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Abstract

In this study, a reliability physics analysis (RPA) is performed to evaluate the reliability of the principal
electronic equipment for export-type K2 main battle tanks. The purpose of the RPA is to ensure the
reliability of electronic equipment operating under the harsh environment and operational conditions of
the Middle East. Based on the RPA results, the potential failure risk factors are identified in advance at
the electronic equipment design stage, and whether the reliability target of a 5% failure probability over
10 years is achieved is evaluated. For the RPA, the harmonic vibration, shock, and temperature conditions
of the STANAG standard are applied. In particular, CFD analysis inside the K2 main battle tank crew room
and a conjugated heat transfer analysis of the electronic equipment are performed to obtain the temperature
data of PCB devices under Middle Eastern environmental conditions. A reliability analysis of solder fatigue,
PTH fatigue, shock, and harmonic vibrations in harsh Middle Eastern environments for existing products
is performed, based on which many potential problems are identified. Subsequently, the overall reliability
is improved by referring to supplementary measures for solving problems derived from existing products
in a detailed preliminary prototype design. In the next stage, the completed detailed prototype design
faithfully addresses the problems identified in the preliminary prototype reliability analysis, thus satisfying
the target life with a failure probability of 5% over 10 years. In the future, we shall conduct an accelerated
life test until an actual failure occurs and obtain the life data of the electronic equipment to analyze the

cause of failure.

. Reliability Physics Analysis(RPA), Sherlock, Export-type K2 Main Battle Tank, Physics of
Failure(PoF), Printed Circuit Board(PCB)
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Figure 1. RPA Procedure
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Figure 6. RPA Procedure for K2 Main Battle Tank
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Table 1. Electronic Equipment & PCB List for RPA

Electronic Equipment
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(@) K2 Main Battle Tank (b) K1A1 Main Battle Tank[15]

Figure 9. Shock Profile for RPA
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Table 3. Results of RPA for Existing Product

e Failure Mode HES Problematic Device
Board Result

~|Solder Fatigue| Fail J14
Main T gpock us6
Control Vibrati P
“CPU ibra pn ass
PTH Fatigue
| Solder Fatigue
Main
Shock
Control Vibrati Pass
COM ibra pn
PTH Fatigue
Solder Fatigue Pass
Shock u43
Signal U35, U8, U36, U4,
N Fail |U43, U38, U19, U42,
Process|  Vibration U40. U37. U44. UB.
Ude, U41, udb, Ude
PTH Fatigue | Pass
Solder Fatigue | Pass
Power Shock Fail |C31, C4, C1, C2
Supply Vibration Pass
PTH Fatigue
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Figure 15. Probability of Failure for Main Control_COM
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HE o] U3aAte 3474 202 49 10497t
TAEE0] 7.6%Q AR YER} AlFA EHO
1097t 3SR 5% olokE A3lsh= A= &l
=%t 183 Harmonic Zls&7e] tisto] &
A5F A3}, Table 30419} o] 1671 &A= 10d
7 IEE 5% ofokE WESHA] Foke AR U
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Table 4. Life Prediction for Signal Process of
Existing Product

SSOP-20 (MO-15...  IC 63SN37PB
un1 SSOP-20 (MO-15... IC ToP. B3SNITPB 21E-1 1263 17EA 584 05
u4s TSSOP-48 (WO-1.. IC ToP. 63SN3TPB  33E2 1263 17EA 602 05
uta SSOP-20 (MO-15... IC. ToP. B3SNITPB  44E1 1263 1361 745 02
TC18 KEMET-X CAPACITOR TOP GISNITPB  26E2 11E3. 53E2 =100 00
uz3 S0IC-16 (NS-013)  IC TP 63SNITPB  7.5E-1 1083 33E2 =100 00
L4 1208 INDUCTOR  TOP. BISNITPB  43E2 18E3. 21E2 =100 00
uz6 SOIC-16 (MS-013)  IC TOP. 63SN3TPB  44E-1 92E-4 9.0E3 =100 00
u21 SSOP-16 (MO-13...  IC TP 63SNITPB  14E1 01E4 83E3 =100 00
ur PDIP-08 (MO-095..  IC ToP. 63SNITPB 181 91E4 82E3 =100 00

