L 2% Bl 1R

Aeronautical Science & Technology

» » ", \n »
JE LA S R LB i M
HLfek PR fiE 2 Br

)
SRS, SRIENE > ARGk, AR AR 2, [l
L PR AP bE SRR RIS G, fidt SR 362200
2. 05T RAE, BV V% 710072
3 A kB b AR TR A, BePE PA&E 710065
B OEATHRNAR, VTR ARERRAZRRA, HRN M RFEEUEZFR, & - REELFHHERER
BN TR M AR TR R B AR AR LA B ek S A S AR R AL, T DLR AR AL B T
HERFEERRE, RIHMEZHARFENENEHEFEFERAT RN LR B ITERRRERE SR RITHE L, AKX
T —6 10MW 28 F R B, Wik T BFEH et % & B ST B ldp B M5 B R BT, R X
EREMEFHERUHEET RN ER R TR A Rm st ATHERGEMT-ATE HHT 2.
BTEATLENRRBEFRT 0N, FRE T, &It B4 1 oh F 3% 2 10MW, 27 £ % F & 13.1kW/kg, X K
99.3%, % R M ir. BFABNERAMABEL T FLBEIRNFFENS0%, EF Ry REME DT EFELBEEFE

Nov. 25 2024 Vol. 35 No.11 84-94

WA AT & BRI e R A T REFEURHBTTEREARAEEE L,

KEin: LB B R AL mRA A, wilidkit; ARG E; KR

FE 9 ES:TM37 NERFRRAS:A

Bl CHLHL SR FEEE 4R TH , i 2s b b — 1R bl gkl
U5 R GEAE i D 2R ) 2208 RSy TR T e
SRz T R LR 1 I — R Hi s 9 A ke 520
TR L B R ) AL A B G RE AR A, TR
TS R AL, AT DU R T LI T S B E AR AL
IR R G R PERE

HETE A VLA A ML A B T i 5 AL
5T 5T 7 I AR LIS e e s 5 B ik PEREA
FEAFI, 2003—2007 4, 25 [ 50 /] (AMSC) 7 2 [ ifg
TG BT T AR T SRS 5 SMW A
36.5MW [T 5 i FH - Sl i [ 26 HL Bl AL, Horh 36.5MW (1)
F AR TR S B LR R 75t (O AL e Rl S R e AL R
Y 25% , T ARGE T T RCRIA $] 97.3%101, Berg Zl2 1R
G T e R R B AR S A A HE TR B R B TR

DOI.10.19452/j.issn1007-5453.2024.11.011

TR o A O A TR AR FE J7 T, Li Yufan 55142
L 1SkW 42 5 % FL AL Hh - AR 28 P ) L e /N R 1Y)
IsHE R e R B RS I S e e 5, (a3 T
TR SR (W AC T AE 5 Vargas—Llanos S04 T-A 5 & 5
JERE ALY B BEAE A, FH LA 1OMW XU & b S
HUAX SELH (2SI A FE . ZE F AL AR 2k P M R A AL T
Jiang Zaiqiang 55"V E I T B AIC A - 58 I B RE 19 5 1
Shafaie £ % 10MW -5 K & H BIL Hb il i 58 240 1 R
HEATHA , BEAR & F L2 0 Sl A B i AR
A S AU SR S B AR &2 (AR 24
PSR BRI A B . Y RIS TP AEE— SR
JEH AT DL — 2540 Ry 2 (1) BRI 3 S bl
WA, DR SR ST A — R (2) R4
AL 2 AT R T R S AR FE S A 4T

ey il AL IRV AR G AR L TR R R R fE BT AR AT S, BSEL B IMIRSE R, A SC

INFSBEIHEA: 2024-04-28; IRIEHHER: 2024-07-22; RFEBEH: 2024-08-30

ERWE: MEREET(20200040053001) ; {BE2A PRI STS 1H41(2021T3034) ; RINTHRHZITXI(2021C024R)

SIFE#IV: Zhou Xiaoyi, Guo Xiaojian, Zou Shengnan, et al. Design of a megawatt class airborne superconducting generator and analysis on
electromagnetic performance[J]. Aeronautical Science & Technology,2024,35(11):84-94. Bl , 0012, 45E1d, & . IKFLRAIE
BELR BRI R EBHIEEDHTLJ ] ARESRIFRK, 2024,35(11) :84-94.



