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1. Hierarchical Control

Clasic Approach (Hierarchical Control Scheme)

s, Power flow control, Import/export from/to the grid.

Control

f/V Restoration (Island), power quality

Secondary Control
4 Synchronization (Island to grid Connected mode)

iy L) Inner loops + droop Control (P/Q Sharing).

Power Quality enhancement P/Q flow Control

Jslanding capability and independence

Energy cost saving and high efficiency

System recovery under foults (selfheal)
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1. Hierarchical Control

Approach from Management Point of View

Classical Management  Hjerarchy for Microgrids
Hierarchy Management and Operation

Strategic Level min- days ENERGY MANAGEMENT
Strategy Scheduling
Tactical Level S~ mi power Management

Action Planning

Operational Level

Physical Level

Facultad de Ingenieria



1. Hierarchical Control

Approach from a Operative Point of View

Coordination )

Coordination and Management
-

3 D
Power management based on

bl 4 Ontimali Tertiary
eastbility an timalit
1 Y P y Control
\ Defining the set points to control the power flow in global J
- ™
Voltage/frequency Secondary
Restoration Control
b d
Yy
Primary |
|
MPPT Droop Control Control
i Constant-Voltage Charge  power Curtailment ;J

I'I.p-

Inner
Grid-Forming Grid-Following [PCFREPEEES

Cooperation
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1. Hierarchical Control

IEEE Std 2030.7-2017
IEEE Standard for the Specification of Microgrid Controllers

4
: Grid Interactive Control Functions
Tertiary
Conlm_! .
Microgrid supervisory Control Functions
Secondary : i L
Control
Local Area Controller
Functions
Device Level Controller
Functions
|Suh-sec " 5/10 min 1 day/1 week
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1. Hierarchical Control

Inner Control Loops

Facultad de Ingenieria



1. Hierarchical Control

Inner Control Loops

» Grid-Forming. Assumed by
DERs with enough capacity.

» Grid-Following. Aligned to a

formed grid. » Grid Forming Controls:
Seguidores de Red (Grid-following) ) VOItage' (VCM)
) * Frequency.
. |DER1| |DER2| |DER3 « Power Sharing.
I I |
Loads | |DER4 » Grid-Following Controls:
 Power Export.
Formadores de Red (Grid-forming) « Power Dispatch
G .
[oer1] IDEREI berz] » Reactive power support

| .
Loads DER4
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1. Hierarchical Control

Grid-Forming
Grid—Fc:rming — FEE-EJ PCC Microgrid
E. .7V £
LI'”1 uniti I E ¥ e FI{MD
o  — ™
R ; [ & |
@ L vmiti o s i
..\ Grid-Following 7 1 4D\« Gnd Fnllnwing ‘Grid-Following ./

v
" reft

G, ()

1
................................................................................................................................................

Voltage Control Mode (VCM)
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1. Hierarchical Control

Grid-Following

]

Grid-Following

_F&l PCC Microgrid

g ,
¥ }r E Linel F[EI_{_D Lined Lined
iing [T E --; = y :_,.- !:__q -..”'__.-{_1 =
< & 5 G Yers S P52l S CPL2
0 ¥ J ¥ Ty ey I o
1 —~— CFS f — CFl . )\ Grid-Following L OAD Grid-Following /'Grid-Following /
_ — - —
- Dower Conirol ) ) ) ) R
1 E-{'“Hrrt,”r f.ﬂ””‘ﬂf E":_"""I""",""" "'"'"i‘-'-'-'-‘-'-'-‘-'-'-'-'-='-'---'-'---'-'--.-.-.-.-.-_-.-.:-.-.-.‘.—_-.-.—_-.-.-_-_;-_-.—_-_-_:-E-E
Pzl v CORErsIon 1 \L-C Filter
= P i olage DC |
3 L I |
- dy

Current Control Mode (CCM)
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Grid-Following

The i-v curve for CPS or CPL can be approximated by a straight
line tangent to the curve at the operating point.

CPL (P) CPL (Q)

N

—Id\o"Se':|

— Tangent line
vs e

_—aceL dCPL

o cps VS ®qcpL

—IqVSﬁd

=—Tangent line

CacePL e, o

Idcpxi = 2 Feex lqoPXi = 2 Qeex
I — '~ el
3 edepxi ¥ 3 edcPXxi
A 2 Puex 2 Pcpx 2 Qcpxa. 52 Qcpx
ldcpxi = 3 2 €dcPXi + ~y— lacPXi = —3 5 €dCPXi T 23 ,
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Grid-Following

» CPS and CPL can be approximated by an admittance in parallel
with a constant current source.

