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Sensitivity Analysis for Reliability Prediction Standard:
Focusing on MIL-HDBK-217F, RiAC-HDBK-217Plus,
FIDES’

JaeYun Oh - SangChul Park + JoongSoon JangT
Department of Industrial Engineering, Ajou University

Purpose: Reliability prediction standards consider environmental conditions, such as temperature,
humidity and vibration in order to predict the reliability of the electronics components. There are
many types of standards, and each standard has a different failure rate prediction model, and
requires different environmental conditions. The purpose of this study is to make a sensitivity
analysis by changing the temperature which is one of the environmental conditions. By observing
the relation between the temperature and the failure rate, we perform the sensitivity analysis for
standards including MIL-HDBK-217F, RiAC-HDBK-217Plus and FIDES.

Methods: we establish environmental conditions in accordance with maneuver weapon systems's
OMS/MP and mission scenarios then predict the reliability using MIL-HDBK-217F, RiAC-HDBK-
217Plus and FIDES through the case of DC-DC Converter.

Conclusion: Reliability prediction standards show different sensitivities of their failure rates with
respect to the changing temperatures.

Keywords: Sensitive Analysis, Reliability Prediction, Failure Rate, MIL-HDBK-217F,
RiAC-HDBK-217Plus, FIDES
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Table 1 OMS for maneuver weapon system

Sensitivity Analysis for Reliability Prediction Standard

Z1& ZA sk AA Sk QLo A3 Ao = 0MS/
MPE 1} ZMIL-HDBK-217F, RiAC-HDBK-217Plus,
FIDES 9] A atel| whe} 215 = o 58 78t Avs
AABEA T Ao M= FE 2 S WA 7]
AT B4 S 3] Aol 491 #2498 A A ST A

SRIAE AR L FF ATYFS AN

2. 71557 1AIA oMSMP H =7 5]
2.1 7155714 A <] OMS/MP ¥

A T FAAE A3 5A - B
Al - BRARINAA, 715 F71AA, T3
G FAA, SEFINA A, FEF7|AA, 1
FANA A 9} o] 8t F-7|AA 2 £-7-3)
AFME o] F 71 F7IAAJD JAE
OMS/MP & B2 33

5
5

PFE F&A1ZE OT(Operating Time),
AT(Alert Time), t) 7] A7t ST(Standby Time), % BI7}
5217t TDT(Total Down Time), & AHAIZF TMT
(Total Maintenance Time), & 78 2 A AT
TALDT(Total Administrative and Logistics Down Time),
% AIZFTT(Total Time) 522 A FTH4].

Nl
=5

s

Total Up Time(TUT) Total Down Time(TDT)
Mission Toal | o1 | AT | st Mission | poor | tmr | Tarpr| ¢
OT Frequency
Joint Training 000 | 00 00 00 I (every 0 0 0 000
other year)
Division Training 000 00 00 00 1(a year) 0 0 0 000
Brigade Training 00 00 00 00 Oﬂllg";reyar) 0 0 0 00
_ Bamalion = F 00 1 00 | 00 | 00 | 2 yean 0 0 0 | 000
Training + Combat Firing
Company Training 000 00 00 00 2(a year) 0 0 0 000
Platoon Training 000 00 00 00 2(a year) 0 0 0 000
Military Vehicles Training| 000 000 00 00 00 00 0 000
Winter Training 00 0 0 00 1(a year) 0 0 0 00
Non Tactical Training 0,000 0,000 000 000 000 0,000
Total 0,000 000 000 0,000 000 000 000 0,000
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Table 2 MP for maneuver weapon system

95

Average Maximum Shooting i .
Mission Moving Moving Frequency Commpnlcat10n Survive
Distance(km) | Distance(km) (a year) Operation(hour) (hour)
Joint Training 00 00 00 00
Division Training 00 00 00 00
Brigade Training 00 00 00 00
Battalion Training - Combat Firing 00 00 00 00 00
Company Training 00 00 00 00
Platoon Training 00 00 00 00
Military Vehicles Training 000 000 000 00
Winter Training 0 0 00 0
Non Tactical Training
Total 000 000 000 000
Ao PA G Al L= e EE ARG 0 AE Ao ARl L v ZR gl
&Y, g7 FHBCT), HHEFEH - AT, A, 70%, 50%, 30%, HaFHo g vI7is B8 A
TUH AeFd, LU dedd, 94 - 2354, At 259 pld L2 ke <Fig. 2>} 2,
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Table 3 Operation region of maneuver weapon

system
Mission Mission Area
Joint Training Seoul
Division Training Dong ducheon
Brigade Training Cheor won
Battalion Training - Combat Firing Inje
Company Training Incheon
Platoon Training Seosan
Military Vehicles Training Mokpo
Winter Training Nambhae
Non Tactical Training Wando

