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Introduction: Chuck Boots

Chuck Boots: Technical Presales Consultant Il

20+ years of manufacturing/quality experience
Bachelor of Science, Business Management
5 years as Siemens customer 3 years in current role

Apollo RCA, Int/Ext/Supplier auditing, Six Sigma

SIEMENS

Charles.boots@siemens.com
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Introduction: Mary McAtee

Mary V. McAtee: Technical Presales Consultant Il
QM/FQC/LQC

Mechanical Engineer with 30+ years Quality and Reliability
Engineering Experience

New England Research Center: R&D Infrared Detector
Development

MA/Com Space Center: Leading Provider of High Reliability
Microelectronics

Lead Assessor: ISO 9001, 1ISO 14001, OHSAS 18000, TS 16949
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SIEMENS

FMEAs and Risk Management: Not just for the Automotive Industry Anymore
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Failure Modes Effects Analysis (FMEA), both Design FMEAs
and Process FMEAs evolved from the defense industry in the
late 60s.

The Automotive Industry embraced the concept for design,
manufacturing and safety risk assessment.

FMEAs have proved their worth and are increasingly becoming
the standard in other industries including aviation, medical
device and energy.
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SIEMENS
Spreadsheets the Historical Tool of Choice

r Historically Design and Process FMEAs and Control Plans have
been developed in Excel spreadsheet formats which has some
inherent drawbacks:

~ »
f ¢ Spreadsheets are not optimal for collaborative working groups.
‘ g ‘_ Spreadsheets are limited in providing functionality that supports
intelligent reuse and qualification by similarity
gE 1 -
| —

> Change Management across the process can be challenging.

< g
— \\\\\\\‘\\\\\QQ
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Sample Spreadsheet FMEA

SIEMENS

FPOTENTIAL
FAILURE MODE AMD EFFECTS ANALYSIS
Part Number: (PROCESS FMEA) FMEA Number: 1165409.02
Part & Process Responsibility: Prepared by:
Part Description: Key Date Date (Crig.)
Core Team: Date (Rewv.)
. Responsibility a . -
Process Process Potential Failure Potential Effect(s) of ozl - ) -rl,'eT_l'lal_l . f:{’ Current Process Confrols Cument Process Controls | 7 ",JI Recommended & Target o ‘E_SL t|= =
Step Function/Requirements Mode Material Failure 2 E ~AuseLs _l i Snismis) o & Prevention Detection :I = Action]s) Completion | Actions Taken ; e P
ailure Date . "
Inwentory level incomect Visual freight werification to
Chemicats Unload and Unload wrong within manufacturing Traiming on receiving shipment documentation
1-4 verity freight quantities system 1 Receiving Technician emor | 2 procedures (Packing Slip, Bill of Lading)| & 16 MNone
Improger handling ForkJift Training / Licensed
Damage freight Unusable product 1 technigues 2 Drivers Visual freight verification i 16 MNone
no input or input of |  Inventory level incomect Cycle count, physical
Input receiing data and | wrong quantities or|  within manufacturing Traming on receiving inventories, and visual and
forward papenwork part number System 1 Receiving Technician emor | 2 procedures operator feedback 8 16 Mone
Inwentory level incomect Visual freight werificaton to
Dhoor Beams Unload and Unload wrong within manufacturing Training on receiving shipment documentation
1-B verity freight quantities system 1 Receiving Technician emor | 2 procedures (Packing Slip, Bill of Lading)| & 16 MNone
Improger handling Fork4ift Training / Licensed
Damage freight Unusable product 1 technigues 2 Dirivers Visual freight venfication 8 16 MNone
Inwentory level incomect Visual freight werification to
Brackets Unload and wenfy | Unload wrong within manufacturng Traming on receving shipment documentation
1-C freight quantities system 1 Receiving Technician emor | 2 procedures (Packing Slip, Bill of Lading)| & 16 MNone
Improger handling ForkJift Training / Licensed
Damage freight Unusable product 1 technigues 2 Drivers Visual freight verification i 16 MNone
Delivery address, rack label
Place freight in storage Place im wrong visual map, or item number
location location Unable to locate materia Plant Address/Locator
when needed 1 COperator Process Ermor 2 System Physical Inventory 8 16 |MNone
Determine run sequence Schedule incomect | Parts not available when Dady shop floor schedule! | Visual hot boards, Customer
quantity ar neaded parts needed list, Kanban ratings, On-time delivery
and quantity Sequence 1 Cperator Process Ermor 3 red zones reports T 21 Mome
Wrong Formula Material Performance INS-
2-A Load Formula Chemicals Selected Cut of Spec. Materia 3 Ciperator Emor 1 | Operator Training 2001 a5 15 MNone
Formula will not Prior weigh-up not Operator Training & TPM X5 alamm (masamum residus
Inad nn remmirter | Machineg will not onerate | 2 dicrharmead 1 lsustem s 3 Mene
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Tree Structure Design and Process FMEA Advantages

