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Abstract

This research sought to determine the optimal cycle of Planned Depot Maintenance (PDM) for Unmanned
Aerial Vehicle (UAV), and PDM through Reliability and Maintainability-based simulation and Operating and
Support (O&S) cost analysis using Reliability and Maintainability analysis results. The effectiveness of the
PDM was verified economically, and the optimal PDM interval that balances UAV effective operations and
sustaining engineering costs was presented.
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Fig. 1 Illustrative System Life Cycle
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Table 1 Operating & Cost CBS

Operating & Support Costs
Operating Support
Unit Maintenance
Operator Expenses
Expendable Materials/Repair Parts
Indirect Expense of Unit Maintenance
Intermediate Maintenance
Intermediate Labor Expenses

Expendable Materials/Repair Parts

Indirect Expense of Intermediate
Maintenance




Direct Depot Labor Expenses
Expendable Materials/Repair Parts

Indirect Expense of Depot Maintenance

Sustaining Support

Replacement of Support Equipment
Data

Software Maintenance Support

Up-to—-date Technical

Indirect Support
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Table 3 Reliability Simulation Reference Data
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Unplanned Depot Maintenance
, 3.1 2IZ = 7[9t Al S8]|o|M

Direct Depot Labor Expenses ] 3
Expendable Materials/Repair Parts FAZE7IUAVIE] A= 7P Alge el & A
Indirect Expense of Depot Maintenance AUI(PM)S sl met AEe A4 FEs 37t

Planned Depot Maintenance stof, mad AREE IVHI= A ANZEY

(PDM) F71= A7 gct

Item Value
manpower support
. UAV MTBF XX. XX hours
Installation support
AOR XXX hours
Table 2 Operating & Cost Reference Data [12 - 13] MTBPM 25.61 hours
No. Item Value Recovery Ratio 99.9%
1 | MTBF XX.XX hours Target Reliability 80%
2 | AOR XXX hours
3 MTBPM XX. XX hours
4 | System Price XXX, XXX mil. KRW 3.1.2 AlE8lold Atz
5 | Operating Life 20 vyears A E 7| AZH A E AEH oA 34 2@ A3
6 | AOR XXX hours = Table 49} 2t}[6].
Unplanned
7| Maintenance (Unit) XXX hours
3 F{lj?'ﬁ?)ed Maintenance XXX XX hours Table 4 Reliability Spreadsheet Simulation
PM RO Adjusted | Operating | Operating
Unplanned t R(t) Time Year
9 | Maintenance X.XX hours
(Intermediate) 0 1.0000 1.0000 0.0000 0.0000
Planned Maintenance
10| (intermediate) X.XXX  hours 1 | 03059 | 09991| 25.6100| 0.0234
Planned Maintenance
11| (Depot) XXX hours 2 100936 | 09982 51.2100| 0.0468
12 | Fuel cost XXX mil. KRW 3 100286 | 09973| 76.8200| 0.0702
13 Annual Maintenance XXX. XX
Frequency (Unit) frequencies 4 | 0.0088| 09964 | 102.4200| 0.0935
Annual Maintenance XXX XX
14 | Frequency - .
(Intermediate) frequencies 5 0.0027 0.9955 | 128.0300 0.1169
15 Annual Maintenance XXX.XX
Frequency (Depot) frequencies
16 | Number of units X units 247 | <1E-10 0.8006 6324.45 5.7758
17 | Operating personnel XX person 248 | <1E-10 0.7999 6350.05 5.7991
18 | Placement year 2028 year
. |_E x H o = -y =
-+ = =Tl AEEe Table 58 o] 5.84 (6,35047F A &) A&%
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Table 5 Reliability Simulation Result
6,350 hours

Operating Time

T F(t) R(t) Mean Cost

30 | 6.73E-06 | 0.999993 | 3,291,817,602

35 | 9.16E-06 | 0.999991 | 3,291,847,019

40 | 1.2E-05 | 0.999988 | 3,291,880,961

45 | 1.51E-05 | 0.999985 | 3,291,919,428

Optimal PDM Interval 5.80 years
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Table 6 Maintainability Simulation Reference Data

Item Value

MTBF 86.46 hours

Failure Rate 11566 per 10° hours

Beta 2
Cpm XXX million KRW
Cem XXX, XXX million KRW
delta(p) 5 hours
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Table 7 Maintainability Spreadsheet Simulation(1/2)

T F(t) R(t) Mean Cost

5| 1.87E-07 1| 3,291,738,403

10 | 7.48E-07 | 0.999999 | 3,291,745,192

15 | 1.68E-06 | 0.999998 | 3,291,756,506

20 | 2.99E-06 | 0.999997 | 3,291,772,346

25 | 4.67E-06 | 0.999995 | 3,291,792,711

50 | 1.87E-05 | 0.999981 | 3,291,962,422

6,160 | 0.246974 | 0.753026 | 6,282,166,324

6,165 | 0.247321 | 0.752679 | 6,286,365,645

6,170 | 0.247668 | 0.752332 | 6,290,566,436

Table 7 Maintainability Spreadsheet Simulation(2/2)

