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The established experimental common DC micro-grid and energy storage systems
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A micro-grid with multiple renewable sources and energy storage devices:
incorporated operations with EV and grid, DC directly powered loads
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Wind IPMSG
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PMSM Driven Flywheel
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Three-level neutral-point clamped (NPC) inverter
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Wind SRG-based DC micro-grid with the plug-in mechanism
using three-phase bridgeless DCM SMR

. C
SRM-driven flywheel energy storage system Ig)(r%1 %}JOSH .
Bidirectional one-leg BESS DC 4OOVM2G ___________ . Ugtgldty
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A wind SRG-based DC micro-grid with hybrid energy storage system and
plug-in auxiliary energy support from utility grid or other possible sources
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Variable-speed
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A battery/super-capacitor powered SRM driven vehicle with
G2V/V2H/V2G functions

System configuration of the developed EV SRM drive with cascaded battery/SC

Sa O3 01 03 Os 97 Q9 O
f0, 40 A fe | R AR R o oo o gk g
.

Cde 7R Vde

EV wheel load
(Gear box)

~ sc T Vse S
S ARSe - - 4%}131, ="

Battery  Super- ‘
L On-board bank 156V capacitor j
: Battery conditioning mode

@ : SRM driving mode
G2V: Grid-to-vehicle opeartion

L —— — — — o — e —_———

V2H: Vehicle-to-home opeartion
V2G: Vehicle-to-grid opeartion
e Possible power devices:
(a) 3 three-phase IGBT IPMs.
(b) 2 three-phase IGBT IPMs and 2 one-leg . )
iGeT®PM. . Oftboad ® Wby gas |

SRM driving: (S,, D., S4, Dy): form interleaving boost converter (v}, =550V ) to establish 550V DC-link voltage.
(Sas Dy, S, Dp): form interfaced one-leg bidirectional buck/boost DC/DC converter for super-capacitor ( v, =560V ).

Regenerative braking:

¢ By arranging the windings current on the inductance negative slope region and operating in hard free-wheeling, the SRM can be operated in
regenerative braking. The components (L, S,, Dy, Csc) form a one-leg bidirectional buck/boost DC/DC converter to charge the super-
capacitor. When the voltage of super-capacitor is over 156V, the battery will be charged via the diode(D,,).
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The constructed EV load test-bench
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A battery/super-capacitor powered EV IPMSM drive with
G2V/V2H/V2G and plug-in energy harvesting functions

AT > AT Motor driving  ------ e EEEEELEEL R Driving
: ! «— Motor regenerative braking B B <-J mode
I <-oooooooee- r---t--%--- G2V PFC charging --- Idle mode
i ‘-i ---------------------- EREEEEEEE %---4;----}-- V2H/V2G discharging -—>-
N — —
RN Bidirectional | { | | 400V Three-
L Interleaved s —® phase
harvested . DC/DC converter e ‘Lv-: inverter
source Vo e NI I I ¢
i DC/DC : : -: Bidirectional : =
boost = DC/DC ; —
‘j; % converter + Iy converter Boost Pl
" Battery Vp o Vse —— SC SMR Dl
= -~ ; -L A On-board ||
U SO P S PPP 4 s Y
e G2V: Grid-to-vehicle charging | - Off-board e G2V ¢ Utility grid
e V2H: Vehicle-to-home discharging + Plug-in ; V2H/V2G o/ 1P3W/
e V2G: Vehicle-to-grid discharging Vac () AC (or DC) — g2 o—| 3P3W
e Harvested mode: harvested PV source direct battery charging — — source viv
e Plug-in-mode: plug-in AC or DC source to battery charging = L
oad
[
i ° °
T [ n T3 Ts
Off- 1 On-
board i board Rp " D—4 D—4 Ds
i Bl (I SO R
P.5 igs
e T L pa a >—0a
+ | Lo b lps b
vac ~) | + —Cde >
“@ 1 e ;
110V Co Ly — S oc
60Hz >_/Y‘(Y\_/ cs
Plug-in PV
AC (()r DC) lharvested Tp; T Te T ¢
source | Source — —
! B D, 0—6| D,
[
Energy harvesti ol Front-end DC/DC 0
nergy harvesting an ront-en Dynamic
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Standard control
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Measured ( @y, vdce , Vb ,ip ) of the developed
standard EV SPMSM drive powered by
bidirectional DC/DC front-end converter due to the
programmed speed rate profiles: (a) (1200rpm/s

<> -2000rpm/s); (b) (1800rpm/s <> -1800rpm/s);
(c) reversible operation with the speed rates of
(1800rpm/s <> -1800rpm/s).

