525 | Deesign
0.00 T T i E— — T T
< KP . 44 1 1 > 0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 .00
Vari " . Time [s]
R .
Messa) KI . . 6 1 @ % @ Progress a x

E ic/nork/)

KD: 2.53

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

52



CYBERNET

DC+E
o DCE—HI(CHREKRTHEE

A E5)LDPIHIH
ROFHEZ U THET .

SUTIE

o= O

BRJE J4— R\

s, NG
: L J
S iy
HEnnis EEAEEmmmrE R
/'I.'\"").l;j.érb ........................
e BF Eh{AR

AIEJ1—R\y)

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

53

\nsys



CYBERNET

DCE

AET)LDOPIFIH
o ZEBPPDDINSGA—ZFILITDEDTT.

_Ely r@! ,l.:r\Nl. :\é _,—,.(:?
ATYvITAS1L T GAIN R
_ PI/)\SX—=4
KX=5000 KP=1
KI=50 =

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved.

L] J’W

A=l 1e8[N/m]
0.003[m/rad] L
{=F— . = o
=)Ll H3)0— o

E-5)(53%—4 0.003[m/rad] 1ea[N-s/m]  >00Lkd]

R=1.0[Q]

L=0.01[H] i

J=0.02[kg-m~2]

KE=1.0[Wb]

54

\nsys



CYBERNET

DCE—4E7F)LDPIHH

o HE{LZEAT DIEHICLATORIEISA—F7%Z FESPIEER
INSA=HFITHBELTHEZFT.

Properties o ow
Mame |Value| Unit |Evaluated Value Type ‘ + 1
KX 5000 5000 Design _ . »—q-)—‘ >_| | — I'; [, il
KP 1 1 Design Ay T A1 """""" —
Kl 50 50 Design E ! g!“ﬁj 000 E:l[:,:l ll.__,:-l-'-;’! _{;
I =
- KI=50

© 2021 CYBERNET SYSTEMS CO., LTD. Al Rights Reserved. 55 \n Sys



CYBERNET

DCE—4E7F)LDPIHH
o WEBIADMEDS =1L —3 3>RS

XY Plot 2 DC Motor PID Controll ANSYS
120 1.20
1.00 — 1.00
0.80 — 0.80
] L T
o
- g.
= g E 0
= 060 - — 060 @
. - B
T g
)
=<
7 Curve Info [ =
040 — — 040
4 STEP1.VAL L
TR
b = MASS5_TRB1.5
0.20 — TR — 0.20
0.00 T T T T T T T T T T T T T T T T T T T T T 0.00
0.00 100.00 200.00 300.00 400.00 500.00

Time [ms]

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 56 \n sys



CYBERNET

DCE—4E7F)LDPIHH

o HIRD/\R-NYRA-HUI\—FEFILERRICRATYITESED
EoEEZE&INCITDENESZERL T, TNZ&/MET 3D
KO CwmBEILDETEZEEML CHFIELUIZ. ZTTEHPIDT A~
(KPEKI)ZZARE < gNIEHIEIMEREZ LIT 5N EEX 5NIZD
CPIHIEes(C_EPR & FRZET TRt 2= ML THEF U,

Properties o x
Mare | Value | Unit ‘ SDE | P|—1
IM DCMP2.OMEGA
SET GAINZ VAL [ ; .
kP KP [ P
Kl Kl [ —F-
uL 7000 [
LL -7000 [

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 57 \n sys



CYBERNET

DCE—4ES)LDPIHIi
o (RE(LTRDIZ/ S A—FZER UL ) BERBIADAIBORER

DC Motor PID Controll_Optimize ANSYS

XY Plot 2
1.20 120
—— |
. N 1.00
Properties X F
Name Value | Unit |Eva|uated Value Type [
KX 7171.64580... 7171.64580112... Design Curve Info AV Axis — 0.80
KP 1.89017271... 1.88017271718... Design — STEP1.VAL [
" TR STEP1.VAL
Kl 94,3929353.., 24,2929353162,., Design =
o )
- 0.60 o —— MASS_TRB1.S 060 2
- TR Y2 - :
KX: 7171 g
—— MASS_TRB1.5_1
KP . 1 89 Imported ¥2 I
. . | — 040
= \ﬁ O — — 020
Wy = — L
BB L TRFE/I\TA=H
0.00 T T T T T T T T T T T T T T T T 0.00
0.00 100.00 200.00 300.00 400.00 500.00
Time [ms]
© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 58 \n Sys



CYBERNET

A )Ry b RF LGRS
T101-0022
RRETRNHEXSHERRFEE3EN 21V T hEIL

© 2021 CYBERNET SYSTEMS CO., LTD. All Rights Reserved. 59 \n sys