T Add to Integral Mean Cost /
Integral R(t) Mean Cycle

51| 4.999999 5.00000 658,347,804

10 | 4.999996 | 10.00000 329,174,673

15 | 4.999992 | 14.99999 219,450,625
20 | 4.999985 | 19.99997 164,588,848
25| 4.999977 | 24.99995 131,671,979
30 | 4.999966 | 29.99991 109,727,564
35 | 4.999954 | 34.99987 94,053,124
40 | 4.999940 | 39.99981 82,297,416
45 1 4.999924 | 44.99973 73,154,198
50 | 4.999907 | 49.99964 65,839,722
6,160 | 3.765128 | 5623.335 1,117,160
6,165 | 3.763394 | 5627.098 1,117,159
6,170 | 3.761660 | 5630.860 1,117,159
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Table 8 Maintainability Simulation Result
6,170 hours

Optimal Time

Optimal PDM Cycle 5.63 years
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Cg - - p Support Maintenance Costs
Cost Item ost Estimating Replacement
Relationship (General) of Su
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Operating & Equipment
Support Costs Up-to-date
Operating Operator Cost + Fuel Technical
Support Cost Data
Unit Software
Maintenance Maintenance
Unit Maintenance Pay support .
Operator Rate X Maintenance Indirect 1% of (Mamtenance +
E)IZ enses Frequency (Unit Annual Support Sustaining Support) Costs
b Ma}ntenance Frequency) X manpower
Unit MTTR SUDDOI’t
Expendable ) ) Installation
Materials/Re | Unit Material Cost support
pair Parts
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. Intermediate Maintenance
E;tg(r)r;wdmte Rate X Number of )
Expenses Maintenance X Table 10 Cost Analysis Input Data
b Intermediate MTTR
. . item Input Comment
Expendable Intermediate Material
Materials/ | ¢oc Unit Price (KRW XX
Repair Parts System Price XXX billion) X 0 units
gldirect ‘ Mlhtary Service
Xpense o . Operating Life 20 Period @ 20 years
Intermediate 10% of Direct Labor Cost (Assumed)
5 l\ilalnteélance MTBF XX
nplanne
Depot AOR XXX | Military Requirements
Maintenance Numbor of
: Depot Maintenance Rate Annual XXX | Military Requirements
E;%eoclf Depot X Unplanned Depot Operations
Expenses Maintenance Frequency X Unit
Maintenance Time 1(\/Iaintenanc;3 X.X Unit MTTR
. Unplanned
Ilé/ﬁg?lg?ge Jnplanned Depot  Material Unit Unit Planned
Repair Parts ost Maintenance XXX | Maintenance Time X
Indirect (Planned) X units
Intermediate
%}e(pgrtlse of 10% of Direct Labor Cost Maintenance X.X Intermediate MTTR
Mali)ntenance (Unplanned)
Planned Depot Intermediate Intermediate Planned
1 H maintenance XXX Maintenance Time X
Maintenance N/A if not performed (Planned) X units
- Depot Maintenance Rate Depot Depot Planned
E;Iijeoclf Depot | 3 Planned Depot maintenance XXX | Maintenance Hours (1
Expenses Maintenance Frequency X (Planned) month) X X units
Maintenance Time Operating Cost Operator Cost + Fuel
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item Input Comment item Input Comment
Cost (8 years)
Intermediate Skilled - Planned
- Operator !
Expenses XXX Engineers (KRW XX Depot ] 9.73%
million) Material Ratio
One-time Fuel (9 years)
Consumption Cost X - Planned
- Fuel Cost XX Number of Annual Depot . 10.71%
Operations (KRW X Material Ratio SR
million) (10 years)
Operating Cost .
Increase Rate 5.00% Experience Value P
Unit Annual . 4.3 HEEH Z1}
Maintenance XX RAM Analysis Result
Frequency (Frequencies) JHEAEE 7|Fo2 FAFFV|(UAV)S] 9/
Intermediate RAM Analysis Result (0&S) H]-&¥4] A= Table 113 2TH6].
Maintenance XX (Frequencies)
Frequency
ﬁr;ﬁll?grrllggceDepot <x | RAM Analysis Result Table 11 Cost Analysis Result
Frequency (Frequencies) (unit @ 100 mil. KRW)
Maintenance
Frequency 3.53% Experience Value No PDM
Increase Rate Cost Item 128
Unit Intermediate Skilled PV
Maintenance XXX | Technician (KRW XX NPV %
Labor Cost million) 0 B & S
Intermediate Advanced Skilled Cpe{atmg upport 11,646 9,174 | 100%
Maintenance XXX | Technician (KRW XX osts
;Zt;?)rt Cost million) Operating Support 2,653 2,117 23%
- Depot Labor Cost
Maintenance XX (KRW XX million) Unit Maintenance 629 | 491 | 5%
Labor Cost Intermediate
Increase Rate 3.50% As of 2023 Maintenance 848 661 7%
Material Cost
Increase Rate 5.00% As of 2023 Unplanned Depot 7 167 5 632 61%
- Applied when Maintenance
Discount Rate 2.00% caleulating NPV
g Planned Depot _ _ 0%
Planned Depot Maintenance
Planned Depot Mﬁﬁfg“ﬁ%ﬁéﬁgﬁg) Sustaining 959 204 20,
Maintenance 2,880 (480hours) X Support 0
Manpower .
Indirect Support 89 70 1%
[of System Price]
- g;ltiito Material | 4 00409 PDM (5years Cycle)
- Intermediate Cost Item 128
Material 0.0044% PV NPV %
Ratio -
- Unplanned Operating & Support
Depot 0.0084% Costs 9,722 7,905 | 100%
Material Rati .
- Plznen; 410 Operating Support 2,653 2,117 27 %
D t . .
%\/I?Egrial)Ratio 6.65% SESEmatI?D (Similar Unit Maintenance 437 349 4%
5 years ystem Experience -
Data Index) Intermediate
- glea;(r)lted Maintenance 628 502 6%
- - 7.31%
Material Ratio Unplanned Depot
6 years) Maintenance 5,053 4,065 51%
- Planned Planned Depot
Depot. ) 8.05% Maintenance 766 725 9%
1(\/[21‘[61”1211 )Ratlo Sustaining
7 years
e P— Suppert 184 147 2%
IPAGIEOt‘ | Rati 8.85% Indirect Support 63 51 1%
aterial Ratio
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PDM (6years Cycle)
Cost Item :
PV e | %
Operating & Support
Costs 9,609 7,790 | 100%
Operating Support 2,653 2,117 27%
Unit Maintenance 445 355 5%
Intermediate 612 488 6%
Maintenance ©
Unplanned Depot
Maintenance 5,157 4,148 53%
Planned Depot
Maintenance 556 532 7%
Sustaining
Support 186 150 2%
Indirect Support 64 51 1%
PDM (7years Cycle)
Cost Item '
PV e | %
Operating & Support
Costs 9,771 7,923 | 100%
Operating Support 2,653 2,117 27 %
Unit Maintenance 454 362 5%
Intermediate
Maintenance 613 489 6%
Unplanned Depot
Maintenance 5242 4.212 53%
Planned Depot
Maintenance 619 592 7%
Sustaining
Support 189 152 2%
Indirect Support 65 52 1%