F=1
|

Moving to a tool that utilizes a tree structure methodology provides

| Systemn strochgre |
&80 3812 ..“. Z Z".l.l.-l.lluru = assembby guad pane many advantages:
& 0100 Incoming Goods Contral Tree structure FMEAS can take in content from block diagrams
=-— &l : to form the backbone of the Process FMEA.
S e e Fiacng Design & Process FMEAs can seamlessly take in content and
Mounkng o updates from Bill of Materials (BOM) and Bill of Process (BOP)
0 BT missing SMD Toy _ data maintained in other systems including ERP and PLM
€ 0400 .;.,_...Lc.'.;.J...,L. B ' Systems such as SAP and Teamcenter.
O |:L.|;u_!rj r. _' | | | Querying and reusing data is much more straight forward and
L real time to facilitate collaborative team efforts.
n el
O 0600 Assambly | Output can display in a variety of required regulatory formats

O 0700 System Test including AIAG and VDA.

Einml cho
N
3 D800 Packaging
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Tree Structure FMEA and Block Process Flowchart Diagram

SIEMENS

¥ Diagram (frmFlow) / IBS-SERVICE - Example 1
g P!

ola@e | omeddhoH| s oE

(= [ =]

Example 1

4 e

( TI6/2017 O=2 D=8 _]

(- 8M/2017 O=1 D=8 -]

Material identification label

Visual verification

“isual verification
[8/12/2017 100% Chuck
Boots

’ File Edit Masterdata Options Window 2

SO0

FPOLELDEEY S E R EMSN 0

System structure

& Example 1

E]. ....... {:}ﬂ@: Maowe

-------- M Bring comect part

& 0 Effects of Failure

e [ (S=2/2) Minor process intemuption

------- I Causes of Failure

H{E}ﬂ@ Machining

- M Place cast in fdure

feee I {S=2/2) Place no cast in machining fodure

------- M Cast placed comectly

=R | Alignment busing hale diameter

g I (5=1/1) Without taphole

i I {5=1/1) Diameter above specification

oo [ (5=1/1) Diameter below specification

- & Locator bushing bore

- I =] Alignment bushing lead in chamfer height
---------- M {5=1/1) Height abowve specification
= 0 {S=1/1) Height below specification

H-- I Alignment bushing lead in chamfer angle

- W & Locator bolt diameter

-l Locator bolt hole true position

- [T Alignment bushing hale true position (Datum ByC)

|- [1] Alignment bushing hale true position{Datum C)

b

M B W M rw |
=

Unrestricted © Siemens AG 2017
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AIAG Example Output Format