4= Joint Trainil

e Brigade Training(Cherwon)

Battalion Training, Combat Firing(Inje)

—=Company Traini

Military Vehicles

Winter

Non Tactical Training(Wando)

Fig. 2 Mission profile of temperature
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Sensitivity Analysis for Reliability Prediction Standard

A3 2e
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Fh 28la 4 () 53 be-DC

PE & AEAEolt
DBK-217F &4/ ]
Flg PO BE
e okﬂ DC-DC A
Q35710
A2 A IR= <Table 4> 9} Eﬂr.

o]FF Qll6]T AA A EE A&}

EL== R

Temperature

Base Failure Rate
Factor

Quality
Factor

Subsystem | Quantity " | Part Number |Manufacturer| ~Category | Subcategory Type
v

Above Ambient

AT=Averge Temp. Rise

Quality

Value of |Value of | [ Value of A - THS=Hot Spot
e Q b Temp.(Q)

TA=Inductive Device Ambient
Operating Temp.(C)

Input Fiter 1 u DR74-2R2-R ics | inductive Device | Coil | Fixed Inductor or Choke

MIL-SPEC

M 2 1 39323 | 000003 165 99 0001415626

Output Recifer

ETQPEFROLFA [ Panasonic
& Fier

Inductive Device | Coil | Fixed Inductor or Choke

MIL-SPEC

M 2 1 39323 | 000003 165 99 0001415626

Fig. 3 Failure rate calculation sheet(MIL—HDBK—-217F) —

Table 4 Lifetime 10 years’s reliability of DC—DC Converter —

Inductor

MIL-HDBK—-217F

Mission Duty cycle Lifetime 10 years’s reliability(%)
Joint Training 0.014912 13.06%
Division Training 0.014912 13.01%
Brigade Training 0.007203 13.44%
Battalion Training - Combat Firing 0.024643 13.44%
Company Training 0.018703 13.31%
Platoon Training 0.012764 13.06%
Military Vehicles Training 0.032984 12.85%
Winter Training 0.006192 25.21%
Non Tactical Training 0.867686 13.23%
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Reppertor =0-014912X Ry o = o +0.014912
X Rygmngga +0.007203 X Ryt
0.024643 X Ry gy = 4 21 =41 1 T0-018703 B
XReggazsa TO0I2T64X R, gonasa T

0.032984 % Ry 2 3 +0.006192
X B ) g T0-867686 X Ry 5 510 2 3.4

A2A3 DC-DC AWE S 2741 1092 217
T 13.29%0] ¢},

3.2 RIAC-HDBK-217Plus & 0] &3t AS & o=

RiAC-HDBK-217Plus= MIL-HDBK-217F¢] &4
B HPSuA A2 S A4 37 7o) 2
29 AH 3ol LTS FE Z 209 03
& 3ol 93 2HY, P vl BF 2ol
oiaf ob7lsiekt Ak bl ¥ Eage

T

L& orE
RiAC-HDBK-217Plus7} TF#= 127) &
AHY 1FE oS Zde o2 51 4 (3

& 5 A9

33 2o

)\p =TT A AopT ped™ 107 s A psT pen™ 1

+ A resT or™ pr 3)

AT simrt Ao
e AR AT, 1.5 8 AT TH 7R AL
BE, o= T4 T Duty Cycle, 50T &2 25,
Ty © AUYZEH 2 = v 537 7)1R 1%E,
Tpeve B T Duty Cycle T Bl 52 &%,
/\TCB'E <5 }‘]'O]EL 71 x}g Tope /\]-o]-g £,
&,

