Droop Control
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Introduction

* What is droop control?

 Why do we need it?
* |S It easy to Implement?

Grid

WT DC micro-grid

LOADS

LOADS




Configuration

e Decentralized control
 Centralized control
e Distributed control

y PRSI — .
@mﬂ vidually Controlled &
DC bus - -

i “"';’ DC bus

" LOAD

(a) Decentralized control (b) Centralized control (¢) Distributed control
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9volt battery example

 Depending on RO and R1: battery power (VO or V1)




Nominal voltage

* Regulate around
nominal voltage

DC grid voltage in Volt

440 T

410 —+

Self-protection

Transient over-voltage

Stationary over-voltage

400 +
380 +

360 —+
330

260 -

Nominal voltage range

Stationary under-voltage

Transient under-voltage

Special function range



Droop control

e Control via the

Vgrid voltage
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Without droop control

* Most power is coming from the battery,
* Nearly nothing from the PV

Vbu5=400VDC
Dc Ibattery=5-2A
Battery > *
DC | oag1=3A DC
 — Load 1
DC
DC Ip,=0.6A
PV > RLC —¢
DC
| oado=2-8A
[=90m DC
> Load 2
DC




With droop control

* More equal power distribution
 The PV also delivers power

Vbus=400VDC

DC |baﬂew=3.8A
Battery > |
DC | oag1=3A DC
+r——> Load 1
DC
pc pvoA
PV > RLC —¢
DC
I=90m lLoad2=2-8A DC
Voltage Droop Control Active ¢ > Load 2
DC




Droop characteristic

* Depending on Vbus:
- we select the load current

A A
| ...(SOC
Iy ] : N lpus. pv = AMPP) Igat e )
; RN R : 390 V 400V
360V 380V 390V 400V Vpy 360V 370V 380V I




Grid Connection

dc A
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Battery

R Droop(SoC)

———————————

! min{SoC})
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Solar and other sources

40 IMPP

— PV System
Fuel Cell

I i |
360 370 380 390 400




Grid and battery storage

100

e 1 &6 — AC Mains Interface
Battery Storage

' 360 |




ectronics
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Cout= v out

IF1

N
Input voltage 20 \Y]
Output voltage R \Y]
Output current 0.551 [A]
Inductor current ripple w0 0..100[%]
Output voltag ripple 0w 0..100[%]
Switching Frequency 57.5 [kHz]
Diode forward voltage drop 07 vl
Use predefined inductor value, (leave 0 for suggestion) 150— [uH]

Grafiek  Outpufields 1ab3 tab4 tabS

L=150[uH] ~ C=58.56[UF] Ton=6.06[us]  Tor=17.39[us]  lpeak=1-25[A]
iripple=0.81[A]  Vripple=0.03[V]  iin=0.85[A]

Gate signal for the Mosfet:

gate
1
0 T T 1
0 8.696u 17.391u 26.087u 34.783u
Current through the inductor:
IL
1.269 L
345.785m n
122.893m
0+

T T T T T T T T T 1
0 3.478u 6.957u 10.435u 13.913u 17.391u 20.87u 24.348u 27.826u 31.304u 34.783u



No common ground!
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Synchronous Buck converter




Current measurement

e Current Is measured as:

- Differential voltage over a shunt resistor!
- Shunt resistor: Series resistance of inductor!

V[Vout] V[ INTERNALNODE_280]




Current is controlled!

Only current through inductor can be controlled!

I[L1]V[Vout]
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Bidirectional DCDC converter
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Fraunhofer Grid Manager




Bidirectional converter

Dual Active Bridge

350-400 volt 48 volt
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Pleft
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iIrectional Flyback
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Flyback battery droop control

B A




Interfacing AC and DC

Bidirectional : Active Front End
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Connecting two DC grids

* High power 350-400volt grid
* Low power 48 volt grid




AFE & Dual Active Bridge

e 350400 volt '
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Droop control

350-400 Volt Lol 48 Volt

DC Grid DC Grid

A

Power Flow

Amplitude™ ’\=} v

W350-400=Vnom A
(a)

W350-400=Vnom

v
-

(c)

W350-400=Vnom

(d)
V350-400<\nom



Conclusion

e Control

— With communication?
— Without communication

* Droop control

- D bus voltage
- Power Electronics
- Congestion Management



Questions?

www.caspoc.com/news/workshops/dctrees
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