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Chapter | . Introduction

1.1 Introduction of CMOS plate

The OMXB (Complementary Metal Xide Semiconductor) is an on-board
seni conduct or chi p, whichrequires very | owpower generated fronvarious
types of OMXS batteries. This chip is used to store inportant system
informati on and configurationsettings whilethe conputer i s off and on.
OMS seni conduct or s use bot h NVMOS(negative polarity) and PMXS (positive
polarity) circuits. Sinceonly oneof thecircuit typesisonat any given
tine, the chips require less power than chips using just one type of
transistor. This nakes them particularly attractive for use in
bat t ery- power ed devi ces, such as portabl e conputers. Personal conputers
also contain a small amount of battery-powered CMOS nenory to hold the

date, tine, and system setup paraneters.

1.2 Problem description

The size of the OMB chip, used in this project, is about 10mmk Smm*2mm.
The OMX5 is a very sensitive and precise el ectroni c device. The conpl ex
wor k envi ronnent, such as hi gh temperature, dust and external inpact, has
a highinfluenceinthe performnceof the M. Acap, assenbl ed outside
the OM5, is used to prevent the dust, keep cool and buffer the external
i npact and wear. A the same tine, cost should be considered in design

process.
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1.3 Study goal
The Muld of the CMOS cap is designed to produce an acceptabl e cap

1.4 Problem approach

There are five main phases made in this project.

The first phase is project analysis. The first thing of the phaseisthe
total design. By this way, all design specification such as including
cl ients, production and markets, are considered. The second thing of
this phase is transferring the custorners’ requirenents to the product
desi gn requirements by using the nethod concerning Quality Function
Devel opment. The last thing of this phase is listing the product
conponent - manuf acturing process table and the importance table for
Function of CMOS cap that will be used in the Chapter 4 (selection of
moul di ng nethod) and Chapter 5 (concept design).

The second phase is selection of CAD software. The CAD software is

introduced firstly. Secondly, the CADsoftware i s sel ected accordingto

i ts advant ages.
The third phase i s sel ection of moul di ng method. The noul di ng nethod is
sel ected according to the advantages. The moul ding tool and the noul d

process are al so selected in this chapter.

The fourth phase is concept design. According to the product design

speci fication, the product design concept is selected,

University of Professional Education, Utrecht Facuity of Scienceand Technology



Mould design of a cap of CMOS chip Gong Xiaoping , February 2005

The fifth phase is the detailed design. Material selectionof the

cap and the structure designare made. Inthe material selection process,
the material of the cap is selected firstly according the
advantage/disadvantage of the potential materials of the cap. Then the
potential materials of the cap nmoul d can be determ ned accordingto the
selectedcapmaterialandtherelativeworkexperience. Thefinal materi al
of the cap moul d can be sel ected based onthecriteria (cost, performnce
and so on) shown in section 1.2, Inthe structural design process, the
per f or mance, shape and production process are considered. The detail ed
structures, such as size design, are designed accordingtotherelative

desi gn docunent or standard.

The simple noul d desi gn process Of the CMOS cap, whichis made inthis project,

is shown in Figure 1.1

|

Sdection of CAD software

|

Seleetion of moulding method

|

Concept design

|

Detailed design

l Final report

Figure |. |- Filow chat of mould design of the OMCS cap
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Chapter 2. Product analysis

2.1 Description of total design

“Total Design” is not only an engineer designs sonething, but also
simil taneously considers production, sales, clients, maintenance,
recycles and buffer/storage clients (seeH gure2). It should be worked

out withina group of people, or experts in different areas.

Marketing

Production “:> Sales “:> Clients

Recycle& Maintenance

Figure2.1: Design full field

2.2 Quality function deployment

As the nmost significant of these procedures (see Figure 21) is quality

University of Professional Education, Utrecht Faculty of Scienceand Technology 9/64
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functiondeployment, the customer requirements derived frommarket
research and competitor analysis are simply stated and involve the

expansion of basic wants into secondary and tertiary element.

Then the goal of this next step is to organize these needs into a
hierarchical list consists of primary and secondary needs. The list
will be typically consists of a set of primary needs, each one will
befurthercharacterizedbyasetof secondaryneeds. Theprimaryneeds,
shown in bold letters, arethe most general needs; while the secondary

ones, which arewritten below-the primary needs, express needs i n more

detail .
Product requirements
=
2
&
o
s | E
2 © 3
) fom PR Py
E 2 E |8 |s |2 |2 |E |2
e (U ~ o)
Customer = 2 i" % 7] g < 8 @
5 2 3) ) é 5 8 5
Requirements = = = A O = ~ 0 )
High quality L 4 L 4
product
Low  mechanical | 4
noise
Safety O O
Low cost 2 O
Operate easily \V4 Vv
Light weight \V4 O O L 4
High throughput @) 4
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Good looking

Tablel: Customer Requirements—product requirement matrix:

@ strong relationship; O, mediumrelationship; V', weak relationdship,

Engineering Characteristics

= 2
s 5
) ~ ©
5 s £
2 > @
e |2 |E |2 |~ | ® 2 -2
Customer 3 S P g w -t = 9
R EE |5 | | % |3 8 £ 3
equirements g o 2 'S 2 3 = S
szl |2 |8 |S |= - S g
High quality 2
product
Low mechanical | 4 O
noice
Safety \Y4 L 4
Low cost 4
Operate easily \Y% Vv Vv
Light weight O O O 2
High throughput O
Good looking \V4 vV

Table2 Customer Requirements— Engineering Characteristics

@ strong relationship; O, medium relationship;  V, weak relationdship,
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2.3 Product Components, Manufacturing Processes and

specifications

® Product component-Manufacturing Processestable

Thi s charts indicates the inmportance of component /assenbly inthesystem

Injection Molding
Sheet Metal Shearing

Components

O Buy-Products

Protuberant mould

O|O| Sheet Metal Forming

Concave mould

Push pole

Diaplasis pole

O|0|0
O

Round chassis 1

0|0

Round chassis 2 _
Fastener O
Table 3 : Product components— Manufacturing processes

