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Localization Development of Axial Fan for KM-SAM Multi-function
radar
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Defence Agency for Technology and Quality
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Abstract This paper describes the localization development of an axial fan for KM-SAM multi-function radar. The
multi-function radar, which is constantly affected by the external environment, is a key instrument for detecting and
tracking low and medium altitude threat targets. Operating this equipment smoothly requires a fan for controlling the
internal temperature and humidity. Presently, all such fans are imported. To solve these problems, localization
development research was proposed. The development of localization includes analysis of requirements through review
of related technical reports such as original equipment and system equipment specification, prototype design, and
verification of design requirement through performance test and environmental test. The study results are described.
The blower consisted of an axial fan with guide vanes and the motor was designed to generate a maximum airflow
of 970 CFM and a wind pressure of 4.8 IWG. Six prototypes were manufactured for performance evaluation. In
addition, for reliable data acquisition, AC power supply, fan performance tester and data acquisition equipment were
designed and tested. All prototypes were verified as having design requirements equal to or better than those of
imports.

Keywords : Axial fan, Design review, Environmental test, KM-SAM, Localization development
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Table 1. Environmental Condition Requirement of
Axial Fan
Contents Requirement
Noise KS B 6361, < 89.5 dBA
(at suction direction 3 feet)
Voltage 211 Vac, 380 Hz, 220 Vac, 40 Hz, 229 Vac,
regulation 410 Hz
Hich Tem MIL-STD-810F, 501.4 procedure I & II
€ P: Operation : 100 C, Storage : 110 C
Low Tem MIL-STD-810F, 502.4 procedure I & II
W p: Operation/Storage : -54 C
Humidit MIL-STD-810F, 507.4,
Hmaty relative humidity 95 = 4 %
Rainfall MIL-STD-810F, 506.4 procedure 1
Vibration MIL-STD-810F, 514.5 procedure 1
Shock MIL-STD-810F, 516.5 procedure I
Salt spr MIL-STD-810F, 509.4
at spray 48 hours salt spray test
EMI MIL-STD-461E, CE102, RE102
.. MIL-B-23071, Extend Life(3.5.2.1)
Durability 1,000 hours
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Fig. 1. Performance Data for Imported Axial Fan

<+ Apparent Power 0.9kVA
(115Vac, 2.7A, pf 0.50, 3Phase)

Electric power

(Electrical Energy)

Active Power 465 W |

Loss

(Magnetic Energy) (139w)

Active Power 326W
(5,475 rpm, 0.57Nm)

Loss
(132w)

{(Aero-dynamic Energy)

b

Active Power 194W
(642CFM, 2.641WG)

Fig. 2. Energy Conversion Relationship Diagram of
Axial Fan
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Table 2. Development Requirement of Axial Fan

Contents Requirement

970 CFM <

4.8 TWG (at flow “0”)
5,500 rpm = 5 %

X =< 43225 W

Max. flow x (at pressure “0”)

Max. pressure

Rated revolutions

Power consumption

Load current X < 2.6A (at pressure “0”)
< 8.0 Ibs (3.63 kg)

x < 0240 x LI15

Weight

Size
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Table 3. Design Specification of Electric Motor
Contents Design Spec.
Number of poles 8
Core material KS C IEC 60404-8-4
M300-35A5, 0.35t
Number of slots 24
Turn number 28
Stator Dia. 0.55 mm
Coil
Space factor 30.5 %
Parallel circuit number 1
Number of slots 29
Skew 0.8 slot
Cross-section area 5.12 mm’
BAR
Rotator Material Copper
Full dia. 39.4 mm
END Ring Minor dia. 23.0 mm
Cross-section area 16.4 mm’
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Table 4. Experimental Test Result for Electric Motor

Test result
Test items Contents Design Spec.
#1 #2 #3 #4 #5 #6
Current [A] 2.04 1.94 1.95 1.96 1.94 1.98 1.96
No load
Power factor 0.11 0.12 0.12 0.12 0.10 0.11 0.12
Current [A] 2.57 2.57 2.64 2.64 2.66 2.63 2.62
RPM 5,550 5,517 5,497 5,478 5,500 5,498 5,496
Torque [N.m] 0.51 0.52 0.53 0.53 0.52 0.52 0.51
Full load Power [W] 297.4 298 3012 300.9 301.8 300 303
Input [W] 424.9 410.4 417.8 422 420 418.1 415.8
Power factor 0.47 0.46 0.45 0.46 0.45 0.46 0.46
Efficiency [%] 69.98 72.6 72.084 71.294 71.854 71.749 72.879
Current [A] 3.76 3.77 3.77 3.65 3.87 3.67 3.7
Rating RPM 4,845 4,747 4,726 4,808 4,666 4,827 4,789
Torque [N.m] 0.81 0.77 0.77 0.79 0.8 8.05 0.79
Current [A] 5.84 5.58 57 593 5.83 5.71 5.66
Starting
Torque [N.m] 0.6 0.58 0.58 0.59 0.6 0.59 0.60
= T e T T T T T T T T T T T 7
0.9+ Current Torque Power Factor
08 o L6
Rating F
g 0.7+ (4,845 rpm) Ls
@ Starting
L 0% O rpm) )
g 054 o 2
pOATIY ; 47 Ls 2
s CHRNB Y % 034 Full load Xt =
El (5,550 rpm) -2
T 02 RSO
(e}
Fooa 1
...‘.:..;........:;._..._... ano“d —
2 .ZJ.;HCED 1 232e0m 0.0+ (6,000 rpm)
20000 ; 231 BesdiX) T T T T T T T T T T 0
L S7I4000 ¢ 2 0064000 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
t'.'Ha-e@m; :;apcm Speed[RPM]
L B0 4000 | 1720664000
147084000 | 1 600e+000 . . .
1.35¢er+000 | 147004000 Fig. 4. Analysis Result of Electric Motor

