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|. Introduction
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Principle of Inductive Power Transfer (IPT)

O IPT is a sort of “coupled inductors”

Vi = Ny(d 1+ do—rq1) = L i+ (Lo = Lyg 1,/ n)

Vo = =Ny (drot+do1— o) = =L lh—(Ly =Nl k)
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Principle of Inductive Power Transfer (IPT)

0 M-model & T-model

L-M L-M
Y Y Y —_—Y Y Y YY) (Y Y Y
L Ly + !
+ . to, +
W@y, M +O O Mi v, D i RO M v,
- - - 1

vi = L+ Ly (h—niy) = (L + L) h—nl, b =L L—M,

V, = (Nl iy—=n*Lyy 1) = Ly = Ny b= (0L + Lyp) i, = M i Ly iy
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Static Gyrator Model for the Steady State IPT

, 1
O Static G-Model: 1= xVy I, = xVy
Xo 1Xo
LM L,- 3
Vl M V2

oL, oM oM | jeL, L
1 ! ' 2 1 ! ! 2
S PPN = — IS
+ | 1 + + 1 . | +
: : l : J :
\11 i JoM E \12 Vi i ) V) C i \12
(b) Equivalent circuit of (a) (c) Static gyrator-model

[34] Y. H. Sohn, B. H. Choi, G. -H. Cho and C. T. Rim, "Gyrator-Based Analysis of Resonant Circuits in Inductive
Power Transfer Systems,” IEEE Transactions on Power Electronics, vol. 31, no. 10, pp. 6824-6843, Oct. 2016.
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Static Gyrator Model for the Steady State IPT

Q Voltage source S-S IPT example (tuned in the steady state)
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. Dynamic Phasor-based

Gyrator Model of IPT
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Dynamic Gyrator Model for the Transient State IPT

A Proposed S-S IPT with internal resistances
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Dynamic Gyrator Model for the Transient State IPT

Q Proposed dynamic gyrators (time domain vs. frequency domain)

i1(t) i2(t) I;(s) I;(s)
+ O—— —> ——0 + + O— — ——0 +
210 ) G < v2 () <:> Vi (s) > G ( Vy(s)
- O——— —O0 - - O o -
i,(t) = Gv.(t) I,(s) = GV,(s)
i1(t) = Gv,(t) I,(5) = G*V,(s)
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Dynamic Gyrator Model for the Transient State IPT

A Dynamic T-Model: Conditions for Imaginary gyrator

I;(s) I;(s) 1,(s) I, (s)
+o—>—Z(S)TZ(s)—>—O+ + O—— jX jJX ™0 +
V() s Va(s) <:> Vi(s) - Va(s)
-0 : o - -0 : o -

N Ve N\

Vi(s) = =Z(s){I1(s) — I, (s)} + Z(s)I1(s) = Z(s)I(s)

- Va(s) = =Z(Us(s) — L()} + Z(s){=12(s)} = Z(s)[1(s) |

.

L(s) = GV;(s)

I,(s) = G*V,(s)

/

& J

|:> G = 1/Z(s), G*=1/Z*(s) = —1/Z(s) \
Z*(s)=—Z(s) > RelZ(s)}=0 > Z(s) =jX
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eZs=0

Dynamic Gyrator Model for the Transient State IPT

Q Proposed dynamic gyrator valid for complex time domain

I, (s) I (s) i1(t) i2(t)

+ O—— jX TjX ——0 + + O— —0 +

—
1
Vi(s) -jiX V5(s) <:> v1(1) > ]_X C V2 (1)

o L o RPN -

Ve N

I,(s) = GVy(s) = V4 (s)/jX

I (s) = GV, (s)= =V,(s)/jX

\\ B B //‘
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Dynamic Phasor Circuit of an IPT

A T-Model in time domain

a Dynamic phasor circuit in s-domain

1,(s) sLy jwL; —sM

—-joM  —joM -sM jwLy sLp I,(s)

LW T—0

+ +
V,(s) Vi ()

4] 2 _

0 VAR W o
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Dynamic Phasor Circuit of an IPT

d Replacement with a dynamic gyrator in the dynamic phasor circuit

O—W—W\PWD - mewm—»o

+ I +
wM
V2 (s) Vb(s)
sM %
- &1 T2 B
0 AN L Wy 0
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Dynamic Gyrator-based IPT Circuit Analysis

