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Failure Effects and
Severity
(as possible / as needed)

Customer <| Severity

Tiern <] Severity

Technical risk analysis and
proposed product or process
changes
(as possible / as needed)

Tier (n + 1)< Severity
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FMEA (5 Sen V-F.) 3

olilas” Sley PEMEA s DFMEA jo Suls 05 cyialas a5 Cunl ol oai sl SO (gl o5 &ym&,

S Sl b ogds sbon] ( Swar S Wb .G See PEMEA 3 DFMEA bLgb\ WDgis el

(Jyaze S59) Sho oled @l PEMEA 55 55005 (0 o3 Sl J1 G ) pmie oS >k 50 (S5
DS dnxlye i pf dengl Gl by Gl VRA s g bl 4 laa) gl b

Sy 4ol w—0—1

4 b WS 18 cou 5,50 PEMEA L DFMEA G glal o wub a5 aius  c9d90 g T g 0590
Olye @ Ols oo Dlegoge (ol j09d (655 sle FMEA ()5 0 lgs 5l 5 aaly cowss @50 & s (e
2,5 osliil 039 £955 5l (i

Cpuis oo plool |, FMEA 1> - FMEA s

Sl oboy ax oloy ol - FMEA o0 )b

foil oy Wb oS 4> - FMEA 5

Verband der Automotive Industry
@ r @ VDA Automobilindustrie AIAG) Action Group
@UP 5 j ;

\s lbzan




\V

S plml |y Jdow 5 4y 500 4385 - FMEA 3
FMEA wad —\—0—)

2ilg3 055, dolie g Blaal jo &S )l (gl (5 i (Solel S S0 |, FMEA sgais g Bos o slacl

eslo
FMEA g osboy —Y—0—1

o yton s oliws (gl Mamdly 5l e o el SO a5 el Molagg, 5 8" pladl G FMEA 1 jglais
o Pl 0)ls 82 CuSs > Jewily (1 0 &5 gkl B b Jpame S5 liz! 5l L8 FMEA |l
ouds B o addsl (loj sl (p35: ddge 4y FMEA aslyy 5ol e (o2l (slp dolse (29 mtes 31 (52 09
ol o058 Lzl ase o8 5 Glol & g oo |y T ¥l Jpame Slpeis o5 oy FMEA S oSS 6

3 6K g e o g 4320 (gl (JSg, Glgre 4 FMEA wils, o Blos ol ol 0 o slo

Ol 5o yime Shlas bl sl 95d (oo 5T Jsame anwgs anl b adsl ol e 0 azg e 4 >
2995 31 il o FMEA copl 5 ogdle 00 32T il il S8l 4 (gl Loladl b 56 oo ooliial o
A8 Glosiy Sl

D98 bl Jedod g 458 Cundg 4 azgi b ojgp calae bla 0 g 098 plxil 09 asly 5.k b FMEA
039, hlac blis a4y azgi b 05 slo FMEA (sl 1) Jlas 5590 Eobi polans &880 SO a5 098 o0 drogs

VD A Verband der AIAG . Autemotive Industry
@ r = | Automobilindustrie Action Group
@UP p.lLu:n vuaima aily
sl Enginearing House

lbzan




Feedback

Advanced
Product Product Design Process Design Pradiet and
Quality Plan and Define and and Prodiiction Assessment
Planning Program Development Development Validation and Corrective
(APQP) Verification Verification Action
Phases
Start FMEA planning in
conceptphase before | Start DFMEAwhenthe | Complete DFMEA Fompshb iy
roduct development desianconcentizwell analysis prior to release | actions prior to start of
DFMEA P ; 9 P of design specifications production tooling
begins understood < T
Information flow from for quotation St e
DFMEA to PFMEA DFMEA and PFMEA
The DFMEA and PEMEA planning if there are
should be executed gh?ngeds t° an
during the same time Start PFMEA when Complete PFMEA Complete PFMEA existing aesign.or
PEMEA period to allow production concept is analysis prior to final actions prior to process
optimization of both the well understood process decisions PPAP/PPA
product and process
designs

APQP o 5L oo 515 suudle; V-0.) JS&

VDA
Maturity ™ ionovation | Requirement | Definition ofthe | Approvalof | Productio | Serialtools, | Productand | Project End,
Level Approval Management Supply Chain Technical n Planning | Spare Parts and Process Responsibility
Assurance for serial for and Specification Done Serial Machines Approval Transfer to Serial
for New Development Procurement Placing of Available Production, Start,
Pacts Extensive Extensive Requalifikation
Start FMEA Start DFMEA Complete Complete
planning in when the design DFMEA DFMEA actions
concept phase conceptis well analysis prior to prior to start of
DFMEA before product understood release of production tooling
development design
begins specifications S
Information flow for quotation Stgr;':gEa:l;:‘r:th
from DFMEA to 2
PFMEA Start PFMEA Complete Complete PFMEA planning
The DFMEA and | When production PFMEA PFMEA if there are
PFMEA shouldbe | conceptis well analysis actions prior changes to an
executed during understood prior to to PPAP/ existing design
PEMEA the same time final PPA QT Process
period to allow process
optimization of decisions
both the product
and process
designs

