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FMEA for Interaction Failures
D.J. Lee - J.S. JangJr
Dept. of [E, Ajou University

Purpose: This paper proposes a procedure that may infer and identify interaction failures in a
module.

Methods: In design FMEA, we defined an interaction model between components and proposed a
method for selecting a single component by using the standard specification classification table and
four methods for choosing the related components. We also introduced the function tree for function
and requirement characteristic analysis and proposed utilization of standard stress lists and 1st and
2nd stress analysis tables to determine the effect the stress analysis has on interactions. Finally, the
interaction mechanism diagram was proposed and used to infer the failure mechanism. Process
FMEA also established procedures in a similar way.

Results: We established a procedure for predicting the failure mode due to interaction between
components based on Company A’s multi-step FMEA procedure.

Conclusion: By applying the proposed interaction FMEA procedure to the development model,
we were able to confirm the effect of the new derivation on the failure mode of interaction,
which was not predicted by the existing FMEA.

Keywords: FMEA, Interaction Failures

LA Z e FHEEN o] F2H T glo], A
REE w12 d8lo] S aAAUSS 48T
FMEA® A% 54 749 =724 B2 2 £ gl wo] 23 Stk CALCEANE 13

£& Holx 9tk 1950 dt) FMEA7} 22 7))t HAUZS B AUST frHAYZo 2 F
A ol 2 139 S Frtete =72 & 13t o] & A 71AIA Faf, 7714 Rl g4 B
S HAAT, Q590009 o2 AME Faog FHRF af, 3134 Haf, WA 502 Uro] agHAYS
7O 2N AATAAEEZ QI8 g 235 Hrlst= S JZEE 53 9101, Mathew, Alam, and Pecht[1]
ETE A A HAA 2HG URES 7950l & o)d @ A o 8dte] uAHAYZY Ado]

FMEAE &85/ ® o= FMEA7} &4 37} 737 % FMMEA (failure mode, mechanism and effect
Tl o} B s AAAo R PFINE analysis) S 23T}

t WAAA} jsjang@ajou.ac.kr
2016\ 128 59U g 2016 12€ 7Y AR A4y 20173 1€ 109 AA 4.



D.J. Lee - J.S. Jang 29

20043 FordAtoll & A 2% FMEA 1 =2-8 47}
A TH2]. o] =E-22008'd Chrysler, GM 53 35
HEEHFMEA vl 82 S H9kek A 0 Z[3], FMEA
Ao B2 s 7hA oA HAlth A=A =

A]2~®] FMEA S 7}'d FMEA & th 4 3l] FMEA 9] &
F= 713 FMEA, A7 FMEA, 374 FMEAZ £73}
3 9lom HH| FMEAS ¥E 2 A|gsta] AAE A
<4

L3RS W FMEAS @A A 02 AT 5
£ E29E Xﬂ QF3tar it ol gk &A1 A
FMEAE VDAD SI=E{4]0] 4 AA18F DAMIC(define-
analyze-measures dec1s1on implementation-communica-
tion) ol A BIZEH Atk & 4= I=H], FordAM A=
A4 Hrret giEo] e a-gd ot agREE
288} = Q)= TAIZ FMEA S A|oksla Ql)
FordA}e] FMEA 3 =80 A 7}4 FE&
<Fig. >3} o] 1745 A = e
AR fFAska, 2 JFSAAE °
2H7}9] /\ljz} , G}, e, AH-27, A
Fate] AABEAL ke At ot
’E‘%‘L Taguchi®] W25, 43725, 7
15 A1 A0, AAN = 7]'3:}%
ANOZALE - FAZAS FE3AAY
oM A 2H R Jegn d3ly
o Qoq‘:]”— Aotk 1ejgh AQle 55
Ftast HHA RAdE 2y 1:]'%
oY BE i—rﬂ Q= Fgo] AA A-&3H
S A2 AR o] ARg-o] R kA =7
U AAGA Q] AAIAE 1] A &

P

2
ol =
path

o
ro
o
ol
oM 2Lt B ko MM o> > oo rlo

Sl
Yy
o
i

=

ol
o
=N

f o
@, o lo Hu
in!

=Y
(o

R
o}‘ij_‘

i

o Rl r e RS b
) —|—'
1z

e o) 2
O 1o
Mol 2
=
Hn kﬂ,
H

Yo
N
og-ﬂ

Reliability Noise Factors

I Syst. | Deterioration Ext.