3.1.5. MYZZFHE 2Nz

Table 5= HALIFEE0] Hjsto] SA&A 27}
E =3 752 #YASHE HoE Ao= 4
AZHC31, C4, C1, C2)= 498 10¥7 14sE
5% ©JskE WHESHA] 2Rt A 0% e

Table 5. Life Prediction for Power Supply of Existing
Product

RefDes Package | PartType ‘Slds ‘MnDlxp ‘Mnsﬂm | TTF (years) a [Failure Prob ‘Fn\ure?mblcyd- \

RADIAL-10%25 CAPACITOR | TOP

c25 RADIAL-10X25 CAPACITOR TOP 6.0E3 1763 >100 01 2562
c15 1206 CAPACITOR TOP 46E4 21E3 >100 0.0 10E-3
CMF4 DIP IND INDUCTOR  TOP 40E3 62E-4 >100 0.0 3765
c42 AX-D CAPACITOR TOP 19E3 B5E-5 >100 00 36E-12
us CDIPFILT ic TOP 18E-4 11E-4 >100 0.0 1567
c41 AX-D CAPACITOR TOP 26E3 B7E-5 >100 0.0 45612
Cad 2220 CAPAGITOR TOP 1364 B1E-6 =100 0.0 0.0E0
CMF3 DIP IND INDUCTOR  TOP 1763 14E-4 >100 0.0 31E-9
c43 2220 CAPACITOR TOP 9.0E5 3766 >100 00 00E0
CMF3 DIPIND INDUCTOR  TOP 6.0E3 21E4 100 00 38E8
ce6 1206 CAPACITOR TOP 19E3 24E5 100 00 00E0
CMF7 DIP IND INDUCTOR  TOP 55E3 2264 >100 00 44E8
c45 1206 CAPACITOR TOP 1763 1765 >100 00 00E0
CMF5 DIPIND INDUCTOR  TOP 11E3 1564 >100 0.0 47E-9
C48 2220 CAPACITOR TOP 27E3 30E-5 >100 00 22E-14
CMF5 DIPIND INDUCTOR  TOP BEE4 1764 >100 0.0 7969
ca7 2220 CAPACITOR TOP 30E3 28E5 >100 0.0 11E-14
CMF3 DIPIND INDUCTOR  TOP 68E3 29E4 100 0.0 2967
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Figure 16. Probability of Failure for PCB of Preliminary
Prototype

Table 6. Results of RPA for Preliminary Prototype

PCB Problematlc

Solder Fatigue = Fall
Main
Shock U86
Control Vibrati B
_CPU Ibration ass
PTH Fatigue
) Solder Fatigue
Main Shock
Control Vibrati Pass
COM Ibration
PTH Fatigue
Solder Fatigue
. Pass
Signal Shock
Process Vibration Fail | U19, U7
PTH Fatigue Pass
Solder Fatigue | Pass
Power Shock Fail | C31, C4, C1
Supply Vibration bose
PTH Fatigue
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Figure 17. RPA Results for Signal Process of
Preliminary Prototype
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Table 7. Life Prediction for Signal Process of
Preliminary Prototype

