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eEZIE, C1 /FIC VAT RTRFICVAT EVWDEHNERUVLTCHDIERETDE, TD 2
DOEHIECEDELTIRONEKT. £ 7T, ©ELUCT FFICHIFTS VAT DIEH 1.0, R1 HF
[CH1FD VAT DfEN 2.0 251, [V—IV]-[BEF TV I]ERTIDEUTDITI7OTRY
D AMKTRINEKT.

C1 F=FoR =
ZoeEl WAl IMiE?

CDIS—ZEETBICIE, BHCT HZFD VAT DfgZz 2.0 [CFB(EULLIE, RTHFFD VAT
DIEZ 1.0 [CTB)BENDHYET.
BHU, BERISRUD DTS LU TOY 17O Ry O AMKRRINEKT.

ZEF ol

7-2 AICTERATETSEFNGIO-/NIVEH XXOBARINTVS,
772U, (i=0~29)TH %o

7-2-1 BIRRIL—TDEH

MURISTT.FBEEZFIRAT315AC. BIREIL—T(Recursive Loop). H3L\IEHE
IFBDORBENUILLVIEFEET D, BRI —TEE 1DFID Loop M Output HAVRD Loop D
Input ELTIROTLKBENTH D, Do EILEMD AIEERNEFEDRECTRIGE. AN
BEEUTHBIEZHEDN T — RNV IESEUTANTNZIGZEIC. BIROBENTEELLT D,

ZDESRGE. HEZIADIEZIRIDEZ JIL—/NVEEH XXO)ICAALTTOTSLTN
FEROEREZLEEE TE D, 8%, STEDOREZIAE10 73 (sec) L TFRD T, ENVREFEEN
ZIRLZEWVWSEIZR S,
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8. MEAREANDELKEE

8-1 MEABADELEF v GFllldftEk. 2. 3Z22HR)

BGSP2.0 Tl& . Y RATL-MIURITSTDIREARER (ZAAHER) TEIIMD HER. T
BN ARANDE TEHITDIENTETET,
178ICEEHINTVDRVRT L INURT ST (SpringMass.BGE) E¥MEBETIIVDXREC A

2N CREEATER) ERDED LD [EI D HIERDRIRE KD THELL D,

1. T AXZa—N=V-lIps[AERZERRIEVIVITDE [BOARERZER
R ARERERTID2BEOIVIRARNE T, E 50N EEIRT D& IRT LR
VRIS TDREARRANEILI—RDIE T, TRD L D% Window—Equation TFn
INET . WO GEIES R T,

2. "ARSNEABRADBRTERINTULVDIXNFEDEKIE. LTFTOLSIZRO>TVET,
f1#%2. 4. BG OERRFEFHERENR 22RULTIET L,

BT RAORESRRL. C BT [RFNS6E63NET. S [ 2T I4—r2%. 70

—H =

e esuney ity Al CEL] VO TRNCE (R
(M:EE), C=K(EREE)) 1AL, L CEFEBR -1 RFEER
FAFOBFIAT KBS, RSO

SHBNTUBRYNES - A ETNENBIRLET. $/e. £(L), FORFREAELTO
SE ®F& SF RFORIEENAET.
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fo = —Lieg+ LiE

dvl .1 ,T e

e +—F
dt M T M

d84

—_— = _KFi + Kv1=K(v1 — Uz)

dt
—  e4=K(x1 —x3)
Nz EKITKATBE,

dv1
ME= E1 _K(.’xl _xZ)

@ Equation

ey = —Cy| fy dt + By
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9. BGSP2.0 IC&HIF B HlIFR

9-1 FFE, INURE, INSX—5EDHIPR

HRTFHOFHBRIFLLTFDL DT> TUVET.
O C version DHE
ERFTRERTE 500 A% T
fEFRTREN > R 500 A% T
INTX—5% 999 {EFXT
O Fortran version MIg&
ERFTRER T 500 AT

F) FFOBEICEL O THIRNHUET.

SE, SF &F HHET 400 EEXT
C I%F HSHET 400 EET
R&%F 400 ExXT
TF, GY &F HHET 400 EEXT
0, 1#&=R HSHET 400 EEXT
EAARERRE 500 f@xXT
INSX—5% 999 AT

9-2 fERRIEEH

UTFICRIEHBIIERTEZEA.
DE, DE, DX, ERR, ERRNUM, fp1, fp2, H, ING, ITC, LABEL, ND, NOT
NOUT, NS, NT, OP, PA, PT, T, TO, T1, TI, X, XX, ODD, QUOTIENT, CONSTVALUE

CFILE, DOUT, DSIGN, FEHL, FU, FUNC, ICHEK, INDEX, INIT, main, OFILE
PARM, RG2, RUNGE, SOLV

ERAZRTFE(CY, C2, SET1 &)

9-3 ZDfthDHIPR

O 1 DDFFHZY DHFIR
HEERICAATRLGEFE 1000 XFET
TA—RN\VOEH 20 @XT
- INSX=5 16 BT
(EFRZEDE 20 fEXT
-FRFICHESRAIRRRN IR 8EXT

O sStERRZHEANTETSEHEH 100 ExT
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ﬁu 1 7143‘:‘13'9‘)/\0_':8'1'5#:)“‘ i“_i

=0 F——vﬂ
-J

I
%r !

-1 'RRFR-IIN—ETI

&=

10-1 X 1 BERERERYBEETIVCT. FIEA, vIXRE, £ [XFE, MIZBE, R
(382 IN—1REL, R-ISEEBRER, A IXISRFEEZERUET.

10-1 OYBRET IV ERVEST ST (spring-mass-damper.BGE)ICTH B 10-2 D
KDICRVFET.

SF1 m——1 14

10-2 RURITSTETIV

T, SETIES A, I (KEBHEA, R1 1E52/IN—A, R2 [FFREDEEEA, C1 (I
7, SF1 [FEmEREICHHEULTVERT. ENETNDAA/NSA—FERITTRUET.
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10-1 C version Di5H

R I10-TICAANSAX—IEHRERLIT.

£ 10-1 C version [ZBIFDANINTA—HIER

FTa B2 e L==tiv} XUk EE=N

SE1 ET1P1 5000 ||[N] Force E=E1PT;

I1 ITMA 250 [kg] IMass L=Z/1TMA;
C1 [CISP  |9800 |[[N/m] Spring coefficient ||[C=C1SP*Z;
R1 R1DA 1000 |[Ns/m] |Damper coefficient |R=R1DA*Z;
SF1 F1VE 0.0 [m/s] (Wall F=F1VE;
R2 R2FR |100 [Ns/m] |[Friction R=R2FRxZ;

RICEBRZTFDANNSX—FIEBRANZERUET.

