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In a survey of 89 industries who used DFMA it was found that the following

reductions were achieved, on average:
WE RS, NWHIDEMAR ELSEHLAN T 2405 T BFFE PRI R R

Assembly time

Assembly operations

aeparate fasteners

Assembly defects
Service calls

Time to market
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T AT 415, D, FREESE, thnl DAAGER ™ il 35 5 ) sl e 7 i s 4 ) 1 1A
=, wiieE. A () . Hﬂﬂiﬁﬁuo L5
»>DFP: Design for Procurement HJ X111
»>DFM: Design for Manufacture ]| ¥eit
»DFT: Design for Test 0t
»DFD: Design for Diagnosibility #Ji&Wia#7 it
»>DFA: Design for Assembly H®JZH%E11t
»>DFE: Design for Environment W] IAE¥ELT
»>DFF: Design for Fabrication of the PCB APCBH] & i1t
»>DFS: Design for Serviceability nJR%¥Eit
»>DFR: Design for Reliability Ar]HEM Mt
»>DFC: Design for Cost RAI#ETt
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DFM (Design for Manufacture) w] i 51t

BDEM Al Tt
> DEME BT S A & B et 55 460 2R 40 &840 2 H]
PIFHE IR, FEHUE R T m vk 5 PSR 2 iliE R S8
BlA A BT B AR .
CIDEME A2 £E 38N 7= il A vy J5 HH AR R 2 A O ) 8 5 hn DA
OB DPMEEBR S tH AR S T2 Rl “ X SR dt”
> DEMP) if-Ab
© ARSI R IR PRI, i SN T 8 1 i)
© HAERFA ST . RN R TR
® ATHAS . B i T
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DFM (Design for Manufacture) ] li& %11

B DM Hillad vk
N‘E EHP S EIN PR A I U RS 22 8] R AR I U B B R A
P A AN 1160 96 B R B AT T
I:I75‘VH’J%UL_EEZIKEX{J%?WW%%%Dmﬁ%ﬁd?@
C170 80 % 1) AR 7= B b 72 FH T e v B ERL 3 s 11
> i R B BOdbAT Rl I e A A, TR T T
PIRTEEPE . RRUEtE, S 9s = T R I sE s ) H A8 e B
e H
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DFM (Design for Manufacture) 7] i %1

B DEM ] 3 B T I HESD )
> TR AT SR IR 24 B 1
O ER T BN RS, [RI XCEHA B 2 Dh e i AN hn i) 75 =K
> AR T S s 1] £ 75 K
> M SR A E R S 54T
B DRV X
>SEfR b, DEMES IR R et O3 B s R4, A i R 7= i ml LA
Fe w8 2 URE . 3R AR, - TEER AT RE T EUSIMN [] S A IR 22 4%
T%,

> AL BB 25 S R R B
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DFM (Design for Manufacture) 7] i %1

B DEMIAE AN A A1 XA v a] PAlE RS 7, i B2 Rl “IXAN KT R T
HE M =y R A )3 7 HERA]”
> I ERAASE B PR VAR R B A, R T —ANFE T aE i X B TR) A A
e w4 I TE S 475
O Bk T 42 MRS B 0 (A RIS, TRIEE, TR 25) K 2 e v 2icdis iy 25 LA
, WT LB BRSOk B i ) L 2R N e .
W S EENE, DI ARG N T F T A H S N (NP TR BE 1 —FiE ki
A, AP G A R AR B BT S S BRI TE
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DFM (Design for Manufacture) 7] i %1

B DEMEARTE 7/ i i o5 i i 58 A FHAE T
> —, AR TR AEAL, W EDEMEETE, Bt RS S 1A AL R
K, TRV EFIk 2 A PR B A5 bR AL ;
>, AATEARER, T HET &SN & (OEM/EMS) , DEME: R
T &AL FE W EAREIEE S, eIl MRt %%, DUE
AR H S gl 2 =, AT AL SEI A BRI 5
> =, PR R S BERAS, DI T2 R i e R 3k H
>, WA, SCEMTRRE ), ARM AT, A SRR SRR
M
>, BERT R IHATIGAE, DB e PSR T B
> Ja, DEMAT T H 25 5 24 IPCB/SMTH AR Bk, B A AH Y B I 103&E Y g
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DFM (Design for Manufacture): a] il it i% i1

)

WX B o T R A T S RN AR DI L g BaE . MR PR
S AR I Tl .
B DEMA] T8 T bz Tt e 5 A, $ehn L
W E AT R ) SR A
> TR AR TR
> R e U0 ER A B i A =
> 10 FAE T n 64 K
PIAS S E RSN IATEE
> K bR A 5 AR A 5

> D AN EIRE SR, T54%
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DFM (Design for Manufacture) 7] i %1

B DEMEARLE LA JLAN 7 AR BRI 385
> (1) = s I R B 4a%, B IREED .
> (2) HE B L2 A R
> (3) YDl A RN A P A
> (4) HrrE iR A E ™ 5 R AR Pk 21 sl 2 A= = 1 .
W CE N N HEXNPCBI v L2 R v L2 LIRS T2
Al B v A T T ) i b, B SRAEU I D Re, SER s, HAASE

UREEI-OE
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DFA mJ 413511 (Design For Assembly)

B DFA n 2% 1t

PIEPE VP TR, BT IA R LU H A

O FAARR 2 B A ()

