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Motivation

Why is this module important?

[1Most scale-up operations fail because of poor process design; it
is critical that all the failure modes are identified and eliminated
during the design and prototyping stages so nothing unexpected

happens during scale-up
CISupplier quality can make a big difference for scale

[1The amount of content from suppliers, in any product (with just
a moderate number of components), can range from 50% to
70%

[JCustomer requirements may be very vague; you need a tool to
translate those vague words to engineering specifications

Examples: Both the 2016 Takata Airbag recall and the 2009 Toyota

Acceleration Pedal recall were due to supplier’s product quality failure
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Motivation

Why is customer input important?

[JCapturing the voice of the customer very early on is critical to
product development because it will inform all the subsequent
decisions, such as materials selection (Module 3B), process
selection (Module 3C), and partnership selection (Module 5A)
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Module Outline

[JLearning objectives

JIntroduction to quality functional deployment (QFD)
—A real world application of QFD (on a separate Excel file)

[1Role of suppliers in quality management
—Supplier integration during design
—Supplier quality management checklist

[1Process failure modes and effect analysis (PFMEA)
—What is PFMEA?

—How to conduct PFMEA

Acceptable Quality Level
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Learning Objectives

[1LO1. Translate functional requirements into quality specifications

[1LO2. Understand role of suppliers on necessary quality levels

[1LO3. Construct process failure modes and effect analysis
(PFMEA)

Acceptable Quality Level
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What This Module Addresses

[JHow does a company translate customer needs to a technical
specifications by using a QFD analysis tool?

[JWhat roles do suppliers play in managing quality?

[1What are the benefits of supplier integration during design
process?

[JHow to identify potential process failures before they occur?
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QFD And PFMEA

Where does this fit into the development cycle?

Concept and S
Feasibility ) Definition

Product and Implement Production Launch and

Process Design / and Validate / and Stock / Closure /

Pre-alpha Beta J Pilot J Ramp J Scale J
Concept Design Process
Validation Validation Validation

[1Quality function deployment (QFD) is a tool to translate
customer requirements into engineering specifications

[IClearly identifying the role of suppliers and integrating them
early on during the product-development process can help you
launch the product on time at lower costs

Jldentifying the potential failure modes of your future
manufacturing process at the definition stage can result in
significant savings due to reduction in down time and defective

products Acceptable Quality Level



QFD And PFMEA

Where does this fit into the development cycle?

Pre- alpha Beta l Pilot ' Ramp l Scale l
Concept Design Process
Validation Validation Validation

MANUFACTURING READINESS LEVELS

®

Levels:

QGIONOIONO
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Quality Functional Deployment

Basics

[1Quality functional deployment (QFD) is a quality-planning tool
originally developed in Japan in the 1960s, but is now widely
used in many manufacturing and service companies in the U.S.
and around the world

11t is a powerful tool for translating customer requirements into
engineering specifications

11t consists of multiple steps that are organized in the form of
relationship matrices, also known as house of quality (HOQ)
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QFD/House Of Quality

Overview

11t requires significant time and commitment from top
management

[J1Focuses on meeting or exceeding customer needs by using
their actual statements (i.e., the “Voice of the
customer”)

“House of Quality”

11t is multi-functional teamwork involving (HOQ)

marketing, design, quality, finance, and
manufacturing personnel

(11t uses a comprehensive matrix
called “House of Quality” or
HOQ for documenting and
analyzing the information

[1Depending upon the need, the number —
of matrices in a QFD analysis can vary Acceptable Quality Level

Prioritized
customer
requirements




House Of Quality

Relationship matrix

CIDisplays relationship between customer inputs and functional
requirements

CJUsually indicates strength of the relationship (strong, medium,
weak), which can be used to make trade-offs later

Example: Mass might affect both ‘lightweight’
and ‘easy to handle’ customer inputs Correlation

matrix

[ Targets:

CIFirst step is to assign units

[1Define target ranges

. . Customer Importance Relationship
[1Define ideal value or input P mix
direction of the current
value Targets

Acceptable Quality Level
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House Of Quality

Correlation matrix

[1Displays relationship among functional requirements
(correlation matrix)

CIShows strength of correlation, which can be used to make trade-
offs later

COWhere physics and engineering govern

. . . " Correlati
Example: automotive cabin volume is positively /A mrkbested

correlated with wheel base and width

. Functional
[1Used to rate competitive

roducts Customer Relationship
P input Importance mix

[JCan also be used to
evaluate alternative concepts Targets

Acceptable Quality Level
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Quality Functional Deployment
Step-by-step

Customer requirements
Regulatory requirements
Customer importance ratings
Customer rating of competition

Identify technical descriptors

o Uk Wi E

|dentify direction of improvement

Acceptable Quality Level 13
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Quality Functional Deployment
Step-by-step (cont.)