® Specificationstable

Making of level of inportance is set between values of 1,3,5,7 and 9, to
realize greater differences between specifications, where 9 is the nost

inportant and 1 is least inportant

Nb. Product Customer Needs Imp.
1 Cap mould Exactitudedimension 9

2 Cap mould Easy to adjust

3 Cap mould Safety 7

University of Professional Education, Utrecht Faculty of Scienceand Technology U644
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4 Cap mould Low cost 7
5 Cap mould High efficiency 9
6 Cap mould Hand able 3
7 Cap mould Operate easily 5
8 Cap mould Light weight I

Table4: Levd of Importance for Function of CMOS cap

Chapter 3. Selection of CAD software

3.1 Introduction of CAD

CAD (Computer Aided Draughting and Design) i s nuch nore t han drawi ng | ines

by electronic rneans. There are many reasons for using CAD as follows:

The speed i s increased by the use of autonatic fillets and chanfers;
The conput er ability to"snap" automaticallyto particul ar geometric
poi nts and features will spreadt he accurat e posi tioningof |ineworKk.
Copy, rotate and mrror facilities are also very handy when draw ng
symmetrical parts.

Many hatch patterns are supplied with CAD prograns. Filling areas in
various colours is a requirenent in artwork and presentations.
Dfferent style fonts for text are always supplied with any CAD
progr ans.

The possibility of inporting different graphic file formats and
scanni ng of material (photographs) into a CAD programis al so an asset

especi al |y as the i mage can be nmani pul at ed, retouched and ani nat ed.

Anot her advantage of a CAD systemis its ability to store entities that

are frequently used on draw ngs. Libraries of regularly used parts can

be purchased separately or can be created by the draughtsman. For

University of Professional Education, Utrecht Faculty of Scienceand Technology 13/64
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repetitive use on a dsaw ng, a typical itemnay be retrieved and
positioned in seconds, also oriented at any angle to suit particul ar
Ci r cunst ances.

Using CAD products, assenbly drawings can be constructed by inserting
exi sting conponent draw ngs onto the assembly draw ng and positioning

themas required.

CAD is very suitableforrepetitiveandfastdocumentationwhereaproduct
is one inarange of sizes. Assune that you manufacture arange of notor
driven punps operating at different pressures. Many parts will be used
in different conbinations in the range and the conputer database

docunentation is programred accordingly.

3.2 Detailed selection of CAD software

Ther e are many sof t war e opti onal for conput er ai ded desi gn nowadays, whi ch
oneis the best choi ce? I nmy opinion, “Inventor 8" isthe nost suitable
software for ny project because of the follow ng reasons:

® Easeof Use

A simplified user interface, an advanced hel p and support system and
built-in mgration tools for AutoCAD users make Autodesk Inventor the

easi est mechanical design software to |earn and use.

» Simplified User Interface
Adesi gn envi ronnent wi t hf ewer, smarter conmands r-ef | ects t heway
you want tO work. Highly visual feedback and gesture-based
interactivity respond intelligently to cursor movenents to hel p
you work nore efficiently.

» Advanced Help and Support

The award-winning Design Support System (DSS) provides

University of Professional Education, Utrecht Faculty of Scienceand Technology 14/64
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browser-based support to bring you up to speed yui ckly and

gives you an electronic infrastructure for easy learning.
» Migration Assistancefor AutoCAD Users

The Design Support Systemincludes a mgration tool to help you

nmove easily from AutoCAD® to 3D

® Smartest Choice

Get the best value in 2D and 3D design—and a risk-free mgration path

to 3D—with the Autodesk Inventor Series.

» Exceptional Value
Only the Autodesk Inventor Series® offers the best of 2D and 3D
technologies for virtually the price of Autodesk Inventor. You
protect the value of your 2D software investnment while you gain

the simplest and lowest-cost path to the nost current 3D

t echnol ogy.

A7

Complete Flexibility

Autodesk Tnventor Series eliminates the need to choose between 2D
and 3D technology. Wth the series offering you can do nore with
your existing design dataand protect your investments in AutoCAD®,

AutoCAD® Mechanical, and Autodesk® Mechani cal Desktop® sof t war e.

The 3D rnould use Inventor

The whole machineis composed by seven parts, they are: one Protuberant mould, one

Concave mould ,four Push pole, one Diaplasis pole. one Round chassis 1,one round

chassis2, one Fastener -

University of Professional Education, Utrecht Faculty of Science and Technology 15/64
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i Communication Center x :
The sasy way to keep you and your software upto-date. Tlck heve.
Doett show i .

Figure 3.2
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Chapter 4. Selection of Moulding method

The injection moul ding nethod will be used here.

4.1 Why use injection moulding?

Wth our nodern injection moul di ng machi nes, we process a wide variety
of different thermoplastic materials into high-quality moulds for the
aut onot i ve supply industry, commercial vehicle industry, aeronautical

engi neering and el ectrical engineering.

Housi ngs and noul ded parts with conpl ex geometry and in practically any
size can be produced in a single step. Using our own 3D CAD system, and
inclosecollaborationw thour tool shop, we are abl e to neet the denands

of our custoners in the shortest possible tine.

4.2 Introduction to injection moulding

Injection nmoul ding is the nost wdely used plastics processing nethod.
The process consi sts of clamping two moulds toget her into whi ch a molten
pol yner isinjected. H ghpressureisusedinorder toobtainfast filling
speeds and i n order to stop the noul d being over filled. The nouldis held
at a tenperature belowthe nelt tenperature. This is conmonly achi eved
by circulating water at a specified tenperature through the cooling
channel s in the rnould Oice the pol yner melt has been set to the shape
of the cavity, the nould i s opened, the noul ded part is ejected, and the
process recomrences. Injection noulding is the process of choice for

produci ng preci sion parts in nedi umto hi gh vol une. The maj or advant ages

University of Professional Education, Utrecht Faculty of Scienceand Technology 17/64
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of the process includeits versatility innouldingaw derange of
products, the ease wth which automation can be introduced, the
possibilityofhighproductionratesandt hemanuf actureofarticlesw th
cl ose tol erances.

I njectionmolding i s the nost commonly used process for molding pl astics
because it gives a good surface finish and can be used for very conpl ex
nol di ngs. Al t houghrequiringasubstantial capital i nvestment, injection
molding becones very econonical |y viabl e in mass production and gives a
very lowunit production cost. Injection nol ded plastics are invariably
t her nopl ast i cs because thernosetting pl astics assune their final shape

through heat and so cannot be nolded with this process.