JawEs A IR PR K LB T B L REPERE 53 B

85

JFRET 10MW 4x il 3 R ALBESY . 196, 2 E A K
HHEG] A ATE KAV, BET T — 6 10MW 40l 5[4
AL BS BRI IR B TS 8 TR 2 Y g O BT
FREEE T T ERORL, AT LA A R RE R RE  THE LAY
FEAMFE. a0l T TR T SR
FEFFUEAT 3T o

1 Bt

AT TOMW 48 5 & r HLRIFE R AR 48 ALY
FHIE, AR R G A LU R B . BRI SR
B, S& T FATLAT A5CER A , ASHEA T HILe I AR SR AT 50
PR s EEA TPERE A, TR BEOG T s AP RO 2
R 5 S ABURE , AT H ML I 3 56 )

T T 0 S R LS K ) 2% 1OMW | ) R 9%
12kW/kg % 99% [ PERETR bR . DFFE IR , BT LML
RIS b REIA B 20kW/kg , SR REIL 2 99% ; 24w AT
R FA ) Z 5805 B R L) 28 9% BEAIG T 2.5k Wikg , RCRALT
95%. KFER T TE REFE AR SR TE BT I E rh R B
(RO S BE A 24 i 20 CHL & HL AR G BRI B 22 T 4
Tk R,

AR, T2 S LA OGBS v, [ 25 P AL e
SR IRA R LR N . Z R R AR HUGR A
PR 2 B T ARV H R 8, Fi LA S5 A8 A o 2ok B A
Fe HEBANERL B o ASCHE G S ALBE T HP R B Y [
A H LS, E T A2 DR 4 (YBCO) iy M S il 1
SHEL T R v S I G 2 P
1.1 Wt iEeemRiNZEIRT

FT Fig SR A — 3 YBCO ML, WF 5T 88 A7 b1
(4 1 S r RN I B AR | A A M AL T
WM FESRE L.

06 00 1 AL L S P DU 5] R T R e N IR 1 B
TR o BRI A AR TR AR R AR pl I A
BIS) ETH B S AR B R A R G R EEIT
TSR i T3 R T R 5 | 4 22 B A L P E-T 4 St
WRTE PN . 21 b H RIS S 1pV/em 11l FHE , 7]
AR B R A A TR H 2 , IE RS 4 F 37 B A R ey
M) E Sl S

B 2(a) F1 & 2(b) 439l 2 TR AU AR SR T TS gt
10cm ) YBCO 7 A4 it s S H A5 20 i) E-1 i 2. il
PRV HIN, 5 (HTS) 5 M AL S Y v 3 T3 24
175A B, TIN5 22 [ FL SR 31 10pV I L, L et g FiL

&1 SEBSFHTMIBRSH

Table 1 Main parameters of HTS tape
43 2
AR RS
RS ST-4-L
FEHE JESE /mm 4,0.1
TR /um 1
I SR (77K, H37)/A 168
B RERS

SE(E LR

| BHTEAHI
LIRS R

BT il SR e R ST
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Fig.2  E-I curve of critical current measurement

T R TEAN I I B B B e S A A Bk
AR G 1 G 25 5 R 8K B, A1 B, 20 3 R AT T b e
P14 308 25 - R TR b 8 A P i 4 L ke R
TR D N 1, b TR 2R

TE 20K BT, YBCO A5 4 141k 55 R 3 Bt &/ A e (L
A AR AL NP 3 TR, B F B O 2R 35 7 10 5 48
RV e ff o TERESA IR ELTE 2 I, 0B, I 25t H 37
NS TEFIRE I RES A BE R, B WL At 2 e S Pl e sk
AN AN, BEFATE 0 < 45 I S AR AL B3, Y 04%
AT QO°HSF I A L 78 A Ah e 8 AR/ DN 5 33— B R 13 BH 8 20K (197
JET R M I LT LT 56 4 32 3 v 3 LS i (S
VA TS AR T LA 220 AN

HRAEXT AR iy b LR BRI 24T, T SRR R B . B
T AN 2 BT A I S HL A v TR 2k Bl T 4R

il e 0 T e A 2 e 1 2 P ) A g ) Ak
MR E P, B R I AR AN /N T 40mm, & HLAL
Hh B - 2 ) T G % R (DR 3R 3] 2~3 T, B YBCO Y
A S H R 375 £ BE RO M A 5 AT R, A M AE 2T 1Y 22
BLRE R G FE L 20 0 650A, 7 3T M E BB F 4k
540A. 75 [E L el 1 i 4 25 il Ao 2 8 0 BRI, 150
AR LIRS I I (B 70%. £ 75 TR S
R R L AE R U , 2R B 2 B S O 2.

