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Abstract This research proposed a reliability prediction model of One-shot systems by operational mode.
The procedure for reliability prediction was proposed after presenting the reliability prediction model
for each operational mode according to the operational concept. The differences between models were
analyzed through case analysis for the proposed reliability prediction. It was confirmed from the analysis
that the failure rate was higher because the operating environmental conditions were harsh. Harshness
was low for the operational model, followed by the mixing and storage models in the same order. Since
the failure rate of the One-shot system, which has most of the non-operating time, is calculated to be
quite small, reliability should be calculated by subdividing it according to the operational concept.
Subsequently, each reliability prediction model's inspection timing was checked using the results of the
calculations when a target value of 80% or more reliability is given. The analysis results indicate that
the inspection had to be performed every one year for the operational missile, 1.3 years for the mixed
missile, and 5.6 years for the storage missile. It is also concluded that accurate reliability prediction is
possible based on the reliability prediction model of the One-shot system by operational mode
presented. Therefore, this study can be used as a model base while predicting the reliability of any
One-shot system. Since the models presently used are not Korean military data-based models, it is
necessary to present a supplemented model including Korean-style failure data in the future.
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Percentage of time
Equipments spent in the dormant
condition
‘Domestic appliances
- Television sets 75%
- Kitchen electrical appliance 95%
-Cars
- Personal use 93%
- Taxis 38%
‘Professional equipment
- Personal calculations 98%
- Small copying machines >75%
- Blectrical test equipment »90%
‘Industrial equipment
- Safety equipment 98%
- Standby power »90%
- Value(most) Y75%
- Air conditioning 50~80%
- Built in test equipment 99%
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Fig. 2. The Main Research Procedure for this Paper
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where,

Ps= the probability of survival

A= failure rate during operation

A2= failure rate during nonoperation

d = duty cycle

Eq. 3y &8st AE0) 7HEe
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system /\opemtzng : nonoperating
where,
Aoperating= failure rate during operation
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d = duty cycle
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Ap = predicted diode nonoperating failure rate
Anb = nonoperating base failure rate
(failures/10° hours)
7Nt = nonoperating temperature factor
= exp(-Aal(1/T)-(1/298)1+(T/Tw)")
An = temperature coefficient
mNo = nonoperating quality factor
NP = nonoperating environmental factor
Teye = nonoperating power on-off cycling factor
=1 + 0.083(No)
Ne = number of equipment power on-off cycles
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Ap = device failure rate

Ab = base failure rate

7o = quality factor

mEs = storage environmental factor
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Table 2. Environment for Reliability Prediction

Environment Description

Nonmobile, temperature and humidity

Ground, . . .
K controlled environments readily accessible
Benign .
to maintenance.
Moderately controlled environments such as
Ground, installation in permanent racks with
Fixed adequate cooling air and possible
installation in unheated buildings.
Equipment installed in wheeled or tracked
Ground, vehicles and equipment manuall
Mobile quip v

transported.

Includes sheltered or below deck conditions
on surface ships and equipment installed in
submarines.

Naval, Sheltered

Unprotected surface shipborne equipment
exposed to weather conditions and
equipment immersed in salt water.

Naval,
Unsheltered

Conditions related to powered flight of air

Missile, . - ] s
X breathing missiles, cruise missiles, and
Flight R .
missiles in unpowered free flight.
Missile, Severe conditions related to missile
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launch(air, ground and sea), space vehicle
Launch boost into orbit, and vehicle re-entry and
landing by parachute.
Airborne, . . .
. Typical conditions in cargo compartments
Inhabited, . . .
which can be occupied by an aircrew.
Cargo
Airborne, Same as Aic but installed on high
Inhabited, performance aircraft such as fighters and
Fighter interceptors.
Airborne, Environmentally uncontrolled areas which
Uninhabited, cannot be inhabited by and aircrew during
Cargo flight.
Airborne, Same as Auc but installed on high
Uninhabited, performance aircraft such as fighters and
Fighter interceptors.
Airborne
’ Equipment installed on helicopters.
Rotary, Winged quip ! icopter
Earth orbital. Approaches benign ground
Space, . . .
Fight conditions. Vehicle neither under powered
flight nor in atmospheric reentry.
Extremely severe conditions related to
Cannon Launch | cannon launching of 150mm, and 5 inch
guided projectiles.
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Aoperating= failure rate during operation
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where,
Aoperating= failure rate during operation
Adorman= failure rate during dormant
Asorage= failure rate during storage
d = duty cycle

n = dormant time ratio
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Table 3. Reliability Analysis Baseline for OOO Missile

Project Environment Temperature
- NS o
000 Missile Naval Sheltered 25¢

Fig. 4= Windchill Quality Solutions S/Woll4] &
AZA Ns 2 28 2% 25CE 283t shdol),

Calculation Data

Mame: |encanned guied missle |

Caleulation model: |I'~"IIL+|DBK—21? FN2

Method: | (Mo Method)