Customer Mfg

IInteraction! Environment  Usage Variation

| I

Fig. 1 Failure causes of ford motor company

O]"“’] Al&ElTe] g o g FAEG O, 1O
Hl&-& vt} S718hal Qe A S & 2AME It o
ZhA ol gt Q1Y) Biste FMEA AAldl| ¥h=
A] gheg ] ofof gttt

ARl 79ket s AEsty] g ATe
ol o]FolAA] oyt F& wjaRF AN
o]Fo| A gkth. Malin?} Fleming[5] & E-3A| 225 o
A AMBAZE O] ARAAE o] &8t FeAE o7
gk 9fsf o] AukE vhotslr] g W& Akt
t}. Augustine, Yadav, Jain, and Rathore[6]-& 21 A A &=
£ ol&sto Jo g 1S Adste HE AQt
Stk 22 o] 59 dA7e AAFR] BHA Al
289 a5 Botety] g AR, aAgHAUS
& Fotateiof sl FMEA #4dl A4 &-857|=
o} t}. 3hH Denson, Tang, Gerber, and Blaignan[7]->
FMEA ol 4] qu}ow dhe 2Edg 22U 14w AY
=5 x-]]7_-”Z—l Oi Fola A5 AL 9 A
% Ao, fdE e 1
Uﬂﬂ‘/]ﬁi ‘%ﬁﬂ FEZ A7 g HHES
A A3 ATt

Ford A}l = 74 A = % (boundary diagram)$} 1€
# o] 2~ vl E =] X(interface matrix) S &-&8 A2 Aot
S itk AAETE A0 ool A
501 S EHE Rl R 44 ol
Ford*}"ﬂ Ae A8 F7H 914,
14;(] 2 5& %Qi :rL—E-—fi}oq Jﬂ7}6} e

Mo ol
1% o o?;’_,
>
i3
ol

2. 8578 o3 2%

if<}
0
o
o

ol AlFold dRFe] FxAE
. FaAEol o3t ol she] &
9 AFol BE FEolu ZEdl 1=
= 7395 2 Ford /‘MW‘_ ol 4

1S gketsty] stel -4 AAERE 1

[e}

o n{u Flo
oy M
N L

S
-

e
o

o

> o
oo ¥ o
Rl ¥o mn

1) Verband der Automobilindustrie(German Association of the Automotive Industry).



30 FMEA for Interaction Failures

AZ B4 A4, Au A,

i)

o
“o,
oX,
e
oy
1o
T
U 9H1
3

rr o

[m odh R Lr}m ojn M
o "o
N T
e
T{m T L
o R
fru o
e 4o ﬁ
ox m BT
QL o2 0‘:0 rOI‘
rlr OSJ.', NIO 15
koo 1S =
024_, HE l“(.l} —>|4—"
o = >
-z
© o e [
ok of\
ol
ok

=
>
N
AN
N
* o
K=
2
=

ri
ot
o
-z

¢

B 7blA & 13 2E g &
Ef 29 i F59 F
Eg 27 Aok 12 224 2~
2 AR 2EH A A7 A 2~
|2, WA Fol Atk s AE
7]ak 1739 <Fig. 2>l VR Itk

Ao Ao oot 1L thget Aol wAE

ATk The-& 2 7HA] At & VERd Aotk

o &
=
o
o
mﬂ:

I
i
o
o
N
o
[

4]

A

ox
)

M 3% rr o [ o X [o
[

I

= rr

>
D

fr po,
=O£,‘

o
o
P!

Emg

2 (o
|

ne

15_3]]3_:,‘ 1973

|
fm
&,

[¢)

oxl I

1o fo

O

A 1 =33 55 ol w2 LED &4

LED TV 3 o] 2| 5-9f ol &3 22 2~Q1 LED o1&
o] F-aslal, WFH WS TS o]&3te A7}
02 FHAA HS Yepdth o|uf =337 LED
#H7]12 ¢ A E A 317] 913k <Fig. 3> o] 7
=2 2451/ Hed], LED7F 54< HA = 2 E
2 I8t =Fgto] sslA H a1, o] Ao = s}
o] A & =g LA & 4 ek d=r 2
27 =W LED7} 1A & ol 23lA =, A= A%
AR el Wg Bl = Qlo] shRlo] of FH A= Aol
S 4= 9t} & LED 750 9Jste 13k 2E g~
2 Go] TAslaL, G2 Qlete] Tgo] Bl 7
AA 2EG 27 BAEte HEd Y-S T, =
T LED o 985 & Aol

A} 2: OLED Passivation - F<5

OLED HzZHole AF7F FU=HE f71A =571
WS Ue 24191 OLEDE 4AZ FAH Y 3o,
o] 2Ape] WS o] -5t 7HA 2 Q1 A K& Ve
At} OLED #d& <Fig. 4>} 20| Backplate ¢
TFT(thin film transistor) &= THE-31, 71 9] ol| Passivation