» Reversed sign of (P) will yield to opposite signs in currents and

admittance.

CPS

LCPS

CES

CPL

LESS2

CPL

2 Pgex
3 eqcpxi

.2 Qcpx
4 jos
= €dCPXi

Tepxi = 2
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1. Hierarchical Control

Primary Control

» Grid-interactive. Droop Control

and Power Dispatch > Grid-noninteractive:
» Grid-noninteractive. MPPT and  Power Export

Constant-Voltage Charge

J - MPPT.
Grid-noninteractive 1 « Constant Battery Charge.
MG2 « Voltage. (VCM).

DER1 DERZ DER3
i i | * Frequency.
| I

loads DER4

> Grid Interactive:

MG1 « Power Sharing.
[oer:] [oer2] [oers « Power Dispatch.

— ! » Reactive power Support

lLoad DEIR4 .
oae « Power Curtailment.

Grid-Interactive
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1. Hierarchical Control

Example
IDScheduled —® })*> .
MPPT '
g’ Gi(S)‘*é"GPWM
I/Ca’q>

table 2. Classification of control strategies for electronically coupled DER units.

Grid-Following Controls Grid-Forming Controls
Noninteractive Control Methods Power export (with/without MPPT) Voltage and frequency control
Interactive Control Methods Power dispatch Load sharing (droop control)
Real and reactive power support

6 Katiraei, F.; Iravani, R.; Hatziargyriou, N. & Dimeas, A. “Microgrids management”, IEEE Power and Energy Magazine, 2008
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1. Hierarchical Control

@

» Commonly, ESS are the

» RES are more likely to operate Grid-forming units.
under MPPT algorithms. » ESSs are responsible of power
» Grid-following, Current control balancg and common bus
mode (CCM). regulation. o
ACBus DC/AC Converter PV Ay Batery Array ¢ Billrecionat ACBus

-Tm_ﬁ’ V| I;;l: 1 ﬂ 4 II!_ IIH r';._pl

Voliage | Vi
= =
,
Rferncrc; Ve

15
it

Povwer
FLL T Calenlation

[y]

j L Droap Coeffcients d ESS Primary Control )

]
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Security System

Simulation 1

L1

o1

WC2

< Vpocabo

Simulation Model

Invertar 1 contrallarl

e 1
Control Parameters

Imverter 2 contrallar PV
Mediciones

Electrical Part
SimpowerSystems1
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1. Hierarchical Control

Primary Control
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2. Primary Control

Two or more grid-forming units may operate
simultaneously in an islanded microgrid.

Microgrid

) ey PCC Yimes
£ y IjY £
= Line2

| e Fiow e [65F
el \ -
5= S CPS1 @E]_YCPF =
S L= | — T""--c -
N\ ___

\Grid- Follawing LOAD Grid- Fullnwmg

Distributed grid-forming units can share the load demand and concurrently
respond to variations in the microgrid load. Commonly, droop control loops are
used to share power between distributed units in VCM.
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2. Primary Control

3.2 Power Sharing methods between Grid forming Units.
Active Methods (power/current) :

v Centralized

v' Master-Slave

v" Circular Chain Control (3C)
v Average load Sharing

Wireless Methods:

v High Frequency signals by PLC
v Droop Control.
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2. Primary Control

Active Methods (power/current) :

v Centralized Control

Control
centralizado

Control 1 Control 1 Control N
Punto de ‘ ‘ ‘
Conexion
Comun (PCC) DC DC —_—— bC
AC AC AC
Red Eléctrica
R
U ®
Interruptor |---t-—----—-"—-"—-—-F-———————T-———————1 -—-
|
|
|
|
|
Cargas
distribuidas
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2. Primary Control

v" Master-Slave

Punto de
Conexion
Comun (PCC)

Red Eléctrica

Informacién de la sefa

Referencia corriente del modulo ma
de tension
Control Control 1
Maestro Esclavo
DC DC
AC

AC
@

| de
estro

Control N
Esclavo

DC
AC

Interruptor

—_—_— e — —

Cargas
distribuidas
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2. Primary Control

v Circular Chain Control (3C)

