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Appendix 1. 

IDEFO representation of support for concurrent 
product and mould design. 
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Figure A 1.1 - IDEFO model from Al down. Support for concurrent design for function and manufacture. 
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Figure Al.2 - IDEFO model from A2 down. Support for concurrent design for function and manufacture. 
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Figure Al.3 - IDEFO model from A23 down. Support for concurrent design for function and manufacture. 

Figure A 1.4 - IDEFO model from PD2 down. Support concurrent mould design 
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Identify widest WidUl ~n of proauet Iplilline 

Product repruaution pan of product 
De.i,nand . B151 
m_fKlU~ 

d~ 

Oeate vertical 
f--parting line 

B15 . 

SIlPP<l" loob 

NODE: DIS _ J _ 111LE: Generate vettica1 split line. I NUMBER: 

USEDAl> AlITHOR: RJ.V.Lee DATE: 17!OIi9S X WORKING READER DATE CONTEXT 
PROJECt: Injection !1lou1ding strategist REV: R 

00 

NOTES: 12345678910 
RECOMMENDED a

oo 
PUBLI ATION 

Mal1d wi,n knowledge 

Feedin, I)'stem delipI knowledge 

Dr.lian and 
manui.-dala Feeding 'plcm 

CaYity/an lo:omeuy Generate gating llle type. PlIllial. leomeuy .-.". 
Daicn deQlions system 

PIodIICI~Ol'I B21 

~ """"' "...., .............. ------1 due 10 rccdback 
Generate runner r-od"'" TUnner IYllem 

system I c:onfilluntion 

B22 , __ ,-___ J 

---I 

Generate main b 
feeding sprue I main Iprue 

I ___ ~~.J eonfiguntion 

Support too11 

NODE: 82 'ITILE: Create feeding system. I NUMBER: 

Al/21 



USED AT: AUTHOR: RJ.V.I...ee DATE: 17/01/95 X WORKING READER DATE CON1E'\T 
PROJECf: Injection moulding strategisL REV: RA t::l°

o RECOMMENDED 
NOleS,12345678910 PUBLICATION 

Feedin, I)"tem deli,n knowledgt 

Glte 1),1'·. 
pcn.iuon. 

Identify gate 
,ate type ltamtl"'· 

Produa rqmlC:l:Plion 

type B211 

Dcsip and manuf.data Identify gate gate position 
CArity/oore ,eomdry t--
Design decilions 

position B21 

. 
Identify gate 

I--geometry B21 s"e Sl'OIIletry 

Support 1«111 

NODE; 821 1TILE: Generate gating system. I NUMBER: 

USEDA'e 
PROJECI': Injection moulding strategist 

~;~' 17/01/95 m 
DAle t::I 'CA' 

I NOleS, 123456789 10 
Co 

Feedin, fYJltm delisn knowledge 

G.te !)'pe. Runner sYSltm 
position, 

Identify type of ~~<y ~fiIUr:ui, .... .-wy 
runner 

Des;," and manur. data B22 

CAvity/~ sromelf)' 
Identify runner - nrnnerpolitiOll 

position 
B22 

Identify runner 
I runner De.ign decilion. geometry 

B22 
Product rqm.enlllion 

geomelry 

Support tools 

TIlLE: Genern.te runner system. I NUMBER: 

Al/22 



USED AT: AUTHOR: R.J.V.Lee DATE: 17/01195 X WORKING READER DATE (,{)~TEXT 

PROJECT: Injection moulding strategist. REV: DRA 0 
RECOMMENDED Or::::! 

NOTES: 12345678910 PUBLICATION 

Feeding syslCln design knowledge 

Glle!)'pe. posiliat, goomeuy Main Iprue 

Identify main Main Iprue posilion oonfigunllion 

Rumcr I)'Ittnl configunlion feeding sprue 
Deti,nand 

.. B231 
manufaelU~ 

dw 

Identify main 
--:--C.vil)'~ .eometJ)' feeding sprue MaUllprue 

DeJisn decision, 823 geomelry 

Suppon lools 

NODE:B23 I1TILE: Generate main feeding sprue. I NUMBER: 

USEDA'P. AlITHOR: RJ.V.Lee DATE: 17/01195 X WORKING READER DATE CONTI:XT 
PROJECT: Injection moulding strategist REV: DR Q a 

NOTES: 123456789 10 
RECOMMENDED QQ

a 
PUBLICATION 

M(llIld delign knowledge 

Cooling lyJtCm deli,n knowledge 

Delign and 
manu!. data Cooling ~Y'lem 

C.vil)'~ lcomeuy Identify cooling cooling Item eonfiguratlon gcomet'}' 

DeJign decisions system configur 
Feeding rymm ation B31 
...,,"'" 

muimum cooling 

Identify maximum .ff~ 

t--cooling effect B32 

Generate cooling 
system geometry ~YSlem B33 geometry 

Support tooll 

NODE: B3 TI1LE: Generate cooling system. I NUMBER: 

Al/23 



USED AT: AUTHOR: RJ.V.Lce DATE: 17/O1/9~ X WORKING READER DATE CONTI;,X"I 
PROJECT: Injection moulding strategist. REV: DRA 0

0 RECOMMENDED 0 0 

NQTES;123456789!O PUBLICATION 0 

Mould design knowledge 
Inject;{m mouldin8 machine k ...... wltdCe 

Ejcaion 1)'ltem delign knowledge 

Product~ Ejectinn !y~("m 

Cavi!)'fcore ,eorneuy Identify ejection ejcaion ~itions geometry 

r-1in& I)'Slem ,eorneu")' positions 
Oclign and mlUlltl. daaa B41 

Identify type of 
t--- ejection 1)'ltem 

Oelign dea.ionl ejection system '''' B42 

. 
Identify ejection 

I-:--c-system 
configuration B43 C./Calon 1)'11"," 

Codinf: I)'ltml configuration 
.-uy 

Support I00I. 

NODE:B4 1TILE: Generate ejection syslem. NUMBER: 

USEDA'P. AllTHOR: RJ.V.Lee DATE: 17 iOl!95 X WORKING READER DATE CONTEXT 
PROJECT: Injection moulding strategist. REV: DR 

00 
RECOMMENDED 00

0 
NOTES: 1 2 3456 78910 PUBLlCATI N 

MookI desipl bowled,e lnjecUon moulclin, mlchine knowledge 
Moold plate det;ip knowledge 

Civi!)''I ,eomelr), 

IdMifyIiz.e. """' .... mould "131,, 
dim_ions geomeu")" 

Desi", JIld thape of inner 
mmufduI 

... , 
'51 

Feedin, IYstem 
...... ry 

h--- L_., 
"""". 1 periphc:p.1 ..I ~p.1 iUldllize and 

I Lond. 851 I location L. __ , ___ 

CooIina I)'Jtem 

''''''''''1 Identify lize Ind 
mculd bloct shapc of mould 

"~, lize, Ihpe 

F..jcdjon !)'rtem 
.53 

___ L._ ., backin, pl'le .-"'Y tdenlify lize, I liU:,lhape 
Ihlpe or bl<::king 
pi •• 

'!~J L. __ 

--- -'-..., _! Idalliry size, I 
_ i shape of noule 

":..:''::'f~J 
n<l7.7Jc n:~cu 
sil.1:, shaf'C' 

Support IOoIs 

NODE: 85 I TI1LE: Generate mould plale. I NUMBER: 

Al/24 



> .... 
...... 
N 
l.I1 

Inputs. 

Design and Manufacture data-

Design decisions.-

Constraints. 

PrOOuct functional knowledge-

Injection moulding knowledge-

Outputs. 

Update Product modcl-

Modify product representation 
due to feedback advice-

Drawing A.t. 

Inputs. 

Design and manufacture data·· 

Design decisions.-

Modify product represenration 
due to feedback advice.-

Constraints. 

Product functional knowlcdge.-

Injection moulding knowledge.-

Outputs. 

Functional representation.-

Manufacturing representation.-

Existing product representation, material 
performance. choice, price etc, manufacturing 
process performance. capabilities. 

Decisions on product (ann and function 
combinations plus parameters of fann and 
mouldability features. responsc to advice. 

Functional data for a given product range, 
functional constraints data. 

Knowledge on how to create an equivalent 
representation of the product from the viewpoint 
of design for injection moulding, injection 
moulding constraints data. 

Detailsofnew features to be addcd to the product 
representation. 

Change feature parameters. 

Existing product representation, materials 
performance. choice, price, manufacturing process 
performance. capabilities. 

Decisions on product function and form 
combinations plus parameters of form and 
mouldability features. 

Change feature parameters. 

Functional data for a given prodoct range. 

Knowledge on how 10 create an equivalent 
representation of the product from the viewpoint 
of design for injection moulding. 

Combination(s) of function(s) and formes) plus 
product functional specification. 

Details of mouldability features and their 

Data 1 

Drawing A.1.1. 

Inputs. 

Design decisions.-

Design data.-

Modify product representation 
due to feedback advice.-

Constraints. 

Product type data.-

Outputs. 

Functional represcntatlon.-

Drawing A.1.2. 

Inputs. 

Functional representation.-

Design and manufacture data.-

Design decisions.-

Constraints. 

Product type data.-

Injection moulding feature data.-

Outputs. 

Manufacwring represcntation.-

Drawing A. 1.1. 1. 

Inputs. 

Design data.-

Design decisions.-

association with ronn. 

Which product to develop and which product 
funcLion(s) 10 associate with which fonn(s) 

Perfonnance of materials, choice. price etc. 

Change feature parameters. 

How (onn and functions can be combined. Unique 
to any given product type. 

Combination(s) offunction(s) and formes) plus 
product functional specification. 

Combination(s) of function(s) and formes) plus 
product functional spocification. 

Existing pnxluct representation. 

Parameters of mouldability features. 

Data specifying the type of adjacent functional 
features in order to achieve a new function. 

How to create the manufacturing representation. 

Details of new mouldability features and their 
association with fonn. 

Properties of materials, choices, prices etc. 

Product type 10 create and quantification of product 
fuoctional objectives. • 



Constraints. 

Functional requirements data.-

Outputs. 

FunctionaJ specificalion.-

Drawing A.1.1.2. 

Inputs. 

Design decision$.-

Modification of product representation 
due to feedback advicc.-

Constraints. 

FunctionaJ specification.-

Fonn?function data.-

Outputs. 

Fonn/function decisions.-

Drawing A.1.2.1. 

Inputs. 

Functional representation.-

Constraints. 

Injection moulding features data.-

Outputs. 

Possible mouldability equivalcnts.-

Drawing A.I.2.2. 

Inputs. 

Possible mouldability equivalents.-

Product types in the Product model and their 
functional objectives. 

Details of individual product functional objcctivcs 
and their quantification. 

Which product function to be associated with fonn. 
fonn choice and parameters. 

Change feature parameters. 

Delails of individuaJ product functional objectivcs 
and their quantification. 

Which fonn(s) can be used to achieve which 
function(s) for the given product type. 

Details of functional objeclivc(s), associated form 
and parameters. 

Combination(s) of function(s) and fonn(s) plus 
product functional specification. 

Processing instructions on associating product type 
and function with mouldability feature types. 

The equivalent mouldability featme(s) for the 
fonn/function combination. There may be more 
than one. 

The equivalent mouldability featurc(s) for the 
fonn/function combination. There may be more 
than one. 

Existing product represcntation.-

Constraints. 

Injection moulding features data.-

Product type context.-

Outputs. 

Fea~ to create and as~iate.-

Drawing A.1.2.3. 

Inputs. 

Features to create and associate.-

Design decisions.-

Constraints. 

Injeclion moulding features data.-

Outputs. 

Manufacturing representation.-

Drawing A.l.I.l.l. 

Inputs. 

Design decisions.-

Constraints. 

Available product typeS.-

Outputs. 

Choice of product type.-

Drawing A. 1. 1.1.2. 

Inputs. 

OIoice of product type.-

Perfonnance targets.-

Details of cxisting surrounding geometry. 

How to identify new mouldability feature types. 

In the context of the product type, what the 
surrounding geometry must be in tenns of feature 
type(s). 

New mouldability features to create and which 
existing or new features to ereate associations with. 

New mouldability features to create and which 
existing or new features to create associations with. 

Parameters of blends and tapers. 

How to create new mouldability features. 

Details of new mouldability features and their 
association with form. 

Which product type to dcvelop, eg pot type. PTPlus 
etc. 

Product types for which fonn/function data is 
available. 

Product type that is to be developed. 

Product type that is to be developed. 

Quantifying individual product functional 
objectives eg function 'load bearing' "" 70kg. 
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Design dala. 

Constraints. 

Product functionaJ requiremenlS.-

Outputs. 

Functional specification.-

Drawing A.1.1.2.1. 

Inputs. 

Design dccisions.-

Constraints. 

Functions associated with the produet.-

Outputs. 

Function choice.-

Drawing A. 1. 1.2.2. 

Inputs. 

Function choice.-

Fonn choice and paramcters.-

Modify product representation 
due 10 feedback advice.-

Constraints. 

Form/function data.-

Outputs. 

Fonn/funetion decisions.-

Drawing A.1.2.1.l. 

Inputs. 

. Functiona1 representation.-

Propenics of materials, choices, prices et!;. 

Those functional objectives for which the product 
is expected to be used or has to achieve. 

Details of individual product functional objcctives 
and their quantification. 

Which product function to be a~sociatcd with fonn. 

Those functional objectives to be achieved by the 
chosen product type and pcrfonnancc targets. 

Which product function to be a~sociated with form. 

Which product function to be associated with form. 

Choice of fonn to achieve the given function, 
orientation, position and dimensions 

Change fonn parameters. 

Which fonn(s) can be used to achieve which 
function(s) for the given product type. 

Details-of functional objective(s), associated fonn 
and parameters. 

Combination{s) of fonn(s) and function(s) plus 
product functional specification. 

Constrainl~ 

Processing instructions.-

Outputs. 

Product function and (onn.-

Drawing A. 1.2. 1.2. 

Inputs. 

Product type and funclion.-

Constraints. 

Processing instructions.-

Outputs. 

Possible mouldability equivalents.-

Drawilig A.l.2.2.1. 

Inputs. 

Feature associations.-

New feature identity.-

Constraints. 

Product type context.-

Outputs. 

Identity new feature. identity and type 
sunounding geometry.-

Drawing A.1.2.2.2. 

Inputs. 

New and surrounding features identity.-

How to extract function and form dma from the 
functiona1 represenlation. 

Identity and type of new function and fann feature 
combination. 

Combination of the product type and the product 
functional requirement to be fulfilled by the form. 

How to associate mouldability features with the 
given product function and fonn combination. 

The equivalent mouldability feature(s) for the 
form/function combination. There may be more 
than one . 

Whieh features are adjacent to or conlained in other 
features. 

Identity of new feature to associate with 
surrounding geometry. 

In the conteXt of the product type, what the 
surrounding geometry must be in terms of feature 
Iype(s) 

Feature identities and type in terms of mouldability. 

Identity of new feature and those associated so 
parameters can be extracted from the Product 
model. 



New feature parameters and possible 
typcs.-

SUlTOunding geometry parameters.-

Constraints. 

Injection moulding features data.-

Outputs. 

New feature identity. mouldability 
type and paramet.ers.-

Drawing A.1.2.2.3. 

Inputs. 

New feature identity, mouldability 
type and paramcters.-

Identity and type of surrounding 
geometry.-

Constraints. 

Injection moulding features data.-

Outputs. 

'Thpers and blends.-

Drawing A. 1.2.3. 1. 

Inputs. 

New feature identity, mouldability 
type and parameters.-

Constraints. 

Injection moulding features data.-

Outputs. 

New mouldability feature.-

Parnmeters of the new feature. what it could be in 
terms of mowdability. 

Parameters of existing features adjacent to the new 
fcawre. 

What the relative parameters of the new and 
adjacent old geometry mean in terms of 
mouldability equivalent. 

New feature identity, mouldability type and 
parameters. 

New feature identity, mouldability type and 
parameters. 

Identity and type of surrounding geometry 

What the combination of new and old features 
requires in terms oftypc of blend(s). 

Tapers on new features and blends between old and 
new. 

Details of new mouldabi1ity feature to create. 

How to create a new mouldabiIty feature or Lhe type 
given. 

Details of newly created mouldability feature. 

Drawing A.1.2.3.2. 

Inputs. 

Feature created.-

Blend type-

Design decisions.-

Constraints. 

Processing instructions.-

Outputs. 

Blend parameters.-

Drawing A.1.2.3.3. 

Inputs. 

Blend parameters.-

New feature identity.-

Surrounding geometry identity.-

Constraints. 

Processing instructions.-

Outputs. 

B1end.-

Blend created.-

Drawing A.1.2.3.4. 

Inputs. 

Blend created.-

Taper type.-

Design decisions.-

Constraints. 

Processing instructions.-

A feature has been created to which a blend may be 
attached. 

Type of blend to be created. 

The parameters of the blend. 

How to get blend parameters from the designer. 

Parameters of the blend. 

Paramelers of the blend. 

IdcnailY of the new feature to which the blend is to 
be attached. 

Identity of the surrounding geometry to which the 
blend is to be attached. 

How to create the blend type given and associate it 
with other features. 

Details of newly created blend feature. 

A blend has been attached to the new feature and a 
taper can be applied. 

A blend has been attached to the new feature and a 
taper can be applied. 

Type of taper to create. 

Parameters of the new taper. 

How to get taper parameters from Lhe designer. 



Outputs. 

Taper parameters.-

Drawing A.1.2.3.5. 

Inputs. 

Taper parameters.-

New feature identity.-

Constraints. 

Processing instructions.-

Outputs. 

'Il1per.-

Drawing A.2. 

Inputs. 

Functional representation.-

Manufacturing representation.-

Design and manufacture data.-

Design decisions.-

Constraints. 

Product functional knowledgc.-

Injection moulding knowledge.­

Outputs. 

Update Product model.-

Modify product representation 
due 10 feedback advice.-

Parameters of the new laper 10 be 
create<!. 

Parameters of the new taper to be 
=ne<!. 

Identity of new feature 10 which 
taper is to be allached. 

How to create a new taper of the given type. 

Details of newly created taper feature. 

Combinauon(s)of function(s) and form(s) plus 
product specification, 

Details of new mouldability features and their 
association with fonn, 

Existing product representation, materials data, 
manufacturing process data. 

Designers response to advice. 

Functional constrninL<; data. 

Injection moulding constraints data. 

Detai1s of new features to be added to the product 
representation. 

Change feature parameters. 

Drawing A.2.1. 

Inputs. 

Functional representation.-

Design data.-

Constraints. 

Functional constraint data.-

Outputs. 

Functionalityasscssmcnl-

Drawing A.2.2. 

Inputs. 

Manufacturing represcntation.-

Manufacture data.-. 

Constraints. 

Injection moulding con~traint data.-

Outputs. 

ManufacturabiIityassessmenl-

Drawing A.2.3. 

Inputs. 

Design and manufacture data.-

Manufactwabilityasscssmcnt.-

Functionalityassessmcnl-

Design decisions.-

Constraints. 

Functional constraint data.-

Injection moulding constraint data.-

Combination(s) of function(s) and form(s) plus 
product specifICation. 

Materials performance. choice. price etC. 

Conslraint data location, processing instructions. 

Conformance condition of new feature 
parameter(s) to be associated with a response. 

DetaiIsofncw mouldability features and their 
association with fonn. 

Manufacturing process capabilities and 
performance. existing mouldability features. 

ConSlraint data location, processing instructions. 

Conformance condition of new feature 
parameter(s) 10 be associated with a response. 

Existing product representation, materials data. 
manufacturing process data. 

Conformance condition of new feature 
parameter(s) to be associated with a response. 

Conformance condition of ncw feature 
parameter(s) to be associated with a response. 

Designers response to advice. 

Advice data. processing instructions. 

Advice data. processing instructions. 



> .... 
....... 
co 
o 

Outputs. 

Update Product modc1.-

Modify product representation 
due 10 feedback advice.-

Drawing A.2. 1. 1. 

Inputs. 

Functional representation.-

Constraints. 

Constraint data localion.-

Outputs. 

Constraint data required from the 
Product model.-

Drawing A.2.1.2. 

Inputs. 

Constraint data required from the 
Product model.-

Constraints. 

Functional constraint data.-

Outputs. 

How 10 analyse features.-

Drawing A.2.1.3. 

Inputs. 

How to analyse features.-

Design data.-

Functional representation.-

Details of new fcalllreS to be added to the product 
representation. 

Change feature parameters. 

Combination(s) of (unction(s) and (orm(s) plus 
product specification. 

Knowledge of the location of functional conSl/"aints 
in the Product model. 

The identity of the rules for conformance to 
constraints. 

The identity of lhe rules for conformance 10 
constraints. 

Processing instructions on how to inlCTprcl. 
constraint data. 

Expressions 10 be solved and to which feature 
parameter values the results must be compared. 

Expressions to be solved and to which feature 
parameter values the results must be compared. 

Materials performance, choice, price etc. 

Combination(s) of function(s) and form(s) plus 

Constraints. 

Functional constraint data.-

Outputs. 

Functionality assessmcnt-

Drawing A.2.2.1. 

Inputs. 

Manufacturing representation.-

Constraints. 

Constraint data location.-

Outputs. 

Constraint data requited from the 
Manufacturing modcl.-

Drawing A.2.2.2. 

Inputs. 

Constraint data required from the 
Manufacturing modcl.-

Constraints. 

Injection moulding constraint data.-

Outputs. 

How to ana1yse featUl"Cs.-

Drawing A.2.2.3. 

Inputs. 

How to analyse features.-

Manufacture data.-

product specification. 

Processing instructions on how to carry out 
conformance analysis. 

Conformance condition of new feature 
parametcr(s) to be associated with a response. 

Details of new mouldability features and their 
association with form 

Knowledge of Ihe location of manufacturing 
constraints in the Manufacturing model. 

The identity of the rules for conformance to 
constraints. 

The identity of the rules for conformance to 
constraints. 

Processing instructions on how 10 
interpret constraint data. 

Expressions to be solved and to which feature 
parameter values the results must be compared. 

Expressions to be solved and to which feature 
parameter values the results must be compared. 

Manufacturing process performance, capabilities, 



Manufacturing ropresentation.-

Constraints. 

Manufacturability constraint data.-

Outputs. 

Manufacturabilityassessment-

Drawing A.2.3.1. 

Inputs. 

Functionality assessment-

Constraints. 

Functional constraint data.-

Outputs. 

Functional decision support data.-

Drawing A.2.3.2. 

Inputs. 

Manufacturabilityassessment-

Constraints. 

Injection moulding constraint data.-

Outputs. 

Manufacturing decision support data.-

Drawing A.2.3.3. 

Inputs. 

Functional decision support data-

existing mouldability features. 

Detailsornew mouldability features and their 
association with form 

Processing instructions on how to carry out 
conformance analysis. 

Confonnance condition of new feature 
parametcr(s) 10 be associated with a response. 

Conformance condition of new feature 
parameter(s) to be associated with a response. 

Location of functional constraint data, advice data. 

Textual advice, details of recommended values that 
must be calculated and in relation to which new 
feature parameters. 

Confonnance condition of new feature 
parameter(s) to be associated with a response. 

Location of injection moulding constraint data, 
advice data. 

Textual advice, details of recommended values that 
must be calculated and in relation to whieh new 
feature parameters. 

Details of recommended values that must be 
calculated and in relation to which new 

Manufacturing decision support data.-

Design and manufacture data.-

Constraints. 

Functional constraint data.-

Injection moulding constraint data.-

Outputs. 

Idea] parameter value.~.-

Drawing A.2.3.4. 

Inpu~ 

Functional decision support data.-

Manufacturing decision support data.-

Ideal parameter values.-

Constraints. 

Functional constraint data.-

Injection moulding constraint data.-

Outputs. 

Complete decision support data.-

Drawing A.2.3.S. 

Inputs. 

Complete decision support data.-

Design decisions.-

Constraints. 

Functional constraint data.-

feature parameters. 

Details of recommended values that muST. be 
calculated and in relation 10 which new 
feature parameters. 

Existing product representation. materials data. 
manufacturing process data. 

Processing instructions on how to calculate ideal 
parameter values. 

Processing instructions on how to calculate ideal 
parameter values. 

Those values ideal for functionality or 
manufacturability. 

Details of textual advice to be given. 

Details of textual advice to be given. 

Those values ideal for functionality or 
manufaeturability. 

Processing instructions on how to augment 
decision suppon data. 

Processing instructions: on how to augment 
decision support data 

Textual advice ready to be given to the designer. 

Textual advice ready 10 be given to the designer. 

Designer response to advice. 

Processing instructions on how 10 obtain designer 
response. 



Injection moulding conslr3int dat.a.-

Outputs. 

Update Product model.-

Modify product representation 
due 10 feedback advice.-

Drawing A.2. 1.1. 1. 

Inputs. 

Functional representation.-

Constraints. 

Constraint data location.-

Outputs. 

Feature type, location of conslraint 
data in the Product model.-

Drawing A.2.1.1.2. 

Inputs. 

Feature type. location of constraint 
data in the Product model.-

Constraints. 

Constraint data Iocation.-

Outputs. 

Constraint data required from 
the product modet.-

Drnwing A.2. 1.2. 1. 

Inputs. 

Constraint dat.a required from 
the produet model.-

Processing instructions on how to obtain designer 
resp:msc. 

Details oCnew features to be added to the product 
representation. 

Change feature par3lIIeters. 

Combination(s) offunCtion(s) and form(s) plus 
product specification. 

Knowledge afthe location of the functional 
conslra.inlS in the Product model. 

Type of feature. where to search for functional 
constraint data. 

Type of feature. where to search for functional 
conslr3int data. 

Knowledge of the location of the functional 
constraints in the Product model. 

The identity of rules for confonnancc to 
constraints. 

The identity of rules for confonnance to 
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Figure A2.1 - IDEFO model from PD2 down. Support concurrent mould design 
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SCHEMA ManufacturinILmodel 

TYPE dimension = REAL; 
WHERE 
non_negative: SELF >= 0.0; 
END_TYPE; 

TYPE integer = INTEGER; 
WHERE 
non-negative: SELF >= 0; 
END_TYPE; 

//MOULDABILITY FEAlURES 

ENTITY Mouldability Jeatures 
ABS1RACf SUPER TYPE OF (ONE OF( PrimaryJJ\ouldabilityJeatures. 
Secondary _mouldability Jeatures »; 
END_ENTITY; 

ENTITY Primary _mouldability Jeatures 
SUBTYPE OF (MouldabilityJeatures); 
ABS1RACf SUPERTYPE OF (ONE OF( Hole. Reinforcemen~ Wall»; 
END_ENTITY; 

ENTITY Wall 
SUBTYPE OF (Primary_mouldabilityJeatures); 
Feature_name; S1RING; 
Feature_type: S1RING; 
AssociatedJorm_name: S1RING; 
Associated_form_type: S1RING; 
thickness: dimension; 
length: dimension; 
height: dimension; 
position: POINTID; 
orientation: POINT3D; 
gated : S1RING; 
connecc wall: wall; 
WHERE 
max_thickness: thickness<=5.0; 
DERIVE 
thickness_difference: BOOLEAN:= (thickness.NE.conneccwall.thickness); 
RULE wall_thickness FOR (Wall); 
IF thickness>max_thickness THEN 
Possible shrinkage marks and component 
warpage. Advise reduction in wall thickness 
to a maximum of max_thickness. 
END-.RULE; 
RULE Use_rib FOR (Wall); 
IF thickness>max_thickness THEN 
Advise the use of ribs to allow a 
reduction in wall thickness. 
END-.RULE; 
RULE Wall_taper FOR (Wall. untapered); 
IF wall has no taper THEN 
Problems with removal of part from 
mould. Request that a Taper be created. 
END-.RULE; 
RULE Relative thickness FOR (Wall. against adjacent wall); 
IF thickness difference THEN 
Possible feeding problems. component 
warpage or surface finish problems. 
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stress concentrations in the component. 
Advise change of thickness to 
connecc wall.thickness. 
END_RULE; 
RULE WalCblend FOR (Wall, against adjacent wall or reinforcement); 
IF wall has no blend THEN 
Stress concentrations in the component, 
possible surface defects. Request that a 
Blend be created. 
IF adjacent mouldability type = Wall THEN 
Blend type = corner. 
IF adjacent mouldability type = Solid_boss OR Rib OR Hollow_boss TIlEN 
Blend type = protrusion. 
END_RULE; 
RULE Wall...8ating FOR (WaIl, ungated); 
IF wall has no gate THEN 
Ask if a gate is to be created 
on the wall. 
END_RULE; 
END_ENTITY; 

ENTITY Reinforcement 
SUBTYPE OF (Primary _mouldabilityjeatures); 
ABSTRACT SUPERTYPE OF (ONE OF( Rib, Solid_boss, Hollow_boss»; 
Feature_name: STRING; 
Feature_type: STRING; 
Associatedjorm_name: STRING; 
Associatedjonn_type : STRING; 
width: dimension; 
height: dimension; 
orientation: dimension; 
position: dimension; 
connecC wall: wall; 
WHERE 
max_height: height <= 3.0*connect_wall.thickness + 0.85; 
max_ width: width <= (2.0/3.0)*connecc wall.thickness; 
machine_axis: = (0.0,0.0 , 1.0); 
DERIVE 
correct_orientation: BOOLEAN := (orientation = machine_axis); 
RULE Reinforcemencorientation FOR (Reinforcement); 
IF !correccorientation TIlEN 
Ejection problems, maybe moving 
cores required and/or complex parting 
line. Request re-orientation. 
END_RULE; 
RULE ReinforcemenCtaper FOR (Reinforcement, untapered); 
IF Reinforcement has no taper TIlEN 
Problems with removal of part from 
mould. Request that a Taper be created. 
END_RULE; 
RULE ReinforcemenCheight FOR (Reinforcement, against adjacent wall); 
IF height>max_height THEN 
Possible sink marks opposite the 
reinforcement and/or component warpage. 
Advise height reduction to a maximum 
of max_height. 
END_RULE; 
RULE Reinforcemenc width FOR (Reinforcement, against adjacent wall); 
IF width>max_ width TIlEN 
Possible sink marks opposite the 
reinforcement and/or component warpage. 
Advise width reduction to a maximum 
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ofmax_width. 
END~ULE; 
RULE ReinforcemenCblend FOR (Reinforcement, against adjacent waIl); 
IF Reinforcement has no blend TIIEN 
Stress concentrations in the component, 
possible surface defects. Request that a 
Blend be created. 
END~ULE; 

ENDJlNTI1Y; 

ENTITY Rib 
SUBTYPE OF (Reinforcement); 
length; dimension; 
END_ENTI1Y; 

ENTITY Solid_boss 
SUBTYPE OF (Reinforcement); 
ENDJlNTI1Y; 

ENTITY Hollow_boss 
SUBTYPE OF (reinforcement); 
inner_dia : dimension; 
END_ENTITY; 