Familiar products nmanufactured by injection moul di ng include: conputer

enclosures, nmlk crates, (D cases and nobile phones.

The plastics that are used in injection moul ding include: polythene,
| ow-density pol yethylene (LOFB,  high-density polyethylene (HDPE),
pol ystyrene (3, pol ypropyl ene (PP and acrylonitrilebutadienestyrene

(AD.

Advant ages of the Injection Molding Process:
o Hgh productivity
o Interchangeability
e No waste in the formof scrap
e (obst reduction
e Main power reduction

e Skill reduction

University of Professional Education, Utrecht Facully of Scienceand Technology
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4.3 Moulding Tool = Babyplast

A rnoul di ng machi ne, Babypl ast (see Figure 4 1), is used to performthis
project successfully. Babyplast is a patented nodel which has been

desi gned and according to the EN201, EN60204- 1- 1992, EN 292-1, B\292- 2
st andard.

Figure 4.3: Mouding machine--- Babyplast

4.3.11ntroduction to Babyplst

4.3.1.1 General condition

The detai | ed t ype of t he machi ne, used here, is babypl ast 6/6. It' s needed
to enphasi ze that this injection machine can only be used according to

the instructions set out in this manual. If instructions are applied

incorrectly, injuries or material damage may be caused.

4.3.1.2 What does Babyplast do?
The BABYPLAST &/ 6 injection nmachine is the result of thirty years

University of Professional Education, Utrecht Faculty of Scienceand Technology 19/64
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experience working in the specific fields of plastic injection
moul ding and noul d desi gn and constructi on.
The machine' s research and devel opnent began nore t han ei ght years ago,

inresponse to an inportant area of demand:

===~ Smal | serried production
____ Prototype devel opnent
==~ Low cost of moul ds

——-Technical training

Babyplast 6/6 of f ers adef i ne sol utionto produci ng snal | pl asti cnoul ded
parts, without using multiplecavity moulds. Thisis particularly useful

when devel opi ng phot ot ypes or producing snall series. Oning to the | ow
cost of the moul ds used in our machines, in-depth experinents can be

carried out before the final mould for | arge series productionis built.

As a result, both small and nedi um series can be produced easily, and

completely independently.
4.3.2 Advantageof using Babyplast

There are many advantages for those that produce small size parts (max

15 grans) in thermoplastic naterials:

@ Lowerproduction cost, even for smallproduction batches.

Themachi ne, wi t honl y 3 KW of power consumptionandal owpurchasing cost,
allows the production of parts using molds with a | ownumber of cavities
(mni mum i nvest ment intoolingand nore precisioninthe nol ded part) and
m ni mumpr oducti on costs. Using conventional machines, it is possibleto

obt ai nproduct i oncost s of parts si m | art ot hose obtained with Babyplast,
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butonlywithmoldshavingmany cavities, andthusahigh investment

in tooling.

® Reduced tooling costs.

Babyplast, thanks to the particular concept of its platens, allows a
reduction in mold costs from 20 to 40%for the same number of cavities.

In fact only the cavities have to be made, because the machine platens
acts as the mold bolster. In the two drawings that follow, one can see
the difference between a four cavity Babyplast mold (75 x 75 mm), and a
conventional (176 X 176 mm) 4 cavity mold, for the production of the same

part.

Seale 114

Scale 1:1

175

s, 0 49 S 45 4

178

Figure 4. 32(1)
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® Precision Of partsproduced.
Technicalfieldsrequire a high standard of precisionin the dinensions
of parts, this canonly be obtained using nol ds with only afewcavities,

and above all thernopl astics material s that are easily degradabl e. Under

such circunstances Babypl ast al l ows the possibility to have precision
nolds with a fewcavities, with lowtooling and production costs. Only
a small volume of material is held in the cylinder, thus reducing to a
m ni munt het i met hat the plastic material renains at t henel ttenperature,

and hence reduces the risk of degradation.

® LOwcost samplesand preliminary production.

To ensure a new product enters the narket at a conpetitive cost, a Baby
nol d can be constructedwith a mnimal i nvestment. If the demand becones
greater than the production capacity of the nold, one can eval uate the
possibility of constructing a conventional nold with nore cavities, or

divide the production between a number of Baby molds.

® Flexibility.
By di vi di ng the producti on between a number of Baby nolds, it is possible
to savetine andreduce theri sk of stopping production, ratherthanusi ng

traditional multi-cavity molds.

It is also possibleto produce different colored parts fromeach nol d,
avoi ding waste in material and tine. The ratio piece/sprue is greatly

i mproved conpared to conventional nachines.
® Special applicationsat a reducedrisk.
Wthout additional costs, the injection unit can be easily noved of f

center. It is possibleto inject directly intothe part from the nachi ne
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nozzl e or by means of runner multi tip.

® A higher quality product.
Aonecavitymoldensurestheproductionofuniformandperfectlybalanced

parts.

® Significantly |ower tooling investment.

By purchasing Babyplast, a mni-robot conplete with accessories for
| oading inserts, and a single cavity baby nold, the custoner spent 20%
less than the cost of a conventional mold, with 4 cavities, and
modi ficationsto therobot for the inserts (the custoner already had the
robot). Ifthe customer needed to purchase the machi ne and robot as well,
t he conventional solution woul d have cost 4 tines that of the Babypl ast.
Reduction in time. The nol dchangeover and start up tines associ at edw th
t he convent ional solution, where the production demand is insufficient
to saturate the production capacity of a 60-ton press, are inexistent.
The Babypl ast nachi ne has been purchased excl usively for this product.
Babypl ast 6/ 10, thanks toits particul ar characteristics, playsakey part
i n many cases, for solving various probl ens sinply and economcal | y. For
exanpl e, a customer had to produce 2, 500, 000pi eces a nonth of a small
part of PAG6 + 30% (& that weighed 0.1 gram

To obtai n an acceptabl e cost of the part, they had to construct a nold

with250cavities, preferablyw tha hot runner system, to reducethe size

of the sprue, and purchase a conventional nachine with a | ow tonnage.
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« 1T >

Figure 4. 32 <)

Instead Wi th Babypl ast 6/ 10, they were abl e to construct a mold with 40
cavi ti es andt he sprue onl y wei ghed 2 grams(L 100 nm- H 30 nm) . The nachi ne
Is used exclusively for the production of this part. There are no nold
or mater ial changes. The i nvestment i nthe Baby nol d and Babypl ast machi ne

is 20%l ess than the cost of just the mold for a conventional system

The custonmer has also achieved the followi ng advantages: it was not
necessary to purchase a new machine, the space occupi ed was reduced
(Babyplast occupi es | ess than| m”), the size of the sprue has been reduced
making it easier to recycle, reduced costs for production changes,
sinplifiednold construction, and i nproved t he di mensi onal uniformity of

the part.

