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DEMA

Ovenrview: ofi ieday’ s DiscussIon:
s Definition ofif DENMA

s Examples

x Design; Guidelines

s How will'this helprme: in the futlre?

Employers look fior stuadents With advanced design
skills suchi as knowledge off DEMA ana World Class
Manufacturing




DEMA

What Isf DEMA?

Pefn: Design for Manuall Assembly and/err Design
e Manufacture and Assemily.

Wy Is this important te ERgINEErs and Wiy are
they, the: last torleam! of It°'s; Benefits?

x \Why show: me: this new?

a Why'is this discipline: the Iast 1o be adopited 1n design
engineenng




DEMA rone
G/E‘rm:l::g RING

Example: 1:

2PLS
}a

]

RETICLE
CARRIAGE
SU8 ASSEMELY

Looks OK,
[Hgt?

HOUSING

HETAINING
HING

FLANGED
BEARING

PIN 4PLS
SCREW COUPLING

2PLS (DRILL
(LOCKTITE AND PIN
OPERATION CPERATION
AEQUIRED| REQUIRED)

Figure 1.11 Reticle assembly—original design. (Courtesy Texas Instruments. Inc.)




DEMA

Example: 1:

Afiter; DEMA ame: ﬁ/

(3X)

What a
diiference!

HOUSING

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




DEMA

The IMPACT off DEMA onf Example: 1:

a Less parts ter design, decument, revise

s [Less Billloff Material (BOWV) cost, parts te
[eceive, Inspect; store, handle

s Less lapoer and energy: te build preduct

a GEets Inte the CUustemer's hands faster
= Less complexity

a Simpler assembly/ Instructions

x Higher guality

x Higher profit margin

= More competitive in the marketplace




DEMA

Advantages
a QuUantitative method te) assess design

a Communication; teel with ether engineenng disciplines
andl ether departments (Sales, etc.)

s Greater role for other groups While still i’ the
“engineernagr phiase suchras Manufactuing

m Since almoest 75% of the: preduct cest IS determined
I the “engineenng” phase, It gives a teol 1o attack
these hidden waste areas: hefere committing te a
design

FelCil  Felsraners tyolcall clcealiat for 9% af S0
cost e ggrliflgLiie o) Z0%0 gf ifle [Z100f GO




DEMA

Example: 2

Vietor Drive

Propesed
[Design

Einal Design

COVER 16 gage
l.c. steel, painled
soldered seams
45%x2.75x2.4

SET SCREW
0.06 dla. x 0.12

BASE
aluminum, machined
4x22x1

COVER SCREW (4 END PLATE
0.12 dia. x 0.3 l.c. steel, painted
45x225x1.3

BUSH (2) PLASTIC BUSH
brass, impregnated 0.7 dia. x 0.4

powder metal
0.5dla. x 0.8

MOTOR SCREW (2)

0.2 dia. x 0.
MOTOR -

2.75dla. x 4.75

0.187 dla, x1  STAND-OFF (2)
l.c. steel, machined
0.5 dia. x 2

.
END PLATE SCREW (2) -0
0.2 dia. x 0.5
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Example 3

g
us| H) )
] @ i e
i - =~ Seal
=== — _ Needle Bearing

BE—— poll Pin W

POWER Saw,
Project

Figure 3.13 Power saw (initial design
Rer. 14

(Originall Test Case)
EACLS:

ATVS. 29 Balits
6.37 vs. 2.58 min

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




DEMA

IHIStery:

s Fermal methoeds heganiintlate 70's

x Empirical studies fellowed for handling parts
a System; fier estimating assembly: times

fellewediin early 80's

s Geofifirey Boethroyd! pioneered systemrwhile at
Ureli* VMiass onr Pewer Saw: project (Just shewnm)




DEMA

Each part has a handling and Insertion time
PERaity

he moere complex the part the larger the time penalty
he moere precise the alignment the heavier the penalty

08008 T

S 6 > e &2
10 | 180 | 90 | 360 | 360 |
B -

Figure 3.17 Alpha and beta rotational symmetries for various parts.

a Data compiled by time studies of such manufacturers as Motorola




MANUAL HANDLING —ESTIMATED TIMES (seconds)
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manipulate difficulties (1) manipulate difficulties (1)

parts can be grasped and
manipulated by one hand
without the aid of grasping tools