SIEMENS

Process step/ Requirement Potertial Patential 5| C Potertial Controls 0 Controls D | RPN | Recommended | HResponsibiity | Actions Taken | S | O | D | RPN
Function Failure Effectis) of Cause(s) of Prevention Detection Actions
Mode Failure Failure & Target Completion Date
Completion Date
SI E M E N S POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS FMEA Number FMEADDO207
. y Page 1of 1
,‘hgﬂ,\wﬁy for Uife (Frocess FMEA)
System Structure Example 1 Creat/medif.date 2017-06-27 7= Srimanan . .
ltem Process Responsibility Prepared By Vlew INn action IlSt
Bxample 1
Medel Years) / Programis) Key Date 270706 | FMEA Date (Orig.) 201706-23 F 20170906
Core Team R.\Valle, | Duarte, A Tercero, J Valdez, Chuck Boots
Process step c Curent Process Action Results
! ) 2 ) Responsibility
Potential Potential £ % Patential B = B
Requirement Failure Effect(s) of o % Cause(s) of Controls E Cantrols é é Hﬁcﬂ{gﬁ:de‘j & Target Actions Taken | & E % =
Made Failure o 8 Failure Prevention | 5| Defecon |& omoletion Date ) = B
Function o a o
Process 70.01: Bring comect part | Bring incomect part Minor process 2 D Incomect materal Material 2 | Visual 8| 32
(1) Mave intemuption identification idertification verfication
(FMEADDO20S) label
Il'vjlatenal _gmeg_n; _I:I'Iate;al _ 2 Vl:ﬁli‘ﬂ _ 8| 32 |Mone P Sparabliomeran -t : I
wrongly identifie :aEr;t ication verfication :mm " = T ey m—
el s e
™ o ™ Ossades " el = Y
Process 70: Place cast in Flace no castin Minor process 2 Process step skipped |Operator 4 |Visual 8| &4 |D:last === 1 . = ]
(2) Machining fodture machining fodure intemuption training verification machining FiFR v mheeerd L ] Frr i = i tmriinry Dol | Resporedly | S
detection in TIRT SMER LT ey e — [ ey —— o pr——— — 15 2 STALY | s T
Ieaktest [ e ] b [ 5 =] |-.ﬁ-F’.\g .l;:;_.- T peewei 15 B2 S
I Cast placed Cast misplaced in fidure | Machine crashes 7 Process step skipped |Operator 4 | Visual 8 | 224 |P: Standard s _ _ —
comectly training verfication opetarion she | Y PGS R b e e by | v Reamn .
[ eo e - M, | -\::':llll\.'h'ur'-g"c'-al
Fodure allows loading | Mone 8 | Visual 8 | 448 |F: Install air I
of the part incomectly verfication sensonng on (SRR LHTH | Espreect sl Prmbosk cldeipirgnds | Dasign o s ke o L] 1
machining FHEAL LR e
focture | | ] ]
(5] '\-.'l-lll.k LH El-l L = ] | E N A T R T [ e L k. 2:|."':‘1|'|.: -—; -,
Fodurs cleanliness. | Mone 2 |Visual g | 448 |P: Cleaning ¢ s sy et ol e
chips in fodure verfication the fisture by
nnsing |- | | [ 1 | |

AIAG v3 & v4, VDA 96 supported

Unrestricted © Siemens AG 2017

Siemens PLM Software



SIEMENS

Team Collaboration and Efficient Reuse of Data

Team
Team no.

Color

Team Awesome

R

Mame

GI0 no.

Department descr. ‘ Role descr. ‘ Email

Chuck Boots
Mac Don
Testd
|.Duarte
Test§

Chuck Boots
Mac.Don
Tegt 4

| Duarte
Tegt §

enll | o | ea| —

Cuality Engineerir | chares boots @siemens ¢
Production Super | chares hoots @siemens ¢
Flanner

Manufacturing En

Machine Cperatal

Test 1

Test.1

Buyer

Tree structure FMEASs permit locking lines of the FMEA during
editing to assure only appropriate changes are made by the team.

Revision controls and archive functionality can keep the team
oriented and facilitate design by similarity activities.

Drag and drop of components, subassemblies and assemblies
as well as processes and sub processes from one FMEA to
another permits easy reuse of data.

The resulting “where used query net” is extremely valuable
when assessing the potential impact of a proposed Engineering
Change.

Siemens PLM Software
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SIEMENS
Why Family FMEAs?

e

»
I

1 Common Processes that Scale across products such as plating,
paint and coatings are good candidates for family FMEAs.

They can be readily referenced across products and when
changed cascade through all the impacted products resulting

Less errors because a product where the process was
changed was missed.

Easy queries on these processes can provide useful
information when making an environmental or safety
assessment of where certain processes and chemicals are
used.

This is increasingly important with the advent of REACH and
RoOHS in the EU and other parts of the world.

