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A Study on Method of Predicting Failure Rates of Fastening Parts

DaUn Jeong' -Huisung Yun-Dongsoo Kwon-Seunghun Lee

Maintenance Technology Research Center, Consolidated Maintenance Depot, ROK Army

Abstract

In the statement of logistics reliability prediction methodology, all components should be
managed as the analysis objectives. However, in some reliability prediction of weapon
systems, fastening parts, e.g., screws, bolts and nuts, have been frequently ignored
because some organizations related to weapon systems have emphasized that those parts
are not significant in their failures rate and functions. In this paper, failure rates, modes,
and distributions were presented to prove that fastening parts should be included in
reliability prediction objectives. Also, failure rate prediction methods of fastening parts

are presented and compared.

Key Words : Fastening Part, Reliability Prediction, NSWC-98/LE1, NPRD
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At o2 T)AR-FAME A WY, w2 5 b, vhE, Ao o) vqkdt Fee] 7ol
UERGTRIS] dA 7] Alagl AR G SelM = Ad FEe s FAS ¢ e AER
AA GG el Aol glou, AAl drelM AHl 8 3 53 1 bolE
[} ‘c‘?]— H

3} 3k g
W oAA FEol 1 A ok AFE v JHA] WAYSY AdEe] "M
2 J 4

Aoz yedr, E AFidMeE AZd FE 2 F39 = dHolHE FMD-91(Failure
Mode/Mechanism Distribution 1991)& #ristgith. FMD-91+= 5 2 Z9A¢ 14 F334
XS F53L e oy d=kow vt ]74] 2 A7 AARTFe 1 FEH BEE
tF3 glo] FMECA(Failure Mode, Effects and Criticality Analysis) 5 L&ajAlo] &3k
AHEE oL leh[11]

<E I>ERY AZEd REY 1% {8 BExXe EEEZ Ox Zoe Jdoy w3,
Fed, #4245 F 16749 1 F3 o] des Ao <9 1> yErd A 3o
E9o] 37.7%, F-e o] 209%% 167H4] 1 73 & 7P WinstA dAsteE 1 F3dS
g+ A}

40.0%
35.0% A

20.0%

209%

150%

100%

L ﬂﬂﬂm_ el

Aged/ Bent/  Binding/  Broken  Corroded Cracked/ Excessive Excessive LeakingFluid Loose  Mechanical  Outof outof Seized  Stripped Worn
Deteriorated Dented/  Sticking Fractured Play Vibration Damage Adjustment  Synch
warped
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<E D> OREE aFgNE /@ 48 B[, 12]
. . Normalized . . Normalized
Part Type [Failurerate] Failure mode Distribution Part Type  [Failurerate) Failure mode Distribution
Broken 79.1% Screw, Cap, 0089 Broken 66.7%
Aged/Deteriorated | 116% socket, head | (VD Loose 3%
Wormn 47% Screw, Collimator - Out of Adjustment 1000%
Bolt 275 —
Stripped 23% %dggon - Fractured 100.0%
Binding/Sticking 23% Serew, I, - Stripped 1000%
Broken 0% Broken 316%
Fastener, Lock - -
Aged/Deteriorated 2506 Loose 211%
Wormn 500% Womn 158%
R et | 47858 : Screw, Mectine | 4545 ‘
nmng hing Out of Adjustment 50.0% Stripped 105%
Nut 2.2121 Loose 100.0% Out of Adjustment 105%
_ 04165 Corroded 500% Out of Synch. 105%
Net, Locking | : .
Seized 50.0% Screw,. 14606 Corroded 0%
Nut, Micrometer | - Out of Adjustment | 1000% Self Locking (M Broken 2502
Nut. Plain 0%7 Loose 1000 be]fs%f%ng - Broken 10002
Nut, Plain, 00931 Out of Adjustment 365%
0K Loose 30.8%
Loose o0 Serew, Set D Out of Synch. 250%
Nut. P, Roud Excessive Play 250%
) I -
o Out of Adjustrent | 83% Broken [
Womn 83% Loose 4671%
Nut, Slotted - Loose 1000% Aged/Deteriorated | 200%
. Loose 00% | Screw, Shoulder 06%6 Broken 133%
Nut, Special - : -
Excessive Play 20.0% Mechanical Damage 13.3%
Nut, Wheel - Loose 1000% Stripped 6.7%
Rivet, Sotid 0%54 Loose 10002 Broken B%
0243 Loose 33%
Loose g | Sorew Thumb | Sy
Serew e r—— 8% Aged/Deteriorated | 3%
Loose 464% Stud, Nut, Hex - Cracked/Fractured 100.0%
Broken H1% . 00085 Broken &%
- - Stud, Plain i)
00801 Leaking Fluid 71% Bent/Dented/Warped |~ 143%
Screw, Cap oD -
Out of Adjustment 36% Loose 40.0%
Binding/Sticking 36% Washer, Key 08\%92 Frcessive Play 200%
Excessive Vibration 36% Out of Adjustment 200%
Broken 50.0% Loose 50.0%
Scrsegxc/,kectap, - Loose B | Washer, Lock | 088 | CrackedFractwed | %5.0%
Excessive Vibration 20% Broken 25.0%