Temperature: | 25.00 |

Temperature delta: B

Environment, 217 | Telcordia: |N5 - Naval Sheltered

Environment, dormant: |Na\ral

Fig. 4. Calculation Data for OOO Missile
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Level Name Failure Rate, Predicted |MTBF, Predicted
21 encanned guied missle 23.772910 42065
B D 2 quied missle 23.7696 !(] 42071
B 3 forward body 21.990660 45474
4 torpedo 0.013007 8e+007
=i 4 middle body 21.977650 45501
= 3 rear body 1.778954 562128
= 2 wiringharness set, electrical 0.003300 3e+008

Fig. 5. Results of Reliability Prediction for Operational
Missile

2532 MEHRl 39
Z‘]%%Q] /?lﬂE Q]é P‘—%\% Aoperating ‘g‘l Astoragegl
Hl&S 1185t AbEstd ofeet

)\system = )\operating - d+ )\stomge : (1 _d)
= Aoperating- 00001 +X;, .- (1—0.0001)
= 92.8582 - 0.0001+4.4932- 0.9999
= 4.502037
Az & Ades Fig. 63 Zol IAEW)

4.5020372 AM=EEQIth. TAES MTBFE 3HLE A
222,122A|7k0] Hrt.

Level Name Failure Rate, Predicted |MTBF, Predicted
2§ 1 encanned guied missle 4,502037 222122
2§ 2 quied missle 4.502034 222122
2§ 3 forward body 4.419510 226249
= 4 torpedo 0.258980 3e-+006
&4 middle body 4,130930 242076
& 3 rear body 0.082124 1e+007
=i 2 wiringharness set, electrical 0.000003 3e+011

Fig. 6. Results of Reliability Prediction for Storage
Missile
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Level Name Failure Rate, Predicted MTBF, Predicted
El=E encanned guied missle 17.413516 57427,
B 2 quied missle 17.347080 57647
=5§ 3 forward body 16.069510 62230
= 4 torpedo 0.169233 6e+006
= 4 middle body 15.900270 62892
= 3 rear body 1.277579 782730
=i 2 wiringharness set, electrical 0.066436 2e+007

Fig. 7. Results of Reliability Prediction for
Non-operating Missile
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Mixing Model2 3.86¥] AE IAEo] FoH,
Operational Model2 5.288] A= 1A4-E0] &2 &
4 A}t o]+ Operational Model, Mixing Model,
Storage Model 02 2837 Z7o] ¢ golst A
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Table 4. Comparison of Reliability Prediction Models according to Operational Mode

Classification Operational Model of Missile Storage Model of Missile Mixing Model of Missile
Proposed Agystem )‘u/mrm )\ﬁ!/ tem /\nw ting ' d
Model = Asperaing” A Ny (1=) =Npersting N rage 10 |+ D 14 Ao )] (1)
Prediction A =23.77291 A =4.502037 A =17.41352
Failure Rate (Failures/10° Hours) (Failures/ 10°Hours) (Failures/ 10°Hours)
Reliability _ —23.772010/10% ¢ _ - 4502037/10° t _ —17.41352/10% ¢
Function R=e R=e R=e

Fig. 82 Table 59| @& Z+ 718 13E 7|5k
Operational Model, Mixing Model % Storage
Modelol 283 A% g2 HoEth

Table 5. Comparison of Reliability Prediction Results

Time RO ; R() ; R(@) ;

Interval Operational Mixing Storage

(4 months) Model Model Model

1 94.93 96.26 99.02

2 87.20 90.46 97.44

3 81.43 86.03 96.18

4 76.04 81.82 94.95

5 71.01 77.82 93.72

6 66.31 74.01 92.52

7 61.92 70.39 91.32

8 57.83 66.95 90.15

9 53.60 63.68 88.99

10 50.43 60.56 87.84

11 47.09 57.60 86.71

12 43.97 54.78 85.59

13 41.06 52.10 84.49

14 38.35 49.55 83.40

15 35.81 47.13 8233

16 33.44 44.82 81.27

17 31.23 42.63 80.22

18 29.16 40.55 79.18
ofgigt A= d& A¥E IAZ st HAAHES

AT = e &S 7IdeE & o

AEE 23 2L 80% oldoll theto] 22+e] 3-8 FE
Ak M2Ele] A AEL ISk, S8EHRO):

Operational Model)oll4l= 14¥, Z88KR(t); Mixing
Model)ollA= 1.3, AFEHR(): Storage Model)olIA]
£ 5.649 AlAoA ARES FPofof of= ATE =&
4 AUk
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Fig. 8. Results for Reliability Prediction Models
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7] el 2-870del wet AEstste] A= i&
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% Zddz Hd Ade Fdsiith. 28l 1
|, E8EoME 1.349, AR=elAE= 5.69 Aol
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B =20l AR 28 FEiE G5t AL Al
L oE 2dg 7o s ekt AFe 9Fo] 7hsst
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