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Optimized Design of Rotor Considering Cost—Reduction of Small BLDC Motor
for the Water Pump

A R I
(Hoe-Cheon Kim - Tae-Uk Jung)

Abstract - In the present study, a BLDC motor for a pump in which a neodymium PM is replaced with a Ferrite PM
has been developed in preparation for the cost increase and to ensure the stability of the resource supply. One of the
currently used motors for pumps is a BLDC motor having an interior PM wherein a rare-earth PM is adopted.
However, a BLDC motor for a pump is designed to have large airgap because of the use of a waterproof insulator
according to its structural characteristics, and therefore, a SPM structure is suitable. Hence, an SPM BLDC motor in
which a Ferrite PM is used is designed. Nevertheless, the use of Ferrite instead of rare-earth materials causes a
deterioration in the performance of the electric motor, such as a decrease in the BEMF and the maximum power of the
motor and the irreversible demagnetization of the PM. In order to mitigate such disadvantages, an optimized design of
the BLDC motor is developed by changing each design parameter and by improving the electromagnetism structure.

Key Words : BLDC(brushless DC) motor, Ferrite, Rare-earth, Water pump
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Fig. 1 BLDC motor for conventional pump
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Table 1 The specification of conventional BLDC motor

Part Item Value Unit
Rated Speed 3600 [rpm]

Rated Rated current 1.52 [A]
Spec. Rated Torque 0.054 [Nm]
Rated Output 20 [W]

Outer Dia. 58.07 [mm]

Stator Inner Dia. 30.4 [mm]
Stack length 5 [mml]

Outer Dia. 27.4 [mm]

Rotor

Stack length 5 [mm]

Air gap 15 [mm]

Turns 128 turn
Pole / Slot / Winding 6 / 9 / Concentrated

PM NdFeB38
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Fig. 2 Flow chart for design of proposed BLDC motor
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Table 2 Characteristics of material used the BLDC motor

Employed material
NdFeB38H
r: 121 7 1.25 [T]
Magn -Hc : > 899 [KkA/m]
et NMF-7BE
Ferrite Br : 0.4170.43 [T]
-Hc @ 2867326 [kA/m]
50A1300(S60)
Non-oriented silicon steel sheet
Density : 7.9 [g/cm?]
Sheet thickness 0.5 mm

Neodium

Steel sheet




(b) Proposed model

(a) Conventional model
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Fig. 3 2D FEA modeling of BLDC motor
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Table 3 Design factor and design level of the DOE

Desi
. esign level 1 9 3 4
Design Factor

Stack_length [mm] 4 5 6 7
PM._thickness [mm] 35 4 45 5
Main EffEDcl': :lm for BEMF
e Swckiengh FM_fickness.
&0
E so e
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(a) Main effects plot for BEMF
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(b) Main effects plot for Torque
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(c) Main effects plot for efficiency
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Fig. 4 Tendency analysis of the design factors
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Fig. 5 Result of the response surface (RS)
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Fig. 6 Results of the response surface

498

32 Metst HE8 BLDC =E{ol mhajof e
B oERoA AE mEE J1E wEsh B9 A4S

2
o= ke o=

/3% 28e AT, T3, @5 L 43, 3

o

e

<

MMM a8 orlr o

e, T

rE
o,
32
o
2
£
=
2
N

ix 4 BLDC =ZE MH znizjs E
Table 4 Design parameter of BLDC motor

Value
lzn conventional proposed Wit
No. of Pole 6 -
No. of Slot 9 -
Coil pitch 1 -
Parallel Branches 1 -
Airgap 15 1 [mm]
Stack length 5 6 [mm)]
Turns 128 135 -
coil @ 0.35 0.45 [mm]
Fill factor 26 437 [%]
Phase Resistor 2.23 1.67 [Q]
Phase Inductance 0.025 0.0235 [mH]
Ke (Kt) 0.0015 0.0015 -
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with conventional motor

—a— Total loss
—&— Iron loss
60 |- —&— Copper loss | -

20 |-

10

o
2000 2500 3000 3500 4000 4500 5000

Speed [rpm]

J% 10 #letst BLDC ZE 9| &4 F2| FEA Z1t
Fig. 10 FEA result of loss characteristics of the proposed
BLDC motor

il

=g 4% BLDC ZE o #7tEzs D s|™MA 2|xst HA

Trans. KIEE. Vol. 62, No. 4, APR, 2013

Bo=Fo A Aeke BLDC RE &

A st g3yl fEl B 29 5
Aeg wEE kgt oy EAE
BLDC E¥e %3 S-T AREAS
el e} Hlwste] 544745 1 8o yetlth AAEE
3600rpm]ell Al 719 REe AARESY Eds 474
0.06[Nm], 0.061 [Nmle]t}. 7]<Edl] S EFE AHSS IPM 9
gl2] BLDC REEe} o] a33ate Ha54 F2Ho] 5dT

gdow, 7]E9 AEF ZEE A
Ve RE7E AAEAYG Ed Z&AA ST 7|E
o BEe Td 545 JEIES 29 9dA FAF +
o, FEA sidAzte] wpe &4 54& 19 10914 4
e gAd F 9 X 5% 7]E9 RYe ek

wEe] A% ARAsE e,

E: £z 54

Table 5 Comparison of Output characteristics

. Conventional Proposed
Unit
IPM SPM
I t
b [V] 12
Voltage
Speed [rpml] 3600
Current [A] 15 1.48
Torque [mNm] 60 60.4
Output [W] 22.6 23
Efficiency [%] 42.1 42.27
T
oraue [%] 122 9
ripple
C t ,
ST A /mm?] 14 9.3
density
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Ferrite motor with conventional motor
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Table 6 Production reduction effect of proposed BLDC

motor
- Conventional Proposed
IPM SPM
Total [%] 100 71.2
Copper[%] 16.4 22.6
Iron [%] 36.4 215
PM [%] 47.2 32
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