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A generator with high power density was developed
with the goal of installation in a gas turbine hybrid
power generation system for electric vertical take-
off and landing aircraft. The goal of this study was
to achieve the output power, weight, and regeneration
efficiency demanded of this generator. One challenge
is overheating of the windings due to circulating
current loss, which increases with the frequency, so
reduction of loss and enhancement of cooling capacity
are needed to mitigate overheating. To address this,
loss prediction based on electromagnetic field analysis
and a technique for evaluating circulating current
loss using an actual device were used to verify the
principle of circulating current loss, and the loss
reduction effect of winding transposition was clarified.
In addition, cooling performance was enhanced by
applying additive manufacturing technology to the
housing. A generator with the stator and cooling
structure from this study was produced, performance
tests were conducted, and the design target power
density value was achieved.
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Fig. 2 Relationship between output power and power
density

Table 1  Generator specifications
Motor type SPMSM
Rotational speed > 50,000 rpm

Order of several

Output power hundred kilowatts
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Fig. 4 Generator structure



eVTOL ARBHOERERIBIKE & 5EMEER L

3. MREDER/

Fig. 5 ICARBEMICE R 2 EEICH LT, L
WA AR L MGk 7 0 — % /R§. e VTOL JH/ 87 — 2
= ME, NUTEE2 ORI A ERT 572012, HE
TR T BNERHEE— 4 L I L ¢, BiGonEike % %
R AERIRI do U B e R A HiEL C0 5.

R O % RS &35 RS, MBI T O
RAENE NS, ZHdifElZ, Pulse Width Modulation
(PWM) 2 Y N—=212&k5F v ) 7 IWREISRR L 2R
SRR BN R & B HHO & AR AR AT DS EHIZ & - T
A 2 MERAE, 7 U CBHRECE RIS 2 IEERE A
D=DIZKRAENSE. ZDH B, HiE DT DONTIZHER
DHIFLIZ & > THEDKIK S RikD 5 °). —FHT, 2
DFERENENE L 72358, FMBOFRERZEIC X D IEE
AR U, DM S S h T @),

ARWFFEO R M FE AR, oo T [R] 0D 52 i PR M1
D= DIZHE LRI L CTH 0, IEERE D FE )
VHE LD, 207120, ZTOREIPEKRT 5T & TEHED
HALFEEDSBE I NS, Lidio T, mdibliE B o
IR, BRI B B TEERERIROHYE N E
WCeH5.

L Lad s, BiET— 2 0GR T, fHERERE
FEFICENT, FERGIEHA 3 A a5 F 2,
TIEBR 7R I RS TR SE R % | S B W 2 & D AR EHII 2 &
P-4 3 Z & ARSI AL, MERBR TR X s i
IO E L CHIENICIEE I NS ICL & F 5T,
ZO&I YRS, M BEREMET210H 7%
D, TRERERAE ARG CE RIS PHIL, RBIC kD
B4 2 FiAIE R I Z R T H - 7=,

Z ZTAWZE T, FHEORRARINCHB L ZEHER
RIS & O TRERETRIEO Tl A MGE T 5 & & 12, FEE
SERCHTIZ A 7 — 4 BR CIRER R i 18 4 SR T BE 20 Ak T 1
L 7=

BB D H & AN O % X B 3567, SR —ED
& REMORR A /NS % & REGE A IR X 3 72

Requirement
High power density for eVTOL generator (Small and lightweight)

Design consequences
(1) Continuous high-speed operation with many parallel windings
(2) Compact packaging with limited cooling area
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(a) Strand bundle in the stator slot
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Challenge (1)
High-frequency AC copper loss
(Circulating current)

Challenge (2)
Cooling limitation in compact housing
(Reduced cooling area, coil-end cooling issue)
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Approach (1)

EM analysis with strand-level model

Evaluation method for circulating current loss

Approach (2)
Molded coil ends
Additive manufacturing

Fig. 5 Overview of challenges and technical

approaches
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(b) Schematic of circulating current generation

Fig. 6 Strand bundle and circulating current model
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Fig. 12 Test configuration for stator loss evaluation
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Fig. 13 Test equipment for stator loss evaluation
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Fig. 14 AC copper loss evaluation results including
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