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“Aviation is proof that given, the will, we have
the capacity to achieve the impossible.”

5% 20656
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Example — Electronic Enclosure

E E Cover
4.0” x 2.5” x 0.09”

PARTS LIST
ELECTRONIC ENCLOSURE 8X
ITEM Qry E / Screw
Housing L E #4-40 x .312
CCA 1
Screw, 4-40x.312 4 E
Cover 1
Screw, 4-40x.312 4

CCA
3.7 X227 X1.0"

- Housing
4.0"x 2.5”" x1.5"
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DFA Overview

AN
Create Product Structure (Parts List)
_ ]
Answer DFA Questions v — T o=
Review Results : ] e
Brainstorm Redesign Ideas - a7z

- Housing
4.0"x2.5”x1.5”

Compare Redesign Concepts

Select Best Concept
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Verify Measurement Units

4 DFA Product Simplification 10.2 [C:\Users\wdevenish\Desktop'Elec Encl.dfax]

File Edit Insert [ Analysis | View External Libraries Its Help
VEHES, TR TIELR
_ DFMA
Original :
Set Units... | by Thumbnail picture
Track Weight . | | Lond i
ad file
Custom User Fields... ‘—,
40 Define Function Groups... Fi
i e Devenish Group, LLC |
Options...
| Location | SHN City, UT| |
B Life volume 100,000
Check measurement units | ...

before creating or importing
a Parts List

0.000 . i

e | 0.000

Envelope dimensions cannot be zero

Product summary

Fle Edit Insert

And'rss|‘u"ie1.-t External Libraries RE-I.I‘

P EEHS
COriginal |

~

DFA
DFMA

2

Parts & unanalyzed subs 0
Separate operations o
Theoretical minimum items 0
DFA index 0.00
MNotes

Set Units...

Track Weight

Custom User Fields...

Define Function Groups...

Options...

'|I:|::I
u

fact]

COCation

Results per entry for: Untitled | Process time = 0.00s | Process cost = $0.00 Assembly tool or fixture cost = $0.00 | Item cost = $0.00 | Total cost = $0.00

Saving finished DFMA
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Three Different Methods for Inserting Parts

Select “Insert Part” Icon

Right Click in Product Chart Area

o
File Edit Insert Analysis View Extern Libraries [ts Help
' BEHE R DBER(SCOG 2N L8 H ® - e
Original | \ Insert Part
N =
l Questions | Worksheet Redesign J Bart number |
4 Untitled Manufacturer

File Edit Insert Analysis View External Librarfies Results Help

I EEHE f2 DR SCGIHL

Original |

1B | G| o | @

Select “Insert Part” Menu Drop-down

Z

it | Insert Amm; View External Libraries Results Help
Mew Analysis L o - g =
OB N LY 9GS - @
|I?$ Part l F5 |
£}  Subasyfmbl F&
_’ Y Assembly
._ analyzed Subassembly F7
Part number |
1} Operation
4 Untith 37  DFM Part Manufacturer
& Library Item Name | The Devenish Group, LLC |
Assembly Order Location | Salt Lake City, UT |
¢  Disassembly Order Life volume 100,000 |

l Questions | Worksheet

4 Untitled

Aszembly
Redesign J Part number
Manufacturer
4 Undo Ctri+Z
F#  Redo Cirl+Y
¥ cut Ctrl+X
] Copy Ctrl+C
Paste Ciri+V
x Delete Del
Find Ctrl+F
Find Again trl+F3
Lock
Unlock
l%; Insert Part
£J  Insert Subasfembly
\a Insert Upshalyzed Subassembly

Fo =i @

Insert Operation...
Insert DFM Part...
Insert Library Item...

|The Devenish Group, LLC |

| Salt Lake City, UT |

100,000

100.00
85.00

fisxture, 0.00

iency, %%

ons, in.

ons cannot be zero

ed subs 0




Importing a Parts List

#1 DFA Product Simplification 10.2 [ChUsers\wdevenish\Desktop' Elec Encl.dfax] — O x
Fle Edit Insert Analysis View | External | Libraries Results Help
i, H H = | & % B DFM Analysis Y| | @
Reload All DFM Analyses
Original | CAD Model » N — ‘
, | e | \ Thumbnail picture
l Questions | Worksheet | I | Load file
4 Untitled Manufacturer
MName |The Devenish Groyp, LLC |
PARTS LlST Location | Salt Lake City, uT \ |
ELECTRONIC ENCLOSURE e “External |
J—— File Edit Insert Analysis View | External | Libraries Results Help
ITEM TY i
: Q Labor rate, $/hr 100.00 il E H ﬂﬁﬂ = | day, g E DFM Analysis F
Housi ng 1 Overall plant efficiency, % 85.00 = =1 ¥
B ] .
CCA 1 e T e o0 onainal Reload All DFM Analyses
ngmd
ScreW, 4-40x.312 4 Envelope dimensions, in. | CAD |".-'|.:|.::|E| I
Cover 1 z .
’ - (0000 | Bill of Materials...
Screw, 4-40x.312 4 Tk ... (00w | Questions | Worksheet | F S TR
Envelope dimensions cannot be zero

oduct summary

.ITXT or .CSV File Format et o

Separate operations 0
Theoretical minimum items 0
DFA index 0.00

Close Excel before
iImporting file

Results per entry for: Untitled | Process time = 0.005 | Process cost = $0.00 Assembly tool or fixture cost = $0.00 Item cost = $0.00 Total cost = $0.00 DFMA
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Establish the Baseline Tab