4.4 Injection Molding Design Guidelines

Much has been written regarding design gui delinesfor injectionmolding.

Yet, the design guidelines can be summed up in just afew design rules.
Use uniformwall thicknesses throughout the part. This will minimize
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sinking, warping, residual stresses, and inprove mold fill and

cycle tines.

Use generous radi us at all corners. The inside corner radi us shoul d be

a mnimumof one material thickness.

Use t he | east thickness compliant with the process, material, or product
design requirenents. Wsing the |east wall thickness for the process
ensures rapid cooling, short cycle times, and mni numshot weight. All

these result in the least possible part cost.

Design parts to facilitate easy withdrawal fromthe nold by providing

draft (taper) in the direction of nold opening or closing.

Useribs or gussets toinprove part stiffness inbending. This avoids the
use of thick section to achieve the same, thereby saving on part wei ght,

material costs, and cycle tine costs.

44 Injection Moulding

e Basic process - Heat athermoplasticnaterial until it melts. Force
it into a holl ow(cool ed) cavity under pressure to fill the nold.

When cool remove the finished part.

e Typical naterials are,

- Nyl on
- yrene

—Ethylene
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* A typical injection moulding machine i s seen below with the covers
removed. Plastic pellets are poured in the hopper, and finished parts

emerge from the dies.

Mowske Sold T Bay Clamgeny L
. Heumar . 3; J

Hopper |
%
:

]

Seatonary Moveably Rop
Plasen Plaen Pasen

Figure J.4

Injection system,
1. - a material hopper acts as an input buffer
2. - a heated chamber melts the material

3. — an injector forces the now viscous fluid into the mold

(fra? BV, R, &M dedd, D

« Current mechanisms use a reciprocating screw,

1. - basically the screwextendsfromthehoppertothe injection chamber.
2. - along the length of the screw chamber, heater bands are used to melt
the plastic.

3. - as the screw turns, it moves raw solid plastic from the hopper, to
the injection chamber. The buildup of pressure in the injection chamber

forces the screw back until enough for a shot has accumulated.
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4, —thescrewisforcedforwardto injecttheplastic intothe mold.

. Raw Plastic Pellets
poured inte hopper

-— “\\\“‘llll‘nl_!‘

Uy v WL

S E

Muolten plasti: Heaterbands supply heat to the barrel
emerges when the
screwis agvanced

| =
serew screw screw
metering compression! feed

ZOne mnne Eone

Figure 232

1 - there is a contributionto nelting by pressure that allows the
tenperature of the heating bands to be | ower.
2 -the purpose of the screwis to generate @ homogenous meltwithlittle

orientationin flow direction.

. Typical zones can be identified on the screw,

1 -feed - a screwwith large cavities to carry nore naterial.
2 - conpression - the depths of the screw thread reduce, leading to
el evated pressures, and pressure induced nelting.

3 -metering - small and uni formt hreads to provide control | ed quantities.

Thi s al so serves as a final mxing stage.

« Screws are often low/medium/high conpressionratioas a result of the

change of screw volune from the feed to the metering stages - screw
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sel ectionwill vary between material s, but al owcompression ration

screw will ensure good nelting in nost cases.

. Screws are nitride treated to i nprove tool life. Screws mght al so be

made slightly smaller to conpensate for thermal expansi on when heated.

. Screws are often driven by electric or hydraulic notors.

. The heat capacity and mel ting poi nt temperatures of various naterials
deternmne the energy required to nelt the plastic and the energy to be

removed for solidification(and for ejection).

« The vol une of the injectionchanber determ nesthe maxi nunmol dcavity

size. The volume provided is often for polystyrene. When using ot her
material s the vol une can be corrected using the foll owing formila. For
exanpl e a 10 oz. shot,
SC waterial (S Gruaseria
e —e (32” j= ——me COE :l
(SGW'U‘H}W*) ‘shod ( 1.05 ) shot

The nold is held closed with a certain clanp tonnage.
. As cycle tines decrease, the plastic nelt becones |ess consistent.

. Each heating zone uses el ectrical heating bands w th thernocoupl es,

or pyroneters to control the tenperature.

« Wen injecting, the nold is noved then cl anped shut. The nol d hal ves
are mounted/clamped/screwed on two platens, one fixed, one noving. The
stationary platen has a locating ring to allow positioning on the nold

hal f over the injection nozzle. The nmoving hal f has ej ector pinsto knock
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out the finished part. Larger plates are found on larger injection

molding machines.

* Injectionmoldingmachines pressure i s cal culatedasinjectionpressure
over an area in the mold. Consider the case where a mold with a 10 square

inch mold is being filled in a 200-ton machine.

F 200 fons )
P=- = = ——= = 40ks
4 10 z‘nc:h2
4.4 Moulds

- Injection molds are mainly made of steels and alloys steels. A simple mold is shown

below.

|
1)

gates

Figure 4.4(1)
1. Locating ring - guides the injection nozzle into the mold.