ENTITY Hole 
SUBTYPE OF (Primary_mouldabilityJeatures); 
FealUre_name: STRING; 
FeaIUre_type: STRING; 
Name of associated_form: STRING; 
Type_oCassociatedJorm : STRING; 
diameter: dimension; 
depth: dimension; 
orientation: POINT3D; 
position: POINTID; 
connect_wall: wall; 
WHERE 
min_distance_ waIl: distance_hole_waIl >= diameter; 
min_distance_hole: distance_hole_hole >= diameter; 
max_blind_depth : depth <= 2.0*diameter; 
min_blind_depth: depth >= diameter; 
machine_axis: = (0.0, 0.0, 1.0); 
DERIVE 
correccorientation : BOOLEAN := (orientation = machine_axis); 
blind_hole: BOOLEAN:= (depth < conneccwall.thickness); 
RULE Hole_orientation FOR (Hole); 
IF lcorreccorientation TIIEN 
Ejection problems, maybe moving 
cores required and/or complex parting 
line. Request re-orientation. 
END_RULE; 
RULE Hole_taper FOR (Hole, untapered); 
IF Hole has no taper THEN 
Problems with removal of part from 
mould. Request that a Taper be created. 
END~ULE; 
RULE Distance_hole_waIl FOR (Hole, near to wall); 
IF distance_hole_ wall<min_distance_wall TIIEN 
Possible weld line between hole and waIL Area 
between hole and wall highly stressed. Advise 
either move hole or reduce diameter. 
END_RULE; 
RULE Distance_hole_hole FOR (Hole, near to hole); 
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IF distance_hole_hole<min_distance_hole TIIEN 
Possible weld line between the holes. Area between 
holes highly stressed. Advise either move 
hole, reduce diameter or reduce number of holes. 
END_RULE; 
RULE Prefeuhrough_hole FOR (Hole, blind); 
IF blind_hole THEN 
Advise that s through hole is preferred 
so that the core pin can be supported at 
both ends. Request change to through 
hole. 
END_RULE; 
RULE Maximum_depth FOR (Hole, blind); 
IF depth>max_blind_depth THEN 
Possible poor dimensional location of hole 
andlor bending or breaking of the core pin. 
Advise decrease in depth to a maximum of 
max_blind_depth. 
END_RULE; 
RULE Minimum_depth FOR (Hole, blind); 
IF depth<min_blind_depth THEN 
Minimum practical depth for a core pin i 
n the mould is min_blind_depth. Advise 
increase in depth to a minimum of 
min_blind_depth. 
END_RULE; 
END_ENTITY; 

ENTITY Taper 
SUBTYPE OF (Secondary _mouldability _features); 
Name of associated_form: STRING; 
1YJ>e_oCassociatedjorm : STRING; 
angle: dimension; 
WHERE 
min_angle_wall: angle >=0.8; 
min_angle_reinforcement: angle >=5.0; 
min_angle_hole: angle >=5.0; 
RULE WalCdrafcangle FOR (Taper, on wall); 
IF angle<min_angle_ wall TIIEN 
Difficulty in removing the component from 
the mould. Request an increase in taper_angle 
to a minimum of min_angle_ wall. 
END_RULE; 
RULE ReinforcemencdrafUmgle FOR (Taper, on reinforcement); 
IF angle<min_angle_reinforcement TIffiN 
Difficulty in removing the component from 
the mould. Request an increase in taper_angle 
to a minimum of min_sngleJeinforcemenL 
END_RULE; 
RULE Hole_draft_angle FOR (Taper, on hole); 
IF angle<min_angle_hole TIffiN 
Difficulty in removing the component from 
the mould. Request an increase in taper_angle 
to a minimum of min_angle_hole. 
END_RULE; 
END_ENTITY; 

ENTITY Blend 
SUBTYPE OF (Secondary_mouldabilityJeatures); 
ABSTRAcr SUPERTYPE OF (ONE OF( Corner_blend, Protrusion_blend»; 
Name of associatedjorm : STRING; 
1YJ>e_oCassociatedjorm : STRING; 
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Name_ofjoinedjorm : STRING; 
Type_ofjoinedJonn : STRING; 
END_ENTITY; 

ENTITY Corner_blend 
SUBTYPE OF (Blend); 
inside_radius: dimension; 
outside_radius: dimension; 
connect_wall: wall; 
WHERE 
fixed_rnin: inside_radius >= 0.5; 
DERIVE 
besUnner : BOOLEAN := ( 0.4 *connecc wall.thickness<=inside_radius<=O.6*connect_ wall.thickness); 
besCooter: BOOLEAN:= (outside_radius = inside_radius + conneccwall.thickness); 
RULE Corner_blend_minimum_radius FOR (Corner_blend); 
IF inside_radius<fixed_min THEN 
Possible stress concentrations in the 
component and surface defects. 
Advise increase in inside_radius 
to a minimum of fixed_min. 
END_RULE; 
RULE Corner_blend_inner_radius FOR (Corner_blend, on a wall intersection); 
IF !besCinner THEN 
Possible stress concentrations in the 
component and surface defects. 
Advise inside_radius change to 
within besUnner, subject to 
fixed_min. 
END_RULE; 
RULE Corner_blend_outer..radius FOR (Cornecblend, on a wall intersection); 
IF !bescouter TIIEN 
IF outside_radius<bescouter THEN 
Thickening corner section - leading to 
possible shrinkage marks/surface 
depression, widening of corner angle 
and curvature of wall sections either 
side of the corner. Advise increase in 
outside_radius to bescouter. 
IF outside_radius>bescouter THEN 
Thinning corner section -leading to 
feeding problems around the corner, 
weak corner section. Advise decrease 
in outside_radius to bescouter. 

END_RULE; 
END_ENTITY; 

ENTITY Protrusion_blend 
SUBTYPE OF (Blend); 
radius: dimension; 
WHERE 
fixed_min : radius>=O.5; 
RULE Reinforcemencwall_blend FOR (Protrusion_blend) 
IF radius<fixed_min THEN 
Possible stress concentrations in the 
component and surface defects. 
Advise increase in radius 
to a minimum of fixed_min. 
END_RULE; 
END_ENTITY; 

ENTITY Gate 
SUBTYPE OF (Secondary _mouldability _features); 
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Name of associate<Cfonn : SlRING; 
'IYPe_oCassociatedjonn : SlRING; 
location: SlRING; 
position: POINT3D_ARRAY; 
gate_type: SlRING; 
gate_no: integer; 
WHERE 
min...gates : gate_no>=Ceiling(feedin&-distance/800); 
DERIVE 
extra...gate_required : BOOLEAN := (Feedin&-distance > 8(0); 
RULE Max_flow_length FOR (Gate, on wall); 
IF extra...gateJequired TIIEN 
Material will not reach the mould 
extremities. Recommend a 
minimum of min...gates and/or 
relocation of gate position. 
END_RULE; 
RULE Gate_type FOR (Gate, on wall); 
IF part.geometry = thin_roto TIlEN 
IFgate_ne==l~ 
Advise possible gate types: rectangular_edge...&ate, 
pin...gate, sprue...gate. Advise pin...gate requires three 
plate mould. 
IF gate_no> 1 TIlEN 
Advise possible gate types: rectangular_edge...&ate, 
pin...gate. Advise pin gate requires three plate mould, 
rectangular_edge...gate requires multi nozzle manifold. 

IF part.geometry = thick_roto THEN 
Advise possible gate types : rectangulacedge...&ate, 
sub_surface...gate, round_edge...gate. 
IF gate_no> 1 TIlEN 
Advise multi nozzle manifold required for all 
above types. 

IF part.geometry = tubular mEN 
IF gate_ne==l mEN 
Advise possible gate types: rectangulacedge...&ate, 
pin...gate, diaphragm...gate, ring...&ate. Advise 
pin...gate requires three plate mould. 
IF gate_no> \ TIlEN 
Advise possible gate types: rectangular_edge...&ate, 
pin...gate. Advise pin gate requires three plate mould, 
rectangular_edge...gate requires multi nozzle manifold. 

IF partgeometry = non_roto_thin TIIEN 
Advise possible gate types : fan...&ate, film...gate. 
IF gate_no> \ mEN 
Advise multi nozzle manifold required for all 
above types. 

IF partgeometry = non_roto_thick THEN 
Advise possible gate types : sub_surface...&ate. 
IF gate_no>\ mEN 
Advise multi nozzle manifold required for all 
above types. 

IF part.geometry == solid_block mEN 
Advise possible gate types : overiap...gate, 
tab...gate. 
IF gate_no>\ mEN 
Advise multi nozzle manifold required for 
overlap...gate and may be required for tab...gate. 

IF partgeometry = large_area TIlEN 
Advise possible gate types: fan...gate. 
END_RULE; 
END_ENTITY; 
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//MOULD SYS1EM ELEMENTS 

ENTITY Injection_mould_elements 
has_cavity: Cavity; 
has_core: Core; 
hasjeeding : FeedinlLsystem; 
has_cooling: CoolinlLsystem; 
has_ejection: Ejection_system; 
has...guidance : Guide_system; 
END_ENTITY; 

ENTITY Cavity 
ASTRACT SUPERTYPE OF (ONE OF (Integer_cavity, Insert_cavity»; 
END_ENTITY; 

ENTITY Integeccavity 
SUBTYPE OF (Cavity); 
has_volume: Integer_cavity_volume; 
has...group_ volume: Integeccavity ...group_volume; 
has...gateJXlsition: Integer_cavity...gateJXlsition; 
has_rim: Integeccavity_rim; 
has_boss: Integer_cavity _boss; 
has_hole: Integer_cavity_hole; 
has_slot: Integer_cavity_slot; 
has_taper: Integer_cavity_taper; 
has_blend: Integer_cavity_blend; 
has_block: Integer_cavity_block; 
has_inner_land: Integer_cavity _inner_land; 
has..jleriCland: Integer_cavity..jleriCland; 
hasJ)arting: Integeccavity...PW1inlLline; 
has_hacking: Integeccavity-backinjUllate; 
hasJecess: Integer_cavity _nozzle_recess; 
END_ENTITY; 

ENTITY Integer_cavity_volume 
mouldability _feat: STRING; 
mouldability _type: STRING; 
position: POINTID; 
diameter: dimension; 
height: dimension; 
orientation: POINT3D; 
connecc volume_above: Integer_cavily_volume; 
connecCtaper : Integer_cavity _taper; 
connecCblend: Integeccavity _blend; 
~RE . 
small_angle.J3dians : = (connecCtaper.angle/360)*20*3.1416; 
remaininlLangle : = 90 - connecCtaper.angle; 
larger_angleJ8dians : =(remaininlLangle/360)*2.0*3.1416; 
taper_allowance: = (height*SlNE(smalCangle_radians»/ 

SlNE(large_angleJadians); 
DERIVE 
IF connecCtaper.angle = 0.0 THEN 
overhanlLexists: BOOLEAN:= (diameter> conneccvolume_above.diameter); 
IF connecctaper.angle 1=0.0 THEN 
overhanlLexists: BOOLEAN:= (diameter+ 2.0*taper_aUowance > 
connecc volume_above.diameter); 
contacCexists : BOOLEAN := (position[3] + diameter >= connecc volume_above.diameter); 
RULE Cavity_volume_overhang FOR (Integer_cavity_volume, in cavity); 
IF overhanlLexists THEN 
Require split mould. If a rim 
exists on the part - non 
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mouldable. Advise diameter 
reduction to a maximum of 
connecc volume_above.diameter. 
IT no adjustment- Create vertical split line. 
END_RULE; 
RULE Cavity_volume_taper FOR (Integer_cavity_volume. in cavity); 
IF Taper exists on mOuldability wall equivalent (mouldabilityJeat) THEN 
connecCtaper.angle == angle of mouldability taper. 
IF Taper does not exist on mouldability wall equivalent (mouldability Jeat) TIIEN 
Difficulty in removing the product 
from the mould. Request Taper is 
created on mouldabilityJeat. 
connecCtaper.angle == angle of mouldability taper. 
END_RULE; 
RULE Cavity_volume_blend FOR (Integer_cavity_volume. in cavity); 
IF !contacCexists TIIEN 
No blend required. 
IF contaccexists TIIEN 

IF. Corner_blend does not exist on mouldability wall equivalent (mouldabilityJeat) TIIEN 
Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Corner_blend 
is created on mouldability Jeat. 
IF external product geometry at intersection == convex THEN 
conneccblend.radius == outside_radius of Corner_blend. 
IF external product geometry at intersection = concave THEN 
connect_blend.radius = inside_radius of Corner_blend. 

IF Corner_blend exists on mouldability wall equivalent (mouldabilityJeat) THEN 
IF external product geometry at intersection == convex THEN 
conneccblend.radius == outside_radius of Corner_blend. 
IF external product geometry at intersection == concave THEN 
connecCblend.radius = inside_radius of Cornecblend. 

END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity..group_volume 
mouldability Jeat: STRING_ARRAY; 
mouldability _type: STRING; 
position: POINT3D; 
diameter: dimension; 
height: dimension; 
orientation: POINT3D; 
group_number: integer, 
conneccvolume_8bove: Integer_cavity_volume; 
conneccvolume_below: Integer_cavity_volume; 
connecctapecon_volume_below: Integer_cavity_taper 
WHERE-
smalCangle_radians : = (connect_taper_on_ volume_below.angle/360)*2.0*3.1416; 
remainin&..angle: = 90 - connecCtaperon_ volume_below.angle; 
larger_angleJBdians: = (remainin&..angle/360)*2.0*3.1416; 
taper_allowance: = (conneccvolume_below.height*SINE(small_angle_radians»/ 

SINE(large_angle_radians); 
DERIVE 
overhanlLexists_above: BOOLEAN:= (diametepconnecCvolume_above.diameter); 
IF connecCtaper_on_ volume_below.angle = 0.0 THEN 
overhan&..exists_below: BOOLEAN:= (diameter < connect_volume_below.diameter); 
IF connecUapecon_ volume_below.angle !=O.O TIIEN 
overhan&..exislS_below: BOOLEAN := (diameter < 2.0*taper_allowance + 
connecc volume_below.diameter); 
RULE Cavity ...&fOup_ volume_overhan&..above FOR(Integer_cavity ...&fOup_ volume. 
in cavity); 
IF overhan&..exists_above THEN 
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Require split mould. If a rim 
exists on the part - non 
mouldable. Advise diameter 
reduction to a maximum of 
connect_ volume_above.diameter. 
If no adjustment - Create vertical split line. 
END_RULE; 
RULE Cavity...group_volume_overhan&-below FOR (Integer_cavity...group_ volume, 
in cavity); 
IF overhan&-exists_below TIffiN 
Require split mould If a rim 
exists on the part - non 
mouldable. 
IF connecuaper_on_ volume_below.angle = 0.0 THEN 
Advise diameter increase to a minimum of 
connecc volume_below.diameter. 
IF connecuaper_on_ volume_below.angle 1= 0.0 TIffiN 
Advise diameter increase to a minimum of 
connecC volume_below.diameter + 2.O*tapecallowance. 
If no adjustment - Create vertical split line. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_rim 
mouldabilityJeat: STRING; 
mouldability _type: STRING; 
position: POINTID; 
inner_dia : dimension; 
outer_dia : dimension; 
height: dimension; 
orientation: POINT3D; 
connecc volume_above: Integer_cavity _volume; 
connect_taper: Integer_cavity_taper; 
conneccblend: Integer_cavity _blend; 
WHERE 
small_angle_radians: = (connecCtaper.angle/360)*20*3.l4l6; 
remainin&-angle : = 90 - connecCtaper.angle; 
larger_angle_radians: = (remainin&-angle/360)*2.0*3.l4l6; 
taper_allowance: = (height*SJNE(small_angle_radians»/ 

SJNE(large_angle_radians); 
DERIVE 
IF connect_taper.angle =0.0 TIffiN 
overhanlLexists: BOOLEAN:= (outer_dia >conneccvolume_above.diameter); 
IF connecctaper.angle !=O.O THEN 
overhanlLexists: BOOLEAN:= (outecdia+ 2.0*taper_allowance > 
connecc volume_above.diameter); 
contaccexists : BOOLEAN := (position[3) + diameter >= connecc volume_above.diameter); 
RULE Cavity _rim_overhang FOR (Integer3avity _rim, in cavity, mouldability _type=wall); 
IF overhanlLexists THEN 
Require split mould If a rim 
exists on the part - non 
mouldable. Advise outer_dia 
reduction to a maximum of 
connect_ volume_above.diameter. 
If no adjustment - Create vertical split line. 
END_RULE; 
RULE Cavity_rim_blend FOR (Integer_cavity_rim, in cavity, mouldability_!ype=wall); 
IF !contaccexists TIffiN 
No blend required. 
IF contact_exists TIffiN 
IF Corner_blend does not exist on mouldability equivalent (mouldability Jeat) TIffiN 
Difficult to produce sharp corners . 
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in mould. Corners wear during 
mould operation. Request Corner_blend 
is created on mouldability_feat 
connecCblend.radius = inside_radius 
of Corner_blend. 
IF Corner_blend exists on mouldability equivalent (mouldability jeat) THEN 
connecLblendradius = inside_radius of Corner_blend. 

END_RULE; 
RULE Cavity_rim_blend FOR (Integer_cavitYJim, in cavity, mouldability-type==hollow_boss); 
IF Protrusion_blend does not exist on mouldability equivalent (mouldability jeat) THEN 
Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Protrusion_blend 
is created on mouldability jeat. 
conneccblend.radius = radius of 
Protrusion_blend. 
IF Protrusion_blend does exist on mouldability equivalent (mouldabilityjeat) TIlEN 
conneccblend.radius = radius of Protrusion_blend. 
END_RULE; 
RULE Cavity _rim_taper FOR (Integer_cavity _rim, in cavity); 
IF Taper exists on mouldability equivalent (mouldability jeat) THEN 
conneeCtaper.angle = angle of mouldability taper. 
IF Taper does not exist on mouldability equivalent (mouldability_feat) THEN 
Difficulty in removing the product 
from the mould Request Taper is 
created on mouldabilityjeat. 
connecCtaper.angle == angle of mouldability taper. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_boss 
mouldabilityjeat: STRING; 
mouldability_type: STRING; 
position: POINT3D; 
orientation: POINT3D; 
diameter: dimension; 
height: dimension; 
connecctaper: Integer_cavity_taper; 
RULE Cavity_boss_taper FOR (Integer_cavity_boss, in cavity); 
IF Taper exists on mouldability equivalent (mouldabilityjeat) THEN 
connecctaper.angle = angle of mouldability taper. 
IF Taper does not exist on moUldability equivalent (mouldability jeat) THEN 
Difficulty in removing the product 
from the mould. Request Taper is 
created on mouldability_feat. 
connecCtaper.angle = angle of mouldability taper. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_slot 
mouldabilityjeat: STRING; 
mouldability _type: STRING; 
position: POINT3D; 

. orientation: POINT3D; 
feature_orientation: POINT3D; 
width: dimension; 
length: dimension; 
height: dimension; 
connecLtaper: Integeccavity_taper; 
connecCblend: Integer_cavity_blend; 
RULE Cavity_sloCblend FOR (Integer_cavity_slot, in cavity); 
IF Protrusion_blend does not exist on mouldability equivalent (mouldabilityjeat) THEN 
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Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Protrusion_blend 
is created on mouldability jeaL 
connecl_blend.radius = radius of 
Protrusion_blend. 
IF Protrusion_blend does exist on mouldability equivalent (mouldability Jeat) TIlEN 
conneccblend.radius = radius of Protrusion_blend. 
END_RULE; 
RULE Cavity-slouaper FOR (Integer_cavity_slo~ in cavity); 
IF Taper exists on mouldability equivalent (mouldability jeat) TIIEN 
connecCtaper.angle == angle of mouldability taper. 
IF Taper does not exist on mouldability equivalent (mouldabilityJeat) TIlEN 
Difficulty in removing the product 
from the mould Request Taper is 
created on mouldabilityJeat. 
connecuaper.angle == angle of mouldability taper. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_hole 
mouldability Jeat: STRING; 
mouldability _Iype : STRING; 
position: POINT3D; 
orientation: POINT3D; 
diameter: dimension; 
depth: dimension; 
connecCtaper : Integer_cavity _taper; 
conneccblend: Integeccavity _blend; 
RULE CavitY-hole_blend FOR (Integeccavity_hole. in cavity); 
IF Protrusion_blend does not exist on mouldabilityequivalent (mouldabilityjeat) THEN 
Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Protrusion_blend 
is created on mouldability jeat. 
connect_blend.radius = radius of 
Protrusion_blend. 
IF Protrusion_blend does exist on mouldability equivalent (mouldabilityJeat) TIlEN 
connecCblend.radius = radius of Protrusion_blend. 
END_RULE; 
RULE Cavity-hole_taper FOR (Integer_cavity_hole. in cavity); 
IF Taper exists on mouldability equivalent (mouldabilityjeat) THEN 
connecctaper.angle == angle of mouldability taper. 
IF Taper does not exist on mouldability equivalent (mouldabilityjeat) TIlEN 
Difficulty in removing the product 
from the mould. Request Taper is 
created on mouldabilityJeat. 
connecCtaper.angle == angle of mouldability taper. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_taper 
cav_vol_name: STRING; 
cav_voUype: STRING; 
Mould_equiv: STRING; 
angle: dimension; 
connecCtaper : Taper; 
connecccavity_entity: Integer_cavity_volume OR Integersavity_rim OR Integer_cavity-slotOR 

Integeccavity_hole OR Integeccavity_boSS; 
RULE Cavity_tapecangle FOR (Integer_cavity_taper. in cavity) 
angle = connecCtaper.angle identified by 
connecccavity _entity.RULE Cavity_volume_taper OR 
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connect_C8vity_entity.RULE Cavity_rim_taper OR 
connecCC8vity _entity.RULE Cavity _sloctaper OR 
connect_C8vity_entity.RULE Cavity_hole_taper OR 
connecCC8vity 3ntity.RULE Cavity _boss_taper OR 
Advise taper angle. 
END_RULE; 
END_ENTI1Y; 

ENTI1Y Integer_C8vity_blend 
prim_ volumeJl8llle : STRING; 
prim_volume_type: STRING; 
join_volume_name: STRING; 
join.. volumUype: STRING; 
Mou1d_equiv: STRING; 
radius: dimension; 
connecCblend : Blend; 
connecccavity_entity: Integer_C8vity_volume OR Integer_C8vity_rim OR Integer_C8vity_ho1e OR 

Integer_C8vity_slot; 
RULE Cavity_blend_radius FOR (lntegeCC8vity_blend, in C8vity); 
IF conneccblend = Protrusion_blend THEN 
radius = conneccblend.radius identified by 
connecccavitY3ntity.RULE Cavity_rim_blend OR 
connecCC8vity _entity.RULE Cavity_sloCblend. OR 
connecccavity _entity.RULE Cavity_hole_blend. 
Advise blend radius. 
IF connecCblend = Corner_blend THEN 
radius = conneccblend.radius identified by 
connecCC8vity_entity.RULE Cavity_volume_blend OR 
connecCC8vity_entity.RULE Cavity_rim_blend. 
Advise blend radius 
END_RULE; 
END_ENTI1Y; 

ENTITY Integer_cavity _reet_block 
position: POINI'3D; 
length: dimension; 
width: dimension; 
depth: dimension; 
guide-pin_dia : dimension; 
connecccooling : Standard_flow_way; 
conneccsprue : Mainjeedin/Lsprue; 
connect-parting: Integer_C8vity-Par!in/Lline; 
connecC volume_lowest: Integer_C8vity_ volume; (furthest from parting line) 
connecc volume_highest: Integer_C8vity_ volume OR Integer_C8vity_rim; (on parting line) 
connecUand: Integer_cavitLcirc_land OR Integer_C8vitYJecCland; 
WHERE 
depth_oCcavity: = connect-parting.position - connecC volume_lowest.position[21; 
depth_oCland: = connecUand.depth; 
min_Iand_width: = 5.0; 
max_Iand_width: = 25.0; 
directional_coolin/Ldistance: = 16.0; 
minimum_coolin/Lspace: = connecccooling.diameter + 2.0*directional_coolin/Ldistance; 
min_metal_condition: IF conneccvolume_highest.diameter <= 25.0 THEN 

min_metal_under_cavity = 6.0; 
IF conneccvolume_highest.diameter <= 38.0 THEN 
min_metal_under_C8vity = 10.0; 
IF conneccvolume_highest.diameter <= 44.0 THEN 
min_metal_under_C8vity = 14.0; 
IF connecc volume_highest.diameter <= 50.0 THEN 
min_metal_under_cavity = 16.0; 
IF connecc volume_highest.diameter <= 56.0 THEN 
min_metal_under_cavity = 18.0; 
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IF connect_ volume_highest.diameter <= 62.0 THEN 
min_metal_undersavity = 22.0; 
IF connecC volume_highest.diameter <= 68.0 THEN 
min_metal_under_cavity = 25.0; 
IF connect_volume_highest.diameter <= 74.0 THEN 
min_metal_under_cavity = 29.0; . 
IF connecc volume_highest.diameter <= 80.0 THEN 
min_metal_undeccavity = 33.0; 
IF connecC volume_highest.diameter <= 86.0 THEN 
min_metal_under_cavity = 36.0; 
IF connecc volume_highest.diameter <= 92.0 THEN 
min_metal_undersavity = 40.0; 
IF conneccvolume_highest.diameter <= 98.0 THEN 
min_metal_under_cavity = 44.0; 
IF connecC volume_highest.diameter <= 104.0 THEN 
min_metal_undeccavity =49.0; 

IandJize_x: IF gate type = rectangular_edge OR round_edge OR film OR fan OR overlap OR sub_surface 
OR tab THEN 

IF connect_sprue.position[2] < 0.0 THEN 
land_size--" = 2.0*{conneccvolume_highest.position[0]­
conneccsprue.position[O] + min_land_width); 
IF connect_sprue.position[2] > 0.0 THEN 
land_size_x = 20*{conneccsprue.position[0]-
connecc volume_highest.position[O] + min_land_width); 

IF gate type = diaphragm OR pin OR ring OR sprue THEN 
land_size_x = connect_ volume~highest.diameter + 2.O*min_land_width; 

min_land_size""y: = connect_ volume_highest.diameter + 2.0*minimum_coolinlLspace; 
land_size""y: IF gate type == rectangular_edge OR round.:.edge OR film OR fan OR overlap OR sub_surface 
OR tab THEN 

land_size""y = connecC vOlume_highestdiameter + 2.O*min_land_width; 
IF gate type = diaphragm OR pin OR ring OR sprue THEN 
Iand_size....Y = connecc volume_highestdiameter + 2.O*min_land_width; 

IF land_size""y < minJand_size""y THEN 
land_size""y = min_land_size""y; 

arelLoOand: 3.1416 • SQ(connecc volume_highesLdiameter!2.0 + min_land_ width) -
3.1416· SQ{conneccvolume_highest.diameter!2.0); 
max_area_oOand: 3.1416 • SQ{connect_volume_highest.diameter!2.0 + max_land_width) -

3.1416· SQ{conneccvolume_highestdiameter!2.0); 
periOand_area: (max_area_oCland - area_oCland)/4.0; 
periUand_diam: SQRT(periCland_area/3.1416); 
RULE Cavity_block-POsition FOR (lnteger_cavity_block. enclosing mould system elements); 
x position = centre of cavity base in x axis. 
y position = centre of cavity base in y axis. 
IF gate type = rectangular_edge OR round_edge OR film OR fan OR overlap OR sub_surface OR tab 
THEN 
IF no nozzle_recess is required THEN 
z poSition = connect_sprue.position[2]- conneccsprue.sprue_length. 
IF nozzle_recess is required THEN 
IF (depth_oCcavity + min_metal_condition) >= minimum_coolinlLspace THEN 
z position = connecC volume_lowestposition[2]- min_metaCcondition. 
IF (depth_oCcavity + min_metaCcondition) < minirnum_coolinlLspace THEN 
z position = connect...parting.position - minirnum_coolinlLspace. 

IF gate type == diaphragm OR pin OR ring OR sprue THEN 
IF (depth_oCcavity + min_metal_condition) >= minirnum_coolinlLspace THEN 
z position = conneccvolume_lowest.position[2]- min_metaCcondition. 
IF (depth_oCcavity + min_metal_condition) < minimum_coolinlLspace THEN 
z position = connectJlarting.position - minimum_coolinlLspace. 

