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A Study on The Synchronous Control of Dual Electric Propulsion System Based on the
Coupling Structure

Kyong-Uk Yang - Jung-Hwan Byun~

oF

fo

AT FOA, o EAAd S 7 AVIFIA LA T R te] dAEE S5 A S
719 Alsy] A7 ErlAloI A "ol AT o] AojA L' Zp FAA L i oH]dE o £
EAN7] gl FRAA LG o wap Aghe FrAe 7R A E duRE e} SrAlo)7] = FAA L
o] eHFES} JHE} glo] HEAHS FFoE g e A= vdA e F54
ELATF 71A e vAlE G BT F, wVIACA LR A £84E aeste] dAE 2o
2, AEolde o AAE AlojAlxdo] Tl Ak AlA el FaA S HolErh

ABSTRACT

In this study, the synchronous control system is designed to restrain the speed difference generated between two propellers, namely,
synchronous error in a dual electric propulsion system of unmanned surface vehicle, fish finder boat, etc. The control system based on coupling
structure is composed of pre-filters and speed controllers for each propulsion system and a synchronous controller cross-coupled between two
propulsion systems. The pre-filter and speed controller are designed in order that the propulsion system may follow the speed reference without
overshoot and input saturation. And the synchronous controller is designed in consideration of damping and quickness of the synchronous
controller system after analyzing effect of the skew disturbance and mismatched dynamic characteristics on synchronous error. Finally, the
simulation results show that the designed control system is effective for elimination of synchronous error.
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Fig. 1 Schematic diagram of a dual electric propulsion
system
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Fig. 2 Block diagram of an electric propulsion system



AEGTEA 7123 A7) FAA L] S]] A AT

. S7|HO{AIAEH A

31 HEA N 24

AP 549 Av|uEsh ZRdds PAHE
F9 FAAxH] BEG OHGE glo] W 2
ELEe] BUREE SEANLYL AAT o
7 glth. kel PLAlel7 = AoiAAee TS
A%, HEAG 71717k an gRe il
A eWGESE Aolg)E Eahol Wyl Hn

7, 1
L 5{ F(s) »*%—» Cs) i»(%—w” (S)Ti)

O 3. MI|FRA|A- S S o{A|AH
Fig. 3 The speed control system of an electric
propulsion system

o) meate] A 2Ee) SEA A 2B L
a9 33 o] pEeTh agelA 4 (2% pe
o) Baia T,(5)9) olAlsh EAY 1(s)o
229 93 SRAolrlolt 18T As)E AR
QG odxletr) et s AE o]},

O(s) = K1+ Tl,s) ©)

2 () o] AAzFE AT A, C(s)9
A7l s BAEE G =gl A M
ES ANIE g9loz g3t wela gl
PFE FaA77] Ag duldy F(s)E F7ketd
2 (3)9] AoA|="E A (4} o] HTh

(s :Mm) (4)

s°+g,5+g,

Rb,. +K(K, +71/KPK”) nk,K K,

A7|A g, = Smea Tt 0= :
By TR e,

ol A ARSI Sl

@A FHe TS
F(s)=1/(Tp+1) 2 A4 a2 A7) As
= IHE oHRE g AR T,E AAAHL

Z sbe], SujA7I e s A (5)9 o] AAIHI0L

Rby. VKK +RJ, (r+r)
Kp=— g CAEERL )
nK K,
Rabmcq + [(t [(c + Ra er‘(] (Tl + T2)
T,=—
Ra er‘(] Ty

A7 7, rE ETHOITE

3.2 F71Ao A 24"

T2 4 MI|FTIAAE L ST|HO{A| A
Fig. 4 The synchronous control system of an electric
propulsion system

I
1(5),Gy(s)E FAZAE G, (s)o] WE 29 27
FRAN 2" AojAzElolx, O, (s)E E7A7],

+ (7)

351



JKIECS, vol. 13, no. 02, 349-356, 2018

Ajot7h o,

r(s)—+ ®)

299 202 4 (s) # d,
gloew C.(s)=0Y A$o=
ot v vt 9 d.(s)o

d= s71eats #2A717] A8l F71A017] C,
7_1

o
Py
V)
N
o
U1
=
o

e

Y,
o
2

7} EAEoF gtk A (97 HEEHEE A" 24 A
ARG AANZEE G (s) =G (s)=G(s)E
T A (8)2 4 (10)3 o] Wt

e.(s)=@G (s)S(s) d, (s) (10)

23 5 7)Ao A] 28l ]

714 S(s) & A (11)& %9
= =d, (s)—d,(s) ]t}

e, d, (s

an

A7 L(s) =2G,(s) C,(s) oIt 27 4ellA H]
A 9k d,(s)7F A7 E71A 7] O, (s) 7 2]
10)9] &7124 e (s)5 A2 olstel| A= H]

352

WA e d,(s)ol hal 57127 e (s)8 TEHS
2 AarTlE F7IA0)71E AAR.

3.3. F71A1917]
B At B

Aoz 7+

AEHRE E7]193) es(s)% 2l

2217171 $js PDAY)7E

Cs) =K, (14 Tys) (12)
A7IM K = HlEels, T, MRS o
oh EoAeIA e BT EE 23 Al
of EAWARAL 27 4 (13, (99 2t}
142G, (s)C,(s) =0 (13)
s +2¢w, s +uw, =0 (14)
213k (4= O (s)e AT K, T,
2 (15)¢h 2ol LD‘r.
S R P 9a)
K‘;s_g g_b_l ’ Tds_ gbK;)s <swns_7 (15)

A (13), @NANA THAEF w,, 9 2y (=
22t FolAolAAue] S84 RS we sl
4

QA Aol FPsshh

fu

V. AlZ2fold X &

Kul

N
~

B
bR oft

cn
s
@
X
_
S
i
o
-

Ao}, w3 F(s):l( 1ot} 1 AES 4 (11
oA WY s an<s>:a<s):¢ol %

’ s 4160.0s + 8650.1
A E R D B R ]



AEGTEA 7123 A7) FAA L] S]] A AT

gele] AHFHNET o, =2000rad/s], B ¢ =12 ¢ PIEEA7|d 93] senErt wEE A $ol=
AAstd E71A017] O (s)9 AFE K =181, FESHA OF AAAH] WHES AAFT F 3l
o} ok 223 17 6(c)= PACIZI(HAD), PDAo}7|(4
el olgh §71 925 HERTE onf FFIA|~E] 9]

st HEOR G (s) =G, (s)Q 7

71% PA|O}7)$} H|asle] HEAMERE

T, =766x10*2 ZAA¥

1. FTAI2E | m2folH
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Fig. 6 Step responses and synchronous errors by P

controller and PD controller under mismatched dynamic
characteristics
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