O BE T H 7% A Bl B Bl 1 7

Ok D A el R v 155 2 ) A 1]
> Ho, 0 AR A ) — > O

A

2 e PR A AL

CNE LT EVEREIRS 38

O B AR (1 2L 3 A
Olae /b F B R AR
D (IR AR O 2 254
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DFA(design for assembly): A] 2035 #% it

B DFAZ i H 02 H A& o BPIDFX T v .
> BERC TR ZA 455 O SEEE I i AR e e R
> BT iE AR A BT A2 B AR BRI B 7 (R DAY DB 1) L AN Y
BTl AT BERC T B TR U .
O > Z A48
OISR FH AR 5 [ A A L e AR A
O A1) 5 AR TR AAR
OISR H LA 1 584
OV ml B Bedd A A

DR DR 228, 5555
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DFI (DESIGN FOR INSPECTION) : TJ#& Kt

W DRI E GRS b R DR 38 DS S i R s R g e
> A I AR RN E AR IR i dhia g e 1 3R fE R
RGO N TRl Fe S48, 4 b ) i Asr 96 Uy 1 DRI iy AE R b
B RE 7 i G AL BT RE Y BRBE, AN AEAE LUDRIE = A ) 22 4
>k 7 (EYER R TR CEETn i AR b s A B e, AR AN [R] Fof
3, FAFNERS AR CEE Al G5B A 4 VA% HEE Bl D)
LY AR R TS
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DFE ((design for Environment) Z7 /5 3 55 #7 8¢ ¢f
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W DFESE 25 8 i T A e R A IR 3, H AR TR DA AR
g RS dEr B, D, SRERSE S A e AP B,
PRI E AN, netiiaess CEYSAREYD , vod (REAEJE
hy BB, TR BRAESE) , R (5 SRR ) 555,
FAETE O R BIIALE I 22 NI AR A= s AR EA DO A BT P A AN K

s /b, M HIERE D . AR oA ise . RIS E AR ] [ PR
P T A AE BE s AT BRI SE S0 e 7 b TF A X A 2R 2
UM B R AR R ICAREE L Thae. BAR. RS, ieE S

) ear
AL

WD IR EEAS RS BT AL 5
> ucrt Al E AR L AT A A
> P DA
> P AT IR BRI R R
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DFR (DESIGN FOR RECYCLING) : wJ[a[iz it

W RO BRI, A IR R IR IHEE A R, A R ST 06 T R
S eIl A — 22 TNV G HEFE SR ATV A B, (e Al i [T 46 1
AN DA Een, FEREE) R IR A7 19955 ik, HA
TR L “ 7 it st RR” WAL &3 XML,
MV b T A 200K 7 it [P Tm) AL ) HRE 2K

> ] (BN T R E AR R E P ot R AT s P PR 52 iRy AR R T

e i PR EER R TR, PR g, PREIEIEMSE, Rl TR
PSSR R 2%

> AARE LG o~ w) T198THEBI T I — IR PEARHL COLRRar 88k I
&) 2 [P BT AR P o
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DFQ (design for quality) 11 ) Jig & [ e v i s A2 7 i I A iy

|

B i n] DUB A e BRI . B T T A A R
ST T R 5 e v T B s DU
>N gy TR
> K FFR AT 5
> B ACPRIE T 2R VE 5
> R A ERE G
P, E5E
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DFR (design for reliability) : Th] [7] A S 1 8 1

B OTEEMRE TR P A IS AT AR I P A P i e S I T g
zﬁﬁoﬂ%ﬁEEE%ﬂﬁ% AN & R I Al FEVE R T Al SR = 5
O @mjaﬁmmﬁaEl’]fﬂ:ﬁﬂl_tﬁﬂﬁjaﬁ@El’].%@%ﬁnnﬁ RE. E
Pyl aett s TURMS & AR . I 4 asa% . Rk, otk n]
AP R ) B
> A i S5 R 5
>EEMAERR A B TR vt (Can A B8 i, DABE i SR 8
W SRS
> K AR EA A AL R
>l T BUE 57 AR v, g Y SR s R ECR FH R B
FRER M IIURIE, A
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DFS(design for service/Maintain/repair): [fil [n]) 4E1& 1) i vt

B AR A R MRGE SRR RO, )
IR 55 BAR AR MY AR AL A T2 —
> N G RS B E TR A dEE, T S YRS R B S R R EE R R
TAE, DRty b i 3 B T ol SR i 8 S R RS 7 b R T AR o]
PRI RS, WHG T i T R . R AR AR B mT SRR A R R BT
AR S R AR ) ZE A AL TS S R VR S, A D 3 S T A P R I
) T e A S DFS | B 2 ) i
> 5710, 5 B n] A i) 45 S E B EAT 2R o e AR R 1 2 A Ak
TEZIRERNLE, AR -—4EE I 18] 5 A 198 o
W AT R ) D U 4
> i P A EE
> 2 T BRI AN 2 B A0 2 R A BT 2 KR S i A
> F RS EA T ER S H e
> R > T EAEH 4 e T H ML,
>R
> K FH AR UHEA
> A AR E SR, 5.
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DFX 3B 1%

