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Ejection timing recovery strategy for an electromagnetic catapult system in an incomplete state
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and Technology), Wuhan 430074, China; 2. China Ship Development and Design Center, Wuhan 430064, China)

Abstract: In wartime, the two main ejection energy storage systems on an aircraft carrier may be hit, and then the battery
pack will be partially damaged. The timing of alternating ejections, established by the dynamic balance of power between
the two, can be disrupted. To solve this problem, a related ejection timing re-recovery control strategy based on the
coupling of the electromagnetic ejection system is proposed. First, a coupling model of the electromagnetic ejection
system including a battery, a supercapacitor (SC), a line motor (LM) and a coupling device is established. Secondly, based
on the analysis of the dynamic characteristics of the ejection system, an optimization strategy for charge-discharge power
is proposed. That is, by coordinating the interconnection device and energy storage control, in the initial condition of the
unbalanced incomplete state, the power alternating dynamic balance of the two systems in their respective ejection cycles
is realized, and then the normal ejection timing is restored. To solve the problem of one-sided depletion of the battery in
the process of dynamic charging and discharging, an adaptive droop control method based on state of charge (SOC)
equilibrium is proposed. Finally, Matlab/Simulink software is used for modeling and simulation, and this verifies the
effectiveness and superiority of the proposed strategy in realizing alternating ejection timing re-recovery and avoiding
unilateral depletion of the battery.
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Defence of China (No. JCK'Y2021206B001).
Key words: incomplete; alternate ejection; timing recovery; state of charge equilibrium

0 2= SAEg 753 T A b, AR A TE T 0] DAL AN [H]
= A RMUN . T E R  R S S LI

FEL RS N ERA A BT B E PR K — KA B BT Z MIRER, BRI T B E it i
BT, WA, IR R, ML
HEUIH: EEALTARE K8 (JCKY2021206B001) (VR 30 2 7 L T e 2R 0 — FRC IR 986 ) B s 5 o o




-178 - B 2GRy 524

Jiae BEha o 5 2O I Pk 0 RO ™ A%, Fe
FLP R T LSRN RS TR D) AR BB A1
e SHIE, AR A AN E VE AT RE S BOL A
RGE AL > T el M auR, IRl
ARSI Pt H e . AR A B AR R S s o
G2t L N AR AP S LA S N I B i 2R
ANV, I 51 A R U N e R AR . iR
G L R, R B U ey S A B A AR S TR
HL Ty 2 EE T HEAT T AT

AR, [ A AR5 S F BRI R e
FOIHR T AR MR AT T OKERT T, SCR[4]5%
TR AR BE T TR T ER A TR A RE R
GRS, IZOCHRSEIN T R LRI R G ) Sk
A, BETSRE T AU RS S AR T I
SR SCHR[S B 7 # FL RES A R G K R AT
ol $RH T — P REUSIR AT IO b A A I TR] A A
SR T, it DRI R GRS E 1 B
SE T Ak R LA BV SCAE FLIE SR 2R GE R 5N AL
ARG E VE T T P47 Fr G ANt 7, (BSR4 i
FAVERE HOAN R, PRI AT 0 R SR AE 5 2% A
I 375 T AL e 4id

T ARG R AT & Ll BRI E
LR AL R, AT BRI — AN B
T, DRI T A 265 it b A ) Ty 2 EL AR S
A, R A IR T E R R S ST
LT,

A KRB LA AT 7T, SCR71E 5]
N B 3 R AT 08 R 12 AR X [ 453 #3 (daal active
bridge, DAB) 2] 75 30, SEBL 1A [ HL IS A5 2 ol kA
MIEE. SR, 12 3CHR R 25 RE 1 7 0l o0 HL L F) 1
(LN TP S v 22 P8 MUK (R S e ERT AR RN
AT I Lo 4y FUIR S BRI B FR TP ATIR
e FENLE BT SCRR[813H 1 —Fh LLC &
Ik DAB Zeffeds, ZAHAs REVSAE 2 T A S
BUBIT R NI AE 35 A2 A2 He s HL s 2 2 SR 1Y [RII
AR a1 I B Bk B2, hTREER
X R S AT AT AR ), DRI A
T HTRIH BN RAE . SCRR[OTR H T — % H AR zh
iy R A SR o ORI A2 SRS T AL — B,
XHBATIR OIS BN, RIen B EMMN+IE
AT B A R RGE PRSI . SCER[10-11738 H T
— b SO ) LR AR LA SR T AR T
%, ZINEREAE 2 TAEBGU T OV ER AR Gefe it
e € B HBUS SCHE . AR, IR SCIRARF & T