Parts are listed in
order of assembly

MR DFA Product Simplification 10.2 [C\Users\wdevenish\Desktop\Elec Encl.dfax] X
File Edit Insert Analysis \View “ "
L] L]
s eas <250l Delete “Original” tab and
Baseline |
rename “Untitled” to “Baseline”
[ Questions | Worksheet | Ref
T—
4 Electronic Enclosure Manufacturer
& Housing Name | The Devenish Group, LLC |
& o
& oo a5 Rename the top-level assembly
&, cove T
®, screw, 4401312 Labor rate, $/hr 100.00
Overall plant efficiency, % 85.00
Cost of assembly fixture, £ 2000.00
Envelope dimensions, in
’ | [0.000
0.000 | P, ............ 0.000
Envelope dimensio ot be zero
Product summary
Parts & unanalyzed subs 11
Separate operations 0
Theoretical minimum items 0
DFA index 0.00
MNotes
Process time = 38.94s | Process cost = $1.27 | Assembly tool or fixture cost = $0.00 Item cost = $0.00 Total cost = $1.27 DFMA

Results per entry for: Electronic Enclosure




Main Product Page: Manufacturer Info

#2 DFA Product Simplification 10.2 [Ch\Users\wdevenish\Desktop'Elec Encl.dfax]
Fle Edit Insert Analysis View External Libraries Results Help
' EEHERAK DB SCOGIN LM H 9o =0

Baseline |

Assembly

l Questions | Worksheet Redesign J

Part number [l

Manufacturer

u
& Housing Name

|The Devenish Group, LLC |

~
& CCA Location
#y, screw, 4400312 Life volume
& Cover Assembly data
=

| salt Lake city, UT

100,000

Manufacturer

MName
Location

Life volume

| The Devenish Group, LLC

100.00
85.00

[2000.00 |

| Salt Lake City, UT

| 100,000

Motes

Thumbnail picture

Load file

Who and where for the assembly

|

Number of units to be produced
during the product lifecycle

Results per entry for: Electronic Enclosure

Process time = 38.945 Process cost = $1.27  Assembly tool or fixture cost = $0.02 Item cost = $0.00  Total cost = $1.29 DFMA




Main Product Page: Assembly Data

#2 DFA Product Simplification 10.2 [Ch\Users\wdevenish\Desktop'Elec Encl.dfax]

Fle Edit Insert Analysis View External Libraries Results Help

I EEHS a2 DR SCOG2 UL H o~

Labor rate is fully burdened

[

Baseline |
Assembly
l Questions | Worksheet Redesign J Part number | [
4 Electronic Enclosure Manufacturer
Q’ Housing Namea | The Devenish Group, LLC |
& o Location | salt Lake City, UT |
), screw, 4-40x.312 Life volume 100,000
l:f Cover Assembly data
l:’ Screw, 4-40x.312 Labor rate, §/hr 100.00
" Overall plant efficiency, % 85.00
Cost of assembly fixture, & 2000.00
Envelope dimensions, in.

Assembly data

Labor rate, §/hr 100.00

Plant efficiency accounts for

Cwverall plant efficiency, % 85.00 :

non-productive time

Cost of assembly fixture, 2000.00

Tracks and amortizes the cost of

Load file

dedicated assembly tools

Results per entry for: Electronic Enclosure

Process time = 38.945 Process cost = $1.27  Assembly tool or fixture cost = $0.02 Item cost = $0.00  Total cost = $1.29

DFMA




Main Product Page: Envelope Dimensions

++ DFA Product Simplification 10.2 [C\Users\wdevenish\Desktop'Elec Encl.dfax]

Fle Edit Insert Analysis View External Libraries Results Help

I LM% oS m @

| Define the smallest box that
the product will fit within

salt Lake City, UT |
| 100,000
100.00
™ Gverall plant emciency, Y [eso0 |
Cost of assembly fixture, & 2000.00
Envelope dimensions, in.
~=_| | Determines size of workspace needed
X e e | ] TR T
Parts & unanal hvzed subs i1
Separate operations 0
Theoretical minimum items 0
DFA index 0.00
Motes
Thumbnail picture
Load file

Results per entry for: Electronic Enclosure | Process time = 38.94s | Process cost = $1.27 | Assembly tool or fixture cost = $0.02  Item cost = $0.00 Total cost = $1.29 DFMA |




Main Product Page: Use the “Notes” Field

41 DFA Product Simplification 10.2 [C:\Users\wdevenish'\Desktop\Elec Encl.dfax]

File Edit Insert Analysis View External Libraries Results Help

 HEHE A2 DR SCG I L1 H 9al-e

Baseline |
Assembly Thumbnail picture
l Questions | Worksheet Redesign J Part number | Load file
4 Electronic Enclosure Manufacturer
” Housing Name |The Devenish Group, LLC |
5 cca Location | salt Lake City, UT |
’, Screw, +40x.312 Life velume 100,000
& Cover Assembly data
‘, Screw, 4-40x.312 Labor rate, $/hr 100.00
Overall plant efficiency, % 85.00
Cost of assembily fixture, $ 2000.00

Motes

The Life volume of 100,000 is basedonan | |- e
average of 10,000 annual units for 10 years per | | =~
the Marketing estimates. - 0

imum items 0

DFA index 0.00
MNotes
ol The Life volume of 100,000 is based on an

average of 10,000 annual units for 10 years per
the Marketing estimates,

Record assumptions,
decisions, questions
and ideas in Notes

Results per entry for: Electronic Enclosure | Process time = 38.94s  Process cost = $1.27 | Assembly tool or fixture cost = $0.02 Item cost = $0.00 Total cost = $1.29 DFMA




Main Product Page: Upload a Picture

4+ DFA Preduct Simplification 10.2 [C:\Users\wdevenishDesktop\Elec Encl.dfax]

File Edit Insert Analysis View External Libraries Results Help

— O X

Freezing makes the

' BEHE AP X R SCOGI N LMW -
Baseline |
Assembly
l Questions | Worksheet Redesign J Part number | |
4 Electronic Enclosure Manufacturer
& Housing Name | The Devenish Group, LLC |
& o Location | 5alt Lake city, UT |
# screw, 4-40x312 Life volume 100,000
& Cover Assembly data
& Screw, +-40x.312 Labor rate, ${hr 100.00
Overall plant efficiency, % 85.00
Cost of assembly fixture, & 2000.00

Envelope dimensions, in.