END_RULE; 
RULE Cavity_block_depth FOR (lnteger_C8vity_block. enclosing mould system elements); 
depth = connectJlarting.position - z position - connecUand.depth. 
END_RULE; 
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RULE Guide_system-lJ31'3lTleters FOR (Integer_cavity_block, enclosing mould system 
elements); 
Advise use minimum suitable diameter to minimise mould size. . 
IF gate type = rectangular_edge OR round_edge OR film OR fan OR overlap OR sub_snrface OR tab 
TIffiN area in guide system = land_size_x*land_size..}'. 
IF gate type = diaphragm OR pin OR ring OR sprue TIffiN . 
area in guide system = (land_size_x + 2.0*periCland_diam)* 
(land_size..)' +2.0*periCland_diam). 
IF area in guide system < 10000 TIffiN 
Advise recommended guide pin diameter = 10.0. 
IF area in guide system < 15000 TIffiN 
Advise recommended guide pin diameter = \3.0. 
IF area in guide system < 30000 TIffiN 
Advise recommended guide pin diameter = 16.0. 
IF area in guide system < 50000 TIffiN 
Advise recommended guide pin diameter = 19.0. 
IF area in guide system < 75000 TIffiN 
Advise recommended guide pin diameter = 22.0. 
IF area in guide system < 120000 TIffiN 
Advise recommended guide pin diameter = 25.0. 
IF area in guide system < 240000 TIffiN 
Advise recommended guide pin diameter = 32.0. 
IF area in guide system < 420000 TIffiN 
Advise recommended guide pin diameter == 38.0. 
IF gate type = rectangular_edge OR round_edge OR film OR fan OR overlap OR subJnrface OR tab AND 
number of gates =1 TIIEN 
Unbalanced forces in mould tending to open the 
mould on one side. Possible larger wall 
thickness on one side than the other. Advise 
use next size up than recommended to 
ensure alignment. 
END_RULE; 
RULE Cavity_block_width FOR (lnteger_cavily_block, enclosing mould system); 
elements); 
IF gate type = rectangular_edge OR round_edge OR film OR fan OR overlap OR sub_snrface OR tab 
TIIEN width = land_size..}' + 4.0*guide pin diameter. 
IF gate type = diaphragm OR pin OR ring OR sprue TIffiN 
width = (land_size-y +2.0*periOand_diam) + 4.O*guide pin diameter. 
END_RULE; 
RULE Cavity_block_length FOR (Integer_cavity_block, enclosing mould system); 
elements); 
IF gate type = rectangular_edge OR round_edge OR film OR fan OR overlap OR sub_snrface OR tab 
TIIEN length = land_size_x + 4.0*guide pin diameter. 
IF gate type = diaphragm OR pin OR ring OR sprue TIffiN 
length = (Iand_size_x +2.0*periOand_diam) + 4.0*guide pin diameter. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_inner_land 
ABSTRACI" SUPERTYPE OF (ONE OF( Integer_cavily_rect_land, 
Jnteger_cavily_circ_Iand»; 
END_ENTITY; 

ENTITY Integer_cavity_recUand 
SUBTYPE OF (Integeccavity_inner_land); 
position: POINf3D; 
length: dimension; 
width: dimension; 
depth: dimension; 
connecC volume_highest: Integer_cavity _volume OR Integer_cavity _rim; (on parting line) 
connect-parting: Integer_cavityJl!lI1in/Lline; 
connect.taper: Integer_cavity_taper; (taper on connect_volume) 
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conneccsprue : Main_feeding..sprue; 
WHERE 
min_land_ width: = 5.0; 
smalCangle_radians: = (connecUaper.angle/360)*2.0*3.1416; 
remaining..angle : = 90 - connecCtaper.angle; 
larger_angle_radians: = (remaining..angle/360)*2.0*3.1416; . 
taper_allowance: = (connecc volume.height*S1NE(small_angle_radians»/ 

S1NE(large_angle_radians); 
small_angle_sprue: = (conneccsprue.angle/360)*2.0*3.1416; 
remaining..angle-.sprue : = 90 - conneccsprue.angle; 
larger_angle_sprue: = (remaining..angle_sprue/360)*2.0*3.1416; 
sprue_taper_a1lowance: = «conneccsprue.length - 5.0)*SINE(small_angle_sprue»/ 

SlNE(large_angle_sprue); 
RULE Cavity_recUand_depth FOR (Integer_cavity-recUand. around cavity); 
deplh=2.4. 
END,JtULE; 
RULE Cavity_recUandJXlsition FOR (Integer_cavity_recUand. around cavity); 
x position = conneccvolume.position[O]; 
y position = connect_ volume.position[I]; 
z position = connect.Jl311ing.position - depth; 
END,JtULE; 
RULE Cavity_recUan<Uenglh FOR (Integeccavity _recUand. around cavity); 
IF conneccsprue. position[O] < 0.0 THEN 
length = 2.0*(conneccvolume_highest.position[O]-
conneccsprue.position[O] + min_land_ width + (conneccsprue.diameter + sprue_taper_a1lowance/2.0»; 
IF conneccsprue.position[O] > 0.0 THEN 
length = 20*(conneccsprue.position[O]-
conneccsprue.position[O] + min_land_widlh + (conneccsprue.diameter + sprue_taper_a1lowance/2.0»; 
IF connect_taper.angle !=O.O THEN 
length = length + (2.0*taper_allowance). 
END_RULE; 
RULE Cavity_recUand_widlh FOR (Integer_cavity-recUand. around cavity); 
width = connecc volume_highestdiameter + 2.0*min_land_width; 
IF connect_taper.angle !=O.O THEN 
widlh = width + (20*taper_a1lowance). 
END,JtVLE; 
END_ENTITY; 

ENTITY Integer_cavity_circ_land 
SUBTYPE OF (Integeccavity_innerJand); 
position: P01NT3D; 
diameter: dimension; 
deplh : dimension; 
conneccvolume_highest: Integer_cavity_volume OR Integer_cavity_rim; (on parting line) 
connect.Jl311ing : Integer_cavity.Jl311ing..line; 
connecctaper: Integer_cavity _taper; (taper on connecc volume) 
WHERE 
min_land_ width: = 5.0; 
small_angle_radians: = (connecCtaper.angle/360)*2.0*3.1416; 
remaining..angle : = 90 - connect_taper.angle; 
larger_angle_radians: = (remaining..angle/360)*2.0*3.1416; 
taper_allowance: = (connect_ volume.height*SINE(smaICangleJadians»/ 

SINE(large_angle_radians); 
RULE Cavity_circ_land_depth FOR (Integer_cavity_circ_land. around cavity); 
depth = 24. 
END_RULE; 
RULE Cavity_circ_landJXlsition FOR (Integer_cavity_circ_land. around cavity); 
x position = connect_ volume.position[O]; 
y position = connecc volume.position[l]; 
z position = connectparting.position - depth; 
END_RULE; 
RULE Cavity_circ_land_diameter FOR (Integer_cavity_circ_Iand. around cavity); 
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diameter = connecc volume_highest.diameter + 2.0*min_land_ width; 
IF connecuaper.angle !=O.O THEN 
diameter = diameter + (2.0*taper_allowance). 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity....periCland 
position: POINT3D; 
diameter: dimension; 
depth: dimension; 
connecc volume_highest: Integer_cavity_ volume OR Integeccavity_rim; (on parting line) 
connect...Jlarting : Integer_cavity...Jl3ftinltJine; 
WHERE 
min_land_ width: = 5.0; 
rnax_land_ width: = 25.0; 
area_oOand: 3.1416 • SQ(connect_ volume_highestdiameter!2.0 + 

3.1416· SQ(conneccvolume_highestdiameter!2.0); 
max_area_oOand: 3.1416 • SQ(conneccvolume_highestdiameter!2.0 + rnax_land_width) -

3.1416 • SQ(connecc volume_highestdiameter!2.0); 
periOand_area: (max_area_oCland - area_oCland)/4.0; 
RULE Cavity....peripheraUand_depth FOR (Integersavity....periCland. around cavity); 
depth =2.4. 
END.-RULE; 
RULE Cavity....peripheraUand_diameter FOR (Integer_cavity....periOand. around cavity); 
diameter= SQRT (periCland_area/3.1416). 
END_RULE; 
RULE Cavity....peripheraUand...JlOsition FOR (Integer_cavity....periOand. around cavity); 
z position = connect...Jlarting.position - depth. 
IF fIrst peripheral land of four TIIEN 
x position = connecC volume.position[O] + (connect_ volume.diameter!2.0 + min_land_width + diameter). 
y position = connecc volume.position[l] + (connect_ volume.diameter!2.0 + min_land_width + diameter). 
IF second peripheral land of four TIIEN 
x position = connecC volume.position[O]- (connecc volume.diameter!2.0 + min_land_ width + diameter). 
yposition = conneccvolume.position[l] + (connect_volume.diameter!2.0 + min_land_width + diameter). 
IF third peripheral land of four THEN 
x position = connecc volume.position[O] + connect_ volume.diameter/2.0 + min_land_ width + diameter. 
y position = connect_ volume.position[l] - (connect_ volume.diameter!2.0 + min_land_ width + diameter). 
IF fourth peripheral land of four THEN 
x position = connect_volume.position[O]- (conneccvolume.diameter!2.0 + min_land_width + diameter). 
y position = conneccvolume.position[l]- (conneccvolume.diameter!2.0 + min_land_width + diameter). 
END_RULE; 
END_ENTITY; 

ENTITY Integer_cavity_nozzle_recess 
position; POINT3D; 
diameter: dimension; 
depth: dimension; 
conneccsprue : Mainjeedins-sprue; 
connecCblock: Integer_cavity_recCblock; 
WHERE 
min_all_round_nozzleslearance: = 7.0; 
machine_nozzle_outer_diameter: = 12.7; 
RULE Nozzle_recess...JlOSition FOR (Nozzle_recess. in block); 
x position = conneccsprue.position[O]. 
y position = conneccsprue.position[l]. 
z position = conneccblock.position[2]. 
END_RULE; 
RULE Nozzle_recess_depth FOR (Nozzle_recess. in block); 
depth = (conneccsprue.position[2]-eonneccsprue.sprue_length) - connect_block.position[2]. 
END_RULE; 
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RULE Nozzle_recess_diameter FOR (Nozzle_recess. in block); 
diameter = machine_nozzle_outer_diameter + 2.0*min_aIlJOund_nozzle_clearance. 
END_RULE; 
END_EN111Y; 

ENTITYInteger_cavity _backinlLPlate 
position: POINT3D; 
width: dimension; 
length: dimension; 
depth: dimension; 
connect_block: Integeccavity_recLblock; 
connecLsprue : MainjeedinILSPrue; 
connecLrunner: Trapezoidal_runner; 
RULE BackinlLPlate-POsition FOR (Integer_cavity_backinlLPlate. on cavity block); 
x position = connecLblock.position[Oj. 
y position = connecLblock.position[1j. 
z position = connecLblock.position[2j- (connecLsprue.length + connecLrunner.width). 
END_RULE; 
RULE BackinlLPlate_depth FOR (Integer_cavity_backinlLPlate. on cavity block); 
depth = connecLsprue.length + connecLrunner.width. 
END_RULE; 
RULE BackinlLPlate_length FOR (Integer_cavity_backinlLPlate. on cavity block); 
length = connecLblock.length. 
END_RULE: 
RULE BackinlLPlate_width FOR (Integer_cavity_backinlLPlate. on cavity block): 
width = connecLblock.width. 
END_RULE: 
END_ENTITY; 

ENTITY Integeccavity ""partinILline 
position: POINT3D: 
type : STRING; 
on_entity: STRING; 
connecLvolume_widest: Integer_cavity_ volume OR Integer_cavity_rim (on partinILline) 
RULE CavitY""partinILline...JlOsition FOR (Integeccavity ....PartinILline. on cavity); 
IF type = block TIffiN 
position = connecL volume_widest.position[2j + connect_ volume_ wideslheight. 
IF type = split THEN 
position = connect_ volume_ wideslposition[Oj. 
END_RULE; 

ENTITY Core 
ABSTRACT SUPERTYPE OF (ONE OF (Integer_core. Insert_core»: 
END_EN111Y; 

ENTITY Integer_core 
SUBTYPE OF (Core); 

has_volume: Integer_core_ volume: 
has...group_volume: Integer_core...group_ volume; 
has-&ate...JlOsition : Integer_core-&ate-POsition; 
has_rim: Integer_core_rim; 
has_boss: Integer_core_boss; 
has_hole: Integer_core_hole; 
has_slot: Integer_core_slot; 
has_taper: Integer_core_taper; 
has_blend: Integer_core_blend; 
has_block: Integer_core_block; 
has_inner_land : Integer_core_inner_land; 
has....PCriOand: Integer_core....PCriOand; 
has....parting : Integer_core....PartinILline; 
END_EN111Y: 
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ENTITYInteger_core_volume 
mouldability jeat: STRING; 
mouIdability _type: STRING; 
position: POINT3D; 
diameter: dimension; 
height: dimension; 
orientation: POINT3D; 
origin: dimension; 
origin_d: dimension; 
connecc volume_above: Integer_core_ volume; 
connecCtaper: Integer_core_taper; 
conneccblend: Integeccore_blend; 
WHERE 
smaICangle....radians: = (connecCtaper.angle/360)*2.0*3.1416; 
remaining",angle : = 90 - connecctaper.angle; 
larger_angle_radians: = (remaining",angle/360)*2.0*3.1416; 
taper_allowance: = (height*SINE(smaICangle_radians»/ 

SINE(large_angle_radians); 
DERIVE 
IF connecctaper.angle = 0.0 THEN 
overhang",exists: BOOLEAN:= (diameter> conneccvolume_above.diameter); 
IF connecCtaper.angle 1=0.0 THEN 
overhang",exists : BOOLEAN := (diameter+ 2.0*tapecallowance > 
connecc volume_above.diameter); 
contaccexists : BOOLEAN:= (position[3] + diameter >= connect_volume_above.diameter); 
RULE Core_volume_overhang FOR (Integer_core_ volume, in core); 
IF overhang",exists THEN 
IF overhang < 1.5 THEN 
Stripping of component from the core 
is required for removal. 
IF overhang> 1.5 THEN 
Collapsible core required for 
component removal. 

Advise diameter reduction to a maximum of 
connecc volume_above.diameter. 
END_RULE; 
RULE Core_volume_taper FOR (Integer_core_ volume, in core); 
IF Taper exists on mouIdability wall equivalent (mouldabilityjeat) THEN 
connecctaper.angle = angle of mouldability taper. 
IF Taper does not exist on mouldability wall equivalent (mouldabilityjeat) THEN 
Difficulty in removing the product 
from the mould Request Taper is 
created on mouldability jeal 
connecCtaper.angle == angle of mouldability taper. 
END_RULE; 
RULE Core_volume_blend FOR (Integer_core_volume, in core); 
IF Icon tact_exists THEN 
No blend required. 
IF contaccexists THEN 
IF Corner_blend does not exist on mouldability wall equivalent (mouldabilityjeat) THEN 
Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Corner_blend 
is created on mouldability _feal 
IF internal product geometry at intersection = convex THEN 
connecCblend.radius = inside_radius of Corner_blend. 
IF internal product geometry at intersection == concave THEN 
connecCblend.radius == outside_radius of Corner_blend. 

IF Corner_blend exists on mouIdability wall equivalent (mouldabilityjeat) THEN 
IF internal product geometry at intersection = convex THEN 
conneccblend.radius = inside_radius of Corner_blend. 
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IF internal product geometry at intersection == concave THEN 
connecCblend.radius = outside_radius of Corner_blend. 

END_RULE; 
END_ENTITY; 

ENTITY Integer_core...group_ volume 
mouldabilityJeat; STRING~RAY; 
mouldability _type: STRING; 
position: POINT3D; 
diameter; dimension; 
height: dimension; 
orientation: POINT3D; 
group_number: integer; 
conneccvolume_above: Integer_core_volume; 
connecC volume_below: Integer_core_ volume; 
connecctaper_on_ volume_below: Integer_core_taper 
WHERE 
small_angleftdians : = (connecCtaper_on_ volume_below.anglel360)*2.0*3.1416; 
remainin&...angle: = 90 - connecctapecon_volume_below.angle; 
larger_angleftdians : = (remainin&..anglel360)*2.0*3.1416; 
taper_allowance: = (connect_volume_below.height*SINE(small_angle_radians»/ 

SINE(large_angle_radians); 
DERIVE 
overhan&...exists_above: BOOLEAN:= (diameter> connect_volume_above.diameter); 
IF connecCtapecon_ volume_below.angle = 0.0 THEN 
overhan&...exists_below : BOOLEAN := (diameter < connecc volume_below.diameter); 
IF connecUapecon_ volume_below.angle !=O.O THEN 
overhan&..exists_below: BOOLEAN:= (diameter < 2.0*tapecallowance + 
connecC volume_below.diameter); 
RULE Core...group_ volume_overhan&..above FOR(Integer_core-&r0up_ volume. 
in core); 
IF overhan&..exislS_above THEN 
IF overhang < 1.5 THEN 
Stripping of component from the core 
is required for removal. 
IF overhang> 1.5 THEN 
Collapsible core required for 
component removal. 

Advise diameter reduction to a maximum of 
connecc volume_above.diameter. 
END_RULE; 
RULE Core...group_volume_overhan&..below FOR (Integer_core...sroup_volume. 
in core); 
IF overhan&..exists_below THEN 
IF overhang < 1.5 THEN 
Stripping of component from the core 
is required for removal. 
IF overhang> 1.5 THEN 
Collapsible core required for 
component removal. 

IF connecCtaper_on_ volume_below.angle = 0.0 THEN 
Advise diameter increase to a minimum of 
connect_ volume_below.diameter. 
IF connecuaper_on_ volume_below.angle = 0.0 THEN 
Advise diameter reduction to a minimum of 
connecc volume_below.diameter + 2.O*taper_allowance. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core_rim 
mouldability _feat: STRING; 
mouldability _type: STRING; 
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position: POINT3D; 
inner_dia : dimension; 
outer_dia : dimension; 
height: dimension; 
orientation: POINT3D; 
conneccvolume_above: Integer_core_volume; 
connecCtaper; Integer_core_taper; 
conneccblend: Integer_core_blend; 
RULE Core_rim_blend FOR (Integeccore_rim, in core); 
IF Protrusion_blend does not exist on mouldability equivalent (mouldability jeat) THEN 
Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Protrusion_blend 
is created on mouldabilityjeat. 
connecCblend.radius = radius of 
Protrusion_blend. 
IF Protrusion_blend does exist on mouldability equivalent (mouldabilityjeat) TIIEN 
connect_blend.radius = radius of Protrusion_blend. 
END_RULE; 
RULE Core_rim_taper FOR (Integer_core_rim, in core); 
IF Taper exists on mouldability equivalent (mouldabilityjeat) THEN 
connecctaper.angle == angle of mouldability taper. 
IF Thper does not exist on mouldability equivalent (mouldabilityjeat) TIffiN 
Difficulty in removing the product 
from the mould. Request Taper is 
created on mouldabilityjeat. 
connecctaper.angle = angle of mouldability taper. 
END_RULE; 
END_ENTITY; 

ENTITY Integeccore_boss 
mouldability jeat: STRING; 
mouldability _type: STRING; 
position: POINTID; 
orientation: POINT3D; 
diameter: dimension; 
height: dimension; 
connecctaper; Integer_core_taper; 
RULE Core_boss_taper FOR (Integeccore_boss, in core); 
IF Thper exists on mouldability equivalent (mouldabilityjeat) THEN 
connecCtaper.angle == angle of mouldability taper. 
IF Taper does not exist on mouldability equivalent (mouldability jeat) TIffiN 
Difficulty in removing the product 
from the mould Request Taper is 
created on mouldability jeat. 
connecCtaper.angle == angle of mouldability taper. 
END_RULE; 
ENDJ'NTITY; 

ENTITY Integeccore_slot 
mouldability _feat: STRING; 
mouldability _type: STRING; 
position: POINT3D; 
orientation: POINT3D; 
feature_orientation: POINT3D; 
width: dimension; 
length: dimension; 
height: dimension; 
connecctaper: Integeccore_taper; 
conneccblend : Integer_core_blend; 
RULE Core_slot_blend FOR (Integer_core_slot. in core); 
IF Protrusio~_blend does not exist on mouldability equivalent (mouldability jeat) THEN 
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Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Protrusion_blend 
is created on mouldability Jeat. 
conneccblend.radius = radius of 
Protrusion_blend. 
IF Protrusion_blend does exist on mouldability equivalent (mouldability_feat) TIIEN 
connect_blend.radius = radius of Protrusion_blend. 
ENDJWLE; 
RULE Core_slouaper FOR (Integer_core_slo~ in core); 
IF Taper exists on mOuldability equivalent (mouldabilityJeat) THEN 
connecuaper.angle = angle of mouldability taper. 
IF Taper does not exist on mouldability equivalent (mouldability Jeat) THEN 
Difficulty in removing the product 
from the mould. Request Taper is 
created on mouldability _feaL 
connecuaper.angle = angle of mouldability taper. 
END..RULE; 
END_ENTITY; 

EN1ITY Integeccore_hole 
mouldability Jeat : STRING; 
mouldability _type : STRING; 
position: POINTID; 
orientation: POINTID; 
diameter: dimension; 
depth : dimension; 
connecctaper: Integer_core_taper; 
conneccblend : Integer_core_blend; 
RULE Core_hole_blend FOR (Integer_core_hole. in core); 
IF Protrusion_blend does not exist on mouldability equivalent (mouldability_feat) TIIEN 
Difficult to produce sharp corners 
in mould. Corners wear during 
mould operation. Request Protrusion_blend 
is created on mouldabilityJeal 
conneccblend.radius = radius of 
Protrusion_blend. 
IF Protrusion_blend does exist on mouldability equivalent (mouldability Jeat) THEN 
conneccblend.radius = radius of Protrusion_blend. 
END_RULE; 
RULE Core_hole_taper FOR (Integer_care_hole. in core); 
IF Taper exists on mouldability equivalent (mouldability Jeat) THEN 
connecCtaper.angle = angle of mouldability taper. 
IF Taper does not exist on mouldability equivalent (mouldability _feat) THEN 
Difficulty in removing the product 
from the mould. Request Taper is 
created on mouldability _feal 
connecuaper.angle = angle of mouldability taper. 
END..RULE; 
END_ENTITY; 

ENTITY Integeccore_taper 
core_ vo'-name: STRING; 
core_ vol_type : STRING; 
Mould_equiv: STRING; 
angle: dimension; 
connecctaper: Taper; 
connecccore_entity: Integer_core_volume OR Integer_core_rim OR Integer_core_slot OR 

Integer_care_hole OR Integer_core_boss; 
RULE Core_taper_angle FOR (Integer_care_taper. in core) 
angle = connecCtaper.angle identified by 
connecccore_entity.RULE Core_volume_taper OR 
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connecccore_entity.RULE Core_rim_taper OR 
connecccore_entity.RULE Core_sloctaper OR 
connecccore_entity.RULE Core_hole_taper OR 
connecccore_entity.RULE Core_boss_taper OR 
Advise taper angle. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core_blend 
prim_volume_name: SlRING; 
prim_volume_type: SlRING; 
join_volume_name: SlRING; 
join_volume_type: SlRING; 
Mould_equiv: SlRING; 
rndius : dimension; 
connecCblend: Blend; 
connecccore_entity: Integer_core_volumeOR Integer_core_rim OR Integer_core_slot OR 

Integer_core_hole; 
RULE Core_blend_radius FOR (Integer_core_blend, in core); 
IF connecCblend = Protrusion_blend THEN 
rndius = connecCblend.radius identified by 
connecccore_entity.RULE Core_rim_blend OR . 
connecccore_entity.RULE Core_sloCblend. OR 
connecccore_entity.RULE Core_hole_blend. 
Advise blend radius. 
IF connect_blend = Corner_blend TIIEN 
rndius = connect_blend.radius identified by 
connecCcore entity.RULE Core_volume_blend. 
Advise blend radius 
END~ULE; 
END_ENTITY; 

ENTITY Integeccore_recCblock 
position: POINT3D; 
length: dimension; 
width: dimension; 
depth: dimension; 
guide-pin_dia: dimension; 
connecccooling: Standard_flow_ way; 
connect-parting : Integer_core-PaT!inlUine; 
connecc volume_highest: Integer_cavity_ volume OR Integer_cavity_rim; (on parting line) 
connecUand : Integeccore_cilC_land OR Integer_core_recUand; 
connecCblock: Integeccavity_reccblock; 
WHERE 
directional_coolin~distance: = 16.0; 
minimum_coolin~space: = connecccooling.diameter + 2.0·directionaCcoolin~distance; 
min_metal_condition: IF connecc volume_highestdiameter <= 25.0 TIIEN 

min_metal_over_cavity = 6.0; 
IF connect_ volume_highest.diameter <= 3S.0 THEN 
min_metal_over_cavity = 10.0; 
IF connecC volume_highestdiameter <= 44.0 THEN 
min_metal_over_cavity = 14.0; 
IF connect_volume_highest.diameter <= 50.0 THEN 
min_metal_over_cavity = 16.0; 
IF connect_ volume_highest diameter <= 56.0 TIIEN 
min_metal_over_cavity = IS.0; 
IF conneccvolume_highest.diameter <= 62.0 TIIEN 
min_metal_over_cavity = 22.0; 
IF connecc volume_highestdiameter <= 6S.0 THEN 
min_metal_over_cavity = 25.0; 
IF conneccvolume_highest.diameter <= 74.0 THEN 
min_metal_over_cavity = 29.0; 
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IF conneccvolume_highest.diameter <= 80.0 THEN 
min_metaCover_cavity = 33.0; 
IF conneccvolume_highest.diameter <= 86.0 THEN 
min_metal_over_cavity = 36.0; 
IF conneccvolume_highest.diameier <= 92.0 THEN 
min_metal_over_cavity = 40.0; . 
IF conneccvolume_highest.diameter <= 98.0 THEN 
min_metal over_cavity = 44.0; 
IF conneccvolume_highesLdiameter <= 104.0 THEN 
min_metal_over_cavity = 49.0; 

RULE Core_block-lJOsition FOR (lntegersore_block. enclosing mould system elements); 
x position = x position of cavity block. 
y position = y position of cavity block. 
z position = connect..Jlarting.position + connecUand.depth. 
END_RULE; 
RULE Core_block_depth FOR (lnteger_core_block. enclosing mould system elements); 
IF min_metal_condition > minimum_cooIin/Lspace THEN 
depth = min_metal_condition. 
IF min_metal_condition < minimum_cooIin/LSPace THEN 

. depth = minimum_cooIin/LSPace. 
END_RULE; 
RULE Core_block_width FOR (lntegeccore_block. enclosing mould system); 
elements); 
width = connecCblock.width. 
END_RULE; 
RULE Core_block_length FOR (Integer_core_block, enclosing mould system); 
elements); 
length = conneccblock.Iength. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core_inner_land 
ABSTRACT SUPERTYPE OF (ONE OF( Integer_core_recUand. 
Integer_core_circ_land»; 
END_ENTITY; 

ENTITY Integer_core_recUand 
SUBTYPE OF (Integer_core_inner_Iand); 
position: POINT3D; 
length: dimension; 
width: dimension; 
depth: dimension; 
connect..Parting : Integer_core..JJartingJine; 
connecUand: Integer_cavity_recCIand; 
RULE Core_reccIand_depth FOR (lnteger_core_recUand, around core); 
depth = 2.4. 
END_RULE; 
RULE Core_recUand-lJOsition FOR (lnteger_core_recUand, around core); 
x position = connecUand.position[Ol. 
y position = connecUand.position[ll. 
z position = connect..Jlarting.position. 
END_RULE; 
RULE CoreJCCCIand_length FOR (lnteger_core_reccIand, around core); 
length = connecUand.Iength. 
END_RULE; 
RULE Core_recUand_ width FOR (lnteger_core_recCland, around core); 
width = connecUand.width. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core_circ_Iand 
SUB TYPE OF (Integer_core_inner_land); 
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position: POINT3D; 
diameter: dimension; 
depth: dimension; 
connect_parting: Integer_core--Jl311in!L.line; 
connecUand: Integer_cavity_circ_land; 
RULE Core_circ_land_depth FOR (Integersore_circ_land. around core); 
depth 0: 2.4. 
END_RULE; 
RULE Core_circ_land...JXlsition FOR (Integer_core_circ_land. around core); 
x position 0: connecUand.position[O]. 
y position = conneccland.position[l]. 
z position = connect...Jlarting.position. 
END_RULE; 
RULE Coresirc_land_diameter FOR (Integer_coresirc_land. around core); 
diameter 0: connecCland.diameter. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core...JleriCland 
position: POINT3D; 
diameter: dimension; 
depth: dimension; 
connecUand : Integer_cavitY...JleriCland; 
connect...Jlarting : Integer_core--Jl311in!L.line; 
RULE Core...JleripheraUand_depth FOR (Integer_core...JleriCland. around core); 
depth = 2.4. 
END_RULE; 
RULE Core...JleripheraUand_diameter FOR (Integer_core...JleriUand. around core); 
diameter 0: connecUand.diameter. 
END_RULE; 
RULE Core...JleripheraUand...JXlsition FOR (integer_core...JlerlUand. around core); 
z position = connect...Jlarting.position. 
x position = connecUand.position[O]. 
y position = connecUand.position[I]. 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core...Jlartin!L.line 
position: POINT3D; 
type : STRING; 
on_entity: STRING; 
connect...Jlarting : Integer_cavity --Jl311in!L.line; 
RULE Core...Jlartin!L.line...JXlsition FOR (Integeccore...Jlartin!L.line, on core); 
position 0: connect...Jlarting.position. 
END_RULE; 

ENTITY Feedin!L.system 
has...Jlin...gate : Pin...gate; 
has_sprue...gate: Sprue...gate; 
has_recCedge: Rectangular_edge...gate; 
has_circ : Circular_runner; 
has_trap: Trapezoidal_runner; 
has_main: Mainjeedin!L.sprue; 
END_ENTITY; 

ENTITYRectangular_edge...gate 
mouldability jeat : STRING; 
position; POINT3D; 
land_length: dimension; 
depth: dimension; 
width: dimension; 
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connecu:ate : Gate; 
connect..,gate(Cwall : Wall; (wall upon which the gate has been placed) 
conneccparting : Integer_cavity --Jl311ing.Jine; 
connecc volume_highest: Integer_cavity_ volume OR Integer_cavity_rim; (on parting line) 
connecClaper_on_ volume_highest: Integer_cavity_taper; 
connecC volume_lowest: Integer_cavity _volume (furthest from parting line); 
WHERE 
small_angle_radians: = (connecctaper_oo_volume_higheslanglel36O)*2.0*3.1416; 
remainin&-,angle : = 90 - connecCtaper_on_ volume_highesLangle; 
larger_angle_radians: = (remainin&-,angle{360)*2.0*3.14I6; 
taper_allowance: = (connecc volume_highest.height*SINE(smalCangle_rndians»1 

SINE(large_angle_rndians); 
average_cavity _dia : = «connecc volume_highest.diameter + 

connecc volume_lowest.diameter)/2.0); 
cavity_height: = connect.parting.position -connect_ vOlume_loweslposition[2J; 
cavity_area: = (3.1416*average_cavity_dia*cavity-height) + 

(3. 14 16*SQ(avernge_cavity-dia/2.0»; 
min_Iand_Iength : = 0.5; 
m81Uand_Iength : = 0.75; 
RULE RecCedge..,gate"position FOR (Rectangular_edge..,gate. into cavity); 
IF connect..,gate.position is not on edge of cavity THEN 
IF connect..,gate.position is inside cavity edge THEN 
Reduced land length - weakness in 
mould construction can lead to 
wear or failure. Advise move gate 
position to edge of cavity. 
IF connect..,gate.position is outside cavity edge THEN 
Gate not attached to component - No 
feeding. Advise move gate position 
to edge of cavity 
IF connecuapecon_ volume_highest.angle = 0.0 THEN 
x position = connect_ volume_higheslposition[OJ + conneccvolume_highesldiameter/2.0. 
y position = connect_ volume_highest.position[lJ. 
IF connecUaper_on_ volume_higheslangle != 0.0 THEN 
x position = connect_ volume_higheslposition[OJ + connecc volume_highesldiameter/2.0 + 

taper_allowance. 
y position = connecc volume_highest.position[1J. 