MLA sl 58 L ouds 515 gussle; Y-0.1 S

FMEA pi —¥'—0—

o 21y 5l 0,50 fabge il a5 il (o515 blie) (ol atl, s glacl §l JSise FMEA o5

o Jeb 8 e 4 FMEA Cibge sl FMEA a3 iils 5 (s Kot mads Jalds ol ol 05
318 (S Zom Dlegdge p S a5 slp pojl Dy o Jlie

Verband der AIAG Autemotive Industry
) Action Group

v DA Automobilindustrie

oo | i@ gilin vunima aily
. Industrial Engineering House

A




'4

FMEA _>1,b 0 —)-Y-0-)
395 J5a5 pj ol 315l cesl (o (Lol oo
ouisS Juges @
chb wiee @
o odige @
237 s @
O9e3l oies @
Obaebl Gt oaige  ©
A Jpare drwgl Jotus (pple @
oS 15 FMEA Slads 50 aisS o oobel 1, (8 = ) alo o) FMFA qicees Judoos ¢ 4325 Lol o (glisel

L FMEA oo g Soplon L) oS 8 0 Canlgs 10 & gm0 Gl o alll drwgs o aisS o
(aud> oo losle
Al 5 0l,8l 51 ISCiie Cel (o 48l dr gl o

2 oleln,s e

Sglan]p eiige @

039y pe @

S S oe ol uaige @

L @
Vil u—“'l-’ & yin 03l @

P b aia b uS 0 S Lol o 4 a5 ail ails canss il cul (Sew aS ol @
NSl 5 03 |y pane

T3 s —Y-Y-0-1

055 JoSi3 5 o3l 5l ansl e sl o FMEA

VD Verband der AIAG . Autemotive Industry
@ r A Automobilindustrie Action Group
@UP p.lLu:l vuaisa ails
al Engineering F

lbzan




Slgilanlp eiige @

SeogisS )l wdige @

] (i lisl eaige @
Olaeb! CulililovaS uaige ®

oolol 1, (¥ =V al> o) FMEA s Judoss g o0 Lol o5 (slael aiciun 01,8 dnwgs Jgtae 0,500
Sinlen L) Cenlss 15 o0 10 el Sas il dnsgi o AL o 5,5 FMEA Sy o 5 0 e
S S s (dds 00 ol L FMEA oo™ Jugs
A3l 35 9131 31 S Cod S 43y At

chb gwaies @

S pllins e

Sleds odige ®

9 pe @

G g yand LSS @

be S5 e

S @

0dS poll @
(P9 Dyso 1) %

FMEA 15 slo colgis 5 o i -¥-Y-0-)

Codgins 098 pnd b FMEA &8 L 6l 15 slo codgins gl 25 lojlo Jgamme anwgs ol jo
g ools

b g dooread fad-h e b=y

. Sleolodl Lg‘;?-‘ 9 W LSJL”L"“" Lgl.m uS.w.i) u.u).u\.a g0 4O 6)"5 [""“"‘4" )L.‘.‘>‘ [
sl 61l Jgtms w3l o g s FMEA Jagess S 5 b cslo e Jytome ol 3l @

VD A Verband der AIAG . Autemotive Industry
= | Automobilindustrie Action Group




AR

o590 Sk Oloj 4O Sy Sy pa a1 Sge sl 5l Gliebsl g plie (6,5, 5 Dbl Jotns @
FMEAS 5565 5 dss sl cole 5 lyis @
B g pglie lo o)y G2k 5 (@) 5l pedinne Gl 1)) Jold (izmen Sy e Codgtns @
4209 Joruo @
(Cfé )-’ﬁb)) éuﬁ)' J.Q‘T)s/‘?‘)b L)MJ.:QA —Y—\“—\“—b—\
FMEA clgiome glp (o8 clgine @
L&‘ILA La/s 6_‘.9 Slowouas LS‘)'.’ Lg)b;.? 0339 LS}L*” ool @
b Ll 5 b goiejls (mlss polis iy yes @
Slegdge 2 S o5 @
p3Y Oledbl g S loe ays @

FMEA 008 g ~Y-¥-Y-0-1

FMEA o 5 jio 5 pxibojle g Salen ®

Sloyl juals @

o JSis o oS lie @

B Gl Jgiz 4 o S lie @

. analvsis al> o sl o dud> gl iges o oS0 @

S5 s Skl Jasll gins 4 o oS lie @

sl (b 5l Sty b (63D o 45, Jglir sl adss b b (558 o dged angs @
e

FMEA s, b ofaisS o8 5 olsl g FMEA) Ubs, il

(P95 &y ;) FMFA 1381 6 5 (g5luaiins comdlo @

Slge g omilogls (00,5 alize LUlys o ale 6yme me Sy o L SUly (elaizl glo Slge @
1) slo