Thumbnail picture

picture viewable
throughout the entire
assembly

Covver
AN« 2 00"

Heeasing
A0 = 28 5 LA

[\ﬁew fulll Load file l Clear | || Freeze

/

’ | 4,000

- | L7530 - | - t f t
o s Iyplca PICture formats
e JPG, BMP, GIF, et
Separate operations 0 ) b) b} e C .
pm—— can be uploaded
DFA index 0.00 p

&
MNotes
The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates.
Results per entry for: Electronic Enclosure | Process time = 38.94s | Process cost = $1.27  Assembly tool or fixture cost = $0.02 Item cost = $0.00 Total cost = $1.29 DFMA




Main Product Page: Product Summary and Results

4+ DFA Preduct Simplification 10.2 [C:\Users\wdevenishDesktop\Elec Encl.dfax] — ] =

File Edit Insert Analysis View External Libraries Results Help

PDEHES AP RONX GG N L0 o QU =0

Baseline |
Assembly Thumbnail picture
l Questions | Worksheet Redesign J TEorTlD | |
Ciover
AN = 2.5 009"
4 Electronic Enclosure Manufacturer
& Housing Name | The Devenish Group, LLC | o
EER () 1
& o Location | 5alt Lake city, UT |
e
# screw, 4-40x312 Life volume 100,000 o ezie
& Cover Assembly data Housing
AR« 2585 LY
& Screw, 4-40x.312 Labor rate, $/hr 100.00
Overall plant efficiency, % 85.00 [Vm I'uII| Load file [ Clear | || Freeze
Cost of assembly fixture, & 2000.00

Critical assembly metrics

[#000 | .
Q’Q are tracked in the Product
Time and cost info A / summary section

is displayed for N
each item in the
Product Structure

0
Theoretical minimum items 0
0.

DFA index

MNotes

The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates.

Results per entry for: Electronic Enclosure | Process time = 38.94s | Process cost = $1.27  Assembly tool or fixture cost = $0.02 Item cost = $0.00 Total cost = $1.29 DFMA




Answering Part Questions — The Meat of DFA Analysis

Item Minimum part criteria Securing process

Part number | _ |  Item must be separate from all other items

assembled, because:

’ l" I Base pal ally 4 ¥ the first)
5 1 S

Part 5 Sub not
anal Ed analyzed | a different| pterial

Snap/push
fitting

ive to al [fher items

Repeat count 1 [ te to allow a] pmbly

Cost of special assembly jols, $ 0.00 [ undamental red |n exists

Item weight

rtion difficulties
\®) Less than 5 b (2.27

Mot self-locating
) From 5 lb (2.27kg) § FO Ib (13.6kg)

|| Resistance or hang |

|| Access to mating I Jtion obs CondUCt DFA
Two axes || sight of mating loq fon restrict AnaIySiS aS a team

i) More than 30 Ib (13} |g)

Envelope dimensions, in

@@

Mo axes On|

b

Handling requirements Manufacturing data

®) One hand without § [Eping tool

Piece part cost, § 0.00
1,000 | P '
) One hand using grd fing tool Ttem cost, § 0.00
Item function R l‘h'lity o2 |
‘- Two hands due 1e] Tooling investment 0
Item has no function ex 9 ' e

) Two hands - severqd Estorta

|_J Fasten or secure oth Custom field data

Handling difficulties Material
i) Connect other ite

ITV || Mest or tangle \ V4 S \ V4
i=) Ttem has other function =
|| Stick together

| Slips from fingers
Thumbnail picture

Load file

|__| Requires careful handling




Individual Part or Subassembly

G

Sub not

A Part is a single component in the assembly,
such as the Housing, Cover and Screws

analyzed

/

Motors

Valves
CCAs

A Sub analyzed is a subassembly of multiple
parts assembled at a different workstation,
adding time for the material transfer

A Sub not analyzed is a collection of multiple
parts that are treated as a single part, such as
the CCA




Repeat Count and Special Tool Cost

The Repeat count is the quantity of identical
parts inserted at the specific assembly step

Repeat count

Cost of special assembly tools, £

| 1

| 0.00

The Cost of special assembly tools is the
cost for any specialized tool required to
assemble the part into the product, and is
amortized across the estimated Life volume




Item Weight

e woaght Three Weight Categories:
(&) Less than 5 Ib (2.27kg) - Light

\_J) From 5 Ib {2.27kg) to 30 |b (13.6kg) - Moderate

) More than 30 |b (13.6kg) - Heavy

Used to determine which time standards apply
to the part and what questions to ask




Envelope Dimensions & Shapes

Envelope dimensions, in.

> @

: | 1000

| lluuu | __________ ' -'__ ........... | l.ﬂﬂﬂ

Two Shape Categories:

Block

NON=

Three place decimal
dimensions are not

necessary

Used to determine which time standards apply
to the part and what questions to ask




ltem Function

Item function Fasteners secure two or more parts together:

Item has no function except to: - Screws, Nuts, Bolts, Pins, Rivets, etc.

\_) Fasten or secure other items

Connectors join separate items that could
theoretically be combined:

\_) Connect other items

2 Ttem has other function

- Hoses, wires, cables, connectors, etc.