IF connect..,gate.position is not on parting line THEN 
Gate and runner system cannot be ejected - component 
non- mouldable. Gate and runner system cannot be 
machined into mould block - mould non-manufacturable. 
Advise move gate position to parting line. 
z position = connect-l'arting.position 
END_RULE; 
RULE Rect_edge..,gate_Iand_Iength FOR (Rectangular_edge..,gate. into cavity); 
IF Iand)engtb < min_Iand_length THEN 
Weakness in mould construction can lead 
to wear or failure. Advise increase in land 
length to a minimum of min_Iand_length. 
IF land_length> max_Iand_length THEN 
Excessive pressure drop across gate-
inadequate filling of mould cavity. 
Advise decrease in land length to a 
maximum of max_land_length. 
END_RULE; 
RULE Reccedge..,g8te_depth FOR (Rectangular_edge..,gate. into cavity); 
depth = 0.7*connect..,gated_ wall.thickoess. 
END_RULE; 
RULE Reccedge..,gate_ width FOR (Rectangular_edge..,gate, into cavity); 
width = 0.7*SQRT(cavity_area)!30; 
END_RULE; 
END_ENTITY; 
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ENTITY Sprue-&ate 
mouldability Jeat : STRING; 
position: POINT3D; 
lower_diameter: dimension; 
sprue_length: dimension; 
taper_angle: dimension; 
connect-&ate : Gate; 
connect...jlarting: Integeccavity...Jl3l1injLline; 
conneccvolume_highest: Integer_cavity_volume OR Integer_cavity_rim; (on parting line) 
connecc volume_lowest: Integer_cavity _volume (furthest from parting line); 
connecccooling: Standard_flow_way: 
WHERE 
machine_oozzle_inner_diameter: = 3.0; 
directional_coolinjLdistance: = 16.0; 
minimum_coolinjLspace: = connecccooling.diameter + 2.0*directional_coolinjLdistance; 
cavity_height: = connect...Jl3l1ing.position -conneccvolume_lowesLposition(2); 
min_metaCcondition: IF connecc volume_highesLdiameter <= 25.0 lHEN 

min_metaCover_cavity = 6.0; 
IF conneccvolume_highest.diameter <= 38.0 lHEN 
min_metaCover_cavity = 10.0; 
IF connecc volume_highesLdiameter <= 44.0 THEN 
min_metaCover_cavity = 14.0; 
IF conneccvolume_highest.diameter <= 50.0 THEN 
min_metal_over_cavity = 16.0; 
IF conneccvolume_highest.diameter <= 56.0 THEN 
min_metal_over_cavity = 18.0; 
IF connect_volume_highest.diameter <= 62.0 THEN 
min_metal_over_cavity = 22.0; 
IF conneccvolume_highest.diameter <= 68.0 THEN 
min_metal_over_cavity = 25.0; 
IF conneccvolume_highest.diameter <= 74.0 THEN 
min_metal_over_cavity = 29.0; 
IF conneccvolume_highest.diameter <= 80.0 THEN 
min_metal_over_cavity = 33.0; 
IF conneccvolume_highest.diameter <= 86.0 THEN 
min_metal_over_cavity = 36.0; 
IF connect_ volume_highest.diameter <= 92.0 THEN 
min_metal_oveccavity = 40.0; 
IF conneccvolume_highest.diameter <= 98.0 THEN 
min_metal oversavity = 44.0; 
IF conneccvolume_highest.diameter <= 104.0 THEN 
min_metal_over_cavity = 49.0; 

RULE Sprue-&ate...JlOSition FOR (Sprue..gate, into cavity); 
IF connect-&ate.position is not in centre of part base lHEN 
Unbalanced gating of component can produce 
uneven section thickness in the component. 
Advise move gate to centre of base. 
x position = connecc voluine_lowest.position[O). 
y position = connecc volume_lowest.position[l). 
IF connect-&ate.position is not on base of component lHEN 
IF connect-&3te.position is above component base lHEN 
Reduced sprue length below cavity means a 
weakened mould block - can lead to distortion 
of mould due to injection pressure. Advise 
move gate down to base level. 
IF connect-&ate.position is below component base TIIEN 
Gate not auached to component - No feeding. 
Advise move gate up to base level. 

z position = conneccvolumeJowest.position[2). 
END_RULE; 
RULE Sprue-&ate_lower_diameter FOR (Sprue..gate, into cavity); 
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lower_diameter = machineJlozzle_inner_diameter + 0.1; 
END_RULE; 
RULE Sprue,.,gate_sprue_length FOR (Sprue,.,gate. into cavity); 
IF (min_metaCcondition + cavity_height) >= minimum_coolinlLspace THEN 
sprue_length = min_metaCcondition. 
IF (min_metaCcondition + cavity_height) < minimum_coolinlLspace THEN 
sprue_length = minimum_coolinlLspace - cavity_height. 
END_RULE; 
RULE Sprue,.,gate_taper_angle FOR (Sprue,.,gate. into cavity); 
IF taper_angle < 4.0 THEN 
Difficulty removing part and gate 
from mould. Advise increase taper 
angle to a minimum of 4.0. 
END_RULE; 
END_ENTITY; 

ENTITY Pin,.,gate 
mouldability 3eat : STRING; 
position: POINT3D; 
land_length: dimension; 
diameter: dimension; 
secondary _sprue_length: dimension; 
taper_angle: dimension; 
connect,.,gate: Gate; 
connect,.,gated_ walI : Wall; (wall upon which the gate has been placed) 
connect-parting : Integer_cavity -PartinlLline; 
connecC volume_highest: Integer_cavity_ volume OR Integer_cavity_rim; (on parting line) 
connecctaper_on_volumeJowest: Integer_cavity_taper; 
connect_volume_lowest: Integer_cavity_volume (furthest from parting line); 
connect_cooling: Standard_flow_way; 
WHERE 
small_anglcradians : = (connecCtaper_on_ volume_lowest.angle(360)*2.0*3.1416; 
remaininlLangle : = 90 - connecCtaper_on_ volume_lowestangle; 
largecangle_radians: = (remaininlLangle/360)*2.0*3.1416; 
taper_allowance: = (connecc volume_lowest.height*SlNE(small_angle_radians»/ 

SlNE(large_angle_radians); 
min_land_length : = 0.5; 
max_land_length : = 0.75; 
wall_thickness_constant: = IF connect,.,gated_wall.thickness <= 0.75 THEN 

Constant = 0.178; 
IF connect,.,gated_wall.thickness <= 1.0 THEN 
Constant = 0.206; 
IF connect,.,gated_ wall.thickness <= 1.25 THEN 
Constant = 0.230; 
IF connect,.,gated_wall.thickness <= 1.5 THEN 
Constant = 0.242; 
IF connect,.,gated_wall.thickness <= 1.75 THEN 
Constant = 0.272; 
IF connect,.,gated_wall.thickness <= 2.0 THEN 
Constant = 0.294; 
IF connect,.,gated_wall.thickness <= 2.25 THEN 
Constant = 0.309; 
IF connect,.,gated_wall.thickness > 2.25 THEN 
Constant = 0.326; 

average_cavity_dia: = «conneccvolume_highest.diameter + 
connecC volume_lowest.diameter)I2.0); 

cavity_height: = connect-Parting.position - connecC vOlume_lowest.position[21; 
cavity_area: = (3.1416*average_cavity_dia*cavity_height) + 

(3. I416*SQ(average_cavity_dia/2.0»; 
directional_coolinlLdistance: = 16.0; 
minimum_coolinupace: = connect_cooling.diameter + 2.0*directional_coolinlLdistance; 
min_metal_condition: IF connecc volume_highest.diameter <= 25.0 THEN 
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min_metaCunder_cavity = 6.0; 
IF conneccvolume_highesLdiameter <= 38.0 THEN 
min_metal_uoder_cavity = 10.0; 
IF conneccvolume_highesLdiameter <= 44.0 THEN 
min_metal_uoder_C3vity = 14.0; 
IF conneccvolume_highesLdiameter <= 50.0 THEN 
min_metal_uoder_cavity = 16.0; . 
IF conneccvolume_highesLdiameter <= 56.0 THEN 
min_metal_uodeccavity = 18.0; 
IF connecC volume_highest.diameter <= 62.0 THEN 
min_metal_uoder_C3vity = 22.0; 
IF conneccvolume_highest.diameter <= 68.0 THEN 
min_metal_uodeccavity = 25.0; 
IF conneccvolume_highest.diameter <= 74.0 THEN 
min_metal_uodersavity = 29.0; 
IF connecc volume_highest.diameter <= 80.0 THEN 
min_metal_uoder_cavity = 33.0; 
IF conneccvolume_highest.diameter <= 86.0 THEN 
min_metal_uoder_cavity = 36.0; 
IF conneccvolume_highesLdiameter <= 92.0 THEN 
min_metal_uoder_cavity = 40.0; 
IF conneccvolume_highest.diameter <= 98.0 THEN 
min_metal under_cavity = 44.0; 
IF connecc volume_highest.diameter <= 104.0 THEN 
min_metal_uoder_cavity = 49.0; 

RULE Pin-&ate..JlOsition FOR (pin-&ate, into cavity); 
IF connecC volume_lowest = closing off geometry THEN 
IF connecCtaper_on_ volume_lowest.angle != 0.0 THEN 
Gate position no longer in centre of section. 
Advise adjust gate position. 

IF connect-&ate.position[O] < 0.0 THEN 
x position = connect-&ate.position[O] + tapecallowance. 
y position = connect-&ate.position[1]. 
IF connect-&ate.position[O] > 0.0 THEN 
x position = connect-&ate.position[O]- taper_allowance. 
y position = connect-&ate.position[l]. 

IF connect-&ate.position is not on base of component THEN 
IF connect.,gate.position is above component base THEN 
Either component attached to secondary sprue-
cannot be ejected. OR Reduced land length 
means weakness in mould can lead to wear 
or failure. Advise move gate down to base level. 
IF connect.,gate.position is below component base THEN 
Gate not attached to component - No feeding 
Advise move gate up to base level. 

z position = connect_ volume_lowesLposition[2]. 
END~ULE; 
RULE Pin-&ate_land_length FOR ( Pin-&ate, into cavity); 
IF land_length < min_land_length THEN 
Weakness in mould construction can lead 
to wear or failure. Advise increase in land 
length to a minimum of min_land_length. 
IF land_length> max_land_length THEN 
Excessive pressure drop across gate-
inadequate filling of mould cavity. 
Advise decrease in land length to a 
maximum of max_land_length. 
END~ULE; 
RULE Pin.,gate_diameter FOR (Pin.,gate, into cavity); 
diameter = O. 7*wall_thicknesssonstant*POW(cavity _area, 0.25); 
END_RULE; 
RULE Pin-&ate_tapecangle FOR (pin-&ate, into cavity); 
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IF taper_angle < 4.0 TIffiN 
Difficulty removing pan and gate 
from mould. Advise increase taper 
angle to a minimum of 4.0. 
END_RULE; 
RULE Pin..gate_secondary _sprue_length FOR (Pin..gate. into cavity); 
IF (min_metaCcondition + cavity_height) >= minimum_coolinjLspace 1HEN 
secondary _sprue_length = min_metaCcondition -land_length. 
IF (min_metal_condition + cavity_height) < minimum_coolinupace 1HEN 
secondary_sprue_length = minimum_coolinjLspace - cavity_height -land_length. 
END_RULE; 
END_ENTITY; 

ENTITY CircularJunner 
gate_name: SIRING; 
gate_type: SIRING; 
position: POINT3D; 
runner_length: dimension; 
diameter: dimension; 
orientation: POINT3D; 
configuration: integer; 
connect..gate: Fan..gate OR Sub_surface..gate OR Overlap..gate OR Rectangular_edge..gate OR Tab..gate 
OR Film..gate; 
connect..gated_ wall: Wall; (wall upon which the gate has been placed) 
connect....patting: Integer_cavity...Jl3rlingJine; 
conneccvolume_lowest: Integer_cavity_volume; (furthest from parting line) 
connecC volume_highest: Integer_cavity_ volume; (on parting line) 
WHERE 
average_cavity_dia: = «connect_volume_highest.diameter + 

connecc volume_lowest.diameter)/2.0); 
cavity-height: = connect....Parting.position -conneccvolume_lowesLposition[2]; 
cavity_area: = (3.1416*average_cavitY_dia*cavityJ!eight) + 

(3.1416*SQ(average_cavity-dia/2.0»; 
materiaCdensity = 0.6/1000; 
pare weight: = cavity_area*connect..gated_ wall.thickness*material.density; 
directional_coolinjLdistance: = 16.0; 
maximum_sprue_diameter: = 10.0; 
minimum_runner_diameter: = 2.0; 
maximum_runner_diameter: = 10.0; 
RULE Circ_runner...JlOsition FOR ( Circular_runner. in mould); 
z position = connect....Patting.position. 
IF connect..gate.position[O] > 0.0 TIffiN 
IF connect..gate.type = Rectangular_edge OR Fan OR Overlap OR Round_edge TIffiN 
x position = connect..gate.position[O] + connect..gate.land_length. 
y position = connect..gate.position[1]. 
IF connect..gate.type = Film TIffiN 
x position = connect..gate.position[O] + connect..gate.land_length + diameter/2.0. 
IF first of three runners 1HEN 
y position = connect..gate.position[I]. 
IF second of three runners 1HEN 
y position = connect..gate.position[1]- (connect..gate.width/2.0 + diameter/2.0). 
IF third of three runners 1HEN 
y position = connect..gate.position[1] + (connect..gate.width/2.0 + diarneter/2.0). 

IF connect..gate.type == Sub_surface 1HEN 
x position = connect..gate. position[O] + 0.7*land_length. 
y position = connect..gate.position[I]. 
IF connect..gate.type == Thb TIffiN 
x position = connect..gate.position[O] + diameter. 
y position = connect..gate.position[l]- diameter. 

IF connect..gate.position[O] < 0.0 TIffiN 
IF connect..gate.type == Rectangular_edge OR Fan OR Overlap OR Round_edge TIffiN 
x position = connect..gate.position[O]- connect..gate.land_length. 
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y position = connect-&ate.position[l]. 
IF connect-&ate.type = Film TIlEN 
x position = connect-&ate.position[O]- connect-&ate.land_length - diameter12.0. 
IF first of three runners TIlEN 
y position = connect-&ate.position[1]. 
IF second of three runners THEN 
y position = connect-&ate.position[I]- (connect...,gate.widtbf2.0 + diameter12.0). 
IF third of three runners TIlEN 
y position = connect-&ate.position[1] + (connect-&ate.widtbf2.0 + diameter12.0). 

IF connect-&ate.type == Sub_surface THEN 
x position = connect-&ate.position[O]- 0.7*land_length. 
y position = connect-&ate.position[l]. 
IF connect-&ate.type = Tab TIlEN 
x position = connect-&ate.position[O]- diameter. 
y position = connect-&ate.position[1]- diameter. 

END_RULE; 
RULE Cire_runner_1ength FOR ( Circular_runner. in mould); 
IF connect-&ate.type = Rectangular_edge OR Fan OR Overlap OR Round_edge TIlEN 
runner_length = directional_cooling",distance + maximum_sprue_diameter12.0-
connect-&ate.land_length. 
IF connect...,gate.type = Film TIlEN 
IF flfSt of three runners THEN 
runner_length = directionaCcooling",distance + maximum_sprue_diameter12.0-
connect-&ate.land_length. 
IF second of three runners THEN 
runner_length = connect-&ate.widtbf2.0 + diameter12.0. 
IF third of three runners TIlEN 
runner_length = connect-&ate.widtbf2.0 + diameter12.0. 

IF connect-&ate.type = Sub_surface TIlEN 
runneOength = directional_cooling",distance + maximum_sprue_diameter12.0-
0.7*connect-&ate.land_length. 
IF connect...,gate.type = Tab TIlEN 
parlwidtbf2.0 - diameter + directionaCcoolin/Ldistance + maximum_sprue_diameter12.0. 
END_RULE; 
RULE Cire_runner_diameter FOR ( Circular_runner. in mould); 
diameter = (SQRT(parcweight)*POW(runneOength.0.25»3.7. 
IF diameter < minimum_runner_diameter TIlEN 
Runner solidifies before cavity is filled. 
Increase diameter to minimum_runner_diameter. 
IF diameter> maximum_runner_diameter TIlEN 
Large runner diameter results in cycle 
time controlled by runner solidification 
rate. Decrease runner diameter to 
maximum_runner_diameter. 
END_RULE; 
RULE Cire_runnecorientation FOR ( Cireular_runner. in mould); 
IF connect...,gate.type = Rectangular_edge OR Fan OR Overlap OR Round_edge OR 
Sub_surface THEN 

IF connect-&ate.position > 0.0 TIlEN 
orientation = 0.0. 
IF connect-&ate.position < 0.0 TIlEN 
orientation = 3.1416. 

IF connect...,gate.type = Film TIlEN 
IF connect-&ate.position > 0.0 TIlEN 
IF flfSt of three runners TIlEN 
orientation = 0.0. 
IF second of three runners THEN 
orientation = 3.141612.0. 
IF third of three runners TIlEN 
orientation = 2.0*3.1416/3.0. 

IF connect-&ate.position < 0.0 TIlEN 
IF first of three runners TIlEN 
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orientation = 3.1416. 
IF second of three runners THEN 
orientation = 3.1416/2.0. 
IF third of three runners THEN 
orientation = 2.0*3.1416/3.0. 

IF connect...gate.type = Tab THEN 
orientation = 2.0*3.1416/3.0. 
END_RULE; 
END_ENTITY; 

ENTITY TrapezoidaCrunner 
gate_name: STRING; 
gate_type: STRING; 
position: P01NT3D; 
runner_length: dimension; 
width: dimension; 
orientation: dimension; 
configuration: integer; 
connect...gate : Ring...gate OR Pin..llate; 
connect...gated_ walI : WalI; (wall upon which the gate has been placed) 
connect....Parting: Integer_cavity _partin!L.line; 
connect_volume_lowest: Integer_cavity_volume; (furthest from parting line) 
conneccvolume_highest: Integer_cavity_volume; (on parting line) 
connecccooling: Standard_flow_way; 
WHERE 
average_cavity_dia : = «connecc volume_highest.diameter + 

connect_ vOlume_lowest.diameter)/2.0); 
cavity_height: = connect..Parting.position - connecc volume_lowestposition[2]; 
cavity_area: = (3.1416*average_cavity_dia*cavity_height) + 

(3.1416*SQ(average_cavity _dia/2.0»; 
materiaCdensity = 0.6/1000; 
part_weight: = cavity_area*connect...gated_walI.thickness*material.density; 
min_metal_condition: IF connecC vOlume_highestdiameter <= 25.0 THEN 

min_metal_oveccavity = 6.0; 
IF connecCvolume_highest.diameter <= 38.0 THEN 
min_metal_over_cavity = 10.0; 
IF connecC volume_highest.diameter <= 44.0 THEN 
min_metal_over_cavity = 14.0; 
IF conneccvolume_highest.diameter <= 50.0 THEN 
min_metal_oveccavity = 16.0; 
IF connecC volume_highest.diameter <= 56.0 THEN 
min_metal_over_cavity = 18.0; 
IF connecC volume_highest.diameter <= 62.0 THEN 
min_metal_over_cavity = 22.0; 
IF connect_volume_highest.diameter <= 68.0 THEN 
min_metal_over_cavity = 25.0; 
IF conneccvolume_highest.diameter <-- 74.0 THEN 
min_metal_over_cavity = 29.0; 
IF connect_volume_highest.diameter <= 80.0 THEN 
min_metal_over_cavity = 33.0; 
IF conneccvolume_highest.diameter <= 86.0 THEN 
min_metal_over_cavity = 36.0; 
IF connecCvolume_highestdiameter <= 92.0 THEN 
min_metal_over_cavity = 40.0; 
IF connecc volume_highest.diameter <= 98.0 THEN 
min_metal over_cavity = 44.0; 
IF connecCvolume_highest.diameter <= 104.0 THEN 
min_metal_over_cavity = 49.0; 

directional_coolin!L.distance: = 16.0; 
minimum_coolin!L.SP3ce: = connecccooling.diameter + 2.0*directionaCcoolin!L.distance; 
minimum_runner_ width: = 2.0; 
maximum_runnecwidth: = 10.0; 
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maxJPrue_diameter = 10.0; 
IF connect...gate.type = Pin TIIEN 

gate_angle_radians: = «connect...gate.tapeCangle{2.0)1360)*2.0*3.1416; 
remaininLangle: = 90 - connecLgate.!aper_angle{2.0; 
larger_angle_radians: = (remaininLangle/360)*2.0*3.1416; 
taper_allowance: = (connect...gate.secondary_sprue_length*SlNE(gate_angle_radians»! 

SlNE(larger_angle_radians); , 
spruejunction_dia: = connect...gate.diameter + 2.0*taper_a1lowance; 

RULE TrapJUnner...JlOsition FOR (Trapezoidal_runner. in mould); 
IF connect...gate.type = Ring THEN 
x position = connecC volume_highestposition[O] + connecc volume_highestdiameter/2.0 + 
connect...gate.land_length. 
y position = connecC volume_highestposition[IJ. 
z position = connect"'parting.position. 
IF connect...gate.type = Pin TIIEN 
IF connect...gate.position[O] > 0.0 TIIEN 
x position = connect...gate.position[O] + max_sprue_diameter. 
y position = connect...gate.position[l]. 
IF connect...gate.position[O] < 0.0 TIIEN 
x position = connect...gate.position[O]- max_sprue_diameter. 
y position = connect...gate.position[l]. 
IF (min_metal_condition + cavity_height) >= minimumsoolinLspace THEN 
z position = connect"'partinLpDsition - (min_metal_condition + cavity_height) . 
IF (min_metal_condition + cavity_height) < minimum_coolinLspace TIIEN 
z position = connect...PartinLpDsition - minimum_coolinLspace. 

END_RULE; 
RULE Trap_runner_length FOR (Trapezoidal_runner. in mould); 
IF connect...gate.type = Ring THEN 
runner_length = directional_coolinLdistaDce + max_sprue_diameter/2.0 + width. 
IF connect...gate.type = Pin TIIEN 
IF connect...gate.position[O] > 0.0 TIIEN 
runner_length = connect...gate.position[O]- connecc volume_lowest.position[O] + 
maxJPrue_diameter. 
IF connect...gate.position[O] < 0.0 TIIEN 
runneOength = connecc volume_lowestposition[O]- connect...gate.position[O] + 
max_sprue_diameter. 
END~ULE; 
RULE Trap_runner_width FOR (TrapezoidaCrunner. in mould); 
width = (SQRT(parc weight)*POW(runner_length.0.25»3.7. 
IF connect...gate.type = Pin TIIEN 
IF width < spruejunction_dia TIIEN 
width = spruejunction_dia. 

IF diameter < minimum_runner_diameter TIIEN 
Runner solidifies before cavity is filled. 
Increase diameter to minimum_runner_diameter. 
IF diameter> maximum_runner_diameter TIIEN 
Large runner diameter results in cycle 
time controlled by runner solidification 
rate. Decrease runner diameter to 
maximum_runner_diameter. 
END~ULE; 
RULE Trap_runner_orientation FOR (TrapezoidaIJUnner. in mould); 
IF connect...gate.type = Ring THEN 
orientation = 0.0. 
IF connect...gate.type = Pin TIIEN 
IF connect...gate.position[O] > 0.0 THEN 
orientation = 0.0. 
IF connect...gate.position[O] > 0.0 TIIEN 
orientation = 3.1416. 
END~ULE; 
END_ENTITY; 

A4/33 



ENTITY Main_feedinlLsprue 
runner_name: STRING; 
runnectype : STRING; 
position: dimension; 
sprue_length: dimension; 
lower_diameter: dimension; 
tapet_angle : dimension; 
connect--&ate: Fan--&ate OR Sub_surface--&ate OR Overlap--&ate OR Rectangular_edge--&ate OR Tab--&ate 
OR Film--&ate OR Rinuate OR Pin--&ate; 
conneccrunner : Circulacrunner OR TrapezoidalJUnner; 
connect_volume_highest: Integer_cavity_volume OR Integer_cavity_rim; (on parting line) 
connecc volume_lowest: Integeccavity _volume; (furthest from parting line) 
WHERE 
cavity_height: = connecLParting.position - connecc volume_lowestposition[21; 
max_sprue_diameter = 10.0; 
sprue-puller_length = 5.0; 
max_sprue_dia = 10.0; 
machine_nozzle_inner_diameter = 3.0; 
min_meta,-condition: IF connecC volume_higbesLdiameter <= 25.0 THEN 

min_metal_under_cavity = 6.0; 
IF connect_volume_highest.diameter <= 38.0 THEN 
min_metal_under_cavity = 10.0; 
IF connect_ vOlume_highest.diameter <= 44.0 THEN 
min_metal_under_cavity = 14.0; 
IF connect_ volume_highest.diameter <= 50.0 THEN 
min_metal_undersavity = 16.0; 
IF connect_ volume_highest.diameter <= 56.0 THEN 
min_metal_under_cavity = 18.0; 
IF connecC volume_highest.diameter <= 62.0 THEN 
min_metal_under_cavity = 22.0; 
IF conneccvolume_higbest.diameter <= 68.0 THEN 
min_metal_under_cavity = 25.0; 
IF connect_ volume_highest.diameter <= 74.0 THEN 
min_metal_under_cavity = 29.0; 
IF connect_ volume_higbest.diameter <;= 80.0 THEN 
min_metal_under_cavity = 33.0; 
IF connect_ volume_highest.diameter <= 86.0 THEN 
min_metal_under_cavity = 36.0; 
IF connect_ volume_highest.diameter <= 92.0 THEN 
min_metal_undersavity = 40.0; 
IF connect_ volume_highest.diameter <= 98.0 THEN 
min_metal under_cavity = 44.0; 
IF connect_volume_highest.diameter <= 104.0 THEN 
min_metal_under_cavity =49.0; 

directional_coolinlLdistance: = 16.0; 
minimum_coolinlLspace: = connecccooling.diameter + 2.0*directional_coolinlLdistance; 
sprue_top_dia: sprue_angle_radians: = «tapecangle/2.0)136O)*2.0*3.1416; 

remaininlLangle: = 90 - tapet_angle/2.0; 
!argecangle_radians: = (remaininlLangle/360)*2.0*3.1416; 
taper_allowance: = (sprue_Iength*SINE(sprue_angleJadians»/ 

SINE(larger_angle_radians); 
top_dia: = lower_diameter + 2.0*taper_allowance; 

length_ten_top_dia: required_allowance: = (max_sprue_diameter - lower_diameter)/2.0; 
required_sprue_length:= required_a1lowance*SINE(sprue_angle_radians) 
/sINE(Iarger_angle_radians); 

length_runner_dia: required_allowance2: = (conneccrunner.diameter -lowecdiameter)/2.0; 
required_sprue_length2 := required_allowance2*SINE(sprue_angle_radians) 
/SINE(larger_angle_radians); 

length_ with_trap_runn : required_a1lowance3: = (conneccrunner.width -lower_diameter)/2.0; 
re<LtrapJength := required_allowance3*SINE(sprue_angle_radians) 
/SINE(larger_angleftdians); 

RULE MainjeedinlLSPrue-POsition FOR (MainjeedinlLsprue. in mould); 
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IF conneccrunner == Circular TIIEN 
IF connect-sate.type == Fan OR Rectangular_edge OR Overlap OR Sub....surface OR 

Round_edge TIIEN 
IF connecIJunner.position[O) > 0.0 1HEN 
x position = conneccrunner.position[O) + conneccrunner.runner_length. 
y position = conneccrunner.position[1). 
z position = connect_runner.position[2) + sprue...JluIIer_Iength. 
IF connect.runner.position[O) < 0.0 THEN 
x position = conneccrunner.position[O)- conneccrunner.runneclength. 
y position = conneccrunner.position[1). 
z position = connecLrunner.position[2) + sprue...JluIIeUength. 

IF connect-sate.type == Film TIIEN 
IF connect_runner = First of three 1HEN 
IF connect_runner.position[O) > 0.0 1HEN 
x position = conneccrunner.position[O) + conneccrunner.runneUength. 
y position = conneccrunner.position[1). 
z position = conneccrunner.position[2) + sprue...JluIler_length. 
IF connecLrunner.position[O) < 0.0 1HEN 
x position = conneccrunner.position[O)- conneccrunner.runner_Iength. 
y position = conneccrunner.position[1). 
z position = conneccrunner.position[2) + sprue...JluIleUength. 

IF connect-sate.type == Tab TIIEN 
x position = conneccrunner.position[O). 
y position = conneccrunner.position[l)- connect_runner.runner_Iength. 
z position = conneccrunner.position[2) + sprue...Jluller_length. 

IF conneccrunner == TrapezoidalTIIEN 
IF connect~te.type == Ring TIIEN 
x position = connect_runner.position[O) + connect_runner.runner_Iength - max_sprue_dia. 
y position = connect_runner.position[l). 
z position = connecLrunner.position[2)- connecCrunner. width. 
IF connect-83!e.type = Pin 1HEN 
IF connecuunner.position[O) > 0.0 1HEN 
x position = connect_runner.position[O)- max_sprue_dia. 
y position = conneccrunner.position[1). 
z position = conneccrunner.position[2)- conneccrunner.width. 
IF connectJUnner.position[O) < 0.0 THEN 
x position = conneccrunner.position[O) + max_sprue_dia. 
y position = conneccrunner.position[l). 
z position = conneccrunner.position[2)- connecLrunner. width. 

END_RULE; 
RULE Main_sprue_taper_angIe FOR (MainJeedinjLsprue, in mould); 
IF taper_angle < 4.0 TIIEN 
Difficulty removing part and gate 
from mould. Advise increase taper 
angle to a minimum of 4.0. 
END_RULE; 
RULE Main_sprue_lower_diameter FOR (Main_feedinjLsprue, in mould); 
lower_diameter = machine_nozzle_innecdiameter + 0.1; 
END_RULE; 
RULE Main_sprue_Iength FOR (MainJeedinILSPrue, in mould); 
IF connecLrunner = Circular TIIEN 
IF (min_metaCcondition + cavity_height) >= minimumsooIinILspace 1HEN 
sprue_length = min_metal_condition + cavity_heighL 
IF (min_metaCcondition + cavity_height) < minimum_cooIinILspace TIIEN 
sprue_length = minimum_cooIinILspace. 
IF sprue_top_dia > max_sprue_diameter TIIEN 
Nozzle recess required. 
sprue length = length_ten_lop_dia. 
IF sprue_top_dia < conneclJunner.diameter THEN 
sprue_length = length_runner_dia. 

sprue_length = sprue_length + sprue...JluIIeUength. 
IF connecLrunner == TrapezoidalTIIEN 
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IF connect...gate.type == Pin THEN 
sprue_length = length_ with_ttap_runn. 
IF sprue_length < min_metaCcondition 
sprue_length = min_melaCcondition. 

IF connect...gate.type == Ring TIffiN 
IF (min_melal_condition + cavity_height) >= minimum_coolin&-space TIffiN 
sprue_length = min_melaCcondition + cavity_height~ connecCrunner.width. 
IF (min_melal_condition + cavity_height) < minimum_coolin&-space TIffiN 
spruclength = minimum_coolin&-space - connecCrunner. width. 
IF sprue_lOp_dia > max_sprue_diameter THEN 
Nozzle recess required. 
sprue length = length_ten_lOp_dia. 
IF sprue_top_dia < conneccrunner.diameter THEN 
sprue_length = length_with_ttap_runn. 

