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The Current Situation-and Development Trend
for M ore-Electric Gas Turbine Engines
XU Long-xiang, ZHOU Bo

(N anjing U niversity of A eronautics and A stronautics,N anjing 210016, China)

Abstract: The current situation and development trend asw ell as key technologies such
as high-temperature magnetic bearing, high-temperature digplacanent senr, starter genera-
tor, and back-up bearing for more-electric gas turbine engines are reviev ed The information
about thiskind of aero-engine in IHPTET Project isal® introduced D raperL aboratory, Syn-
chrony Company, aswell asNA SA L ev isResearch Center have been cooperating on the H-
PTET Project for years to develop the high-tenperature magnetic bearing system,w hich is
enphasized as the most mportant key technology for more-electric gas turbine engines
Based on the references available, it is most possible that the high-tanperature magnetic
bearing system developed by Synchrony Company will be used in HPTET Project By the
end of 1997, a similar research project of AMBIT was dravn up in Europe Community.
Britain, Gemany, France, A ustria, and Sw itzerland w ere involved in the AMB IT project
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Table 1 The resaarch work at Draper L abo atory, UA!* *

510
Hiperco. 50HS
Hiperco, 50
22000.r/min,Dw=_4. 5%-10°F- mm Mmin, D= &205mm
+18700N; :17000N; 1 12000 N

Temperature 510°C ,Speed 22,000 r/min , D =4.5x10° (¢ - mmm/min)

Axial gnetc Bearing Radial Magnetic Bearings

B i Touchdown Bearings

The structure of rotor bearing system

1
Fig 1 The structure of rotor bearing system
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Fig. 3 The structure of a redundant bearings system

Fig. 2 The rotor-bearing system



55

Pef 3 s R TR R AR

The high-temperature magnetic bearing designed Fig. 5 The structure of rotor-hearing system
by Synchrony Inc
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Table 4 The ressarch work at Avcon Inc*?
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142.2 kg( 13.6 kg )
5 Ebara (13l

Table 5 The research work at Ebara Canpany L td , Janpan'™

400

) 7 MoS
, 400

1500 h

400




56 18
1994 )
XTC-65 550

100
4 : (D)
, 0 550
1 7 )
; (2)
6 AMB IT
( ETH ) ’ ' 55?)' !
Table 6 The resaarch work on high-temperature mm,
magnetic bear ing of AM BIT project!™! '
322
550 180
, AFK 502 R
6 tm ;
1000 , 2
(D) ,
, ; (2)
550 2500
7
Table 7 The resaarch work at Nanj ing Un iver sity '
of Aeronauttcsand A sronautics '
550 ) 550
323
1322, )
3214

32
321

180 ,



57

325

41

F-5

70
70

, 80

30min,

' 1.4

[16 19]

19 - 21 F-86
42

(1)
(2)
(3)
(4)

L ipo

1.2

(5)

(1)
, (2)
(3)

120 KW ,

90
/
1.7 1.6
3.2 /
5.8
3.6 10 [
[15 19]
250
16000 55000 r/min,
/ 6 20 kw /kg



58

18

, 30min

[20 23]

0. 25mm )

[247 26]

[27 29]

[1]

[2]

KelleherW P, KondoleonA S A M agneticBearing Suspen-
sion System for High Temperature Gas Turbine A pplica-
tions[A ]. Proceedings of MA G’97[C]. W hshington: 15-
24 1997

KelleherW P, KondoleonA S A M agneticBearing Sugpen-
sion Systan for High Temperature Gas Turbine A pplica-
tions, Part 3- M agnetic A ctuator D evelopment[R ]. Orlan-
do, Florida Presented at the International Gas Turbine &
A eroengine Congress & Exhibition, June 2- 5, 1997.
JanesR Scholten A M agnetic Bearing Sugpension System
for High Temperature Gas T urbine A pplications—Control
Systam Design[A ]. ASM E Turbo Expo’97[C]. Orlando,

[4]