Minimum Part Criteria

Minimum part critenia

[tem must be separate from all other it
assembled, because:

) Base part (usually only the first)
) Moves relative to all other items
) Must be a different material
) Separate to allow assembly

) Mo fundamental reason exists

V

Base Part (only one allowed per assembly):

- Housing

- Chassis

- Base

- Enclosure




Minimum Part Criteria

Minimum part criteria

[tem must be separate from all other items
assembled, because:

./ Base part (usually only the first)
2 Moves relative to all other items
/) Must be a different material
) Separate to allow assembly

) Mo fundamental reason exists

Movement (entire part must move):

- Piston

- Faucet or Door Handle
- Wheel

- Propeller




Minimum Part Criteria

Minimum part criteria

[tem must be separate from all other items
assembled, because:

\_J) Base part (usually only the first)
') Mowves relative to all other items
\®) Must be a different material
\_J) Separate to allow assembly

\_J) No fundamental reason exists

Material (different fundamental properties):

- CCA (Circuit Card Assembly)
- Window

- Seal

- Insulator




Minimum Part Criteria

Minimum part criteria

[tem must be separate from all other items
assembled, because:

\_J Base part (usually only the first)
\_J) Moves relative to all other items
\_J Must be a different material
») Separate to allow assembly

\_J Mo fundamental reason exists

Assembly (allow install of previous parts):

- Cover
- Lid

- Cap

- Shield




Minimum Part Criteria

Minimum part criteria

Item must be separate from all other items Alternate Definition:
assembled, because:

“Doesn’t meet any of the criteria”
./ Base part (usually only the first)

) Moves relative to all other items
) Must be a different material

\_J) Separate to allow assembly

\®) Mo fundamental reason exists




Minimum Part Criteria

Minimum Part Criteria drives creativity and innovation

IS part a NO Does part YES Part is_ z_zlssigned
fastener or meet 1 of 4 the Minimum
connector? criteria? Part Criteria

/
CRITERIA

Part is candidate Base Part

YES for combination NO Movem.ent
Material

or elimination
Assembly




Symmetry

N

Symmetry
180 dearees or less about:

Symmetry applies to
handling and insertion
of part, not the
symmetry of its design




One Hand or Two Hands?

Handling Requirements

Handling requirements

%) One hand without grasping tool

\_) One hand using grasping tool

A2 =

\_) Two hands due to flexibility ? Flexible

\_) Two hands - severe nest or tangle "“"--.___.--

Grasping Tools

=\ o -

Will Nest Cannot Nest Will Tangle  Cannot Tangle




Handling and Insertion — Two Different Actions

Handling the part is the
Initial grasping of it

Inserting the part is
placing it in the assembly

T LY

;‘hll'ﬁ.";";\\.

[~




Handling Difficulties

Handling difficulties

|| Nest or tangle

Stick Together

|| Stick together

|| Slips from fingers =

|| Requires careful handling @B
O

Very Small Slippery Sharp




Insertion Difficulties

ol =
Insertion difficulties Alignment Self-locating H | i |

Required

|| Mot self-locating

Resistance

|| Resistance or hang-up
|__| Access to mating location obstructed

|| Sight of mating location restricted

Access Obstructed Sight Restricted




Securing Process

Securing process

}

>4
7 \{:;’
Added not Added and Snap/push
secured held down fitting
y w \ o
Threaded Pop rivetting Self-stick
fastening SECUring

a [Secure items already ﬂl:quired]

Threaded fastening
Thread tightening
snap/push fitting
Pop riveting
Self-stick securing
Press fitting

Tab bending

Tab twisting
Crimping

Staking

Soldering




Three Different Methods for Inserting Operations

Select Insert Operation Icon

Right Click in Product Chart Area

=~

File Edit Insert Analysis View External Libraries ults  Help

EEHE R DB SCLHIBN LM dpa- 0

File Edit Insert Analysis View External Librariess Results Help
I HEHES 42 DB SCOGIN L0 H oo~ e

Baseline |

Baseline | ]
Insert Operation
Ingm
l Questions | Worksheet Redasign J Part©Wmber |
4 FElectronic Endosure
| s || e - |

Select Insert Operation Menu

—

dit | Insert Analyshﬁew External Libraries Results Help

1 H Mew Analysis Je R W1 ﬁ&l ¢ Al @
#,  Part F5
£; sub bl F&
4 Subassembly e
Ques L@ Unanalyzed Subfssembly F7

| Part number | |

| I

|) Clperaﬁnn/
4 Elel 37 DAMEP

- __?'ﬁ;; \\’

‘ Assembly Order Part SII:E 5 SuhhznuEI
analyze analyze
@, | ¢ Disassembly Order
- | Repeat count 1

Assembly

l Questions | Worksheet | Redesign | Part number |

4 Electronic Enc —
4, Undo Delete Structure Chart Entries Ctrl+Z
"'", Housing| = o4 e Jevenish Group, LLC |
ake City, UT
B o Ctrl+X ‘ |
& screw, 4 [ copy Ciri+C 100,000
"p- Cover Paste Chrl+Y
"pl Screw, 4 x Delete Del 100.00
Find Ctrl+F ” 85.00
Find Again Ctrl+F3
& 2000.00
Lock
Unlock
Insert Part | 4000
£J  Insert SubassemNy
................. 1.750
4 Insert Unanalyzed Jubassembly 20 |
| ) Insert Operation...
! Insert DFM Part... 11
{ Insert Library Ip€m... 0

v



Electronic Enclosure Product Structure with Operation

Parts are listed in
order of assembly

File Edit Insert Analysis View External Libraries Results Help

VHES AP XDRX TG i L4 Q=0

Marking operation
added

I % ark Serial Number

Baseline |
Assembly
l Questions | Waorksheet Redesign J Part number | |
4 Electronic Enclosure Manufacturer

|The Devenish Group, LLC |

& Housing Name

o Location | Salt Lake City, UT |
#, screw, 4-90x.312 Life volume 100,000
& Caver Aszembly data

& Screw, 4+-40x.312 Labor rate, £/hr

100.00

Overall plant efficiency, % 85.00
Cost of assembly fisxture, & 2000.00

Envelope dimensions, in.