END_RULE; 
END_ENTITY; 

ENTITY Coolin&-system 
has_cav_cooling: Integer_cavity _coolin&-system; 
has_core_cooling: Integer_core_coolin&-system; 
has_s1andard: S1andanCflow_way; 
has_baffle_flow: Baffle_flow_way; 
has_baffle_blade: Baffle_blade; 
ENDJlNTITY; 

ENTITY Integer_cavity _coolin&-system 
ABSTRACT SUPERTYPE OF (ONE OF (Paictube_configuration, U_tube_configuration»; 
conneccvolume_highest: Integeccavity_volume OR Integer_cavity_rim; (on parting line) 
connect_volume_lowest: Integer_cavity _volume; (furthest from parting line) 
connect...gate: Sprue...gate OR Diaphragm...gate OR Rinuate OR Pin...gate OR Fan...gate OR 

Sub_surface...gate OR Overlap...gate OR Rec1angular_edge...gate OR Tab...gate; 
connecctube: S1andard_flow_way; 
connecCsprue : MainJeedin&-sprue; 
WHERE 
max_sprue_diameter = 10.0; 
cavity_height: = connect.parting.position - connecc volume_lowestposition[21; 
directionaCcooling_dis1ance: = 16.0; 
min_coolin&-tube_diameter: = 7.0; 
max_coolin&-tube_diameter: = 10.0; 
number_oCflow_ways: = cavity_height/(coolin&-tube_diameter + 

directional_coolin&-dislance); 
relative_coolin&-effect: =coolin&-tube_diameter*3.1416*number_oCflow_ways; 
RULE CavityJllaximum_coolin&-capacity FOR (Integer_cavity_coolin&-system); 
IF relative_coolin&-effect 7.0 mm > 8.0mm TIffiN 
Advise optimum tube diameter = 7.0mm. 
IF relative_coolin&-effect 7.0 mm < 8.0mm THEN 
Advise optimum tube diameter = 8.0mm 
IF relative_coolin&-effect 8.0 mm > 9.0mm THEN 
Advise optimum tube diameter = 9.0mm 
IF relative_coolin&-effect 9.0 mm > 10.Omm THEN 
Advise optimum tube diameter = 10.Omm 
END_RULE; 
RULE Cavity _coolin&-system~configuration FOR ( Integer_cavity_coolin&-system); 
IF connect...gate.type = Pin...gate OR Fan...gate OR Sub_surface...gate OR Overlap...gate OR 
Rec1angular_edge...gate OR Tab...gate OR Film gateTHEN 
IF number of gates == 1 THEN 
Advise use of U _tube configuration. 
Bottom of 'U' cooling gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF number of gates> 1 THEN 
Advise use of paired_tube configuration 
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U_tube provides uneven cooling of mould­
Possible differential thickness over moulding, 
differential shrinkage causing warpage. 

IF connect...&ate.type = Ring...gate mEN 
Advise use of U _tube configuration. 
Bottom of 'U' cooling gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF connect...&ate.type = DiaphragmJlate OR SprueJlate TIffiN 
Advise use of paire<Uube configuration 
U_tube provides uneven cooling of mould-
Possible differential thickness over moulding, 
differential shrinkage causing warpage. 
END_RULE; 
RULE Cavity-optimum_coolinltJormation FOR (Integer_cavity_coolin!LSystem); 
IF Configuration = Paired_tube THEN 
Front tube: 
connecUube.position[I] = conneccvolume_highest.position[I]­

(conneccvolume_highesLdiameter/2.0 + directional_coolin&-distance + 
connecUube.diameter/2.0) 

connecUube.orientation = 0.0; 
Back tube: 
connecuube.position[I] = conneccvolume_highest.position[l] + 

(conneccvolume_highesLdiameter/2.0 + directional_coolin&-distance + 
connecUube.diameter/2.0) 

connect_tube.orientation = 0.0; 
IF Configuration = U_tube TIffiN 
Front tube: 
connecuube.position[l] = connecC volume_highest.position[l]-

(connect_ volume_highesLdiameter/2.0 + directional_coolin&-distance + 
connecUube.diameter/2.0) 

connecUube.orientation = 0.0; 
Back tube: 
connecuube.position[l] = conneccvolume_highest.position[l] + 

(connect_volume_highesLdiameter/2.0 + directional_coolin&-distance + 
connecUube.diameter/2.0) 

connecUube.orientation = 0.0; 
Side tube: 
connecuube.position[O] = conneccsprue.position[O] + max_sprue_diameter/2.0 + 

directional_coolin&-distance + connecuube.diameter/2.0. 
connecUube.orientation = 3.1416/2.0; 
END_RULE; 
END_ENTITY; 

ENTITY Integer_core_coolin&-system 
ABSTRACT SUPERTYPE OF (ONE OF ( Integer_core_shallow _cooling, 
Integer_core_deep_cooling»; 
connecepartin&-Iine : Integer_core...partin&-line; 
connect_volume_lowest: Integeccavity _volume; (furthest from parting line) 
connecC wall_lowest: Wall; (mouldability equivalent of connect_volume_lowest) 
WHERE 
cavity_height: = connect...Parting.position - conneccvolume_lowesLposition[2]; 
core_depth: = cavity_height- conneccwall.thickness; 
RULE Type_oCcoolin&-system FOR ( Integer_core_coolin&-system); 
IF core_depth> 25.0 THEN 
Integer_core_deepsooling. 
IF core_depth <= 25.0 THEN 
Integer_core_shallow_cooling. 
END_RULE; 
END_ENTITY; 
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SUBTYPE OF (Integer_core_coolin&-system); 
ABS1RACI' SUPERTYPE OF (ONE OF ( Steppe<Ccircuit, Angle<CholeJystem, 
Baffle_system»; 
connecLblock: Integer_core_recLblock; 
connecLvolume_lowest : Integer_core_volume; (furthest from parting line) 
connectJ)arting : Integer_core...Jl311in&-line; . 
connecLstandard_tube : Standard_flow_way; 
connecLbaffle_tube: Baffle_flow_way; 
WHERE 
directional_coolin&-distance: = 16.0; 
core_minimum_dia = connecL volume_lowesLdiameter; 
min_baffle_tube_diameter: = 12.0; 
max_baffle_tube_diameter: = 16.0; 
min_space_between_baffles = 9.0; 
max_standard_tube_diameter= 10.0; 
number_oCbaffie_tubes: = « core_minimum_dia - (2.0*directional_coolin&-distance + 

baffle_tube_diameter»! (baffle_tube_diameter + 
min_space_between_baffies» + I; 

relative_coolin&-effect: = baffie_tube_diameter*3.1416*number_oCbaffle_tubes; 
ROLE Type_oCdeep_cooling FOR ( Integer_core_deep_coolin&-system); 
Choice of deep core cooling systems: 
1. Angled_hole_system - Cannot be used on 
deeper cores. Hard to manufacture due to 
angled holes (fixture required). Relatively 
small cooling capacity. Inadequate cooling 
of core base periphery. 
2. Stepped_circuiuystem - Holes drilled 
into cavity space through core, require 
plugging, finishing and pnlishing. 
Relatively small cooling capacity. 
3. Baffied_straighLhole_system - Straight 
holes into core, easy to manufacture. No 
holes into cavity. Much larger cooling 
capacity than the other systems. 
- Use baffied_strnight_hole_system. 
END_RULE; 
RULE Deep_core_maximum_coolin&-capacity FOR ( Integer_core_deep_coolin&-system); 
connect_standard_tube.diameter = max_standard_tube_diameter; 
IF relative_coolin&-effect 12.0 mm > 13.0mm TIIEN 
Advise optimum baffie tube diameter = 12.0 mm. 
IF relative_coolin&-effect 12.0 mm < 13.Omm THEN 
Advise optimum tube diameter = 13.Omm 
IF relative3ooling",effect 13.0 mm > 14.0mm TIIEN 
Advise optimum tube diameter = 14.0mm 
IF relative_cooling",effect 14.0 mm > IS.Omm TIIEN 
Advise optimum tube diameter = IS.Omm 
IF relative_coolin&-effect 15.0 mm > 16.Omm THEN 
Advise optimum tube diameter = 16.0mm 
END_RULE; 
RULE Deep_core_optimum_coolin&-formation FOR ( Integer_core_deep_coolinuystem); 
connecLbaffle_tube.pnsition[O) = (connecLvolume_lowestpnsition[O)-

connecLvolume_lowest.diameter!2.0) + 
directional_cooling",distance + 
connecLbaffle_tube.diameter!2.0. 

connecLbaffle_tube.pnsition[l) = connecL volume_lowestpnsition[l). 
connecLbaffle_tube.pnsition(2) = connecLblock.position + connecLblock.depth. 
connect_baffle_tube.length = connecLbaffle_tube.position(2)-

connecLvolume_lowestposition(2) -
directional_coolin&-distance. 

spacin&-between_tubes (in x direction) = connecLbaffie_tube.diameter + 
min_space_between_baffles. 

connecLstandard_tube.pnsition[O) = connecLvolume_lowest.pnstion[O)-
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connecCblock.length/2.0. 
conneccstandard_tube.position[l] = connecc volume_lowest.position[l]. 
conneccstandard_tube.position[2] = connectpaning.position + directionaCcoolin~distance + 

connecCstandard_tube.diameter/2.0. 

ENTITY Integer_core_shallow_cooling 
SUBTYPE OF (Integer_core_coolin~system); 
ABSTRACf SUPERTYPE OF (ONE OF ( Single_tube_configuration, Paioube_configuration, 
U_tube_configuration, Z_tubesonfiguration»; 
conneccvolume_highesc Integer_cavity_volume OR Integer_cavityJim; (on partin~line) 
connecCstandard_tube: Standard_flow_way; 
connect...Jlaning: IntegeCcore....Panin~line; 
connect_block: Integer_cavity+reccblock; 
WHERE 
directional_coolinJLdistance: = 16.0; 
min_bame_tube_diameter: = 7.0; 
max_bame_tube_diameter: = 10.0; 
cavity_width = connecc volume_highesldiameter + 2.0*connecUand. width; 
number_oCflow_ ways: = cavity_width/(coolinlLtube_diameter + 

directional_coolin~distance); 
relative_coolin~effecc = coolinlLtube_diameter*3.1416*number_oCflow _ways; 
RULE Shallow_core_maximum_coolinlLcapacity FOR (Integeccore_shallowsooling); 
IF relative_coolin~effect 7.0 mm > 8.0mm THEN 
Advise optimum tube diameter = 7.Omm. 
IF relative_coolin~effect 7.0 mm < 8.0mm THEN 
Advise optimum tube diameter = 8.Omm 
IF relative_coolin~effect 8.0 mm > 9.0mm THEN 
Advise optimum tube diameter = 9.0mm 
IFrelative_coolin~effect 9.0 mm > 10.Omm THEN 
Advise optimum tube diameter = 10.Omm 
END_RULE; 
RULE Shallow_core_coolinlLsystem_configuration FOR (Integeccore_shallow_cooling); 
IF number of tubes across core = 2.0 THEN 
Choice of system configuration: 
1. Paired_tube_configuration 
2. U_tube_configuration 
IF connect...gate.type = Pin...gate OR Fan...gate OR Sub_surface...gate OR 
Overlap...gate OR Rectangular_edge...gate OR Tab...gate OR Film...gate THEN 

IF number of gates = 1 THEN 
Advise use of U tube configuration. 
Bottom of 'U' cooling gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF number of gates> 1 THEN 
Advise use paired tube configuration. 
U_tube provides uneven cooling of mould­
Possible differential thickness over moulding, 
differential shrinkage causing warpage. 

IF connect...gate.type = Rinuate THEN 
Advise use of U tube configuration. 
Bottom of 'u' cooling gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF connect...gate.type == Diaphragm...gate OR Sprue...gate THEN 
Advise use of paired tube configuration. 
U _tube provides uneven cooling of mould­
Possible differential thickness over moulding, 
differential shrinkage causing warpage. 

IF number of tubes across core = 3.0 THEN 
Choice of system configuration: 
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1. Z_tube_configuration 
2. Single_tube_configuration 
IF connect-&ate.type = Pin-&ate OR Fan-&ate OR Sub_surface-&ate OR 
Overlap-&ate OR Rectangular_edge-&ate OR Tab-&ate OR Film-&ate THEN 
IF number of gates = 1 THEN 
Advise use of Z tube configuration. 
Cooler water entering gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF number of gates> I THEN 
Using Z tube configuration 'cooler' water entering 
the mould at the gated end provides uneven 
cooling of the moulding. Possible differential 
thickness over moulding, differential shrinkage 
causing warpage. 
Recommendation - Use single tube configuration. 

IF connect-&ate.type = Ring.gate THEN 
Advise use of Z tube configuration. 
Cooler water entering gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF connect-&ate.type = Diaphragm-&ate OR Sprue-&ate THEN 
Using Z tube configuration 'cooler' water entering 
the mould at the gated end provides uneven 
cooling of the moulding. Possible differential 
thickness over moulding, differential shrinkage 
causing warpage. 
Recommendation - Use single tube configuration. 

IF number of tubes across core = 4.0 THEN 
Choice of system configuration: 
1. Balaneed U_tube_configuration 
2. Balaneed Paired_tube~configuration 
IF connect-&ate.type = Pin-&ate OR Fan-&ate OR Sub_surface-&ate OR 
Overlap-&ate OR Rectangular_edge-&ate OR Tab-&ate OR Film-&ate THEN 
IF number of gates = 1 THEN 
Advise use of balaneed U tube configuration. 
Bottom of 'U' cooling gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF number of gates > I THEN 
Advise use of paired tube configuration. 
Balaneed U_tube provides uneven cooling of the mould­
Possible differential thickness over moulding, 
differential shrinkage causing warpage. 

IF connect-&ate.type == Ring.gate THEN 
Advise use of balanced U tube configuration. 
Bottom of ·u· cooling gated side provides 
more even mould cooling and can reduce 
cycle time. 
IF connect-&ate.type = Diaphragm-&ate OR Sprue-&ate THEN 
Advise use of paired tube configuration. 
Balanced U _tube provides uneven cooling of the mould -
Possible differential thickness over moulding, 
differential shrinkage causing warpage. 

END_RULE; 
RULE Shallow_core_optimum_cooling..formation FOR (Integer_core_shallow_cooling); 
Spacin&.-between_tubes = directional_coolin&.-distance + connect_standard_tube.diameter. 
IF system configuration == Single_tube OR Paired_tube THEN 
x position: 
connecCStandard_tube.position[O) = conneccvolume_highestposition[O)­

conneccblock.1ength/2.0. 
IF number of tubes across core = 2.0 THEN 
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y position fronl tube: 
connecl_standanUube.position[l) = conneccvolwne_higheslposition[l)­

directional_coolinlLdistance/2.0 -
connecCstandard_lube.diameterfl.O. 

IF number of lubes across core = 3.0 TIffiN 
Y position fronllube: 
conneccstandard_tube.position[I) = conneccvolwne_higheslposition[l)­

directional_coolinlLdistance -
connecCstandard_tube.diameter. 

IF number of lubes across core = 4.0 TIffiN 
Y position fronl tube: 
conneccstandard_tube.position[I) = connecl_ volwne_higheslposition[l)-

1.S*directional_coolinlLdistance -
1.S*conneccstandard_tube.diameter. 

zposition: 
conneccstandard_lube.position[2) = connect-1JlUling.position + directional_coolinlLdistance + 

conneccstandard_tube.diameter/2.0. 
conneccstandard_lube.orientation = 0.0; 
IF system configuration == U_lube THEN 
Parallel tubes: 
x position: 
conneccstandard_lube.position[O) = conneccvolwne_highest.position[O)-

conneccblock.length/2.0. 
IF number of lubes across core == 2.0 TIffiN 
Y position fronl tube: 
conneccstandard_tube.position[l) = connecc volwne_highestposition[I) -

directional_coo1inlLdistance/2.0 -
connecCstandard_tube.diameterfl.O. 

IF number of lubes across core == 4.0 THEN 
Y position front tube: 
connecCStandard_tube. position[I) = connecC volwne_highestposition[l)-

1.5*directional_coo1inlLdistance -
1.5*conneccstandard_tube.diameter. 

z position: 
conneccstandard_tube.position[2] = connect-parting.position - directionaCcoolinlLdistance + 

connecCStandard_tube.diameter/2.0. 
conneccstandard_tube.orientation = 0.0. 
Perpendicular_tubes: 
x position: 
conneccstandard_lube.position[O) = conneccvo1ume_highest.position[O) + 

conneccvolume_highestdiameter/2.0 + 
directional_coolinlLdistance. 

y position: 
conneccstandard_tube.position[l) = conneccvolume_highest.position[l) + 

connecCblock. width/2.0. 
z position: 
conneccstandard_tube.position[2) = connect-parting.position + directional_COOlinlLdistance + 

conneccstandard_tube.diameter/2.0. 
orientation perpendicular tube: 
conneccstandard_lube.orientation = 3.1416/2.0. 
IF system configuration = Z_tube THEN 
Parallel tubes: 
x position: 
conneccstandard_lube.posilion[O] = conneccvo1wne_highest.position[O)­

connecCblock.lengthf2.0. 
y position front tube: 
conneccstandard_tube.posilion[l) = connecc volume_highest.position[ 1)­

connect_ volume_highestdiameter/2.0 -
directionaCcoolinlLdistance -
conneccstandard_lube.diameter/2.0. 

z position: 
conneccstandard_tube.position[2) = connecl-parting.position + directional_coolinlLdistance + 
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conneccstandanUube.diamerer{1..0. 
conneccstandard_tube.orientation = 0.0; 
conneccstandard_tube.Iength = connecCblock . .Iengtbfl.O + 

conneccvolume_highest.diarnerer{1..0 + 
directionaCcoolin/Ldistance + 
conneccstandanUube.diarneter. 

Perpendicular tubes: 
x position: 
connect_standard_tube.position[O] = connecc volume_highest.position[O]­

directionaCcoolin/Ldistance -
connecCstandard_tube.diarnerefl.O. 

y position: 
connecCStandard_tube.position[l] = connecc volume_highest.position[l]­

connecCblock. widtbfl.O. 
z position: 
connecCStandard_tube.position[2] = connect"parting.position - directionaCcoolin/Ldistance + 

connecCstandard_lUbe.diamerer{1..0. 
orientation parallel tubes: 
connecCstandard_tube.orientation = 0.0. 
orientation perpendicular tubes: 
connecCstandard_lUbe.orientation = 3.1416{1..0. 
END_RULE; 
END_ENTITY; 

ENTITY Standard_flow_way 
cav_core_narne :STRING; 
configuration: STRING; 
position: POINT3D; 
diameter: dimension; 
length: dimension; 
orientation: dimension; 
connect_cooling: OR Inregersore_shallowsooling OR 

Integer_core_deep_cooling; 
connecCblock_core: Inreger_core_reccblock; 
connecCblock_cavity : Inregeccavity _reccblock; 
connecc volume_highest: Integeccavity_ volume OR Inreger_cavity_rim; (on partinJL.line) 
conneccgate: Sprue...!late OR Diaphragm...!late OR Ring...gate OR Pin...!late OR Fan...!late OR 

Sub_surface...!late OR OverIap...!late OR Rectangular_edge...sate OR Tab...!late; 
connecCsprue : Mainjeedin/Lsprue; 
WHERE 
sprue"pulle<-!ength: = 5.0; 
max_sprue_diarneter: = 10.0; 
directionaCcoolin/Ldistance: = 16.0; 
RULE Standard_flow_waY..POsition FOR (Standard_flow_way, in a cooling system); 
IF connecCcooling = Integersavity soolin/Lsystem THEN 
IF orientation == 0.0 THEN 
Take Y and z position from connecccooling. 
position[O] = connecC volume_highestposition[O]- connecCblocksavity.Iength/2.0. 
IF orientation != 0.0 THEN 
Take x and z position from connecccooling. 
position[l] = conneccvolume_highestposition[l]-connecCblock_cavity.widtbfl.O. 

IF connecccooling = Integer_core_deep_cooling THEN 
Thke position from connecccooling. 
IF connect...!l8te.type = Fan...!lare OR Sub_surface...!late OR OverIap...!late OR 

Rectangular_edge...!late OR Thb...sare THEN 
position[2] = position[2] + sprue"pullecIength. 
connect_block_core.depth = connect_block.depth + sprue..pulleUength. 

IF connecCcooling = Integer_core_shallow_cooling THEN 
IF Single_tube OR Paired_tube THEN 
Take position from connecccooling. 

IF number of tubes == 3 THEN 
IF connect...!late.type = Fan...!lare OR Sub_surface...sate OR OverIap...!late OR 
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Rectangular_edge...gate OR Tab...gate THEN 
position[2] = position[2] + sprue-puller_length. 
connecCblock_core.depth = connect_block.depth + sprue-pulleOength. 

IF U_tube TIIEN 
IF number of tubes = 2.0 THEN 
Take position from connect_cooling. 
IF number of tubes = 4.0 TIIEN 
IF first tube TIIEN 
Take position from connecccooling. 
IF second tube THEN 
Take position from connecLcooling. 
position[l] = - position[l]. 

IF Z_tube THEN 
IF first parallel tube THEN 
Thke position from connecccooling. 
IF second parallel tube THEN 
Take position from connecccooling. 
position[O] = - position[O]. 
position[l] = - position[1]. 
IF first perpendicular tube THEN 
Take position from connect_cooling. 
IF second perpendicular tube THEN 
Take position from connectsooling. 
position[O] = - position[O). 
position[l] = position[l) + directional_coolinlLdistance + diameter. 
IF third perpendicular tube TIIEN 
Take position from connecccooling. 
position[O] = - position[O]. 
position[1] = position[1] + 2.O*directional_coolinlLdistance + 2.0*diameter. 

END_RULE; 
RULE Standard_flow _way _orientation FOR (Standard_flow _way, in a cooling system); 
IF connect_COOling = IntegeCC8vity300linlLsystem TIIEN 
Take orientation from connecccoo1ing. 
IF connecLcooling = Integer_core_deep_cooling TIIEN 
orientation = 0.0. 
IF connecLcooling = Integer_core_shallow_cooling THEN 
IF system configuration = Single_tube OR Paired_tube THEN 
Thke orientation from connecLcooling. 
IF system configuration = U_tube THEN 
Take orientation from connecLcooling. 
IF second perpendicular tube THEN 
orientation = orientation + 3.1416. 

IF system configuration = Z_tube THEN 
Take orientation from connecLcooling. 

IF second parallel tube THEN 
orientation = orientation + 3.1416. 
IF second perpendicular tube OR third perpendicular tubeTHEN 
orientation = orientation + 3.1416. 

END_RULE; 
RULE Standard_flow_way_diameter FOR (Standard_flow_way, in a cooling system); 
Thke diameter from connecLcooling. 
END_RULE; 
RULE Standard_flow_way_length FOR (Standard_flow_way, in a cooling system); 
IF connecLcooling = Integer_C8vity_coolinlLsystem TIIEN 
IF orientation == 0.0 THEN 
IF Paired_tube TIIEN 
length = connecLblocksavity.length. 
IF U_tube THEN 
IF connect...gate.type = Fan...gate OR SUb_surface...gate OR Overlap...gate OR 

Rectangular_edge...gate OR Tab...gate THEN 
length = connecLblock_C8vity.length!2.0 + (connect_sprue.position[O]­

connecLvolume_highest.position[O)) + max_sprue_diameter!2.0 + 
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directional_coolinlLdistance + diameter. 
IF connect-J;ate.type = Pin-J;ate OR Ring..gate OR Diaphragm-J;ate THEN 
length = connecCblock3avity.lengthl2.0 + conneccvolume_highest.diameter/2.0 + 

directional_coolinlLdistance + diameter. 
IF orientation 1= 0.0 TIffiN 
length = connecCblock_cavity.width/2.0 + connecc volume..:.highesLdiameter/2.0 + 
directional_coolinlLdistance + diameter. . 

IF connecccooling = Integer_core_deep_cooling TIffiN 
length = connecCblock_C3vity.length. 
IF connecccooling = Integer_core_shallow_cooling THEN 
IF Single_wbe OR Paired_tube THEN 
length = connect_block_cavity.length. 
IF U_wbe TIffiN 
IF orientation = 0.0 TIffiN 
IF, connect-J;ate.type == Fan-J;3te OR Sub_surface-J;ate OR Overlap-J;3te OR 

Rectangular_edge-J;ate OR Tab-J;ate THEN 
length = connecCblock_C3vity.lengthl2.0 + (conneccsprue.position[O]­

connecc volume_highest.position[Oj) + max_sprue_diameter/2.0 + 
directiona,-coolinlLdistance + diameter. 

IF connect-J;ate.type == Pin-J;ate OR Ring..gate OR Diaphragm-J;ate THEN 
length = connecCblock_C3vity.lengthl2.0 + connecc volume_highest.diameter/2.0 + 

directional_coolinlLdistance + diameter. 
IF orientation != 0.0 TIffiN 
IF number of tubes = 2.0 TIffiN 
length = connecCblock_C3vity.width/2.0 + connecc volume_highest.diameter/2.0 + 
directional_coolinlLdistance + diameter. 
IF number of tubes = 4.0 TIffiN 
length = connect_block_C3vity. width/2.0 - directionaI300linlLdistance/2.0. 

IF Z_tube TIffiN 
IF orientation = 0.0 OR 3.1416 THEN 
length = connecCblock_C3vity.length/2.0 
IF orientation != 0.0 OR 3.1416 THEN 
length = connect_block_C3vity.width/2.0 + connecc volume_highest.diameter/2.0 + 
directional_coolinlLdistance + diameter. 

END.JWLE; 
END_ENTITY; 

ENTITY Baffie_flow _way 
C3v_co!C_name: STRING; 
configuration: STRING; 
position: P01NT3D; 
diameter: dimension; 
length: dimension; 
connecccooling: Integer_co!C_deep_cooling; 
connecUand : Integer_co!C_reccland OR Integer_core_circland. 
RULE Baffie_flow_waY-POsition FOR (Baffie_flow_way, in a cooling system); 
Thke position from connect_cooling. 
position[O] = position[O] + connect_land.depth. 
END_RULE; 
RULE Baffie_flow_way_orientation FOR (Baffle_flow_way, in a cooling system); 
orientation = 0.0, 0.0, -1.0. 
END_RULE; 
RULE Baffie_flow_way_length FOR (Baffie_flow_way, in a cooling system); 
Thke length from connecccooling. 
END_RULE; 
RULE Baffie_flow_way_diameter FOR (Baffle_flow_way, in a cooling system); 
Thke diameter from connecccooling. 
END~ULE; 
END_ENTITY; 

ENTITY Baffie_blade 
C3v_co!C_name: STRING; 
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configuration: STRING; 
position: POINT3D; 
width: dimension; 
length: dimension; 
thickness: dimension; 
conneccflow_way: Baffle_flow_way; 
RULE Baffle_blade-POsition FOR (Baffle_blade. in a cooling system); 
position = conneccflow _ way. position. 
END_RULE; 
RULE Baffle_blade_orientation FOR (Baffle_blade. in a cooling system); 
orientation = downwards. 
END_RULE; 
RULE Baffle_bladOength FOR (Baffle_blade. in a cooling system); 
length = conneccflow _ way.1ength - connect_flow _ way.diameter. 
END_RULE; 
RULE Baffle_blade_width FOR (Baffle_blade. in a cooling system); 
width = conneccflow_way.diameter- baffle_blade_clearance. 
END_RULE; 
RULE Baffle_blade_thickness FOR (Baffle_blade, in a cooling system); 
thickness = 2.0. 
END_RULE; 
END_ENTITY; 

A4/45 



Appendix 5. 

Booch representation of Product Range Model 

AS/! 



Project: 
Title: 
Printed on: 
Printed 

... 
Clalll Diagram: FP _functionaJ_raqu1remanl. 
Tuesday. AugUSll!, 1995 on·. 

;/.-.. _.- .-.... 
Sectlon_destack..horiU;ntal 

-: .---.; ..... , 

--.-

,:,,--- "'-'---" 

S~on..destack.. verti~a1 
" , , , 
~----.-----" 

A5/2 



Project 
litis: 
Prinl&don: 

"""led 

Project: 
Title: 

... 
Cia .. Diagram: Orailaoe 
Wednesday, AugUlt30, 1995 

"" 

... 
Clan Diagram: Oreiange_clearanoe 

--------------

Prinl&don: Wednesday. Aug1JSt 30, 1995 

~p:!!ri"o!""~L---'''''!!!<>-L--------------~--~~-.----.---.-,-. 

AS/3 

- I 

-j 
I 



="",,,,,;:;:-, -----= ... ----------------
TltIe: Cia •• Diagram: FP JunctiorulUwq.llnHnantl_form 
PrIn~on: Tuetday, AugUlt 15. 1995 

""".dlw, on"" 

Project: fOrI 

TItle: Cia .. Diagram: PTPluIJll'OClucLrange 
Prlnled on: MondaY. January 22, 1_ 
Prfnted by: enrivl 

l 

A5/4 



,."..,-------------------- --------- -----
Project; 
TltIo, 
Prlnllltdon: 

"""""lw, 

... 
Cia .. Diagram: PTJunctionaLNqUi'em8flaa :u:-y' August 15,1995 

.' ,~- -~~. ~ ~,~ -~ 

" : PT _Plus_functional_requirements 

,---",,--, ~is_a ' .' is_a_____. , __ .... ,--, .. ---\ .. ---', --;?;'~ .' ---~:~ 
. . . 

(_.Locatejn_lid :" ', .. CoverJid_edge( 
"', : .~ : 

Project: 
Title: 
Printed on: 
Prln!ed : 

is_a 

, '. is_1 ,,-. 
," " .' " ' .. J..ocate_on..Jar: ·'.Break_in_torsion 

-', ) -', : 
~--... ,---- ~--- ... ---., 

'00 

,.._--.'- '''-'''' . , . . 
( .. HoldjnJid :' 

" : t .. _ ..... ·---· .. 

Class Diagram: loeateJnJid 
Thursday. AugUSI!1, 1995 

~-. 

/'-'" "--' .... _, . , 

(. Hold_onjar (' 
" ' , . 
~-"",,""----' 

AS/5 
. ... -----1 



Plt'ject: 

Title: 
Print&cl on: 
Printed b : 

... 
CIa .. Diagl'llm: Break..~1orI1on 
FrIdIly, September 1, 1995 

""'"' 

... 
Class Oiagram: Locvte_OI'1jar 
Thursday, August 31, 1995 

"" -. ----_ .. _----_ .. _- -------_ .. _-

AS/6 



Project 

TrtIe: 

--=------------------
"'" 

Prinl&don: 
Printed 

Clall Diagram: HoIcIJ'Uid 
Thunday.AugUI131.1995 

on -" 

Pro)ect: ron 
TIIIe: Class Diagram: Holctonjar 
Printedon: Thursday. Augult31. 1995 

~Prln'"-"""="-_~_. 

AS/7 



--Project ron 
Title: Cia •• Diagram: Prewnt..rotllllon 
Prin"<lon: Sundey,Sep.mber3,189$ 

"""Iod ." on'" 

Project: fOIl 

Title: Class Diagram: CoWH'JicCedge 
Printed on: Sunday, September 3, 1995 

Printed hv: enrivl 

AS/8 



Project: ron 
rlllt: CIa •• DiagTllm: PT_lunetIonaUequlrementl_1orm 
Prin1edon: Tuesday,AugUlI15,1i95 
Printed en 

Project: 
rrtle: 
Printed on: 
"",,"" 

... 
Clan Diagram: Fonn_featunls 
Tuesday. Augusl15, 1995 
en' 

A5/9 

,.--. #"--'-'-, , , 
.:: _ SpacedJibs ( 

.... : 
~.-.,,-'---.' 

,.# -~-' '---. , , 

(~paced_bo5ses (' 

t ___ -,,,·---) 

--~ 



Project: 
TlIIe, 
Printed on: 
Prin", 

Project: 
TlIIe, 
PrinI8d on: 
Prinled bY' 

"'" 
Class Dilgram: ProclIct...r'an_modeI 
SUnday ..... rwary 21,1096 
~ 

"'" Class Diagram: FunctionaUequlrements 
SUnday.JIlI'IU8fY 21. 1096 
en", 

.. ~ .......... . 
Specifi~ClIIJ'IIIII--:._dou 

.i. ........ ) 

AS/IO 



Project: 
Title: 
Prinl8don: 

""led 

P"'ieot 
l1!Ie: 
PrInted on: 

"".., 

"" CIa .. Dlagl1lm: FunctionlCconltraln1 
Sunday, January 21, 1096 .. 

