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Abstract: A flywheel rotor assembled by magnetic beas, a metal hollow hub and three composite cylindrical
rings was designed for a high energy storage density magnetic suspended flywheel. The hollow hub made of
high strength steel 18Ni350 was used to change the distribution of centrifugal stress, reduce the maximum ra-
dial stress and ensure that the working gap of radial magnetic bearings was a constant when the rotor rotated
at a high speed. The interference between rotor rings could provide an initial pressure to prevent the rotor
from delamination when the rotor rotated at a high speed. In order to find out the quantitative relationship a-
mong these factors such as the properties of high strength steel hollow hub, the thickness ratio of rings and the

mathematical calculation model was proved accurately by the interference between rings, an mathematical cal-
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culation model of the stress distribution was established by a simplified stress model and the mathematical cal-

culation model was proved accurately by the finite element method. Finally, an optimized design scheme was

proposed. Obtained results show that the strength distribution can be improved and ultimate speed of the ro-

tor can be increased when the thickness of the outermost ring or the interference between middle ring and out-

ermost ring are increased. When the rotate speed of the rotor is up to 50 000 r/min, the total storage energy

can reach 110 Wh,and the corresponding specific energy density is about 40 Wh/kg. These results give a use-

ful hint for the design and optimization of mental-composite flywheel rotors.

Key words: energy storage flywheel; composite material rotor; strength design; stress analysis; inter-

ference fit
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Fig. 1 Sketch of superconducting energy storage flywheel

1™ carl?on Axial MB  Hollow 2™ carbon 3" carbon
fiber ring rotor hub  fiberring fiber ring

Halbach permanent
magnets for HTSMB,

otor/generator ro Rotors of radial MB

2 &RRE-EEMBE TN

Fig. 2 Structure of mental-composite flywheel rotor
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Fig. 3 Radial stress distribution
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Tab. 2 Thicknesses of composite rings in different rotors
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Fig. 7 Radial stress distribution of rotors with differ-

ent thicknesses of rings
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Tab. 3 Interference between rings in different rotors
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Fig. 11  Appearance of mental-composite flywheel rotor

Sk

[1] BITTERLY J G. Flywheel technology: past, pres-
ent, and 21st century projections [J]. IEEE Aero-
space and Electronic Systems Magazine, 1998,13.
13-16.

(2] 3%, 5. %R 5. WEFE R
1821.

BARE K
#£,2010,18(8) ; 1814~

LIU Q,FANG J CH,HAN B CH, et al.. Locking

*4 EERBESHMHIREBFEZRITSH
Tab. 4 Main characteristic of the designed

mental-composite material rotor

it H 24 i H 24
AR T300 @B K 18Ni350

452/ mm 159.5
B3R /mm 45/21/17/23.5

M NAA/mm 42.5
A K E /mm 131

A /kgm®  0.292 A& /mm 0.3/0.3/0.4
Bt/ kg  27.66 FEf%EE/(r/min) 50 000
LW /(mes ') 835.1 HAKH#H/(r/min) 52 500

Bffifem/Wh 1 110f%6E% % /(Wh« kg™') 40
5 4 %

2R SRR ok — Fl v i E 4 B R S G B TR A B
BLOEET M4 BRE-2 5B R INE TR

T2 IR AT 7 sk B Ay A F AL . SR &
Ja 46 % L BB A5 DR IE % il 7 R 2 b R 43 1Y 3
SEREE L B0 A RERE I I ) 43 A B e AR 1) 5
B R AR RS IAERE R . IR RE . [
LI N T 53 A B X 5 0 B N ) 4 A Y
R AT T 4087 A3 a AR WY A 4 Js 5 4
BRI BRI FR 10 J5E BE LA S A B0 38 43 Y 34 ) 3k
T i AR T LSS R 0 AR 1) S EE L X TR kAR
MfERE S e T A RIME R . &5 R ETR
SIBTEE R B TR TR O R T
BUE % A3k F) 50 000 r/min, i BEE H Y 1 110
Wh. fi#i i % B2 ik 8] 40 Wh/kg.

device for magnetic bearing flywheel and its optimi-

zation [J]. Opt. Precision Eng., 2010, 18 (8).
1814-1821. (in Chinese)

(3] Z &AM, FE&FHU.E,F. ST RMEH R
BTk S e ()] A F ). 2011,32(4) .
598-607.

WANG CH E. FANG ] CH,TANG J Q. et al..
Thermal design method and experimental research

of magnetically suspended reaction flywheel []J].

Acta Aeronautica et Astronautica Sinica, 2011, 32



2646

%21 %

(4]

(5]

(6]

7]

[8]

[9]

(4):598-607. (in Chinese)

AR, X B BT A B T Y R TR A L B
BHLMLI]. k5§ #H % T 42, 2009,17 (10) ; 2456-
2464,

HAN B CH, LIU Q. Electromagnetic locking de-
vice based on self-locking for magnetic suspended
flywheel [J]. Opt. Precision Eng. . 2009,17(10):
2456-2464. (in Chinese)

XMW, B R, X AL T TMS320C6713B+ FPGA
BFmEhar L MR R ERGERI] L
A E TA2,2009,17(1):151-157.