2. Sprue Bushing - where the injected material enters the mold
cavities.

3. Clamp front plate - Secures the front cavity, locating ring, and
other components to the stationary platen.

4. Front cavity - holds half of the negative of the shape t o be motded.
Guide pin holes are put in this plate.

5. Rear cavity - the mating half for the front cavity that completes
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the negativeof thefinal part. Guide pinsaremountedonthis
to ensure correctly aligned cavities.
6. Spacer Blocks/Rails - used to separate the rear cavity from the rear
clamp plate.
7. Ejector housing - contains the ejector pins to knock the parts out
of the mold and forces the cavity back when the mold is closed.
8. Rear Clamp Plate - Supports the rear half of the mold on the moving

platen, and provides rigidity under molding pressures.
Componentsto consider in mold design,

1. - part design
2. — material

3. - machine used

« Factorsthat are often altered inthe design are,
|. gating
2. runners
3. rmold cooling
4

ejection

. Gating can be done a number of ways
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Figure 4.4 (9

Runners carry the plastic to the injection gates and are often
considered disposable or reusable. Typical runner systems are,

I. cold runner

2. hot runner

3. insulated runner

« Cooling systems allow rapid uniform cooling to increase cycle times, and

reduce scrap. Typical techniques are,

1. — water lines
2. - baffles

3. - fountains

4. - thermal pins

. Ejection systemswill push the part out of the mold when it is opened.
I. knockout pins

blades

stripper rings

air

a &~ w N

hard stripping
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Chapter 5. Concept design

5.1 The Product Design Specification (PDS)

5.11 what isPDS?

The starting point for any design activity is thus narket research,
conpetition analysis, literature searching, patent extracting, etc.,
fromwhi ch a conprehensi ve PDS nust Be prepared. The end of the design
activity, the design of the product nust be in ‘balance’ with the PDS

Wien begi nning a desi gn work, to knowwhat the customers needisreally
inmportant. This is the first and basic stage to hel p you to make idea.
Many products fail on the narket because the rnanufacturers don' t pay
enough attention to the custoners' words. This results they mss sone

i mportant points and their product is not so perfect.

Inorder to inprove this aspect, we can collect the informationin many
ways: through questionnaire, interview advertisenments, and posts. The
customers are forefront users. Normally they can gi ve us suggestionsfrom
their experience. And these first-hand statistics are very precious to

the designer. W& can learnfromthe customer needs that what they want,
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what they expect to the product, or do they have speci al
requirements fromthe product. They can be collected first, then, of
course, many of themhave to be screened according to our designability,

material cost and producing technol ogy etc.

For the product Yogurt Holder, some custoner needs and nar ket demands were
col l ected. After screening, the points bel ow were |isted due to its

| nport ance.

5.12 Elementsof the product design specifications

Here is the photo of the elenent, there are total 32 el ements which

surroundi ng the design core:

Figure 5,12

They are:
(1) Performance
(2 Environment
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Mould design of acap of CMOS chip Gong Xiaoping, February 2005

(26)
(27)

(B
(29
(30)
(3 1)

Life in service
Mai nt enance
Target product cost
Conpetition
Shi ppi ng
Packi ng
Quality
Manuf acturing facility
Size
Vi ght
Aest heti cs, appearance and finish
Material s
Product life span
Standards and specification
Er gonom cs
Cust oner
Quality and reliability
Shelf life (storage)
Processes
Ti me- scal es
Testing
Saf ety
Qrnpany constraints
Market constraints
Patents, |iterature and product data
Political and social inplications
Legal
Instal |l ation

Docunent ati on
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(32) Disposal

We choose ten of the 32 as the prior considered elenents, in according
t o which one do the nost inportant effect.

| performance

2 product cost

3 materials

4 time scale

S wei ght

6 manufacturing facility

7 environment

8 safety

5.2The requirement of the product

Serviceability and Functionality

e [Easy to use
e Light
* Portable

Produce-ability

e Quantity: 100, 000 per year
e Easy to manufacture

e Common materi al

e Easy to assenble

e Attractive shape

Maintainability
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* Easy to clean
o Detergent are acceptable to be used

e Life nore than 10 years

Safety

e Using non-toxic material

* Round edge

Reliability
e Using non-toxic material
* Round edge
e Durability

Marketing

* Production: 100, 000 per year

 Price of product: 2 Euro

e |Inpressive, colorful surface

* Tinme fromproduction to marketing: one month

e Collect customers needs on tine

5.3 Design preparation

The desi gn of plastic is very conplicatedsinceits various variety, its
outstanding capability and its broad purpose. Design preparation of

plastic product will be nmade in two fields described bel ow

1. Main designideas
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Like any other industry product, the plastic product design

should neet the performance requirements. Ceativity is also
considered in the product design to reduce cost and inprove the
conpetition. Wt hthe devel opnent of t he i ndustrial technol ogy and t he
i nprovenent of people' s living level, the nice and delicate plastic

product is nore popular.

2. Informationcollectionand i dea selection

The purpose of the information collectlon is to understand the market
situationand the production technol ogy. Market is not only the product
distribution but also the product devel opnent. Production technol ogy
i ncl udes detailed information on technol ogy such as the material types

and cost, production equi pnent.
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Chapter 6. Detailed design

6.1 General description

Thi's chapter describes the detail design base on the result of selected

and principle design in chapter 3 and chapter 4.

6.2 Detailed design of CMOS cap

6.2.1 Material selection of CMOS cap

» Possiblematerials

There are some possibletypica materials shown in Table5

MATERIAL IDENTIFICATION | PROPERTIES | APPLICATION
A.B.S. Soluble in totuene and | Tough, hard heat | Protecting and
ethylene  dichloride, | resistance. decorative housing
burns with a yellow Dimensional for telephones,

flame continueto burn | stability. Chemical | radio,  machines,

after the removal | resistance  Easy | automotive

flame with black | Processing & | instruments.
smoke Manufacturing

NYLON Bumns with blue flame | Tough, relatively | Gear, bearings,
& odor of burned hair hard low bushes, bulb.
or  buned  wool. | coefficient of | Making topes,
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Soluble in  Phenol [friction excellent | sport's equipments,
formic acid type |wear resistance. It |load bearing
solvents absorbs water and | supports.

alcohol but doesn't

cause any
permanent
changes. Good

thermal resistance.

POLYCARBONATE | Burns with yellow or | Good impact
orange flames, and | strength, good
givesodor like phenol. | creep  resistance,
Soluble in methylene | good dimensional
dichloride, sometimes | stability. Low
in ethylene dichloride. | water absorption,
88% transparency.
POLYPROPYLENE | Floats on water, burns | Outstanding Automotive Parts,
with blue flame with | electrical Doors frames kick
yellow tip and gives| insulating panel, hospital
acidic odor similar to | material, sterilized
diesel fumes, it is| unaffected by | equipments,
soluble in hot toluene. | moisture. luggage, washing
Excellent surface | machine parts,
appearance rigid| combs,  furniture,
and resistant to| wirecoating, caps.
staining.
Unaffected by

attack of bacteria
or fungi. Mould

shrinkage is less.
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POLYSTYRENE Burns with yellow
flame and gives odor
of illuminating gas
creste dense black
smoke soluble in
acetone, benzene,

tolueneand ether.