VD A Verband der Autemotive Industry
= | Automobilindustrie Action Group




Yy

FMEA Lg)lf 09; J.:Juu FMEA ul.w.b- G0 R l) GJL*’ oole! ‘l°9}'] Oygo o @
S gl ) 00isS Jogud 15 ol (S abogyyo (3jgel 5 oMo b o slisl 5 Sy o ey
o ol slacl -F-Y-Y-0-)

abgi o ol g Jyams 4,2 5l Gils oS i @

2o &l (el FMEA S 105 4 6008 L Jame 5,90 j0 1) p3¥ Sledbl @

2og ot aslis 3 a5 L3 GFMEA jl 35350 oluyos oS Lo @

FMEA al> . ¥V sly>l o eS)lee @

Sl oXigp dngs o oS L @
bl IS/ 00 5l 0 (slae! -O-Y-Y-0-)

Sl odigy dngs o oS L @
FMEA Gylbg —F—0—1

s opdle S oo @28 FMEA 920 B o¥sams 5 yllby ol 1) (9z)lr sl al o ¥ (Jloz (s 2
LY

LY IR EMEEIRILNDNYI WS g q KL
el 00 plosl ailsg o a5 095 Jol> ylicell U 09 ool
FMEA ,i 91 —0—0—)

DFMEA asus sl aiilys co a5 (5,0580 o5 sl dis (Jlio ylgie &y 0,10 5929 (goaxie FMEA sl )15l
5 FMEA ol ] 1530 5 51 1530 p 5 el i 3 ooliciul o g0 Lol (6 oKy cyaizman o PEMEA
Jo ol ol S o 25,5 055 o ol |, FMEAGa sl aue Lol s

VD A Verband der AIAG ) Autemotive Industry
@ r = | Automobilindustrie Action Group
@UP p.lLu:n vuaima aily
al Enginearing +

lbzan




sl WL FMEA o5 (g0 12 50 0S8 (6,0, 6,0 158l o b ais dewgi 1) 055 A3 ool oKL
Wged 3l Led g0 il alils 8 8 5o 3ub 095 059 (sl oals GGl FMEA 15l 51 solatul og 5,90 4o
L (oo SO drwgs plKin 55 aS | ass] 18l e 5 sles el sai sols ylias Lesal,y ol 0 FMEA (la
A lisle oS e oolitul pugw paie 5l a5 saass M8l e 5l eolaiwl L FMEA wiS o jgas
amio Sy 50 FMEA axogi plin )5 azl 0t (o upai @ pyp slod o g oSl a4 oo ,Shoe
S50 Sl eolaiwl b FMEA asgs o956 5l slodges Jolis Lacal, SLS™ ) (ledSs ain oo 00 35S
S e olF g wly polic arwg sl Structure Trees jl solaiwl a5 ol i j0 0,8 a5 5 L LSl
o 8 olwl o as Sloj cnl S cewl o &3l ledbl ( SSe> pols lid gl 5 6,158 oy sles

ol GLaSs 9,859, Al o V Djg0 58 30 sy Yl 4 5,

FMEA vgy—F—1

i (2555l g Ol (gl (eSS FMEA 5 an1,8 FMEA >k FMEA ol Jlos g 4 j20
claz! I8 bass @l o b idn il sals ools s dalsl o JolS s 4 plas” ;o (FMEA-MSR)
01,5 g FMEA 1)L oS asxlye o] 4 Lo Wil oo a5 500 ) Cute cnl 5yl (6l el iyl
50 Jgad glyizs 4y 0,Lol g0y FMEA-MSR s L/ FMEA

VD A Verband der AIAG . Autemotive Industry
@ r = | Automobilindustrie Action Group
@UP p.lLu:n vuaima aily
al Enginearing +