’ 4,000
2 00 e 1 750

Thumbnail picture

(]

¥

Covvar
A0 e 26Y 2 200"

i

!}\

=5

T
A=A e 317

A
ERCL ol SR

Heaasing
Are e A« LR

["u"lew fu||| [ Load ﬁle“ Clear | || Freeze




DFA Questions: Housing

Baseline |
Item
l Questions | Worksheet Redesign J Part number | |
4 Electronic Endosure & @ 0
&Huusing
Part Sub Sub not
QOG\ analyzed analyzed
Screw, +40x.312
& Repeat count 1

“ Cover

Cost of special assembly tools, $ 0.00
#y, screw, 4400312

] Item weight
) Mark Serial Mumber

) Less than 5 Ib (2.27kg)
i) From 5 |b (2.27kg) to 30 b (13.6kg)

) More than 30 Ib (13.6ka)

Envelope dimensions, in.

@@

Item function

Item has no function except to:
\_) Fasten or secure other items
) Connect other items

2 Ttem has other function

Minimum part criteria

Item must be separate from all other items
=, DeCause:

) Must be a different material

) Separate to allow assembly

) No fundamental reason exists

Two axes

&) One hand without grasping tool
) One hand using grasping tool
) Two hands due to flexibility

) Two hands - severe nest or tangle

Results per entry for: Housing | Process time = 4.29s  Process cost = $0.14 Assembly tool or fixture cost = $0.00 Item cost = $0.00  Total cost = $0.14

Handling difficulties
L_| Mest or tangle

| Stick together

< L m
Added not Added and Snap/push
secured held down fitting
S <\
Threaded Pop rivetting Self-stick
fastening securing

Insertion difficulties

L_| Mot self-locating

L_| Resistance or hang-up

| Access to mating location obstructed
| Sight of mating location restricted
Manufacturing data

Piece part cost, § 0.00

Item cost, $ 0.00

Tooling investment, &

Custom field data

Material | |

Notes

Thumbnail picture

= Housing
A0 525 % 15"

I\l'im-f fuIIJ I Load ﬁle“ Clear ] L | Freeze




DFA Questions: CCA

/"\

Baseline |

{ Questions | Workshest

Redesign J

4 Electronic Endosure

#,, Housing
Cgcca

#y screw, 4400312
#, cover

®y screw, 4400312

) Mark Serial Number

Item Minimum part criteria
Part number | /\| Item must be separate from all other items
assembled, because:
& 0 |_) Base part (usually only the first)
Part Sub Sub net
analyzed analyzed
Repeat count

Cost of special assembly tools, § 0.00 () Mo fundamental reason exists

Item weight

&) Less than 5 |b (2.27kg)

Symmetry

i) From 5 Ib {2.27kg) to 30 |b (13.6kg)

) More than 30 Ib (13.6kq)

Envelope dimensions, in. Two axes

@@

2.200 -

Item function

=) One hand without grasping tool
) One hand using grasping tool
() Two hands due to flexibility
Item has no function except to:

() Two hands - severe nest or tangle
| Fasten or secure other items

) Connect other items

&) Ttem has other function

Results per entry for: CCA | Process time = 4.29s | Process cost = $0.14 Assembly tool or fixture cost = $0.00 Item cost = $0.00 Total cost = $0.14

Handling difficulties
|| Nest or tangle

|| stick together

. i } " m
Added not Added and Snap/push
secured held down fitting
Threaded Pop rivetting Self-stick
fastening securing

Insertion difficulties
|| Mot self-locating

|| Resistance ar hang-up

|| Access to mating location obstructed
|| Sight of mating location restricted
Manufacturing data

Pizce part cost, § 0.00

Ttem cost, 5 0.00

Tooling investment, §

Custom field data

Material | |

Notes

Thumbnail picture

AME w1

I‘u"m I'uIIJ l Load ﬁle” Clear ] L_| Freeze




DFA Questions: Cover

Baseline |
Item Minimum part criteria Handling difficulties Custom field data
l ueslions | Worksheet Redesign J Part number |  Item must be separate from all other items || Mest or tangle Material |
assembled, because:
Electronic Endl L_| Stick together Notes
4 Hiectronic Enclosure \_) Base part (usually only the first)
& Housing = - Include alignmen features on the Cover,
i) Moves relative to all other items Hosuing, or both.
Q CCA Sub "3 i
analyzed () it TN jcture
#y screw, 4-40x.312
Repeat count RS oY
“ Cover L
Cost of special assembly tools, § . '}
&y, screw, 4400312 % ~
Item weight View full| | Load file| | Clear | || Freeze
) Mark Serial Mumber b Symmetry Added not Added and Snapfpush [ H H J

(®) Less than 5 Ib (2.27kg) 180 degrees or less about: securad held down fitting

<

(_) From 5 Ib (2.27kg) to 30 Ib (13.5kg)

(U More than 30 Ib (13.6kg) &

. . : Self-stick
Envelope dimensions, in. One securing
é ’ Handling requirements
%) One hand without grasping tool
) One hand using grasping tool
Item function
i) Twa hands due to flexibility || Access to mating location obstructed
Item has no function except to:
(© Fasten or securs ther ftems ) Two hands - severe nest or tangle || sight of mating location restricted
(_ Connect other items Manufacturing data
Piece part cost, 0.00
(#) Item has other function = '$
Ttem cost, 5 0.00

Tooling investment, § 0

Results per entry for: Cover | Process time = 4.68s | Process cost = $0.15 Assembly tool or fixture cost = $0.00 Item cost = $0.00 Total cost = $0.15 DFMA




DFA Questions: Screws

Baseline |

l Questions | Worksheet

Redesign J

4 Electronic Endosure

#, Housing

o

@y, screw, 4-40x312
#,, cover

#, Screw, 4-40x.312

T} Mark Serial Mumber

Item Symmetry
Part numbear | |
Part Sub Sub not
analyzed analyzed
Repeat count Handling rqu

2 One hand without grasping tool

4|
0.00

Cost of special assembly tools, §
) One hand using grasping tool
Item weight

@ Less than 5 Ib (2.27kg) i) Two hands due to flexibility

( Two hands - est or tangl
(U From 5 |b (2.27kg) to 30 Ib (13.6kg) T s s

U More than 30 |b (136'{9) Handling difficulties

L_| Mest or tangle
velope dimensions, in.