7. Construct relationship matrix between customer inputs and
technical descriptors

8. Assess organizational difficulty

9. Conduct engagement assessment considering technical
difficulty

10. Set target values for technical descriptors

11. Construct correlation matrix among the technical descriptors

To go through these steps, download the Excel file
“Module 3E_QFD.xIsx” provided in the resource library

Acceptable Quality Level 14
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Quality Functional Deployment

Exercise
:qﬁ:‘ > 3 -
i |
| :

Translating voice of the customer to improve the

design of a refrigerator _
Source: Google Image Acceptable Quality Level 15
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Quality Functional Deployment

Step 1 — Gather customer requirements

Enlarged on next page and
‘ printable from library

[O0The customer inputs are gathered through a
survey or focus group of customers and the phase
documents all the customer requirements, also
know as ‘voice of the customer’

Customer Inputs

Low energy consumption
Quiet

Maintains temperature
Preserves food & freshness

Operation

Maximize storage space

Flexibility for changing storage needs
Easy access & visibility

Easy to clean

Handles large containers & items

Storage

Reliable, doesn't break
Easy & low cost to service

Easy to deliver & install
Fits in kitchen space
Coordinates with kitchen décor

Dispenses purified water
Provides & dispenses purified ice

$ | Disp ] Kitchen | Reliab

Low price

Acceptable Quality Level

WWW.bUi|d4SCa|e.Org U.S. DEPARTMENT OF ENERGY ¢ OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Quality Functional Deployment

Step 1 — Gather customer requirements (cont.)

www.build4scale.org

Operations

Low energy consumption
Quiet

Maintains temperature
Preserves food & freshness

Storage

Maximize storage space

Flexibility for changing storage needs
Easy access & visibility

Easy to clean

Handles large containers & items

Reliable, doesn’t break
Easy & low cost to service

Easy to deliver & install
First in kitchen space
Coordinates with kitchen décor

Dispenses purified water
Provides & dispenses purified ice

S | Dispense | Kitchen | Reliability

Low price

Acceptable Quality Level
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Quality Functional Deployment

Step 2 — List requlatory requirements

Cn this case, since there are no regulatory requirements, we can

skip this step and go directly to Step 3

CJHowever, if there are any regulator requirements, they will be
listed in the “customer inputs” column

Customer Inputs

Low energy consumption
Quiet

Maintains temperature
Preserves food & freshness

Maximize storage space

Easy access & visibility
Easy to clean
Handles large containers & items

Flexibility for changing storage needs

Reliable, doesn't break
Easy & low cost to service

Easy to deliver & install
Fits in kitchen space
Coordinates with kitchen décor

Dispenses purified water
Provides & dispenses purified ice

$ | Disp K'r!chenIReliab Storage | Operation

Low price

www.build4scale.org
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Quality Functional Deployment

Step 3 — Provide customer importance ratings

\ 4

Customer Inputs

Priority

N N N N N NN

[10n a scale from 1-5, customers then rate the
importance of each requirement

CThis number will be used later in the relationship
matrix

Low energy consumption
Quiet

Maintains temperature
Preserves food & freshness

Operation

Maximize storage space

Flexibility for changing storage needs
Easy access & visibility

Easy to clean

Handles large containers & items

Storage

Reliable, doesn't break
Easy & low cost to semice

Easy to deliver & install
Fits in kitchen space
Coordinates with kitchen décor

Dispenses purified water
Provides & dispenses purified ice

$ | Disp | Kitchen |Reliab

Wl w |0 [ &N o (W=

Low price

www.build4scale.org
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Quality Functional Deployment

Step 4 — Gather customer rating of competition

-

N O A A A O
[JCustomers are asked to rate the
product/service in relation to the
competition

Customer Inputs
Priority

1 Additional room can be added for

Your Company (U)
Maytag-M
Whirlpool (V)

GE (G)

