
電機控制實驗室 (Electric Machine Control Laboratory), Room 503, EECS Building

指導老師： 廖聰明 教授 (cmliaw@ee.nthu.edu.tw) (03) 5162188, (03) 5731142, EECS 503, Delta 817.

1. 馬達驅動系統

直流無刷馬達 (永磁同步馬達) 驅動系統：無位置感測控制、弱磁控制、PAM/PWM控制、換相調
控、電流控制、速度控制、定位控制。電動車之驅動控制、再生煞車控制。

同步磁阻馬達驅動系統：換相調控、電流控制、速度控制。

開關式磁阻馬達驅動系統：無位置感測控制、弱磁控制、增壓控制、換相調控、電流控制、速度
控制、噪音及振動消除控制、隨機PWM控制。電動車之驅動控制、再生煞車控制。

開關式磁阻發電機、同步發電機。

感應馬達：向量控制、弱磁控制、無感測控制、變頻器之PWM切換控制技術、噪音降低之PWM
切換控制技術、實用先進控制技術。

馬達驅動系統之應用：電動車、空調機、冷凍冷藏設備、冰水機、散熱扇、家電設備、航太組件、

風力發電機、飛輪儲能系統、原動機模擬器、G2V/V2H/V2G 操控、其他。

2. 轉換器系統

變頻器及其切換控制 (單相、三相、並聯)。
功因修正控制電路 (切換式整流器) (單相、三相、並聯)。
軟式切換轉換器。

轉換器之數位控制。

電動車輛之驅動系統、充電器及充電控制、UPS放電操控。

實用及先進控制技術。

切換式電源供應器。

電力濾波器。

Photovoltaic cell and fuel cell powered auxiliary power units (APU)。。
微電網及其組成電力電子轉換器。

儲能系統(蓄電池、超電容、飛輪)之建構及操控。

其他。
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The established experimental common DC micro-grid and energy storage systems
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• System ratings: 
SRG + CFPP boost DC/DC converter: 2kW
Interleaving boost DC/DC converter: 1kW
Battery interface DC/DC converter: 1kW
Super-capacitor interface DC/DC converter: 

1kW
1P3W inverter: 1kW.
3P3W inverter: 1kW.
Vienna SMR plug-in AC/DC converter: 2kW.
Three-phase grid-connected inverter: 1.5kW. 
Three-phase single-switch SMR based 

isolated plug-in AC/DC converter: 3kW.
Flywheel (Reaction wheel): 100W/9.52s.
Flywheel (SRM driven): 500W/20s.
Flywheel (SRM driven): 2.32kW/20s.
Flywheel (PMSM driven): 2kW/10s.

• Location: Room 503. 
• SRG, flywheel: available from other projects.  
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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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EV-IPMSM drive
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Wind IPMSG
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Wind IPMSM: Interior PMSM, 6-pole, 3000rpm, 1kW
SPMSM prime mover: SPMSM, 4-pole, 3000rpm, 2kW
Power converter: The Vienna rectifier is established with three
off-the-self modules (IXYS VUM 25-05E, 500V, 35A). 
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PMSM Driven Flywheel
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Three-level neutral-point clamped (NPC) inverter
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9

Possible inputs: (i) Three-phase 
AC sources: micro-turbine and 

standby AC generator; 
(ii) Single-phase AC sources; 

(iii) DC sources: PV, solid 
oxide fuel cell, and battery. 

Single-phase buck 
SMR based plug-

in mechanism

Three-phase Vienna 
SMR based plug-in 

mechanism

Possible 
harvested 

input
sources. 

Interface converter of 
SC and operation control



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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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 
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Harvested mode: harvested PV source direct battery charging   
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Battery

13



dcv

bv

bi

rω

dcv

bv

bi

dcv

bv

bi

rω

rω

Measured ( rω , dcv , bv , bi ) 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).
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Measured ( rω , dcv , bv , bi ) 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).

Standard control HFI sensorless control
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A battery/supercapacitor powered EV PMSM drive 
with grid connected and energy harvesting functions



A switched-reluctance motor drive with standard and 
bridgeless Ćuk switch-mode rectifier front-ends
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dC dv
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SRM drive with four-quadrant single-phase four-switch SMR

Possible DC sources 
and energy storage 
devices: PV, fuel cell, 
battery, supercapacitor
(SC), flywheel, etc. 

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

SC
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Position sensorless controlled SRM drive based on narrow voltage pulse injection
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Full bridge SMR
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● Standard control  ● Position sensorless control

(a)

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. 
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Reversible running.
Regenerative braking.
Good line drawn power quality.
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A permanent-magnet synchronous motor driven 
prime mover emulator
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Fault-tolerance studies 

Different types of 
SMRs
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A battery energy storage system with
plug-in energy harvesting
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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.
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Synchronous reluctance motor (SynRM)
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rθ̂

rθ̂

rω̂

+
Σ

+

hω

injV

)cos(* tVv hinjdsh ω=

*dshv

500Hz2 =hω

600Hzl =hω

* 1dsv

Commu-
tation

scheme

'qsi

'dsi

Hz)30( =cf 450Hz)( =cf
thωsin−

riθ~
s/1

)(sGcθ

r
qshi
ˆ

LPF HPF

r
qshmi ˆ

rω̂

10Hz)( =cf

LPF
1ˆrω

Injected HF voltage 
signal generator

2:1250rpm850rpm h*rω ω≤≤
1:850rpm   1250rpm, h*r*r ωω ω<>

Rotor position and speed estimator

Sinusoidal Wave HFI Position Sensorless SynRM Drive with 
changed injection frequencies



Effectiveness:
A speed command change                                       with rising 
and falling rates being  250rpm/s at                            .
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Fixed-frequency Varied-frequency injection

The smoother operation and better driving performance using the proposed 
signal injection approach can be observed.




