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Abstract

The fuel pump, which is used for an aircraft, was first developed in Korea through the Civil-Military Dual
Components Development Program. The BLDC motor type, which is superior to the DC brush motor when
considering efficiency, endurance, and explosive environmental characteristics, was applied to the fuel pump
given its capacity and operating condition. The magnetic flux of the permanent magnet was analyzed based
on the magnet flux density equation, using the Maxwell equation and the environmental condition. The motor
performance, according to the load, was analyzed using the finite element method in order to design
validation. The motor assembly was developed by designing the motor drive and the EMI filters. The
performance test results of the motor assembly for the fuel boost pump were consistent with the analysis.
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Table 1 Comparison of permanent magnet material

T & Alnico | Ferite | Nd-FeB | SmCo5 | Sm2Col7

Br [kG] 7~14 3.5~45 | 11~14.5 8~9 9~11

Hei [kOe] | 0.5~1.8 3~5 10~30 15 10~30
Tc [C] 860 450 315 750 825
Max. Oper. 500 350 60~200 250 300

Corr. Res Exc. Good Poor Good Good

-Br : Remanent Induction(ZF#F&4 =)

- iHc : intrinsic coercivity force(F®.z}2)

- Tc : Curie Temperature(F] gl <%=

- Max. Oper : Max. Operation Temeprature(H LA} 25%)

- Corr.Res : Corrosion Resistance(t]%-2]4)

3242 42 Iron-cobalt-vanadium AAHIA 3
=<1 Hyperco50=2 “d#3}3lth. Hiperco502 High
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Fig. 2 Magnetic flux density
calculation model at
permanent magnet gap
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Table 3 Initial design factor of motor assembly

Parameter Value Parameter Value

PM OD | 20 (mm) | Folearc g0 (%)

Shaft OD 10.8 (mm) | Rated Speed | 7800 (rpm)

Stator ID 22 (mm) Tu};’ﬁ;sger 40 (turns)

PM
remanence

PM
permeability

Stack Length| 23 (mm) 1.06 (tesla)

Pole number 4

1.04 (H/m)
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Fig. 3 Design model of motor configuration
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Fig. 4 Magnetic flux distribution
of permanent magnet
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Fig. 5 Magnetic flux density at permanent
magnet gap
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Fig. 6 Counter electro motive force at no load
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Fig. 8 Analyzed result of current and efficiency
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Fig. 9 Block diagram for motor driver
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Table 4 Main electronic component for motor driver

NO | PART NAME 7l s

1 S000006W EXCLUSIVE OR GATE

2 No00005DW BLDC MOTOR CONTROLLER
3 LooooDR COMPARATOR

4 Ioooo00 FET

5 Io000000 FET

6 Foooo DIODE

7 Foooo DIODE

8 Moooo2 < RESISTOR ARRAY

9 Mo0005BDT VOLTAGE REGULATOR

Drive 3|2x%= Z+7+

4% PCB Logic 32%¢ PCB
Fig. 107 11°] Yyeluislcl

2]31 EMI Filteroll #-8&% Ax}¢} EMI Filter 2%
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Fig. 11 Circuit diagram for PCB-DRIVER
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Table 5 EMI Filter Elements

gY| B® (4% #£2 Mg | ua

| SOl b5 | souHs 20% 1KHz
Normal
Coll,

L2 1 |347uHt 20%, 1.6KHz
Common

C1 |Capacitor| 2 1uF+ 20%, 1KHz
C2 |Capacitor| 1 4. 7uF+ 20%, 1KHz
C2 |Capacitor| 2 0.1uF+ 20%, 1KHz
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Cci 1 cz
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Fig. 12 Circuit diagram for EMI FILTER
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Fig. 13 Motor assembly layout
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Table 6 Comparison of the results derived from
analysis and test

T8 Volt. | Torq. | Speed | Curent Output
[Vl | N-m| | rpm] | [Idc] | Power[W]
Anaysis 28 0.15 7740 4.8 121.5
Test 28 0.15 7900 53 121.5
Tolerance - - 2.0% | 10.4% 0.0%
4.4 £
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