Yy lbzan




$|0)3u0d
uoIPAap pue vonuMad) das !l‘&so_m ay pue
‘sjane| 2)qeida0oe o} uogINpa; pue ! poid das Lol WUO;YINS 4 Ul S2uN|) JO dais sisjewy das siskewy days sisieLy
Pue siskjeue }su JO piOd3Yy Lotk rdaci e LRI Jo1onpaid 8y Jo siseg| UOLEIUBWINICD 3L JOj Sised | niied 34y Joj siseg| uogaund a4 Jo siseg| 2JMINAS 314 40 siseg|
eudosdde
se ja|ddns Jopue sIaWCYSND saun|egy feguayod Suipseba) (sjuauodwod (saypqisucdsal aseugul)
M pue ‘uor 6o s d PUB ‘SIBWOISND (fuanag) (51033 aunpey) pue ‘Gajes ‘swaisis) sweg Suussuibus
Ui Buipnjoul * sysu aonpay quswabevew wes yInd Jalddns pue sawgsnd dns pue swea) Buussubus Janddns puesaweisn?) PAWE3| SUOSS3| LIM YIS
0] SUOEJE JO UORBIUNWIWOD ) q UCREJOQER|IOD) 13 UO 109 q UORE.OGR|0D UG UOREICQR(|0D UIIALDG UOPRJOQR||OD DUI|ISBQ JO LOTBIJRUSD]
Auoud uogay o uogenieas HoMPU Qunjiey
Uleyo Jnjie) yoea Joy 0 (Ap) wesBeip Y
Buuoiiuoy pue fauanbaiy e Buisn sasned anje)
‘Quanag jo Bugey dj I Sua wainbau sdays-gns pue sdals
HSW-VINS ‘VArdd pael W suogaury 0 Logedgguap)
uayE suogde uaxe) suogoe (lewsyu pue waxs) VAN
Jaye ysujoy Jaye ysujojuzwssasse Auoud uogay jo uogeniess Jpomgau ainjie Jawcysn ja speased
pue suogoe pajuawadw pue suogIE pajuawaidun UIBYD 24njie) Yyoea Joj 10 d saouRIEa|d 350
S JO SSIUINOWS I 90 SSPUMRIND 94 O UOROARIQ PUB FIUALINNO e Buisn sasnes aun|ie ¥ 0 | ‘Sa08p sish|eue a1p woy
. 5u0d Buipnjau uavey Geuuyuos Bupnjoul uaye) Huanag jo Bugey 1onpaid jo YogeyRLIp| EECET 0| uBIsap jo Lorea4aUSR| PapN| pue papn|au s|
SUORIE O UOREIUAWNIOT SUOSOE JO VoREIUALSIC WY VNS B VIO “HSHEYING® V3NEO| 10 UOReI0SSY “Y3NLa| 1BW\ 1SIUEPUNOG §ISAe LY
asueydwod Lojenbay
pueAwes [eucgoury a3
104 SUOISIOAE JO Siskjeuy an|ie4 paanpay 'asucdsay
$104U00 wasis ‘Buvoiiugy
Buugqiugyy jo Juawubis sy ‘asneD anjed epuaey
Sugey fouanbaig Joy WSINFYINE
ajeuogey e jo juswubis sy
MSW-VIWS uogauny
ssaa0id yoea Joj saEnen
sapoyy aunjie4 ‘sapoy anjed weibep! wesBeip mop ssa20:d
2unjie4 Jojpue sesne ‘SPI3 Wnjieg EIUROY /A0 SS@20U0 UBRAINDS Juagennba Jo sag
ainjie4 oy o) $PJU0Y ‘vardd J0}3U/3an UoLdUNL ‘W3ANEd
U0RaRAQ JO JuSWubIS oY V3N
uogouny sped jeaisfud
vonejuawa dwi sasne wnpoid Yoea soj sasnen weibep Ja8 wesed ‘lapow (eyBip 'wesbeip
uogoR JO) SAUNPEID aJn|ie4 91y 0} $IOJU0D aunjie4 ‘sepay aunjes puelaays uuo; sisfjeve Arepunog ‘weiBelp ¥00ig (19)
uojEUaWNOOP pue sagi|iq 5 die) Bis oy ‘speg3 anjied [equaod UOGOUNy JOJaUAAR UOZIUNS Jusgennba o sas S sjoo) ‘syse) ‘wea) ‘Bunwiy
31 j01UARUOD 0 JUBWYSIQE ST 101uawubissy RENTERAE |- varda “ASI-VING % V3IEa USHFYING 8 VaNEa quagy ueidioafaig
sainjie; jo Buges
sisfjeue 24 ;0 SUCISNPLOD 45U sonpa q A pue sj p |d Joypue Uy @doos
PUE SlInsa jo ) SUORIL 3L 10 UOREOLGLAPY Bunsixa jo Juawubissy aunjie 31 40 JUB WYSIEIST | yi0 ) 3wio uogeayuaphdafoid|
= . =
u S8, UOREZIWNG0 SEAeUY w N T oRoung SEAfEUY amanas oRer Tuuel
doys WL deis w9 daig wig dayis wy deis pxg deig puz deyg st
UoneoIUNWWOD v_w_m__ uoneBipy ysiy pue sisAjeuy ainjieS _ _ sisAjeuy we)sAs _

FMEA (¢l al> 5o V o ,553, V-£.) S5

gilio vunaima aily
Industrial Engineering House

Automotive Industry
Action Group

AIAG

()
e
=
1]
S
°
=
e)
<)
g
S
b=
=
<

Verband der

VDA

vY




FMEA &l 921 —Y

Sl 0oloT g 53y 4ol gl Al wo (21 FMEA —1-Y
Sap —1—1-Y

S5 sl FMEA ‘abf aS WS @y aS Cl oy ‘59-\).&: FMEA &k ooLo! 5 Sy by a0 5l Gon
jc\.sjau&ywl.w‘).:w‘ °ML5"""W'°3°M o..\.sL?uf FMEA).Q)Q 4.7;:" “9")""9“)3"""(5"(:[7”‘ 0)9).:
b FMEA 3l solol g 55, a0l o ol Bloal o5 b s 3§ cppimmmns  ins cdawgs Jl> 50 oo
ojon ook ojon lulil @
(T0) 5l enllg o (g plojerad s ol )b @

3o oo Bl g g ayian 5l g Jelis asl: Ldod gy glay e @

o3l Julow Al o clie @
DFMEA 0399 W) 30 9 bl —Y—1—Y

Slp 675 el 28 SO ol cpl0gd bl b assl 3l i, o Juls DFMEA 655 slulis
oled 4 Wlg o 0,5 Bi> Wb aS |, assl .l L5 5,90 (5 ytin asl (sl a5 ol SWDFMEA (i a5