12 QFP-48 Ic TP 6ISN37TPB | 4.9E-1 1263 | 24E1 4738 0.9
ua3 QFP-64 (MS-0268.. IC TP B3SNITPB  23E-1 1263 14E1 69.1 03
vt HGAIZE_PU_BIN  IC 0P BISNIPE 36E Baea 14E1 ns 03
u22 TSSOP-48 (MO IC ToP. BISNITPE  9.4E-2 11E2 70E2 =100 00
[ TSSOP-14(MO-1.. IC TP B3SNITPB  63E-1 10E3  34E2 =100 00
ut2 TSSOP-14(MO-1.. IC TP B3SNITPB  71E-1 10E3  27E2 =100 00
uis aFP-as I ToP 63SNITPB  45E-1 10E3  27E2 100 00
i TSSOP-1R MO 10 TP RISNATPR  99F-1 a6Fs 1RED. 100 00
u23 TSSOP-48 (MO-1...  IC TP 63SN3TPB  57E2  95E4 1562 100 00
u3s SOIC-8 (MS-012BA) IC TP BISNITPB  73E2  95E4 1482 100 00
uis aFP-s I ToP. 63SNITPB  58E-1 93E4 11E2 100 00
[ SSOPARMO-13 10 TP RISNATPR 20F-1 Q3Fs 112 100 00
uss TSSOP-14(MO-1... IC TP B3ISNITPB  13E-1 92E4  96E3 100 00
uss SOIC-16 (MO-045... IC TP B3SNITPB  20E-1 88E4  57E3 100 00
uase TS30P-14 (MO-1... IC ToP. 038N3TPB  20E-1 87E4 SE3 100 00
us1 RU-20 (MO-1534C) IC TP B3ISNITPB  46E-1 86E4  48E3 100 00
u26 MSOP-08 (MO-18.. IC TP B3SNITPB  6.9E-1 BEE4  44E3 =100 00
use TSSOP-14(MO-1.. IC TP 63SNI7PB  68E2  B4E4  37ED =100 00
[ 30IC-8 (M8-01244) IC ToP. 038N3TPB 20641 s4E4 3063 =100 00
u2e SOIC-8 (MS-01244) IC TP BISNITPB  64E-1 83E4  20E3 =100 00
us TSSOP-14(MO-1.. IC ToP. 63SNITPB  58E-1 83E4  20E3 =100 00
uso RU-20 (MO-1534C)  IC ToP. B3SNITPB  51E-1 B0E4  20E3 =100 00
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Table 8. Life Prediction for Power Supply of
Preliminary Prototype

c2 RADIAL-10X25 CAPACITOR | TOP 7863 25E3 >100 11 17E-
c1a RANIAI110X25 CAPAGITOR  TOP a4Fa 17Fa =100 02 21F>
c25 RADIAL-10X25 CAPACITOR TOP 74E3 1663 =100 01 1262
ClF4. DIPIND INDUCTOR  TOP 433 65E4 =100 00 53E5
caz AVXD CAPACITOR TOP 1963 BSES >100 00 26E12
us CDIP FILT ic ToP. 1564 1264 100 00 21E7
ca1 AXD CAPACITOR  TOP 27E3 B5E5 100 00 36E-12
c 2220 CAPACITOR TOP 1,264 1.8E-1 =100 00 2060
ClFg. DIPIND INDUCTOR  TOP 1863 1664 =100 00 B2E9
ca3 2220 CAPACITOR  TOP 81E5 52E6 =100 00 0.0E0
curFe DIPIND. INDUGTOR  TOP BAE2 23E4 ~100 00 BOES
cap 1206 CAPACITOR TOP 2083 21E5 =100 00 0.0E0
CHFT DIPIND INDUCTOR  TOP 5563 23E4 =100 00 BOE8
cas 1206 CAPACITOR  TOP 1703 2005 =100 00 o.0r0
CHF6. DIPIND. INDUCTOR  TOP 11E-3 1564 =100 00 4TE9
cas 2220 CAPACITOR TOP 27E3 28E5 =100 00 11E-14
CHFs. DIPIND. INDUGTOR  TOP BTE4 1564 =100 00 4369
car 2220 CAPACITOR  TOP 3063 29E5 =100 00 11E-14
CHF3. DIPIND INDUCTOR  TOP 7453 32E4 =100 00 56ET
ca9 1208 CAPACITOR TOP 1653 1565 =100 0.0 0.0E0
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Figure 18. Probability of Failure for PCB of Completed
Prototype

Table 9. Results of RPA for Completed Prototype

PCB Failure Mode RPA Problematic
Board Result Device

Solder Fatigue

Main Shock Us6
Control S Pass
CPU Vibration

PTH Fatigue
_ Solder Fatigue
Main Shock

Control S Pass
_COM Vibration

PTH Fatigue
Solder Fatigue

Signal Shock

— Pass
Process Vibration L2
PTH Fatigue
Solder Fatigue
Power Shock
- - Pass
Supply Vibration