% SE1

Farameters and characteriztic equations

L o)

TEE A B {i] o i

E1P1 RO0N M Force

rﬁﬁﬁ |

27
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el

Farameterz and characteristic equations

IS A=A —{EETE-
TE R | {E B i m | il
TTHA 2h0 k= Mass *I
THREE
EEEl
Zika
4
-ZFR2

Farameterz and characteristic equations

1S — A ~(EREE-
TEE (B B 1) =E N al

RZFR (100 M=/ Friction ' v|

EEEl
A

rﬁﬁﬁ |

[k i
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T R1

Farameterz and characteristic equations

IS A=A —{EETE-
TE R | {E B i m | il
R1Da& 1000 Nz/Sm Damper vI
THREE
EEEl
Zika
r%ﬁﬁ |
r [eErs |
-HF C1

Farameterz and characteriztic equations

IS =4 —{EFR -
e |l B {1 =B | il
C15P a800 M spring TI
TN EE
24— F
2 E
45 1 7
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% SF1

Farameterz and characteristic equations

T o e ~{EFHZIE -
TR B B (i S|
FI1YE 0.0 md = Wall *I
il ER
EEEl
ET
r-“r%'li T, |
r [eErs |
10-2 Fortran version D&
F10-2 [CAAINSA—YFFHRZERUET.
£ 10-2 Fortran version IZBIFTDAN/ISA—iEHR
TR |[BEE (=] =¥y OXUk R
SE1 E1P1 5000 [N] Force E=E1P
11 ITMA 250 [ka] IMass L=Z/ITMA
IC1 C1SP 9800 ||[[N/m] Spring coefficient C=C1SPxZ
R1 R1DA 1000 ||[[Ns/m] |Damper coefficient |R=R1DA*Z
SF1 F1VE 0.0 [m/s] Wall F=F1VE
R2 R2FR 100 [Ns/m] |[Friction R=R2FRx*Z

RICBZRFDANNSA-YERETRUET.
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% SE1

Farameters and characterigtic equations

S A=A EREETE -
T |l B i1 eI

gl:]
E1P1  [5000 " Force ' v|
il B2y

-, '\.i

Bl
I

rﬁﬁﬁ |

I 1

ey

Farameters and characteriztic equations

S A=A EREETE -
T |l B i1 = Sl 50

TiMa  [250 ez Mass ' v|

Bl
I

rﬁﬁﬁ _ |

I 1
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FRFR2

Farameters and characteriztic equations

1S A— 4 - ERE-
EHE |l B (i gz || |
RZFR 100 Nz m Friction ‘rI
N ES
Bl
4
T
T R1

Farameters and characteristic equations

1S W — 4 —{E R -
T g |l B {1 a3 b | il
R1D& 1000 R Damper vI
T E=S
-2 A= F)
gk
4 1 T
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=¥ Cl1

Farameters and characteriztic equations

SR

TH L B B {i Bl

C15P 4800 N m BPring

R |
-%&F SF1

~EREE-

Bl
I

I 1

Farameters and characteristic equations

Sl

T E | il B {1 e o
FIYE n.n0 mf = Wall

CHER |
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-2 A= F)
A

[T i



10-3 &%

STENSX—9%&K10-3 DLIICAALET.

Mumerical conditions

R 44 B5RS [0.00000E+00

$2 TSR [5.00000E400 .

BRI A& (1.00000E-05
B 10-3 EE/INSAXA—%H

10-3 DISSA—FTHETHERIYRES20 DP 14, € 10-4 DLSRERICRYET.

FrAIE AT
1.00e+000
B.33e-001

g 6.67e-001
5.00e-001
3.33e-001
1.67e-001 |

0.00e+000 : ’ ’ ’
0.0 1.0 2.0 3.0 4.0 5.0

10-4 RURES 2 DDP
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11. 2 WEDVT—IRTLAIC

F
.
B —
Pump
& -«
—> Cylinder

11-1 S HEII T —IRT A

M-1IBHEEVI VT —VRTLTY. QIIRE, PIXEA, pIFBE, ApIXENE, ciEfR
#, al3/VV T REBOER, VoldD' )25 —DAR, KISKREMMER, AXD) D5 —ORMEE,
YIZVUET—DALE, TAID) D5 —MERDEL, vILEE, MIXBEE, FIZAH, RIZKRED

EERR(REY, (3B ERUET.

11-1 OYBEFILERYRSST (Hydraulic System.BGE)ICT3EE 11-2 D&SIC
RYET,

1 3 5 6
SE1 ~ 1 ~(0 ~TF] — =11

R1 Cl R

11-2 RURISTEFI

CCC, SET IRV TRER, R Z/INIVTESDERK, C1 XV —EA, TR FERSDVEE
1|, [TIXEEEMEN, R2ZEKREDEENZERLTVWET. TNEND, ANNSA—FZRITTR
LET.
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11-1 C version DBH
= 11-T1 ICAHINSOA=YIEHRERUET.
£ 11-1 C version IZBIFTBAHINSA—FIFHR

T4 T+ (=] I==¥iv) Xk
SE1 ET1P1 5.0e+06 Pa Pressure
R1 R1C 0.62 - Flow Coefficient
R1 R1A 5.0e-05 Im?2 Area
R1 R1RHO 850 ka/m3 |[Density
R1 R1T 0.1 sec Opening
|C1 C1K 1.7e+09 Pa Bulk Modulus
|C1 C1D 1.0e-01 Im Diameter
IC1 CILEN  |2.0e-01 Im Length
|C1 C1PI 3.141592654 |- Pai
TF1 FTD 1.0e-01 Im Diameter
TF1 FTPI 3.141592654 |- Pai
R2 R2K 5.0E+03 [Ns/m |Friction
I1 I1M 1.0e+04 kg Mass
RICFHERK VT4 —RINNY IO ERUET.
SET
#Exl E=ETPT;
R1

2R If(T<=R1T){
R=R1C*R1A*sart(2*xZ/R1RHO)*T/R1T;
telse{
R=R1C*R1A*sart(2+*Z/R1RHO);
}

C1

2= double C1A;
CT1A=C1PI*C1D*C1D/4;
C=C1K/(C1A*C1LEN+C1A*C1DP)x*Z;

T1—RINYIOEE
ZTHA C1DP
FBZ#  Displacement
mURES 7

TF1

X TF=1/(FTD*FTD*FTPI/4);
R2

X R=R2Kx*Z;
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I

il L=Z/1TM;
BRTFTDAAINSA=IFHRDANZERUET.

