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Variable step size simulation using transmission line element
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Abstract

In this paper, the simulation methods using transmission lines are studied and realized, which are
necessary in design and analysis of hydraulic control systems. The basic idea of this method is that system
components are separated by transmission line element for simulation. The Pl-controller can keep inductance
level as low as desired. It can also handle nonlinearities and discontinuities without flag signal when restarting
integration. Parallel hydraulic circuits are simulated using parallel processing algorithm. To shoe that using
variable timestep size in each subsystem, simulation time can be reduced. Performance of the simulation

results is compared with that of Runge Kutta mathod.

1. ME

AE#Z 223 (Transmission Line Modeling)®} H
1970 dol =%& AA78 2L dHEE
o8 A7 AERHJTG!? Agaz mdyge

HI Ak AF F sz HeHA 495

34
5

R

al

A 71gol FANAH Agelolde Fote)
4. 9)E 949 BRHe 9F 7o
18 THSE By ol ohiel, o=
A¥H 71@ o) AP ABYL AN D

9 A2 W83 AL Aok Dol e Algaﬂ
A "ayel FaHe
. QAN ATA e
o] AT zash Axle =g AEd

=~
o §54E uAT AY AT ~9L A4 29
[s]

h o4 e | — H a
NA, ABedold AZe Hrgoz Zoly =
Y pogata gad AT
Foyaa sAze

q4& Faich
olwj Baulg AlxHoA ThE A A" A}
gt WdAYA SHHOE 3o Ui =

3t *1@3%3 E}O‘—J /\E"OIWE #Asztd o
Ay 2 T} ol B dFEe nAAYRE
A 7hHAe H A FEHRunge Kutta)d 43} v}
& A= sgin

2. HEAE Q45 AIBE 2HY

21 7j2da
& N2REE AgHeld & a9 dgw
= 712 fels, Azte FEuel
EHAAe E 5 A ] Aste AR
2 27T Aol olx #EE A
ole] & A A%l sigstE ol #EL2E
ERPeEN Y Ao qHAd FFS Abld
AdAzke] =€t

Ad#Hz QA58 A8l 249 & w, &

..682-



(3)

CISL}’ C2E g -
i wCo A gt feke] A
° Aol
o Yt A2

)= py0)+
Wmeéig

"d'i }\}-Q]-gl 7_11_

7HA 2™ %Eéo]

=

=

bpe)