PTH Fatigue
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Table 10. Life Prediction for Main Control_CPU of
Completed Prototype

RefDes | Package |PartType | Sice | MaxDisp | MaxStain | TTF (vears) flFailure Prop [| Failure Prob/ Cycle |
ugs 484 FBCA ic ToP 3562 11E3 =100 34 57E-1
uss 1440-FCBGA Ic ToP 35E2 1363 >100 09 1561
124 96-FBGA ic ToP 26E2 56E4 =100 0.0 2363
uno CBGA-837 ic ToP 37E2 T4E4 =100 0.0 1663
[irg 256-FTBGA ic BOT 2562 4264 =100 00 1363
u13 78-TFBCA ic BOT 24E2 4264 =100 0.0 2564
us 90+46L MCN-85-... IC BOT 2262 3064 =100 0.0 18E-4
U4 78-TFBGA ic ToP 21E2 3964 =100 0.0 1764
u12 78-TFBCA ic BOT 11E2 38E4 =100 0.0 14E4
uar 78-TFBGA ic ToP 1182 38E-4 =100 0.0 1364
uss SOIC-12 (MO-226... IC ToP 2462 S1E4 =100 0.0 1264
u73 S0IC-12 (MO-226.. IC ToP 1482 51E-4 =100 0.0 1264
U6 78-TFBGA ic BOT 2562 3564 =100 0.0 8.0E-5
us2 78-TFBGA ic ToP 2562 3264 =100 0.0 4365
ue7 78-TFBCA ic ToP 1262 34E4 =100 0.0 40E5
Rd48 0402 RESISTOR  BOT 14E-4 7266 =100 0.0 0.0E0
Ra49 0402 RESISTOR  BOT 1464 66E5 =100 0.0 0.0E0
RA46 0402 RESISTOR  BOT 8363 93E6 =100 0.0 0.0E0
Ra47 0402 RESISTOR  BOT T5E3 14E5 =100 0.0 0.0E0
Ra44 0402 RESISTOR  BOT 28E3 46ES5 =100 0.0 0.0E0
R445 0402 RESISTOR  BOT 2982 1164 =100 0.0 22613
Ra42 0402 RESISTOR ~ BOT 1464 11E5 =100 0.0 0.0E0
Ra43 0803 RESISTOR  BOT 1464 81ES =100 0.0 0.0E0
Ra51 0402 RESISTOR  BOT 2762 T4E5 =100 0.0 11E-14
Ra52 0402 RESISTOR ~ BOT 99E3 2265 =100 0.0 0.0E0
Ras0 0402 RESISTOR  BOT 2462 9265 =100 0.0 SBE-14
R437 0402 RESISTOR  BOT 5064 21E5 =100 00 0.0E0
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Figure 19. RPA Results for Signal Process of
Completed Prototype