Frigidaire (F)
Amana (A)

sales opportunities, goals for
continuous improvement, customer

Low energy consumption
Quiet

Maintains temperature
Preserves food & freshness

Operation

Maximize storage space

Flexibility for changing storage needs
Easy access & visibility

Easy to clean

Handles large containers & items

complaints, etc

Storage

Reliable, doesn't break

Easy & low cost to service

Easy to deliver & install
Fits in kitchen space
Coordinates with kitchen décor

Dispenses purified water
Provides & dispenses purified ice

WWW[HE|M=W | [N WD | W=
HlRININN = N[N = (N[N
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$ [Disp.| Kitchen |Reliab

Low price
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customers requirements
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Quality Functional Deployment

Step 5 — Identify technical descriptors
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Quality Functional Deployment
Step 5 — Identify technical descriptors (cont.)

Customer Inputs

Your Company (U)

Priority
Compressor energy efficiency rating Freezer width
Insulation Efficiency Refrigerator shelf depth & width
Noise measurement-front Freezer shelf height

M aytag-M

Refrig.temp.range (onfoff cycle)

Door tray depth

Whirlpool (V)

Refrig. temp. variation

Warranty period (years)

Refrig. cooling speed (from 30°C to §°C)

Water filter replacement time & cost

GE (G)

Freezer.temp.range {(on/off cycle)

10 years service contract cost

Frigidaire (F)

Freezer.temp.variation

Time to disassh & reassb door

Amana (A)

Freezer cooling speed (from 30°C to -15°C)

Refrigerator depth

Volume efficiency (totalfusable)

Stainless & trim panel option prices

% Shelf & tray area adjustable

Focus group rating - appearance

Drawer/shelf pull force

Water temperature

# of visibility features

Water filter indicator & life

Dis-arry & re-assy time for cleaning

Ice produced daily

% of features rated easy to clean

M anufacturing cost

Freezer width

No. of adjustable temp. drawers




Quality Functional Deployment

Step 6 — Identify direct
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Low energy consumption
Preserves food & freshness

Quiet
Maintains temperature

Maximize storage space

Flexibility for changing storage needs
Easy access & visibility

Easy to clean

Handles large containers & items

Reliable, doesn't break
Easy & low cost to service
Easy to deliver & install
Fits in kitchen space

Coordinates with kitchen décor
ispenses purified water
rovides & dispenses purified ice
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Quality Functional Deployment

Step 7 — Construct relationship matrix between
customer inputs and technical descriptors

Goal [ [v [v v v v v [v[v [t [t[v[t[v[t[t[t][t[o[t[v|v]|v][o]|v|[t[v[t[t]v]?
J| [0 The team determines the relationship
=
= 1
g 8  between customer needs and the company's  |e
a 2 ope &
©
Slz|g ability to meet those needs 5
o
Z (2 2|
o = . . . = a
2 2 1 Relationship can either be weak (1), 32| |s
S = SIS =
O o ® e = w | -
4  moderate (3), or strong (9) s Elz|5| |2
5 s|l9|s|la|lo|[S8|8
oo T T o — w—is|3|[8[E|w|2|E
SEEEERE LR E SRR RE e R EE Pt R EERB =22 =2 |0 |& | <
5 |Low energy consumption 4 [9]9 2SS S e
T |Quiet 1 9 50 3| 4 4 3 3
2 |Maintains temperature 3 1 S E e E 5 S | = | 2 2.
O |Preserves food & freshness 3 1 919 9/[9]9]9 9 5] 3] 4 31 3 3
Maximize storage space 5 3 9 ST 1 3] 5] 3 4] 4
S |Flexibility for changing storage needs 3 3|91 3 3 2] 5 31 3 3 1
g Easy access & visibility 4 119]19]3 A91E1N| 1 5 4] 4 3] 3
@ |Easy to clean 2 2 9(9 Sl A A A A
Handles large containers & items 4 919]|9|9 11 4| 3| 3| 4| 3
_'E Reliable, doesn't break 5 9 5 1 3 3 4| 3
&) Easy & low cost to service 3 9(9]|9]1 1 3[ 4| 4| 5 2
S |Easy to deliver & install 1 913 5 2| 2] 2| 2| 2
'S |Fits in kitchen space 5 3 5 9 2| 1 5/ 5 1] 4
¥ |Coordinates with kitchen décor 4 3|19]|9 2SS S
o |Dispenses purified water 3 1 3 919 2] 3] 4 5 3 3
0 |Provides & dispenses purified ice 3 1 3] 9|19]|9 3[ 3| 5 4] 3 3
& |Low price 3 9 4 2| 3| 3] 5 5