PS. is modified

with rubber to

improve its impact

strength, excellent
mold ability,
excellent
dimensional
stability, negligible
absorption of
water,  excellent
resistance to
chemical
corrosion.

House wear like
jugs, plate’s combs,
tooth brush handle
toys, decorative
articles, and
jewdry boxes
refrigerator

components.

Table 5: Typesof plagtic materials

>  Result of material selection of CMOScap

As saidinsection 1. 2, the material of OMX cap shoul d have hi gh strength

and have a resistance i n wear. | choose POLYPROPYLENEas t he f inal sel ection

according to the properties of possible materials and application shown

in Table 10

6.2.2 size design of CM OS cap

The di nension of the cap:
27X 22X 4 outside
24X19X2.5 inside

There is the picture of the cap:
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For Help, press F1

Bow] 09 © Howm (=
Figure 6.22

6.3. Detailed design of cap mould

6.3.1 Material selection of cap mould

> Possiblematerialsof cap mould

The material of OMX® cap is selected as POLYPROPYLENE. The concer ned
material s of noul d will be AISI1045, 40cr and so on (see P. 171 of Ref. 9).

> Result of material selection of Cap mlould
Since that the total cost of noul d shoul d be as cheap as possi bl e when
the ot her performances are satisfied, AISI 1045 is used as the naterial

of cap nould here. The other materials, such as 40cr, will not be used
in this case due to their higher cost.

6.3.2 Thickness design of the cast

Each pl astic piece including configuration piece and ply, according to
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the requirenments of using, should have a certain thickness for

keepi ng nechani smstrength. In general, the thickness shoul d be as thin
as possi bl ewhent he requi renent s of t he mechani cal perf or mancesar e net.

By this way, the cost of producing can be reduced and the solidification
time of plastic piece can be shortened. And the quality problens arising
due to the large thickness can be avoi ded efficiently.

However, thefl oatingresi stanceof molten plastic insidethe noul d cavity
i ncreases when the thickness of the plastic piece is too thin. It wll

be very difficult to make a noul d. In addition, the big disparity between
thi ckness and superficial extent will warp plastic pieces and as well

reduces their quality.

It should be stated that the difference of the thickness of the stepped
plastic piece walls should be small. G herw se, the plastic piece will
be broken. A the same tine, the circular arc transition shoul d be used

if possible.

The t hi ckness of the plastic pieceswth small sizes can be sel ected from
Immto 2. 5mm Furthernore, the good fluid capability of materials such
as pol yet hyl ene, pol ypropyl ene and pol yest er, can nake t he pl asti c pi eces
thinner. Consideringthat the C(MGScap is a plastic piece with small size
(see section6.2.1) and the pol ypropyl eneis sel ected as the naterial of
the OMS cap in this case, | selected Imm as the thickness of the QM6

cap here.

6.3.3 Pitch design of mould Off

Because of the shrinkage of the plastic piece during the molding cool i ng
process, thepl asticpi ecei s hoopedonthebulgeofmouldor coretightly.

Both the internal and external surface of plastic piece parallelingthe
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directionof noul d of f should have a certainpitchinorder totake

of f nould and avoi d draw pl astic piece broken or surface damaged (see

i gure 3 3 Ficture 3-3

Figure 6. 33
The pitch of rnould off (BiF2HE ) from 30' to 1°30° can be selected for the plastic
pieces under the appropriate condition. A smaller value will be selected for the pitch
of mould off when the molding Core is longer or the cavity is deeper. Contrarily, the
larger pitch will be selected. Furthermore, the pitch of the external surface is designed
smaller than that of the internal. The pitch of the noul d off al so have to be
considered when t here i s sone flower pattern or sign designed on the plastic piece.
1° is added in the pitch of mould off when 0.02 mm is added in the deepness. In
addition, the pitch of mould off also relates with the thickness of the wall and the rate

of the material shrinkage.

6.34 Round angle

currently, plastic piece dopt round-angle to connect on the each well
joints, only especial requirement use sharp-angled. However, when it
bears force or strikesthat sharp-angl ed engender stress- convergence, to
break easi 1y. Therefore, round-angle is not only advant aged f or molding
but al so advantaged for floating of molten plastic on the noul d cavity
and rnou d of f of plastic piece. Figure 34 given the extensionto choose
val ue of round-angle. Figure 3-5 showrelation between the ratiois the
radi us of well thickness of plastic on joints conpare with around well

t hi ckness R/t, and stress-convergence coefficient. The curve runto
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snooth after Rt =0.6.

<<:ﬂ:05t

=0.5t

Ficture 3—4

Figure 6. 34

6.35FLOW PROPERTIES OF THE MOLTEN PLASTICS

6.36SHRINKAGE

For a sure quantity plastic, the bul k of mel ting al ways bi ggerthan sclid,
so the dinmension of cast nust smaller than nould, which should be
considered and plus sone spacing there when we design the cast. The
shrinki ng measure can be figure out:
Qfa-h) /a x 100%

a—the di mension of cast in molding tenperature.

b— The dinension of cast in normal tenperature

The shrinking measure of POLYPRCPYLENE is 1.0-2.5 (%)
Definition: - The individual plastic molecule expands more and takes up

more space as the temperature rises.

6.37 VENTING

VENTING: IS the channel designed for evacuating the air from the cavity at the

time of moulding.
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Venting POSITION: The vent shoul d be set at the end of the approach of
nelting material (8. As figure(h) the venting channel shoul d be made
tocurving, and the sectionis formnarrowto broad, in order to decrease

the kinetic energy of nelting material.l

L —

toa >
Ficture 5-25
Figure 6.37
VENTING SIZE: - The breadth of vent can be designed to 1.5-5mm, a shal | ow
slot with depth is 0.02mmto O 03mm t hi ckness. In case of very viscous

material it is up to 0.05mm. The deep of vent of PP is 0.02

In case of necessity to provide the vent through the nmoul d plate, then
it can be achieved by incorporating ejector pins in the required

positions.