Thermal

Mechanical

Electrical

[1st Stress]

v v
| Ext. Environment |

Comp. C [¢----- +| Comp. D [ Operating stress |
[ Mfg Variation |

Module] [Application : Environment

of Failure Cause]

Fig. 2 Interaction failure

PKG Damage

& Gap? Expgﬁ;ﬂ ,:\ by Pad Push
VQ
PAD LED PKG
Vi \ -

Fig. 3 LED damage due to expansion of the LGP

POL Crack. Dark Spot

Film ——— -

PAS - s x e
TFT 5 H0—> A/ BXL
Backplate ——> Backplate

Film Bending at HTHH

— PAS Crack

[Stress Diffusion] [Moisture Penetration]

Fig. 4 Crack and moisture absorption of OLED
passivation layer

= Film< %3814 ©t}. 186 o] gido] 1
L1587 =EHA HH GHGA T Aol
B3% Filme o] FAHA T TFTE HHo] 24 &
o} jdo] 37 =}, o3 AEY A FHoE
PassivationZ=o] A& o] WA} H =1, o] AH S &
ste] o] HFaHA HH Y Aol Astso] g
Ao] S5}x = dAbo] HA i)

ut &40 2 Q1% Gate 9}t Source/Drain

TFT2] 7% <Fig. 5>} 29| gate} source/drainA}
olo] A HAEKGI: gate insulation)©] $1ooF s}, 1¢
Hl 349 AYPAAelA ZH717F Glell 17h=d
<Fig. 5>9} #o] &5 YA "tk 134 o
TFT7} 7] F-50] HH 2F o] AXA #a,
719 e} Gate @} Source/DrainAto] 7} T A A = o
A3 geto] MASHA "ot o= GIY &£/ &
H-32.9] Gate, Source/Drain®l] JES F A5 2E 11

o]tk



D.J. Lee - J.S. Jang 31

SD - Gate Short

Fig. 5 Gate, source/drain short due to Gl damage
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Selection of
Related Components

(1) Sub-Components Review
: Select components from sub-components belonging to the parent part.

(2 Design Structure Analysis
. Select components that cooperate mutually due to the design structure.

(3 Signal Interface Analysis (Panel, Circuit, etc.)
: Select components mutually not linked but have signal relation.

(@ Field Issue Review

: Select components based on the field Issue or FMEA example in the past.
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Failure Cause
: (Application) Mechanical
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: by pushing) by pushing) Pad
H ED
Failure v | On/Off Operation Repeat(Application) — LED Heat/Cool — LGP Expansion/Contraction
— Rubber Pushed Out/Restore Repeat or Pad Pushed out/Restore Repeat(when Rubber elasticityis low)

Mechanism 1

— Pad Pushed Out — LED Pushed Out — LED Short(Failure Mode) — Partial Darkness(Failure Effact)

Failure
Mechanism 2

On/Off Operation Repeat{Application) — LED Heat/Cool— LGP Expansion/Contraction
— Rubber Pushed Out/Restore Repeat or Pad Pushed out/Restore Repeat(when Rubber elasticityis low)
— Pad Damage — Gap Failure(Failure Mode) — Excessive Brightness(Failure Effect)

Fig. 8 Interaction mechanism diagram and failure mechanism inference

Table 4 Inference of failure mode and effect

Failure Mechanism

On/Off Operation Repeat — LED Heat/Cool — LGP Expansion/
Contraction — Rubber Pushed Out/Restore Repeat or Pad
Pushed out/Restore Repeat(when Rubber elasticity is low)—
Pad Pushed Out — LED Pushed Out — LED Short — Panel
Partial Darkness

On/Off Operation Repeat — LED Heat/Cool— LGP Expansion/
Contraction — Rubber Pushed Out/Restore Repeat or Pad
Pushed out/Restore Repeat(when Rubber elasticity is low)
— Pad Damage — Gap Failure — Panel Excessive Brightness

Trucking Transportation Environment — LGP Vibration
— Friction with Pad — Pad Grated — Pad Particle

Trucking Transportation Environment — LGP Vibration
— Friction with Rubber — Rubber Grated — Rubber Particle

Stress Failure Cause|Failure Mode |Failure Effect
Thermal LGP Panel
Cycle Expansion/ | LED Short Partial
(HT <> LT) | Contraction Darkness
Thermal LGP Panel
Cycle Expansion/ | Gap Failure | Excessive
(HT <> LT) | Contraction Brightness
Vibration .LGB Pad Grated | Pad Particle
Vibration
Vibration LGP Rubber Rubber
Vibration Grated Particle
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