%

W R AR BRI T T R A TR R Sl Y
DFX 745 20 8, M A A v R e bt @i, e 2445 2058 it sadt it e vt
B DFEX[) 2P R HE:
> i (product analysis)
CIDFX T v B 50 77 B WCEE R B Axr= AR B A5 BRI v LU
Bt CRECERMZEED o #AETMEE. s RadE 402,
FRFHRIgeh . AFRERFRGT . MRS,
>R MT (process analysis)
CIDEX 7 VAR 28 — 20 f B AR . BB A S R B0 AH S B 48 R 38 U 2504
On] LR A TPl iR AR AL B ot = i SRR O R . i A
fiiEsl (L) BAIRE [RGB 555 .
> MR %E (measuring performance)
CIDFX 7 VA 2 = 20 e 3k B RS TR G B2 5, RS ke TR
Pl e {5 B A B R R .
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DFEX ) 3= 50 T

B DFXH) 2D BRALSE.

> hdEFE S B AL (highlighting by benchmarking)
CDFX 7 VA 58 DU A0 2 Je it e PERE VPP RIARE, SR E R P XX Lebrif:, A
TS .
O 28 s v A & 2 Absin] LAkt 2 Ak
> )i = A i s IR0 8 (diagnosing for improvement)
CIDEX VA 26 120 i R g0 e v o) = AR 1P SR AL, DA HH = i i vt
AR
>t 7% (advising on change)
CIDFX 7 VAR SR 7N D s o6 P2 i A R AT I R . B2k A& 1
ey FrdEd . AR BsE, e e s ik ol T &
>t 7 Z M HE (Prioritizing )
ODFXJ7 1AM B Ja — 2 /e B0 2 = i e tdodt o R AT |y, DU
W TR B SR T, MRl i vk el i R
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EX I

BEFORE

% RETAINING RING
PLS

. EXample 1: “FTA;LT%WTG

SPRING SETS
3PS
RETICLE

CARRIAGE —

. LOOkS OK, I‘igh‘t? SUB ASSEMBLY 'i

SHAF T “T _
= \
SHIM —— '
SHAF
2RPS
% .
HOUSING

BRACKET
) AETAINIMNG
NG

.

BEARING

S - -
@‘% FLANGED
\ N
P

e \ N 4PLS
SCREW COURPLING
2PLS (DRILL
(LOCKTITE AND PIN
OPERATION OPERATION
AEQUIRED!I REQUIREDY
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Figure 1.11 Reticle assembly—original design. (Courtesy Texas Instruments. Inc.)
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EX I

B Example 1:
B After DFMA

B What a difference!

ASYER
@y
e
e
SPRING e -
(2X) ™~ CAM
RETICLE

CARRIAGE

SUBASSY
BUSHING

N
W\‘
(2X)
HOUSING

Figure 1.12 Reticle assembly—new design. (Courtesy Texas Instruments, Inc.)
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Zp12 HBL

COVER SCREW (4
0.12 dia. x 0.3

BUSH (2)

powder metal
05dla.x0.8

/
COVER 16 gage
I.c. steel, painted ®
soldered seams

45x275x2.4 /_/ /

SET SCREW
006 dia, x0.12

/
BASE 0.187dia.x1  STAND-GFF (2)
aluminum, machined l.c. steel, machined
4x22x1

05dla.x2

brass, Impregnated

END PLATE
Lec. steel, painted
45x225x13

PLASTIC BUSH
0.7dia.x 0.4

MOTOR SCREW ¢2) |

0.2 dia. x 0, |
/ MOTOR L |
2.75dla. x 4.75

~
END PLATE SCREW (2) _~v
0.2 dia. x0.5

Before

DEKRA WIT

After
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2453

Piston ——H ,ga‘-— Roll Pin  Washer

) Rivet —5

s

R s
\@ Screw Q;; Pin

Screw
J 1
<4
~ : PO =y Washer
— Screw @: i
G " 1

Suar ’—éJ:'j" Set Scrow

=

f‘ii‘gufrt' 3.13 Power saw (inital design—41 parts, 6.37 min asscmbly tume). (After
Power saw HL4E
Before: 41444, 6.3748FZEHCHY [E]
DEKRA WIT

Power saw HL4E:
After: 294NMFAE, 2.584 it e i IH]

Screw -—-"??

Screw ——ci Zen

- ~ofB
]

AR

Figure 3.14 Power saw (new design—29 parts, 2.58 min assembly time). (Afier Ref,
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21514

e
t’j — Pressure Hegulator - 114x58
N | "

Earh Lead -150xs& — Conncclo
== Tube Assembly - 55x80x12
-
L, e O ] l/
| Il - L e —

PCA Ascombly - 100x40x20 :

Metal Frame - 114xX77x51 = |

Plastic Co
Not %o Scale
Dimenslons i mem

Figure 3.35 Comroller assermbly

Pressure Regulator

114x58 \\

1 PCB Assembly
| 80x50x20
1
1

-
B,
/ — Sensor
Plastic Cover Adaptor Mut 48x32x32
155x57x51 25x18

Through Holes
for Core

0 ) T
\'i‘f Mot to Scale
Knoab - 25x25 ——-__@

Dimensions in mm

Figure 3.37 Conccptual redesign of the controller assembly.
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ETNS

Design for Assembly (DFA) Analysis of a Motor Assembly

DEKRA WIT

Motor assembly redesign using DFA techniques (3)
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DFMA the Product
Then Lean the Process
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E1