Quality Functional Deployment
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Quality Functional Deployment
Step 9 — Conduct engagement assessment

considering technical difficulty
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Quality Functional Deployment

Step 10 — Set target values for technical descriptors

() euewy] (NPT T[] ] N[N
Evﬂ_mu&:m e ] Caell B e e T N TR ] Rl (5 K] (o (T
ﬁoww03433 OO N | O | N WO W[ ()
g_oon_.__§>5434 W] [N | 0 o [N | |0 [
E.mm§w§35553552413213332
A3v>chEoo._:o>IE:.f R 3] Rad 78] Rl T2 I VR KR (R R (A R
] siavielp duwe} ejgejsnipe Jo ‘o o| |m Wup £ fup glp gfup gup gjup g siavesp p[uw
= 1500 BuuNjoBjnUe| 0| 98F| EIG[ L2Y| L8F| LIG| LIS 2054 |w
|| Ajiep paanpoud aa) o| | Be| Bygpie Zpie Tpae TpIe T fepiBy 5|
= 8J1| '3 JOeapU ey Jaje L ¢| & & € 6§ ¢ SUIIOW 9/ SBA [
- ainjesadway Jojen| | | B ¥ QX[
| aoueJeadde - Gupe. dnouf snao 4 ¢l & € ¢ Buies 5604
N s00ud Uojdo (aLed W g Ssaluelg c m o p| ¢ €| 2| B4duulopgssseuelsoag|o
& Uidap Jojesabiyay v = e az| ez oz| 62 SaLaUl b [0
N 100 (SSBaU § (SSESIp 0} awi | m o w— @© Zlmz| vz SAIUIL X > [+
N 1500 JRUILI0D 80lAas SJeak O, © ‘o = % A 668 5|~
o] 1s00 B auny waweoeidau Jayy Jaje| +— x |m ol ¢ ¢ ¢ G148 somnuw g |
e (sueaf) pouad AjueLiep| % Q S ._O_. wsl Wsl wsl ws SHEd JAZ j Jossaudwod JAG| o
o uidep ey jooq N o) m © sl ¢ ¢ ¢ ww pg) |+
| WBlay yiays Jazaa. 4 m — cC Gl € € ¢ x|~
- Ujpa B Lydap yjays Jojeuabiyay n w W 'J) daap W pZp X SpM W 0G|+
] jpih Jozaau § cC = o 0ze| 0ze| 01| 0i€; wuwpze |
o] Ueajo 0} ASE paje) Sainjea) o %, .mb Im c + IS S e FoX |
N Buueajo Joj awy Asse-al § ALe-siq Q O = C CIEE e sajuiw x ey
] saunjea) AYsiA o ¢ O o .B w C o o ¢ # ooy o} fenb3 e
N 9240} [nd Jjausjiamelq + c w vl #| € ¢ Bigs |
] o[qelsnpe eale A& B Jjaug % m N [J) |m = el o] e 9k
e (ajqesnyjejoy) Aauajouye aunoA, % m % © (O [55) %8G) %5G) %9g %09 [w
[+]0.61- 01 0.0¢ way) paads Bujooa sezeasy] | [ofe] 4= @) - < Qaelefe Sau 0} |~
N uojjeuieA duay Jazeal | ol Q o m m zl el ¢l ¢ 2z
N (ejofa youo) abuerdueysezealy| [ [ofdl . O m O O |¢ ¢ ¢ ¢ 2.g|N
I (0.5 04 .0 woy) paads buooa Buay| | ol ¥~ S n ._mu O [oe| oez] ez oz sapu 09|~
R Uojeuen - duey Suay] | || % % Q= S| o ¢ ¢ azjo
N (ajaha yojuo) abuerdway Buyay “l o S S u r_m o | IEE I 08|~
N Woy-awainseaw asioN| [o b " N ve| el ve| e S[a0joap 0g |
< © C o o .
- fousjoy 3 uoesullol |4 O > > (- 0G| 54| 04| 051|(Qkpi-d 01 Inba) O.Yuyeay 0G)|w)
. Bunes Aausioye ABlaua Jossaudwod|m v oo ) © o= |95 GG §5| &G CEIN
nm b_ho_._n_ (ol € Mbo m'bo % Q_b 2 o w « W
+ I
sindu| Jawoysn) o — Qv A )
28 58| :
i) ) -y 5
No £ o M.\
q e 2
s 4 [ O 5¢ g
E Smwr vy 3 3
BB HEH T 2 ;
m -8 il c gl 95| @ =8 4
Eglsconcyld ol2s >3 3
IR R o b N 3
5 9o Q0= ™ olv 2 @lo |0 5
¢ cplNEogvls e E Elw 8lE 3
6,85 EF 225 %< C5|53ld EI
Dco|lRRa2Te NA=E5las s £
- EF R R R R
So=g|l=cddz|e 8|8 ES|a&|S v u
uopeiad0 | abesois ety [uayony]dsial ¢