D9 onilonS el 5 458 13 S5z a4z o5 WSl e ol

AS o SeS DFMEA sl 039, wlolis @ a5 010 0e2 g wlusl Jlgw iz 5 50

o 0 az bo 5l g ie @

00,1 8925 oz SllJILT @

¢, 5L DEMEA & S5 b gt LT @

Sl b S s mjle o) Jpama by @

oo |y 2Lk JiS plizee gm0 |y Jyaze LT @

Verband der G Automotive Industry
@ VDA Automobilindustrie AIA ) Action Group

lbzan




Y$

fewl by, b Jsus oS ax> @
Touolo 55 Jelow 3 (6,500 mhaw b 52 cpitanm ) piomnns S 4 LT @

3Ls 5,50 DFMEA (sla 0595 5 snad lou] 4 &5 1 Lagh oo iy yo5 S5 plos 9 SV ol & el

mw‘g&.@f)o)‘j.ow@w@‘)wb;wsd.e‘xs;ﬁe‘}DFMEAo)sfw5\5‘59&@5
AJ&SASﬁj)J Oygo yO DFMEA GLQJJAM)QM

ATHERGA N SU B

5ol e

(31 5 )l b jmie) (o tio S Ll arules @
S 05 Dlakie @

alie o9 51 Gl Sok) bajloges @

G dw slo Joe by o i o S5lets @
Sy b)) (BOM) slge azy @

wlie oY gama gy L5 FMEA o

s moomas loljll @

(DFM/A) 5lise 5 0dg ol b @

QFD ceas o Sloe Jyansl @

1pey Dygo )0« dgd axd S b 5 DFMEA«Lls oy oy sl e 15 9150
S99 4z )0 5,9k (Sb e
sleol 5 L (lae o ol Ghe 0ol 00gem Cdluw (A1) liebl clllE ) colaS aals @
(Gl Cotel oz ) (g ymle (So58 pices o s 5 0131 el (Sl (Saoe, @

Sl obly)l e
3 bl Slakad g Sl @

DFMEA 0399 T b —¥—1-Y

VD A Verband der AIAG . Autemotive Industry
@ r = | Automobilindustrie Action Group
@UP p.lLu:n vuaima aily
al Enginearing +

lbzan




Yv

U099y 45 3ed oo duogs 09l dlw] DFMEA ol >! 6l > b b DFMEA o34, o aslils 5l e
ool cusl 0als 00ls udgr azuliS (1 V.0 isn j0 S jshiles ()l calby (o (gais oyloj duad) TO
sl el wil Js DEMEA sKasy; sjlal ol ;o b oS o S &S 0 & DFMEA £ b ogis

Sgd 0ailS 0595 S 2ok j0 Wb (sl dl> e V asl,8) DFMEA

4l DFMEA b —F—1-Y

a5 ol o yiwd 5o yol> = 0 Sledbl ax a5 cowl ol cyidls DEMEA (gl > gl Sobol 5l ise
Jyame (VY8 idu 10 ool 7,5) DFMEA a4l 5l eolawl Jolis ol auS S8 blite o 40 &lg5 oo
&y saass 4l >,k FMEA S DFMEA oslgils .ol DEMEA Joaxs oolgls- L DFMEA i

Jyazs o gl aiis s o glas Slae g Jpams Sl b oS e sl e Tyl ogae a5 coul (Y gams
FMEA o5lgls & 53> Jsame DFMEA LSS (gl dsa 059 0 o5 slas Slas ¢ 121 woslgils o suas
Bz L S50 L DFMEA oolgils 595 o csl S waz Jaame (gl oals aBlol o g .09d oo 48l
sl ayaz DFMEA (S; o il o yiwd 55 ol b3 51 0l DFMEA al b Lol eolgils 4 gl 1 L

2,5 Jalg>
DFMEA & g gw —0—1—Y

slojls @b, sy conl (Sow jam 058 Wb DFMEA siw Jad s cgile oolel 5 (325 4ol al> 5o 50
il 5 75 & DEMEA als wlul Gledbl 51 55 Jolss jum 048 2ol bejles

DFMEA Jstue &8 1 ol 108 1

2Ll CuaBge i cwdipe Conbge

Jyaza b b yde ol ig e b

Dbl | e €5 2L (& e olgs o e(la)aalys / Jlos Jose

(32 bl o 50 eppiioms) DFMEA 659 51 60U 25550

£57% & DFMEA ¢5,5 &,

Verband der Autemotive Industry
@ r @ VDA Automobilindustrie AIAG) Action Group
@UP & j

lbzan




YA

Sl 3l 390 3 o i
Sl 00 Oy J).«u .]a.wﬁs DFMEA a.ls o)LQ.JZ:
DFMEA S ‘aLS :‘5'>|J.Ia u.Jy‘.Mm

Ao yore ¢ golaiz] (gl oolatnl ke yoo pdan

Example: Design Failure Mode and Effects Analysis (Design FMEA)

Planning and Preparation (Step 1)