Siemens PLM Software



Inheriting Data

(2] APOP control plan: LVDS-Harness11

Control plan I.-!ndd.inf-:u] QSYS data ] Documents | Histony ] Prozessablaufdiagramm I

CM plan no. /Flant |LVDS-H aness1l

QM typa/Revision [Prato type ~| |27.09.2007 10:08 (3) Proto b

Part no. flast modification |‘IE?IZIL'I=11 |LVD5 Hamess

L= Part o, Frocess deser./ Process
operation bype

4700 1670041/LVDSHarmess 1700/ Assembly

200/ Incoming inspection
00/ Store goods

~ " lo-719993. 20/ Stripping of the cable

he =t
407 Crimping of MQS:nnradf
790/ Insertion ot the heusing |

32 TesaTape

760/ Fixing operation of the wire

-1418560- 770/ Mourting of the ferrule anc
S W —————

' TRS 17193111/ TRzA TAne LTRSS M srtine At the sikasive f.i

W
i

“1719993-1/ Cable FL2YBCY | 710/ Cutting of the cable length | L3

SIEMENS

Tree structure approaches to managing FMEAs and Control Plans

can leverage the ability to inherit required data from a process
FMEA into a Control Plan.

This eliminates redundant data entry and reduces opportunities for
errors during the transfer of content.

Data flow from a Design or Process FMEA into a Control Plan can
also continue the process further by bringing the data into
Inspection Plans.
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Process Flowchart to FMEA to Control Plan Relationship

SIEMENS

[E] Process flowchart: <New...>

| FMEA

fSonja Krudewig

(=15

Master data Options  Window  #

Cable FLEYVBCY
Sx2x0,22

0-17199335-1 utting Schleuniger 9500

52-819114, 52-819139,
2—799531 L S2-TA8532

Stripping
(BETZ 54 - 518725

...... IEFEEE
0-1415745-1

hanual Wiork
Station

Crimping of MOS
contacts
Schleuniger K750
36-799450

MOS Kontakt
9259991

MOS Housing
1,2-1418659-1,2,3 - -

anual Yark Station with ™
a. device Cirris
31 - 5189726

710 Cutting of the cable Iengl

720 Stripping of the cable length -

730 Prehandling of the stripped cable

740 Crimping of MOS contacts 0,22 mm2

Erocess flow chart | g&vs data | Daguments | History | v [Hide header W Item no. aute nurbering Fil=  Edit
H s 0 T | =3 || H s ~g =le 1 u | & FA|l = .ﬂ-l |
1 i 12 S| 0 0ol | Gn Bl iL o=l | 2 0 &2 | o o= |[100% = =[x BBy | e @ | @
=] Lvps

Basic shapes

Organigram shapes

o 83 ¢ W % g S :i'ljlﬁ_:ﬂ@

w710 Culting of the cabie lenath
Cutting of the cable length
--------------- £33 200 Incaming inspectian
--------------- 47 900 Storage goods
F ?ZD Stripping of the cable
Stripping of the cable
E ?3EI Pre handling of the stripped cable

- Fre handling of the stripped cable
iF ?40 Crimping of MOS contacts
Crimping of MOS contacts
F ?ED Insertion af the housing

- Inserion of the housing
iF ?ED Fixing aperation of the wire with tape
Fixing operation of the wire with tape
F ?T-"D MDuntlng of the ferrule and shell halfs