Referencia
de tension y
false
Control 1 Control 2 Control N
Punto de ‘ ‘ ‘
Conexioén
Comun (PCC) DC bC — DC
AC AC AC
Red EJéctrica
g2 e oy 2]
@
Interruptor —-—-F-——-—-""-"-""""F————"—"——+F—-——————+ -3 Bus AC
: .
| |
| |
| |
L o e o o |
Cargas
distribuidas
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2. Primary Control

v Average load Sharing

Referencia
de tension y Informacion de la sefial de
false corriente promedio §>
Control 1 Control 2 Control N
Punto de ‘ ‘
Conexion DC DC

Comun (PCC)

C

Interruptor ———F—-—————————

Cargas
distribuidas
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2. Primary Control

Wireless Methods:

v" Droop Control

Punto de
Conexioén
Comun (PCC)

Red Ej}éctrica

(C

Esquema 1 Esquema 2
droop droop
I I

Generador de Generador de
referencia de referencia de

tension 1 tension 2
\ \
Control 1 Control 2
DC DC
AC AC

ylz] [

Esquema N
droop
I

Generador de
referencia de
tension N

\
Control N

DC
AC

o

Interruptor

Cargas
distribuidas

_Bus AC
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2. Primary Control

Power Flow Analysis

VoSS I" 7
pee ' pec
(M- ET()
EZo Lo Zg V.20
p— L [(EV,cos¢ — V?) cosby + EVysingsin b,
'q
1 ‘
Q= 7 [(EV}; COS ¢ — V;) sinfl, — EV, sin ¢ cos 0},}]
g
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2. Primary Control

For Inductive Lines

VSl I ; i

pec

P = %sin((b) 0 = EVycos(9) — Vi

Zg Zg

J. C. Vasquez, J. M. Guerrero, A. Luna, P. Rodriguez and R. Teodorescu, "Adaptive Droop Control Applied to Voltage-Source Inverters
Operating in Grid-Connected and Islanded Modes," in IEEE Transactions on Industrial Electronics, vol. 56, no. 10, pp. 4088-4096, Oct.

2009.
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1. Droop Control

The conventional voltage control loop incorporates a
external power loop based on droop Characteristics

AC Bus

m=w —mP - P
T Ileq,, Vqu,, v 1124 E=FE— n[.Q o {g .-I
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1. Droop Control

Droop Characteristics

- w=m" —m(P - P

| E=E—-n(Q-Q)

Apply only for Inductive Lines

J. C. Vasquez, J. M. Guerrero, J. Miret, M. Castilla and L. Garcia de Vicuna, "Hierarchical Control of Intelligent Microgrids," in /[EEE
Industrial Electronics Magazine, vol. 4, no. 4, pp. 23-29, Dec. 2010.

Facultad de Ingenieria



1. Droop Control

Droop Characteristics

Wref = w” — Kp - Puniti
Erer = E* — Kg - Qunit

Active power can be equally shared Power sharing can be adjusted with
between units different K,

A o (rad/sec) ® (rad/sec)

@~
©=0"KoP Unitz=® KpP uniez @ =o*
=0 'szpumtz
(3] /
© 7
oo 'Kp1PUnit1
P P > \ >
_P P (W)
UnitT™ ~ Unit2 PUniﬂ F'Ur'litz P {W}

The droop characteristic determines the proportion of shared
power and the contribution level of each DER. J
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1. Droop Control

Droop Calculations

fi _ﬁnin
Pf — Pi max

Ei.max — Ef,min

HQ = .
Qf,min — Qi,mux

Q *
(b)

However it my compromise the stability of the system

J. C. Vasquez, J. M. Guerrero, J. Miret, M. Castilla and L. Garcia de Vicuna, "Hierarchical Control of Intelligent Microgrids," in /[EEE
Industrial Electronics Magazine, vol. 4, no. 4, pp. 23-29, Dec. 2010.
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1. Droop Control

There is a trade-off between power sharing and Frequency

Regulation
Microgrid operation
¥ !
E% CGrid connected Islanded / Isolated

!