"" Cia .. Dlagl1lm: FornUunctlon_relatlonl_data 
SUnday, January 21, 1996 
", .. 

./'~ --~~ '---\ 

Y oghurt..Pot_ronn_runctiori~re1ations 
" ' , ' 

I ~.-_.' '_.--

A5/11 



Pn>'" 
Title: 
Prinled on: 
Plinled : 

Proj9c1: 
Thle, 
Prinl9don: 
Printed tw: 

IOn 

CIa .. Diagram: Initiatpraduet,...dafinillon_data 
Sunday, JatMlary 21, lQQ6 
en" 

,'~--"~"--'''-'' , , 
Initi.{p,odu",-definition_data 

\_-'~:~~F/. 
Yoghurt-POC~itial_producCd:finitjon_data 

", ~I , ' 
is_a ~ __ .. " .. --- .. ' 

has 

has 

IOn 

Class Diagram: Yoghurt...Pol.9roduct,range 
Monday, January 22, 1~ 

en" 

~ "--"/""": 

~ ___ • ,_', FlOWer_pot~ini~aJ..prodUC'-difutitiOn...data 
.' .. .. ...... , : .... -.... _" 

PTPlus_ini~acproducLdetiit'ition..data '_ .... " 

-.. : 
~-----"----' 

A5/12 



- "'" ~ Title: Cia .. Diagram: yP _functionlLrequlrements 
Prinled on: Tueaday, August 15, 1995 
~~~'~.~d~~' ____ -,~~"-________________________________________________________________________________________ , .. 

Project: 
Title: 
Prinlllld on: 
Printed : 

ron 
Clan Diagram: Enclose_horizontal 
Wemeaday, Augusl30, 1995 

eo '. 

A5/13 

\ 
j 
. . 

(.rnserCdestack ( 

~1~ ___ ------) 

/ __ I,U 
Enclose_horizontaLdiamelU 

': .--.) '-_.--

, 
I 

, .. , ...... ' '- .. .. ~~ 
Sectlon_deslack.)lOrizontal , . 

t ....... ·--··,' 

._---, 



I 
I 

PrInted on. 
PrInted "V: 

Project 
Tl1Ie, 
Printed on: . "'" .. 

e',,'" 

-~ -
:;: •• Diagram: Provide_MaI_.urtaoa 
W~.August30. 1995 .... 

....- ... , ....... : 

/1\ 
~-/L ~/. 

.. ...... .... .' . """"'". 
-"'s::; ~~. 7/\ 

IS_; / ~_a 

.-/,/ / \., 
(~_II.J'O.'OO:· ,..-.... ". .... ( ""'<>&._ :' 

'l............ ..L~O<!::.-joo ."\ ........ ) 
, .... 

AS/14 

I 
I 

.. - . ...j 

.---1 



Project: ran 

TItle: Cia .. Diagram: 1n~d&ltack 
Printed on: Wed'tesday,AugUSI30,1995 
~Prin~""~L_--"'~';'·"L _________________ ..... ______________ _ 

... 
Cia .. Diagram: SecciofLdllttllCtLhorlzontal 
Friday, September 1, 1995 

on"'" 

AS/IS 

I 
._-j 



Project: ton 

Title: Class Diagram: Section..clestack..vertica/ 
Prinled on: Wednesday, AugUlI30, 1995 
Printed: en 

~------------------------------------Project: !'On 

Title: Class Diagram: YP Junctionatrequlraments_lorm 
Prlnledon: Tuesda),. AugUlt 15. 1995 

''''" •• by, .," .. 

AS/16 



Appendix 6. 

EXPRESS representation of the Product Range Model. 

A6/1 



SCHEMA Produccmodel 

TYPE dimension = REAL; 
WHERE 
non_negative: SELF >= 0.0; 
END_TYPE; 

TYPE integer = INI'EGER; 
WHERE 
non-negative: SELF >= 0; 
END_TYPE; 

//PRODUCf RANGE DESIGN MODEL. 

ENfITY Product..range_design_model 
has_ranges: Produccranges; 
END_ENTITY; 

ENfITY ProducUanges 
ABSTRACf SUPERTYPE OF ( ONE OF( PTPlus, F1ower-POts, Yoghurt-POts»; 
has_IPD : Initial,.produccdefinition_data; 
has_requirements: FunctionaCrequirements; 
has_relations: Form3unction_relations_data; 
ENDJ*ITI'Y; 

ENfITY Yoghurt-POts 
SUBTYPE OF (Produccranges); 
ENDJ;NTITY; 

ENfITY F1ower-pots 
SUBTYPE OF (Produccranges); 
ENDJ;NTITY; 

ENfITY PTPlus 
SUBTYPE OF (Produccranges); 
ENDJ;NTITY; 

ENTITY Functional_requirements_data 
ABSTRACf SUPERTYPE OF (ONE OF ( Yoghurt-POt3unctional_requirements, 
F1ower-POt3unctional_requirements, PTPlus_functional_requirements, 
InitiaCproducCdefinition3unctional_requirements»; 
has_constraints: FunctionaCconstraints; 
has_adjacent: Adjacency_data; 
has_require: Requirements_data; 
END_ENTITY; 

ENfITY Yoghurt-POcfunctional_requirements_data 
ABSTRACf SUPERTYPE OF (ONE OF (Enclose_horizontal, Enclose_below, 
Provide_seal_surface, Section_destack_horizontal, Section_destack_vertical, Insert_destack»; 
SUBTYPE OF (Functional_requirements_data); 
ENDy:NTITY; 

ENfITY Enclose_horizontal 
SUBTYPE OF (yoghurt-POUunctionalJequirements_data, F1ower-POt_functional_requirements_data 
InitiaCproduccdefinition3unctional_requirements); 
adjacentJeature_ty)le: STRING; 
volume: dimension; 
diameter: dimension; 
conneccwall: Side_wall; 
conneccadLwall: Base_wall; 
connecctaper_on_wall: Thper; 
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WHERE 
smaICangle_radians: = (connecuaper_on_walI.angle!360)*2.0*3.1416; 
remaininILangle : = 90 - connecuaper_on_ wall.angle; 
larger_angle_radians: = (remaininILangle!360)*2.0*3.1416; 
taper_allowance: = (connect_wall.height*SINE(small_angle_radians»/ 

SINE(large_angle_radians); 
taper_effeccvolume: = (taper_allowance*conneccwall.height/2.0)*3.1416* 

conneccwalI.inner_dia; 
volume_assessment: = (3.1416*SQ(connect_wall.inner_dia/2.0)*conneccwaIl.height) + 

taper_effeccvolume; 
recommended_height: = volume/(3.1416*SQ(conneccwall.innecdia/2.0) + 

SINE(smalCangle_radians)/SINE(large_angle_radians»; 
recommended_diameter: = 2.0*SQRT«volume-ronneccwaIl.height* 

SINE(smalCangle,.Jadians)/SINE(large_angle_radians»/ 
3.1416*connecc wall.height); 

RULE Enclose_horizontal_requirements_data FOR (Enclose_horizontal); 
Require enclosed volume (mm3) = volume. 
Require enclosed diameter (mm) = diameter. 
END.-R,ULE; 
RULE Enclose_horizontal_adjacency_data FOR (Enclose_horizontal): 
adjacentjeature_type == Base_waIl. 
END.-R,ULE; 
RULE Enclose_horizontal_diameter FOR (Enclose_horizontal); 
IF conneccwaIl.inner_dia < diameter THEN 
Diameter less than specified for Enclose horizontal 
function. Enclose horizontal function not achieved. 
Advise increase connect_waIl.inner_dia to diameter. 
IF connecC waIl.inner_dia > diameter THEN 
Diameter greater than specified for Enclose horizontal 
function. Enclose horizontal function not achieved. 
Advise decrease connecc walI.inner_dia to diameter. 
END.-R,ULE; 
RULE Enclose_horizontal_ volume FOR (Enclose_horizontal); 
IF volume_assessment < volume THEN 
Volume enclosed less than specified. Enclose 
horizontal function not achieved. Advise increase 
conneccwaIl.height to recommended_height or 
increase connecCwaIl.inner_dia to 
recommended_diameter. 
IF volume_assessment> volume THEN 
Volume enclosed greater than specified. Enclose 
horizontal function not achieved. Advise decrease 
connecc walI.height to recommended_height or 
decrease connecc walI.inner_dia to 
recommended_diameter. 
END.-R,ULE; 
ENDJlNTITY; 

ENTITY Enclose_below 
SUBTYPE OF (Yoghurt-POCfunctionalJequirements_data, Flower-POcfunctional_requirements_data, 
Initial..,producCdefinitionjunctional_requirements); 
adjacentjeature_type : STRING; 
diameter: dimension; 
conneccwalI: Base_wall; 
conneccadLwall: Side_wall; 
connecCtapecon_wall: Taper; 
connect_horiz : Enclose_horizontal; 
RULE Enclose_below_requirements_data FOR (Enclose_below); 
Require enclosed diameter (mm) = diameter. 
IF diameter < connecchoriz.diameter THEN 
Diameter specification smaller than for adjacent 
'Enclose_horizontal' function. Ifform matches 
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specification, enclosure not achieved, product 
functionality lost. Advise increase diameter 
specification to a minimum of connect_horiz. 
diameter. 
END_RULE; 
RULE Enclose_below_adjacency_data FOR (Enclose_below): 
adjacentjeature_type = Side_wall. 
END_RULE; 
RULE Enclose_below.JlOsition FOR (Enclose_below); 
IF (conneccwall.position[2] + conneccwall.height) < conneccadLwall.position[2] THEN 
Top of base wall not in contact with horizontal enclosure 
wall. Product functionality lost. Advise relocate 
conneccwall.positon[2] to (connecCadLwall.position[2]-
connecc wall.height). 
IF (conneccwall.position[2] + conneccwall.height) > connecCadLwall.position[2] THEN 
Top of base wall higher than base of horizontal enclosure 
wall Base wall encroaching on 'Enclose_horizontal' function­
Loss of functionality. Advise relocate connecc wall.positon[2] 
to (conneccadLwall.position[2]- conneccwall.height). 
END_RULE; 
RULE Enclose_below_diameter FOR (Enclose_below); 
IF connect_ wall.diameter < diameter TIffiN 
Diameter less than specified for Enclose below 
function. Enclosure not achieved, product functionality 
lost. Advise increase connecc wall.diameter to 3 
minimum of diameter. 
END_RULE; 
RULE Enclose_below_horizontaCrelation FOR (Enclose_below) 
IF conneccwall.diameter > (conneccadLwall.inner_dia + 2.0*connect_adLwall.thickness) 
THEN 
Unnecessary material and weight in the product­
Significant extra cost over a production run. 
Unnecessary aesthetic feature. Advise decrease 
conneccwall.diameter to conneccadLwall.inner_dia 
+ 2.0*connect_adL wall.thickness. 
IF connecc wall.diameter < (connect_adLwall.inner_dia + 2.0*conneccadLwall.thickness) 
THEN 
Drastically reduced section thickness leading to 
excessive structural weakness. Advise increase 
conneccwall.diameter to connecC3dLwall.inner_dia + 
2.O*conneccadLwall.thickness 
END_RULE; 
END_ENTITY; 

ENTITY Provide_seal_surface 
SUBTYPE OF (yoghurt.JlOCfunctional_requirementvlata); 
adjacenUeature_type: STRING; 
min_surface_area: dimension; 
additionaCfunction : STRING; 
additional_spec: dimension; 
connecCwall : Flange; 
conneccsdLwall: Side_wall; 
connecctaper_on_ wall: Taper; 
connect_taper_on_sdjacenc wall: Taper; 
connecc vert: Section_destack_ vertical; 
connecchoriz : Section_destack_horizontal; 
WHERE 
smalCangle_sdjacentJads : = (connecCtaper _on_sdjacenc wall.angle/360)*2.0*3.1416; 
remaining"angle_adjacent: = 90 - connecCtapecon_adjacenc wall.angle; 
largecangle_adjacent_rads: = (remaining"angle_adjacent/360)*2.0*3.l416; 
taper_allowance_adjacent: = «connect_wall.position[2]- conneccwall_adjacent.position[2])* 

SINE(small_angle_adjacencrads»/ 
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SINE(large_angle_adjacenuads); 
taper_allowance_adjacena: =«connect_adLwall.height*SINE(smalCangle_adjacenUads»! 

SINE(large_angle_adjacenuads); 
min_ width_spec: =«connect_ verLheighUlifference*SINE(small_angle_adjacenuads»! 

SJNE(large_angle_adjacenuads); 
smalCangle_rads: = (connect_taper_on_wall.angle/360)*2.0*3.1416; 
remainin&-angle : = 90 - connecCtaper_on_ wall.angle; 
largecangle: = (remainin&-angle/360)*20*3.1416; 
taper_allowance: = (conneccwalI.height*SINE(smaICangle_radians»! 

SJNE(large_angle_radians); 
IF (taper_allowance = 0.0) AND (taper_allowance_adjacent I=- 0.0) THEN 
taper_allowance_difference: = «connect_walCadjacenlposition[2) + 

conneccwall_adjacenlheight- connect_wall.position[2D* 
SINE(smalCangle_adjacenCrads»! 
SINE(large_angle_adjacenCrads); 

IF (taper_allowance 1= 0.0) OR (tapecallowance_adjacent = 0.0) THEN 
taper_allowance_difference: = 0.0; 
sealin&-area: = «3.1416*SQ(conneccwaU.innecdia/2.0 + conneccwall.thickness + 

taper_allowance» - (3.1416*SQ(connecCadLwalI.inner_dial2.0 + 
connect_adLwall.thickness + taper_allowance_adjacena»); 

min_seal_area: = min_surface_area - (3.1416*SQ(conneccadj_wall.inner_dial2.0 + 
conneccadLwall.thickness + tapecallowance_adjacena»); 

min_outer_dia : = SQRT(min_seal_area/PI)*2.0; 
RULE Provide_seaUurface_requirements_data FOR (Provide_seal_surface); 
Require minimum sealing surface area (mm2) == min_surface_area. 
'Provide_seal_surface' and 'Section_destack_horizontal' functions can 
be performed using the same form. 
IF Use same form for 'Section_destack_horiwntaI' THEN 
'Section_destack_ vertical' function - must also be applied. 
'lnserCdestack' function - no longer required. 
additionaljunction = Section_destack_horizontaI. 
Require step width specification (mm) = additional_spec. 
Advise min step width specification = min_width_spec. 
IF Do not use same form for 'Section_destack_horizontal' THEN 
Using 'InserCdestack' function: 
'Section_destack_horizontal' function - no longer required. 
'Section_destack_vertical' function - no longer required. 
additionaljunction = 'none'. 
END_RULE; 
RULE Provide_seaUurface_adjacency_data FOR (Provide_seal_surface): 
adjacentjeature_type = Side_wall. 
END_RULE; 
RULE Sealin&-JlOsition FOR (Provide_seal_surface); 
IF (connecC wall.position[2) + conneccwalLheighl) < (conneccadL walI.position[2) 
+ conneccadLwall.height) THEN 
Top of flange is below top surface of horiwntaI 
enclosure wall. Drastic reduction in area available 
for sealing. Flange area superf1uous, sealing reliant 
on top surface of horizontal enclosure wall. Advise 
relocate flange to be flush with top of horiwntal 
enclosure wall, ie conneccwalI.position[2) = 
conneccadL wall.position[2) + connecc walLheight 
- connecC wall.height. 
IF (connect_walI.position[2) + connect_wall.height) > (connect_adLwaU.position[2) 
+ conneccadL wall.height) THEN 
Top of flange is above top surface of horizontal 
enclosure wall. Drastic reduction in section thickness 
leading to severe structural weakness. Drastic reduction 
in area available for sealing. Advise 
relocate flange to be flush with top of horiwntal 
enclosure waU, ie conneccwall.position[2) = 
conneccadL wall.position[2) + connect_ wall.height 
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- connecC wall.heighL 
END_RULE; 
RULE Sealing..enclosureJ(:Jation FOR (Provide_seal_surface); 
IF connecuaper_on_wall.angle 1= 0.0 AND connecuaper_on_adjacencwall.angle 1=0.0 
AND connecuaper_on_wall.angle < connecuaper_on_adjacencwall.angle TIffiN 
IF {connecCwall.inner_dia - (2.0*tapecallowance_difference - 2.0*tapecallowance) < 
(conneccwalCadjacenLinner_dia + 2.O*taper_allowance_adjacent) TIIEN 
Flange inner diameter smaller than inner diameter 
of horizontal enclosure wall. Flange encroaching on 
'Enclose_horizontal' function. Advise Increase 
conneccwall.inner_dia to a minimum of 
{connecc walCadjacenLinner_dia + 2.0*tapecallowance_adjacent 
+ (2.0*tapecallowance_difference - 2.0*taper_allowance) ). 

IF connecCtaper_on_wall.angle = 0.0 OR connecuapecon_adjacencwall.angle = 0.0 
OR connecctaper_on_wall.angle = connecCtaper_on_adjacencwall.angle TIffiN 
IF (conneccwall.inner_dia - 2.0*taper_allowance_difference) < 
(conneccwall_adjacenLinner_dia + 2.O*taper_allowance_adjacent) TIffiN 
Flange inner diameter smaller than inner diameter 
of horizontal enclosure wall. Flange encroaching on 
'Enclose_horizontal' function. Advise Increase 
conneccwall.inner_dia to a minimum of 
(connect_wall_adjacenLinner_dia + 2.0*taper_allowance_adjacent 
+ 2.0* taper_allowance_difference). 

IF connecuaper_on_wall.angle > connecuaper_on_adjacencwall.angle TIffiN 
IF (connecCwall.inner_dia + 2.0*taper_allowance) > (conneccwall_adjacent.inner_dia + 
2.O*connect_walCadjacent.thickness + 2.0*tapecallowance_adjacent + 
2.0*taper_allowance_difference) TIIEN 
Flange inner diameter larger than corresponding 
outer diameter of horizontal enclosure wall. Drastically 
reduced section thickness leading to severe structural 
weakness or flange and horizontal enclosure wall not 
in contact - Product functionality 10sL Advise decrease 
connect_ wall.inner_dia to a maximum of (connecc walCadjacenL 
inner_dia + 2.0*connect_ wall_adjacenLthickness + 
2.O*taper_allowance_adjacent + 2.0*taperJllowance_difference 
- 2.0 ·taper_allowance). 

IF connecCtaper_on_wall.angle= 0.0 OR connecuaper_on_adjacencwall.angle = 0.0 
OR connecCtaper_on_wall.angle == connect_tapecon_adjacencwall.angle TIffiN 
IF conneccwall.inner_dia > (connect_wall_adjacenLinnecdia + 2.O*connect_walCadjacenL 
thickness + 2.0*taper_allowance_adjacent - 2.0*taper_allowance_dilference) TIffiN 
Flange inner diameter larger than corresponding 
outer diameter of horizontal enclosure wall. Drastically 
reduced section thickness leading to severe structural 
weakness or flange and horizontal enclosure wall not 
in contact - Product functionality 10SL Advise decrease 
connecc wall.inner_dia to a maximum of (connecc walCadjacenL 
inner_dia + 2.0*conneccwall_adjacenLthickness + 
2.O*taper_allowance_adjacent - 2.0*taper_allowance_difference). 

END_RULE; 
RULE Sealing..area FOR ( Provide_seal_surface ); 
IF connecChoriz.additionaljunction == 'Provide_seal_surface' TIffiN 
min_sealing..area = connecChoriz.additional_spec. 
IF sealing..area < min_sealing..area TIffiN 
Flange sealing area insufficient to achieve 
'Provide_seal_surface' function. Product 
functionality 10SL Advise increase in connect_wall 
outer diameter to a minimum of min_outer_dia. 
END_RULE; 
END_ENTITY; 

ENTITY Inserl_destack 
SUBTYPE OF (¥oghurt_potjunctionalJequirements_data, F1ower...JlOtjunctionaCrequirements_data); 
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adjacenUeature_!ype: SlRING; 
heighUlifference : dimension; 
additiona\Junction : SlRING; 
additionaLspec : dimension; 
connecUnsert : Spaced_ribs OR Basejeature; 
conneccadj_ wall : Base_wall; 
connecUlrain : Drainage_clearance; 
RULE Insert.destack_requiremenlS_data FOR (Insercdestack); 
'Section_destack_horizontaJ' function - no longer required. 
'Section_destack_ vertical' function - no longer required. 
Require protruding height of each (stacked) product (mm) = heighCdifference. 
IF product range == F1ower..JlOt TIIEN 
'Insert_destack' and 'Drainage_clearance' functions can 
be performed using the same form. 
IF Use same form for 'Drainage_clearance' TIIEN 
For 'Drainage_clearance' feature MUST be below base wall. 
additionaljunction = Drainage_clearance. 
Require drainage clearance height (mm) == additional_spec. 
IF Do not use same form for 'Drainage_clearance' TIffiN 
additionaljunction = none. 
END~ULE; 
RULE InserCdestack_adjacency_data FOR (Insert_destack): 
adjacentjeature_!ype = Base_wall. 
END~ULE; 
RULE Insert_destack..JlOsition FOR (Insert_destack); 
IF connecUnsert.position[2] < conneccadLwaIl.position[2] THEN 
IF (connecUnsert.position[2] + connecUnsertheight) < connect_adL wall.position[2] TIIEN 
Top of connecUnsert not in contact with base wall. 
Product functionality losL Advise relocate 
connecUnsert to conneccadLwall.position[2]-
connecUnsert.heighL 
IF (connecCinserLposition[2] + connecUnsertheight) > conneccadLwall.position[2] 
TIIEN 
Top of connect_insert is higher than underside of 
base wall. Possible loss of function if insert feature 
is contained in base wall. Advise relocate 
connect_adLwall.position[2]- connecUnsertheight. 

IF (connecUnserLposition[2] + connecUnsert.height) > (conneccadLwall.position[2] + 
conneccadLwall.thickness) TIffiN 
IF connecUnserLposition[2] > (connect_adLwall.position[2] + connecCadLwall.thickness) 
TIIEN 
Base of connecUnsert not in contact with top 
of base wall. Product functionality 10SL Advise 
relocate connecCinsert to conneccadL wall.position[2] 
+ conneccadLwall.thickness. 
IF connecUnserLposition[2] < (connect_adLwall.position[2] + conneccadLwall.thickness) 
TIffiN 
Base of connecUnsert is lower than topside of 
base wall. Possible loss of function if insert feature 
is contained in base wall. Advise relocate 
connecCadLwall.position[2] + conneccadLwall. 
thickness. 
END~ULE; 
RULE Insert_destack_height FOR (Insert_destack); 
IF connect_drain.additionaljunction == 'Insert_destack' TIffiN 
height_difference = connect_drain.additionaUpec. 
IF connecUnsert.position[2] < conneccadL waIl.position[2] THEN 
IF (conneccadLwall.position[2]-connecUnsert.position[2]) < heighcdifference THEN 
ConnecUnsert.height insufficient to achieve 
'insert_destack' function. Product functionality 
10SL 
IF connecUnserLheight < height_difference TIffiN 
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Advise change conn.ecUnsert.height to height_difference 
and relocate connecUnsertposition(2) to conneccadLwall. 
position(2)- heighUlifference. 
IF connecUnsert.height >= heighulifference THEN 
Advise relocate connecUnsert.position(2) to connect_adL wall. 
position(2)- heighcdifference. 

IF (conneccadL wall.position(2)- connecUnsertposition[2j) > heighCdifference THEN 
ConnecUnsert.height higher than specified to achieve 
'insert_destack' function. Destack height higher than 
specified, unecessary material in the product. Advise 
relocate connecUnsertposition(2) to cOllneccadLwall. 
position(2)- heighUlifference. 

IF (connecUnsert.position[2) + connecUnsertheight) > (conneccadj_wal1.position[2) + 
conneccadL wall.thickness) THEN 

IF «connecUnsert.position[2) + connecUnsertheight) - (connect_adLwall.position[2) + 
conneccadLwall.thickness» < heighCdifference THEN 
Connect_insert height insufficent to achieve 
'insert_destack' function. Product functionality 
IOSL 
IF connecUnsert.height < heighCdifference THEN 
Advise increase connecUnsert.height to heighCdifference 
and relocate connecUnsertposition(2) to (connect_adLwall. 
positiOll(2) + conneccadLwall.thickness). 
IF connecUnsert.height >= heighCdifference THEN 
Advise relocate connecUnsert.position(2) to (connect_adLwall. 
position(2) + conneccadLwall.thickness)­
(connecUnsert.height - heighcdifference). 

IF «connecUnsert.position[2) + connecUnsertheight) - (conneccadL wal1.position(2) + 
conneccadLwall.thickness» > height_difference THEN 
ConnecUnsert.height higher than specified to achieve 
'insert_destack' function. Destack height higher than 
specified, unecessary material in the produCL Advise 
decrease connecUnsertheight to heighCdifference. 
END~ULE; 
ENDJlNTITY; 

ENTITY Section_destack_horizontal 
SUBTYPE OF (Yoghurt..JJ()CfunctionalJe(juirements_data, Flower...POtjunctionaUequirements_data); 
adjacentjeature_type; SlRING; 
min_destack_width; dimension; 
additional_function; STRING; 
additional_spec; dimension; 
connecc wall; Flange; 
conneccadj_wall; Side_wall; 
connecctaper_on_wall; Taper; 
connecctaper_on_adjacencwall; Taper; 
connect_vert; Section_destack_ vertical; 
connect_seal; Provide_seal_surface; 
WHERE 
small_angle_adjacenuads ; = (connect_taper_on_adjacenc wall.angle/360)*2.0*3.1416; 
remainin~angle_adjacent ; = 90 - connecCtaper_on_adjacencwal1.angle; 
larger_angle_adjacenuads; = (remainin~angle_adjacent/360)*2.0*3.1416; 
taper_allowance_adjacent; = «conneccwal1.position[2)- conneccwall_adjacent.position[2j)* 

SINE(smalCangle_adjacent_rads»/ 
SJNE(large_angle_adjacenuads); 

tapecal1owance_adjacent2 ; =«conneccadL wal1.height*SINE(small_angle _adjacenuads»/ 
SINE(large_angle_adjacenuads); 

min_ width_spec; =( (connect_ vert.height_difference*SJNE(small_angle_adjacenuads »/ 
SINE(large_angle_adjacenuads); 

small_angle_rads; = (connect_taper_on_wal1.angle/360)*2.0*3.1416; 
remainin~angle ; = 90 - connecCtaper_on_wall.angle; 
larger_angle; = (remainin~angle/360)*2.0*3.1416; 
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taper_allowance: = (connecCwall.height*SINE(smaICangle_radians»! 
SINEQarge_angle_radians); 

IF (taper_allowance = 0.0) AND (tapecatlowance_adjacent 1= 0.0) 1HEN 
taper_allowance_difference: = «connect_walCadjacent.position[2] + 

connecLwalCadjacenLheight - connecc walt.position[2])* 
SINE(small_angle_adjacentJ'llds»! 
SINE(1arge_angle_adjacenCrads); 

IF (taper_allowance != 0.0) OR (taper_allowance_adjacent = 0.0) 1HEN 
taper_allowance_difference: = 0.0; 
width_difference: = (connect_walt.innecdia/2.0 + taper_a1lowance)-

(connecCadLwalt.innecdia/2.0 + taper_aIlowance_adjacenQ); 
RULE Section_destack_horizontal_requirements_data FOR (Section_destack_horizontal); 
'Section_destack_vertica1' function - must also be applied. 
'InserCdestack' function - no longer required. 
Require step width specification (mm) = min_destack_width. 
Advise min step width specification = min_ width_spec. 
IF produccrange = Yoghurt-POt TIIEN 
'Section_destack_horizontal' and 'Provide_seal_surface' functions are 
performed using the same form. 
additionalJunction = Provide_seal_surface. 
Require minimum seating surface area (mm2) = additional_spec. 
END_RULE; 
RULE Section_destack_horizontal_adjacency_data FOR (Section_destackJlOrizontal): 
adjacentJeature_!ype == Side_wall. 
END_RULE; 
RULE Destack_horizontal-POSition FOR (Section_destack_horizontal); 
IF (conneccwalt.position[2] + conneccwall.height) < (connecCadLwalt.position[2] 
+ conneccadL wall.height) 1HEN 
Top of flange is below top surface of horizontal 
enclosure wall. Reduction in destack function. 
Additional height required for "Section destack vertcial' 
function - unecessary increase in product weight and 
material contenL Advise relocate flange to be flush with 
top of horizontal enclosure wall. ie connecLwalt.position[2] 
= conneccadLwalt.position[2] + connecLwalt.height 
- connecLwall.heighL 
IF (connecLwal1.position[2] + connecLwal1.height) > (connecLadLwall.position[2] 
+ connecLadL wall.height) 1HEN 
Top of flange is above top surface of horizontal 
enclosure wall. Drastic reduction in section thickness 
leading to severe structural weakness. Advise 
relocate flange to be flush with top of horizontal 
enclosure wall, ie connecLwalt.position[2] = 
conneccadL wall.positiOll[2] + connecL wall.height 
- connect_ wall.heighL 
END_RULE; 
RULE Destack_horizontal_enclose_relation FOR (Section_destack_horizontal); 
IF connecCtaper_on_walt.angle != 0.0 AND connect_tapeconJdjacenc wall.angle !=O.O 
AND connecuaper_on_wall.angle < connecCtaper_on_adjacenLwall.angle 1HEN 
IF (conneccwall.inneCdia - (2.0*tapecallowance_difference - 2.0*taper_allowance) < 
(connecc walCadjacenLinner_dia + 2.O*taper_allowance_adjacent) TIIEN 
Flange inner diameter smaller than inner diameter 
of horizontal enclosure wall. Flange encroaching on 
'Enclose_horizontal' function. Advise Increase 
conneccwall.inner_dia to a minimum of 
(connecLwall_adjacent.inner_dia + 2.0*taper_allowance_adjacent 
+ (2.0*taper_allowance_difference - 2.0*taper_allowance) ). 

IF connecctaper_on_wal1.angle == 0.0 OR connecLtaper_on_adjacent_wal1.angle = 0.0 
OR connecLtaper_OIl_wall.angle == connect_taper_on_adjacent_ wall.angle THEN 
IF (conneccwall.inner_dia - 2.0*taper_a1lowance_difference) < 
(conneccwall_adjacenLinner_dia + 2.O*taper_allowance_adjacent) TIIEN 
Flange inner diameter smaller than inner diameter 
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of horizontal enclosure wall. Flange encroaching on 
'Enclose_horizontal' function. Advise Increase 
connecC wall.innecdia to a minimum of 
(conneccwall_adjacenLinnecdia + 2.O*taper_alIowanceJldjacent 
+ 2.O*taperJlllowance_difference). 

IF connecCtaper_on_ wall.angle> connecuaper_on_adjacent_wall.angle THEN 
IF (conneccwall.inner_dia+ 2.0*taper_a1lowance) > (conneccwalCadjacent.innecdia + 
2.O*connecCwalCadjacent.thickness + 2.0*taper_a1lowance_adjacent + 
2.0*taper_a1lowance_difference) TIffiN 
Flange inner diameter larger than corresponding 
outer diameter of horizontal enclosure wall. Drastically 
reduced section thickness leading to severe structural 
weakness or flange and horizontal enclosure wall not 
in contact - Product functionality 10SL Advise decrease 
conneccwall.inner_dia to a maximum of (connect_wall_adjacenL 
inner_dia + 2.0*conneccwall_adjacenLlhickness + 
20*taper_a1lowance_adjacent + 20*taper_alIowance_difference 
- 2.0 *tapecallowance). 

IF connecuaper_on_ wall.angle = 0.0 OR connecCtaper_on_adjacencwall.angle = 0.0 
OR connecUapecon_ wall.angle == connecCtapecon_adjacencwall.angle THEN 
IF conneccwall.inner_dia > (connecC wall_adjacenLinner_dia + 2.O*conneccwall_adjacent. 
thickness + 2.0*taper_a1lowance_adjacent - 2.0*taper_allowance_difference) THEN 
Flange inner diameter larger than corresponding 
outer diameter of horizontal enclosure wall. Drastically 
reduced section thickness leading to severe structural 
weakness or flange and horizontal enclosure wall not 
in contact - Product functionality 10SL Advise decrease 
conneccwall.inner_dia to a maximum of (conneccwall_adjacenL 
inner_dia + 2.0*connect_ walCadjacenLthickness + 
2.O*taper_allowance_adjacent - 2.0*taper_a1lowance_difference). 

END_RULE; 
RULE Destack_horizontaUtep_width FOR (Section_destack_horizontal); 
IF producuange = Yoghurt-IJOt TIffiN 
IF connect.-seal.additional_function == 'Section_destack_horizontal' TIffiN 
min_destack_width = conneccseal.additional_spec. 

IF «conneccwall.inner_dial2.0 + connecCwaIJ.width + taper_a1lowance)­
(connecCadLwall.inner_dial2.0 + taper_a1lowance_adjacent2» < min_destack_width THEN 
Step width less than minimum step width 
specification. Stacked product above supported 
