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On the physical structure of dynamic systems to
implement a given system function
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ABSTRACT
This paper presents an attempt to find the physical structure of dynamic systems which achieves the behavior of a

given system function. The scheme pursued by the paper would be regarded as synthesizing dynamic systems, and

a method to synthesize them analytically is proposed by means of bond graph prototypes. The method proposed

adopts several concepts used to synthesize networks in the electrical field, but yet demonstrates its own strengths

such as the freedom from the causality assignment and determination of junction types. Also, it is shown that this

method has further advantages in reticulating a given specification into feedforward and feedback expansions relative

to electrical network synthesis and the methed introduced by Redfield. The proposed method is examined through an

example to trace the outline of the analytical synthesis of dynamic systems using bond graph prototypes.
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<Fig. 1> Foster realization (a) and its bond graph (b}
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<Fig. 2> Cauer realization (a) and its bond graph (b}
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Specifi. Feedforward Feedback
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<Iig. 3> Bond graph prototypes for feedforward
and feedback expansions

RAE dgshs BAZ ARAG T, BAN2A A%

Avste A4S QB ANA SRolakn Bk Az

40 rA&elA] zhzt sgepslojop 7] wiftel, olehde
gt W Agase] 24 AU FANAA UP T

wel 9 g (physical intuition)-& Zng s J1ERe] 28%
gteb71e @k dkAuh, Fig. 3% 32 1A BEFTART}
L AA ~E ]l FFlol H8" miv £3] Auis: olaw o
22 A FET £ U Aoln], WM B i o] £A4 o
of g 22 A9 Ay-E uhelis el

vtop F3tsfolol & AARIgSVE oA An¥Ys I
Nal rhzaithd, o] A Y F, oTeEa(EEe
Helo] T ¥ S Jud2(Hele] sgof i &bl
w1 RsarEst w‘-’r°J‘6}fﬂ AA Elojok g} ks, Al
347l olw m Ao Muxu(Es wAdhow ¥ad
i, o] fF A& Ak} whmA] 312 o] x|ojof &}y
wiiolok, 1E A Fig. 3@ (Mgt o), Al2glghgrt of

g9 wis g aEg qlalor shin ARl 0-4%
ofir], 1Ela AAHFSIT duEdaed = g 3EE wop
oy F AR 1-HPA RalEE FR7E HaL, ol 2zt
A A 38 1@ g g2
1
SY(s) = Y(s) + V0] (4)
- 1 5
SZ,[s) = Z(s) + %0) (5)

7| A SYr(s)9t SZal(s)e M=X¥HE FT2e AN=EE AL
gl endae AAAAE 217 on|jich

T, A2YerE FEY |9 F3E FAMN2T 4 AR
aAutrie s Nz APE FZAA SHIest A= J
Foll, Muxde 94 Hew 22E fh 2 R AEEe
of 8hiz A9-7t gk BE, olgd Aol A==

L.
i
1

W

Azt

-296-

e Aee AW (B9 Bol Fold AlrdesE 2 AR
o goz RuaA e 4 % Aotk 1y A2AYS
2 vezqs 2 Wow 7e2 THE 9 Fg 309 @9
e 723 BHgo N, oln Fu=E()AM ui HER
cdse ARYAE 2 18T & UL F,
_ .9
SYa(s) = 739920 ©
- O N
SZp(9) = TF Z9¥E ™
o, AE)3 Zol AXHAFLTF olENELA Wl V(97
Ho¥9soely Zs)7h HeEw RS adu AN #gol Al

293471 A dAY ol Z(s)7F A=EH=st HhE Yis)
7t Hl=u) JRo] Hr olA, A ﬂ%v} BEEEAES V)
RAFLE o]g3le Fold A2 WMo B 7
A= FEYYS AYSIE doh

3-2 $#4 A Z§3Y (analytical synthesis method)
A 2857 AHd) 2 ()9 Bo] MEXn a4
Wiz 2lEo] HAISh= ubepade] zt Aol FEREE 4]
Bo ewtAon MR Ayvtezy i Ais ¥y
g 2= ogrh e, Fold A2HTsE drEse e
wopza gslnd & a2 L (Dol i Fasgp
(complex frequency)dolA 4% «Ag3E #A X3l dE
o] Aol Aench Juigow olulg A WPL &k
Eain /‘ln H 84 SZp(s)7) Fig. 3¢t & Hrxgs @
Hew gEow 2tz RIHe A$E A ¥ ojd, 4
(Nl ‘4\31-‘4 uigl o] MY E AR Z(s)E HES B,
el e AR Y(s)e ERNE Q7] g H@)-& Y(s)

