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ABSTRACT

The maintenance strategies of weapon systems have evolved from corrective maintenance
post—failure to time—based preventive maintenance, driven by the growing adoption of
diagnostic technologies and data utilization, Currently, there is a transition to Condition—Based
Maintenance (CBM) and, where applicable, Condition—Based Maintenance Plus (CBM+), This
study investigated the feasibility of applying CBM+ technology using sensor data from
weapon systems and explored methods for implementing the related foundational elements,
First, the feasibility of CBM+ technology was confirmed by integrating data collection devices
into the engine components of selected weapon systems, enabling sensor data collection and
monitoring. Second, empirical evidence was gathered on the foundational elements necessary
for the broader adoption of CBM+ technology. Practical application methods were proposed
based on this evidence, including criteria for implementing CBM+ technology in major
operational weapon systems, estimation of sensor data capacity, network methods for data
transmission and collection, and the standardization of sensor data, The study’s findings are
expected to provide reference points for selecting target weapon systems for the
development and application of CBM+ technology, as well as outline essential foundational
elements, such as security, networking, and data standardization, critical for leveraging
related technologies,
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(Figure 1) Conceptual framework for Al-based data dam future as uses of Artificial
Intelligence(Al) applications in Logistics8)
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(Table 1) Types and changes in maintenance trends')

Post—maintenance Pre—maintenance
Fault Maintenance Preventive maintenance Predictive maintenance
(80s) TBM(90s) CBM(in transition) CBM+

* State—based maintenance
* part—time maintenance | * Diagnostic fault possible
* Perform maintenance on | * The timing of maintenance

* State—based forecast

Maintenance in case maintenance

of failure L. . * Failure prediction
a planned schedule is judged by maintenance
personnel
o]
5 FBM
; (Failure Based Maintenance)
b
3 g |
'a Cnndl(\nn Based Maintenance Plus
Y

[Disadvantages] . .
» Risk of failure propagation (Time Based Maintenance)

« Long time, high cost
* Worker hazard
[Good points] [Disadvantages]

i (Condition Based Maintenance)
* No need to worry about * Unnecessary maintenance

over-maintenance concerns é"I‘EH 7| |I:|_|‘ I& HI
* Less administrative burden ¢ Cause normal part failure
* Possibility of deconstructing [Disadvantages] N
equipment still « The initial i (Condition Based Maintenance Plus)
cost is excessive

[Good points] * Requires advanced personnel

+ Improve maintenance skills [Disadvantages]

* Easy to manage parts inventory [Good points] * The initial investment cost is excessive
» Cost savings * Requires advanced personnel
* Monitorable [Good points]
* an increase in life expectancy * Reduce overall maintenance costs

* an increase in life expectancy

m—p
Technical difficulty
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(Figure 2b) Application of sensor data for diagnostic and predictive maintenance22)
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(Figure 3a) An example of condition monitoring system during K9A1 driving26)
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(Figure 4b) Measurement of cooling water temperature and oil viscosity in K9A1 engine
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(Figure 4c) Correlation between K9A1 engine coolant temperature and engine oil viscosity33)
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Measurement sensors (11 types, 15 data)

* GPS (10Hz) - Tire surface temperature (10Hz)
*X, Y, 7 acceleration (1,000 Hz)
+ Wheel position (10 Hz)

- Pedal Pressure Meter (10 Hz)

*OBD II Data
— Engine load - RPM
— throttle valve opening and closing

— Accelerator angle, — Braking rear light

* Others

Estimation of Sensor Data Capacity

2021 All New Tucson — NX4
s (Rodian GTX 235/60R18 103H)

Steering Test Road Driving Assessment
(Korea Automobile Research Institute)

Acquired data

SA-Leflvs Ay

Ay (@

s o
Angle (Degree)

[Measurement sensors

[Test conditions]

[amount of data generated (*.xlIsx) ]

(11 types, 15 types of data)]

- GPS (10 Hz)
- Tire surface temperature (10 Hz)

- Measurement of data change by speed
- 6 hr/day x 2 days = 12hr

* 1 Sensor Data Capacity
: 3 KB/s x 3600 s/hrx 12 hr = 130 MB

- X, Y, Z acceleration (1,000 Hz)

- Wheel position (10 Hz)

- Pedal pressure gauge (10 Hz)

- 5 OBDII Data

- engine RPM,
throttle valve opening and closing,
Accelerator angle, taillight after braking

|:> 80 data 2hr/day
Approximately 1.7 GB in size at
creation

(Figure 5) Measurement and estimation of sensor data capacity38)
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50t 2 whekstchao) 1A 1,600 AH|REE A=
oF 1360TB7} @7 Hwol dojg A% ZhE F1t Zgo] A Zo|cki)(Table 2).