6.38 Thermoregulation

Thernoregul ation: Increase or reduce the tenperature of injection
molding by water or oil in order to control the effect of tenperatureto
flowi ng, solidify and productivity

The simplest and cheapest one id water, nost cooling is used water,

The quantity of heat used water can be numerate as:
Qv = @ @Qn + G + QD)
Qw-——di ffused quantity of heat of noul d
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Q --- the quantity of heat from plastic to nould
Q@--- the quantity of heat of convection
Q--- the quantity of heat of radiation
81--- the quantity of heat of refluence
The principle of design of thernoregul ation
B Mre anount, nmore proportion if possible
B The position should as cl ose the surface of noul d as possible .

The thick part should be intensifying cool, as follow:

B S PPOII0, K R P 0.9 0.9 S OSIN P SNESONNPEIRIS A IIC R X
o' ORI RRARRS
joste% e ete 6% %" 7

NS

Ficture 5-33

Fi gur e6. 38
M The entrance of cooling channel should as close as the orifice, in

order to intensify cooling.

6. 4The design of thejig

The jig of the cap includes seven parts. They are protuberant noul d,
convexity moul d, push pole, diaplasis pole, round chassis 1, round
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chassis 2, fastener.

Figure 6.4 (1]

® The design of the protuberant mould

This part is one of the nost inportant parts of the jig .Wen I start to

designit, thereare twofeasibilitiescanbechose. Oneislikethis ( )

The other one is

University of Professional Education, Utrecht Faculty of Scienceand Technology 47/64



Mould design of a cap of CMOS chip Gong Xiaoping, February 2005

Figure 6.4(2)

A least, by the conparing of the two projects available, | prefer the
| ast one. It isthe best way that therectangul ar cap be extrudedt he t hrust
act on the four angles. Coviously, thrust is the equal that way, thenthe
hardest situation the four angles will be extrude easily for the
concentrated power on them

| used to design this part |ike:

Besi des, a reverse angle is put onthe end of cast neatus specially. The
function of the reverse angle is inportant is can part the cast after
cooling. The pitch of the reverse angle can not very big, neither very
small, the good way is nore than 1° at |east.

® Thedesign of the convexity mould

University of Professional Education, Utrecht Faculty of Scienceand Technology 48/64



Mould design of acap of CMOS chip Gong Xiaoping, February 2005

Consi dering the cast is submniature, the designof the cast -
has three moul d principles, there are

» Avoiding nelt breach and disfigure in process

> be propitious to inproving the capability of products

> Be propitious to flow & exhaust

S0, | design the cast meatus under the cast, it |ike bel ow

Figure 6.4(3)

The space back of concave mould is for the nozzle of the machine.

® Thedesign of the other parts of jig

J  Thescreen-printof push pole:
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g skerchl
23 End of Part

Zswy 805 © [Wiwndrsinmmar

Figure5.4 (4)
v" Thedesign of thediaplasispole,

(] e £t wow juat Fom I dopkcsons

Figure6.4 (5)

J Thedesignof theround chassis
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Figure 6.4 (6)

Measure size, detancs

2ol 63 O IR

Figure 6.4 (7)
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v" The design of the fastener

Enid of Part

Hiassure e, dstince o positesi,
#isetl @ 3 © [0F aot

s Gt BUE. .| BESTIOLEH v
| Figure 6.4 (8)

6. 5 Relationship between injection moulding and injection

machine

® The proof of quantity
N — amount of moulding room
ms -- the volune of cast
n -—- the volume of else parts
m--- the gross of nelting material
The concerni ng expression is:

m = N¥ms + nj

m shoul d be | ess than t he naxi mumi nj ection vol ume of injection machi ne

(m)), According to the concerning experience, the relationship between
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themcan be descri bed as:
m=(Q 1-0 8 ml

So,
NS (O 1- 0.8)mI-mj/ms

® The proof of injection press

Consi deringthat the pressrelateswiththeliquidityratio, thedifferent
I nj ection pressure is selected for the various materialswth different
liquidity ratio. The liquidity ratio can be calcul ated by:

v = XLi/ti

Where v--- the liquidity ratio
Li--- the length of channels

ti -- the height of channels

® Theproof of force
Fl---The rating force
H.--- The conposition of forces
FL= (0.8—0. 9)FI

® The proof of thicknessmoulding
The mnimumthi ckness --- Hmn
The maxi numt hi ckness ——- Hrax
The actual thickness --- Hn
Expr essi ons:

Hmin = Hm= Hmax

® theproof of the extent
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H--- the cast needing distance for separate
H2--- the height of cast

(5~~10) mm--- cl earance

Shax- - - t he maxi mum extent

Expressions:  Smax =H1+H245- 10)mm

6.6 Agglutinating

TENAX- 7R Thi s space age pl astic WELDER i s super fast dryingthat is
excel l ent for models and plastic sheets. Remember you will be welding,
not gluing. This neans that in order for your TENAX-7R to work the parts
nust be in place and touching. Then you simply touch the seamwith your
TOUCH-N-FLOW appl i cat or (76075 or 76076) The TENAX- 7Rwi | | fuse t he seam
by capillary action. Thiswill actual | yweldthe parts. Nowhol dthe parts
for approxi mately 10 seconds or until you have a firmbond. The conplete
wel d will take about five minutes to cure but you are able to continue

before a full cure is conplete.

Figure 6. 6

Weight: 0.10 Ibs $2.75
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Chapter 7. Conclusion

The super smal | - scal e mould technol ogy i s grow ng and grow ng nowadays,
and plastic has been used wildly in nmany areas. The gole of this
i npl ementing know edge rules and control the geometric shape of the
product was represents and achi eved a usef ul tool especiallyfor the fact
that itassuresafilteringoftheinformationinsertedinthe application,
but al sofor the fact that a template for acertainproduct can be created,

and modified easy by the custonmer needs and specification.