©0
N

- ) () euewy| .
O]
m S| ._W ) () auepibli4 % i
_ > z
Q — m = (@39 Y W
® — [aa]
W O £ L o mmg (W) ooduumy) =~ =
= .= + = Z
e.n.msr SMoam WBeyken|
[ - o
) % m o) m ..n_lw O o () Auedwioy Jnox| — °
© - o
c m + O ._m m ._Qu.. m | slamelp “dwaj e|geisnipe Jo ‘oN Q N
o — x =
(oX S m Pru - m [ > 1500 Bulnjoejnue m m
— +
e R m + % Q (g0} m wn ## [ Alep paonpo.d 89| Iaw W
L > 4y (¢0) v C o N e 2y g Jojeolpul Jayy Jeepp| 2 &
t ._hl.. = o 0T W == = > aunjeladuuia) Jajepn w M
n _H_ _H_ le— soue.eadde - Burjes dnolb snoo4 m S
e g - saopd uondo [sued wiy @ ssajulelg A M
Cc i
[0} ydap Jojelablyey S
m O @) > 100p (SSE8) R (SSESIP 0} 8Ll | °
m & > 1500 JOBJU0D 80IAI8S SIBBA (] W
y a ### 2 > 1500 %R 8w} Juswiaoe|dau I8yl JoJepA _w._
O X o) | (sleah) pouad Auelleps )
* ” ) dap Aely Jooq W
—_——
L . la— Wyblay Jjays Jezaal4 2
p @] S o) SN Uipim 3 yidap Jays Jojessblyey w
e m & le— YIpim Jazaal M
le— Ues|o 0} Asea pajel sainjesy Jo %, w
D m . Buiues|o Joj swiy Asse-al g Alie-sig
. ] sainjeay AyqisiA 4o #
[ ] o
- > 80404 |Ind J|aysjiamelq
a a 3¢ | a|qelsnipe eale A} R JjBus %
n m K e (8|qesn/|e103) Aousiolye awN|oA|
0 L O | (0.61-01 0,08 Wwouy) paads Buljood Jazaa.4
° O ## > uoneleA duisy Jazaal
t C (s < > (81942 yojuo) abues duwisy Jazesi
= Y=
A v - m .U o m r.m e (0.5 03.0,0€ Wouy) paads Bulj00d 'Blijey
W +— S o ..q.la. m 3t > uonelea ‘duwaj Blijey
(%] G
n — p m S m o . {81042 yojuo) abue. dwiey Blyey
u 4 .” kom ®) o N > JUOJJ-JUBLIBINSEBL BSION
n C N o) ..hL W X |- Aous|oly3 uonensu|
o— — | unes Asusiolye ABisus Jossaidwo)
SO <tEEgg e
O Eg vl o T fyoud
d O + (D) © -} O
ofd _ m O w e = knw sinduj Jawoysng
© mmm L O
— ~ Q VW O © o0
e L VY oo (o)
M — = F233¢ S
O 25 = i ©
o =
S 5 Yf%8«x s 22 % 3
e C (@) S T (@] 2 2 2 m, 2
o e N %] Q Re) (@] & o zZ e
N .I - c g 2 ¢ =
@ o 8 o ® =
< c O c I} o)
il o T o o -
T |&E & & & s
=] n = o0 = =
Z @O X # =