+» Primary frequency controller
governor or controlled by voltage
source inverters

* Low-inertia (Critical Frequency

+ Frequency is controlled by main
grid
* No critical frequency deviation

Frequency
control

deviations)

+ IEEE recommended range = + 0.036 Hz
» +» Frequency < §9.3 Hz automatically triggers first « Normal frequency range = & 1.5 Hz
= : :
= level of under frequency load shedding (UFLS) « Critical frequency range = + 9.0 Hz
B . Frequency below 57 Hz or above 61.8 Hz = - Recovery time = 10's
fic Disconnect Generator « Max. ROCOF = 0.6 Hz/s
= . .

( Ref. : EPRI, Power System Dynamics Tutorial, Final Report, (Ref.: ISO Standard 8528-5)

Palo Alto, California, July 2009) N
—_—

Ao =2% EN 50160 AE  =5%

meax max

J. C. Vasquez, J. M. Guerrero, J. Miret, M. Castilla and L. Garcia de Vicuna, "Hierarchical Control of Intelligent Microgrids," in /[EEE
Industrial Electronics Magazine, vol. 4, no. 4, pp. 23-29, Dec. 2010.
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2. Droop Control

Simulation Exercise

Electrical | Part
SimpowerSystems1

Ve vic | Vqu(ESSl) YL 2 ESS1 VPCC Y 12 Ess2Cda(ESS2)
s ‘—*l
Vo< Vo1 | @ 1 o1 ﬁ]y LOAD ]0@
) LOAD )
j f i _f min
mp =
P i — P [, max

Ei,max — Ef, min

HQ — .
Qr’,min — Qi,max
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2. Stability Analysis

» The small signal model of a single distributed generator
operating as grid-forming unit is defined as:

Uniti ¥
Lasun

AW Awj
. AP,
Aepr,- = [M,} Aeg T [C;] { Ad }
E = ey +jeg
Kq mqwf
| = 0
[Ci] Mgng — MgNg
Kq Mgws
0
: MqhNg — MgNg |
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2. Stability Analysis

Vqu(ESSl)YLzESSl 17 YLZESVC dq(ESS?2)
e
]01 LOAD
@ @
i LOAD i
h | _ { Y11 —sz} « | EEss
A —Yor Yoo Epsse
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2. Stability Analysis

1. [Af] = [Ys][Aé]
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2. Stability Analysis

1. [Af] = [Ys][A€]
2.

AP,
AQ,
APy
AQy

Yy —fa 0

— o |0 0 igo

0 0 igo

3 ED'1 E'q--l 0

" | —€q1 €1 0
0 0 _8{]'2
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2. Stability Analysis

1. [Af] = [Ys][A€]
3. [AS] = [Is|][Ae]| + [Es][Al] Substituting 1 in 3.
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2. Stability Analysis

1. [Af] = [Ys][A€]
3. [AS] = [Is][Ae]| + [Es][Al] Substituting 1 in 3.
4. [AS] = ([Is] + [Es][Ys])[Ae]
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2. Stability Analysis

. [Af] = [Ys][Ag]

. [AS] = [Is][Ae] + [Es]|[Al] Substituting 1 in 3.

. [AS] = ([Is] + [Es][Ys])[Ae]

A
A ey
&9(‘;1
JANSS)
Aegyo
&E‘c‘?g

&U.H
Aegi
CI &E’q]

] X Awo
Aeyo
&E'qg

il

Ci 0
0 CJX{

AP
A Gy
AP
A

|
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2. Stability Analysis

1. [Al] =[Ys]|[A€]
3. [AS] = [Is|][Ae]| + [Es][Al] Substituting 1 in 3.
4. [AS] = ([Is] + [Es][Ys])[Ae]

6. [AX] = [Ms][AX] + [CS][AS]
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2. Stability Analysis

1. [Al] = [Ys][A€]
3. [AS] = [Is|][Ae] + [Es][Al] Substituting 1 in 3.
4. [AS] = ([Is] + [Es][Ys])[Ae]

6. [AX]
7. [AX]

[Ms][AX] + [Cs][AS]
IMs|[AX] + [Cs]([/s] + [Es]|Ys])[Ae]
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2. Stability Analysis

1. [Al] = [Ys][Aeg]
3. [AS] = [Is][Ae] + [Es][Al] Substituting 1 in 3.
4. [AS] = ([Is] + [ES][Ys])[Ae]

6. [AX] = [Ms][AX] + [Cs][AS]
7. [AX] = [Ms][AX] + [Cs]([Is] + [Es][Ys])[A€]

» |t is obtained a linear model for the Isolated Microgrid
» [AX] = [A1][AX]
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2. Stability Analysis

[AX] = [A1][AX]

Root Locus plot for two Root Locus plot for two
Grid-Forming units varying Grid-Forming units varying

(P —w) droop coeff (Q - E) droop coefficient K.

