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Abstract To apply Condition Based Maintenance (CBM+) to modern weapon systems, it is essential to
conduct functionality-based analysis and identify the applicable parameters. However, in the early
design phase, there are challenges in clearly selecting the targets and parameters for diagnosis, and the
absence of clear selection criteria leads to difficulties in acquiring effective data for CBM+ application.
Consequently, it is crucial to select the monitoring targets and parameters. This study presents a
methodology for selecting target components and inferring sensors for applying CBM+ to the cooling
system of radar systems. The target components for applying CBM+ to the radar cooling system can be
selected by utilizing operational data and the reliagility of similar equipment. Sensor inference is
facilitated by conducting a D-FMEA (Design-Failure Mode Effect Analysis)-based functional flow analysis.
Using operational data from similar equipment, plate heat exchanger OOO assemblies and compressor
00O assemblies were identified as monitoring targets. Through reliability analysis, power OOO modules
and cooling OOO modules were identified as monitoring targets. Based on D-FMEA analysis, temperature
sensors and pressure sensors are recommended for the plate heat exchanger OOO and compressor OO0
assemblies, while power OOO and cooling OOO modules can be extended to condition-based
maintenance through BIT(Built-In Test) data monitoring. The proposed methodology enables the
monitoring of system conditions through functionality-based analysis, selecting target components for
diagnostics, and inferring sensors to measure parameters affecting failures through D-FMEA analysis. It
is anticipated that this methodology will be applicable to various weapon systems.

Keywords : Design Failure Mode and Effect Analysis, Early Design Stage, Condition Based Maintenance,
System Functional Analysis, Sensor List Reasoing
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Fig. 4. Subcomponent failure status of RADAR

Table 1. MTBF data for sub-components of the
cooling unit

level Item MTBE(H)
2 Cooling unit 5,000
3 Power OOO module 30,000
3 Cooling OO0 module 35,000
3 Cover OO0 assembly 72,000
3 Sensor OO0 assembly 110,000
3 Coolant OO0 assembly 123,000
3 Compressor OO0 assembly 175,000
3 Liquid OO0 assembly 206,000
3 Refrigerant OOO assembly 255,000
3 Oil OO0 assembly 573,000
3 Plate heat OOO assembly 990,000
3 Flow OO0 assembly 1,070,000
3 Fluid OOO assembly 1,200,000
3 Condenser OO0 assembly 1,280,000
3 Piping OOO assembly 1,900,000
3 Coolant OOO pump assembly 5,050,000
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Table 2. D-FMEA for plate heat OOO assembly 4, 1=t
Potential Potential Potential cause S
failure mode | effect of failure of failure ensor LAA] 9] 28272} AF S &3 ZA|tAto] 4
ZJstal, D-FMEA 2¥¢} 75 2dS B3t 13 o
Deterioration in | Fatigue due to = -~ A
heat exchange repetitive Thermistor EI'U]EiiTE] Aﬂ/\ig} ‘IJ]'T]Z]'E'_‘ XL.OE]— T %E} 7‘:}-/\]
performance | _ pressre e gAgUlel 28AEE B9 BIL000ZYA
Thermal.plate Inability to form |Overload due to . 9’]’ ?:]—'—'Tﬂooo—l—%xﬂ—_' EE—GI' U51, /HQE% O]%’é
cracking flow path high pressure Thermistor = T o =103
and failure p gh p O:] Xd"‘%OOOEgS’J- Z;OOOE?—‘ H;G 0]’ E]'
- A =N E3 B}
Impaired pressure External impact| Pressure D-FMEA Z3e} 75 Hdg Fof 29 AlAe}t 73
:;ifz trex;lzgzz and freezing sensor A= Table 49F Zo] HAIE 4= Ut
BHHO00Zx YA = Y&l 2EAME 2EE &
; 3o} orE7}Elr} HHAIeR=A] ZFAJSF 2 9]0 H
Joint | Inabilty to form | FoUSe dueto | o 3o} SRR WISk AW S Rl S
detachment flow path pressure i?ﬂ o g QIst i‘q—é.Q_ ]OL/_\_O" ?J-Q}\ﬂ/\ﬂié_ _|_;<1—‘5]—05[ c})j-
Q5o S Bo) AeE WA 4 Qo E ¢
Impaired pressure = 213 oHEHEIA o Folx=
imenmnee|Oretont e ol S710002UAIE MRS P T el e
it crctng| PEFOEADCE AA] olet Thete 2gsio] Aol AE71E $UL
and fiure AT 4 9lov], LBRE) B2 A use) AP 2
Inability to sustain| P ’
thermal plate |External impact Sr:flzirre I A o|A0] YHAAE F2lste] gHHE9 RS
bondi _ S =
i B3] AHE B S 9l 181 AP000RET
YZO00REL A5 A U AojS &3sle ZHo 7
oA Z7|TH 32T oz LA o] o o
Table 3. D-FMEA for compressor OOO assembly ‘_JHQ e e 7=l glew, ol

Potential Potential Potential cause Sensor
failure mode | effect of failure of failure
Intake, Lub
g . ubricant
exhaust valve [impaired pressure Insufficienc Pressure
damage maintenance X R Y,
Viscosity sensor
performance Variation
Gasket failure ©
Inability to
Crankshaft L v X - .
maintain optimal | Liquid back | Thermistor
damage
temperature

Table 4. D-FMEA based sensor list for cooling unit

Item Sensor Location

Thermistor |Inlet & outlet plate

Plate heat OOO assembly

Pressure sensor Housing

Thermistor Intake manifold

Compressor OO0 assembl

Pressure sensor Crankcase
Power OOO module BIT PCB
Cooling OO0 module BIT PCB
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