Company Name: Acme Automotive Subject: PX123 Upper Jacket

Englneering Munich, Germany DFMEA Start 19-Mar-2018 DFMEA ID 123456

Location: Date: Number:

Customer Name:  Jackson Industry DFMEA Revision ~ 25-Sep-2018 Design S. Gray
Date: Responsibility:

Model Year(s) / 2020 PX123 Cross-Functional ~ See Team List Confidentiality Confidential
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Ideal/Actual vs. DESIRED/REQUIRED Functional Definition
(Linear Response Example)

Customer and/or other systems determine
to level of acceptable (Desired/Required)
Functional performance of a commaodity

Y = output

X = input
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Noise Factors

Noise 1 Noise 2 Noise 3 Noise 4 Noise 5
Piece to Piece Variation || Change Over Time || Customer Usage External _
e.g., variation in clearance || e.g., holding clamps e.g., excessive use of Environment Sy5tem Interactions
between rotor and holding || become permanently window lift system by child €.g., humidity, e.g., electromagnetic
clamps magnetized, carbon playing temperature, dust, external interference from ECU

brushes wear vibration, shock,
Input Window Lifter Motor Intended Output
Energy: H L e ] Energy:
e.g., Voltage, Current L | Energy 2.g., angle dependent
'd"" . electrical energy on
: Sl o Enwrgy ’ solenoid
‘ F‘“ =1 b e » Unintended
' x Py output
' & -

Function Functional Control Factors Non Functional Unintended Output
Convert electrical energy Requirements Natural scientific factors Requirements energy losses,
inta machanical Ty, Move window glass up which contro! the function, Reguirements which fimit e.g., thermal energy....
acc.to parameterization | 204 4o with a defined || €. magnetic field the design options, NVH, EMC
Requirement velocity strength, permeability.... ©.9., geomelric interface to
Generate motor customer systom,
characteristic curve acc., requirements regarding
to spec 6790-1323 weight, material, size,...
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Brush Card Base Body

Funcition:

Brush card body transports forces
ll" between spring and motor body to hold
| the brush spring system in x, y, z position
| (support commutating contact point)

{

Commutation System | Carbon Brush
Function: . ,'l Function:
! CDI‘I‘II‘I.'IIJ[H.[IUH systam transpl:.:rts t_hE ~— Carbon brush transports electrical
/ dlactrical curront batwaon coll pairs of \  current between carbon stranded wire
II,-' the electro magnetic converter I". and commutator surfaca
Window Lifter Motor / |, Brush Card Base Body
Function: Il'l Function: ...
Convert electrical enargy into ,n"
mechanical energy acc. to / Carbon Brush
parameterization Electromagnetic converter Function: ...
Functional Requirements: Function: /
Move window glass up and Electro-magnetic converter transforms
down with a defined velocity the electric field into angle-dependent \ Brush Card Base Body

magnetic field (rotational field) Eunction:

WHAT DOES IT DO
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t t t t t t -
... fails ... changes over -.. intermittent ... s on a higher ... BmaCule wnintsnded stuck at bovel ... Wrong
suddenly e function or lower level “wnintended tima, duration” direction
“unintended direction™
F = Function t = Time m—— = required Function = = performed Function
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1 l Z: Environmental influences, noise factors

------’
X: Input —Vf / .:.---PY Output y = f(x)
’ (XW,2Z) | o Y*: Side effects

1 I I W: Control factors

A flawed input and/or noise factors generate a flawed output and/or the occurrence of
intolerable side effects. In this case, the failure analysis focuses on the system element that
caused the flawed output.

n‘..lll

y = output ACTUAL system behavior

outside tolerance

= input
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What happens?
Failure Effect

Faﬁiire Cause
Why?

Focus Element
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DFMEA Potential Failure Network and Chain Analysis
DFMEA | DFMEA | DFMEA | DFMEA
Analysis Level at at at at Analyais Level Examples Failiire Examples
OEM Level1 | Level2 | Level
Vehicle Passenger compartment Comfort closing time too long
System Window Lifter System Moving speed of window glass
too low
System Element Window Lifter Motor Torque and rotating velocity of
FC the window lifter motor tao low
Sub-System Element Commutation System Commutation system
FC intermittently connects the
wrong coils (L1,L3 and L2
L instead of L1, L2 and L3)
Component Element FC Brush Card Base Body Brush card body bends in
contact area of the carbon brush
(Design) FC Brush Card Base Body Too low stiffness in carbon
Feature characteristic Characteristics brush contact area

ax > lF Syge 0" 05l zykee Wb Jlsw opl ¢ Failure Modeq Failure Effects wisn !y

Window Lifter Motor

Function

Convert electrical energy Into

mechanical energy acc. to
parameterization
Functional Requirements:

Move window glass up and down

with a defined velocity
Failure:

Torque and rotating velocity of the
window lifter motor too low

What happens? m

S Sl g 3o C s aiged O-FY SS

§

Failure Chains

le’iﬁu t,.‘a.«a ).) ‘3‘,‘; )L’o'.é".u f—fY JS.::

"axdl o sl St o 12" 30 ke b Jlges St Sl 4 cnS (slo)de Sigm (sl

Commutation System

Function:

Commutation system transports the
electrical current between coll pairs
of the electro magnetic converter

Failure:

Angle deviation by commutation
system intermittently connects the
wrong coils (L1, L3 and L2 instead

of L1, L2 and L3)

) Failure Network

"eal o Sl

Brush Card Base Body

Function:

Brush card body transports forces between
spring and motor body to hold the brush
spring system in x, y, Z position

{support commutating contact point)
Failure:

Brush card body bends in contact area of
the carbon brush

Carbon Brush

Function

Carbon brush transports electrical current
between carbon stranded wire and
commutator surface

Failure:

Carbon brush transports too little current

Brush Card Base Body
Function: ...
Failure:...
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Design element

pC:. a determined
Review & reaction
before decision, l

e.g. CAE, tolerance study

SO\ I

\ Trial
PC: Ascertain
Theoretical tests and decide \_’_. - Component, =0
e.q. DoE, FEA on design product, oy
| ESO: Nih - Good/Bad inspection
- Inspection for failures
I - Function test over
service life,
| e.g. trend analysis
— .
PC (preventive): Prevention controls Design failure Time

DC (reactive): Detection controls
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Confirm Prevention

Prevention Detection
100% "
1 Design understanding
! I "
0 Sample Time
o Calculation New calculation *
) ) Tests with

e Simulation New simulation ¢ existing samples
. DoE New experiments ¢ o
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FAILURE ANALYSIS (STEP 4) DFMEA RISK ANALYSIS (STEP 5)
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Structure Analysis: Process Structure y Planning and Preparation: Assembly Line Level
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Example: Process Failure Mode and Effects Analysis (Process FMEA)

Planning and Preparation (Step 1)

Company Name: Acme Automotive Subject: PX123 Manual
Column Assembly

Manufacturlng Plant 6, Saginaw, PFMEA Start 19-Mar-2018 PFMEA ID 654321
Location: Sctigan Date: Number:
Customer Name:  Jackson Industry PFMEA Revision 25-Sep-2018 Process B. Black

Date: Responsibility:
Model Year(s) / 2020 PX123 Cross Functional ~ See TeamList Confidentiality Confidential
Program(s): Team: Level:
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Process Flow

Process Noise Factors (4M)

Core Process
(Process Parameter)

e.g.:
- gTranspon Man Machine Material EnvironMent A defined core
- Part Supply e.g.: e.g.: e.g.: e.g.: process require
- Assembly - Operator - Wear - Supplied part - Temperature a specific
- Change over behavior - Repair quality or process
- TPM _ variation definition.
Input Intended Output
Components: Proces.s . L Assembly:
e.g. Sinter Bearing, Pole Press in Sintered Bearing in Pole Pole Housing with
Housing ‘ housing until defined position assembled Sinter Bearing
>
. v Unintended
output
Generic Process

Process Function &

Product Characteristics/

Requirements

- Axial position sintered
bearing in pole housing

- Force fit of sintered
bearing and pole
housing

Requirement to the Product:

(Interface to Design)

e.g.

- Impact to components due to part
handling or press in forces

- distinctness of components

- Operator safety (sharp edges)

Characteristics
e.g.

Impacted or changed Product

- Inner diameter of sinter Bearing
- Surface of Bearing seat in housing

Requirements

e.g.

- Target Cycle Time

- OEE

- Scalability

- Health & Safety Req.

AY
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Electrical Motor / Assembly Line

Process Function:

housing assembly

Assembly of shaft into pole

Jodses 6L 45 Ly yolyls Jloged 51 (ol diged VY S5

Process Function:

Press in aligned bearing to achieve axial
position in pole housing to max gap per
print

§9 5o ity y s —F ¥ ¥

[OP 30] Sintered Bearing Press-In Process

Operator
Process Function:

Operator press the button of machine for

' releasing the press-in process when loading

| is completed

| Operator

| Process Function:

; Operator takes sintered bearing from shut
[/ and push it onto the press-in shaft until the

| upper stop

|| Press Machine

|| Process Function:

i / Machine aligns sintered bearing to the
bearing seat in pole housing

|\, Press Machine
I\ Process Function:

Mordni taretia eintaraira i toth
WiaLimieLeTneT o U ornereurvcarnnryg Wi

I\ bearing seat in pole housing
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Press Machine

ik i Process Characteristic:
e “Re:rrfemmem mbly Line [OP 30] Sintered Bearing Press-In Process Machine press in the sintered bearing into the
e ot — Product Characteristic bea_rmg seat in pole housing until the defined axial
;: Sabaloiider Dol Axial position sintered bearing in pole housing ~~ position

- (max. gap: < 0,3 mm) Failure:
glﬂeﬂ on Process: ; a Fallure: Machine stops before reaching final position
shz‘;:a"“ oo small to assemble Axial position of sintered bearing is not reached

What happens? m -
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; End User : Failure Effect on Product Function,
 Comfort closing time too long analyzed in the Design FMEA

