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A study on the improvement measures following air compressor
performance degradation in High Power Transmission system,
Multi Functional Radar

Chang-in Park, Seok-min Kim, Min-Jae Kwon
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2 o tr]sd o5 (MFR: Multi Function Radar)®] 1&35AAAE(HPTS: High Power Transmission System)
ot AEARQ Zofg Bosly] 95t /4237 A HAYUS] Aot 1EHSHALX(HPTU: High Power
Transmission Unit)e 437144 (APU: Air Pressurization Unit)= G=/AZZ7S AASH] =obd Yxoj
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ol 71HiA " A 28 IS HAdel= HYoA HEEH

B AFolA AAG Z7RE7Y T 52 BE2 B GAF BVAAC] S A8 £ S A= woEy, 37y
%7] dsAstel tigt &A1 fAdHERte] & Aoz rgH.

Abstract The high-power transmission system (HPTS) of the multi-functional radar (MFR) has a
compressed/ dried air generation mechanism to protect the waveguide, which is a transmission line. The
air pressurization unit of a high-power transmission unit generates compressed/dried air to remove
moisture inside the waveguide and prevent foreign substances from entering. As the number of
deployments of MFR and the service life increases, there has been an issue regarding the performance
degradation of the air compressor, and a quality improvement process was performed to resolve this
issue. Consumable gaskets are replaced when the air compression performance is degraded, depending
on the age of use of the air compressor. In this process, however, the cylinder alignment of the air
compressor was limited, resulting in the acceleration of the performance degradation cycle.

The cause of the performance degradation was analyzed from the structural aspect of the air
compressor, and a new mechanism for generating compressed air was proposed called the air
compressor intermittent operation through a test model. Through system impact analysis, the test model
was applied to the extent that operational gaps of pre-deployed equipment were minimized.

The intermittent operation model of the air compressor presented in this study was considered
applicable to other similar weapons systems and is expected to be a reasonable improvement of the
performance degradation of the air compressor.
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Step 1, Consideration of APU
- Compressed air generation method of APU
+ Air compressor performance and features y
i . M
Step 2, Analysis of performance degradation
causes of air compressor
» Analysis of the cyvlinder structure of air compressor
+ Analysis of consumable gasket wear
o /
~
Step 3. Improvement research
- Test model design
+ Verification of test results )
~
Step 4. System application plan
+ To suggest reasonable plan following based
on svstem structure )

Fig. 1. Conceptual diagram of research procedure

Table 13} Zt}

Table 1. Configuration and role of high-power
transmission system (HPTS)

Components Role
Compressor compressed air generation
Air APU Plate compressed air desiccation
Pressurization Pressure air pressure measuring
Unit Sensor equipment
(APU) — - — -
Humidity air humidity measuring
Sensor equipment

High Power Transmission Unit]
(HPTU)

High-power RF signal
generation

High-power RF signal Path

Wave guide A'ssy contact HPTU to SRJA

High-power RF signal
transmission path

Slipring Rotary Joint Ass'y
(SRJA)

UEF7HYGA| 9] AR/U5F7] AL Fig. 29
ol 37195 71(Compresson)E 3718
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71 371957 54l g8 dEEY AxI2E T
to] AZR/=27](Pressure: 4.5bar ~ 5.0bar, Dew
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Fig. 2. Compressing/Desiccating mechanism of APU
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Table 2. Compressor characteristics (KNF i)

Characteristic Remark
Input Power 3 Phase 220 VAC
Frequency 400Hz AC
Speed rotation 2800rpm
Flow 15 1/min
Pressure 7 bar
* Piston Speed 0.8 m/s
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Table 3. Performance requirements of APU

Components Spec. Remark
APU Pressure 4.5bar
APU Humidity -20 €

i X X Reach nominal

Maximum time 6 min

pressure
Wave guide volume ~43 L

APU Flow rate 0.83 1/min Ins1de' wave
guide

ﬁ(Air Pressurization Unit) \

APU Plate
7Bar, 15|/min 2
COMPRESSOR } |

RELIEF VALVE
(OPEN: 4.88ar,
4.071/min)

143I/min_|  pESICCATION

DEVICE

0.831/min

Q

T3

PRESSURE
SENSOR

0.831/min

o

HUMIDITY
SENSOR

- ~/

Fig. 3. Flow rate/Pressure of compressed air in APU

Output: 4.8Bar, 0.83|/min
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Fig. 4. Flow rate/Pressure of compressed air in APU
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Table 4. Comparison Table of Compressors
(THOMAS ‘iit")

Characteristic KNF THOMAS
Input Power 3 Phase 220 VAC 24 VDC
Frequency 400Hz DC
Speed rotation 2800rpm 3035rpm

Flow 15 1/min 35.4 1/min
Pressure 7 bar 8.3 bar
* Piston Speed 0.8 m/s 1.2 m/s
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Table 5. Result of Test model

Performance degradation point
0% o

Divicions KNF KNF THOMAS .D/'//"‘/ f
(without Tank) | (with Tank) | (with Tank) ‘“/W o ‘
Pressure of Tank g
(Max) - 7bar 8.3bar e ‘
Pressure of Tank o
OMin) - 5.0bar 5.0bar ‘
N o “VIRRRE 2 iy e
Time to reach 2425 199s 134s
Sbar
Time to B 1665 60s Oy oo o) b = . =
compressor ON
Fig. 8. Measured Duty Cycle of Test Model
Tlme to - 278s 595s
compressor OFF
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Table 6. Expected MTBF of Test Model

Divisi THOMAS KNF KNF
1visions (with Tank) | (with Tank) | (without Tank)
PV(MPa.m/s) 0.79 0.48 0.40
MTBF (h) 500 822(") 987(*)
Duty (%) 12% 40% 100%
MT'BF with duty ~4000 ~2000 B
impact (h)

% (*): hypothesis: MTBF_KNF = MTBF_THOMAS / PV_KNF x
PV_THOMAS
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Table 7. Additional Components of APU

Components Function Remark
Air Tank compressed air storage and
release
Compressor compressed air generation model
P P 8 changed
Relief Valve pressure relief for safety SP1
d ai trol(ON/OFF
Solenoid Valve | OMPTEsse ',a" control(ON/ EV1
in tank
Solenoid Valve moisture purging in tank EV2
Regulator air pressure control DET1
Pressure Sensor air pressure sensing in tank S1
N

/ APU(AIr Pressurization Unit)

For Purging
V2

APU Plate

Air
Tank
@

9 @
J%__ Drsllacﬂcn;\cr{lou _— %,
: HUMIDITY
\ (Set: 5bar) (hrST‘mk) ('orsllm " SENSOR
Air(4.88ar, -20°C, 0.831/min)
~— =
\ WIG Assy }/7 w Air release(0.83)/min)
SRIA HPTU
Fig. 9. Changed Configuration of APU
> EV2
> Air Tank

» COMPRESSOR
SP1

Fig. 10. Modeling of new components for verification
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Table 8. Define Alarms for Protection circuits

Alarms Function Remark
time on compressor compressor
too long compressor stop T 480s STOP
time on compressor too long T ) 240s Duty clycle
time off compressor too short T < 240 increase
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