Part A

Rivet (2)

PartB

.0: Redesign of sheet metal assembly into a single part (3)

$1.947

$0.960

Figure 12: Cost comparison of originzl design (left) and design resulting from DFMA analysis

and Lean Manufacturing (right) (3)
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DFMA ZE4]

B The IMPACT of DFMA 20

>less parts to design, document, revise®/DHIEALR . SCHFETT

>Less Bill of Material (BOM) cost, parts to receive, inspect, store,
handle S /DIWIRNE B, SEARECA, SHADREN. k. At E

»>Less labor and energy to build product4:;=y= i 58 /D 55 8 ) Fiks 1

>Gets into the customer’ s hands faster 5§ {RZIIA%

>Less complexity PRI T H 2441

>Simpler assembly instructions ZEFCIE -S40 5 fij

>Higher quality S =/ e

>Higher profit margin K & 12 PR A)5E

>More competitive in the marketplacefEidg A w41

Rev. 01-07 — International certification services

DEKRA WIT



Rev. 01-07 — International certification services

DEKRA Certification > DEKRA

DFMA

B Advantagesf#
>Quantitative method to assess design®EALTEY = vl V4
»Communication tool with other engineering disciplines and other
departments (Sales, etc.)53e TR g ) S e 3R ) va i i) =
»Greater role for other groups while still in the “engineering”
phase such as Manufacturing
£ “TRE” BrEent, it ESIIaE 2035, WkhEss]
»Since almost 75% of the product cost is determined in the
“engineering” phase, it gives a tool to attack those hidden waste
areas before committing to a design
BT T5% I m A A TR BrBkE ), et AN EduE oAb
P L6 Sk i B DX 38— A TR
B Fact: Fasteners typically account for 5% of BOM cost, yet contribute to
70% of the labor cost!

F: R BORVER G T BOMYIENRA 5%, HATL 17 70%H157 5 J1 A .
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B=ER

Q@ DFM i, FiFH, Kt R s br o
> DFMEE FRFE
>DFM5IPD3&E =TT K
> G n] 5 e vk T A 3EAT 74y 18 st
> S HRDFM 115081 7%
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DFEMH 5L it

B DEM SIS Jith o) B B
>1. SR IFETDIMARHLE SO
D) Y B o Ve N/ O S 8 R T N P\ O 7 /a5
v PR IR AT S AT
>2. AEX U REAT SRR I R I, MR 2 W] DEMARI i SC A4 52 37 DFMARS, 7Y
o MBEREMT RS Sl M= Mk TR, YA R 2
H. KRBT, MWINAE L EEAELITME R

Ca.
Cb.
Oc.
d.
Cle.
af.

s B (U H R R PR K. PCBIE]. ZHAEE . CADZE M SCREs)
Ve B BRSO T e : AL SMT. JRUEIE. THE%E
PCB RS S At Jey o

TCES BRI S . WAL T

A L 200 AL AIEHE STt .
PATHUZH 2 1 25 T 225K
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DFEMH 5L it

B DEM S Jith 1) 7 Bt
> 3. fHDFMFR 45
CIDEMAR 5 42 S WA B v i R P B R I m) il  3X AN ZRABLT
1S09001 5 () Fi A% ik i, = EEARPEDEMIE yu 30 i R, A
W PIAEI. HARUIENE T, Z5EAEHKEEH,
AR DG Eg RESk . HiRE 2R, THF TR
TR .
>4.  DEMINR ;
OUE T DEMBCTF IS K, XA dsgm 2 ok, 2] T H AR
YEA . X Bl I DEMPIA R FEATUESE o DEMIIA A2 ) e vk A\
G S A w) AR PR AL AR 7 T2 R AL W BIRE N, XA
] e 75 A = N A B, D00 20 U v A 5 A R e 4
hiﬁz‘zﬁﬂu@&ﬁ‘%ﬁﬁLEE@T%}HMEH%EW{@ o) g, i tt
EH
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DFEMH 5L it

B DEMEL it 1T o B

>5. DEMAPMTVEM: XN REA Y T B85 PP e . — 7 PP = S sk 1)
DFEMA] FERERE, W —J5 T n] LB AEDPM o 1) A= P2 )3t 5 3047 34 DRV 4%
T PG A TRRPL L . WA PZ I E . R AR ZE T 1 0T,

19 HAMDEMP A 1T )1, RN R LERIT 5 A H A 3 T Lk
PN ZTRIAER, 55— 77 1 n) DLES 55 A5 5 38 S DM A #e Ly 6
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DFEMH 5L it

s M DEMSE Jith Y 47 TR 22
>1, AN Ga AT A

CIRAT H s 2Oy FEat B, 1 BA RS 0 HAT 25 AP RO AN 7 PEL g

>2, R0 TRE

CO (I 4 AR B0 SR AE R L O O B 7
CI 2 TR FH ARG & T T Al 3, KK 124 T

CIRREIE I T
o = gt
© ity ik it
® $Hlits RGUH L R
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DFEMH 5L it