on horizontal enclosure wall. Destack height 
calculations for 'Section destack vertical' function 
erroneous. Advise increase connect_ wall.width to 
a minimum of (min_destack_width - width_difference). 
END~ULE; 
END_ENTITY; 

ENTITY Section_destack_ vertical 
SUBTYPE OF (Yoghurt-IJOljunctional_requirements_data, F1ower-IJOCfunctional_requirements_data); 
adjacentjeature_!ype : STRING; 
height_difference: dimension; 
connecc wall: Lip; 
conneccadL wall: flange; 
RULE Section_destack_vertical_requirements_data FOR (Section_destack_vertical); 
Require protruding height of each (stacked) product (mm) = heighCdifference. 
END_RULE; 
RULE Section_destack_verticaCadjacencY_data FOR (Section_destack_ vertical): 
adjacencfeature_type == Flange. 
END_RULE; 
RULE Destack_ vertical_position FOR (Section_des tack_ vertical); 
IF connecC wall.position[2j < connect_adLwall.position[2j THEN 
Base of lip below base of section destack 
horizontal wall. Drastic reduction in section 
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thickness leading to severe strcutural weakness. 
Possible erroneous calculation of destack 
function. Advise relocate conneccwall.position[2] 
to conneccadL wall.position[2]. 
IF connect_wall.position[2] > connect_adLwaIl.position[2] THEN 
Base of lip above base of section destack 
horizontal wall. Reduction in destack function. 
Unecessary aesthetic feature on base of flange-
sigmificant increase in production cost due to 
extra material in product over a production run. 
Advise relocate connecC wall.position[2] 
to conneccadLwall.position[2]. 
END_RULE; 
RULE Destack_ vertical_horizontal_relation FOR (Section_destack_ vertical); 
IF conneccwall.inner_dia < (connecCadLwall.inner_dia + 2.0*conneccadLwall.width) 
TIffiN 
Lip inner diameter smaller than outer diameter 
of section destack horizontal wall. Lip encroaching 
on 'section destack horizontal' function. Advise 
increase connecc wall.innecdia to a minimum of 
(conneccadL wall.inner_dia + 2.O*conneccadL wall. width) 
IF conneccwall.innecdia > (connecCadLwall.inner_dia + 2.0*connect_adLwaIl.width) 
TIffiN 
Lip inner diameter greater than outer diameter 
of section destack horizontal wall. Drastically reduced 
section thickness leading to severe structural weakness. 
Lip and section destack horizontal wall not in contacL 
Advise decrease connecC wall.inner_dia to a maximum of 
(conneccadL wall.inner_dia + 2.O*conneccadLwall. width) 
END_RULE; 
RULE Destack_vertical_height FOR (Section_destack_ vertical); 
IF «connecC wall.position[2] + connecC wall.height) - (conneccadLwall.position[2] + 
conneccadL wall.thickness» < heighcdifference TIlEN 
Lip height insufficient to achieve 'destack' function. 
Product functionality lost Advise increase connecC wall. 
height to (heighCdifference + connect_adLwaIl.position[2] + 
conneccadL wall.thickness - connecC wall.position[2]). 
IF «connect_wall.position[2] + conneccwall.height) - (conneccadLwall.position[2] + 
conneccadL wall.thickness» > heighCdifference TIlEN 
Lip height higher than specified to achieve' destack' function. 
Destack height is greater than specified - unecessary material 
in product Advise decrease conneccwall.height to 
(heighCdifference + connect...adLwaU.position[2] + 
conneccadL wall.thickness - connecC wall.position[2]). 
END_RULE; 
END_ENTITY: 

ENTITY F1ower..JlOtjunctional_requirements_data 
ABSTRACf SUPERTYPE OF (ONE OF (EncloseJ!orizontal, Enclose_below, 
Section _destack_horizontal, Section_destack_ vertical, InserCdestack, Drainage_clearance, Drainage»; 
SUBTYPE OF (FunctionaCrequirements_data); 
END_ENTITY; 

ENTITY Drainage 
SUBTYPE OF (Flower..JlOCfunctional_requirements_data); 
adjacenUeature_!ype: STRING; 
drain_area: dimension; 
connect_hole: Spaced_holes; 
connect_waIl: Base_wall; 
WHERE 
areajor_drainage: = 3.1416*SQ(connect_hole.diarneter/2.0); 
total_drainage: = connecChole.hole_numb*areajor_drainage; 
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reQ...area_pechole : = drain_arealconnect...hole.hole_numb; 
recom_diameter: = SQR1'(reQ...area..,per_hole/3.1416)·2.0; 
recom_hole_no: = CElL (drain_arealarea...for_drainage); 
RULE Drainage_requirements_data FOR (Drainage); 
Require drainage area (mm2) = drain_area. 
END_RULE; 
RULE Drainage_adjacency_data FOR (Drainage): 
adjacent_feature_type= Base_Wall. 
END_RULE; 
RULE Drainage_hole depth FOR (Drainage); 
IF connect...hole.depth < connect... wall.thickness TIIEN 
Hole depth less than thickness of base wall. Blind holes­
drainage function not achieved. Advise increase hole 
depth to a minimum of connect_wall.thickness. 
IF (connect_hole.position[2] + connect_hole.depth) < (connect_wall.position[2] + 
connect_ wall.thickness) THEN 
Top of hole grouping lower than topside of 
base wall. Blind holes - draiange function not 
achieved. Advise increase connect_hole.depth 
to a minimum of (connect... wall.position[2] + 
connect... wall.thickness - connect_hole.position[2]). 
END_RULE; 
RULE Drainage_hole.,position FOR (Drainage); 
IF connect...hole.position[2] > connect_ wall.position[2] THEN 
Base of hole grouping is above underside of 
base wall. Blind holes - drainage function not 
achieved. Advise relocate connect...hole.postion[2] 
to below connect_wall.position[2]. 
END_RULE; 
RULE Drainage_hole_diameter FOR (Drainage) 
IF connect_hole.diameter > 14.0 THEN 
Diameter of holes is too large. Excessive soil 
loss from base of flower pot when soil is dry. 
Advise decrease connect...hole.diameter to a 
maximum of 14.0. 
END_RULE; 
RULE Drainage_area FOR (Drainage); 
IF total_drainage < drain_area TIIEN 
Holes area is not large enough to provide 
adequate drainage. Advise increase connect_hole. 
diameter (maximum 14.0) or increase connect_hole. 
hole_numb. Increasing connect_hole. hole_numb 
may increase the product cost by increased mould 
complexity. Necessary connect_hole.diameter at 
present numbers == recom_diameter. Recommeded 
connect...hole.hole_numb at present diameter = 
recom_hole_no. 
END_RULE; 
END_ENTITY; 

ENTITY Drainage_clearance 
SUBTYPE OF (Flower.,pot...functiona1...requirements_data); 
adjacent_feature_type: STRING; 
drain_height: dimension; 
additional...function : STRING; 
additional_spec: dimension; 
connect_insert: Spaced_ribs OR Spaced_bosses; 
connect_adj...wall: Base_wall; 
connect_dest: Insert_destack; 
RULE Drainage_c1earance_requirements_data FOR (Drainage_clearance); 
Require drainage clearance height (mm) = drain_height 
'Drainage_clearance' and 'Insert_destack' functions can be performed 
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using the same form. 
IF Use same form for '!nserCdestack' THEN 
For 'Drainage_clearance' feature MUST be below base wall. 
'Section_destack_horizontal' function - no longer required. 
'Section_destack_ vertical' function - no longer required. 
additionalJunction = Insert_destack. 
Require prob1lding height of each (stacked) product (mm) == additional_spec, 
IF Do not use same form for 'Insert_destack' TIffiN 
additionalJunction = none. 
END_RULE; 
RULE Drainage_clearance_adjacency _data FOR (Drainage_clearance): 
adjacent_feature_type== Base_wall. 
END_RULE; 
RULE Drainage_clearance..JXlSition FOR (Drainage_clearance); 
IF connecUnsert.postion[2] > (conneccadLwall.posiilDn[2] + conneccadL wall.thickness) TIlEN 
ConnecUnsert not on underside of base wall. 
Drainage clearance function not achieved. 
ConnecUnsert MUST be on underside of 
base wall. Advise relocate connecUnsert.position[2] 
ID conneccadL wall.position[2] - conneccinsert.height. 
IF (connecUnsert.position[2] + connecUnsert.height) < conneccadLwall.position[2] TIffiN 
Top of connecUnsert not in contact with base wall. 
Product functionality lost. Advise relocate 
connecUnsert to conneccadLwall.position[2]-
connecUnsert.height. 
IF (connecUnsert.position[2] + connecUnsert.height) > conneccadLwall.position[2] 
TIffiN 
Top of connecUnsert is higher than underside of 
base wall. Possible loss of function if insert feature 
is contained in base wall. Advise relocate 
conneccadL wall.position[2]-connecUnsert.height. 
END_RULE; 
RULE Drainage_clearance_height FOR (Drainage_clearance); 
IF conneccdesLadditionaCfunction = 'Drainage_clearance' TIffiN 
drain_height = conneccdest.additional_spec. 
IF (connecCadLwall.position[2]- connecUnsert.position[2]) < drain_height TIlEN 
ConnecUnsert.height insufficient ID achieve 
'drainage_clearance' function. Product functionality 
lost. 
IF connecUnsert.height < drain_height THEN 
Advise change connecUnsert.height ID drain_height 
and relocate connecUnsert.position[2] to conneccadL wall. 
position[2]- drain_height. 
IF connecUnsert.height >= drain_height TIlEN 
Advise relocate connecCinsert.position[2] ID conneccadLwall. 
position[2]- drain_height. 

IF (conneccadL wall.position[2]- connecUnsert.position[2]) > drain_height THEN 
ConnecUnsert.height higher than specified to achieve 
'drainage_clearance' function. Drainage clearance higher than 
specified, unecessary material in the product. Advise 
relocate connecUnsert.position[2] to connect_adLwall. 
position[2]- drain_height. 
END_RULE; 
END_ENTITY; 

ENTITY PTPlus_functionalJequirements_data 
ABSTRACT SUPERTYPE OF (ONE OF ( Locate_in_lid, Locate_onJar, Break_in_torsion, 
Hold_in_lid, Hold_onjar, Prevencrotation, Cover_lid_edge»; 
SUBTYPE OF ( Functional_requirements_data); 
END_ENTITY; 
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SUBTYPE OF (PTPlusjunctionaUequirements_data, 
Initial.Jll'OducCdefinition_functionaUequirements); 
adjacentjeature_!ype: STRING; 
diameter: dimension; 
height: dimension; 
conneccwall: Side_wall; 
connecCtapecon_ wall: Taper; 
WHERE 
small_angle_rads: = (connect_taper_on_wal1.angle/360)*2.0*3.1416; 
remaining"angle : = 90 - connecCtaper_on_ wall.angle; 
larger_angle_rads: = (remaining"angle/360)"2.0*3.1416; 
taper_allowance: = (conneccwalLheight/2.O* 

SlNE(small_angle_adjacencrads»/ 
SINE(Iarge_angle_adjacenuads); 

outecdia: = connect_wall.inner_dia + 2.0*conneccwall.thickness + 2.0*taper_allowance; 
RULE Locate_in_lid_requirements_data FOR (Locate_in_lid); 
Require inner diameter of metal lid (mm) == diameter. 
Require height of location surface (mm) = heighL 
Advise location surface contains flange for 'Hold in 
lid' function as well as mating with inside lid surface. 
END_RULE; 
RULE Locate_in_lid_adjacency_data FOR (Locate_in_lid): 
adjacencfeature_type = Spaced_bosses. 
END_RULE; 
RULE Locate_in_lid_height FOR (Locate_in_lid); 
IF connecc wall.height > height THEN 
Feature location height greater than lid location 
surface. An overhang exists. Advise change 
conneccwall.height Location surface height 
=heighL 
IF connecc wall.height < height THEN 
Feature height smaller than lid location 
surface. Location surface is under-utilised. 
Possible problems with 'hold in lid' 
function. Advise change connect_ walLheighc 
Location surface height = heighL 
END_RULE; 
RULE Locate_in_lid_Iocation FOR (Locate_in_lid); 
IF outer_dia > diameter THEN 
Conneccwall outer_diameter greater than inside 
diameter of lid. This is an interference fit. 
Advise change connect_wall outer_diameter: 
Location diameter = diameter. 
IF connecCtapecon_ wall.angle 1= 0.0 THEN 
outer_diameter = outer_diameter - 2.0*taper_allowance. 

ConnecC wall.inner_dia = outer_diameter - 2.0*connect_wall.thickness. 
IF outer_dia < diameter THEN 
Connecc wall outer_diameter smaller than inside 
diameter of lid. An insert of some kind is required. 
Advise change conneccwall outer_diameter: 
Location diameter = diameter. 
IF connecCtaper_on_wall.angle != 0.0 THEN 
outer_diameter = outer_diameter - 2.0*taper_allowance. 

Conneccwall.inner_dia = outer_diameter - 2.0*conneccwall.thickness. 
END_RULE; 
END_ENTITY; 

ENTITY Break_in_torsion 
SUBTYPE OF (PTPlusjunctionaCrequirements_data, 
InitiaCproducCdefinitionjunctional_requirements); 
adjacenUeature_type: STRING; 
torsion_req : dimension; 
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conneccboss: Spaced_bosses; 
conneccwall: Side_wall; 
WHERE 
min..group_dia: = connecLwall.inner_dia + connect_boss.boss_dia; 
max..group_dia : '" connecc wall.inner_dia + connecc wall.thickness -

connecLboss.boss_dia; 
yield: = 29.0; 
boss_area: = 3. 1416*SQ(conneccboss.boss_dia/2.0); 
total_area: = boss_area*connecLboss.boss_numb; 
Force: = yield*total_area; 
Torque3alculation; = Force*conneccboss.axis_dia,l2.0; 
Reversejorce: = Torque_ca!culation!(connecLboss.boss_dia/2.0); 
Reverse_total_area : = Reverse_force/yield; 
Reverse_boss_area: = Reverse_total_area!connecLboss.boss_numb; 
recom_diarneter: = SQRT(Reverse_boss_area/3.1416); 
recom_boss_no; = FLOOR(Reverse_total_area/boss_area); 
RULE Break_in_torsion_requirements_data FOR (Break_in_torsion); 
Require breakage torsion (Nmm) = torsion_req. 
END_RULE; 
RULE Break_in_torsion_adjacency_data FOR (Break_in_torsion): 
adjacentjeature_type == Side_wall. 
END~ULE; 
RULE Torsion...JXlsition FOR (Break-.in_torsion); 
IF (conneccboss.position[2) + connect_boss.height) < conneccwall.position[2) THEN 
Top of boss grouping not in contact with wall. 
Lost product functionality. Advise reposition 
connecLboss.position(2) to (connecLwalI.position[2)-
connecLboss.height). 
IF (connect_boss.position[2) + connecCboss.height) > connect_ wall.position[2) TIffiN 
Top of boss grouping is higher than underside of 
side wall. Possible loss of function if boss grouping 
is contained in side wall. Advise relocate connecCboss. 
position(2) to connecL wall.position(2)- connecUnsert.heighL 
END~ULE; 
RULE Torsion.,.group_diameter FOR (Break_in_torsion); 
IF (conneccboss.axis_dia + connecLboss.boss_dia) > (conneccwall.inner_dia + 
2.0*connect_wall.thickness) THEN 
Group outer diameter greater than that of supporting 
wall. Breakage torsion drastically reduced from that 
intended and cannot be evaluated. Advise decrease 
group diameter to be in full contact with supporting 
wall ie min.,.group_dia <= connecLboss.axis_dia <= 
max.,.group_dia. 
IF (connect_boss.axis_dia - connecLboss.boss_dia) < connecLwalI.inner_dia 1HEN 
Group inner diameter smaller than that of supporting 
wall Breakage torsion drastically reduced from that 
intended and cannot be evaluated. Advise increase 
group diameter to be in full contact with supporting 
wall ie min..group_dia <= connecLboss.axis_dia <= 
max..group_dia. 
END_RULE; 
RULE Torsion_torque FOR (Break_in_torsion); 
IF Torque_calculation < torsion_req TIffiN 
Feature cross sectional area not large enough to 
provide failure at the torque specified. Tampering 
with the jar may be indicated erroneously. The lid 
can be removed from the jar too easily. Advise 
increase connect_boss.boss_numb to recom_boss_no 
or increase connecLboss.boss_dia to recom_diameter. 
IF Torque_calculation> torsion_req TIffiN 
Feature cross sectional area too large to provide 
failure at the torque specified. Difficulty in removing 
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the lid from the jar. Advise decrease connecUx)ss.boss_numb 
to recom_boss_no or decrease connect_boss.boss_dia 
to recom_diameter. 
END_RULE; 
END_ENTITY; 

ENTITY Locate_onjar 
SUBTYPE OF ( PTPlus_functionaUequirements_data, 
Initial..]lroducCdefinitionjunctionaCrequirements); 
adjacencfeature_!ype: SlRING; 
diameter: dimension; 
height: dimension; 
connecCwall: Side_wall; 
connecCboss : Spaced_bosses; 
connecCtaper_on_ wall: Taper; 
WHERE 
smalCangleJads: = (connecctaper_on_wall.angl~60)*2.0*3.1416; 
remaininlLangle : = 90 - connect_taper_on_ wall.angle; 
larger_angleJads: = (remaininlLangle{.l60)*2.0*3.1416; 
taper_allowance: = (connect_wall.height* 

SINE(smaICangle_adjacenuads»/ 
SINE(large_angle_adjacentJads); 

min_inner_dia : = connecCboss.axis_dia + connecCboss.boss_dia-
2.0*connecC wall.thickness - 2.0* taper_allowance; 

max_inner_dia: = connect_boss.axis_dia - connecCboss.boss_dia - 2.O*taper_allowance; 
min_outer_dia : = connect_boss.axis_dia + conneccboss.boss_dia - 2.0* taper_allowance; 
m~outecdia : = connecCboss.axis_dia - conneccboss.boss_dia + 

2.0*connecCwall.thickness - 2.0*taper_allowance; 
outer_dia : = connecc wall.inner_dia + 2.0*connecc wall.thickness; 
RULE Locate_onjar_requirements_data FOR (Locate_onjar); 
Require outer diameter of jar neck (mm) == diameter. 
Require height of location surface (mm) = height 
Advise location surface contains flange for 'Hold in 
lid' function as well as mating with inside lid surface. 
END_RULE; 
RULE Locate_onjar_adjacency_data FOR (Locate_onjar): 
adjacentjeature_!ype = Spaced_bosses. 
END_RULE; 
RULE Locate_onjar_height FOR (Locate_onjar); 
IF connect_ wall.height > height THEN 
Feature location height greater than jar location 
surface. An overhang exists. Advise change 
conneccwall.height: Location surface height = height 
IF connecc wall.height < height THEN 
Feature height smaller than jar location 
surface. Location surface is underutilised. 
Possible problems with 'hold_onjar' 
function. Advise change connecc wall.height: 
Location surface height = height 
END_RULE; 
RULE Locate_onjar..]lOSition FOR (Locate_onjar); 
IF (connecc wall.position(2) + conneccwall.height) > conneccboss.position(2) THEN 
Feature position too high. Shortened length of 
bridges - Torque calculation no longer valid, 
possible lost product functionality. Advise reposition 
conneccwall.position(2) to (connecCboss.position[2)-
conneccwaIl.height). 
IF (connecc wall.position(2) + conneccwall.height) < conneccboss.position(2) THEN 
Top of location wall not in contact with boss grouping. 
Lost product functionality. Advise reposition connecc wall. 
position(2) to (connecCboss.position[2)-
connecc wall.height). 
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END_RULE; 
RULE Locate_on...jauorsion FOR (Locate_onjar); 
IF conneccwall.inner_dia > (connect_boss.axis_dia - connecCboss.boss_dia-
2.0·taper_allowance) lHEN 
Wall inner diameter is greater than that 
of adjacent boss grouping. Breakage torsion 
drastically reduced and cannot be evaluated. 
Advise decrease conneccwall.inner_dia to be 
in full contact with boss grouping ie min_inner_dia 
<= conneccwalI.inner_dia <= max_inner_dia. 
IF (conneccwalLinnecdia + 2.0*connecc wall. thickness - 2.0*tapecallowance) < 
(connecCboss.axis_dia + connecCboss.boss_dia) THEN 
Wall outer diameter is smaller than that 
of adjacent boss grouping. Breakage torsion 
drastically reduced and cannot be evaluated. 
Advise increase outer_dia to be in full contact 
with boss grouping ie min_outer_dia 
<= outecdia <= max_outer_dia. 
connecc walI.inner_dia = outer_dia - 2.0·connecc walL thickness. 
RULE Locate_on...jat_location FOR (Locate_onjar); 
IF conneccwall.inner_dia < diameterTIffiN 
Connecc wall inner_dia smaller than neck 
diameter of jar. This is an interference fiL Advise 
change connecc wall inner_dia: Location diameter 
= diameter. 
IF conneccwall.inner_dia > diameter TIffiN 
Connecc wall outer_diameter greater than neck 
diameter of jar. An insert of some kind is required. 
Advise change conneccwall innecdia: Location 
diameter = diameter. 
END_RULE; 

ENTITY Hold_in_lid 
SUBTYPE OF (PTPlus_functional_requirements_data); 
adjacenUeature_type: STRING; 
fixinILdiameter : dimension; 
connecc wall: Flange; 
conneccadL wall: Side_ wal~ 
connecCtaper_on_ wall: Taper; 
connecctaper_on_adjacencwall : Taper; 
WHERE 
small_angle_adjacenuads : = (connecCtaper_on_adjacencwall.angle/360)*2.0*3.1416; 
remaininILangle_adjacent: = 90- connecCtaper_on_adjacenCwall.angle; 
larger_angle_adjacenuads: = (remaininILangle_adjacent/360)·2.0*3.1416; 
taper_allowance_adjacent: = «conneccwall.position[2]-connect_walCadjacenLposition[2])· 

SINE(small_angle_adjacenUads»/ 
SJNE(large_angle_adjacenuads); 

taper_a1lowance_8djacenl2 : =«connecCadL wall.height*SJNE(smalCangle_adjacentJads»/ 
SJNE(large_angle_adjacenuads); 

small_angle_rads : = (connect_taper_on_wall.angle/360)·2.0*3.1416; 
remaininILangle : = 90 - connecuaper_on_ wall.angle; 
larger_angle: = (remaining..angle/360)*2.0*3.l416; 
taper_allowance: = (connecCwall.height*SINE(smaICangleJadians»/ 

SINE(large_angleJadians); 
IF (taper_allowance = 0.0) AND (taper_allowance_adjacent 1= 0.0) TIffiN 
taper_allowance_difference: = «connect_wall_adjacent.position[2] + 

connecc walCadjacent.height - connecc wall.position[2])* 
SINE(smaICangle_adjacenuads»/ 
SJNE(large_angle_adjacencrads); 

IF (tapecallowance != 0.0) OR (taper_allowance_adjacent = 0.0) THEN 
taper_allowance_difference: = 0.0; 
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RULE Hold_in_lid_requirements_data FOR (Hold_in_lid); 
Require maximum fixing diameter. ie diameter inside 
lid (mm) = fixin!L.diameter. 
END_RULE; 
RULE Hold_in_lid_adjacency _data FOR (Hold_in_lid): 
adjacencfeature_type == Side_wall. 
END~ULE; 
RULE HOld_in_lid...JlOsition FOR (HoldJn_lid); 
IF (connecc wall.position[2] + conneccwall.height) < (conneccadj_ wall.position[2] 
+ conneccadL wall.height) THEN 
Top of flange is below top surface of location wall. 
Difficulty fitting the product into the lid. Possible 
sealant leakage around the edge of the lid. Advise 
relocate flange to be flush with top oflocation wall. 
ie conneccwall.position[2] = conneccadLwall.position[2] 
+ connecc wall.height - connecc wall.height. 
IF (conneccwall.position[2] + conneccwall.height) > (connecCadLwall.position[2] 
+ conneccadL wall.height) THEN 
'!bp of flange is above top surface of location wall 
Drastic reduction in section thickness leading to severe 
structural weakness. Problems fitting the product into 
the lid. Advise relocate flange to be flush with top of 
location wall. ie conneccwalLposition[2] = 
conneccadLwall.position[2] + conneccwall.height 
- connecc wall.height. 
END_RULE; 
RULE Hold_in_lid_location_relation FOR (Hold_in_lid); 
IF connect_taper_on_wall.angle 1= 0.0 AND connect_taper_on_adjacencwall.angle 1=0.0 
AND connecctaper_on_wall.angle < connecuaper_on_adjacent_wall.angle THEN 
IF (conneccwall.innecdia - (2.0·taper_allowance_difference - 2.0·taper_allowance) < 
(connect_ walCadjacent.inner_dia + 2.O*tapecallowance_adjacent) lHEN 
Flange inner diameter smaller than inner diameter 
of location wall. Contact with jar neck causing 
increased torque for lid removal. Advise Increase 
connect_wall.inner_dia to a minimum of 
(connecc wall_adjacent.inner_dia + 2.0·taper_allowancc_adjacent 
+ (2.0·tapecallowance_difference - 2.0·taper_allowance) ). 

IF connect_tapecon_wall.angle = 0.0 OR connecCtapecon_adjacencwall.angle = 0.0 
OR connecctaper_on_ wall.angle = connecctaper_on_adjacenc wall.angle THEN 
IF (connecc wall.innecdia - 2.0·tapecallowance_differencc) < 
(connecc wall_adjacent.inner_dia + 2.O*taper_allowance_adjacent) lHEN 
Flange inner diameter smaller than inner diameter 
of location wall. Contact with jar neck causing 
increased torque for lid removal. Advise Increase 
connecC wall.inner_dia to a minimum of 
(connecc wall_adjacent.inneCdia + 2.0·taper_allowancc_adjacent 
+ 2.O*taper_allowance_difference). 

IF connecCtapecon_wall.angle > connecctaper_on_adjacencwall.angle THEN 
IF (connect_wall.inner_dia + 2.0·taper-.allowance) > (conneccwalCadjacent.inner_dia + 
2.O*connecc walCadjacent.thickness + 2.0·tapecallowance_adjaccnt + 
2.0·taper_allowance_difference) lHEN 
Flange inner diameter larger than corresponding 
outer diameter of location wall. Drastically reduced 
section thickness leading to severe structural weakness 
or flange and location wall not in contact - Product 
functionality lost. Advise decrease conneccwall.inner_dia 
to a maximum of (conneccwalCadjacent.inner_dia + 
2.0·connect_wall_adjacent.thickness + 
2.O*taper_allowance_adjacent + 2.0·taper_allowancc_differencc 
- 2.0 ·tapecallowance). 

IF connecCtaper_on_wall.angle = 0.0 OR connect_tapecon_adjacencwall.angle = 0.0 
OR connect_taper_on_ wall.angle = connecuapecon_adjacenc wall.angle lHEN 
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IF connecLwall.inner_dia > (connecL wall_adjacentinner_dia + 2.O*connecLwall_adjacent. 
thickness + 2.0*taper_allowance_adjacent - 2.0*taper_allowance_difference) THEN 
Flange inner diameter larger than corresponding 
outer diameter of location wall. Drastically reduced 
section thickness leading to severe structura1 weakness 
or flange and location wall not in contact - Product 
functionality lost. Advise decrease conneccwall.innerJlia 
to a maximum of (connecLwalCadjacentinnecdia + 
2.0*conneccwalCadjacentthiclcness + 
2.O*taper_allowance_adjacent - 2.0*taper_allowance_difference). 

END_RULE; 
RULE Hold_in_lid1Ildng FOR (Hold_in_lid); 
IF (connect_wall.innecdia+ 2.0*connecLwall.width + 2.0*taper_allowance) > 
fixin&-diameter TIIEN • 
Feature outer diameter larger than maximum fixing 
diameter. The feature cannot fit inside the lid. Advise 
change feature outer diameter: Maximum fixing 
diameter = fixin&-diamerer. 
IF (connecLwall.inner_dia + 2.0*connect_wall.width + 2.0*taper_allowance) > 
(connect_adjacenc wall.inner_dia + 2.0*connecLadjacenLwall.thiclcness + 
20*taper_allowance_adjacent) THEN 
Feature outer diameter smaller than the location 
diameter. Fixing function not achieved. Advise 
change feature outer diameter: Location diameter 
= (connecLadjacencwall.inner_dia + 
2.0*connecLadjacenc wall.thickness + 
2.0*taper_allowance_adjacent) 
END_RULE; 
END_ENTITY; 

ENTITY Hold_onjar 
SUBTYPE OF (P1Plus_functional_requirements_data); 
adjacen!jeature_type: STRING; 
fixin&-diameter: dimension; 
connecLwall : Flange; 
connecLadLwall: Side_wall; 
connecLtaper_on_ wall: Taper; 
WHERE 
smalCangle_rads : = (connecLtaper_on_wall.angle/360)*2.0*3.1416; 
remainin&-angle : = 90 - connect_taper_on_wall.angle; 
larger_angle: = (remainin&-angle/360)*2.0*3.1416; 
tapecallowance: = (connect_wall.height*SINE(smaICangle_radians»/ 

SINE(large_angle_radians); 
outer_dia: = connecLwall.inner_dia + 20*connecLwall.width + 2.0*taper_allowance; 
RULE Hold_onjar_requirements_data FOR (Hold_onjar); 
Require minimum fixing diameter, ie thinnest 
diameter of jar neck (mm) == fixin&-diameter. 
END_RULE; 
RULE Hold_onjar_adjacency_data FOR (Hold_onjar): 
adjacentjeature_type = Side_wall. 
END~ULE; 
RULE Hold_onjar..JlOsition FOR (Hold_onjar); 
IF (connect_wall.position[2) + connect_walLheight) < conneccadLwall.position[2) THEN 
Top of flange not in contact with location wall. 
Product functionality lost Advise relocate 
connect_wall.position[2) to (connecLadLwall. 
position[2)- connecLwall.height). 
IF (connecLwall.position[2) + connect_ wall.height) > connecLadLwall.position[2) THEN 
Top of flange higher than base of location wall. Flange 
encroaching on location surface, cannot fit product on jar -
Loss of functionality. Advise relocate connect_wall.positon[2) 
to (connect_adL wall.position[2)- connecL wall.height). 
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END_RULE; 
RULE Hold_onjaOocation_relation FOR (Hold_onjar); 
IF outer_dia > (conneccadLwall.inner_dia + 2.0*conneccadLwall.thickness) THEN 
Flange outer diameter is larger than location wall. 
Unnecessary material and weight in the product-
Significant extra cost over a production run. 
Unnecessary aesthetic feature. Advise decrease 
outer_dia to conneccadLwall.inner_dia 
+ 2.0*conneccadL wall.thickness. 
IF outer_dia < (conneccadLwall.inner_dia + 2.0*connect_adL wall.thickness) 
TIffiN 
Flange outer diameter is smaller than location wall. 
Drastically reduced section thickness leading to 
excessive structural weakness. Advise increase 
outer_dia to connect_adLwall.inneCdia + 
2.0*conneccadLwall.thickness 
END_RULE; 
RULE Hold_oojarJlldng FOR (Hold_onjar); 
IF connecC wall.inner_dia < fixinlLdiameter TIIEN 
Connecc waU.inner_dia is smaller than minimum 
fixing diameter. Feature cannot fit around the jar. 
Advise change connecCwall.inner_dia: Minimum 
