Journal of Control, Automation, and Systems Engineering Vol. 13, No. 2, February 2007 179

olo| A 2H]

ol Mz Hsat 7|™at &

&5l olAl 2 Jjgr

New Ignition Method and Ignition Recognition Logic for a Microturbine

Eo TR T R I
(Min-Sik Rho, Gi-Rae Kim, and Young-Kyu Choi)

Abstract : This paper presents new ignition method and ignition recognition logic for a microturbine. New ignition method is
designed by constant speed control of a miroturbine with pre-determined time during a ignition period. It make more accurate air-fuel
ratio as well as give enough time to ignition system to have full performance under cold temperature. And ignition recognition logic
is designed by observing output current change of inverter by generating output torque of a microturbine in the instant of ignition.
For filtering a output torque current of inverter with high frequency, we applied a moving average method. So far, ignition
recognition is usually implemented by measuring of exhausted gas temperature(EGT) of microturbine. The proposed logic can give
more accurate judgement of ignition as well as keep a good working of starting system under out of order a temperature measuring
system and biased initial value of EGT sensor. Finally, the two proposed logics are proved by field operating a microturbine under

various conditions.
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Fig. 1. Conventional ignition logic for a microturbine.
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Fig. 2. Proposed ignition logic for a microturbine.
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Fig. 3. Expected current profile at ignition.
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Fig. 4. The proposed flow-chart of ignition.
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Fig. 5. The equivalent circuit of 3 phase synchronous motor.
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Table 1. Mechanical component specification of the microturbine.

System Item Detail
Type Single-shaft
s Rated Speed 60,000 rpm
Turbine J 0.0108[Kgn7]
Engine Compressor 1_stage centrifugal Type
Combustor Annular Reverse type
Turbine 1_stage radial inflow type
Type PMSG, Oil-lubricated
Rated Power 25kW(@generator mode
Pole 2
HSG M 68uH
Af 0.0305[volt/rad/sec]
J 0.0022[Kgm’]
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Table 2. Electrical component specification of the microturbine.

System - Item Detail
TI
cru Fishmenon 5o°
ECU Analog In/Out 8chvlch
Discrete In/Out 10ch/16ch
Communication RS 232C, JTAG Port
Type(PWM) VSI(SVPWM)
Inverter | Efficiency 93%
Rated Power 10kW
P Type Current Fed
C | Boost | Rated Power 6 kW
u Output Voltage | 235VDC
Type Voltage Fed, ZVZCS
Buck | Rated Power 8kw
Output Voltage 28Vde
Battery Type Lead-acid
Normal Votage 24Vdc J

e Gas
Y. | TURBINE
ENGINE

BATTERY P

a3 g mlolaz Byl AlE AR
Fig. 8. Test picture of the microturbine.

CONTROL PANEL

He 25kWE AR A TFske d¥e AR
28VDC, SkW=Z AAEA). e vlo|ZZERIY] AAlgH
VAR, A7) PAAE AR ®1, B 29 2ok

ulo] AZER Aoy & Ay FEE gdite A
AAILFA|(PCUYS AR 2] A8 AolE E Qlxle] 288
g AW AZIECUHE Wreixich 283 ECUSt
PCUE AL 5319 A5 A AAE 71 291 ujet
zZtzke] A AT wet FFAZICE Fglel 3 g
ECU7} EGT AMZEE 2% do|e|E gelalal PCUM A
43t Q14& 4Pk ol ulgl pcUE AE HuAE 3 A
FE BiM AEste A7 £ J1E5E AEFsle] 4% 5
71¢] k& F7AZITL o9k BAld ECUdXE A d&
2Algd uet s TR

2l a9 82 A At Alzwle] AlF Aotk

KN
—
A

V. &Y a3t
B =RelrME Akt 2711 da2lEd] B34S dsst

Cha4 High
260mvV

_ ) LA SO U b e
K S P v fermdeeende il o> 100%

- . : i : . Ch4 Freq
“““ oo 2,275 Mz

. | =X - Low signal- » 3%,
amplitude

2o mmmo-o-Lo-€hd-High- > 0%
. 260mV

200V Chz 2.00V
Cha 5.00V

18:54:

I3 9. A2
A5

Fig. 9. Output torque current for driving a constant speed at non-
ignition under room temperature.