SUBSYSTEM Input Filter Output Rectifier & Filter
Quantity 2 1
Design Number L1 L2
Part Number DR74-2R2-R ETQP6F2ROLFA
Manufacturer Coiltronics Panasonic
Category Inductive Device Inductive Device
Sub-Category Coil Coil
Inductor Type Choke Choke
base failure rate(Aog) 8.85042E-05 8.85042E-05
beC DC 09 09
Duty Cycle(mtpco) e
DCiop
(Constant) 94 04
1 047 047
(Active Energy)
Operating ] Tao 99 99
(Ambient Temperature)
—Eagp 1 1 I
EmESrati e (o) CXP\ 8617 x 10-5\Tpg + Ty + 273 298,
1. Temperature rise default value 0 0
2. Actual Temperature rise(Known) 122.727 122.727
base failure rate(Ags) 0.00012517 0.00012517
A iE DC 09 09
Duty Cycle(mpey) g
Non Operating (IZOC’:;:.:; 06 06
Eapon
exp [ = Enoner T (Mv‘: . 008 0.08
Temperature(Ttyg) P8617x 105 Tae +273 298 The
(Ambient Temperature) 9 9
base failure rate(Arcg) 2.89963E-05 2.89963E-05
CR
365 365
CR f Cycle
Cycling rate(mcg) TRy (Pm'm:;: Syde)
(Constant) = b
Tao
Temperature ey 99 99
Cycle i
Too 4+ To = Ty \2 122727 122727
Delta temperature(mpy) (W) =
4 nE
(Ambient Temperature) J J
DT,
(Constan) 1323 1323
Induced base failure rate(Aip) 2.21762E-05 2.21762E-05
(Growth Constant) 0 0
Reliability Growth(mg) exp(—B(Y — 1993)) =
(Manufactured Year) 2005 e

Fig. 4 Failure rate calculation sheet(RIAC—HDBK—217Plus)—Inductor



98 Sensitivity Analysis for Reliability Prediction Standard

Table 5 Lifetime 10 years'’s reliability of DC—DC Converter—RIAC—HDBK—217Plus

Mission Duty cycle Lifetime 10 years's reliability(%)
Joint Training 0.014912 93.29%
Division Training 0.014912 93.27%
Brigade Training 0.007203 93.62%
Battalion Training - Combat Firing 0.024643 93.3%
Company Training 0.018703 93.29%
Platoon Training 0.012764 93.18%
Military Vehicles Training 0.032984 93.32%
Winter Training 0.006192 96.95%
Non Tactical Training 0.867686 93.48%
o W) BAZAL YBIE AL, (AFLE), 2L A A U ehol = o] 29 YFEE 7
mo(Hl AEEE) o) B $0] WiFd uf HUdspA  7HE Uk
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Subsystem Leolicn Transformar
Phase Non Operating Joint Training Dvision Training Brigede Treiring "fi;"x‘a"‘:‘:g Company Trairing Platoon Training | Military Vehicles Training
Function I I I I I
Quantity T
Design Number i
Perl Name 2053
Wanifacturar Microtedh
Caregory Tnductive Device
Sub-Category Transiormer
Category styie Transformer, High Povier
Dasc fallre rate ) Magnetic 0.5 . 0. 0. 0. 02 [ [
T = 0.5 o o D 0. o1 o o
X [ = D o D D o. 01 o o
T 23 12 217 235 213 24 31
m@ Sis23iseeT oTeTTies BT S19055657 ozt 5150205325 aT0ET
. 0.8 06 069 059 069 06 06 069
(12 XhmmH‘_) (m[@w 2\ 05 1 05 2 2 2 36
g 118 57 975 74 505 071 9
(’ATM,M e 2 12 217 28 213 24 1
20 35 22 312 311 EExy 29 349
. 0013858474 0023279115 0021206449 (G129 0037367838 0021652203 4709443849
s 016 015 015 016 016
i 1231083506 1651208122 1651026347 12152118 137059175 1231083505 1551026247
Digitel nterface function _Digital interface furction | Digital interface function | Digitel interface function | Digitalinterfzce function | Digital interface functicn _Digital inferface furction | Digital interface function
— 16 15 16 16 16 16 15 16
user type Unfavourabe Unfavourablz Unfavourable Uniacurzble Unfavourable Urfavourzble Unfavourable Unfavourabie
pmarks*pos
user qualficaton Favourakle Favaurabee Fasourzble Favourable Fawurable Favourable Favaurabe Favourable
pmarks*pos 0 10 ) 10 10 10
mobilty 2 2
pmarkstpos 4 4 4 4 4 4 4 4
maripulation 2 2
. pmarks*pos 15 15 15 15 15 i 15 15
FHPEE | lectrical network e &
pmarks*pos < 4 4 4 4 4 4 4
Tuman activty 2
pmarks*pos 0 s a z 5 s s A
pmarks*pos 3 3 3 3 3 3 3 3
weather 2 2
pmarks*pos 2 2 2 2 2 2 2 p
| Toiewon SRR EF ] 3727272721 372772101 ERF ST EF7 7] 372272721