22 A2 FF 1 A =

<E I>AA AAE AAd FEEFS unFEL NPRD-95(Non-electronic parts Reliability
Data-1995)¢] 2= 1 JolElol Al <1&3kdth NPRD-9%5¢= Z= &4 HoJEE 7jme=
AEE v HA B E oF 13,188 F &l 1FE HelHE FEs L dom FrAA
A= Sz A AHE Z8FA 1FE doly d=Folrh '(M)'o] BAIE nGES

al
[37/100% Mile] @912 2t Ayl agsolw yrx ngdEL [A4/1008 A3

t}
<HE I>oA AAE wle} o] EE 1A E(2.7835), UE

aFEQR2727) - A FE
g B FAT F e T T WERIA olE nFES FAQl AVE A
at7] fjete] At ow AR oS3 #4 gidor A e AR FEe dut
uFES ol <E 2> AYIAT <FE 2>& W F7] AxgeA AlgE Qe
71 A2 B35 97%E Astal = AHAEH 5 &9 670 FF2] dwk agsolrh AAE
AFELS 217Plus FEFFEAHPCM)AA E&ata = [AL8/100% At &9 ghe=
A71s &4S 7o ® sta Jlow «xFA = FF HE T MY 22 WER g
st BYS FAIGL Y
F 1> <FE 2>eM AAE aFE aA] Ad FES MH HSAeE 24 =909
712 12 AEstdete AlAd FiEol M7ldA Fimel Hle €8] =2 WER 1%l
TAZS g & vk AnTE F7] Ala"e] &8 548 wbdste] AbEd M/H WS
AdE Agstd O 1N Es U mobd Zlew e & vk oldd =2 g oAy
W Aibs AA F55o] A7dA F53 vprA 2 AR E B4 wteA] £3k5 oo &
s gt & 5 Ak
<E 2> A7|HA FE Fud dwk uE(14]
5 g 4 1%E | BF g 4 1%E
Aluminum 0.01804 Hermetic, Digital, Hermetic 0.009522
Ceramic 0.002491 =] A Hermetic, Linear, Hermetic 0.013919
7] 5 General 0.001709 = Nonhermetic, Digital, Plastic | 0.008978
AE Mica/Glass 0.005549 NonHermetic, Linear, Plastics | 0.015041
Paper 0.004296 Current Regulator 0.003168
Variable, General* 0.015013 High Frequency, Microwave/RF,
Fixed, Carbon Composition | 0.003748 EOE] Mixer/Detector .
Lpw Frequency 0.001555
2 8} Fixed, Wirewound 0.00679 Lpw Frequency, General 0.001854
Variablex 0.051267 Bipolar, Germanium 0.040189
Variable, Nonwirewound 0.046567 o Bipolar, High Frequency, Microwave | 0.013613
chokex* 0.001069 | =z~ Bipolar, Low Frequency, 0.019407
. General 1.06E-05 FieldHlfgf{fCFt’r %&chgave* 0.05591
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0o 5- y< 200ksi 1 o] 7-5-ol=
O-e,SfN: IOOkSI,
dFuE Fu(dx)e] Fods

O—e,Sf N 0'4JT.,ult ’

Oc,5-n=0.30 7 -

&
off
o
2
ofy
ot
~
=
w

(3)

(4)

oll, FWE el FHEAE 10cyced 5813, 0, ¢y WTHE, 04,5 FEHAF

<E 4> AZ REF ARE NTIE 54
AE a7 Y249 (106 cycle)
1/4 - 1 in 18.6 ksi
SAE 5
118 -11/2in 16.3 ksi
SAE 7 1/4 -1 1/2 in 20.6 ksi
SAE 8 1/4 -1 1/2 in 23.2 ksi
ISO 88 M16 - M36 129 MPa
ISO 9.8 M1.6 - M16 140 MPa
ISO 10.9 M5 - M36 162 Mpa
ISO 129 M1.6 - M36 190 MPa
Metric M16, CL 8.8 M16 10.2 ksi
Ml14 x 1.5 Ml14 x 1.5 7.1 - 11.4 ksi
SAE J429, GR 8 - 18 ksi
Metric CL 10.9 MI12 x 1.25 8 ksi
M 10, grade 12.9 - 6.9 - 10.7 ksi
4.2.2 0s(37] AAY
EAdol Y24 tae FAATS MT 9L F Jonz, A} B REALE
g Ee] Bl o2 aelstel F9 % WEY, F ¥ sFxdA 27 ARE

