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ABSTRACT

Purpose: A main purpose is to increase the operational rate and reduce operating maintenance costs by
Improving the durability of Blower of Military Armored Vehicle and Self-propelled Artillery. As a result, it
is expected to improve the service quality of customers.

Methods: After analyzing the cause of the stop of the blower, the improvement plans were established and
the effectiveness of each improvement plans were verified by testing.

Results: Mechanical, electrical and environmental factors affecting brush wear were reviewed, but it was
difficult to specify the cause, which necessitated a review of the application of the BLDC motor.
Conclusion: After applying the BLDC motor to the blower, tests proved that the existing blower can be
replaced. It is expected that this study will help improve the durability life of similar equipment that is applied
with Brushed DC motors as well as blowers.
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Figure 1. Factors of Brush Wear(Fishbone Diagram)
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Table 1. Comparison of Ripple Measurement Results

Division Pre-Delivery Equipment In-use Equipment

Wave
!
TR WOTrY W /%y NP
e
Ripple 0.11~0.26 Vpk-pk 0.8~1.4 Vpk-pk
Table 2. Vibration Profile(Grms)
P”l}“}(;sste Vertical Axis Trazz\ifsrse LongAi)t;iJ;linal Pz;ltsi:n
10 km/h 1.9652 0.9826 0.4913
20 km/h 2.2242 1.1121 0.5560
30 km/h 2.9023 1.4511 0.7256
40 kn/h 3.1630 1.5815 0.7907
50 km/h 3.2823 1.6411 0.8206 Figure 2. Brush Position
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Table 3. Operating Force by Samples

Operating Force by Brush Length(kgf)
Sample No. — - Ref.
Limit Length(22.7mm) Installation Length(12.0mm)

1 0.190 0.175 0.270 0.290 Existing

2 0.300 0.295 0.550 0.485 About 1.7 times
3 0.370 0.385 0.660 0.685 About 2.4 times
4 0.450 0.450 0.715 0.740 About 2.6 times
5 0.565 0.585 0.965 1.040 About 3.6 times

Table 4. Improvement Plan of Brush Wear Factors
Plan Contents Ref.
Increase in spring Increased spring pressure for brush
pressure (1.7~3.6 times)

Change the position of brush

h h iti L. .
Change the position (Verticality — Horizontal)

Change the gasket /
Minimize vibration (a) : Thickness change(1.5t — 3.0 t) = )
@ = ©

|t

(b) © Addition(3.0 t) ==t
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Figure 3. Test Layout of Blower
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Figure 4. Brush Length by Time after Application of Improvement Plan 1, 2
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Table 5. Vibration Measurement after Application of Improvement Plan 3

- Existing Plan a Plan b Plan c(a+b)
Vibration 1.17 1.43 1.57 2.09
1.40E-01
1.20E-01 -
1.00E-01
=
£ 30002 -
o= Existing
Q Pl
a 6.00E-02 an a
a
4.00€-02 Rlan b
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Figure 5. Static Pressure Test
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Table 6. Current and RPM Variation according to Static Pressure

o Static pressure(cmH;0) Amount of
Classification
0 5.08 10.16 15.24 20.32 25.40 Change
Air Volume(m'/min) 2.68 2.47 2.21 1.95 1.69 1.39 v1.29
'\2/7Dg Current(A) 7.0 6.9 6.8 6.8 6.5 6.2 V0.8
RPM 12,123 12,131 12,232 12,322 12,470 12,657 Ab34
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Table 7. Brush Length by Time according to Static Pressure

o Brush length(mm) by operating time(hr)
Classification Wear length
0 20 40 60 80 100
o Positive Electrode 20.47 20.40 19.60 18.80 17.97 17.22 3.25
pen

Negative Electrode | 20.51 20.29 19.98 19.72 19.54 19.13 1.38

Static Positive Electrode 20.60 20.22 19.06 18.25 17.38 16.15 4.45
pressure | Negative Electrode | 20.64 20.40 20.09 19.77 19.42 18.90 1.74
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5
K
! . 3 Time (hr)
(a) Temperature Chamber(OUT/IN) (b) Temperature Profile
Figure 6. Temperature Test
Table 8. Brush Length by Time with Temperature Variation
o Brush length(mm) by operating time(hr)
Classification Wear length
0 20 40 60 80 100
I Positive Electrode 20.63 20.49 20.18 19.80 19.39 19.07 1.56
n
Negative Electrode 20.57 20.48 20.31 20.04 19.80 19.57 1.00
Out Positive Electrode 20.42 20.24 20.00 19.74 19.10 18.42 2.00
u
Negative Electrode 20.54 20.39 20.20 20.04 19.77 19.41 1.13

3.2.3 7184%
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Figure 7. Results of Starting Current Test
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~
v
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(a) Sample (b) FEMM

Figure 8. Comparison of Counter electromotive force between Sample and FEMM

Table 9. Comparison of Components after Application of BLDC Motor

Components Brushed DC Motor BLDC Ref.

Appearance & Impeller ‘ . — Same
Rotor Assembly ‘.ﬁ' ' Change

Stator Assembly Change

Brush — Circuit Card

Assembly Change

+%718 BLDC BHE A& $ JSAES 7 5 2 Av= <Table 10>3 2t} 45418 Al BLDCE
A& FF7] Alme U1 AN 4] BF A5AE 2 A7) EAS vl AS 891 Sk9laL AR 2%
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Table 10. Summary of Test Results after Application of BLDC Motor

Classification Test Contents Result
OperaU(.)n. Current, RPM Good
Performance Characteristic
Air Volume Air Volume(Step by Step) Good
Electrical Transient Voltage Operation(Overvoltage) Good
Characteristic Starting Current Under 60A(Starting Current) Good
. 0.42kg/cm? internal pressure
Immersion . Good
(for 5 minute)
High Temperature MIL-STD-810G, 501.5 Good
Low Temperature MIL-STD-810G, 502.5 Good
] Humidity MIL-STD-810G, 507.5 Good
Environmental
Test Salt Fog MIL-STD-810G, 509.5 Good
Sand and Dust MIL-STD-810G, 510.5 Good
o MIL-STD-810G, 514.6
Vibration & Shock MIL-STD-810G. 516.6 Good
Conduced Emissions MIL-STD-461F, CE102 Good
Radiated Emissions MIL-STD-461F, RE102 00
Durability Continuous Operation(800 hr) Good
System Equipment Conformance Test Installation and Operation Good
4. 3 &

L welA] vhie] G VA 21 AH, 471402 BF % GA%T 4 2ol B AN PE F =
PekE} A ) S GO TS0 AL R AFNBE FARGE. NF A% 7Y P @NE
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