Fig. 5 Failure rate calculation sheet(FIDES) — Inductor

Table 6 Lifetime 10 years’s reliability of DC—DC Converter — FIDES

System Sub System Lifetime 10 years’s reliability(%)

Isolation Transformer 99.88%

Output Rectifier & Filter 99.77%

Feedback Circuit 91.57%

DC-DC Converter for Tank Protection Circuit 82.79%

PWM controller 94.27%

Input Filter 99.74%
71.03%
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Table 7 Environmental condition of reliability prediction standard

Environmental condition MIL-HDBK-217F RiAC-HDBK-217Plus FIDES
Operating A
) Environment A
. Basic Electrical Ay A, Norren
failure rate
Temperature A
Solder Joint Ay
Environment Ty
Electrical Tg Ts T Hectrical
Temperature T Tros Trg T Thermal
Cycle - , Trcy
Mechanical stress(Vibration) - T Mechanical
Chemical - T Chemical
Humidity - TRH

Table 8 Environmental Condition (except for temperature)

Mission Mission Area Environmental condition(except for temperature)
Humidity(%) | AT('C) | Cycle duration(hours) [Vibration(Grms)
Joint Training Seoul 64.4 20.72 12.5 8.88
Division Training Dongducheon 66.5 20.79 11.2 8.91
Brigade Training Cheorwon 70.4 20.09 10.2 8.61
Battalion Training - Tnje 69.6 20.09 10.1 8.61
Combat Firing
Company Training Incheon 68.6 20.3 12.1 8.7
Platoon Training Seosan 74.1 20.72 11.9 8.88
Military Vehicles Training Mokpo 72.4 21.07 13.9 9.03
Winter Training Namhae 72.5 -0.5 -1 -1.5
Non Tactical Training Wando 66.4 20.44 14.1 8.76
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Table 9 Parameter of sensitivity analysis(temperature)
Missi Mission Non Operating Temperature(C) Operating Temperature(C)
ission
Area | Maximum | 70% |50% | 30% |Minimum [Maximum| 70% | 50% | 30% [Minimum
Joint Training Seoul 29.6  |20.72|12.5| 8.88 -5.9 326 |22.82| 155 | 9.78 2.9
Division bong | 597 |2079(112] 891 | -9 327 2289 142 | 981 | -62
Training ducheon
. - Cheor
Brigade Training won 28.7  |20.09|10.2 | 8.61 | -11.4 317 2219 132 | 9.51 -8.4
Battalion Training - | .. 287 [20.09]10.1|8.61 | -1l 317 12219 13.1 | 951 | -8
Combat Firing
Company Training | Incheon 29 203 |12.1] 8.7 -5.4 32 224 | 15.1 9.6 2.4
Platoon Training Seosan 29.6  |20.72|11.9| 8.88 -6.3 326 |22.82| 149 | 9.78 -33
Military Vehicles |\ oo 1 300 [21.07]13.9]9.03 | -15 330 |23.17] 169 | 993 | 1.5
Training
Winter Training Namhae 0 051 -1 |-15 2.4 3 2.5 2 1 0.6
Non Tactical Training| Wando 292 |20.44|14.1| 8.76 -0.4 322 2254 17.1 | 9.66 2.6
Table 10 The result of sensitivity analysis(Failure rate)
Standard Maximum 70% 50% 30% Minimum
MIL-HDBK-217F 0.000024261 0.000020859 0.000019248 0.000017548 0.000016039
RiAC-HDBK-217Plus 0.000000805 | 0.000000616 0.000000534 0.000000442 0.000000376
FIDES 0.000003933 | 0.000000392 0.000000390 0.000000388 0.000000387
MIL-HDBK-217F RiAC-HDBK-217Plus
0.000030000 0.00003000000
0.000025000 0.00002500000
0.000020000 0.00002000000
0.000015000 0.00001500000
y =-0.000001976 x + 0.000025517
0.000010000 0.00001000000
0.000005000 0.00000500000
y =-0.000000104 x + 0.000000865
0.000000000 0.00000000000
Maximum 70% 50% 30% Minimum Maximum 70% 50% 30% Minimum
FIDES
0.000030000
0.000025000
0.000020000
0.000015000
0.000010000
y =-0.000000016 x + 0.000003953
0.000005000
0.000000000
Maximum 70% 50% 30% Minimum

Fig. 6 The result of sensitivity analysis(Failure rate)
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