123364000 | 1 350e+000
L 110s4000 ; 1.233e+000
RSSO0 © 1.1100+000
BE30e-001 : 9 .853e-001
7.398e-00) : B A30e-001
6. 265001 : 7350001
4602001 - 6.1650-000
3600e-001 : 4 Tle-001
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Fig. 3. Magnetostatics Simulation of Electric Motor
(a) FEM Modeling and Element Design
(b) Magnetic flux density Distribution

Stator assembly Front cover
assembly

Fig. 5. 3D Configuration of Axial Fan Assembly
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Table 5. Property of AC4CH-T6

Property Value
Elastic modulus (GPa) 71
Poisson’s ratio 0.33
Tensile Strength(MPa) 283
Coefﬁcient( Srfl t[l;elnlr(lell) expansion 23305C)
Density(g-cm's) 2.7

Table 6. Analysis result of Fan and Housing

Contents Fan Housing
X, ¥ 4.28¢-006 1.00e-006
Max. displacement(m)
z 4.30e-006 6.83e-006
X, ¥ 2.83e+006 2.83e+006
Allowable stress(Pa)
z 2.83e+006 2.83e+006
X, ¥ 8.96e+005 7.57e+005
Von-Mises stress(Pa)
z 1.48¢+005 7.05¢+005
X, y 3.16 3.74
Safety factor
z 191 4.01
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Fig. 6. Displacement of the Fan and Housing
(a) Displacement of X-axis/Y-axis(Fan)
(b) Displacement of Z-axis(Fan)
(c) Displacement of X-axis/Y-axis(Housing)
(d) Displacement of Z-axis(Housing)

©

(d)

Fig. 7. Von-Mises stress of the Fan and Housing
(a) Von-Mises stress of X-axis/Y-axis(Fan)
(b) Von-Mises stress of Z-axis(Fan)
(c) Von-Mises stress of X-axis/Y-axis(Housing)
(d) Von-Mises stress of Z-axis(Housing)
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Table 7. Performance Test Result of Fan

Test items Requirement Result
Withstand 1,000V, 50~60Hz
Lo . OK
voltage Application time : 1 minute
Insulation 20MQ < x oo
resistance (when 500+£25VDC is applied)
Max. flow 970CFM < x 1005.41
Rated 5,500RPM +5% 5461
revolutions
Load current X < 2.6A 2.5
Power X < 43225W 403.88
consumption
745CFM < x (at a static pressure
Regulat fl 46.2
cgulated  flow 2.0IWG(500Pa)) 746.27
Static pressure x < 4.8IWG
Max. pressure (In the state of zero air flow) 45
Weight x < 8.0 Ibs.(3.63kg) 3.55
Fan height : 110.0 = 2.5mm 109.98
Size
Fan full dia. : ©239.5 + 1.5mm 239.92
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Table 8. Environmental Test Result of Fan

Test items

Requirement

Result

Noise

KS B 6361, x < 89.5dBA
RPM : 5500 £ 5%
(at suction direction 3feet)

87.2
dBA

Voltage
regulation

211 Vac, 380 Hz/220 Vac, 40 Hz
/229 Vac, 410 Hz
(20 minutes for each test)

OK

High Temp.

MIL-STD-810F 501.4

procedure 1 & II
Operation/Storage : 100 C/110 C
(Total test time : 32 hours)

OK

Low Temp.

MIL-STD-810F, 502.4

procedure 1 & 11
Operation/Storage : -54TC ~ 20C
(Total test time : 36 hours)

OK

Humidity

MIL-STD-810F, 507.4
Relative humidity 95 = 4 %
Temp. : 20C ~ 60T
(Total test time : 240 hours)

OK

Rainfall

MIL-STD-810F, 506.4

procedure 1

Water droplet Dia. : 0.5 ~4.5 mm
Air velocity : 18 m/s or more
Exposure time : 30 minutes

OK

Vibration

MIL-STD-810F, 514.5
Category 4, procedure 1
250 minutes per X, Y, Z axis

OK

Shock

MIL-STD-810F, 516.5
procedure 1

Amplitude : 25g, Duration :
3 times per X, Y, Z axis

11ms

OK

Salt spray

MIL-STD-810F, 509.4

Salt solution concentration
1 5+1 %, at 35T
(Total test time : 48 hours)

OK

EMI

MIL-STD-461E
CE102 : 10 kHz ~ 10 MHz
RE102 : 2 MHz ~ 18 GHz

OK

Durability

MIL-B-23071, Extend Life
Continuous operation test
(Total test time : 240 hours)

OK
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