»T SE1

Farameterz and characteriztic equations

24— F
FEf

i B
ITE A |l B i o
E1F1 b.0e+0f Fa Prezsure
r.?%'fifﬁ
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B
TR B B (i S
R1C n.62 = Coefficient
R1& h.0e-0h me frea
R1RHO |850 kz/md Denzity
R1T 0.1 SEC Opening
r%ﬁﬁ |

EEEl
A

[k i

B
TR B B (i S
C1K 1.7e+04 Pa BullkModulus
C1D 1.0e-01 i Diameter
CILEN |2.0e-01 m Length
C1PI 3.141592654 |- Pai

r%ﬁﬁ |
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=T TF1

Farameterz and characteristic equations

SACE R EREH -
TR B B (i S|
FTD 1.0e-01 i t vI
FTPI 3.1:1592554 . P;?me °
I S
EEEl
=8
1
&1 R2

Farameterz and characteriztic equations

SAEE L (BRI
T4 B B (i Sk |
R2K §.0e+0d Mz m Friction TI
=
Foim e
T
1
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=TI

TE-E | i@ B {1 S i
ITH 1.0e+04 k= Mass *I
EI:J
EEEl
gy
ey

11-2 Fortran version DHE&

K 11-2 ICANINSGA—YEHRZETUET.
£ 11-2 Fortran version IZHB[FTDANINTX—FIER

FT& T ([} ==tiv) aX

SE1 ETP1 5.0e+06 Pa Pressure

R1 R1C 0.62 - Flow Coefficient
R1 RT1A 5.0e-05 |m? Area

R1 RTRHO |850.0 kg/m3 |Density

R1 R1T 0.1 sec Opening

|C1 C1K 1.7e+09 Pa Bulk Modulus
IC1 C1D 1.0e-01 Im Diameter

IC1 CILEN |2.0e-01 Im Length

|C1 C1PI 3.141592654 |- Pai

TF1 FTD 1.0e-01 im Diameter

TF1 FTPI 3.141592654 |- Pai

R2 R2K 5.0E+03 [INs/m  |[Friction

I1 ITM 1.0e+04 kg Mass

40




LUFIC, Fortran version [CHITDFFERXKR U T —R/INv OB ZRUET.

SE1
%N E=ETP1
R1

=X IF(T.LE.R1T) THEN
R=R1CxR1A*sart(2*Z/R1TRHO)*T/R1T
ELSE
R=R1CxR1A*sqrt(2+Z/R1RHO)
END IF

C1

FEX C1A=C1PIxC1D*C1D/4
C=C1K/(CTA*CT1LEN+C1A*C1DP)*Z

T4—RINWOEE
ZTHH C1DP
FBZ#  Displacement
mRES 7

TF1

FEX TF=1/(FTD*FTD*FTPL/4)
R2

FERX R=R2K*Z
I

FEX L=2/ITM

RICEFBRTFDANNSX—FEFEBRDANZRUET.
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=T SE1

Farameters and characteriztic equations

E s ]

T L |l & {i] S

E1P1 h.0e+0R Fa Freszsure

rﬁﬁﬁ |
%F R1

~EREE-

i)
TI
B OE

-, '\.i

Bl
I

I 1

Farameters and characteriztic equations

SR
TR |l B {1 S
R1C Nn.62 = Coefficient
R1& h.0e-0h i frea
R1EHO |850.0 kg md Density
R1T 0.1 SEC Opening
r%ﬁﬁ |
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& Cl1

Farameters and characteriztic equations

—1iS Hd—A —{E I E -
EHE |l B (i ax2k || |
C1EK 1.7e+01 Pa BulkModulus ‘rI
CiD 1.0e-01 M Diameter
C1LEN |2.0e-D1 il Length , ==
CIPT  |3.141592654 |- Bai ACH X
Bl
Ao
r%ﬁﬁ |
=F TF1

Farameters and characteristic equations

1S A— 4 {EFE
T4 1B B {1 S| [
FTD 1.0e-01 Di t vI
FTPI 3.131592654 = F'aaILEiLmIE o
I ES
-2 A= F)
= H
T
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*f R2

Farameters and characteriztic equations

ER s

T |l B {1 S

R2E h.0e+03 Mz m Coefficient

R |
=F 11

~EREE-

Bl
I

I 1

Farameters and characteristic equations

Sl

LA | il B {7 e o
[1TH 1.0et04d bz Mmass

CHER |

44
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11-3 5t&

11-3 RICFHBENSA—FZLUTDLIICAALET.

Mumerical conditions

R 44 B5RS [0.00000E+00

# T E5RY [5.00000E-01

BRI A& (1.00000E-05
11-3 EHE/INSAX—%

11-3 DINSA=FTEHETDE, RIRES 4 DEF ERVRES 7O DP X 11-4 O

FOICRYVET.

» Graph Tool
271ILE)  ANTH

2.0le+006

4.1/e+006 |
J.33e+006 |

EF4

d.33e+005
0.00e+000

1.00e+000
g.33e-001
. 0.67e-001

Z.alle+006 |
1.67e+006 |

0.0 0.1 0.2 0.3 0.4

__________________________________________________________

""""""""""""""""""""""""""""""""""""""

11-4 RUFES 4 D EF &RV RES 7 D DP
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12. 3 BERYRATLILBIFBIRIRIS

12-1 {KiEh&& 7 1 )LY—(Low-Pass Filter:LPF)

i(t)=%

. Rl
Vi e A '

z

R |

i SE1 —=1
C ==Vul = Jitar T

5
F
C1

iz,
X 12-1 LPF Bl K12-2 RURITSTETI

12-1 X LPFEIRETY. VIIFAAER, i) IFER, Vi VIIBERTFDIRFEE, RITER,
ClxarF 2, tidEEERLET. K11 OYEBETFIVERVRI ST (Low-Pass
Filter.BGE)ICg2&H 12-2 DLDICRVET. CZT, SET [FEREE, R1 [F#&H, C1 &
AT ERUTVET,

12-1-1 C version DBEA
£ 12-1 ICANINSGA—YEHRZETUET.
& 12-1 C version [CBIFTDANINSA—IEHR

TR | A & Bfi1 Xk KX
. = *Sj *PI* *¥T)+

SE1 | EF1 100| v Amplitude1 EFZE:;MSE';&I*F;IREF;?%;T)

EF2 100 V Amplitude?2

PI 3.141592654 PI

FRQ1 250 Hz Frequency

FRQ2 10 Hz Frequency2
R1 R1R 1000 Q Resistance |R=1/R1R*Z;

C1 cic 3.2e-06 F Capacitance |L=1/C1CxZ;
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BRTDANNSA=FBRODANZERUET.