PDM (8years Cycle)
Cost Item :
PV | By | %
Operating & Support
Costs 9,596 7,748 | 100%
Operating Support 2,653 2,117 27%
Unit Maintenance 460 366 5%
Intermediate
Maintenance 620 494 6%
Unplanned Depot
Maintenance 5,304 4,262 55%
Planned Depot
Maintenance 367 356 5%
Sustaining
Support 192 154 2%
Indirect Support 66 53 1%
PDM (9years Cycle)
Cost Item 98
PV | Npv | %
Operating & Support
Costs 9,687 7,831 | 100%
Operating Support 2,653 2,117 27 %
Unit Maintenance 464 370 5%
Intermediate
Maintenance 626 499 6%
Unplanned Depot
Maintenance 5,355 4,306 55%
Planned Depot
Maintenance 397 384 5%
Sustaining
Support 193 155 2%
Indirect Support 66 53 1%
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PDM (10years Cycle)

Cost Item 198
PV | npv | %

Operating & Support
Costs 9,882 7,984 | 100%

Operating Support 2,653 2,117 27 %

Unit Maintenance 475 378 5%
Intermediate
Maintenance 641 511 6%

Unplanned Depot 5,485 | 4,404 | 55%

Maintenance

Planned Depot

Maintenance 429 416 5%
Sustaining

Support 198 159 2%
Indirect Support 68 55 1%

FALE7IUAV) £GHA(0&S) v&4 dots
vl st Fig. 39 gow, 6 ®i 84
HI(PDM) 34l 71 FAA & & 5 k6]

UAV Operating and Support Cost per Cycle [unit: 100 mil. kRw)
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Table 12 PDM Interval Analysis Results

PDM Interval Analysis

Item
Operation
Time Interval
Reliability
Simulation 6350 hours | 5.80 years
Maintainability
Simulation 6170 hours | 5.63 years

Operating &

Support Cost 6 or 8 years
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