By t he way to designthe mould | |earn much thing about found and plastic
extrusion. Wile plastic in exact injection moulding, the material,
machine, and moulding project has already sure , the quality and
efficiency are decide to the kind of the configuration and the
characteristic. The cost of exact injectionnmoul di ng almost as expensi ve
as a set of exact injection nachine. Beside, the requirenent of noul ding,
not only consider the precisionof the cast, but al so consider fromthe

side of user, nanely be required convenient, efficient, automatic.
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Chapter 8. Recommendation

The tolerance and the roughnessof the cap mould are not designed in this project due
to the limited time. They have to be designed in the further study since the quality of
the mould and the manufacturing cost are strongly affected by them. Furthermore,
samplesof the cap should be tested in performance, which is described in section 1.2,

to control the quality of the cap mould.
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AppendixA: Original assignments
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Appendix B: Introduction to plastic extrusion

An extruder is sornewhat like a long, hot, motor-driven meat grinder... The Extrusion
Processis. The processfor making extruded products, such as medical tubing, profiles,
tape, filament, hose, pipe, wire jacketing, stainless Sted braided catheters,
multi-lumens, etc., starts with an extruder. Solid plastic pellets are poured into the
extruder hopper. The extruder melts the plastic (resin or polymer) and pumpsthe melt
(molten plastic) through a die orifice that yields the desired shape. The die orifice is
generaly a percentage larger than the actua size of the finished product. This
percentageis based on a number of factors: size, shape, and material. The melt enters
avacuum Szer or awater-cooling tank where the correct size and shape are developed
and cooled. The shape might be helped along by use of profile shaping toolsor plates
that are water or air-cooled. Next, the newly formed product enters a puller, which is
often a pair of motor-driven, urethane-covered rolls or belts. It is the puller (take-off,
haul-off, pinch rollers, cat) which pulls the molten resign from the end of the die
through the vacuum sizer, water tank, etc. At the end of the line a cutting machine,

coiler, traveling saw, punch press, etc., doesthe final processing of the product.

Appendix C: Design of a feasible practice

7.1 Needed resources
hot glue; hot glue gun; pliers; scalpel; balance; scissors; staples; red tape.

: silicon hardener; bucket; €l ectrical drill.

7.2 General technicalinformationof cast machine:

Pistondiameter(mm): 10 12 14 16 18

Volume(cm ~ 3): 3 4.5 6 8 10
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Injectionpressure(Kg/c m’):

2.650 1.830 1.340 1.030

0.815

Closing force:

6250Kg. 62.5KN

frequency converted

Opening force: 400K g. 4KN
Opening stroke: 30-110mm.

Ejection force: 500K g. 5KN
Ejection stroke: 40mm.

Hydraulic pressure: 130Kg./c m’

Oil tank capacity: 121. (approximately)
Idling cycle: 24s.

Rated power 2.5Kw

Weight: ~120Kg

Noiselevel: < 70db

Voltage 2~ 220V. 50/60 Hz+ grounding connection +

3 ~220V. 50/60 Hz + grounding connection

3 ~ 380V. 50/60Hz. + Neutro + grounding

connection

Appendix D:

Typical Values of snrinkagefor molding of selected plastics

Plastic

iShrinkage, in./in. (mm/mm)
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Thamoagic ; ST L
,Nylon6.6 o - 0.020
Polycar bonate | 0.007
Polyethylene R 00251
PO e . S o001
Polyvinyl chloride 0.005,
}m priali e
Pheﬁélics 0.010

AppendixE:  Viscosity factor for thermoplastics

Thermoplastics Viscosity factor
GPPS (PS) 1

PE 1-13

Nylons (PA6 or PA66), POM 1.2-14
Cellulosics 1.3-15
ABS,ASA, SAN 13-15 i
PMMA 115 - 17 |
PC,PES,PSU h7-20 |
PVC 2

Appendix F:  Defects of molding

Defectsof Molding | CAUSES REMEDIES

e Not Propa Venting

e  Trapping of air e  Should have proper vents.

Burn Mark

e Oxidation of material

University of Professonal Education, Utrecht Faculty of Science and Technology 61/64




Mould design of a cap of CMOS chip Gong Xiaoping , February 2005
, .
e and increase the
r Hsh IDISSHON RS HYE Swﬁdgg ave proper injection
] . injection pressure
Cracking s Preernesabresidugl wessgn molding pressure
o Increase feed
e jecti t
s Bistionspsed ?ﬁ’oﬂﬂﬂ'g surface layer b Br ﬁ$ egg e mould
Sink Mark ¢ Fpbalance S¥E of mould releasing . ]ﬁ?ﬁe s mouﬁoul&i cyeflease
De-lamination - Yarigtign in mould openingtime
g gcq'nbera’cure
s NamgratiamiCaRapterial S fpllerbeodeppsition o
. L . ¥o1g %Bg rl‘3 '{g\%lon
s AhsorRtiguef atceky fslsstc prior %mmate Wl the
Splash Mark ) . f ual wall thickness
o ﬂﬂ%gf'gﬁtial thermal shrinkage atile atter
e Use uniform temp. all over
|8 Mevld hasdenbssrglonsg fowag , ,
Warpage e Appivinghecproper cooling
ﬁgggﬁj@tly before removal from the
Distortion o WARh cylinder design.
mould
e Should have proper mould
. |mBrO er venting e Should have proper location
e foper Yocatioh of the gate its type temp. _
e Incorrect gate position of “gates, its type and
Flow Mark and position e Proper venting
e Low mould temperature posiiion,
. e Proper injection pressure
Weld line ¢ Low injection pressure e Reduce the material temp.
e  Plastic material too hot e  Proper gate location
+—Increase thecycletime
o Plastisierfpetbartddtigh pressure. e Reduce cylinder temp.
e  Decrease the mould temp
e Pootpertfigdinee and fine gramles e  Use uniform granulation
e Lower the injection pressure
o hsudtiegpdiatigizing capacity e Pre-heat the material
Flash e Reface theparting line,
o Intermittent flow in cavity e Reduce injection pressure _
e Mouldtemp. too low o Brlwmse thethtastigasasp. or
Silver Streaking e Cold material
e Moisture in granules « Ielocatestticrgotds temp
A CU‘ld lIlUuid
e  Cold material o  Increase plfstioepessure
e Sow injection
e Cold mould o Redeaggmpantsl temp
e Poor flow within mould cavity
Poor Surface | « nsufficient pressure e Rulishse thjectionyitessoasity
e Poor mould cavity finish.
e Poor venting o  Turfaasetoheofredt finish.

’ KinishFilling

Improper balance of plasticflow.

Thcrease no. of vents.
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