%+ SE1
x
et — R
THE (8 iy SE v EHE AP
EF 100 ¥ fnplitudel | =| | |
EF2 100 ¥ fmp | i tude?
PI 3.141592654 PI =
FRO1  |250 Hz Frequencyl B | z@e |dsuhk B0
FROZ 10 Hz Freguency?
HIEF: |
R = P IR
R FBZ & FeF
[ | | | =
— T
E;EF1main(?mPI*FRm*T}+EF2*3in(2$PI$FHI§!2$ Tag | reEg T T
)
HIlBs: |
oK | CANCEL |
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T RT

x|
SR —A - IEREH
THE |8 iy SEv EHE AP
R1R 100 o Resistance | =| | |
R SBH
HilEs |
-2 = P I
THE  FEEH Ak
| | | | =
~H bR
R=1/R1R#Z: T | FedEr T T
ilFs: |
................. DHI ’wl
®F Cl1
x|
SAEF T EREH
Et B B S E EHE  JAV
CiC 3.2e-06 F Capacitance | = | |
T E T E SBT
R |
= i R
THE  FEEH Ak
[ ! E =
st
C=1/C10HZ: e | FemE [#E]  sem
ilFs: |
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12-1-2 Fortran Version DB
x®12-2 ICANINSAXA—YgHETUET.

#F 12-2 Fortran version [CHIFTD AN/ X—5iETR

T4 | BBA (=] BAf] dXUk R
. = *Si *PIx *T)+

SET || EFT 1000/ V| Amplitude1 |Eoo el ZEERT)

EF2 100.0f V Amplitude?2

PI 3.141592654 PI

FRQ1 250.0f Hz Frequency

FRQ2 10.0| Hz Frequency?
R1 R1R 1000.0f Q Resistance [R=1/R1R%Z
C1 Ci1C 3.2e-06 F Capacitance ||L=1/C1CxZ

BRTDANNSA=FBRODANZERUET.

SE1 %=F

-TEREE-

Fol et
ITEE B B {ij sl
EF1 100.0 Y fmpl itudel
EF2 100.0 W Ampl itude?
FI 3.141659264 PI
FRET 2h0.0 Hz Frequencyl
FREZ 10.0 Hz Frequency?

-2 A= F)
A

rl% T T
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R1%&F

Farameters and characteristic equations

SAEE R {EFEE
T4 B B {1 S
R1R roon.n 52 Resistance '-'I
S
-2 A= F)
L
7
C1%T

Farameters and characterizgtic equations

IS A= ~{ERAEE -
TEE (B B =l i

Cic 4. 2e-0F F Capacitance v|

s
&l

T ET
[ : e
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12-1-3 &
SH/NSX—9%ER 12-3 DL IICANLET.

Mumerical conditions

R 44 B5RS [0.00000E+00

2 Ti5pg [0.20000E+00 ___

BRI A& I1.00000E-08
K 12-3 SHE/INSX—%

12-3DINSA—FTEHETDE, RVFES 1 DEF ERVRES 3D EF IR 12-4 D&

DRV ET.

FrAIEY AJLZRHY

3.00e+002 , , ,

2.006+002 |---rryyac- S nm— i —

1.00e+002 Il I et e |
| 1

H 0.00e+000 . 1l || |
1117 c— 111 S s, |||”, .

=2,00e#007 =mreens s e R

—3.00e+002 : : : :
0.000 00400 D00 00200 0.1l 0.200

2.00e+002
1.33e+002
6.07e+001
0.00e+000
—6.67e+001
-1.33e+002

-2.00e+002 : : : :
0.000  0.040 0.080 000200 0.1e0 0.200

2

=101 %]

12-4 LPF O AHER
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12-2 SiEh@EE T 1J)V5Y—(High-Pass Filter:HPF)

Ve=R-i(t)
R1
V; ]
R l (1) =+ ?
i) = [EAGY 1
L SE1 —~i1
|
I1
12-5 HPF Bl 12-6 RURITSTETIV

12-5 [ HPF B TY. VI[XFAAER, i) [FER, Vi V. IFSFZFDIRTFELE, R (FHE,
L [F34)b, ¢t FREZERULET. 12-5 OEXEEZ/RY R TS5 7T (High-Pass

Filter.BGE)ICT5&M 12-6 DLIICRWERT. T, SET IFANE
FE, R1 338, 11 [FA 205090 X&ERUTVET.

12-2-1 C version DIBE
x12-3 [CASNINSA—FFEHRZERUET.

F& 12-3 Cversion ICBIFDANINTA—H

T4 | EBE & BAf] Xk X
. = *Si *PIx *T)+
SET | EFT 100[ v AmplitudeT E*SEQJ&%R%Q?? T+EF
EF2 100 V Amplitude?
PI 3.141592654 PI
FRQ1 250 Hz Frequency
FRQ2 10 Hz Frequency?2
R1 R1R 250 Q Resistance |R=R1R#*Z;
I1 L1L 300e-03 H Inductance |L=1/L1L*Z;
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BRTDANNSA=IBERDANZERUET.

%+ SE1
zl
i e — Rz E
e i B iy Shiae | EHB AV
EF1 100.0 Y PawerSource | j | |
EF? 100.10 y
PI 2.141592654 PI -
FROT  |250 Hz o [zge [oob B
FROZ |10 Hz
HIlER |
— 32— Fat e SRR
IEE FEZ & b A o
| | =l | =
— B
E;EF1*sin(E*PIH%FHm*T}+EF2$sin(2$PI$FHI}2$ THhs | FeEH [#k] sam
Th:
HIEF |
................. DI{I ’WI
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T RT

x|
1T A4 - B
THE |8 iy SEv EHE AP
RI1R 250 Q Resistance | =| | |
R SBH
HilEs |
32— B TR
EHE  FREH P
| | | | E
~H
R=R1R#Z: e | Fedelr [#2E]  sem
ilFs: |
................. DHI ’wl

ey

x|
1T A4 - B
THE |8 iy SE v EHE AP
L1L 300e-03 H | =| | |
R SBH
HilEs |
32— B TR
EHE  FREH A E
| | | | E
B
L=1/L1L#Z; e | Fedelr [#2E]  sem
ilFs: |
................. DHI ’wl
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12-2-2 Fortran Version Di5&
x®12-4 ICANINSAXA—YgH®kETUET.