2® g
0.218

¥ Slips from fingers

Bequires careful hapdl

as no function excep

2 Fasten or secure other items

I_J) Ttem has other function

Securing process

S |&S M
Added not Added and Snap/push
uri held down fitting
Threaded rivetting Self-stick
fastening securing
a acteristics
Power tool tiscrew
driver wrench
Open end Box end
wrench wrench
Mumber of revolutions 5

Results per entry for: Screw, 4-40x.312  Process time = 29.54s  Process cost = $0.97 Assembly tool or fixture cost = $0.00 Item cost = $0.00 Total cost = $0.97

Insertion difficulties

| Mot self-locating

|| Holes require alignment with tool

|| Access to mating location obstructed

|| Sight of mating location restricted

Manufacturing data

Piece part cost, §

Ttem cost, 5

Tooling investment, §

Custom field data

Notes

0.00

0.00

- Eliminate Cover Screws by snapping, press-
fitting, glueing or ultrasonic welding Cover to

Housing.

- Eliminate CCA Screws by snapping CCA to
Housing, or using securing features on the

Cover.

mbnail picture

—

C)
-

Screw
#4-40 x .312

[Vm fulll I Load ﬁIeH Clear | [_] Freeze

DFMA



Product Summary & Results: Electronic Enclosure

Baseline |
Assembly Thumbnail picture
l Questions | Worksheet Redesign J Part numbar | |
:‘c:'e:).'i' a0
4 Electronic Enclosure Manufacturer
& Housing Name |The Dewvenish Group, LLC | ﬁ.w
A 317
- . .
CCA Location | Salt Lake City, UT |
7 Product summary
& Screw, 4-40x.312 Life volume 100,000 ERAr TR S
& Cover Assembly data eusing
A e 2HY 0 | 5
@ screw, 4400312 Labor e, S/ — Parts & unanalyzed subs 11
) Mark Serial Number Overall plant efficiency, % 85.00 l\l'—lﬁ.‘.'lll fuII| l Load ﬁleH Clear | || Freeze

Cost of assembly fixture, § 2000.00 S-Eparate ﬂpEraﬁunE 1

Envelope dimensions, in.

4200 Theoretical minimum items 3

2.500 ”‘“n’ 1.750
Product summary DFA. ||'|'|:|E|{ 11”_"'5

Parts & unanalyzed subs 11

Separate operations 1 T
Theoretical minimum items 3

DFA index 11.76

Motes

The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates,

Results per entry for: Electronic Enclosure | Process time = 87.64s | Process cost = $2.86  Assembly tool or fixture cost = $0.02 | Ttem cost = $0.00 | Total cost = $2.88 DFMA

Process time = 87.64s Process cost = $2.86 Assembly tool or fixture cost = $0.02 Item cost = $0.00 Total cost = $2.88




DFA Index

= The DFA Index is a relative number identifying “assembly efficiency” of a proposed design
« Two main factors influence the DFA Index

— Number of parts that meet and don’t meet the Minimum Part Criteria

— Ease of handling, insertion and fastening the parts

= The DFA Index provides a comparative metric using a scale of 0-100

ldeal Assy Time
Actual Assy Time

DFA Index = x 100

Source: Product Design for Manufacture and Assembly (2002, p.93)



Redesign ldeas

File Edit Insert Analysis View External Libraries Results Help

Baseline |

FHES NP RDBXGCO N &5 E 09 =0

4 Electronic Enclosure

& Housing
L e

#y, screw, 4-40x312

% Cover

#y screw, 4-40x312

‘:!‘ Mark Serial Number

[ Guestions | Warkshemem Part number Repeat count Total count

12

Minimum items

[Minimum part  Process time per Not
criteria product, s oLEs
The Life volume of 100,000 is based on an average
87.64 of 10,000 annual units for 10 years per the
Marketing estimates,

Base part 4,29
CAfferent material
Fastener
Assembly ;—I iIJI:l:II:rI‘.dg? :Iri%;;nh?nt features on the Cover,
- Eliminate Cover Screws by snapping, press-fitting,
Fastener glueing or ultrasonic welding Cover to Housing.

- Eliminate CCA Screws by snapping CCA to
Housing, or using securing features on the Cover.