Table 11. Life Prediction for Signal Process of
Completed Prototype

Refes | Package | PartType | side | MaxDisp | MaxStrain | TTF (years) f Failure Prob f Failure Prob / Cycle
2 C-BEND-7360-38  INDUCTOR  TOP. 9263 2663 100 30 36E-1
ut BGA168 [ ToP 2181 1363 >100 04 74E2
L4 GBEND-7360-38  INDUGTOR TOP 2262 19E3 >100 04 68E-2
13 CBEND-736033  INDUCTOR TOP 2262 1963 >100 04 64E2
u CBEND-736033  INDUGTOR TOP 4983 1863 >100 03 5762
P2 PDIP-64 (M0-016.. PLUGCO.. TOP 11E3 3TE4 >100 00 37E3
P1 PDIP-64 (M0-016.. PLUGCO.. TOP 1263 3664 >100 00 34E3
g6 TSSOP-48 MO-1.. IC. ToP. 1961 8TE4 100 00 19E3
uts TSSOP-43 MO-1.. IC ToP 2962 5264 >100 00 7565
uzs TSSOP-48 (MO-1.. IC TP 50E2 494 >100 00 50E5
a M0-078 JACK ToP 53E2  44E4 >100 00 2265
a3 QFP-64 (S-0268.. IC ToP. 88E2  44E4 >100 00 2565
utg TSSOP-43 (MO-1.. IC ToP 60E2 434 >100 00 23E5
us3 QFP-44 (US-0224.. IC ToP. 2081 4264 >100 00 19E-5.
R206 0603 RESISTOR  TOP 6.5E-2 9365 100 00 17E12
R327 0603 RESISTOR  TOP 35E3  44E5 >100 00 14E-14
R569 0603 RESISTOR  TOP 4262 2164 >100 00 31E-10
R328 0503 RESISTOR  TOP 31E3 50E5 >100 00 331
R325 0603 RESISTOR  TOP 2663 3865 >100 00 11E14
R326 0603 RESISTOR  BOT 333 4BES >100 00 22614
R202 0603 RESISTOR  TOP 8.1E2 6765 >100 00 21613
R323 0603 RESISTOR  BOT 14E2 5065 100 00 33E-14
R203 0603 RESISTOR  TOP 9.1E2 95E5 >100 00 20812
R324 0603 RESISTOR  TOP 2863 3265 >100 00 0.0E0
R321 0503 RESISTOR  BOT 14E2 51E5 >100 00 331
R563 0603 RESISTOR  TOP 6.0E2 1964 >100 00 16610
R201 0603 RESISTOR ~ TOP 7362 3565 >100 00 0.0E0
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Table 12. Life Prediction for Power Supply of
Completed Prototype

RefDes | Package | PatType | side | MaxDisp | Maxstrain | TTF (vears) af Failure Prob  fFailure Prob ) Cycle
caz AVXD CAPACITOR TOP 17E3 2484 =100 00 1568
us COIPFILT 1c ToP 2264 11E4 >100 00 1767
ca1 ANCD CAPACITOR TOP 243 2484 >100 [x) 16E8
ca4 2220 CAPACITOR TOP 2064 10E4 >100 00 2660
crFg DIP IND INDUGTOR  TOP 16E3 2564 >100 00 1267
c43 2220 CAPACITOR TOP B35 526D >100 00 0.0E0
ChFS DIP IND INDUCTOR  TOP TAE3  24E4 =100 00 20E8
c4p 1206 CAPACITOR TOP 2263 27E5 >100 00 0.0E0
CMFT DIP IND INDUGTOR  TOP 64E3  27E4 >100 00 1967
c45 1206 CAPACITOR TOP 19E3  24E5 >100 00 0.0E0
cFe DIP IND INDUGTOR  TOP 1263 2564 >100 00 11E7
cas 2220 CAPACITOR TOP 2863 33ES >100 00 33E-14
CHFS DIP IND INDUCTOR  TOP 01E4 28B4 >100 00 1387
ca7 2220 CAPACITOR TOP 2763 34E5 >100 00 33E-14
ClF4 DIF IND INDUCTOR  TOP 2163 2064 >100 00 2868
CcF3 DIP IND INDUGTOR  TOP 3863 39E4 >100 00 1965
c49 1206 CAPACITOR TOP 153 14E5 >100 [x) 0.0E0
CHF2 DIP IND INDUCTOR  TOP 2463 35E4 >100 00 11E5
cnF1 DIP IND INDUGTOR  TOP 173 24E4 >100 00 98E8
c51 2220 CAPACITOR TOP SBE3  38ES >100 00 THE14
cs0 1206 CAPACITOR TOP 15E3  11ES =100 00 0.0E0
R1 1206 RESISTOR  TOP 19E4 4268 >100 00 0.0E0
c53 1206 CAPACITOR TOP 1763 19E5 >100 00 0.0E0
R2 1206 RESISTOR  TOP 12E3  36ES >100 00 1AE-14
cs2 2220 CAPACITOR TOP 4263 36ES >100 00 56E-14
c55 2220 CAPACITOR TOP 62E-4  65E5 >100 0.0 0.0E0
4 2
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