F 12-4 Fortran version [CHIFTD AN/ X—5iETR

R4 | BBA (=] BAf] OXU i
. = *Si *PTIx *T)+ *
SE1 | EF1 100.0/ V| Amplitude? Einfgp-;';{;;ggi;w TI+EF2
EF2 100.0f V || Amplitude?2
PI 3.141592654 PI
FRQ1 250.0| Hz || Frequency]l
FRQ2 10.0| Hz | Freauency?2
R1 | RIR 250.00 Q | Resistance |[R=R1R*Z
LT L1L 300.0E-03| H || Inductance |L=1/L1L*Z

BRFDANNSA—IEROANERLET.
SE1%7F

Farameters and characterizgtic equations

—IiS A=A —{EFHZEE -
TE 2 | (B B 7] =50 il
EF1 100.10 y dnplitudel -
EF2 100,10 y tnplitude?
PI 3. 141592654 PI ,
FRO1  [250.0 Hz FEeauenad 2SR X
FROZ2 10.0 Hz Frequencw?
-2 4= F)
Ao
r%'lii‘t |
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R1%&F

Farameters and characterizgtic equations

1S A -4 - ERE -
EHE |l B (i ax2 k|| |
R1R 250.0 0 Reziztance ‘rI
=
-2 4= F)
8
B
%+

Farameters and characteristic equations

=L A
TEE B B {1 =E i

L1L J00.0E-03 H Inductance vI

-2 A= F)
A

rﬁﬁﬂ _ |

R i
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12-2-3 &R
HENSA—5ER” 12-7T DLSICAHLET.

|
FRhL 85 S |n.unnunE+uu e :
42T I5F8 IIII.1IZIIZIIII[IE+[IIII Can
(ETLEAEN |1.I]IZIIZIIIII]E-I]E

HAh S |1uun

12-7 FHENSX—=%
12-7TDINSA—FTEHETDE, RVFES 1 DEF ERURES 3D EF IR 12-8 D&
DRV ET.

=T

71 IME) ATHD
3.00e+002

2.00e+002 |- AP T N —
_tone+002 M P T
= n.00e+000 | . | '
£ M s —— A

Sl B e S R e

-3.00e+002 : : : :
0.000 0.020  0.040 0.060  0.080  0.100

1.00e+002 . : : .
6.670+001 |-{H -----|~ll-lJ~ FHHH A
3.33e+001
0.00e+000

2

-3.33e+001 M

~6.67e+001 (i f| ”HI 13 ||”“ SRRk
~1.00e+002 ' ' '

0.000 0.020  0.040 0.060  0.0s0  0.100

12-8 HPF O H /1R
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13. BGSP OCHAICHREDT.

ATOUVSLEFATIBES, RURITSTEIRAY—UTVWBRIENFHRERYET.
Fiz, FEIS, BB TR IRTSTETRYI—UIEWADESHIC, BEERZEBNUET.

(M)

(2)

(3)

(4)

(5)
(6)
(7)
(8)
(9)
(10)

(11)
(12)

(13)

(14)
(15)

Simtec ® HP https://simtec.jp

MURITSTDRERNTEICRINTUVET,

Kohda, T., Nakada, T., Kimura, Y. and Mitsuoka, T.: Simulation of Bond
Graphs with Nonlinear Elements by Symbolic Manipulation, Bulletin of
Mechanical Engineering Laboratory, No. 49, ISSN 0374-2725 (1988)
FEARA,BHME/NVIVIZ2—YaVICLBDHEREV AT LDERET, INT—FH1
2,25, 8, pp.34~64 (1985)

EIN‘%%W? MEHmNEE, RCO68 HEEI AT LABIRIF—RERAESES, R
wREE- [ 5, BGSP(RURIST-922L—232- OS5 L) FEBRFSIE, HA%
m$ (1985)

(D EFSHZEEER, RVR-J57-9220—2320- OIS AL(BGSP) O ERICE
IHOMREZESHRHKETE(1992)

JARESR, HfTE,J07%(1987)

J.U.M—=7, BRER, RURITTIICELZVZaL—3Y, (1996), J0OF 1.
Karnopp, D., Rosenberg, R., System Dynamics: A Unified Approach,
(1975), John Wiley &Sons, Inc., New York.

Rosenberg, R. C., D. C. Karnopp, Introduction to Physical System
Dynamics, (1983), McGrow-Hill.

Bos, A. M., Breedveld, P. C., 1985 Update of the Bond graph
Bibliography, Journal of The Franklin Institute, Vol.319, No.1/2(1985),
pp269-286, Pergamon Press Ltd.

Thoma, J. U., Simulation by Bondgraphs, (1990), Springer-Verlag.
Filippo, J. M., Delgado, M., Brie, C., Painter, H. M., A Survey of Bond
Graphs; Theory, Applications and Programs, Journal of The Franklin
Institute, Vol.328, No0.5/6(1991), pp565-605, Pergamon Press Ltd.
Thoma, J. U., Ould Bouamama, B., Modeling and Simulation in Thermal
and Chemical Engineering. A Bond Graph Approach, (2000), Springer
Verlag, Berlin.

W. Borutzky, Bond Graphs Methodology, (2010), Springer Link.
NS, 25T D7D 1DCAE B2 & EIREAlT, IDCAE LoFv+1)—X, (2020),
BAEWF =, pp82-115.
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(4881 Fortran & CHOHBR L

Fortran & C++ LLER

VA FICHEARRY 720U 2D\ C, Fortran & CHDOEWEZ /R L ET.
F 725112 Fortran, CH++HiZ L A0 & DOH, #WXOENEZRLET.