Window Lifter Motor ) Failure Effect on
Torque and rotating velocity of the Failure Effect on Product Process Function
window lifter motor too low Function, analyzed in the N :
0, Process FMEA Sneleed e
/'o% Process FMEA
» :
R v v
Commutation System Commutation System Window lifter assembly
Angle deviation by commutation Ship to Plant: Assembly of line Effects {
system intermittently connects motor to vehicle door Your Plant: Clearance too
the wrong coils (L1, L3 and L2 requires additional insertion small to assemble shaft
instead of L1, L2 and L3) force with potential damage | | without potential damage

Incorrect specified '

Operator Press Machine
Operator inserts sintered Machine stops before
bearing not in xx position reaching final position

Additional Cause

potential

causes PFMEA
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Root element at vehicle level
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Connector ECU Window Lifter

Function:
. . ‘ Transmitsignal from Hall effect sensor to ECU
WindowLift System EIectrpm; Control Unit Window Liter Transmitignal rom electic mator to ECU
Function; Function. Transmit power supply

Provide signal to stop and reverse

ISR S RO window lifter motor in case of pinch

for comfort closing mode - Interface within the ECU Window Lifter
i) Function:
Transmit status signals of ECU components
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2. Mntlgated : System Monftoring

< Failure Effect Response

L

E Can the
failure be
detectedin
customer
operation?

. What happens?

< Failure Effect

(NN

o

Focus Element
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Fault occurs Failure Effect occurs No hazardous event

(5=1..9)
l Malfunctioning Behavior (Failure Mode) l
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Failure Effectleads to
Fault occurs Failure Effect occurs a hazardous event (S = 10)

1 Malfunctioning Behavior (Failure Mode) l 6

I
Fault Handling Time Interval
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Faul Mitigated Failure No hazardous event but loss or
HEEBEERS Effect occurs degradation of a function.
l Malfunctioning Behavior Transition l /
t

! 1

I

! Time for Detection Time for System Response :

‘" ra »

L )

T
M=1

T
Fault Handling Time Interval
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Window Lift System

Fadure_ Sl . Electronic Control Unit Window Lifter Connector EC_U oy Eirer
Clamping force too highandno Failure Mode: _ Failure Cause:

reopening function Polarity of m(;tor S T— Erroneous frequency transmitted within
Hand may be pinched between y valid range from Hall effect sensor
glass and frame
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Window Lift System Connector ECU Window Lifter

: . Electronic Control Unit Window Lifter Failure Cause:
Intended Behavior (Effect): " . 2 ;
Loss of convenience function "Comfort closing" Intended Behavior (Mode): Signal of Hall effect sensor is not
; Loss of signal detected transmitted to ECU due to poor

The window only moves in manual mode. 3
connection of Hall effect sensor.
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Window Lift System . .

; ; Py . Connector ECU Window Lifter
Failure Effect: Electronic Control Unit Window Lifter ; ‘

o e : : Failure Cause:
No anti-pinch protection in comfort Failure Mode: : :
p — ; g —— Signal of Hall effect sensor is not

closing mode No signal to stop and reverse window transmitted to ECU due to poor
(Hand or neck may be pinched lifter motor in case of a pinch situation P

connection of Hall effect sensor

between window glass and frame)
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FAILURE ANALYSIS (STEP 4)

1. Faﬂun:e Effects (FE) to the 2. Failure Mode (FM) of the 3. Failurer(:aus‘e,. (FC) of the
Next Higher Level Element Fotiis Eiement Next Lower Element or
and/or End User Characteristic
No anti-pinch protection in comfort [No signal to stop and reverse Signal of Hall effect sensor is
closing mode window lifter motor in case ofa  |not transmitted to ECU due to
(Hand or neck may be pinched pinch situation poor connection of Hall effect
between window glass and frame) sensor
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Mitigated
Failure Effect
S=6

Diagnostic
Monitoring and
System Response
M=1

«— Failure Mode

Failure Cause
F=3
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Original Monitoring does

Failure Effect not detect the 10%

S=10 failure

. Failure Cause
M=6 Failure Mode
F=3
Mitigated Monitoring

Failure Effect detects the 90%

S=6 failure
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SUPPLEMENTAL FMEA-MSR RISK ANALYSIS (STEP 5)

Filter Code (Optional)

The connection 2 |None Window will | 10 |Hand or neck 10 10 M

principle of the close with may be

Hall effect full pinched
sensor and ECU clamping between glass
is according to force. and frame

standard xyz.
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SUPPLEMENTAL FMEA-MSR OPTIMIZATION (STEP 6)
w —
Most Severe E-C; 4 E 2
2 & o ]
b MSR. Dlag.nos.tic System |Failure Effect @% Respons!ble Target. Aqtlon Taken Completion g‘ 2 % E
reventivel Monitoring ~ | Person's [Completion| Status | with Pointer 'F 5 £
Action Action Response) after System 2 2 Name Date to Evidence Dite = 8 o
Response |5 % g 5 =|
None Introduction|Comfort |Loss of 6 |Test dd.mm.yy |implem 2 ;o i &
of closing |convenience engineer yy entation
plausibility |mode function Mr. Warren pending
check disabled |"Comfort Watchful
between closing".
motor The window
current and only moves
loss of in manual
signal from mode.
Hall effect
sensor.
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