(5]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FloridaU SA, 1997
Francis P M archand Jr. Touchdow n Bearing D evelopment
for aM agneticBearing Systen U sed in aHigh Temperature
Gas Turbine[R]. Orlando, Florida: Presented at the Inter-
national Gas Turbine & A eroengine Congress & Exhibition,
June 2- 5, 1997.
A ntkow iak BM ,N elson F C. Rotordynam icM odeling of An
A ctive M agnetic Bearing Gas Turbine Engine[A ]. D raper
L aboratory Paper[C]. Orlando, FloridaU SA:A SV E Turbo
Expo’97, 1997
Field R J, lannello V. A ReliableM agnetic Bearing System
for Turbomachinery [A ] Proceedings of the 6th Interna-
tional Symposium on M agnetic Bearings[C]. Boston: 42-
51 1998
lannello V. M agnetic Bearing Systen s for Gas T urbine En-
gines[A ]. Proceedings of MA G'95[C]. W ashington: 77-
86 1995
Storace A F, et al Integration of M agnetic Bearings in the
Design of A dvanced Gas Turbine Engines[J]. 3 of Eng ,
For Gas Turbines and Pow er, 1995, 117: 655- 665
NA SA Conference High Temperature M agnetic Bearings
for Gas Turbine Engines[Z]. http: /Avww. lerc nasa gov/
WWW /RT 1995,/5000,/5230k him.
Kandebo SW. Pratt Enginemeetsphase 1 IHPTET goals
[J1 A viation W.eek and Space Technology (Newv York),
Novenber 14, 1994: 38- 39
James P L yons, et al Design and Control of A Fault-Tol-
erant A ctive M agnetic Bearing System for A ircraft En-
gines[A ]. Proceedingsof the 4th International Symposium
on M agnetic Bearings[C]. Zurich, Sv itzerland: 449- 454
1994
CravfordM eeks, et al L ightw eightM agneticBearing Sys
tem for A ircraft Gas Turbine Engines[A ]. Proceedings of
the 4th International Symposium on M agnetic Bearings
[C] Zurich, Swvitzerland: 429- 434 1994
OhsavaM , et al High Temperature Blower for M olten
Carbonate Fuel Cell Supported by M agnetic Bearings[A ].
Proceedings of the 6th International Symposium on M ag-
netic Bearings[C]. Boston: 32- 41 1998
Xu Longxiang, et al Development of M agnetic Bearings
for High Tenperature Suspensions[A ]. Proceedingsof the
7th International Symposium on M agnetic Bearings[C ].
Zurich, Sw itzerland: 117- 122 200Q
Lieo Y,Lipo T A. A Nev Double Salient PemanentM ag-
net M otor for A dgustable Speed Drive[J]. Electric M a-
chinesA nd Power Systams, 1994, 22(2): 259- 27Q
Elbuluk M E, et al Potential Starter/Generator Technolo-
gies for FutureA erogpaceA pplication[J]. IEEEAES Sys
tem M agazine, Oct 1996: 17- 24
FerreiraC A, Jones SR, et al Detailed Design of A 30-
KW S itched Reluctance Starter Generator System for A
Gas Turbine Engine A pplication[J]. IEEE Trans on Ind
Applicat , 1995, 31(3): 553- 561



59

[18]

[19]

[20]

[21]

[22]

[23]

Rajesh P D, et al The Flux-Reversal M achine A Newv
Brushless Doubly-Salient Pemmanent- M agnet M achine
[J]. IEEE Trans on Ind Applicat , 1995, 33(4): 925-
934
, . 1
, 1999, 31(3): 330- 335

Francis P M archand Jr. Touchdow n Bearing D evelopment
for aM agnetic Bearing System U sed in a High Tenpera-
ture Gas Turbine[R ]. Orlando, Florida International Gas
Turbine & A eroengine Congress & Exhibition, June 2- 5,
1997.

Gerhard Schw eitzer, HannesB leuler, A Ifons Traxler. A c-
tive M agnetic Bearings[M ]. Zurich: Hochschulverlag A G
an der ETH Zurich: 141- 146 1994
M aslen EH,BarrettL E FeasibleW hirl of Rotors inA ux-
iliary Bearings[A ]. Proceedings of MA G'95[C]. A lexan-
dria,V irginia A ugust 10- 11 1995

Kirk R G Evaluation of AM B Turbo-machinery A uxiliary

Bearings[J]. Journal of V ibrations and A coustics, Trans

[24]

[25]

[26]

[27]

(28]

[29]

actionsof the A SM E,April, 1999, 121

Foil Bearing U sed asBack-up for M agnetic Bearing[Z].
http: /Avww. wohaw kinnovative com /fall98 him.

Erik E Swvanson Performance of a FoilM agnetic Hybrid
Bearing [R ]. M unich, Gemany: Proceedings of TUR-
BO EX PO 2000, 2000
Hybrid Foil M agnetic Bearing Tested[Z]. http: /Avww.
wohaw kinnovative com /fall98 htm.

Chen H M, et al Zero Clearance A uxiliary Bearings for
M agnetic Bearing Systens[R]. A SV E PaperNa 97- GT
- 112
ChenH M , et al Test of a Zero Clearance A uxiliary Bear-
ing[A 1. Proceedingsof theM ag’97 Industrial[C]. A lexan-
dia, V irginia Conference and Exhibition onM agneticBear-
ings, 111- 119 1997
Zero-Clearance A uxiliary Bearing D eveloped M ohavk In-
novative Technology [ Z] http: /Avww. miti cc/feb9Q
htm, Feb , 1999