@ )15 (w=x+y)
Fortran W=X+Y
C++ w=x+y;

@ & (w=x Xy)
Fortran W=X*Y
C++ w=x*y;

@75 (x5 y=z+ W)
Fortran W=MOD(X,Y)
C++ w=x%y;

@ R (w=V X)
Fortran W=SQRT(X)
C++ w=sqrt(x);

@ B AP (w=In(x) )
Fortran W=LOG(X)
C++ w=log(x);

@ %A (w=sin(x) )
Fortran W=SIN(X)
C++ w=sin(x);

@ B 5 (w=tan(x) )
Fortran W=TAN(X)
C++ w=tan(x);

@ i % % (w=arccos(x) )
Fortran W=ACOS(X)
C++ w=acos(X);

@ X iR 1E AL B %L
Fortran W=SINH(X)
C++ w=sinh(x);

@ X it IE£Z PR
Fortran W=TANH(X)
C++ w=tanh(x);

@ F (w=x-y)
Fortran W=X-Y
C++ W=X-Y;

@R HE (w=x+y)
Fortran W=X/Y
C++ w=x/y;

@ <X F(w=x"y)
Fortran W=X**Y;
C+  w=pow(x,y);

@ 5L E (w=e"x)
Fortran W=EXP(X)
C++ w=exp(x);

@ i e B £ (w=log(x) )
Fortran W=LOG10(X)
C++ w=log10(x);

@ 5% BAE (w=cos(x) )
Fortran W=COS(X)
C++ w=cos(X);

@ IE5% B (w=arcsin(x) )
Fortran W=ASIN(X)
C++ w=asin(x);

@ EHE % (w=arctan(x) )

Fortran W=ATAN(X)
C++ w=atan(x);

@ Bl MRk B EL
Fortran W=COSH(X)
C++ w=cosh(x);

@il E (51 B TR D5 E)
Fortran W=ABS(X)
C++ w=fabs(x);

QL —70715 10 £FTHE LE)
Fortran DO 30 1=0,10
J=J+1
30 CONTINUE
C++ for(i=0;1<=10;i++) j=j+i;
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QML (L LabaniE-)

Fortran IF(A.GT.B) THEN
¢ ZZITAHAZEL
END IF

C++ if(a>b)
{
/12 TR A
}

@M 2b Lab i)
Fortran IF(A.LT.B) THEN
c T ZITAEAEL
END IF
C++ if(a>b)
{
/12 TR A
}

@M 3(b L a>=bbiE--)
Fortran IF(A.GE.B) THEN
c T IR AEL
END IF
C++ if(a>=b)
{
/2 AR AL
}
QML 4b Lasb i)
Fortran IF(A.EQ.B) THEN
c IR AEL
END IF
C++ if(a==b)
{
/2 AR AL
}

O N\ 1(EH x & ANT) @ )(EH x & 1))
Fortran READ(5,*) X Fortran WRITE(6,*) 'X="X
C++ scanf("%f",&x); C++ printf("x=%{",x);
| DAkl Sit]
¥4 Fortran INTEGER
C++ int
2% Fortran REAL
C++ float
(R
Fortran DOUBLE PRECISION
C++ double
S
Fortran CHAEACTER
C++ char
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@GS ( 7Y v DFESY)
T OENSARE LBV, Y=A4—x2 O x=015 x=2 T TORENEERD 5.

IR DA

AB Ty X[

M 3 7 O 4y B R
H X LI

FUNC,T #fErBA% e = D%
SUMO,SUME i & —FFiJIZ AL D 25
S BOEEZRAT 8%

OFortran DA

C T DA E TS
C EPHOES
INTEGER M

REAL FUNC,A,B,H,S, T,SUMO,SUME

C BAE D ER
FUNC(T)=SQRT(4-T**2)

C BB D FE FriA F
READ(5,100) M,A,B
100 FORMAT(I8,2F10.0)

C DXt i DR E
H=(B-A)M
SUMO=0
SUME=0

C ot
DO 10 I=1,M/2-1
SUMO=SUMO+FUNC(A+H*(2*I-1))
SUME=SUME+FUNC(A+H*(2*1))
10 CONTINUE
SUMO=SUMO+FUNC(B-H)
S=(FUNC(A)+FUNC(B)+4*SUMO+2*SUME)*H/3

C H
WRITE(6,200) 'M='M,' H="H.' S=',S
200 FORMAT(' ',A8,18,A8,F10.7,A8,F10.7)
END

Fortran (2817 5 FEITHE R
100,0,2
M= 100 H=0.0200000 S=3.1411333

ORON@!
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OC+HD 4

#include<stdio.h>
#include<math.h>

//Class D EF%
class variable {

public:
float s;
float h;
float func(float t){
return (float)(sqrt(4-pow(t,2))); /B2 D € 3%
H
}simpson;

int main(void){
ISR TE 7%
int i;
float sumo,sume,m,a,b;

HINF]
scanf("%f %f %f",&m,&a,&b);

//IX TR simpson.h DR E
simpson.h=(b-a)/m;
sumo=0.0;

sume=0.0;

/TR E D FH A

for(i=1;i<=m/2-1;i++){
sumo=sumo-+simpson.func(a+simpson.h*(2*i-1));
sume=sume-+simpson.func(a+simpson.h*(2*1));

}

sumo=sumo-+simpson.func(b-simpson.h);
simpson.s=(simpson.func(a)+simpson.func(b)
+4*sumo+2*sume)*simpson.h/3;

/1)

printf("M=%4.0f H=%f S=%f\n",m,simpson.h,simpson.s);

return 0;

H
NetHZI8 1T % FEATHE R

//100 0 2
//M= 100 H= 0.0200000 S=3.1411333
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T8%. 2 "2FJS7(BG)IS

1. ARFEERNO—7

. »58AICBT 57 =D

Z ORI BT Deffort B O
k- (R b u— 7 LD effort O TN DOKA)
(EE : effort ZEGIEFREBM»LOH A, BERA~DAN)
(TE : effort ZEIXERAHSOHA, BB ~DAH)

2. Z ORI B B flow B DR
A’——B B ST (R b m—2 R low BRO T D)

(LB : flow BEEIIEFRANLLDOH N, BRB~DAN)
(FE : flow ZERERB NLOHT), BRA~DAT)

. IXRIF—DJO0-DERDSVIERZEK T 2ERE BGR T

IHILF— ZJO—OBSHIS

YBRAE BN T 2ES BERICHBELTWARY FI 7 7% F

THRILX —HEESR SE-#7F (Source of Effort), SF-#%TF (Source or Flow)

IR -FTEHESR C-# T (Capacitance), I-&7F (Inertance)

IFILF—EHBES R-#% 7T (Resistance)

