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Application and Research of Linear Motors in Vertical Gravity Energy Storage
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Abstract: [Introduction] As one of the new energy storage technologies, vertical gravity energy storage has become a research hotspot
in the field of energy storage because of its high safety and environmental friendliness. Systems based on the traditional rotary motors can
only transport a single heavy load and cannot meet the various power level requirements of the power grid by changing the number of
different loads transported. The application of linear motors, however, can effectively address this issue. Therefore, the vertical gravity
energy storage systems using linear motors have garnered significant attention. [Method] This paper introduced the basic working
principle of vertical gravity energy storage systems using linear motors and summarized the current system structures and the design of
linear motors within these systems. [Result] The results show that due to the long-distance movement of the vertical gravity energy
storage device and the large mass of the load block, a linear motor with large thrust and magnet and coil windings mounted on the mover
is required. Current research focuses on consequent-pole linear vernier hybrid machines, flux-switched permanent magnet linear motors,
and linear switched reluctance motors. All three types of motors are suitable for vertical gravity energy storage systems due to their
unique characteristics and advantages. [Conclusion] It is evident that compared with the traditional rotary motor systems, systems using
linear motors offer numerous advantages, and will gradually become the mainstream solution for vertical gravity energy storage
technology. Given the system characteristics of vertical gravity energy storage, the selection of linear motors is crucial. If the structure of
linear motors is specifically designed for vertical energy storage systems, the excellent performance of the storage system will be better
leveraged to promote the widespread application of vertical gravity energy storage technology.

Key words: gravity energy storage; vertical gravity energy storage; linear motors; motor structure; multiple power levels

KimBEHE: 2024-07-22 f&E HE: 2024-09-10
BEETH: FEMES TRBNER G RA RS E “Brils ) igaes AR H#F58” (DG2-D01-2023)


https://www.energychina.press/

2 7 RETR A B

0 3I%

B e i 0 B 9 8 £, XUBE AR BH 8 45 R
AR RRRN Bk Bz SR, Hh TR A B AL
X e PG E PR SR, AR BRI AR Tk AR
N T I o e AN E PR R R, BRARAE A BE B
FREE, EARSIERELOAR T, K RN R
2 ABAEAE I A, il BRI KA 20 B o) 45 Sy B
Phs "RAS Ak RE FE AL IS TRI PR, D PR OB R, HEBGE &
R 2 I ) B A IO 5 s 24 23 R BE T H TR JEE o, )
LRI o 5 A il BE B AR AR L, H Tt REBAR
TR RG22 X TE e/ B R UL
Sy H ik e U 72 (1 s 2 —

I AEREAR I L R G M AN [ 23 1 28 U
JitERE. BN AR aE L o T AR BRI AR
E I HRESF AR . Hor, B a0 Ty i e
THAT LU S0 i, 755 F = H AR 0
L AR B BUAR, 5 AR BOSAS | 22 A, o H
(IR S-S SRS WAL i -7 S = 154 S W W
il ESE B T SRR e bIL, AT AR 2 . 222 i —
IR s e B R S L E W AR TR T I, B AN RE
[ iE 1T 24~ TR R BRAE T JE T B A HLIY
e UEE i B R R MR AT Gz 5,
A][F s s 2 A Y, i R F R AR K, AR E
IR R o AR E N AN B XA R S
WFFEMISCHE FE 2R AL LU LA I

D) E ERERGAH 5 T7 %704 QST [17-18]
XU 2 i E 2R G A BYE ANIE REVE AT T 00
e, AT R SUEE ) i RE AR S BT AT B R
JERHT S, SCHK [19] XU Sk RE R G4 #E4T
TS, F6 T AL GE el LA 2 G rh N A Bk,
OINT T ELZ R HL B R AL

2) IO B R LAY e U ) R RE R e A M i3
i B AXE R RGN HA RIS, HA R
A A A, HACHEEARAFE, n3CHk [20-21]
B Y A T R AS ] 9 22 383 1 B S ) A RE A 1A,
LI T 11 56 R B U A R R O R A

3) ELZRHLHILAY 1B BURN 2548 20K ARl B 0 U
TIHRE R RAHI TR, 2 H RIS T AR HL AL
LY TETE J7AERE AR G BOE IR RO 45 18, ik £k
PR A bR Bk HL L™ | 3 D4k G R B

HRTF CREBL A AL %

S FEIET LA X E R RS
(Linear Electric Motor-Gravity Storage System, LEM-
GES) 1Y A J5U B, X [ N A3k T B HL ML B =X
H I ARRE R G BORTT 5 R AR AT T b 4T T4 44,
IR T AT ALY A E AR RE R SR
Sk K HER AL IR, s xd H TR BEE 45 18 E
AT G, LA RE T H e A pIL Y e I U T e
REYREFEMS T

1 THERBERREEN

IR Y BEAS SR RN R 1 BTN, BRI Ry
HF K B i B A O A RE A o, i ik 42 5 | L AL A
BT SR o i AR el L RE AR, FL K
FAERRE, K T OEY N BRI = LI HERAT i,
HURERE IO E ) 3BE; iR B s L REBE Z 0, B
H YA o AU R s R RO HE B AT A, B
Ve R IR B K ALK L, B ik ZE LR

T
Y < ROt fitifie
O [ O O 0N @
i)y Lo J1 (]
WitHRE 4 [ [N TGIEE R
EXN Fﬂ Rt
i

O R P
SRR
T

B 1 EhfEsEREE

Fig. 1 Schematic diagram of gravity energy storage
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Fig. 2 Profile of a gravity energy storage unit with linear motor
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Fig. 3 Sketch of lifting multiple loads in vertical gravity energy

storage system based on linear motor
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Fig. 4 External views of two LEM-GES structures
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Fig. 5 Example of load block
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Fig. 6 Integrated gravity energy storage system with linear motor

and abandoned shaft
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Tab. 2 Key design parameters
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Fig. 8 Load in vertical gravity energy storage system with

this type of motor
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Tab. 3 Key design parameters
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Fig. 10 Model of linear switched reluctance motor
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