. -~ kdounting of the ferrule and shell halfs
@ APQP control plan: LY¥DS-Harness11
R i [ Hoow | 2 — ] -{:}?ED Crirnping of the ferrule
ontral plan Linfo ata | Documents | Histo | Erecess flow diagiam
785 Mounting of the adhesive tape. check of the length
OM plan no./Flant LWDS-Hamess11 1000 I-"_\\ i
" | | = 790 Electrical test of the cable harness
GOM tpe/Revision [Frote twpe _~|[27.09.2007 10:03 (1] Prato type ~| [ 1203 2007 16:49
Fart ne. /last modification [Te7004 [LVDS Hamess <Usar-defined> || _4op contrat plan: LYDS Harnos mE]
Control plan| Add.info] GSYS data | gucy/ | History Erocess fiow diagram |
Iterm Process descr./ Part no. Characte| Setting | Process | Charact. | Characten Characteristic Products# Function Irnport Expart Frec|@ | Inspection |Cperation |Spey/ b |[Operat Operation Process  [Process [ Process Moo | Product Classi- Mo rocess lassi-| Tool f Machine Insp. instructions -~
[0} e s o e e T R i o s s c 4 B e Ressor s =
tolerances = Arsambly
FOO (7007 Assembly 1670041 F LvDS & Cuting of the cable Lenath E2E15114
Harness lengih i < Seiiia
F10 7104 Cutting of the cable  10-1719993-17 (@] e oF e e seEaL
length Cable FLZVBICY et
5281911 Frocess 1 WAR  Length 0,08 £0.07 Inch Cutting of the Trcoming hepstion
cable length Stripping of the Cable BETZG4
5281911 Frocess| ATT | guality of the cut jacked not Cutting of the able Length BeTzsA
jacketed cabls damagedjacked | cable length e i o e Eraid sirands
5281911 Frocess | ATT  qualiy of the culting | comect Cuitting of the Srmeira o i g
area sufacedincornect cable lenath otk
200 200/ Incoming inspection ;017199931 == Jrertion of the e eing
Cahle FLZYECY Fiing oreraon oF Taps
T Ve ot o
900 900/ Store gocds 0-1719993-11 (@] T s T
Cable FLZYECY Ferie nd shel Srrembied connector
720 {7204 Stripping of the cable | 0-1713383 1/ =y rmging of the
RSl AL TN N R SO SN SO SN WO S SN SN — S | N (| e s et it el S R Wiounting oF the
BETZ54 Process i ATT  Cable OK/NONInsert F4/edit FS/delete F8 insp.step | aghezive vape.
cable
Elecirical st of the
BET=54 Pracess :  waR - Lenath 0,025 +0,005 Inch © Stipping of the Catie hamess
cable Hiourting of the 15
730 730/ Pre handing of the - 0-1418746-1/ Sasng
stripped cable Ferrule
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Control Plans to Inspection Plan

“Pircoecton parvrg | Kibv, e

SIEMENS

G g (2] Ot Cre e e et e ey
Control plan no. 207 38225039 General # 360 0 Pt 2 ::ﬂ-yn :,:...,,,,, :.-:'- DM
CPtype/Revision/Gen. date Production + | T/0/207 1412 Prodution < v TR o e s Swtistical Process Contrel il =Io
Patt no./Descr./Draw. dete 38225039 Cover Assis Vi SRS R P S8 sos S —
P Pt name CL-T-Finy
on ne 2008, Tune
tem Part no. Process Name/ Function Process | Linked | Characteristic no (Characteristic Product/Proce Importance Characteristic No. |[Cha * * . Lo Op denar. Tirag > ety S b
lﬂ Operation/ fype lo Speciication| status Eooeo,, :':‘_ :"::" et 1T oo :::: e
Descripton Toerancs s ot v Dot on
BOCAR 38225039/ |BOCAR/ 38225039 % 2
Cover Assigt -'-fgf‘ :":: Sampiing plannn | Actvate g Done Remmirs ikt b ks st et T
.0 T0.01/M -—p -y r—ra
o =z * O 0 by ]
; - b Ay M Tnip e 20, | Chearecuris| Char deicr T Homnaveie UT T 3hor (3 T3
jing comect pai
[+ ones [“amwr | saws amow mo
n 70/ Machining 0 | 2 _one w0t | EGEWO | 02000 e
Place cast in fidure =
CDEIEEE=3 e TVZ01 oot oy Cormel 207 T Sk of @ e
Cast placed comectly
g
Alignment busing hole diameter
Locator bushing bore
Hignmert bushing lead in chamfer PFC, CF | Chamfer Height Chamer Height 0.5+0.25mm | Crtical
P e heig irenesurss meresrt FIEA Jeian oowtrn) e
i 11
g -
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_ SIEMENS
Closing the Loop and Change Management

Closed Loop Quality logic expects failures identified during
inspection to be communicated back to Engineering closing the
loop as lessons learned.