A The dynamic phasor circuit of S-S IPT with a dynamic gyrator

1

SC1 sLi jwly — -sM jwL, sL, sC2
i NI—J»W - Wm
14(s) > = C 1o(s)
]a)Cl ]CUCZ
+ +
V() () SM% R, %_Vo(s)
i &1 [ 2
VWA - Wy
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Dynamic Gyrator-based IPT Circuit Analysis

QA simplified dynamic phasor circuit in tuned case (v = w,)
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Dynamic Gyrator-based IPT Circuit Analysis

Q Further simplified approximated circuit, eliminating s-terms

-sM

L(s) |

V() O)

—1Z.(s) _(W_

I5(s)-1,(s)

@ || < w,

56 7o

+ +

A01@) Vi(s)

)

v

J
w-M

Zo(s)

+

L5 (s)

V2(s)

Vi (s) = Zs(s)I,(s) — sMIs(s) + sM{I;(s) — 1,(s)} + Vi (s)

sMV,(s)
jorM

=Zy(s)I;(s) + Vl(sE Z($)I(s) + V1(s), |s| < w,

0=2,(8)1,(s) —sMI,(s) + SM{IO(S) - Is(S)} = V5(s)

= Z,(s)I;(s) — sMI,(s) + Vi(s) = Z;(s)I,(s) +

+ Vi(s)

= 2, () — SMIL(S) — Vy(s) = Zy()I(s) — 2 ) )
jo,,M

=Z,()I,(s) — Vz(SE Zo(s) Io(s) = V2(s), Is| K wy
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Dynamic Gyrator-based IPT Circuit Analysis

A Elimination of a dynamic gyrator from load side

I1(s) I (s)
Z.(s) > —) ——0
+ + i +
A0I@ Vi(s) ) G ( ﬂ Va(s)
- ) ___5
- 1 . I>(s)
o ) =z [T 8
s(S |
Vin(s) = G*Zs(s) () ei—l V2(s)
! o
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Dynamic Gyrator-based IPT Circuit Analysis

QA Thevenin equivalent circuit of a dynamic gyrator

_ V(s)
IS(S) ZSL]_ i ZSLZ IO(S) GV(S) = I/S(S)
+ j +
HOIONN w0, M Vo (s) _ joM R,
X _ — :
- | ry + 2sL;  (w,-M)?
— N —VW —r1+ZSL1+r2+25L2+RL
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Dynamic Gyrator-based IPT Circuit Analysis

QA simplified dynamic phasor circuit in mistuned case (v # w,)

1
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Dynamic Gyrator-based IPT Circuit Analysis

QA simplified dynamic phasor circuit in mistuned case (v # w,)
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I1l. Verifications

by Simulation
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Simulation Conditions for Tuned Case

| No.| parameters [ Values
50.3 (kHz)

L1 286.3 (uH)

L, 284.8 (uH)

M 52.01 (uH)

C, 35.33 (nF)
n C, 35.33 (nF)

o 0.967 (Q)
n T, 1.018 (Q)
n R, 1.29~114.54 (Q)
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Simulation: { =3, R = 114.540hm
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Simulation: { =1, R, = 32.550hm

Is| K w,
&0 ; : : .
, SN ERERERERREER
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"ll‘JLf:'!LJLimfile‘i!'
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Simulation: { =0.3, R, = 7.95 ohm

Is| K w,
20 F
1
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Simulation: ¢ =0.1, R, = 1.29 ohm

Is| € w,?

""VWV"""W

-4 F |

0 1 2 3 4 5 6
Time (seconds) <104
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V. Experimental

Verifications

28
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Experimental Kit

Function Generator

DC
Power Supply

Oscilloscope

Digital
Voltmeter
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Experiment: { =3, R, = 114.540hm

T
R

0000000
Time (seconds) .10
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Experiment: { =1, R, = 32.550hm
i e
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Experiment: { =0.3, R, = 7.95 ohm

Amplitude

A e
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Chun T. Rim
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Experiment: { =0.1, R, =1.29 ohm

_ Amplitude
N o

Is| K w,?

Amplitude

Time <1074
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V. Concluding Remark
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IPT dynamics is simple & easy now!

QThe 5t order IPT system becomes the 2" order gyrator system

1 1

sC, sl jwl, -sM -sM jwLy sl ¢,

()] ““ ) w]_M ( ;“'; J' lo(s)
jwCy |_

O 2’

V() Ry Z V(o)

_ r sM % . _
W WV
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