N

28 E4% old ulg} FH3] Wslgith 53] L= n&
Bl S ¢hEr) A% B wWold »A4 T A% B
& AAzhe 78 Hgoltt o] F MY <
W ol nhEAIE)E 250 uhE Q2lo] AWM E |
* HHdgHoz A Hslgtow Aty oeR P8y uls
RS B =FdMe Ag5es 250 e &8 B
EE AF Igser)e] 2715 AAHGH S A=Y e A
gere] 78S A7) YlME 37 2649 T1-2(+50
), A205), A2 @32=)lMe Rate =71 2 EYle)
N EHE Aol 3iA ot Hal Ale] Rt WHE
S et 24" Ha B vl ARE 0% oV ~ 1L
205 10A,-10% o|5He 71F HF-E 2042 A3}t
Ag Y o= A2dA HAEE A A s AR
Rt EAEE EIE T3] A Al do|w, A%
A A HEHE B BT Afdgsen) ) A AFlas)= A
HF{100%, 71A18] °F 30%= 20A2 vERITHA S A}
23 0SCE Tektronix 3034 F@lo|n, HF T2 H = Tektronix
APSMCX/AM503BOITh. A8 Tl A ¢+ st AL &4 A
2 7ol AL A 270 <zl BAHeE QI o
B E(Undershoot)’} ZAsH= Z1& & ¢ 3loH, eHwE
(Over_shoot) ©1F 30% HURE THES ¢ F Utk E A
F AE gl 20A9 &3 AFES vHoE M £
RN A3 Azl A & wgk 71E AFe A Fe)
9] 1291 10A o]8t2 A& o7 A}

Z A2oME A3 =HA EUE ol 2048 EF AFE
uisict M3l & AV1E B3 A{V)E 10A0]52 HE o]
& A3} ool Aoz A3l JhAEul AR
2% & FEo] AIg A= i)

13 313 108 d2oA Ajtele A5 &4 2 A}
22S Hg3le] Qe FAF 4F Aujejd. st

=
=
=
Z

re > Ry

i P
=2

o
f84

1



184

D 71E AFHE 10ARZ 7T1A100%)2) 14%) o)sto|th

23 109 AE dlolEs A2 3l dalE A A
olH, PCUS] WH HI°JE1S DARAWE S o] &3l ez~
SXZ A5 ghg 3013 Arjo|v) AL @79 Wk H
sl{gAIzEe] d AR 3 qlizlo] Wi7E AdEjolA e A H3h
Al dg Al2ge] A4 9 AL 7|2 Qe Azt &
dojutA] @o} HshA| tha AlRto] AH|Eth AY w3
A PR o stAlZell HelE e wrol] Tesle "ol g
A B A AL FAE .98 EF V) ATgse®)
2 A AF(Ias)7) o)A 3 ) o} F Hslr) Azt
o dizle] A7t 3l EAR v uie} EGTRE
£ 4533 EcudlA e EGTl <13 A3} stetel] 93] pcu
o Azl B}2 ri& AL 3T PCUE t* end A A0l
A AR 3 EFe] AFoR Igex(A7]H B3 A5}
las(AY AF)7E 0% 22 TAH(10A°]3hE sy, 24}
7S REE gt

Ad 9y 112 F2olA e 23 Hel(lF A=A F uE
257 AsE AdeeA A Hsh A9 i gEolth

P AskE AR WiRe F7) 2271 i, Als Al

A3l 20 gAo] wlg- 2 o]Foifth e YEhtRol

ch1 High
3 4.88V

oo LT e 0%
. ? v -100mv

ch3 High
7.56 vV

............. IR L T Dot ch3 Freg

cleeeicmmnn HE - W
: R : : : : : No period
L T Lt d found
,,,,, M T PR A
"M 200s A Chil s 132V
Ch3 2.00V H 10 Apr 2004
v 08:34:29

t*_st t* end

I 10, 2 W8 AR AgEiellA e A Rs ol
Fig. 10. First ignition data of cold engine under room temperature.

S R > 100%

""" 80%
Ch1 High
4.92V

B ‘ ; . AL HIN
Chl 200V 5.00V M 2.003 AiChl s 1.32V
¢h3 200V oo 10 Apr 2004
09:17:06

v
t* st t*_end

I 11 A2 27 A Aol el 3} dlojE.
Fig. 11. Ignition data of warm engine under room temperature.

MO - S8k - AIA—EZE =2X W 13 &, Wl 2 = 2007. 2

3} Ql2jo] Aot} PCUE ECUS 834 W1 t* end XA
A Igser(A71F B 49} as(AY AT 0% R 2
B8 Flskar izle] k&g AAgi
vheo] AF g 12, 13, 14, 155 PCUA PC FUEE
ANado g AfE U d dolH g, RS232 FAE ol %
o] =3 2070(BER AEE 005%) S Ak
daeEe] BtdE A5 Al A3 Aok v Hsa 9
&5 2 AF dojgE vlaste] Uehd Aoloh

A8 943 127 ALY Ak x|l et A3t
= 2oy Al AT AE epdch B A3t Al Fa)
A= oF 20AR vERb, A3} A| BT A/ 00R 57
5] ZHAslaL old] met st Q14o] o]f-E & 4 Qirk