R MDEM ) 4™ A 25
>3, T H
CIDEM == AR B vt il T H, 5.
® AR U2 W 73 A1 (FMEA)
® 521Gt (DOE)
® I E TFE (VE)
® ZHAE Y1 (DFA)
o iEIgE T (QFD)
® HbrpiA T (DTL)
® ARSI (SPL)
CIDEMAS Bl B I 26 T H., i vert s A= K= REH R G 9F
H—ANT5vE, MIBEEA T H 11—
CIDEMITI H & ¥4
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DFM =L it
e
4 ~ 4 )
L d A
e 14 DEMASE B 35 1414 DEMAS B 3
o o %
4 4 = I
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CTY g i FE K
:Dézm%,}:% DEVIA 75 3 SRS WL dS & W =8t

000000

B DEMAS 235

DEKRA WIT

\*ﬁDP‘M*ﬁﬁi%/

oooooo




Rev. 01-07 — International certification services

DEKRA Certification

> DEKRA

DEKRA WIT




DEKRA Certification

> DEKRA

Manufacturing Today

B Global Competition

MTrade barriers have been removed (NAFTA)

BMMust compete with the best from all over the world
M Japan, Europe, India, Mexico, etc
M Infrastructure’ s forming off shore

B Quality Requirements

HmISO 9000
MSix Sigma (Motorola Inc)

M Product Cycles

MEvery generation is faster
MRate of change is increasing

B C(Cost

M(Costs decrease every year (customers expect costs to go down)

BMPerformance increasing every year

DEKRA WIT
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Global Manufacturing

Mfg: China, Ireland

Mfg: China
Mfg: China, Ireland

Mfg: Japan, Thailand, Germany,
Philippines

Mfg: Thailand, Singapore, Hungary,
Mfg: Singapore, Philippines
Thailand
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Product Design Today

B Development Cycle

BEndless engineering changes

BNon standard parts have long lead times
B Quality

B“Designed and thrown over the wall”

B[ ower due to more parts, manual processes, and untested parts

® Customer configuration management
B Cost
BHigher due to unique designs and specialized parts
B Equipment and Tooling
HReliability and quality problems
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DFM Tools: DFA Guidelines

-No hidden features .
ype€)

- One assembly direction "tops - Easy to fabricate parts ]

down”

-No adjustments required y - Standard parts (one screw ]
= T

- Parts are self-guiding

[ - Test direction access from top

| N\
- Avoid tangle with use of

fixtures )

- Sub-assemblies reduce
handling of small hard to grip
parts

j - Symmetry in two axis
N

P
- Holes large enough

_ (straightness issues if too deep)
-

-Die cast with minimal amount

of holes (debris chip)

-Standard cutters

-Guide features J

- Common datum % for all fixtures
-One common plane for assembly =
\_- Tabs for robotic lift

- bottom rails for conveyor

DEKRA WIT
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DFM Tools: Summary of DFA Guidelines

Minimize the number of parts
Standardize and use as many common parts as possible

Design parts for ease of fabrication (use castings without machining

and stampings without bend)

Minimize the number of assembly planes (Z-axis)
Use standard cutters, drills, tools

Avoid small holes (chips, straightness, debris)
Use common datum’ s for tooling fixtures
Minimize assembly directions

Maximize compliance; design for assembly

. Minimize handling

. Eliminate adjustments

. Use repeatable, well understood processes
. Design parts for efficient testing

. Avoid hidden features

. Use Guide features

. Incorporate symmetry in both axis

. Avoid designs that will tangle.

. Design parts that orient themselves

DEKRA WIT
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DFA

B Procedure for reducing number of parts
B Evaluate methods for assembly

B Determine assembly sequence
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Design For Manufacture

B Design a product for easy & economical production

B Consider manufacturability early in the design phase

B Tdentify easy—to—manufacture product—design characteristics
B Use easy to fabricate & assemble components

B Integrate product design with process planning
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DFM Guidelines

Rev. 01-07 — International certification services

B Minimize the number of parts

B Develop a modular design

B Design parts for multi-use

B Avoid separate fasteners

B Eliminate adjustments

B Design for top-down assembly

B Design for minimum handling

B Avoid tools

B Minimize subassemblies

B Use standard parts when possible

B Simplify operations

B Design for efficient and adequate testing
B Use repeatable & understood processes
B Analyze failures

B Rigorously assess value

DEKRA WIT




DEKRA Certification > DEKRA

DFM Guidelines

B Standardization
»uses commonly available parts
»reduces costs & inventory
B Modular design
»combines standardized building blocks/modules into unique
products

Rev. 01-07 — International certification services
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DFMA — Design Guidelines

B Design for top down assembly

B Make parts self locating

B Try to design parts with symmetry

B [f symmetry is not possible then make it obvious that the part
needs a specific orientation

B Prevent stacked parts from getting stuck together or tangled
using features

B Avoid parts that are difficult to handle, i.e. too small,
sharp, fragile, etc.

B Avoid parts that only connect. Try and bring the other parts
together to eliminate the connection

B Avoid adjustments. In general, adjustments compensate for poor
design

Rev. 01-07 — International certification services
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DFMA — Design Guidelines

|
|
|
|
\ Restricted access for assembly of screws
= ! ™1 /

Ieased  Eloen: S
— ) & Sy
= /

20 gt f ot e e ey o

Figure 3.40 Design concept to provide easicr access during asscmbly

Tl 8,
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DFMA — Design Guidelines

Over-constrained Kinematically sound

Figure 3,43 Showing how overconstraint leads to redundancy of parts.