(Table 2) Application and estimation of sensor data capacity based on empirical results42)

D Sensor Data Application Criteria: Approximately 1,7GB per day per unit
@ Core Technology Development Projects of Weapon System CBM+ Specialized Research Center
(9 projects) Target Equipment: Approximately 1,600 units
@ Annual Equipment Operation Days: 100 days
@ Data Generation Calculation
— Data collected by one PC in the operational unit from 4 units of equipment: 400 PCs required for the
operational unit: 1,7GB/day X 4 units X 100 days/year X 6 months = 340GB / Operational unit PC
1 unit (for 6 months)
— 50 PCs in the collection unit store data generated by all equipment for 2 years: 1,7GB/day X 1,600
units X 100 days/year X 5 years = 1,360TB/50 units = 27,2TB / Collection unit PC 1 unit (for 2 years)
— To store sensor data generated by 1,600 units of equipment for 5 years, 1,360TB is required (5—year
storage)
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(Table 3) Summary of wired network configuration44)
Category Influence Cost45) Security Restrictions
. . Laboratory * Many non—compliance with security
Direct linkage . low low .
Validated regulations
. * Requires an individual integration
Automatic S
o Validation . . server & a transfer control server
switching R High medium . K .
. required * Dedicated interlocking program
(Switch method) ’
development required
* Requires an individual integration
Serial cable Validation medium Hieh server
iu i
(RS—232C cable) | required g * Remote control SW re—modification
required
* Requi individual int ti
Indirect | CDS Security Validation . . equlre§ mdividuat 'egra ton servers
. . . High High & security control equipment
linkage Control Unit required . .
* High construction costs
* Requires individual linked servers &
Validation shared storage
Shared St High High
are orage required '8 8 * Dedicated interlocking program
development required
* Requires individual vaccine &
Physical Validation . . integration servers
) . High High . . .
one—way device | required * Dedicated interlocking program
development required
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(Table 4) Standardization in sensor data from the case of K9A150)

Data Format Meta data Basic Information Data set Format
i —
[ Fiename ] n
[ Florame ] e g qole 43¢
Data Label
oo | Filename sting EOEf Filename META DATA
[ Mowrspec ] Data Label sting 23574
— — Label No sting 23R8 2542
Sample Rate
Motor Spec object] QFf pm, Y4EY, BAUR
Period sting SUN
m -0t 1 Sample Rate integer +RU8 g5
(o oo [iom is o 4940 08 40
[Data | ¥-Oata | Z-Dara | J Data Length integer HolEj 20| DATA
Data collected from the sensor Data Directory/File Leveraging Sensor Data
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(Table 5) Standardized sensor data of K9A151)

Collect sensor data Example of standardize data Example of utilize data
category variable Form | Unit Value
a maintenance varchar B 000
model
Unique number| varchar | — 00000 .
- @ Advanced Analysis
an operational b _ Unit 00
00 Weapon Systems unit varchar ot MTBF=
Placement | 20X X—XX— Operating hours
ate - .
Engne cpetn date X Number of failures
o Operational |Date and time 20XX=XX~ A =
£ . date - 0
£ data of driving XX 0 . h Waiti .
i mileage date o 13,319 perating ours. aiting time
¢ Operatin Total time
. _ \ PerEMPE | float | b | 0.72
Engine only operating area time (engine) [ | | 7 || ..
Oomo w0 B0 w0 Operating @ Health diagnosis
Tine 5) X float hr 0.53
Coolant temperature time (body)
T Total operating # Marginal value
Gy Maximumvalue —= float | hr 1.25 :
bt [ R hours
5 Vol »
E“ n v Cooling water | float C (MAX)80.8 R
in fh temperature | float | C | (MIN)65.8 .
y -
& inimurn value Sensor cylinder float C | (MAX)31.0 .
0 200 400 600 800 1000 1200 1400 S
Tine (5 data temperature float C (MIN)14.0 =
) float | bar | (MAX)5.8 =eomosm L yomomE
Oil pressure
float bar (MIN)2.9
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