L=

o g 2 ed o] REE ¢ Aok
_ SZL9Z,(5) ~SZ,()Zs(s)
) = TSz (9Z,(9 ®
TN Zo(s)9F Za(s)t BalE WuXgs 4o 2A Y PR

thakAolu], EF SZi(s)9 SZa(s)i= FolZ Al2¥3H4o) ‘ﬁ%‘l
9 FHGGNE 4z dudd @M HEESFH YsiE
2(s) E, Za()} Za(s)o} O1BA Aebssifel wel g n,
oA AR)e NEFe Y Z(s)9 AUl thde
4 AT

B =RdAME A@®9 #@E Ze e v 3EEEA
=7h zbe 9y {88 AAE ol &, ¥ FAA2"E
Wy F2E T o R ¥ ENA HIbEE Al
o] AR (relative order)s= F BAAAH E Y 2
Aidaet gu, vexge f gey T 5 e 4
datge =¥ 234 U A2Rgso ozt
th o714, FoiAtes EHAAHE SR ASA G
N5 ojn|ie, 3t SH(combination)d ¥3
(reticulation)®} g = o2 FAHAI2H] 3 M (analysis)
9 Z3H(synthesis)ll 2+ d-gah= 712 AA G oltt. whebA
()2l A Fod Al2ggee] a3y gov], g
7hep Hag dmEde 9 suw YR o] AlxgFal 3}

ESEY
T=



Florden® ot & 4 itk ol2i@ AFAWE A(®)] g sto
T BHAREA 2% V)5 TE] 95, B w5
Ae Zs)s BTN Z,(s)8 Fol7 A2egse] Bajn
YA SZu(s)9) A (factor)7t HER HQshe] 9 T zpe
DEFEBA P F, SZus) = Zu(S)SZuls)E A(@®)l RIS
Z(s)Eg A obgw), MEw YR Y(s)9] Rxujaay
Ya(s)7h Fol A Al2®ighee] BAat4Q) SZ.(s)st o} A%

£ g}
Y,(s) SZLs) — SZ,A)Z,(s)
Y9 = 555 SAC
ANM SZu(s)E SZu(s)NA Zu(s)B A9 Unx] bz g
HE oy oltt. (@M Aol sl RE Zu(s) o)},
23 Y Zy(s)e] A= oln] Z(s)7} HAgEe] U] wE
o FolW Al~Rghrel JuUlRbryE $ds4 AR 4
Atk o, Za(s)oll EFHE 2 ASEL Qo] HAP ubspy
°l Yo(&)8] A47F A2u%4e ok Szu(s)e) A4t
ol Aggho 2, Fola AAHUS SZu(s)S My
A= AT Z2(s) B Anm B Vs 22t Raleio
olAl, elske: H41H ZTIWE A dg Eiid rolr 7
= @k FHE A9 ouds gye g e |
$8 A8 mA
SZ(s) — -56s" + 100s + 14

(©)]

10)

UL 55 e (passive filter) s AAE o 23 HERoE s
83 P02 wR(notch) T ™ ¢} 5-2H band-pass) ¥
B2 olaig & vk a8)a g4o) 0259} -1o] 9k aiA ull
Aol gli, w@d FHEHo 2 Astel AZY A7} WA
371 Wi @AUFSY 238 wEu U 10 o]
ol F o= e FAHeLsETe pdn 2317 98y
AA, PFESH o] 7} #o) Gog B £ 9= AMgy-&
°183le] Fig. 3csh e WE¥se 22z Baay. g
H, ol Afee Bx g BAng e el g 9 5o 9
AR Lk (synthetic division)& %5le] 23t T Ak F,

- 14 10s _
SZ(s) = 3 * 4 ¥ 5 71 an

HUDY BEMSE wde Fg 4()sh 2, A, AUDe 5
AA %2 PFE 8§ ol§ale] Auins ge He¥ge
=2 FHd £ Qe A5 2AMY of A= =y -0.2591)
A9 F(residue)?t &2 gH(-5/6)0] =0l ®YAT 27
& VY F U, mey 4D Fus g Heyee
TEZ AR A" S U A, dolaest 19 A(1De %=
A B2 AExe @ o pza pasy) A3 s
oleRT FHA A2YFF FAGRA S7(s)7) 10s°]7]

Wl A= R Rauas Zds) = 10 g
SZuls) = so2 ML, olaf Z(s)9) BRI A 24

o o) M=Al 10] sojof 8lr] wjia) Ol Agyo} @
Zi(s) = Cis+Co7t B2 & 4= U, =,

Ws) = (4,‘(:‘1%2 + ,S,S,T,QQ,):(’T +1

10s 12)

-297-

14
7.+ 3
SZ(s)—>1
Zz.-‘ms
48°+55+]
(a)
143 12
R1 Rz
1/10
SZ(SI—>T > 0 —: 12
.10/
C:—4=

(b)

<Fig. 4> Bond graph synthesis for equation (10)
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<Fig. 4> Bond graph synthesis for equation (10)
<Fig. 5> Mechanical realization of the synthesized bond
graph
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<Fig. 5> Mechanical realization of the synthesized
bond graph
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