OME HAND
with

GRASPING AIDS | thickness | thickness | thackmess | thickness | thickness | thickness | thwckness | thackness

>0 25mmis025mm|=025mmfs 025mmj> 025mm | < O 25mmy > 0 25mmi s 0 2% mm

0 ik 2 3 4 5 6 7
36 | 6.85| 435| 76 | 5.6 835 | 635| 86

parts need special
taols for grasping
and manipulajion

parts need standard

1ools other than

tweezers

0s§8
< 180°

~N leo

B = 360°
4 725| 475] 8 6 875 | 675 9

(=]

o= f 48 | BOS| 555| 88 | 68 955 | 755| 98
= 180°

8.35] 585 91 #:1 955 | 7.85| 101

8= 30°

z
1=
o
3=
238
v
=g
5§
2
-1
-El-
]
&2
3
a=
[ 4
n=
E:

-
1=
=

T
a
b
C

p-1
c
-
w

5
(-9

parts present no additional parts present additional handling ditticulues
handling difficulties e g sticky delicate sk  etc ) (1)

o= 180° o= 360° a = 160° = 300

& mm = & mm <
I TWO HANDS sze e sire size

| for = 15 mm = 15 mm
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but can be grasped and
lifted by one hand
(with the use of parts can be handled by one person without mechanical assistance
grasping tools if
necessary} (2] parts do not severely nest or tangle and are not flexible
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parts are easy To] parls present pails are easy To] parts present
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MANUAL INSERTION — ESTIMATED TIMES (seconds)

after assembly no holding down reguired holding down reguired durnng subsequent
0 mamtan onentation and proceiies (o mainian onentaton
fecaton () or location (1)

easy to align and not easy to align or easy (o align and not easy to align or
position during paosition duning position during position during
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SEPARATE
OPERATION

similar processes

bending or
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screw tightening (8)

or other processes
material required
adjustment of parts, etc.)
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(e.g. resistance,
friction welding. etc.)
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Example A
- Assembly Name: Date:
u I C Operator Rate=

Factor =

MH CALC MICALC

n
Handling Insertion
ltem Name: Part Sub| I Time per | . Time per Unit Unit Unit Extended | Extended

or PCB Assembly or Item Item Operation | Operation | Material |Unit Part | Part Cost | Operation
Operation (sec) (sec) [Time (sec)| Cost ($) | Cost ($) | Cost ($) (6]
Box on Worksurface 1.8 5.5 7.3 0.0304 0.0304 0.03
Place assy 1.8 1.5 3.3  0.0138 " 0.0138 0.01
Screw down Assy 15 10.0 11.5[  0.0479 " 0.0479 0.19[
Cover 1.1 1.5 2.6 0.0110 " 0.0110 0.01

Total | $0.25

o|Handling

N

b
o
OHI\)NCOde

|
wlele Insertion

|
o

~ &~ ~|Quanity

o

o
o

o

Example B
Assembly Name: Date:

Operator Rate=
Factor =

Restricted access for assembly of screws

MH CALC MI CALC
ltem Name: Part Sub| I Time per | . Time per Unit Unit Unit Extended | Extended
or PCB Assembly or ltem Item Operation | Operation | Material |Unit Part | Part Cost | Operation
g / Operation (sec) (sec) |[Time (sec)| Cost ($) | Cost ($) | Cost ($) $)
¥ ~¥ g j
g

o|Handling

Plate on Worksurface 15 5.5 7.0 0.0292 0.0292 0.03
Place assy 1.8 5.5 7.3[  0.0304 " 0.0304 0.03
Screw down Assy 15 6.0[ 7.5 0.0313 " 0.0313 0.13[
1.8 1.5 3.3 0.0138 " 0.0138 0.01

Total | $0.20

h

w
o
I\JI—\I\)HCOde

|

~ &~ ~|Quanity
l
o

alel e @ Insertion

|

|
o

? Cower

Figure 3.40 Design concept to provide easier access duning assembly
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DEMA

Example 4

Pressure Hegulator

114%x58 \ g

¢ PCB Assembly
1 | 80x50x20
L)