Stainless Steel Fingers

LonCatn SelBraet SRSS Sl Bkl
1 ! i
aejusmert equied "o afustment

Figure 341 Design o avid ajusment duringassembly.
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DFMA — Design Guidelines <7 ¢
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DFM Guidelines

B Minimize the number of parts
B Develop a modular design

B Design parts for multi-use
B Avoid separate fasteners

B Fliminate adjustments

B Design for top—down assembly
B Design for minimum handling
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DFM Guidelines

M Avoid tools

B Minimize subassemblies

B Use standard parts when possible

B Simplify operations

B Design for efficient and adequate testing
B Use repeatable & understood processes

B Analyze failures

B Rigorously assess value
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DFM Guidelines

(a) The original design

C".\,:'_'-:__"‘-\-._____\_\_
-\-\-\-"'-.—--"-\-\.
—
I.llll'rl'-;- ﬁ ---ﬁ:ﬁl I

u Assembly using

common fasteners

(b) Revised design

;o
nf
'.:-:!i;:f:l-h'-\. \'\."'_\- .
."--_\__\_':-.\_ o i l.-':_?:LJ
ﬂ' T |j.|]_[]l
3] e A -\.-\""-\.
r 11
f’ [ ||'._
=~ / P
T ~
e | Py
T

One-piece base &
elimination of fasteners
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DFM Guidelines

B More Design Improvements
B Standardization
»uses commonly available parts

»reduces costs & inventory
B Modular design

»combines standardized building blocks/modules into unique

products

B Procedure for reducing number of parts
B Evaluate methods for assembly

B Determine assembly sequence
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Design For Environment

B Design from recycled material

B Use materials which can be recycled
B Design for ease of repair

B Minimize packaging

B Minimize material & energy used during manufacture, consumption

& disposal
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Measures Of Design Quality

Number of component parts and product options
Percentage of standard parts

Use of existing manufacturing resources

Cost of first production run

First six months cost of engineering changes
First year cost of field service repair

Total product cost

Total product sales

Sustainable development

©®O 200900 BO®O
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DFA (R ZFe el

B DFA: Design For Assembly
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British Standard: BS8887-1:2006

The standard represents a progression
from the earlier PD 6470 (1975) ,
»The Management of Design for
Economic Production®.

= ‘Design for MADE’

»M = manufacture

»A = assembly

»D = disassembly

»E = end-of-life processing

v

Recycle —=

Piece part

manufacture

=

Assembly

Dis-

assembly Disposal—}

-

\_/

Rework

M A
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DFX and Design for “MADE”

B DFX and Design for “MADE”

Design of parts and
manufacturing processes

{ i

Design of parts and
manufacturing processes

1 !

i Dis- Piece parts
Piece parts | _| Assembly L pe
manufacture assembly processing
I [Design for manufacturel | Design for customer ] | Design for re—processing|
x Design for manufacture and assembly Design for dissassembly
- Design for inspection
@)

Design for Life-Cycle
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DFX and Design for “MADE”

Specification
BS8888

Manufacture
. BS8887

Verification
. BS8889

Rev. 01-07 — International certification services
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BS8887-1:2006 Contents page

[]
Ry
S
N
<
S
QU

Introduction

Section I Scope

Section 2 Normative references

Section 3 Terms, definitions and abbreviations
Section 4 Design process

Section 5 Design brief

Section 6 Design methodologies

Section 7 Cost considerations

Section & Industrial design

Section 9 Detail design

Section 10 Requirements for assembly
Section 11 Life cycle considerations
Section 12 Requirements for verification
Section 13 Documentation
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BS8887-1:2006 Contents page

B Jnnex A Established techniques which assist with the design

process & correct use
B Annex B Industrial design
B Annex C Life cycle considerations

B Annex D Technical product realization - The TPR concept

W pibliography
W /st of figures
W //st of tables
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TL9000/R5.0 i TR i & 47 FEAR R bRt

M 7.3.1.c.1 project plan i H 1%l

»K)design for ‘X’ plans as appropriate to the product life cycle (plan
example include, but are not limited to Manufacturability, Reliability,
Regulatory, Serviceability, Safety, Sustainability, and Testability.)

> I, 2 L8 Ay TN IDEX R (BTan a4, (EANR - Af
PG vevh, wEEVEW, AT SR, AT ot et vt
, AIRRE R AR Bt . D
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TL9000/R5.0 i TR i & 47 FEAR R bRt

B Product life cycle P=hhZEdr )5

Feasibility | |Development Pilot Manufacture | Retirement

Product Life Cycle
B —

Development Life Cycle

Design Construct Test

Rev. 01-07 — International certification services
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Case study Z

= Manufacturing Today
= Global Competition

»= Trade barriers have been removed (NAFTA)
= Must compete with the best from all over the world
= Japan, Europe, India, Mexico, etc
= Infrastructure’ s forming off shore
= Quality Requirements
= ]SO 9000
= Six Sigma (Motorola Inc)

= Product Cycles
= Every generation is faster
= Rate of change is increasing

= Cost

= Costs decrease every year (customers expect costs to go down)

= Performance increasing every year
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Introduction: Global Manufacturing

Mfg: China, Ireland

Mfg: China
hitia, Ireland

Mfg: Japan, Thailand, Germany,
Philippines

Mfg: Thailand, Singapore, Hungary,
Philippines

Mfg: Singapore,
Thailand
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Introduction: Product Design

