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Abstract

Several aircraft structures are permanently fastened together with the aircraft rivets. If any of the parts
are damaged by accident or corrosion, considerable expertise in rivet installation in an aircraft structure is
required. Despite standard operating procedures, the processes do not come with detailed instructions. It
requires experience and time for the development of skills specifically in the aircraft riveting. This research
aims to look into the factors contributing to riveting practice errors using Fault Tree Analysis (FTA) method.
Based on outcomes, powerful standardized practices and procedures relevant to the tasks will be
established. The intervention would enable trainees to develop their specific skills. The research practice
involved data collection on job evaluation and operational procedures of the 2018-academic-year
students enrolled in the Aircraft Maintenance Engineer License Course at Civil Aviation Training Center. In
total 10 practical workpieces, each mounted with six AN470AD4-4 solid rivets were gathered. The aircraft
rivets were used to fasten a simulated surface of an aircraft-quality 2024 T3 aluminum sheet. Then the
standards-based assessment data were analyzed by FTA and the results were brought for calculating the
probability of occurrence and the likelihood of occurrence. The result of FTA is classified into 3 common
types of damage: common damage to the workpiece surface, to the rivet head, and to the rivet shank.
The results of the probability of occurrence and the likelihood of occurrence found the common
damage to the rivet head is the most likely to the likelihood of occurrence at 76%. The most damaging
effect was found to occur when the latch head was not close to the workpiece surface due to an unsteady
aircraft rivet gun; then the gun bounced off or did not run straight to the structure. Additionally, errors
were found from trainees’ nesligence factors, e.g. problems caused by rivet gun air pressure calibration
and incorrect layout patterns. It is thus recommended that more emphasis be placed on necessary
riveting skills alongside techniques of rivet gun operation. Practice and procedure manual of solid riveting
techniques must offer more detailed and comprehensive guidance than ever in order to reduce possible

damage in aircraft assembling.
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HufnFuau 17 28.33
Vednen 10 16.66
wnueh 27 a5

Sodouunugivedis FTA udh Auummany
Wzidureannnisel uaznisliesieinnuinsiy
vosmansallenalunsifamanisaifiugluusas
wansal Feamnsaduanaeuiaziduvedlonia
Tumsiamansallddsluaunsd (1) uaz (2) e unu
ashazduveangnsalgesiilifivlszasd

AND gate = F, x F, x..x F, (1)

AND gate wnu sssnzauaziliuveunnnisel
dowisernnnIninvuniauiuazdmaiavgnisallaing
Uszasdla

OR gate=1-(1-F)x(1- F,)x(1-F,) 2

OR gate wnu aissneethasluvesrnnsalle
wenmsnimilesaesiomnniiiatufisammmscifen
wseladeide asdmaiiinwnnisallaisUssasdla
(6]

AWEANAIAYBINSAAA ST NEN

(Failure of Rivet installation)

OR
Gate

[ 1

mBIdemesioiulBuny

AMWEEETINUARNE

(Common Failure of Sheet Metal Surface) | | (Common Failure of Rivet Head) (Common Failure of Rivet Shank)

A A A

3U# 5 MIIATIERANURANGIAYDINITARATARNET

mwdemeveiaadng

(Failure Analysis of Rivet Installation)

3. NANITNNADY

naMsIAs TRl A LRI EILENANUERINY
VT'avLiJmmaaQL%EnmzyﬁﬂugUﬁ 51Aun 1) Asdeniy
seitufnTuY (Common Failure of Sheets Metal)
2) Anudemerevadne (Common Failure of Rivet
Head) way 3) anuidemesounuadneronnieeiy
(Common Failure of Rivet Shank) 21nAuLEeIY 3
AnwuEANULEYYAINEA1IEILINATIENTD FTA e
Anszimanvgiugluudazvinnizal Tnslena
nsinvenngnisaliludaszaeiuluniasaiude
e TngAuunnudiazilureunnnsaldaluu
mm%@yjaiumiwﬁ 6 ililamuiavdureenig
dAannudemelunmsedt 7 wdtheautesduil
Funalonanisinudagignisalaaannsa (1) way
(2) faseenesadl

OR gate, =1—(1-0.600)x (1 —0.400) = 0.7600
OR gate, =1—(1-0.300)x (1—0.200)x (1 —0.500)
=0.7200
OR gate, =1—(1-0.666)x (1-0.333)
=0.7778