LIU B, FANG J CH, LIU G. Implementation if ac-
tive vibration control for magnetically suspended
flywheel based on TMS320C6713B + FPGA digital
controller [J]. Opt. Precision Eng., 2009,17(1):
151-157. (in Chinese)

Sk, B E. B A RORHE RE A T R
J143Hr[1]. K ra sk 5 4R,2011,32(12) ;1839-1844.
WEN SH B, JIANG SH Y. Stress analysis of com-
posite energy storage flywheel in charge-discharge
process [ J]. Acta Energy Solaris Sinica, 2011, 32
(12):1839-1844.
GALRELE K. F. EEMER TR
HF K E ILA42,2007,15(6) :852-857.

(in Chinese)

BATY, LIHW, WU Y H, etal.. Design of com-
posite flywheel rotor [J]. Opt. Precision Eng. ,
2011,32(12):1839-1844. (in Chinese)

HA SK.KIM H T.HAN S C. Effects of rotor size
and epoxy system on the process-induced residual
strains within multi-rings composite rotors [J].
Journal of Composite Materials, 2004, 38: 871-
885.

TUTUNCU N. Effect of anisotropy on stress in ro-
tating discs [J]. Int. J. Mech. Sci, 1995,37: 873-
881.

[10] HA SK.,JEONG] Y. Effects of winding angles on

through-thickness properties and residual strains of

thick filament wound composite rings [J]. Com-

[11]

(12]

[13]

[14]

[15]

[16]

[17]

posite Science and Technology, 2005,65.:27-35.
SUNG K H, SEONG J K, SANA U N, et al..
Design optimization and fabrication of a hybrid
composite flywheel rotor [J]. Compos Struct,
[2012]. http://dx. doi. org/10. 1016/j. comp-
struct. 2012, 04. 015.

HASAN C,MUZAFFER T,GURKAN A. Stress
analysis of curvilinearly orthotropic rotating discs
under mechanical and thermal loading [J]. Jour-
nal of Reinforced Plastics and Com posites » 2005,
24. 831-838.

WEN SH B, JIANG SH Y. Optimum design of hy-
brid composite multi-ring flywheel rotor based on
displacement method [J]. Composite Science and
Technology » 2012.72; 982-998.

2B AR, LXH. EAEMBELKREZHE
BRI BN ) AR Aoy )] £ oMt 5
#,2003,20(5) :95-99.

QINY, XIA Y M, MAO T X. Simplified and fine
analyses of the full deformation and stress of
Pressfit of the hollow multi-ring composite fly-
wheel [J]. Acta Materiae Compositae Sinica ,
2003, 20(5):95-99.
ZoR T ERHBFEF. AN R RN Z A
BHERE CEE I ) R B M2 LR [J]. A % &
I £2,2009,17(7):1609-1614.

(in Chinese)

LI CH. WAN ZH CH. ZHENG Y P, er al..
Comparison of effects of different young”’s moduli
on stress and displacement of composite flywheel
[J]. Opt. Precision Eng., 2009, 17 (7); 1609-
1614. ( in Chinese)

TANG JQ, FANG J C,GE S S. Roles of super-
conducting magnetic bearings and active magnetic
bearings in attitude control and energy storage fly-
wheel [J]. Physica C, 2012,483:178-185.
GENTA G. Kinetic Energy Storage: Theory and
Practice of Advanced Flywheel Systems [J]. Lon-

don: Butterworth & Co Ltd , 1985; 60- 69.



% 10 34

mAkeR L E I RSB RE-E S MR iRt T 2647

EER N

BWEA972—) . B ERAHLE,
Al AR 0 A 5 0, 2005 4 TR R R
TRERFEPRBIE LA, TENF S
TR SR B AR ) AR R R R
WF5% . E-mail: tjqg_72@163. com

RATIR (1976 —) . %o 1o @ 2082 1
AL 1996 4F T b BT 23 AR K
ARG 0L, 2011 4R A0 RN A
MR KZFRG L0, FENEL S
WRLEEAE ) 2 540 23 A S A . S5 4
FEEE L S5 Bl ) % A BROT K oo
P BOE T vk S T T A SY . E-mail
Ibzhao@ buaa. edu. cn

BIIEE:

5

3Kk (1987 —), 5 AL O A B+
WFEEAE . 2011 4F A2 b B B K 2 AL
2T ARAR F 2L, RN R IE
il 3 40 B B R R R R AR I A A R T
Ak BF 98 . E-mail: zhang6350668 @

& = E\ foxmail. com
! {

(FRILERE REWW FEEH)





