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Abstract

Recently, the outboard engine system of internal combustion engine is widely used in the field of
small ship propulsion. However, the internal combustion engine has serious problems of energy
depletion and environmental problems, so electric propulsion methods are being studied.

In this paper, we have developed important motors and controllers of electric propulsion system for
small marine outboard motors. The motor design was performed through the motor characteristics
analysis method, and the 30Kw system was developed through the BEMF processing circuit and the
power conversion circuit by the embedded microprocessor.

This study was carried out through government supported projects and achieved quantitative targets

through accredited institutions.
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[Figure 1]Export/Import Status of Outboard
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[Figure 2] BLDC motor design flow

<Table 1> BLDC motor design parameter

Continuos of RPM N (rpm)
Noload of RPM NO (rpm)
Voltage of phase Vit
Continuos of torque r  [Nm]
Noload loss torque 70 [Nm]
Low temperature limit t [TC]
Phase number m
Pole number 2p
Pole length l,
Slot number of iron S,
Current flux density B,
Force of coercive H,

BLDC RE 2| Fapr|E Moz} sfar, x5 4l A
o] Aok vIE wEhT, 4(1)<2 “d(phase)
T mell thel M& f& 5 ok M de7] Al
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[Figure 3] Design of motor structure
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<Table 2> IPM motor winding specification

[tem Unit Value
Winding/slot 17
Circuit number 6
Layer/slot 1
Serial turn number/phase 17
Pitch of coil 3
S st |z | 1700
Areas of conductor/slot mm”2 56.00
(Copper areas) % | 4355
End_coil length mm 65.4
Resistance of coil (207C) ohm 0.00671
Resistance of coil (75C) ohm 0.00797

[Figure 4] IPM motor interpretation area
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[Figure 5] Magnetic flux density
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[Figure 6] Magnetic flux density analysis result
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[Figure 7] BEMF measurement of motor

DC280V= o)j‘?—ﬂlé‘]—():] %j_.ﬁ_ _ﬂ/g—z]— 0 01]}\1 SI=IZPN
+ 0.130mH= A= Slt. 2800rpmel/gelx] =7}

N

B_ﬁu

Fasklal, 5300rpm7HA AFE FUsHA B B
diste] asiglet. o7& <FAIRF(Field Weakening)
Ao7F Q7= AN - DC280VE ste] 10%

A%S drope TEEF7] Wikl 5500rpmZHA=
HARE AlojE sh+] oot Ha, X3 a3E o
2 ot [Figure 919 El‘%?rt}@] ol4+= 2800rpm
TR Hdago] Yelsen], 82 88~95%

o _l°

Foz et
120 250
10}
100 200
_ % £
§ 38: 4150 E
‘§ 60 | —o— Torque )
g 50 |- —e— Current 4100 3
= 40l %
30 <
20} 150 =
10}
% 1000 2000 3000 4000 5000 6009
Speed [ rpm ]
[Figure 8] Torque and current of 30Kw
operation
- -
... N 100 6
o* >
o’ 180
0 0]
o® -
Q —
o 160 5
’.
140
120
| | | | 0
2000 3000 4000 5000 6000

Speed [ rpm ]

[Figure 9] Efficiency of 30Kw operation
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[Figure 10] Efficiency Characteristics map of



J. Korea Saf. Manag. Sci. Vol. 19 No. 4 December 2017
http://dx.doi.org/10.12812/ksms.2017.19.4.309

ISSN 1229-6783(Print) 313
ISSN 2288-1484 (Online)

Driving Section
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[Figure 11] BLDC motor controller diagram
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(b) controller part
[Figure 13] Circuit diagram of motor controller
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<Table 3> 6step control of IGBT

step U_high | U_low | V_high | V_low | W_high | W_low
ON | OFF | OFF | ON | OFF | OFF
2 | OFF | OFF | ON | OFF | OFF | ON
3 | ON | OFF | OFF | OFF | OFF | ON
4 | OFF | ON | OFF | OFF | ON | OFF
5 | OFF | OFF | OFF | ON | ON | OFF
6 | OFF | ON | ON | OFF | OFF | OFF
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