A% 9 13& 32°ColA] AdE dmEEFes A A
v A3l A% Aol sl A V|E AFE Igser7t
20A olgtZ AAsIl o, Aoxe] At A Fat AFe
30A o[ E UERdTE o] B3t AFv AR2oE ) 2
A WsR AW € AF7)9 Hlold vpEAlgRe] Wl 7]
It Rolt}. Aekdl LaE|Eel el Ao FEE &
A 2 A3} AA20A o]dhe] 2 o]Fo P & + Utk

A3 Y 145 3L 50°CAA AltE gaeEFoE 3
g Adolrt. sl AT 7|E AFE Igse*7t 10A ©J3tE A
Astglon, ol wEl ol x o] A3t 1Xe] & o] FoiF
& 4 F Uk

A% 3 155 BCudlA] AlZE EGT Hlo)El(speed from
ECU, 329} &xdlolg 281 pCUNA A" A3t A
o] A7 vlolB$} 34 & x(speed from PCU, )& HrERA
Aojt},

=l 2

—
— <
£ 12000 0
55
E
T’ 12000 50 g
[

o 45 |
2110000 2
2] w0z

-

Tgse_MAF@hot

Igse_ MAF@cotd | 10
5

7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30 3% 32 33
Time[sec]

a9 12, 2oliAe] Astet v A3t &4 ol HlaL
Fig. 12. Comparison data of ignition and non-ignition under room
temperature.

o714, 4% F: £X[rpm]
SEE & B3 AF, Igse MAF[A]
Igse MAF@hot : “-2ll412] Aztr]o] B3 HF.
Igse MAF@cold : “-2-0ll419] v] Hstr]e] BT AF.
Speed@hot : &2 x9] A3} Ale] & dlo]H.
Speed@Cold : “F20l41¢] H] X3} A|9] &= dlo]E].
v _st: Az AlEF AR
t* end: F3} 14 ¢= A



Journal of Control, Automation, and Systems Engineering Vol. 13, No. 2, February 2007 185

30000 75

28000 H * end H 70

t*_en

26000 - 3

24000 ; : 60

22000 . H Speed@hot 55

20000 : Igse_MAF@cold 50
F o0 ; : g
_% 16000 : a0 2{
2 140 i 3 @
3] ) 2,
o 12000 ; : 30 =2

10000 . - d 25

: ; N
8000 H Speed@cold By
6000 : 15
— 7
4000 st | MAF ! 10
- ) Igse_MAF@hot :

2000 o @ H 5

[ 0

498 500 502 504 506 508 510 512 514 516 518 520 522 524 526 528 530 532 534

Time[sec}]

¥ 13, 32°CelA 9] Astet H) 33k A o]y wla
Fig. 13. Comparison data of ignition and non-ignition at -32°C.

A7, 9% % S5 rpm) .
REZ % B AR, Igse MAF[A]
Igse MAF@hot : -32°Coll A 9] Z5}Ae] B H 7.
Igse MAF@cold : -32°CollA 9] B] Hgr|e] B A
Speed@hot : -32°CAIA 2] A3} AJe] £ d|olH.
Speed@Cold : -32°Coll A9} 1] X3} Al9] £ dlo]E].
t* st: A3} A1ZF AR
v end: A3} Q14 SE A,

30000 N 80
28500 : 76

27000 H 72

25500 t* end 68

24000 ~! Speed@hot 64

22500 H \ 60
—

21000
19500
'E‘ 18000
g 16500
'?) 15000
a 13500
“1 12000
10500
9000
7500
6000
4500
3000
1500 " Lase_MAF@hot .
0 : 0
Q 5 10 15 20 25 30 35 40
timefsec]

x%?
~1
i

ot
P

Ambient * st
Temperature B

e
B8
e M

T 14, 2049 H3h 4ol HeE A dlolH.
Fig. 14. Operation data by ignition recognition at 50°C

q714, 9% % £E[rpm]
2EE & EF AT, Igse MAF[A]

Igse MAF@hot : Z-2(50°C)°lIM €] Hetrje] B3 AF.

Speed@hot : Z-2(50°C)ollA1e] A3} A9} &5 H|o]E].
Ambient Temperature : 5-H-2%(50°C)

t* st: A3F A1z AR .

t* end: A3} 024 A= AJF.