1) nanslaseiaNudsynesaiiuE L Adly
JUT 6 Usznaulusing 3 wmnisaldes laun wenisal

Y 9

goufl 1 iaseeanudemeidudnuarsudy (Simile

algng lossauauniun uay Useaau naeudng, “nsUssdunnudnneInvesnsansaane 1890 1aEuA e 73R T IRl
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a15197 7 Anuthasduvedlenanisiinanudemeusaranvaey neanudemeveudazimnisaldosdu

faszroiu
wAn13al (Event) anuazduvesfinanudens | Tenalumsiiamanisal (%)
1. anuidemedeiufiatuny 0.300 73.251 %
GATE 1 sosuuiiuintunuiidnuarediogl “Bu” 0.278
EVENT 1 Sughadnlainail 0.600 76.000 %
EVENT 2 daussduastiulsignitos 0.400
GATE 2 interinsssrinstunuiideinisinaniu 0.556
EVENT 1 idonadnenlaignifas 0.300
72.000 %
EVENT 2 s1auuuiangligndios 0.200
EVENT 3 luilaviauazenaunslany 0.500
GATE 3 Susuyy videgu 0.167
EVENT 1 Sughadnlainail 0.667 77.770 %
EVENT 2 fausadfuasitiulsigniios 0.333
2. anudevnevasiaadngn 0.167 76.000 %
GATE 1 adnenlsiuuudafuguny 0.400
EVENT 1 ﬂugﬂﬁﬁﬂlﬂﬂﬂ‘ﬁl 0.750 81.250 %
EVENT 2 msianzghigndies 0.250
GATE 2 adneniisedmau 0.600
EVENT 1 i@enldaunues Rivet Sets fn 0.667 77770 %
EVNET 2 Sughadnlsinail 0.333
3. Andemnevasunuadne 0.450 75.034 %
GATE 1 unuadninflsvezanuenlsllfnmsgiu 0.481 76.331 %
SUB-GATE 1 wnusdnenduiuld 0.385
EVENT 1 saussduastiulsignios 0.400
71.200%
EVENT 2 s1auuuianzligndios 0.400
EVENT 3 idonadnenlaignifas 0.200
SUB-GATE 2 unuadnenenaiuly 0.615
EVENT 1 s1auvutanzlinnfias 0.375
= = 53.125 %
EVENT 2 Yugnadnlsinei 0.250
EVENT 3 rs“iv’al,l,saé’uamﬂulaigﬂﬁaa 0.375
GATE 2 anwauzunuadnbilianmsgu 0.519 75.510 %
SUB-GATE 1 wnusdne-limse 0.571
EVENT 1 Bucking Bar linsi 0.375 23.430 %
EVNET 2 daussduastiulsignitos 0.625
SUB-GATE 2 unuadnenwengliviiu 0.429
EVENT 1 Bucking Bar Tainsdi 0.667 83.333 %
EVENT 2 @ngguunaliignéies 0.500

algns lassauauniun uay Usgaau naeuing, “n1sUssdunnufdnngInvesnIsandeaans 1890 1ae Mg e 13 3in Tzl
AIUANSI.”
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/N

MWLFIMERON U WU

(Common Failure of Sheet Metal Surface)

OR
Gate

4o 2 A e
TOYUUNUNITUINU LAAYDIINTENINYUINU g -
wo T de e Aunuyu vide gu
TanuaeAanesy “du” vise “P” NABDINIYARANU
) N (Collapsed )
(Smile or Eyebrow Damage) (Gap)

a o ¥
Lo Ndangn

Yugadn Aauseuduiiu

laigndiea

Tlnait

laigndfas

INUUUANE

liigndies

lalldviaanu L s . .
Yughaan Aalssnuauty
ALDIALAYHI L4
lalmsii

laigndies

Tavz

JUN 6 NllaTiAdsERaNuRATULY (Common Failure Analysis of Sheet Metal Surface)

Damage) faranuuiaziluvedlanianisiinwiniu
$ovaz 76 lnsmnuhasduveamsiiamnnisaldoy
fug iy 0.6 uay 0.4 MuEU mmsios 2
Aaterissewintunuiiesnsiafniuy (Gap) fen
authazifuvedlonianisiiaminduiesas 72 lng
anutasureanininmanisaldosfiugiumiiiy
0.3, 0.2 ua 0.5 MUAWU imgnIsalgosil 3 Tusugy
(Collapsed) manuuaziduveslonianisiiawinu
Sovay 77.77 lnganuinasiduresmainmsniseldoy
fug iy 0.667, wag 0.333 Mg

