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Abstract of Thesis

Gas engine generators are widely used in the field of emergency power supplies and combined heat and power
applications. They can also serve as main power sources in places where utility power is not available. Moreover,
compared to diesel engines, gas engines are more environment-friendly as they release low exhaust emissions. A
gas engine generator consists of a mechanical part (engine) and an electrical part (generator). Different kinds of
generators can be used to convert the engine’s mechanical energy to the electrical energy. Among them, the
permanent magnet synchronous generator (PMSG) provides the advantages of no excitation current, small size,
less weight and high efficiency.

Despite the effectiveness of gas engine generators, they cannot fully provide their advantages to the system. The
reason is the engine’s delayed response to the sudden load changes. The gas engine has a time constant of a few
seconds to reach the demanded torque due to the fuel injection function. Consequently, the speed deviation is
large during load transitions. If the speed variation is larger than the permitted limits, the operation will be shut
down. Therefore, for the current users of gas engines, the load step capability is restricted in order to maintain
the engine speed variation within the allowable limits. For this reason, the transient behavior of gas engine
becomes a major challenge in using gas engines.

To improve the transient performance of gas engine, this dissertation proposes a virtual synchronous generator
(VSG) control method to the stand-alone gas engine generator. To reduce the engine speed deviation, an electric
double layer capacitor (EDLC) based energy storage system (ESS) is added at the dc-link of the system. A PMSG
control approach is developed to control both the de-link voltage and the stator voltage by applying the insulated
gate bipolar transistors (IGBTs)-based active rectifier, instead of a diode rectifier. Furthermore, the control
characteristics of different control methods of PMSG are also evaluated.

The structure of this dissertation is organized as follows:

In chapter 1, the research background, an overview of previous research works, the problem issues of gas engine
generator and the objectives of this research are described.

In chapter 2, the VSG control method combined with an ESS is proposed for the stand-alone operation of gas
engine generator. The benefit of VSG control method for the proposed system is evaluated and the outcomes are
compared with the results of the same system using a constant-voltage constant-frequency (CVCF) control
method. An energy variables based feedback control is proposed for the control of energy storage system. The
required amount of energy storage capacity is calculated based on the demanded load power. A simulation study
and an experimental test are carried out to verify the usefulness of the proposed control scheme.

In chapter 3, an active rectifier is used for the ac-dc power conversion in order to improve the stator current
waveform of the engine generator. This system provides the full controllability and improves the efficiency and
reliability of the system. For the control of PMSG side converter, the constant stator voltage (CSV) control is
proposed. The VSG control method is used for the control of load side converter. The transient performance of the
proposed system is compared with that of the system using a diode rectifier in simulation study.

In chapter 4, some different control schemes of PMSG are studied. The two control concepts of zero d-axis current
control method and unity power factor control method are explained. The system responses of the mentioned
control methods are evaluated by computer simulation.

In chapter 5, thesis outcomes are summarized and the conclusion of this dissertation is presented.
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HAT D A ERRIFIEE HERCAEIREE (a—Yox b —3y) OHRIESAVSLERTWS, £,
BARFKDE LN R VHIRICHSIT 2 EBRELTHANLNTWS, RARTAZREIE T 2T A= V3T 4 —E
NE Dy L ARTHRT ANCEEND €0, 72 EOBRBEAEEMEOPHER D72 | BEICRLS LWEESXNTH D,
LU D, Zr P rZE0H 0O OIS A B L S AR ALk T 2 IREREIL R < i, Afr
DRMIBEARFIC T o D AT IR AR SRV E D ICAROELR LMK T 272 SHEMIC LR E T 2HENH D, AT
JETIE. BIIRBIC R I AMAT ﬁﬁ ﬁﬁ%fﬁﬁéaj%@yx%A:%wf T AT D AN KA AT
WIFE R 2 Befor L. B DN ) 2 B RO THEIICER L, Ao —F (ER/ZmE/ERLE) AT
BARPTL DRI BT 2 AD T AT VU EREAG L LTS, ZOXIRBERDOT AT ¥ 3 ERIT
TV OEEEE A BRI 1T D AR O L MR D72 AMAEIES BHOE BT D UIlE

DLEBERMT D EBRHERD, =P O g e B 2 BT O EERIK S TICH BRI TE 50 K EA
FARERZZEBREZ D, LOLRRS, A A= F 8 LU0 O Rl T PR R L > T AT LDORHMEITIRE <
BT 5720, TNOHOBEBRMT AT AORRIZE D VAT AERORHER EOT- D OEMBRENEE L /25, ARAF
ETIEA =2 OFIETFIEIC BT, BARE T—RERIEEE TH D R ERORMEL Y 7 U =T IZ L VR
S 2 AR R ARSI (Virtual Synchronous Generator, LR VSG filfl) 36 & OVEE AU = /L % — Ry B 4 3
T2 2 LTk 2@t Bz SV TR LT %, VSG fillflds L OV AR — L — IS E 0 8 I X 0 AR
DBENEHN T VNG 2 5082 RE EMT D LARFIC, B IEis & SRR ER 2 BRI x5 2 L
BHED, WIT, FEEEOIZM T % BRI EH T DB —MRA R & A A — R T, I6BT (Insulated Gate
Bipolar Transistor) % 7-% f\ 7z B BIREE ST L 2 @EPERILIC OV TREF L TWa, SO RIITo L BY
Thb,

1) HYNBEOL AT AIBWT, [Ek—MHITdh >72 CVCF (Constant Voltage Constant Frequency) fHlfEICTid7e <
VSG HilliHl 2 A L N—H AT D Z & OEMIEEHERE Y I 2L —va VICR DRI TN S,

2) VSG HIEIMNZ CERMICER —EE X v v ZH V=R VX —frmiEE s Vb Z i LA BN FHE
B Ial—va rBRO 1KY OFEREEZAVWZERICEVRLTWD, T42b5, ki OATFEINEEC =2
NF — UL E 2 LC 260min! (EREHEED 15.2%) OEEK T CTHombONRZ XX —EFdEE L Mz 5 2
EICEVHEMK Y I 2L — 3 T 90minT (EMHEED 5.3%), LB T 160min (EAKHED 9.4%) O




ERTicmflshcnd,

3) T AKX —UFEIEE OFEHIER L OV AT AREROHIFER O L ORE HIEE R LTS, £z, Hl#ER
DLEEMWFFNT BT TV AT ANLETH DM ERL TN D,

4) BRROBERBERHND Z LIC K> TREBRORBHFHBELPRELBOT L L3 EMH I —2a U TRL,
FERORER ERFRETH LI AT L TND,

5) B OERGZZEHWD 5506 HFEE LT, BEFEE —EHlf# 57 (Constant Stator Voltage, CSV). d
Y v Hilf 5 (Zero d-axis Current, ZDC), /1% 1 #lf##1J7=X (Unity Power Factor, UPF) @ 3 DGR %
BEtL, ZNOORMEEZHER Y I 2L — 2 a 2L L TWD, FREIROFER, CSV TR AR EZERO
TUDVHEEDKT, AMELEME FTOBA, RO NIZ Ly a—FRAREL W 2 B8LEN O ELEN TV & i
SIFTNB,

PLED XS, KimsUIASBIO T A 2 B EHERRILIC O THERBRMAZ 5 X AR L > TED
ZONBOEMOBERICEETH L ZANKEY, ToTRBLIMLHLE LTHEH L LD LD 5,
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