2
2
p =
% 2
® ’ﬂ
Goal P [ IS T T[S (S [F[FISIF[F [T [F[F [Tt [F[I[I[ofd[F[F[F]F[I]F
%)
gl | |2
? 2 2 2 ¥
v ¥ o ol|® P [ 5 g
2l B AEEEBEEE HEINE = al & 5
Bl =8 |el2l 1El5] 18218 | 1215 13| 1LELE HHEENEE
— 5|% &> =| 8 =| | % 2| & E B ot
HHERHEEREEEE HER LR PR HEINHENE :
gn_aggvsgg-i ?iafb‘z'”g =l = 3536 HF':g'.»gﬂS
R EE e LR R EEE BN R e
S| |51% 8| 2l 8l 5| 5| 5| B < (5|35 <l B| =l 5| 2| 2] 21 2| B[ 2 8|2 & 2l 2| Bl 2| 2| Bl =[5 |5]|=
HHEEEEEHHEEEREE N R EE R
S| 2| 2[23|2] 8| 28] 2|2 5] 3|2 82| &) 82| 2| 2| E| [ 5] 8| 2 2| 2 2| =| £ 2| 2| 8| &) £
5 | Low energy conzumption 4 |3|3 2] 3| 5| 3| 3 |
= | Quict 3 sl 4 4 :_?_t_
2| Maintainz 31313131313 5 3| 3| 2
el [ e BEIEE sl s 4| sI 3
Maximize storage zpace 3 3 313]3 S' 3| 4] 4
%] Flexibility for chanqing storage need 3 1 3] 2 3] 3| 3| 1
;7; Eazy access & vizsibility 4 1]13l3 1 50 ] 4 4 3| 3
“ | Eazy to clean - 3 3 5 - 2| 2
|} Handlez large containers & items 4 3|a|3|3 4 3 2 4| 3
: Reliable, doezn't break s 3 5 11 3| 3| 4| 3
::Easg&lowcosttoservicc 3 ajs|lsl1 1 3 4| 4| 5| 2
2| Eazy to deliver & install 1 3 s| 2| 2| 2] 2| 2]
| Fitz in kitchen space S 3 5 2 5| 5| 1
* | Coordinates with kitchen décor 4 3|3 2 HEE
V| Dizpenzes purified water 1 3 als 2 4 3 |
| Provides & dispenzes purified ice 1 3 E1E1E 3 4| 3
»ylow price 3 4| 3 s|
1] - ;8- F e | e 5 - | e g 5 o |ea|w|= g wlo|Blale|w|8|lc]|<]|w] g g § I . f
o |22 5] [ & e [ B[ E[o o [o [ [ B[ e [z ]o [ [ s [ [ [ [« [2[2[E] VOte: Upon completion o
Technical Evaluati N < 3 S = g’ = ’g H H
S:I:i:::iv_:ar;?i':;i ;::ei. w @23 e]e Gl | : § wle]w|wls|8 N N I N N S S N N I E QFD analySIS’ englneers and
jtalicz] G |a Blgle|a|8lo]|elE 5 olelsle|alS o 5 S T e
e |zl slo o gl L s L Lo e [ E e B ez o[ L[ [Z]E[E] product development
alal2 Fle | g w|e|E § L N N > Blalw |S]ole|a]|B8la]lal<l=|S]S § .
5 managers can use this
gz . . . .
3 ‘g $ : information to improve their
T al i’ g 5_’ - 3 . . pe .
2 g i 2 3 design specifications to
el U 1e) L LE ] ELel VL LR elellel |l
3181l |2l |o 2] el 21315 o | 2 2 L (s 2 E Lo 15 | meet/exceed the customer
HEIHHHEEREHBNHERHEBEHE RS HEBEEEEEEE j
Technical Difficulty [1-Low, 5-High)] 4lsj2jt1j2j1j2j2j1|s5jaj2|3|2]2]3|4]1]1]3[2]1]1])5]3|3]1]3]3]|5]|5 re q u I re m e nts

Acceptable Quality Level

WWW.bUi|d4SCa|e.Org U.S. DEPARTMENT OF ENERGY ¢ OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Product-Development Process

Integrating suppliers

C1Every firm depends on its suppliers for parts and services to
fulfill its production/technology/expertise requirements

CIInvolving suppliers early in the design process can minimize
expensive engineering changes and extended lead times

IBy including the suppliers in the quality assurance plan during
design, an original equipment manufacturer (OEM) can leverage
its design capability to gain a competitive advantage

CIIntegrating suppliers will also improve the suppliers’
understanding of the overall assembly process and the quality
requirements of the final product, thereby enabling them to
better manage their component quality (e.g., tolerance stacking,
tolerance allocation)
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Supplier Quality Checklist

Checklist — Sample questions

[1Does the supplier measure its quality performance?