IFIINF—(EEZE TF-%#7F (Transformer), GY-Z#F (Gyrator)

gl W N

IXNF—DNU - EREERTNER | 0- R 1-ES02EHADES

. VBN X T LB ERICHINT D BG EXR

e BRR SRR BERF

HEYF %7k, vy K TR E8

SE—E&F 5h EOFEMSE T BER

SF—-%&F B fEeE, E5iE BEHEBR LT EiRiR

I-%F EE it (B 24 )L
Z7FAKA—N mEEE PR R

BlEOEEE—2A 2}

C—%+ ! F¥xaz2hlL—4& a2V FuH
BEER mEDOEMRKE
nAth Zvr, BEBE

R—FF BEE, BEMNLY, FPLIESE MEER, REESE | ERER
T2y (BE), Firt— By, #, Bh

TF—%F & YRRy (REE) EESE
BEVWVEE vy

CV—=F Prfn F — R E SR =

r0—#A BEEFEIAREXTICISRES |REFOHE - 8M#A | EFEE

Fl1—ER BEH#ETFICLHHES, B8U6 B, BHinE B 7| =8
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4. BG DERFIREFFIEREEK

EARET o PN | momsesnmEYsRoBES
SE | s£—Smy e=E() _ _ i
f (M ERICIIMHRERFEZICE
SF' | ser—a f=F() RSNAU, CNIFEE = KR
~ - IR EIAENTRRITHIE
R Rt ¢=R(/) HETIBICKERSERAVD
= o =, BoEREZHEALTND
s S =R () ATHD.
N L]
; Cal -
C f e=C([ fdr) (2)V2F L(ESR) DEB SR
I . f = L[ edt) =
- el e2 . | e2=el/(n) d> d
( TP ok f1=f2/(n) M §+D—x+Kx:E.npm
n - ke f) = dt dt
) | e | =W
f1 f2 :: 2=mr1 5505 1 EIHBY S, 5 2 BIHIE
el o B2 2=el/(m) A, £ 3 E\IEIERA, G424
GY |-~ fi=e2/m)| 3 =
(0 k. Sﬂ i HAN).
::".I' el . a2 el=(m\f2 /("7—1%T?E\UICE’D“<TI'\‘“JI\“9“5
BRI | orom | 7O | T nF camvrsREsL
o
| : 0 :m-l e =common 2.
O-425 g S d
il (™7 2. fi=0 ME+Dv+K[vdt=F,
rE - | dt mmpu
el "
=i —-fT--H :m f = common CNIcESRREEERL ORE
1-$23 _ o ERDESETBE,
a2 2 ._'l:.?_.
fZ2 " ful

EVWSFIZRS. INH I ZRFDEFHE
AITHd. —1—rDEHAHERD
BOMRRTHS.

v = %J‘ {F,—,m,,g — (Dv + H’j mit)} dt + v(0)

—7, CR/RFOREERI,

EVWSTHICERS. NI, [IRMREER

F=Kx= HJ vdt+ F(0) ZERUPTL.

(3) LECOEFAIERIE, YT VR TLOBFIEZERFET SICIX=BFR(BlE=] FF, [IR=C
R =R FF)EETDYTIVRTLADEZEAA, HDIVWKMBEERNSDADNSHEY
IO TLWBIEZERLTLS.
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5. 0 R & 1 BEROYBENZIR

0-#& (common effort junction)

1-# & (common flow junction)

BER

FAETRY 7OBRA (BaLIRMT O Ese
[QUIBTIRATI2BAOEMNIIRET 28
MOFLMICFELLY) , BENHE

FLERY 7OBEH (B =0 Ra8 DL —
TORAY)DBELEZORBMEIBERTOR
HACELY) , BRsHEaE

ZLWHAEBLTUVWTREROEE DL

—DOEEICHETINHOFEHRK (X

B R
4, AL TV S hh'EE

HOEL B LI LRRICHT 2EFAENEE

£, BHEE,FE
T3H5=a—broxg) ,

FNZBATHNTHEICH
REAHE

KEEDESA

R iliiﬁ)\du.ii ZLw),

ARICBITARBOREFE GRER
FEHHHE

TAERIRRBORAL-TDEY OEAET OEHM
FoThiFThiEh ok,

MENE

6. HiREETRD BG ZERDFFER (ROFERIEFE U TREDHESD)
=7 E 3 Bih (480 =) effort X flow= FXV = 1Xw = eXi = PxQ
& BHEERR 3G ED BER Pigz ¥
A . 3: 491%4 —L®D bk 3::% 70
R R -a—o F=R-v T=R-w e=R-i P;=R:-Q3 Py
RF—| v=(1/R)-F | w=(1/R)-T i=(1/R)-e Q3 = (1/R)-P; Cy= Vo/K
29008 | fRLhBEIE Ax7rYORE |BEBR | [w@-moxs
& ; i:C-d—i Q) =G dt“ MRS > b
C - F=kf"dt r=ijdt 1 s A
e=EJtdt P :C_3J-03dt pg
L
—a—b DR | ZEHE A(LOBEE ) d@ ?iiiu—s
i P—p —2 C;=—
' [ f— F=M-ﬁ 1-=].¢Z_c: e—i’.. dt ’ ¥Po
- -] o rf ra |
7J|4ETII/
o ReG, #7E _
A & mm) Ay
FHRRTO |
EAEX =

///
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{83 3 RYRIS TV L —vavy—ILDERS.

MNIRTST79IaLb—03ay—-IVDEZS

3.1 #BRDFEN
MORITSTU22—03aV—ILERVWEEHEBITORNZEHAT 5.
1. RIRTSTZEERT S
2. RURITSTZEERIC, YRTLDOXEAERNDIERT D
3. fFLexxBc 52N % C §5E, 72/ FORTRAN DOEICE#RT S
4. TINXELAERZ Runge-Kutta ‘ZZAVWTESCEICLVENFEEKD D

™Mt Bond [moriju_SMD.BGE] g o [=[ B3]
FrfIHE FITR YWD ATHH]

D|@|@|&| 2| ¢| 1 |R|SEISF|ITF[GY| 0] 1 [—]| ©|@]|wm|4
SE1

1 —T11

. VN :

Cl=——0 OF—RI1

N/
|

SE1

1 | Mo
Fig 3.1 Bondgraph simulation tool

W Graph Tool

FrAILE AJLTH

1.00e+000

5. 00e =01t~ Nszamrter=r]

~]
& 0.00e+000-

—5.00e-001-]

-1.00s+000 b
lo+000 2.50+000

=

8.00e+003

A.008+003 4+

Fig 3.2 System dynamic characteristics

66



32 XEEHFBRRERTT 5 E TOFWN

3.2.1 XEEHBERDIER

HRFEA AT 2 £ COFIEEZR 3.1 ORY R7 T 72U E VAT 5. ZhaHd 5BRciE
R RT7TT7vIalb—=2a Y —VORNBTOR L RN RAOBOM G 273, Ry 777V a
L— g Y — L ONEIC BV TREFERIZG.DRO £ 5 R THRHISL TN S, 3.1)kE 7t
DT 5 EBRICRS.