= Product Design Today
= Development Cycle
= Endless engineering changes
= Non standard parts have long lead times
= Quality
= “Designed and thrown over the wall”
= Lower due to more parts, manual processes, and untested

parts
= Customer configuration management

= Cost

= Higher due to unique designs and specialized parts
= Equipment and Tooling

= Reliability and quality problems

ENRA VI
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DFM Typical Approach

= Product Development Process

= Conceptual DESIGN and
development

= Product optimization, TEST

= TOOL BUILD (ease of assembly)

= LAUNCH, ramp, ship, and deliver
= Product Team

= Product requirements and
deliverables

= Collaborative cross functional team
(ME, EE, MFG, Test, Quality, etc.).
Not “designed in a vacuum”

= Uses DFM tools and methods

DEKRA WIT

Product Development team making it happen!!
- Product requirements and deliverables
- DFM tools and methods

nd

& 7
K
)
start &
\4

finish

A4

e
\
Design | —————t—ouo

Test

Tool Build

Launch

Product Development Steps
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DFM Product Considerations

= Product Considerations

: » Customer * Process and Tooling
= Environmental . .
, = Depth of product line = Cycletime
= Ergonomics oL :
. = Customization = Quality
] t .
e y. » Test requirements = Ease of Assembly
= Pollution :
. = Ease of Testing
= Recycling - Rework

= Shock/vibration

= Temperature

= Shipping and Handling

» Tooling Costs
= Suppliers

= Partnerships
= Supplier tolerance capability
= Merging mechanical sub-assemblies
= Costs
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DFM Tools and Methodology

Tools and Methodologies

=Design For Assembly (DFA), (IBM experience)

sFailure Mode and Effect Analysis (FMEA), (Sun
example)

=Taguchi Method, (#itachi experience)
=Value Analysis—” Value Engineering” ({P example)

=Quality Function Deployment (QFD), Going to the
Gemba (Hitachi)

=Group Technology, (IBM example)

*Cost management and optimization, SPC, Six—Sigma
(Motorola), TQC, etc
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DFM Tools: DFA Guidelines

- One assembly direction "tops - Easy to fabricate parts ]
down”
-No adjustments required
9 -No hidden features - Standard parts (one screw type) ]
T
- Test direction access from top - Parts are self-guiding }
- Avoid tangle with use of }
- Sub-assemblies reduce fixtures
handling of small hard to grip . .
parts - Symmetry in two axis }
- Holes large enough g -Die cast with minimal amount
(straightness issues if too deep) e L= of holes (debris chip)
3 » : )ﬂ -Standard cutters
- Common datum % for all fixtures e S} -Guide features )
-One common plane for assembly & .
N - Tabs for robotic lift [mails for conveyor
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DFM Tools: DFA Guidelines

Summary of DFA Guidelines

Minimize the number of parts
Standardize and use as many common parts as possible

Design parts for ease of fabrication (use castings without machining

and stampings without bend)

Minimize the number of assembly planes (Z-axis)
Use standard cutters, drills, tools

Avoid small holes (chips, straightness, debris)
Use common datum’ s for tooling fixtures
Minimize assembly directions

Maximize compliance; design for assembly

. Minimize handling

. Eliminate adjustments

. Use repeatable, well understood processes
. Design parts for efficient testing

. Avoid hidden features

. Use Guide features

. Incorporate symmetry in both axis

. Avoid designs that will tangle.

. Design parts that orient themselves
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DFASLH

PSBG2 UPS Design for PWB Assembly Score Card

OPrototype OIEVT ®DVT ®EPVT

Total DFx . .
Possible Points Total DFx Compliance Points
235 223

Formula = Total Compliance Points / Total Possible Points

Prigrity 1 =5 Points {High Impact to wameniy cost andior cusiomer expaniance)
Prigrity 2 =3 Points iMid Irpact to wasrenty cost andior customer experience)
Priority 3 = 1 Paoint {Low Impact to wamsndy cost and'or customer expaniencs)

Model Name : RPI302C12A0069

DEKRA WIT

Score
TE < < Bh%
Color Table:
(Green: DK for next build
Must have a plan for next build
Red Stop Mext build until CA implemented

Review Date: 2007/7/7
Approve: P [d] T
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DFASLH

_ DFx Compliance Priority Lewvel Max Points DFx Points
ftem Category DFx Requirements Points(¥, N, NIA) 1,2, 3) Awailable i5, 3, 1, 0}

A AT SRR 16 8 B R SR AR NIA

! Al 20 BELLHEA Al AT AR - ! e .
AlE{GFA A ERESE S @4.0 (+0.1/0) mm & 84.0°5.0

2 Al [+0.1/0) mm - U) ! = -

5 a1 PWER 8 F-S(UPS GUIDE LINE O-$pk ATT 1 5 5
4TS+ 43 0mmh ATEL 75365534 Smmmmle SMI-330%250mm

" a1 #=HSMD EE - ATESSEREE @SSR 20 - - =
mm ;S SMD BFE - A 21mm -
B = S RITE. g e IR ]