HFI sensorless control

L a2 k0
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g/ B o
= 1 \ ISA
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= i
e ;
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140y e~
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400yl NP
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Measured ( @y, vdc , Vb ,ip ) of the developed HFI
sensorless EV SPMSM drive powered by
bidirectional DC/DC front-end converter due to the
programmed speed rate profiles: (a) (1200rpm/s

<> -2000rpm/s); (b) (1800rpm/s <> -1800rpm/s); (c
reversible operation with the speed rates of
(1800rpm/s <> -1800rpm/s).
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A battery/supercapacitor powered EV PMSM drive
with grid connected and energy harvesting functions

Energy |

< _ ; >
harvesting system |

Battery and interface
DC/DC converter

— e
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|
i -
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(b) G2V/V2H/V2G are also applicable.

SWa
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IPMSM and
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@: Driving mode

@: Idle mode

SWa ®
O—O0— /v \ 7 T
o
iy @7 sSWb(D
y/ [
. . Flywheel
i iy i
Output
Dy L E L g L g filter o
A A B
¢ [V,
S U U -
: (1P3W or
L LA 3P3W grid)
110V/60H i
2500 Tamp i “ﬁ?,%{’:élc ANB
I V2H G2V/V2G
. Z | G2H La2vivas,
v |
M
110V/60Hz L 110V/60Hz L } N 1P3W sources C
Z18 60W lamp 100W lamp } Van :110V/60Hz
Zp I Van :110V/60Hz Ml
} Vg : 220V/60Hz
]

@ : Plug-in mode: () Possible harvested sources: Single-phase AC and DC (PV, Fuel cell, battery, etc.).



A switched-reluctance motor drive with standard and
bridgeless Cuk switch-mode rectifier front-ends

SRM drive

S1 )
YA A\ 4 {>“_ { = | Me(l:haglcal
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SRM drive with four-quadrant single-phase four-switch SMR

» Reversible running.

» Regenerative braking.

» Possible DC sources and storage devices interfaced to DC-link:
PV, fuel cell, battery SC, flywheel, etc.

i Buck/boost .
HSbl\r/}nge_’l‘_bidirectional converter > SRM drive >

Possible DC sources
and energy storage
devices: PV, fuel cell,
battery, supercapacitor
(SC), flywheel, etc.
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Position sensorless controlled SRM drive based on narrow voltage pulse injection
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: tuning scheme scheme |
[
| & o [or T
| Suent Bolsle |
| controller controller |
I Phase current|
| G.i(s) command |« Geo () [
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|
|
! SRM drive % ok ok S ] |
Rk peed
: control scheme p>lcolp estimator [*~ 114 :
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SRM drive with different types of AC-DC converter front-ends:
(a) standard four-quadrant three-phase six-switch SMR;

(b) three-phase single-switch SMR paralleled with active power filter.

» Reversible running.

Bidirectional power flow > Regenerative braking.

< % » Good line drawn power quality.
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A permanent- magnet synchronous motor driven
prime mover emulator

Fault-tolerance studies

P | 7 ~ v,
g . Yw
3 ¥
22 V2 Shaft
3 v ; speed
oy
Followed
converter

Ts T
—| _|
PMSM driven wind

v N turbine emulator
Different types of
SMRs
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Control schemes of the permanent-magnet
synchronous motor driven prime mover emulator