3

SO

/ — Sensor
Plastic Cover Adaptor Nut 48x32x32
155x51x51 25x18

PCH Assembly - 100x40x20 |

',/ RN
Metal Frame - 114x77x51 =7 | @ ! !

|
\:\Nut-zoxﬂ .
I L3
| ; @ / Through

Strap - 50x20%16 \/ rough Holes

| .
1

for Core

SCrew - 10x89

I
I
I
!
I
1

Nut - 20x3 —1

Flastic Caver - 155x51x51 G H v Not to Scale
non- 2525 —(S)

HNot (o Scale

Dimensions in mm
Knab - 25525 Dimenslons in mm

Figure 3.35 Controller assembly. Figure 3.37 Conceptual redesign of the controller assembly.




DEMA

The Waste of Complexity:

he geallis terachieve simple seluiiens! n place of
COMpPIEX GRES

Complex selutiens tend to preduce mere Waste and are
narder fier peeple o manage

\Waste can take the form ofi time, energy, labor,
defective preduction, ete.

s In our case, replace “selution”™ with “design”




DEMA

Whe Is using| It?....the: same peeple Whne
first: adepted Selid Medeling

x Boeingl/ Lockheed Vartin / Northrop
Grumnman / VicDernellrDouglas

» Hewlett-Packara

s Ford / GM / Chrysler

a [lexas Instriments

s [[oy manufacturers

= YOoUIF future empleyer

= [he list gees on and on




DEMA

Examples

x Longboew Apache Helicopter

Pllet Instrument Panel:
Eapcatien/Assembly/installatien time: reduced
from 6917 hours te 181!

Co-Pllot Instrument Panel:
Part count 12, doewn firem 87

m C-17:
O millien cempoenents, 1 million nman hrs ter build
DEMA en landing gear bulk headiweni fhem: 72

detalli parts and 1,720 fasteners tor 2 parts and 35

fasteners! (Mcbonnell Douglas)
(Examples frem DEMA.com)




DEMA — Design’ Guidelines

[Designi for: teprdewn: assemidly
Make: parts; selfflocating

TRy ter design parts With symmetry

[T symmetry; IS not pessible then make! it
ehvieUS that the part Needs a SPecIfic
erientation




DEMA — Design’ Guidelines

Prevent stacked parts fiiemi getting stuck together
Ol tangled using features

Avoldi parts that are difficult ter handle; I.e. t0e
smalll, sharp, fragile; etc.

Avoldi parts that enly: connect. TR/ and brng the
other parts tegether to eliminate the conmnection

Avoid adjustments. Inrgeneral, adjustments
compensate for poer design




DEMA - Guidelines

Increased  Efficiency

L >

Figure 120 Rearrangement of connected items to improve assembly efficiency and

reduce costs.

Over-constrained Kinematically sound

Figure 3.43 Showing how overconstraint leads to redundancy of parts.

Restricted access for assembly of screws

¥

<
g ¥

5

Figure 3.40 Design concept to provide easicr access during asscmbly.

Stainless Steel Fingers

Low Carbon Steel Bracket
mcnt required

adjust

Figure 3.41

Stainless Steel Bracket
no adiustment

Design to avoid adjustment during assembly.




DEMA - Guidelines
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0.6 : - : :I P
2 - norn-
0.4 ! cylindrical ~
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N, if ‘thickness = diameter

ra
handling time penalty, &

time penalty, s

{a) vision restricted (b) vision unrestricted




DEMA

Youir Cal Pely Education wWill:

eachryour ter use: peweriul teols Such; as
Soelid\WWorks

x [fhisiteol will allew:Vou| te design: using the

DEMA phIeSopRY. palitsi reduction
s Vake sure yoeu use the toel te the: fullest!




DEMA

Good wepsites; for further infer eon DEMA and
Wernd €lass Vanufacturnng:

x npad-selutiens.com (laest website hy: far!)
x DEMA.com (Beethreyae and Dewhurst preducts)
a SUPErfactory:com

Seurces off Infermation: used:

n [Larny Stauffer, Ph.D; PE., University: of ldahno —
TechHelp

x David E. Lee and Tfhemas H. Hahn, A Ceorainated
Product and Process Development Envikenmeni for
DEesIan feir Assembly, 1996