ECUMA Y] &5 AZe F=dol2 A2k slave 9
9] AAZ o] FoiFt) AA| ECUNA AZH L9 pCUY
A F4E S50t AEs dA]ste] AR AWE SEAo]
719 ¢S 4ty 283 A4 ECUClA AEE EGT
2ol wsle] wel MAE X2 M iHlgse MAF)7} 33
A3 o 4 3, B JIEeE A V[E 25(145°0)
35} B 71F AF10A)00 whek Qo] Z o] Fo]

o

N

o WE o

4o
ol
=2

K
=

24000 H H 170
A 160

22000
EGT 150

20000

18000 Speed from PCU
16000 } \ g

14000

12000 t*ﬁsl/ rﬂ'fﬂ :2
10000 P il \ 70
i Speed from ECU 50

8000 o
Y AN 50
6000 s Pk t*_end o w©
4000 / \"\— 1
2000 Igse_MAF :

o H
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Time[sec]

Speed[rpm]

EGT[C] /igse_avg[A]

a9 15. A3 Al9] ECU H|o]E]$} PCU H]olE] H|aL
Fig. 15. Comparison of ECU and PCU data at ignition.

VL d8

2 =RdAe vtolA2E A1 A2& A3t 7Y %
s} Q14 228 Al Atd 22& HA) vlo]| 22
B Hgste] O f-84€ AT & =RelMe
= HY AE el Mk AN B S5 23] Al
dedct. &= AL FAH HH A A% 8
o= AFALES] HA Y §F AA e fEsia
gt gaEh & A3 $xeM M3 F e NEEe=
71&9] 7K Ash Bl Hlsf AlE Aoyl A 8%
ozt & ¢ e Aol ok £ 7|E9] EGT AM
o3 A3t Bk 2400 M3t A AF7)9 TE AR B
of o3t vk AL FUIto =M M3 dd 249 AF
& Suisistn vle]A RN vk S8olA AA =
e ZAdEtels A8 He wad & 5 U= A
& Atk B =RelA A ARl A% A
Ae s v Ve AR & gE T A8 A
3t £melMe] A i diF 4FHA e AFSSA
£ =ToA Altehks A3 gd 2o] BSy A4 g,
g A fr&3A HEE7] Hare A B
QA Fat A s}, 8 A9 Fat dE Tl mE A
3t B2 71E AR Aol &4 T 2 voly £44 9
& AdEs AArE Yot ek 3% H3k d 7}
& A9 diolBE 4 B &8st itk FHelr
gt ¥ 71E AFE AAsHe 2 A 77 ARd
A oltt

p

e =2 o X

]

—

2 Y oo J

d

hu

AnE#

(1] 2P <A vlo]a=ERl W Alxg Al
ESCOS, Al 31 3, A 3 &, pp. 38-43,2004. 3.

[2] W. G Scott, “Micro-turbine generators for distribution systems,”
Industry Applications Magazine, pp. 57-62, IEEE, 1998.

Bl =94, 54, “HR1 AHelel A7) Aol AF
AT Ao - AES - A 2REE =24, Al 10 A, Al 3
3, pp. 286-293,2004. 3.

[4] B.-H.Bae, S.-K. Sul, J.-H. Kwon, and J.-S. Shin, “Implementa-
tion of sensorless vector control for super-high speed PMSM of
turbo~compressor,” [EEE/ISA Cicago Annual Meeting, 2001.

(5] L. Xu and C. Wang, “Implementation and experimental



186

investgation of sensorless control schemes for PMSM in super
high variable speed operation,” /[EEF/ISA, 1998.

[6] O. Aglen, “A high-speed generator for micoroturbine,”
Electrical Machines and Power Electronics Department of
FElectrical Engineering KTH, Royal Institute of Technology SE-

Lol 4

1971 d 998 1094, 19965 FAdh A=}
T 4. 1998 T i AR
3t (4. 2004 F AEhA
T8 ZAEAD. 19993~2006d AHA
HAAE) 79 A2E A7 Add
T4 20063~& A Atosta HAgst

[
|
|
|

SAEa AR EHERD. 1989
DuENEE et HAgstalF et
1992 (R EEt sty A
gt Eehah. (DFFol gt A
Azt zug @A A A

R B,

1% 70
>
=

Mo - At=8k - AIAREE =2 M 13 &, M 2 & 2007. 2

100 44 Stockholm, 2001.

[71 S. L. Hamilton, “Micro-turbine generator program,” Proceed-
ings of the 33rd Annual Hawaii International Conference on
System Sciences, 2000.

Aol
19863 2€¥ Mg E AALFstalE
. 19881 29 AZofEraL ikl
A SIHEEAIAD. 1998\ 29 A o
o gt Az FEEAD. 1988
12~1993d AR FRFA AT
2o AddT. 19939 39-19999 2€
mptiet ARSI 2o 199d 39 @A Azt
AARE st Fu 20021 7€~2003 7€ M5 UCLA, 3
9] WE AFuFEE A 1)

vl
A

i ] i
e e Ry «