CSZ: 10,

0370d —0.1133
SZ_( 0.3 )

3} Qo] AR, = A B AR AROR W 2 inch olsfelek
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Ad BEo= = uaf

3, AR, 79, NEY 5 GFW FFY dF] A4+ o
ofm, Al A BFe) FRE wAT AT AR e <E 559 2k

3 %— z7A Cr

= B3 (05, <220 kpsi) 0.923
= e (05, >220 kpsi) 1.0
w3 1.0

59, dd 0.577

424 (L% AA)

AutR oz WA A dolHE oA FS5dch dAw A Ad FEe| AHgHE
enE gz o4 A9r Qv nee BANE ZH-54 4re ga, W,
A o] WASIER, NFE AFFA ol& Jste] Aol dasith 2k ks T 2ol
Alsk ot
Mg 27} 160°F(7LILC) 3ol
620
“r= 160+ 1, ®

oper

ARE 2571 160°F(71.117C) )51 A-$-oll+=
Cr=10, ©)
o), 7, = A HE) AL LECPE o)

4.25 c(F4 AA)

FANFE 77149 k3o wls) P APAon 4§HnE, FA%F] AL B
<E 6>3 22 T4 QAAE wk=A]l arel s ojof gt
< 6> T4 2UE A AR

4 =7 c,
Light(rotating machinery — motors, turbine, centrifugal pumps) 1.0
Medium(rotary & reciprocating motion machine - compressors, pumps) 0.8
Heavy (presses for tools & dies, shears) 0.6
Very heavy(hammers, rolling mills, crushers) 04




426 Cs(EAAY AAH)

EHA Cso
Electroplating (chromium, nickel, cadmium) 0.65
Electroplating(zinc) 1.00
Metal spraying 0.86

4.2.7 Cp(GArRA A=A

AR $E ngelA 15%E Me R "ol o s wel WAt vwA
869 LML Fiold 82 geowm ola) WART webd <E 8>9 o] UM R
0

oMol &8 s A Aty RS astelof gkt

<E 8> W 57 2 hEwd g a4g

Rolled Threadeds Machine Threaded
SAE Grade bolt
Cx Cy
0-2 2.2 2.8
4 -8 3.0 3.8

43 1FE 4% 2L o] &F AP ¥E 1FE A3

MS35751-42(Bolt, Square neck)S WFo=E £& &%
71591 43T, 4L B4 =79 7|EF L

S0, wd, Atz tal nZES A5t o=



1] L &} 3l v

316 / AA FF 1GE A4S WUete] #g AT
<HE 9> gt 2o mE 1FE 45 A
A 4 (MS35751-42)
A Carbon Steel
O Tl 60 ksi
Op 5N 0.50 ., = 27.5 ksi
d 0.324 inch
¥ =Y Electroplating(zinc)
WAL 0-2(Machine threaded)
= 1
T, 109.4°F(437C)
=7 z7 Light(rotating machinery - motor, turbine, centrifugal pumps)
Z1E 1ZE 2 4 A
rg 0.033
Co ES %sz} 1.00 =3 111 A 1.00
o = Wk 0.923 =3 1.00 A 0577
c, 1.0
c, 1.0
Ca 1.0
s 2.8
o & A3
Q005 M 71 % W3 0086 #0104 A 0,054
1gE 45 BES ol&ste] Ad FFES AGES AES A, F W Y, Ao etFolA
Zb7F 100%F A1zE = 0.0863], 0.1043], 0.0543] 9] 117%o] dFHth= A3E o], 54 FF0]
st 7o wet Aol 1FES e AS skt
44 1FE 453 H 2= dHolHY Hm
<E 10>oME <E 9>9 dSZA39 NPRD-20110 58 MS35751-429] Z= HolHZ

<3} 10> NPRD-2011 & E dHolg9 nFE o= RA& o] &3 IFE =7k vl
NSWC-98/LE]l d= % ¢
T8 NPRD-2011 - - /LEl 4524
= W 35| 79 sF A 3= o
L E 0.084 0.0 104
(1009 AgheD) . 086 0.10 0.054 0.081
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