15.30

Sugaestions for redesign
Category 1
o Candidates for elimination other than
fasteners and connectors
Category 2

i) Fasteners
i) Connectors

\_) Separate operations

Category 3
i) Handling or insertion difficulties )J

Try to eliminate the highlighted parts by
combining parts or incorperating features into
other parts that serve the required function.
These suggestions will typically result in the
largest improvements in your product design
because any associated fasteners, connectors,
and joining operations will be eliminated when

features on the Cover (Redesign #2)

- Add alignment features to Cover, Housing, or both (Redesign #1 & #2)

- Eliminate Cover Screws by snapping, press-fitting, gluing or ultrasonic
welding Cover to Housing (Redesign #1)

- Eliminate CCA Screws by snapping CCA to Housing, or using securing

the separate part is eliminated. These
suggestions should have the highest priority and
should always be considered before continuing on
to Category 2 and 3 suggestions.

roduct summary
[:’arts&unanalyzed subs 11
Separate operations i
Theoretical minimum items &)

|DFA index 11.76

Total process time per product for selected entries = 87.64s

DFMA



Co

0y, Paste, and Rename New Analysis Tab

Baseline | Redesign #1 |

File Edit Insert Analysis View External Libraries Results Help

1 PEEHS AP R OB SCOGINLE DG~ O

# screw, 4400312

$ Cover

#, screw, 4400312
) Mark Serial Number

Results per entry for: Electronic Enclosure | Process time = 87.64s5 = Process cost = $2.86  Assembly tool or fixture cost = $0.02 Ttem cost = $0.00 Total cost = $2.88

Assembly Thumbnail picture

Part number | | Load file

Manufacturer

| The Devenish Group, LLC |

| Salt Lake City, UT |

100,000

Assembly data
Labaor rate, &/hr

100.00

Owverall plant efficiency, %

Cost of assembly fixture, $

Envelope dimensions, in.

Tab copied and renamed to Redesign #1

2.500

Product summary

Parts & unanalyzed subs 11
Separate operations i
Theoretical minimum items &)
DFA index 11.76
MNotes

The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates.




Redesign #1 Changes

Fle Edit Insert Analysis WView External Libraries Results Help
IV EAEHS a2 PEXSCO I N LN
Baseline | Redesign £1 [

NN ]

Item

l Questions | Worksheet | Redesign J Part number |

4 Electronic Endosure

& Housing

& O

rk Serial Number
Item weight

#®) Less than 5 |b (2.27kg)

) More than 30 Ib (13.6kg)

Envelope dimensions, in.

Ut

Item function

Laco bacnn function except to:

Deleted Cover SCrews [ e

other items

&) Item has other function

(_ From 5 Ib {2.27kg) to 30 Ib (13.5kg)

™ Part Sub Sub not
CCA
o analyzed analyzed
® screw, 4400312
Repeat count 1
$ Cover
Cost of spedial assembly tools, § 0.00

- | 0,350
= | 4.000

Minimum part onteria

Item must be separate from 3
assembled, because:

One axis

Cover changes |

Twwo axes

Handling requirements

2 One hand without grasping tool
) One hand using grasping tool
) Two hands due to flexibility

) Two hands - severe nest or tangle

Results per entry for: Cover Process time = 5.055  Process cost = $0.17 Assembly tool or fixture cost = $0.00 Item cost = $0.00 Total cost = $0.17

9\ HOUSIng

Cover

/ Screw
#4-40 x .312

37"x22"x10"

40" x2.5" x1.5"

Tooling investment,

Custom field data

Material
Notes
| I | - Include alignment features have been added to
the Cover.
Added and Snap/push - Snaps have been added to the Cover,
held down fitting gliminating the Screws.
Thumbnail picture
f'.) _,.--'/l Cover
\O A2 5 e e
Threaded Pop rivetting Self-stick
fastening securing
Clear | || Freeze
Operation cha|ikeristics
Number of sniloush fit sites 1

Insertion dr

|| Not self-locating

|| Access to mating location obstructed

|| sight of mating lo

Added notes about

addition of alignment and
snap features to the Cover




Product Summary & Results: Redesign #1

Baseline | Redesign £1 |

l Questions | Worksheet | Redesign J

4 Electronic Enclosure

% Housing
@ CCcA

#, screw, 4-40x.312

& Cover

‘} Mark Serial Number

Assembly Thumbnail picture

Part number | | Load file
Manufacturer

Name |The Devenish Group, LLC |

Location | Salt Lake City, UT |

Life volume 100,000

Assembly data

Labor rate, $fhr 100.00

Overall plant efficency, % 85.00
Cost of assembly fixture, § 2000.00

Envelope dimensions, in.

’ [ | 4.000
2500 [ | 1,750
Product summary

Parts & unanalyzed subs 7
Separate operations 1
Theoretical minimum items 3

DFA index 17.63

Motes

The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates,

Results per entry for: Electronic Encdlosure | Process time = 58.47s | Process cost = $1.91 | Assembly tool or fixture cost = $0.02 | Item cost = $0.00 | Total cost = $1.93 DFMA

Product summary

Parts & unanalyzed subs
Separate operations
Theoretical minimum items

DFA index

3

Process time .Pr-m:ﬂs cost = $1.91 Assembly tool or fixture cost = $0.02  Item cost = $0.00 Total cost = $1.93




Co

0y, Paste, and Rename Redesign #1 to Redesign #2

Basdinel Redesign #1 | Redesign #2 |

File Edit Insert Analysis View External Libraries Results Help

TVEEHS AP SCOGIN L E Q= @

[Qumbum|wmheet| Red

4 Electronic Enclosure

&, screw, 4400312

$ Caver

) Mark Serial Number

Results per entry for: Electronic Enclosure | Process time = 58.47s  Process cost = $1.91 | Assembly tool or fixture cost = $0.02 | Item cost = $0.00  Total cost = $1.93

Assembly Thumbnail picture

Part number | | Load file

anufacturer

| The Devenish Group, LLC |

| salt Lake City, UT |

100,000

Life volume

Assembly data
Labor rate, $/hr

COverall plant efficiency, %

Cost of assembly fixture, &

Envelope dimensions, in.