P P i 2 PR IR H R N S B0 2 R AR,
X FhAR A AT e 23 B MR e F 0B A R BRE 2
2 S P T L R a5 s L D i S M
W SEmEN, M, RGN RS H Tk
FHERD BFRBR, —BRAWEE, TAax)
AN RAE R Ak, e E
TR TC RO, 17T AR AR R 4 2 FL ) i
REA B o R AT RESE i AR R G i s ORI 28,
By b A B FRVB R BTAR S, ASRE R PR S A R 4t
PN I BT B, 38 75 0 LIRS & Hit
(A RS AT P AT . X BB a8, ] DUMAH R
T B LB IR 2 ) 7 S SR AR R K. SCER[12]42
FEFEPIZAT A &8 r it 78 2 G2 b Fi o, ik B B
4 F RS, FFORIERIN N B & RE S AR E s
AT SCHR[13YE I [ S 8 T e ) 28 o 70
FORBRH, SIS R LT B B RE T, (HFR
fo FH AR I ], FF HL &R G0 A7 7 BR R )
SCHR[14-15142 1 —FhF 2 RS fr URESHHOR I A
&N AR TR, AR e H DDA A RS
HEAT S LLAF) 2 BT, AT S Ay FEIRZS 3501 o SCHR[16]
&t — M Tl 28 53 WO AN D 238~V 467 1 3 8 73 20 ot U 425 )
WG, SR Dh A B 2 G BE RS = Tt Re
BTG, R Dy F P A, SRR S
7. SCER[17-18]52H 1 2+ SOC ) F Fefz i, T
HE RS H SOC AH IR, I Ik 2 3d o 4% il i Hh FELUR
P -fERE G SOC T H B SCHR[19)3&H 17—
TR 2 R EE SOC B n R AR L IR 38 B JE 4%
i, HNHE RBOR AN R E AR DR BOE K],
Tar T EE AR A, SOC FISIMET 35U R AR 22 o SCHR[20]
FESCRR[19] 280 ERdEAT T Btk RIS H ) 2% &
T TS S BN B R PR IA I BIE, LR
WERG R ROEME. SCER[21142H 1 —F0 B & N
IS 8] 8 KR 0 S g, et IR i Re R =R,
B2 R TC HL M (32 AT 7 AN R, P RE
SHEARGAFEE . SCHR[22]5E H — PP JE 128 % i
LIRS T 1 S, SBILAR AR 4 A 1) i
2R3 LA v P BEDOLIIMEL HE AT 70 BT, H 2R B HL P
TS FERUIC, TR 28 D)3 Be A HER, 8
T i RE TR AT FES o SCHR[23 142 H — PP TR A &R
% i%(sparrow search algorithm, SSA) H i& & K HE4%
H ARG, MR T D)5 ORGP BRA H A 22 1Y)
A&, (HHIGIERO L o D 2 ) PUd AR AL o
R T AR B E AT FERAS P A ) B gk
1T 7 —EBRZE, (BB — AR T AN L,



MER, %

AETE AR T HURESE A 2R GE 5 S I P K 2 SR - 179 -

KER ARG AN BB ITRES, B2
IR PRI, 7% 53 e v R AR e 4 JBi Y, 3 i S 2
M IZ AT R -

g LT, NS B i AR i T & B
A VA R HP R R A EL RSS2 G b i
RESEATFE/R M NI R . AR SO SN T8 V) F R o
RGEMAEHER, W LIE— 7 & BibZ LT,
it DAB “PHIBiE 2 7SI, FHKE
IEH BRI P o LUK, A BRAIE R P ) K
P T AN P SRS EC A T R . T, RIS
AIERGTNE BbREREREEFEDRER, BRI
REZ Mt R, $2H TR SOC T % il 5
o, B EiR T R AE Matlab/Simulink b #EAT EA
DI, BGAE T A SCRME A AT . 1RSI T A
Bt TR S BT, R RE I
BEMKE, HPTHE e sy R R s T
ARG ARSI REL
1 BESEHRGEREERZRETERES T
1.1 FRAEESHREBENEURH RGEE

ABBE— 0 E R o B i i R 40 PR T 4L S R RN —
I R AR, FRLTRS RGOSR P 1
ffizn, DAB 243 BN 53 5 o B 4 B R e R Gt o
B RG— AN AN A& B T T N 5k, &
TR AT HORASIEAT N R H], R R gt
ITHE A HE; ME, HEBRASEEEE, 5
B — FEON AR Ty, LRSI AT
P K.

SC l LM1 LM2 SC?
- A —
DC AC AC DC
DC DC DC DC

Far i A uxd¢
| f

T PLOddZ iPSCZ
DAB

A
P Fue TPB“G !
DC DC DC bC
DC DC DC DC
Batl Bat2 Bat3 Bat4

- 2 2 2
B AAEA R

Fig. 1 Electromagnetic catapult coupling system
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Fig. 3 Alternate ejection supercapacitor SOC variation
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