T -
0_d2

Imag Axis
Imag Axis

2k
-3

4
3

2

1

0

1

4

]
7 B -3 -4 -3
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2. Primary Control

For Resistive Lines

Vs J :tncc ’:pcc

— |2 EV.
b_ EV,cos(@) — V; Q = —9 sin(@)

Z, Z,

J. C. Vasquez, J. M. Guerrero, A. Luna, P. Rodriguez and R. Teodorescu, "Adaptive Droop Control Applied to Voltage-Source Inverters
Operating in Grid-Connected and Islanded Modes," in IEEE Transactions on Industrial Electronics, vol. 56, no. 10, pp. 4088-4096, Oct.
2009.
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2. Droop Control

Droop Characteristics Resistive line

@ ‘
e T A®
pisssssssssssssgeossssesssenuns !
0 Prn.ax -16 Qmin 0 Qmax FQ
(a) (b)

Wi = Wrated + MQ - Qi
E; = Erateq — np - P;.

Apply only for Resistive Lines

H. Han, X. Hou, J. Yang, J. Wu, M. Su and J. M. Guerrero, "Review of Power Sharing Control Strategies for Islanding Operation of AC
Microgrids," in IEEE Transactions on Smart Grid, vol. 7, no. 1, pp. 200-215, Jan. 2016.
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2. Droop Control

If the microgrids are basically smali
size power grids characterized by
distributed energy resources located
in a limited area (short distances).
Then, is it possible to ensure
inductive lines for droop control?
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2. Virtual Impedance

i

DG 1

e

Jj_

{nverter 1

i | 'FI::h.J 'l::::rr #

xVirtual 'i,.-"-'i‘-" «Virtual
pec

-'{—*r'l ”r-. L.rl fl';l ’,"-_* H-’: !-f-_. H.-_. "'.',i"-_' HJ’;

e

DG 2

Load Banks

Inverter 2
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2. Virtual Impedance

- t Inner loops i
Vief + v, & 1 | I Vo
[ Voltage »| Current o PWM +UPS
I —
loop fﬂ::'.lp : Inverter 7
'-":‘%T"" mimkin
- £p(8) |7
(el Ll
Programable output impedance
1] et (NN ([ TRNTTT TN I
Reference |[lg' Ifp PO J
generator ' | Calculation and droop .
E sin(wt) - ﬂi‘ control " ;
: P/Q control loops |

Virtual Impedance (V1)

Z.(5) Zp(5)

J. C. Vasquez, J. M. Guerrero, A. Luna, P. Rodriguez and R. Teodorescu, "Adaptive Droop Control Applied to Voltage-Source Inverters
Operating in Grid-Connected and Islanded Modes," in IEEE Transactions on Industrial Electronics, vol. 56, no. 10, pp. 4088-4096, Oct.
2009.
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2. Virtual Impedance

Vi, = Ldi(t) + Ri(t
VI = dt i(t)
In dq
d id id
Vv = L[P]—([P]"1 iq >+ Ri|iq
dt . .
i0 0

P is the Clrak — Park transformation Matrix

iy iy iy
LIP1 | [P17 H = LIP1Z (P17 [ig [+ L5 |l
lo Lo lo
., Ig 0 —w 0]|ia . iq
L[P]E [P]_l iq :LlW 0 O] iq +LE iq
i o o ol io

di(t) 0 —w 0][id id

0 0 01Li0 0
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2. Virtual Impedance

Positive-Sequence Virtual Impedance

Voap’}’. il

oafiN, i

Mtive VIRTUAL IMPEDANCE1
io-abc sipha

Vvalfabeta

f1 pets
theta1 thata
f2 AlphaBeta = dq 11

Facultad de Ingenieria



2. Virtual Impedance

» Advantage of the virtual Impedance:
 Provides to a microgrid with resistive line a inductive line
behaviour.
« More accurate active and reactive power sharing.
* Increases the range of stability for the droop coefficients.

» Disadvantages:
« Larger voltage and frequency deviation.
« Slower dynamic response.
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Doop in DC Microgrids
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2. Droop for DC MG

Droop control loops in DC microgrids.