Tab copied and renamed to Redesign #2

2.500

Product summary

Parts & unanalyzed subs 7
Separate operations 1
Theoretical minimum items 3
DFA index 17.63
MNotes

The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates,




Cover
4.0” x 2.5” x 0.09”

Redesign #2 Changes

File Edit Insert Analysis View External Libraries Results Help
NEHES AP XDAXRSCG N L »a =0

Basaline| Redesign £1 | Redesign £2 |

CCA
3.7"x2.2"x1.0”

Item Minimum part criteria Handling difficulties

l Questions | Worksheet | Redesion | Part number

| Item must be separate from all other items || Nest or tangle
assembled, because:

~_ Housing
4.0” x2.5” x1.5”

i) Moves relative to all other items

i || Stick together
4 Blectronic Enclosure o |/ Base part (usually only the first)
& Housing || Slips from fingers
Part

Cpeaa Sub Sub not \#| Requires careful handling Custom field data
analyzed analyzed ) Must be a different material
Securing process Material
Repeat count 1 (2 Separate to allow assembly
ark Serial Number i Motes
Cost of special assembly tools, $ 0.00 ) No fundamental reason exists ) 4
% - Indude alignment features have been added to
Ttem weight the Cover.
g Symmetry Added nat Added and Snapfpush - Snaps have been added to the Cover,

(®) Less than 5 Ib (2.27kg) 180 degrees or less about: secured held down fitting eliminating the Scraws.

- Features added to Cover to secure CCA.

) &5 | O Thumbnail picturé

() From 5 Ib {2.27kg) to 30 Ib (13.5kg)

(_J) Mare than 30 |b (13.6kg) &
No axes

One axis Twio anes fastening

i ions, i Threaded Pop rivetting Self-stick A2 e
Envelope dimensions, in. sofsti
9 ‘ Handling requirements Operation characteristics —

) One hand without grasping tool

Number of snap/push fit sites 1

Insertion difficulties
) Two hands due to flexibility || Mot self-locating

2.500

Item function

) One hand using grasping tool

It s no function except to:

; i) Two hands - severe nest ar tangle B ot et et e o
eted CCA SCrews [resess:

Sight of mating location restricted
ect other items L Sig ¢

De

2 Ttem has other function

Added note about CCA securing
Results per entry for: Cover Process time = 5.05s | Process cost = $0.17 | Assembly tool or fixture cost = $0.00 | Ttem cost = $0.00  Total cost = features added to Cover




Product Summary & Results: Redesign #2

Baseline| Redesign #1| Redesign £2 |

l Questions | Worksheet | Redesign J

4 Electronic Enclosure

% Housing

# CCA

% Caover

‘} Mark Serial Number

Assembly Thumbnail picture

Part number | | Load fil
Manufacturer

MName | The Dewvenish Group, LLC |

Location | Salt Lake City, UT |

Life volume 100,000

Assembly data

Labor rate, &/hr 100.00

Overall plant efficiency, % 85.00
Cost of assembly fisture, 2000.00

Envelope dimensions, in.
’ - | 4.000
2.500 B it | G0

Product summary

Parts & unanalyzed subs 3
Separate operations 1
Theoretical minimum items 3
DFA index 35.64

Motes

The Life volume of 100,000 is based on an
average of 10,000 annual units for 10 years per
the Marketing estimates.

Product summanry

Parts & unanalyzed subs
Separate operations

Theoretical minimum items

DFA index

Results per entry for: Electronic Enclosure | Process time = 28.93s | Process cost = $0.95  Assembly tool or fixture cost = $0.02 Item cost = $0.00 Total cost = $0.97 DFMA

Process time &= 28.93s )Process cost = $0.95  Assembly tool or fixture cost = $0.02 Item cost = $0.00 Total cost = $0.97




Generating a DFA Report

AN
4 Select analyses x
Select up to 5 analyses to compare
Baseline analysis | {none) o |
File Edit Insert Analysis View External Libraries | Results | Help Baseline {none)
. i eline |
b =1 = r =y - An Taotals - DEA Redesign £1 |535
--IJ"' H H @ h '5:_} % E x %‘ m ( ﬂhﬂﬂ & Redesign #2 Redesign £1
Analysis Totals - DFMA 3 Redesign £2
Baseline | Redesign £1 | Redesign £2 | '
Structure Chart
As Product Worksheeat
Questions Worksheet Redesign i
l | | J P2 Tabular Reports 3 _|
4 Bledronic Enclosure M3 Suggestions for Redesign
& Housing Mz Cost Breakdown J
4 Select analyses x
c‘ CCA L Product Profile k _|
& Cover Lil Functional Breakdown 4 J Select up to 2 analyses to compare
_ Report Options Baseline analysis | Baseline w
..} Mark Serial Number As .
Change Currency... Redesign #1
Redesign 22
L1 Change Logo... J
Owverall plant efficiency, % | 85.00 |
Cost of assembly fixture, $ | 2000.00 |




Comparing Results

4 .
B aseline
Entries including repeats Baseline Redesign #1  Difference  Redesign#2  Difference
Parts meet minimurm part criteria 3 3 0 0% 3 0 0%
'Analyzed subassemblies | 0 | 0 | 0 0% | 0 | 0 0% |
Separate assembly operations 1 1 0 0% 1 0 0%
Total entnes 12 8 -4 -33% 4 -5 B7%
ArslysifiotmstorDesontor Assembly labor time. s
7 wose | Parts meet minimum part criteria 13 14 037 3% 14 037 3%
Parts are candidates for elimination 59 30 -30 -50% 0 -59 -100%
E Insertion of analyzed subassemblies 0 0 0 0% 0 0 0%
Total assembly labor time 60 .47 -29.17 -33% 28.93 -58.7/1 67%
T I

DFA Index 17.63 6 50% : 24




Next Steps

Determine cost estimates by conducting DFM Concurrent Costing
analysis on the alternative Housing and Cover designs

Identify pros, cons and risks for each concept

Estimate resource needs (personnel, equipment, etc.) for each concept

Review the data and select the concept that best meets expectations

COST ¢ RISK

— - —/




Conclusion

With the DFA tool

“...we have the capacity to achieve the
Impossible.”

Eddie Rickenbacker