DSP TMS320F2812 G SPMSM drive control scheme
¥ ci(s)
Field excitation lds - v
Iys setting scheme o Current ca I ]
- / Ids |controller[— % > Viri 4=
. as »
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> by abeidq| i o) AN
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o Vi 7| T
A 9| S
. 0 A E_
ncoder
(4B.2) [ | pucter, Or Ny B | Commutation
E || and speed shifting scheme Geo ()
P detﬁctlon - Tz Soeed E— @ *
scheme i * @, peed | | .
oy O =2 controller % ok ? > lys
W, L
: :
“ry Ger(s) -
Wind turbind t I, e | 1
v* —»| Wind turbind torque- orque | |
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igs—>] 3P(/1ml )/ 4 Pé',
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v
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Vv scheme
dc
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.
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IPMSG Vienna SMR control scheme DSP TMS320F28335
© I i | 4 Eia Vea
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MPPT
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A battery energy storage system with

plug-in energy harvesting

. ~Presented

Plug-in energy harvesting system in Chapter 4 Power flow Utili
S : gt . il
| | DC bus Three-phase| 7~ Discharging mode - >
|| Presented 350V | kS | 400V bilateral | 92 3
| Chaptor 5 resonant | atera ‘ ||
i in Chapter - DC/DC | DC/AC | p, v sw 3l p
| converter | ﬁ' iverter -———— e Charging mode — — -
| Switch- " k| | \
I mode | ¢ ——— Fo ! Bidirectional YARY
| rectifier g fo_nf‘irtfr_J' : | interleaved
: : : interface DC/DC [< | |
| ] Ll converter - AC Non-
: Interleaved :_: Lll(r)laegr motor | | Tinear | Loads
| ~ buck-boost rTT T Batter load load
; et | | T bank(38V)
| ilélgle-phase Three-phase | Be | = Presented Whole BESS performance
| D(:S(;g{l(;‘ec eor AC source % source | in Chapter 3 test: presented in Chapter 6.
I |

Grid-connected operation:
Discharging mode:

1. P,=P, -P,(P,>P;),P, =Preset value, O, =0

2. B,=P +P,(P,<P), O,=0p

Floating mode: P, =0 (P, =F,), 0, =0,
Charging mode: P, = P, — P, (P, = Charging Power), O, =0
Plug-in energy harvesting system:
1. The harvested energy is directly charge the battery bank in the BESS.
2. BESS charging mode: the harvested energy is used to make the auxiliary charging.

3. BESS discharging and inverter modes: the harvested energy is used to for powering
the loads and/or the utility.

Autonomous operation:
SW is opened, the inverter supplies

uninterruptible power to the load,
the waveform and magnitude of

load terminal voltage are properly
controlled.
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» Synchronous reluctance motors (SynRM): three-phase distributed
armature windings are excited by an inverter with sinusoidal currents.

» The commutation must be properly made.

AaNNE.
www.motorsummit.ch/data/files/MS.../ms12_tammi.pdf

p=45°

(Commutation instant advanced shift angle)
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Vb

Synchronous reluctance motor (SynRM)

(Three-phase synchronous motor, distributed
windings, without permanent- magnets suited
for higher speed operations)
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S =45°
q
]] sin2f # (Electrical
theoretically)
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The developed SynRM drive

To be replaced
by a three-phase
four-quadrant
SMR for
conducting
regenerative
braking
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Sinusoidal Wave HFI Position Sensorless SynRM Drive with
changed 1njection frequencies

|
wp) = 600Hz —-Q |m——————————— :
\AO ©h | | Vi = Vinj cos(opt) '
op2 =500Hz -0 : Injected HF voltage L4/ :
: i '
R S 1Vinj—>: signal generator | :
| o7 >1250rpm, o <850rpm:iay | 00 —--—-------- ! . |
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e Effectiveness:

A speed command change ; =0 — 2000rpm — 0 with rising
and falling rates being 250rpm/s at (V4. =550V, R; =51.8Q).

I Fixed-frequency fj = 600Hz ! | Varied-frequency injection |
T T N e e
TN i ST b
Orpm__/ \ Orpm_/ \
. Oery : | Oery :
_(i—_—-J\_ﬂ,M ,!ILIII r}-ﬂdmw “:'M}Oi(iww‘ ““'“"""“"“g;;'w-w MM#U\J\J}“‘ W , —:ﬁjﬁ.ﬂ' M\__Izoo

| |
| - -

(a) 2s (b) 2s
The smoother operation and better driving performance using the proposed
signal injection approach can be observed.