1000 T T T T T T T
—o— 1.5T
—A— OT
900 | —v— 3T B
< 800 E
£
B
&
= 700 p -
600 | \\\-‘_»v |
500 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

FARE°)
P33 e T Sl b e S LR PO A AR
Fig.3 Magnetic field angle dependence of critical current
in HTS tape

R2 BEBSLBERRIIZY

Table 2 Main parameters of HTS coils

JETE LS| Lk
Eitzeiike 5%60 2x12
HABKE/m 0.43 0.43
BN E/m 0.0700 0.0980
i Bt ME/m 0.1246 0.1090
CAEHLTR/A 363 4x369
AR EEK 20 20
T M8 5%60 2R ZE AT 52, )2 60 i BRI, AR N 4%369 A
FORBE Ax P PRI, AEITLIE 3 369A

1.2 REBNSHigIt

HLBLAO LR S5 B2 Rl DE RN

p'n=60f (3)
o, p FBE, n R LG R, AR YT CHLIR S
R BIALAT LR A Y w19 5% 3 (T 10000r/min) , {H -5
HLHUREHILAZ BT 48 SRR A D LB B IR 5 R G R
il e AR X AR . A 3 A% B 6000r/min, A 38 R B K



JAE Yy % R PR R DLBE T K L R PE fE 23 B 87
HLHL YR R 50 H & 4 400Hz, B X 50 PR L Af 2y 4. HIALEIA R
MABRTEE AR AR AE F80E HL I — € I, HE ik H B fer AT A AR AT
X EOAT DASE g L G, DT 42 1y D 485 20, R AL 4 = 2mNL, (6)
* wD,

FOFREFAAZ I, Bl B 0T B 3, SR FERg A, B i
BB/, R AL R X 0T 0 3 S R A ) WU
RO ECS TR R R N

z
9= 2pm (4)

K, g A ERR AR, 2 9 5E TR, p e TR KL, m
NERARIE 2 T B SR (g 973 B0 ) RE sl N AL
FEWEEN , AN TR RE . T RS R AR |
P T S A 75 1, 275 AT R il S A H ML 11
FR KRG BRI 28, A FUAL I B 8 A 1248

T il 5 4 RE AR SR LA , 77 A DR B8 5 S T O
R B A A XA B TR A LAY D) R
JERO — AR AR 1 il L B B R A
BUBR S H5E | L G B iR L == 4 B PR IR O T AR UEE
KB RALHRIR R GE P I 2 et ] SEPE R R R
HPLR R TN ES . N B TR B A T
(AR TR T A T 2 P A P S ) XU ]
RE S BLHT o 1 LR B, A B TR T A ML ) S 5 R et
WALT) . HFEHInE 4R,

L

L]

K4 SR T4

Fig.4 Schematic diagram of the rotor of HTS electric machine
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Table 3 Initial design parameters of the generator
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Fig.5 Schematic diagram of the 2D finite element

model of the HTS generator
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Design of a Megawatt Class Airborne Superconducting Generator and
Analysis on Electromagnetic Performance
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Abstract: In the foreseeable future, aircraft load levels will reach megawatts, and traditional aviation power sources
will not be able to meet the demand. The second generation of high temperature superconducting materials have the
characteristics of strong current-carrying capacity and no loss in DC transmission. By winding them into coils, the
output power, power density and efficiency of the generator can be improved by replacing the excitation windings or
armature windings in a traditional generator. The design of an airborne HTS electrical machine is the basis of the
research of an airborne HTS power system, and the accurate calculation of AC loss is the key to the design of HTS
electrical machine. In this paper, a 1T0MW superconducting generator was designed, and the complete design process
including HTS tape performance study, coil structure design, generator topology selection and parameter selection
was discussed. A 2D generator model was built with multi-physical field simulation software, and the basic
electromagnetic performance of the generator was studied. Based on direct coupling method and T-A method, the AC
losses of stator and rotor HTS coils were calculated and analyzed. The results show that the output power of the
designed generator reaches 10MW, the power density is 13.1kW/kg, and the efficiency is 99.3%, which meets the
expected performance indicators. The total AC loss of the rotor coils is nearly half of the AC loss of the stator coils, but
the loss per turn is still far less than the loss per turn of the stator coil. This research is of significance to the design of
superconducting coils, the selection of cooling methods for superconducting generators, and the study of their own
operating reliability.
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