Providing Engineers a fast, reliable means of querying and seeing
how failures and defects relate to specific products, and processes
permit agile adjustments based on accurate representations of
current state of experienced risk

Siemens PLM Software
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Examples of Failure Feedback from Inspection to FMEAS

1 File Edit Masterdata Options Window ? -
oDk alealcmmzasE0ms o0

System structure

Failure net
- ([N {5—11’11]] [MOMC M5 PFMEA] [Creating spunbond nonwoven to meet customer requirements] Material out of spec
1) [MONC M5 PFMEA] [Create product meeting product cost objectives.] Neaative material usage varaiance
[MONC M5 PFMEA] [Create product meeting product cost objectives ] Too much energy usage

(5= [MOMNC M5 PFMEA] [Create product meeting product cost objectives ] Inefficient/ poor run rate

5= [MOMNC M5 PFMEA] [Create product in a safe manner] Process is unsafe

/1) [MONC M5 PFMEA] [Create product in a safe manner] Operator Injury

J [MONC M5 PFMEA] [Create product in a safe manner] Damage to equipment

[MOMNC M5 PFMEA] [Causes of Failure] A portion of the production may have to be discarded. Deviation of the process
5/5) [MOMNC M5 PFMEA] [Effects of Failure] Blade posttion unstable

[~ [l Creating spunbond nonwoven to meet customer requirements
[#---[M Create product meeting product cost objectives.
[~ Il Create product in a safe manner
[~ W0 Causes of Failure
[ [l Effects of Failure
[e---47¢ Blending/Feeding

B {2 Extrusion

{:} Spunbond Spinpump

FH!F-“BF

Unrestricted © Siemens AG 2017
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Change Management: Faster, Better Communication, and Understanding

When a Design or Process FMEA is changed:

The entire team is made aware

The changed FMEA becomes a new revision and the previous
one is archived but available for future analysis.

Data, when properly authorized, can flow into the Control Plan
and then into the Inspection Plans.

These changes are real time and that is crucial in distributed
global manufacturing landscapes in place today.

Siemens PLM Software
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Reporting and Analytics
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SIEMENS

Data is only numbers until it becomes useful information.

Seeing real time tracking of data and information in trending and
reports can drive change and confirm validity of risk assumptions
and effectiveness of controls.

Sharing Outputs in formats required by customers seamlessly
saves time and creates trust and confidence.
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SIEMENS
Examples of Outputs

S5/0 Cause of failure
T8 [Machining] Fidure allows loading
of the part incomectly
78 [Machining] Fixture cleanliness, 1 i 1
it Distribution S/O
74 [Machining] Process step skipped (S)
274 [Machining] Process step skipped
272 [Mave] Incomect material 1 0
identification
272 [Mawe] Material mixed or wrongly 9 2
identified
21 [Mave] Incomect material
idertfication 8
RPN Cause of failure Frequency RPN
5 1 16=21x8 [Move] Incomect material
idertification 59
2 | 32=2cX8 [Move] Incomect material el
4 identification 1
3 | 32=2X8 [Mowve] Material mixed or wrongty
3 idertified J
4 | 64=2&x8 [Machining] Process step skipped 4
a—
2 5 | 224=Txdx8 [Machining] Process step skipped il
6 | 448=TxBx8 [Machining] Fixture sllows loading 4
1 of the part incomectly i
7| 448=TxBxB [Machining] Fixure cleanliness,
chips in fodure 1

1 2 3 4 5 6 7 8 9 10 (¢ ]

RPN

Unrestricted © Siemens AG 2017
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SIEMENS
Siemens and End to End Quality

Siemens has invested energy, capital and resources in developing
the most comprehensive Design and Quality solutions that scale
across both industry sectors and enterprises of all configurations
and sizes.

Product and Application Lifecycle Management for electro-
mechanical and embedded technology designs.

Design and Process FMEAs and Advanced Product Quality
Planning (APQP)

Inspection , SPC and Supply Chain Management including
Production Part Approval (PPAP)

CAD Design Management

All these systems working together, leveraging the same data
sources result in a “single source of truth” with the analytics and

— “patform
mens Collaboration Platf ) : ) :
"Teamcenter reporting to confirm, improve and evolve your business.
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The Siemens Quality Solution Vision SIEMENS

Quality Domains connected seamlessly across the Enterprise

Process

Quality

Siemens PLM Software




_ _ _ SIEMENS
Siemens Quality Management Drives

Security '
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