2) uamsianesiaudemeeshadndi iy
sU# 7 Usznaulusne 2 mmmsalges 16un wmmnnsal
dosdl 1 vadngliuuuiafuiuau (Rivet Head
Not Flat) fiAanuiiaziluvedlenianisiiamiaiu
Sovay 81.25 lngauinaziduresmainmsniseldos
fugTuviniy 0.75 waw 0.25 sudiy winnsaigesi 2
vhadnefisesdniau (Scarred) Srnarunihandures

Tonanisiiawiniusesas 77.77 lnsaruuiazifuves
mil,ﬁﬂLmﬂ’ﬁzﬁéaaﬁugml,vhﬁu 0.66 Wag 0.33 PR

3) HanIATIziATIABnEve AN iy
5U# 8 Usznaulushe 2 mgmisalges 1dun wmgnisal
doufl 1 eruidemefifnnunuasnefiszesanuem
Tildnmsgu frnnuhazifuvedeniamsfamiiu
Sovay 76.33 lneflvmnaigesdn 2 mmsal fidea
favmnisaiil wnnsoidesd 1 1Annunuadngdu
WUl (Short Shank) ffmAnuthaziduvedenianis
Wawhduiovar 71.2 Tnsfiauuiazifuvesnisiie
wnnsaidenfiug iy 0.4, 0.4 uay 0.2 muddy
Lagimansaigesd 2 veaman1sainudemean
unuadnefisvezaruenililfunnsgiu fe wnuadng
g1uiuly (Long Shank) fiAauinagiduvesienia
nsifiniaiusewas 53.12 Tnefiauiasduvesnis
Lﬁmmmiaisjaaﬁug’mwhﬁu 0.375, 0.25 wag 0.375
AR
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MWILENNBYBIIEANEN

(Common Failure of Rivet Head)

OR
Gate
[ |
Thaan g lnuuTatuunu ThEaneTiseednlau
(Gapped Not Flat and Binding) (Scarred)

Y o . v v
AabksanuaNTy Banasngn Yughadn

lsigndias liigndtes Tsiasit

dl a 6 a U C% v %
EUVI 7 NFIATITUAANULAYAYABDAIAANEN

mwdsmnevsnuadngn

(Common Failure of Rivet Shank)

OR
Gate

unuadngdszezanue? anwauzunuadnlilivnsgiu
Ladldsnasgu (Sloped Shank)
OR
Gate
[ ] [ ]
wnuadngduiuly unuadngeiuly unuaangladnse unwadngweglaivingiu
(Short Shank) (Long Shank) (Stepped Rivet Shank) (Clinched Bucktail)

Bucking Bar (SRR

Yudhadn fansaiuaniiu

fansasuantiy INUUURE Fonadné TNUVUANE

Bucking Bar pausesutug A
; il liign e

Lipit

Liignéios Liignéios

liignéies Liignéios liineii adnlaigneas

lsignéfes

Ui 8 Mylnseianudemesdennuadngl
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winmsaigosi 2 dnvauzunuadnglaildunsgu
Usgneuludeannggos 2 anm Ao unuadnglinss
(Sloped) #A1Auuiagiduvedlonanisiiaviniu
Sovaz 23.43 Wnedauniaviluveansiinunnisaldos
fugiuintu 0375 uag 0.625 AdIFU wazsN 00l
gouil 2 uwnuasndwengliviiu (Stepped) e
waziduraddenianisiinwiiviosay 83.33 laeil
Atz ureanninmanisaldosfiugiumiiiy
0.66 UagnUaAU

4. afusnenanazagy

v
o

NHANITAATILIRANULAZTUNBUNITUHUREN

4

9INALIUMIEIATIEN FTA A1lananisinmanisal

wansliiudnanuaiviliiiineuianainnisiags

€

gangneniAgUNINTIan fie ALEEEsaTIaaNg
Tiuuugaiutuau Sawvgitugu fe glnUdRniuau
Yuadnaliin Foibiluadngdousenainiadn

v
L)

wartuadngnsrunninadngdes vselinssnadng

v
a va o

Tnganmaiugiuresvnnzaidug innguicang
Ausaiuanvastulignieuazianuuaigligndes
fivllduuuegliBulumunuy dedufidouusdili
filnaou aouiumadianisldruuasmunuiuadng
andy iileanauianatauazeuBsveansine
adnseonmeu visesrytumeunsiinu iRz Bun
AINAY
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