[1Does the supplier have quality performance goals? What is
current defects rate in parts per million? Is it acceptable?

[1Does the supplier have a documented continuous quality
improvement process with prior quality data?

[1Does the supplier follow a preventive approach or only depend
on inspection?

[JDoes the supplier have a formal and documented sustainable
quality management program including training programs for its
employees?

Acceptable Quality Level
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Supplier Quality Checklist

Checklist — Sample questions (cont.)

[1Can the supplier demonstrate if its process is in control? What
tools are used to demonstrate control?

[IWhat is the supplier’s current process capability index (Cpk) for a
desired process?

[11s the supplier ISO9001 (or similar standards applicable to its
sector) certified?

[1ls the supplier implementing any quality assurance program with
its own suppliers?

[1Has the supplier used any Lean Six Sigma quality improvement
practices in the past?
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PFMEA

What it is and when to use it

[1Process failure modes and effects analysis (PFMEA) is a step-by-
step approach for identifying all potential failure modes in a
manufacturing or assembly process

COPFMEA is recommended when a process is being designed for a
new product, or being redesigned after quality improvement
—It should be done periodically throughout the lifecycle of a

process for analyzing potential failures due to changes in the
process over time

11t ranks the ‘severity’ level, ‘occurrence’ probability, and
‘detectability’ probability of every possible failure mode in a
process
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PFMEA

What it is and when to use it (cont.)

CJA risk priority number (RPN) is calculated for each failure mode
by multiplying the three factors on the pervious slide by one
another (severity, occurrence, and detectability)

[0The RPN number is used to prioritize the reliability-improvement
decisions

Note: This module only introduces the concept of FMEA, which can
be applied to evaluate the reliability of both design and
manufacturing process

See Module 3E for an FMEA example

Acceptable Quality Level

WWW.bUi|d4SCa|e.Org U.S. DEPARTMENT OF ENERGY ¢ OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



How To Conduct PFMEA

C1Assemble a cross-functional team (design, manufacturing,
quality, supplier, sales, and marketing)

[Jldentify the scope of PFMEA; such as process functions and
boundaries, customer requirements, and product or parts to
analyze

[JFor each process function, identify all the ways failure can occur

[1Determine the severity of each effect (severity is usually rated
on a scale of 1 to 10, where 1 is insignificant and 10 is fatal or

catastrophic)
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How To Conduct PFMEA

(cont.)

[1For each failure mode, determine all of the potential root causes

[1For each cause, determine the occurrence rating (O).
—This rating estimates the probability of failure occurring for
that reason during the lifetime of your scope

—Occurrence is usually rated on a scale of 1-10, where 1 is
extremely unlikely and 10 is inevitable

[1For each cause, identify current process controls: these are tests,
procedures, or mechanisms that you now have in place to keep
failures from reaching the customer
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How To Conduct PFMEA

(cont.)

[1For each control, determine the detection rating (D)

—This rating estimates how well the controls can detect either
their cause or their failure mode after they have occurred, but
before the customer is affected

—Detection is usually rated on a scale of 1 to 10, where 1 means
the control is absolutely certain to detect the problem and 10
means the control is certain not to detect the problem (or no
control exists)

—On the PFMEA table, list the detection rating for each cause
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How To Conduct PFMEA

(cont.)

[JCalculate the risk priority number (RPN) =
Severity (S) x Occurrence (O) x Detectability (D)

[JCalculate the criticality =S x O

—These numbers provide guidance for ranking potential failures
in the order they should be addressed

[Jldentify recommended actions
—These actions may be design or process changes to lower
severity or occurrence
—They may be additional controls to improve detection

—Ildentify the key person for the actions and target-completion
dates
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Publisher
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List Of Acronyms

0 MRL — Manufacturing Readiness Level

1 QFD — Quality Function Deployment

1 FMEA — Failure Mode Effect Analysis

1 DFMEA — Design Failure Mode Effect Analysis
[0 PFMEA — Process Failure Mode Effect Analysis
[0 OEM - Original Equipment Manufacturer

1 RPN — Risk Priority Number
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