5 Al 2 3 3
(SRS MA ¢ Others:MI)

g Al %+ FERERE 1 GUIDE LINE 75 Wil Sk L/ UL T - B =
i 1 PR

7 Al T e 2 T O E T WEE A TS o HEE 2 1 2
HEEEAEE (EES R ERAVSMD or #{f)

g Al LAYOUTRY, F 5 HE PAD or PAD FL{E# 1 70 SEEAL SMD 1 5 5
EMASPEMITS Ouide Line B3 F olmmAL SMIHERE

9 Al R, AR B - LI T S B 2 E E
= IR A -

10 Al VIR B TR RAAR - BT 5T RS, - L - B -
AR i Al e £ T L i SRR N T T R -

o Al AN B R 5 192 Bl S BE AL 2.8mm Py - A - B -
FHEREL - LIFRIE SR -
SMD |« R SMD | -

13 Al ALFSMD SR, T o] S F R SR or PADVTrace 1 5 5
B IR IR R

14 Al Layouths BE-E AL SIS B, o ik i 2 3 2
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DFASLH

A EH, TTET oA REEE A or @M or 8@

15 Al [ 2 3 3

18 Al MDY SEEE R F ol RN B R R S ) or 8 > 3 3
EfF¥T RAWEE

17 Al Bl = o I R O R B R T S Gulde Line?l 1 ? 3 3

18 Al Bl MR AT O W L A0 (R R 3 5 3
=2fB

19 SMD SMD Mark £ 1ol 5 (7 0% S50 06 O S O OO - M OIES E F 1 5 5
S EL F 4SR5 5MD S I (G B RS

20 SMD “EWH{"-" mﬁmﬁ g‘j‘:rﬁf"-r!:;!;‘l " {EP“'-EE::HE 1 5 5
SER - FIFEURE BEREERMEEE -

21 SMD F;‘-'[D FEWMELEER - Hop [, SR M P R Smm L) 1 5 5

a3 =MD i SMD BT AR V-Cut 2 FEREAE R Smm  FRTV- 1 5 5
CotfF R A 5 3om - HHE S EENEETEED -

23 SMD JFEIE_E#EEIﬁEHﬁ'E‘Miﬁ'Eﬁ « AFE— AR - LS ShDis 1 5 5
HiFmE -

24 SMD Eiﬁﬁ" SMD F iSRS - BT S ol R ATRE I 1 5 5

25 SMD SMD MEF I HFRENEET - LRSS E - 1 5 5

26 SMD 1] 5 Sk i SR S Sl |- 1 5 5

7 SMD F sLatabrt B-Reflow B% - T8 H4ED - 1 5 5

z8 SMD SMD A HER T O] 3E ¢ 3 SR R S AR R 1 L] 5 1a3
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DFM 5L

PSBG2 UPS Design for Manufacturing Score Card
O Prototype OEVT EDVT &PVT

Total DFx . .
Possible Points Total DFx Compliance Points Score
174 166
Formula = Total Compliance Points | Total Possible Points 7% < < D5%
Priority 1 =5 Points {High Impact to wamsniy cost andlor cusiDmer axpaniance) Color Table:
Priority 2 = 3 Points {Mid Impact to wamenty cost andior customer experience) Green: OF for next build
Priority 3 = 1 Point {Low Impact to wamenity coest and/or customer exparience) Must have a plan for next build
Red: Siop Mext build until CA implementad
Model Name : RPI302C12A0069 Review Date: 2007/7/7

Approve: 154/
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DFM S/

B DFx Compliance Pricrity Level Max Points DFx Points
Hem Category DFx Requirements . (.2 3) Available {5.3. 1. 0)
1. PWE RiEig
1 Hand-inserton S BT T T TouchBESR T ( 535y i Sl e o Bl 2 3 3
- EEEEY
. . T s - dHEFR(RG114) - F {5 touch (448
2 Hand-insertion B% + A Etouch + 35 SEEY) 1 5 il
) . SRR T O R L S (H S ARy - S| e
? Hand-nsertion | oy o S 460 05 SEES) ! = =
B FHE TR SR - RS A R TR
) ! e B H A T SR
4 Hand-nserion  ogss @ St - SR SESE T - SR EET R ! = 2
HE
5 Hand-insertion o R L Lot {37 08 B (2 FERES] -+ G H S RIS R S R 1 5 &
. . 2.mES
i Handinserion  \wmm> s AR - T AEDRENER 2 2 3
7 Hand-insertion MRRE 2T touch RSB - LLFERS#E 4 GRS - Hi Polizii 3 1 1
I EE
a Hand-insertion B MAEEET 5 F o4 8. Trace 3 MIA (i
SRRt - MR AR A R - B TER
Coating®RWM (Y - B93F - 89 - IR - AEEM)coating F alk3
9 Hand-insertion A PWEBSLA 3 1 1
(#7F + coatingEl #7708 - s T i RS ERE)
oA T 25 U T T A 32 BRI S ST (HYS - ITE2WREH -
10 Hand-insertion NTC - Wirestor.. S E HEEE - £ aEEEFEEHEYE 1 5 il
Bt - AR TAEL TR
11 Hand-insertion A ST PG I T SRR TR R S 1 M o
4. Fuse |/ Fuse Clip
12 Hand-insertion AL FUSES | RIS Ao on i phi 5657 « LIRAIE S | S8 B [0 A0 T 2 3 3
RS AR
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DEKRA Certification — go for quality

Are there any open questions?

Rev. 01-07 — Internation
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