DX[0]=(-C1 (X[11)+E1 )-R1(0, (-F1 O +L1(X[0])))):
DX[1]=(L1 (X[0)-F10) ; (3.1

dd)io = (_ G (xl)+ El(t)_Rl (—Fl(t)+L1 (xo )))
(3.2)

B (1 (x)-7()

tﬁb,qm@mﬁmxwéjﬂﬁm@%ﬁ,gm@aﬁmxﬁéjamﬁ@%ﬁ,&m@nﬁmﬁwé
D f(t) D ThD. E ) FEANT T +— hOBS, F)IZAN7 n—oieET.
ZITC, W31ITBIT LIRS FESRONY =B L x, KO x, OBRZ LLTICRT.

xoz_[ezdt

%=Iﬂdt (3.3)

(33)AZB.NHHUMRAT D L B4HRUT D . B4 E — RN DIZIZT D & 3.5 5. (3.4 DS
Tu 7 LANICBWTHESREEEZRTZOICHNL LT THS.

e2=(-C1$f5d+E1t-R1 (-F1t+L1$e2d))
£5=(L1$e2d-F1t) (3.4

e, =(-C[ fodi+ E ()R- F(0)+ L, [e, dt))
fo =t fesat-F () (3.5)

FEIMDBDONWTAREETIIER L O WD T, BAHRLEMT L LB.0RIIRD. £, 3.6)NE —KH I
cT 5 E@ENRITRD.

e2=-C1$f5d+E1t+R1F1t-R1L1§e2d
£5=L1$e2d-F1t (3.6)
e, ==C[ fydt+E,(0)+ RF,(t)-R L, [ e, dt

3.7)
S5 :Ll_[eZ dt_Fl(t)
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ZIT, CHET, 1R ToFERQEHA, 2LV 2FBFR FERSERY FicBFs2= 71— &7
2 — @R E LU TIZRT.

(3.8)

(3.8) & B.O)XUTRAT S L B9, B.10)1c72 5. £72, B9, 3.10)X % — 2 XDFIZT 5 L(3.11)
K22 5. BIHORKVGI0)X T OR#IT 1 7T ANICBW TS S 2R T ZOICHWA LT TH D, D
R OETF- DI P 2 T

fo#1=—L1e5+L1E1t+RILIF1t-RIL12 (3.9)

e5#1=C1f2-C1F1t (3.10)
fz =—L,e; +LlEl(t)+Rll’lFl(t)_RlLlfz G.11)
¢, =C,f, —CFt) '
B#EIZ, B9RUTGIXEMRA L DORK 3.1 DRV K7 T 712805 kiR Thy, £
NELTICRT. G.12) & e XoIcT 25 £ B.13)Rick 5.

f2#1=-L1C1$f2d+L1C1$F1td+L1E1t+RIL1IF1t-R1L1f2 (3.12)

fo ==LC/[ f,dt+ L,C [ F()dt+ L E,()+ R LF,(t)- R L f, (3.13)

3.2.2 IR OXELHEROVER

30 DR R T 7RO ETT L TRT LK I3 DER, 3%, o _X—=RDFT VIR 5. R
RICBNT 7 —3EETH S, GI)ROFEZLEMICER L LD EB.15)XUTTT. (3.15)X % — %
M7 DTN T 2 L (3.16)RIT 7 5. FHEE D S BN E T D BEO MR % (3.14)RUT =T

(3.14)

[F(e)de = x,(¢)
x282=-11C1x2+L1C1X1t+L1E1t+R1L1F1t-R1L1x2#1 (3.15)
%, =—L,Cx, + L,C X, (t)+ L,E,(¢t)+ R L,F,(t)- R L%, (3.16)

MR TIE— RIS, BEEm, TREEE K, ¥ —gka2C, hiaF, #EZV THT. it
ST, GANRTFIETE.15)XELEET D LG I)RIT R T LI TR E»ND. 3.18)X & &M
e XOWIZT D L3192 5.

1
27——»;n1,cy-—>1(“<Rl-»rcq,zz-—>}q,11 -V (3.17)

1

mlx2#2=-K1x2+K1X1t+F1t+C1V1t-C1x2#1 (3.18)
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mi, =—Kx, +K X, )+ F )+ CV(t)-Cx, (3.19)

F(t): SE,

m:1,

1L

V(t): SF,
Fig 3.3 Physical Model(Spring-Mass-Damper)
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3.2.3 EXARDOXE HFRERXDIER
ZZTIEK 34 0 LCR B OET VA HWOCRHAT 5. 34K K7 7TELEZLONRK IS TH
5.

R:R,

Fig 3.4 Physical model(LCR circuit)

Mr Bond [mariju_LCR.BGE] : =10l x|
FrALE FITER V-ID ANLTH
D|S|&E|&]2]|[x ¢|1]|R]|SE|SF|T=
Il
T
> |
1 3
SE1 ~ 1t =i
4
4
R1
lI I * é

Fig 3.5 Bondgraph model(LCR circuit)

3522V TER.D)~B12) E FRROIEREZTT O LU TFITRTHIZR S, 3200 02 — kA2 NDBIZT 5
B2z 5.
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Lz e EoRic+ 25 L3237k s,
12#1=L1E1t-RIL1i2-L1C1$i2 (3.22)
l:z =L E, (t)_ R L, - Llclj.iz dt (3.23)
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1 Ll 1 Cl 1 1
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Fig 3.6 Flow chart to show governing equation
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Fig 3.8 Physical model(Spring-Mass-Damper)
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Fig 3.9 Bondgraph model(Spring-Mass-Damper)

IHIL, M39% b LI LI a— FEHW TR TR AR RE IED ELTICRD.

74



O Equation = 1Ol x|

™m £2 Fﬂf}‘i’K&'g K1$L'2 —C1£2+C1:&9

Tﬂ,z:-.ég = —K1§Eg + Iﬂl‘z + Kgi‘]é —Kzifg —Cgi'g +02:‘E:16 +C1$E72 —C1$-E','9

THSJ,‘ K2£ it Kg&'g + K3X1( ) KSSEM —Cgi'm +CSV1 (t)—i—Cgi'g —02:;‘:16

< | v

Fig 3.10 Governing equation(Spring-Mass-Damper)
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Fig 3.11 Physical model(LCR circuit)
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Fig 3.12 Bondgraph model(LCR circuit)
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Fig 3.13 Governing equation(LCR circuit model)
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