(virtual resistance)

Vier = V™ = Ry - lunii

Current sharing can be adjusted with
different Ry

AV V)

- CD

'I'z' - -
DC DC Rn".’II.'m' r2

~— L

D{_"_j“fﬂf Unitl

\ Battery 1

- 1
L L e I(4)

Battery 2
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2. Droop for DC MG

Bidirectional Buck
DC Bus . Converter Battery Array
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2. Droop for DC MG

Simulation Exercise

DC/DC
Converter Battery Array 1
DC/DC Less1 —
«— —
PV Array Converter —
= IESJ VDC A
I = (Current, [
L4 A control <L
PWM \loop
( 1 ref (Current) T
‘MPPT control ~——
e \_loop ~ \ Primary Control Battery 1
Sign(AV )
DC Common Bus
Primary Control RES 1 DC/DC Converter Battery Array 2
/ {ﬂZ = {L‘”Z
Load < - S0Cpy
L bt
FIS
Primary Control Battery 2 Wz
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2. Power Sharing-AC

synchronous-reference-frame (SRF) virtual impedance loop

Rl« iy Ign (5)

""'-.'""-.'-—D

N
—* r/’__ ™ Zﬂl —I—
g1\ .

- (SJ e_;l‘il bus (S]
- P Zoﬂ
22 :\’:‘-u-|—|_.
q I
— — —
______________ 4 7
]agz&'frqz ‘i AT 2 J refi Ifms "Eraa’rzRvndn + ,i" aanqun
o
|
|
/ i ~, Iﬂdrlef?'{fl o j@dﬂer'rdl IR fad;‘v'va}'aW
L Roivr A7 o I v API I =17 =..=
4 9 / i// ' i ﬂglef}'ql - ﬂglRw'rgl T oq.-‘v'Rvir'qN
/ 7 |
92/,_.../' : l
| |
Al 6.1 : -._:_-.. d RJleim’ 1 alRw'm‘l R E:NRH'WW
odanudZ oa’lRwdl Qﬂleir'gl = Qo ZRW'J'QZ =---= QG.?'JR'H?J-'@‘F

Y. Guan, J. M. Guerrero, X. Zhao, J. C. Vasquez and X. Guo, "A New Way of Controlling Parallel-Connected Inverters by Using Synchronous-
Reference-Frame Virtual Impedance Loop—Part I: Control Principle," in IEEE Transactions on Power Electronics, vol. 31, no. 6, pp. 4576-
4593, June 2016.
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2. Power Sharing-AC

synchronous-reference-frame (SRF) virtual impedance loop

'R'L'fJ"J'I —.._Im (5)
SNN—
_|_
Gn (S]Vr'e_;l‘i-l (E’) ;-br.r.s (SJ
1
, % v, =V"
} a — d d -
1% .
b [ TH ] 'vl; p l 9?
v q 0
c —» ——»| PI —

9,$ S— i

Y. Guan, J. M. Guerrero, X. Zhao, J. C. Vasquez and X. Guo, "A New Way of Controlling Parallel-Connected Inverters by Using Synchronous-
Reference-Frame Virtual Impedance Loop—Part I: Control Principle," in IEEE Transactions on Power Electronics, vol. 31, no. 6, pp. 4576-
4593, June 2016.
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2. Power Sharing-AC

synchronous-reference-frame (SRF) virtual impedance loop

|

e oy,

—

link

-
I |
 ——
SR

o
‘_-\.r‘-"
| ‘
1
|
i
i
1
| 3
1
i
|
|
I
i
]
1
] E."H
r
1—‘2—'-‘15""

5
=

INVERTER |

INVERTER Il

I
1
1
1
1
1
i
|
1
I
|
1
i
1
1

PROPQSED CONTROL

S

| SRF virtual impedance loop

e

F

s —

o o e e e e e e e e e e e e e e e A e e e e e o e e e e o e e e 2 e o e o e e e e o e e o e e
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synchronous-reference-frame (SRF) virtual impedance loop
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Fig. 8. The relationship of qu . Iag and @ with different line impedances. (a) The relationship of ng ; Iag and ¢ with different line impedances. (b) The
relationship of I, and @ when Run=1€/2Q with different line impedances.
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Fig. 10. Therelationshipof R .. I, and F, with different line impedances. (a) The relationship of R, .

relationship of I ; and I, when R.z—=1Q/2Q with different line impedances respectively.
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