=

= a3

o

=
o)
vs

=N}
== kel
e Azbxsloz A
o 2 u
12

Il

A
Il 4 (capacitance)
%'0’] 7} AR A
} A & (parasitic) 1S 129}
L B S

gdeiAv 9

T ol
=5 W o # o
w.%;bwo?%? =
HW%M%%%%géﬂJ ReRpa.
e ﬂA_@ﬂo._%L:wafg g o )
%E@@ﬂﬂ@ﬁ&ﬂmﬁ7 ovﬂm]nmo% o _
Pu« 0 L N o op %uédr o) T3 A
Aﬂi&wﬂ:mmmnurﬁmmzv@ o T o HMH% —
— () oy —_— O
Eeur.ﬂﬁ_ﬁ 51 gy F ~ R RO LO|17n‘oIo_‘o:t = =~ = P
< E_é\F]U;L; - DR T < CLC < =
Oun_uﬂ.lmlﬂmlxﬁﬂ ﬂ/rL\MI < X ™ MMW_W o -M_mn G %o Wl \rﬂ 1.,@ _ h
Loy & ol X W2 o op 3 o aﬂ%_LaEmo )%o%t H O
wuld,ﬁ = El_mEmayAwM% MHEO = =) Lcﬂ = AW
> —_— TR T o H = —~
dr.ﬂwuﬂiwméimo%%ur HWW%% O I 1:%1
W T o— o = P 2 = 9 H
q@yugﬂd aj 1.@ < MM .a_._.i Mo < 1 " = 4 @‘WM = LCQI
ﬂ.ﬂwAlln‘.:ul = Zﬁ‘ﬁm«zi o} o] ﬂuﬂl% o =5 el 1olﬂmo
w .wzﬁodﬂqop@ N =% & 4 IR
—_ o ,# = o — %0 4 Mool - —
M‘Ltwﬂdn.duwuéﬁameog 7M.ﬁcT1vHA - i._Ldnlze ~ o
Dﬂmhmm_,m@qwiwﬁwﬁﬁ ﬂm‘m MO = o NN Ewm_nw
< @ﬂ]ﬁ,%ﬁkﬂn ﬂdl LIEM@%MT S I 4 AT Qo o
ﬂLmﬂnam;ﬂHAm]m_aei K ,xrejfzo SEESIES 3%8@ =
ﬁnm1al_d “F g gﬂOT%ﬂ% ~ I 5 4T
5 Al DA E -~ Ro + O = B M N
dﬂ%@dl_ A \Jg:c%z - + W T S
ot <X O_‘_ \;0 o~ o o . . 8 - ﬂu _HL o Of T
o T EE e T | S oF 7 G
Jo sPEEERL < Sy W T ~ B ob
T e < e ) &= X o
= " o 5 9p =
o N ~ TR i o o
v ;@ = Cny ~3 T om "
C » & 8 = R
X Wy B g= SR ook
<] Al 5 B M
m_mw%d., 3 gk s \urmwo ]
4 5% |5 gz L Xook <
@ mm o =t /Wu\\%ﬂ
}L)Mﬂ £ 55 ol N 3
Wm‘_wdl : o8 oy %Wn@r
Mm,mu g mm. \dﬂﬂE [ — _L, =g N
< = = = —~ atd
i i 4 res oo _EE P i
= 1 ¥ g & g Olar CI g o
XM g Mo W _ Qg = = 5 iy U.d. =
) Jl;o » = Jﬂ N = ~= [ L ~ < -~
m*mAﬁL = B H © = = £ ki o
TR S amT ! g a5 o RT=7 + 2
.ﬂwmtz - Lﬁn*a] o an ..m %) \NU/ < TGS GH/lH
BT_\IL\Z‘ — N [} Qi /Y =} el ..‘MO_._M@)L.O ) Sy
_ X e o =T — S ~ = ) u/na\a MR
o N I = =|U Ir NN
Ny B = < X IS ! TR
ﬂl .A_I “n.v - ®e 1H._H,0 « D - Z.L o 2 1.._A|O Lf ~ ‘__wu —_—
3 &b 3o z Q | N wm & ==
= ) DA ~ i I _ W_A o = v s g <
AN 3 " I -
< o L ) T T
@] Zc LT < 2 SIS
AN o < + +
g == E
e SN T

- 683 -



= AR V9 golld A HER, GeAe o
2% ook
h2
L=— 7
C (M

EF AlZEAge vmixi axu A B} ﬂu}
o] 23H= fFe] WHY W, FEVAolY o

gatol oJsto] VEhyA "t

EZo] BHAn(Q,=0) vt2e (N =1)0)

E MR dlolA, B2 B Ay Pgae 4

£ PgA0ezRY 421 ¢ At ¢d B
Px ©est Zol Qo slsted Yeha,

P sh —-sh

(s)C _ e’ +e—Xh 5

Qi (s)

Bls)c__ 2
hQ, (s) Tt e (85)

A (Ba)ll A A FA At} MA Qb=
o=

ztz} (9), (10)2) 3 9@
. Os), 2—e” -
)= G2 e e 2
h sh
O e
s -e”
(10)
Aol F AL Azt2" ho o5 wol WhE)

o 2 547 gol Ao §Al@ AYe molmz
3 23 E(s)ol ostd N2w he A4
F @

23 28 37|19 =¥
*E“aﬂ =4 ¢3nFg ¥Y B9 2¥z
Ao 7] Z%—E’.—ﬂloiﬂfi E’F ARG 7)Ao

293 7]2 21016}‘4 gFigsztﬂﬂ Al 2

o2 ¥4 @ £ Ao 34 oAt 29 on
=g 27 °'ao1u}. of A=A G AR
eobd Az HYHA wgro, £AH Ao

A R FEY F2og YEw

Eﬁs_)z‘ h(s) [:I(sz
[_> controller H process

Fig. 2 Step size controller
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Fig. 3 step size control algorithm
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Fig. 4 Simple model for parallel processing
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Fig. 6 Single circuit simulation using variable stepsize
(transmission line element: h=0.01~0.00015s)
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Fig. 7  Single circuit simulation using variable stepsize
(R.K.4: h=0.01~0.00015s)
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Fig. 9 Parallel circuit simulation using variable stepsize
(transmission line element: h=0.01~0.00015s)
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Fig. 10 Parallel circuit simulation using variable stepsize
(R.K.4: h=0.01~0.0001s)
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Fig. 12 Parallel circuit simulation
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