fIXing diameter == fixinlLdiarneter. 
IF connecc wall.inner_dia> conneccadLwall.inner_dia THEN 
ConnecC wall.inner_dia is larger than location 
diameter. Fixing function not achieved. Advise 
change connecCwall.inner_dia: Location diameter 
= conneccadL wall.inner_dia. 
END_RULE; 
END_ENTITY; 

ENTITY PreventJotation 
SUBTYPE OF (PTPlus_functional_requirements_data); 
adjacentjeature_!ype: STRING; 
min_torque : dimension; 
conneccrib: Spaced_ribs; 
connect_wall: Flange; 
connecCtorsion : Break_in_torsion; 
WHERE 
yield: = 29.0; 
rib_length: = (connect_rib.outer_dia - connect_rib.inner_dia)/2.0; 
torque_distance: = connecuib.inner_dia + (rib_length/2.0); 
nb_area: = nb_length*conneccnb.width; 
total_area: = rib_area*connect_rib.rib_numb; 
force: = yield*total_area; 
torque_calculation: = force*torque_distance; 
reversejorce: = min_torqueltorque_distance; 
reverse_total_area: = reversejorcelyield; 
reverse_rib_area: = reverse_total_arealconnect_rib.rib_numb; 
recom_width: = reverse_rib.-area/rib_height; 
recom_rib_no : = FLOOR(reverse_total_area/reverse_rib_area); 
RULE Prevent_rotation_requirements_data FOR (Prevencrotation); 
Require minimum torque at which rotation 
can occur (Nmm) == min_torque. 
IF min_torque < connecCtorsion.torsion_req TIlEN 
min_torque smaller than torque for break_in_torsion. 
Rotation of component will occur - bridges will fail by 
elongation. Seal can be broken without detection. Advise 
specify min_torque higher than that for break_in_torsion 
function, recommended safety margin is times 2 = 
(2.0*connect_torsion.torsionJeq). 
IF (min_torque > connecUorsion.torsion_req) && (min_torque < 
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2.0*connecU orsion.torsion_req)TIffiN 
min_torque smaller than recommended safety margin above 
torque for break_in_torsion function. Possible rotation of 
component - bridges will fail by elongation. Possible non 
indication of broken seal. Advise specify min_torque higher 
than that for break_in_torsion function, recommended safety . 
margin is times 2 = (2.0*connecuorsion.torsion_req) •. 
END_RULE; 
RULE Prevent_rotation_adjacency_data FOR (Prevent_rotation): 
adjacen\.Jeature_type = Flange. 
END_RULE; 
RULE Prevencrotation..J)Osition FOR (Prevenuotation); 
IF (connecCrib.position[2] + connecCrib.height) < conneccwaIl.position[2] TIffiN 
Top of connect_rib not in contact with flange. 
Product functionality lost Advise relocate 
connecCrib to connecc wall.position[2] -
connecc.rlb.height 
IF (connecCrib.position[2] + connecCrib.height) > conneccwall.position[2] TIffiN 
Top of connecCrib is higher than tmderside of 
flange. Possible loss of function if rib grouping 
is contained in flange. Advise relocate 
connecCrib.position[2] to connecC wall.position[2] 
- connecCrib.heighL 
END_RULE; 
RULE PreventJotationJlltin&,..relation FOR (Prevencrotation); 
IF connecCrib.outecdia > (conneccwall.innecdia + 2.0*conneccwall.width) THEN 
Group outer diameter greater than that of supporting 
flange. Torque not applied to lid by area of ribs not 
on flange. Torque significantly reduced compared to 
full contact Unable to obtain accurate torque calculation. 
Advise decrease connecCrib.outer_dia to (connect_wall. 
innecdia + 2.0*connecc wall.width) 
IF connecCrib.inner_dia < conneccwall.innecdia TIffiN 
Group inner diameter smaller than that of supporting 
flange. Torque not applied to lid by area of ribs not 
on flange. Torque significantly reduced compared to 
full contact Unable to obtain accurate torque calculation. 
Advise increase connecCrib.inner_dia to connect_wall. 
inner_dia. 
END_RULE; 
RULE Prevent_rotation_torque FOR (Prevencrotation); 
IF torque_calculation < min_torque THEN 
Feature cross sectional area is not large enough 
to provide failure at the torque specified. Rotation 
of component - bridges fail by elongation. Non­
indication of a broken seal. Advise increase conneccrib. 
rib_numb to recom_rib_no or increase connecCrib.width 
to reom_ width. 
END_RULE; 
END_ENTITY; 

ENTITY Cover_lid_edge 
SUBTYPE OF (PTPlus_functional_requirements_data); 
adjacenUeature_type: STRING; 
cover_height: dimension; 
covecdia: dimension; 
connect_wall: Lip; 
conneccadL wall: Flange; 
connecuaper_on_wall: Taper, 
connecuaper_on_adjacencwall: Taper, 
connecChold: Hold_in_lid: 
WHERE 
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smaICangle_rads: = (connecuaper_on_wall.angle/360)*2.0*3.1416; 
remaininl:.-angle : = 90 - connecUaper_on_ wall.angle; 
largecangle_rads: = (remaininl:.-angle/360)*2.0*3.1416; 
tlper_a1lowance : = «conneccadL wall.position[2]- conneccwall.position[2])* 

SINE(smalCangle_adjacenUads»/ 
SINE(large_angle_adjacenuads); 

tlper_a1lowance2: = (connect_wall.height* 
SINE(smalt.angle_adjacencrads»/ 
SINE(large_angle_adjacencrads); 

outer_dia : = connecc wall.inner_dia + 2.0*connecC wall.thicJcness + 2.0*tlper_a1lowance2; 
RULE CoveOid_edgeJequirements_datl FOR (Cover_lid_edge); 
Require height of covered edge (mm) == cover_height. 
Require outer diameter of the covered edge (mm) == covecdia. 
END_RULE; 
RULE CoveOid_edge_adjacency_datl FOR (Cover_lid_edge): 
adjacentjeature_!ype == Flange. 
END_RULE; 
RULE Cover_lid_edge_height FOR (Cover_lid_edge); 
IF connecC wall.height < (cover_height + connecCadLwall.thickness) TIIEN 
Height smaller than height of covered edge 
plus adjacent flange. Edge not fully covered 
or in order to cover edge drastic thinning of 
corner section is necesary, leading to severe 
structural weakness, or lip and flange not in 
contlct -loss of product functionality. Advise 
increase connecc wall.height to a minimum 
of (covecheight + conneccadj_ wall.thickness); 
END_RULE; 
RULE Cover_lid_edge...JXlsition FOR (Cover_lid_edge); 
IF (conneccwall.position[2] + connect_wall.height) < (conneccadLwall.position[2] + 
conneccadLwall.height) THEN 
Top oflip is lower than adjacent flange. Drastic thinning 
of section leading to severe structural weakness. Advise 
relocate conneccwall.position[2] to (conneccadj_ wall. 
position[2] + connecCadL wall.thickness-
connecc wall.height). 
IF (conneccwall.position[2] + conneccwall.height) > (conneccadLwall.position[2] + 
conneccadL wall.height) THEN 
Top of lip is higher than adjacent flange. Cannot fit 
product in lid - Loss of functionality. Possible 
sealing problems between product and lid. Advise 
relocate eonneccwall.position[2] to (connect_adj_ wall. 
position[2] + connect_adL wall.thickness-
connecC wall.height). 
END_RULE; 
RULE Cover_lid_edge_fixinl:.-relation FOR (Cover_lid_edge); 
IF connecCwalJ.innecdia > (conneccadLwall.inner_dia + 2.O*connect_adLwall.width + 
2.0*tlper_a1lowance) THEN 
Connect_ wall.inner_dia is greater than corresponding 
outer diameter of flange. Drastic thinning of section 
leading to severe structural weakness or lip and flange 
not in contlet - Loss of product functiOnality. Advise 
reduce connect_ wall.inner_dia to a maximum of 
(conneccadL wall.innecdia + 2.0*conneccadLwall.width 
+ 2.0*tlper_a1lowance). 
IF eonnecc wall.innecdia < (conneccadL wall.inner_dia + 2.O*conneccadL wall. width + 
2.0*tlper_a1lowance) THEN 
Connecc wall.inner_dia is smaller than corresponding 
outer diameter of flange, encroaching on flange functional 
surface. Insufficient space for 'hold_in_lid' function to 
occur. Problems fixing product into lid. Advise increase 
connecc wall.inner_dia to (conneccadL wall.inner_dia + 
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2.0*connecCadi_wall.width + 2.0*taper_allowance2). 
IF outer_dia > connecChold.fixinJ:-diameter TIffiN 
Feature outer diameter larger than maximum fixing 
diameter specified for hold in lid function. Feature 
cannot fit inside the lid. Advise change outer_dia: 
Maximun outer_dia = (connecChold.fixinJ:-diameter 
- 2.O*taper_allowance2). 
END_RULE; 
RULE Cover_lid_edge_cover FOR (Cover_lid_edge) 
IF conneccwaU.inner_dia < cover_dia TIffiN 
Feature inner diameter smaller than diameter of edge to 
be covered. Feature cannot fit over edge. Cover function 
not achieved. Advise change conneccwall.inner_dia: 
Edge diameter specified is cover_dia. 
END_RULE; 
END_ENlTIY; 

ENTITY Initial..JlroducCdefinition_data 
ABSlRACf SUPERTYPE OF( ONE OF(Yoghurt..JlOUnitial..Jlroduct_definition_data. 
F1ower..JlOUnitial...JlfOduccdefinition_data, P1Plus_initial..Jlroduct_definition_data »; 
END_ENTITY; 

ENTITY P1PluUnitial..Jlroduccdefinition_data 
SUBTYPE OF (Initial..JlroducCdefinition_data); 
RULE Initial..Jlroduccdefinition FOR (P1Plus); 
Initial product definition = 
Locate_in_lid THEN 
Break_in_torsion TIffiN 
Locate_onjar 
END_RULE; 
END_ENlTIY; 

ENTITY Yoghurt..JlOUnitial..JlroducCdefinition_data 
SUBTYPE OF (Initial..Jlroduccdefinition_data); 
RULE Initial..JlroducCdefinition FOR (Yoghurt..JlOt); 
Initial product definition = 

. Enclose_horizontal THEN 
Enclose_below 
END_RULE; 
END_ENTITY; 

ENTITY F1ower-POUnitial..JlroducCdefinition_data 
SUBTYPE OF (Initial..JlroducCdefinition_data); 
RULE Initial..JlroducCdefinition FOR (yoghurt..JlOt); 
Initial product definition = 
Enclose_horizontal THEN 
Enclose_below 
END_RULE; 
END_ENlTIY; 

ENlTIY Formjunction_relations_data 
ABSlRACf SUPERTYPE OF( ONE_OF(Yoghurt..JlOtjorm_function_relations. 
F1ower..JlOtjormjunction_relations. P1Plusjormjunction_relations»; 
END_ENlTIY; 

EN1TIY Yoghurt-POcform_function_relations 
SUBTYPE OF (Formjunction_relations_data); 
RULE Yoghurt..JlQcformjunction_relations FOR (yoghurt..JlOtJormjunction_relations); 
IF functionalJC<luirement = Enclose_horizontal THEN 
choice ofform = Side_wall. 
IF functionalJC<luirement = Enclose_below THEN 
choice of form == Base_wall. 
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IF functionaUequirement = Provide_seal_surface THEN 
choice of form = Flange. 
IF functionaCrequirement = Insercdestack THEN 
choice of form = BaseJeature or Spaced_ribs. 
IF functionaCrequirement = Section_destack_horizontaI THEN 
choice of form = Flange. 
IF functionaCrequirement = Section_destack_ vertical 1HEN 
choice of form = Lip. 
END_RULE; 
END-.ENTITY; 

ENTITY Flower-POcformJunction_relations 
SUBTYPE OF (FormJunction_reIations_data); 
RULE Flower..JlOcformJunction_relations FOR (FIower..JlOtJormJunction_relations); 
IF functional_requirement = Enclose_horizontal THEN 
choice of form = Side_wall. 
IF functional_requirement = Enclose_below 1HEN 
choice of form = Base_wall. 
IF functional_requirement = Insert_destack THEN 
choice of form = Spaced..ribs. 
IF functionaCrequirement = Section_destack_horizontaI THEN 
choice of form = Flange. 
IF functional_requirement = Section_destack_verticaI THEN 
choice of form = Lip. 
IF functional_requirement = Drainage THEN 
choice of form == Spaced_holes. 
IF functionalJequirement = Drainage_clearance THEN 
choice of form = Spaced_ribs or Spaced_bosses. 
END_RULE; 
END_ENTITY; 

ENTITY PTPlus_form_function_reIations 
SUBTYPE OF (FormJunction_reIations_data); 
RULE PTPlusJorm_function_relations FOR (P1Plus_formJunction_relations); 
IF functional_requirement = Locate_inJid THEN 
choice of form = Side_wall. 
IF functional_requirement = Break_in_torsion THEN 
choice of form == Spaced_bosses. 
IF functional_requirement = Locate_on.Jar THEN 
choice oHorm = Side_wall. 
IF functional_requirement = Hold_in_lid THEN 
choice of form = Flange. 
IF functional_requirement = Hold_on.Jar THEN 
choice of form = Flange. 
IF functional_requirement = Prevencrotation THEN 
choice of form == Spaced_ribs. 
IF functional_requirement = Cover_lid_edge 1HEN 
choice of form = Lip. 
END.-RULE; 
END_ENTITY; 

{/FORM FEATURES. 

ENTITY FormJeatures 
ABSTRACT SUPElITYPE OF (ONE OF(Side_wall. BaseJeature. Flange. Lip. Spaced_ribs. 
Spaced_bosses. Base_wall. Spaced_holes»; 
END_ENTITY; 

ENTITY Side_wall 
SUBTYPE OF (FormJeatures); 
objective! : STRING; 
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adjacenUeature_type: STRING; 
function_name: STRING; 
mouldability _equivalent: STRING; 
mouldability_type: STRING; 
position: POINf3D; 
orientation: POINT3D; 
inner_dia : dimension; 
thickness: dimension; 
height: dimension: 
END_ENTITY; 

ENTITY Basejeature 
SUBTYPE OF (Formjeatures); 
objectivel : STRING; 
adjacentjeature_type: STRING; 
function_name: STRING; 
mouldability _equivalent: STRING; 
mouldability _type: STRING; 
position: POINf3D; 
orientation: POINf3D; 
inner_dia: dimension; 
thickness: dimension; 
height: dimension: 
END_ENTITY; 

ENTITY Lip 
SUBTYPE OF (Formjeatures); 
objectivel : STRING; 
adjacentjeature_type: STRING; 
function_name: STRING; 
mouldability_equivalent: STRING; 
mouldability _type: STRING; 
position: POINTID; 
orientation: POINf3D; 
inner_dia : dimension; 
thickness: dimension; 
height: dimension: 
END_ENTITY; 

ENTITY Flange 
SUBTYPE OF (Formjeatures); 
objectivel : STRING; 
adjacentjeature_type: STRING; 
function_name: STRING; 
mouldability _equivalent: STRING; 
mouldability _type: STRING; 
position: POINf3D; 
orientation: POINf3D; 
inner_dia: dimension; 
width: dimension; 
thickness: dimension: 
END_ENTITY; 

ENTITY Spaced_ribs 
SUBTYPE OF (Formjeatures); 
objectivel : STRING; 
adjacencfeature_type: STRING; 
function_name: STRING; 
mouldability_equivalent: STRING_ARRAY; 
mouldability _type: STRING; 
position: POINTID; 
orientation: POINT3D; 
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rib_numb: integer; 
inner_dia : dimension; 
outer_dia : dimension; 
height: dimension; 
width: dimension: 
END_ENTITY; 

ENTITY Spaced_bosses 
SUBTYPE OF (Formjeatures); 
objective\ : S1RING; 
adjacentjeature_type: S1RING; 
function_name: STRING; 
mouldability_equivalent: STRING_ARRAY; 
mouldability _type: STRING; 
alcmouldability_type: S1RING; 
position: POINT3D; 
orientation: POINT3D; 
boss_numb: integer; 
boss_dia: dimension; 
axiulia : dimension; 
height: dimension; 
END_ENTITY; 

ENTITY Spaced_holes 
SUBTYPE OF (Form_features); 
objective\ : STRING; 
adjacent_feature_type: S1RING; 
function_name: STRING; 
mouldability_equivalent: STRING_ARRAY; 
mouldability _type : S1RING; 
alcmouldability _type: S1RING; 
position: POINT3D; 
orientation: POINT3D; 
hole_numb: integer; 
hole_dia: dimension; 
axis_dia: dimension; 
depth: dimension; 
ENDJlNTITY; 

ENTITY Base_wall 
SUBTYPE OF (Formjeatures); 
objective\ : STRING; 
adjacencfeature_type: S1RING; 
function_name: STRING; 
mouldability_equivalent: STRING; 
mouldability _type: S1RING; 
position: POINT3D; 
orientation: POINT3D; 
dimaeter : dimension; 
thickness: dimension; 
END_ENTITY; 
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Appendix 7. 

Example strategist support for the build up of a yogurt pot 
product design. 
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ROD> import 
Enter workstation: zipporah 
Product ranges where data is available in the Product Range Model are: 
1. Yoghurt pot range of products 
2. Flower pot range of products 
3. PIPlus range of products 
Enter choice. 
1 

I.Create a new product ( Initial product definition). 
2.Modify existing product (Interactive product modification). 
3.Delete a product and its mould 
Enter choice. 
I 

Enter name of new prodUCL 
Ronan 

Functional requirements: 

enclose_horizontal 
enclose_below 
provide_seal_surface 
Section_destaCk_horizontal 
Section_destaCk_vertical 
Insert_destack 

Specify functional requirements for initial product definition: 

FUNCTION - Enclose horizontal 

What is the enclosed volume? (mm3)500000 

What is the diameter of the enclosure? (mm)80 

FUNCTION - Enclose below 

What is the enclosed diameter? (mm)70 

This diameter specification is smaller than that for adjacent 'Enclose horizontal' function 

Consequences: 
1. If form matches specification, enclosure not achieved, product functionality lost 

Remedial options: 
1. Increase diameter specification to a minimum of 80 mm 
- No further options 
Change specification? y/ny 

Enter new specification:80 

FUNCTION:enclose_horizontai 

Forms available for use: 
l.side_wall 
No more forms available. 
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Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of central axis of rotation):O 0 10 

Specify feature orientation 1 0 0 major axis is X direction 
o 1 0 major axis is Y direction, 00 1 major axis is Z d~tion:O 0 1 

Specify inner diameter:80 

Specify side_wall thickness:2 

Specify side_wall height:70 

FORM FEAnJRE Ronan_Fsid_ wO 
FUNcnONALITY ASSESSMENT - enclose_horizontal function: 

Inner diameter satisfactory for enclose horizontal function 

Present wall dimensions mean that the enclosed volume is lower than that specified 
Specified volume: 5()()()()() mm3 

Consequences: 
Enclose horizontal function specification not achieved 

Remedial options: 
1. Increase inner diameter to: 93 mm 
NOTE: Enclose horizontal specification for inner diameter: 80 mm 
2. Increase wall height to: 94.5 mm 
- No further options 
Change feature inner diameter? ylnn 

Present diameter recorded 
Change height?y/ny 

New height: 94.5 

MOULDABILITY WALL FEAnJRE: Ronan_MwallO 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper'/y/ny 

Creating taper on wall Ronan_MwallO 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degreesO.8 

Taper angle ok 
Do you wish to create a new gate on this wall?y/nn 

FUNcnON:enclose_below 

Forms available for use: 
1.base_wall 
No more forms available. 
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Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (centre of base):O 0 8 

Specify feature orientation I 0 0 major axis is X direction 
o I 0 major axis is Y direction, 0 0 I major axis is Z direction:O 0 I 

Specify base_wall diameter:84 

Specify base_wall thickness:3 

fORM FEATURE Ronan_Fbs_wIO 
FUNCTIONALITY ASSESSMENT - enclose_below function: 

Top of base wall is higher than the base of horizontal enclosure wall 

Consequences: 
I. Base wall encroaching on 'Enclose horizontal' surface- Loss of functionality 

Remedial options: 
I. Lower base wall to z position 7 

-No further options 

Reposition the feature? y/ny 

New feature position: 0 0 7 
Diameter satisfactory for enclose below specification 
Feature outer diameter satisfactory for enclose below function 

MOULDABILITY WALL FEATURE: Ronan_Mwalll 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on wall RonanYiwalll 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Thper angle ok 

Wall thickness is not the same as adjacent wan 

Possible consequences: 
I. Feeding problems if a thick section is fed by a thin section 
2. Stress concentrations at abrupt section changes 
3. Abrupt section changes can interfere with the flow of material in the mould causing surface defects 
4. Component warpage 

Remedial options: 
1. Make wall thickness the same or near to that of adjacent wall (2) 
2. If the difference in thickness must remain make sure the change is not abrupt 
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-No further options 

Change wall thickness? y /ny 

Enter new wall thickness (mm):2.0 

New thickness ok 

Wall features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on wall Ronan_Mwalll 
Enter inside radius: 
Recommended inside radius is between 0.8 and 1.2 mm 
0.5 mm is the recommended minimum radius.8 

Inside blend radius ok 

Enter outside radius: 
Recommended outside radius is 2.8 mm2.7 

This blend radius is less than 2.8 causing thickening corner section 

Possible consequences: 
1. Shrinkage marks or surface depressions in the corner 
2. Widening of the corner angle 
3. Curvature of the wall sections either side of the corner 

Remedial options: 
1. Increase blend radius to 2.8 

-No further options 

Increase the blend radius?y/ny 

Enter new blend radius:2.8 

New radius recorded 

Do you wish to create a new gate on this wall?y/nn 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

O. Ronan_Fsid_ wO 
1. Ronan_Fbs_ wlO 

Select modification/re-analysis option on main menu 

ENTER 'c' to continue:c 

INITIAL PRODUcr DEFINITION PHASE COMPLETE FOR PRODUCT: Ronan 
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1. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing fonns 
3. Display options 
4. Go on to mould design 
5. End session2 

1. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enter choice: 1 

Enter feature name and type: 

Name: Ronan_Fsid_ wO 

1YPe: side_wall 

FORM FEATURE Ronan_Fsid_ wO 
FUNCTIONALITY ASSESSMENT - enclose_horizontal function: 

Inner diameter satisfactory for enclose horizontal function 
Enclosed volume satisfactory for enclose horizontal function 

MOULDABILITY WALL FEATURE: Ronan_MwalIO 

Wall thickness ok 

Wall thickness relative to adjacent waIl ok 

1. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enter choice:l 

Enter feature name and type: 

Name: Ronan_Fhs_ wlO 

FORM FEATURE Ronan_Fhs_wIO 
FUNCTIONALITY ASSESSMENT - enclose_below function: 

Top of base wall is not in contact with base of horizontal enclosure walI 

Consequences: 
1. Product functionality lost 

Remedial options: 
1. Relocate base wall to z position 8 

-No further options 

Reposition the feature? y/ny 

New feature position: 0 0 8 
Diameter satisfactory for enclose below specification 
Feature outer diameter satisfactory for enclose below function 
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MOULDABILITY WALL FEATURE: Ronan_Mwalll 

Wall thickness ok 

Wall thickness relative to adjacent wall ok 

I. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mou!dability analysis. 
4. Return to previous menu. 

Enter choice:4 

Returning to main menu 

I. 00 on to Interactive product Modification design phase 
2. ModificationJre-analysis of existing forms 
3. Display options 
4. 00 on to mould design 
5. End session5 

Session terminatedRon> 
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Appendix 8. 

Example strategist support for the build up of a PTPlus 
product design. 

A8/l 



Ron> import 

Enter workstation: zipporah 

Product ranges where data is available in the Product model are: 
1. Yoghurt pot range of products 
2. Flower pot range of products 
3. PlPlus range of products 
Enter choice. 
3 

I.Create a new product ( Initial product definition). 
2.Modify existing product (Interactive product modification). 
3.Delete a product and its mould 
Enter choice. 
1 

Enter name of new product 
Ronan 

Functional requirements: 

locate_in_lid 
locate_onjar 
break_in_torsion 
hold_in_lid 
hold_onjar 
prevenuotation 
cover_lid_edge 

Specify functional requirements for initial product defmition: 

What is the inner diameter of the metal lid? (mm)52.44 

Note: location surface contains flange for 'hold)n_Iid' function as well as mating with inside lid 
surface 
What is the height of the location surface? (mm)3 

What is the breakage torsion required? (Nmm)1220 

FUNCI10N -locate_on.Jar 

What is the outer diameter of the jar neck? (mm)50.08 

What is the height of the location surface? (mm)3.5 

Forms available for use: 
l.side_ wall 
No more forms available. 
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Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of central axis of rotation):O 0 10 

Specify feature orientation 1 00 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 1 

specify inner diameter.50.44 

specify side_wall thickness:1.3 

specify side_wall height:2 

FORM FEATIJRE Ronan_Fsid_ wO 
FUNCTIONALITY ASSESSMENT-Iocate_in_lid function: 

Feature height is smaller than the height of the lid location surface 
The location surface height is 3 mm. 

Consequence: 
The location surface is under utilised 
Possible problems with 'hold_in_lid' function 
Change feature height?y/ny 

Enter new height:3 

Feature position is currently: 0010 
Do you wish to adjust the position for the new location?y/nn 

Feature outer diameter is greater than the inside diameter of the lid 
The location diameter is 52.44 mm. 

Consequence: 
This is an interference fit 
Change feature diameter?y/ny 

New outer diameter: 52.44 

To maintain constant inner diameter new thickness should be: 1 
Do you wish to adjust the thickness?y/ny 

New thickness: 1 

MOULDABILITY WALL FEATURE: Ronan_MwallO 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on wall Ronan_MwallO 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Taper angle ok 
Do you wish to create a new gate on this wall?y/ny 
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Creating gate on wall Ronan_MwallO 
Feeding distance: 824272 

Enter gate position X Y Z26.22 0 12 

Feeding distance ok 

This product is tubular: 

Possible choices of gate type: 
1. Rectangular edge gate 
2 Pin gate 
3. Diaphram gate 
4. Ring gate 

Enter choice: I 

Gate type is. rectangular edge gate 

FUNCTION:break_in_torsion 

Forms available for use: 
I.spaced_bosses 
No more forms available. 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of group central axis):O 0 9.75 

Specify feature orientation 1 0 0 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 I major axis is Z direction:O 0 1 

Specify number of bosses:5 

Specify boss diameters:. 17 

Specify diameter between boss axes:52 

Specify bosses heighc.25 

FORM FEAlURE Ronan_Fsp_bsO 
FUNCTIONALITY ASSESSMENT- break_in_torsion function: 

Torque specification: 1220 
Feature position satisfactory for break in torsion function 
Group diameter satisfactory for break in torsion function 
Torque calculation2013.45 

Feature cross sectional area is too large to provide failure 
at the torque specified 

Possible consequences: 
I. Difficulty in removing the lid from the jar 

Remedial options: 
1. Decrease the number of bosses 
2. Decrease the diameter of the bosses 
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Recommended number of bosses: 3 
Necessary boss diameter at present numbers: 0.103007 

-No further options 

Decrease the number of bosses? y/ny 

Enter number ofbosses:3 

Recommended boss diameter: 0.171679 

Change the diameter of bosses? y/nn 

Present diameter recorded 
New torque = 1208.07 Nm 

MOULDABILITY SOLID BOSS FEATURE: Ronan_MsbosO 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/nn 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/nn 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbos 1 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/nn 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 
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Do you wish to create a blend?y/nn 

MOULDABILITY SOLID BOSS fEATURE: Ronan_Msbos2 

Solid boss orientation ok 

Scilid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper'ly/nn 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concenlJations in the component 
2 Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/nn 

Forms available for use: 
I.side_wall 
No mOre forms available. 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of central axis ofrotation):O 0 6.25 

Specify feature orientation 1 0 0 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 1 

Specify inner diameter:50.08 

Specify side_wall thickness: I 

Specify side_wall heighc3.5 

FORM fEATURE Ronan_Fsid_wl 
FUNCTIONALITY ASSESSMENT-Iocate_onjar function: 

Feature height satisfactory for locate on jar function 
Feature position satisfactory for locate on jar function 

Wall outer diameter is less than that of adjacent boss grouping 

Consequences: 
1. Breakage torsion is drastically reduced from that intended and cannot be estimated 

Remedial options: 
1. Increase wall diameter to be in full contact with the boss grouping 
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Maximum outer wall diameter for full contact: 53.S3 
Minimum outer wall diameter for full contact: 52.17 

-No further options 

Increase the outer diameter? y/ny 

Enter new outer diameter:52.1S 

To maintain constant inner diameter new thickness should be: 1.05 
Do you wish to adjust the thickness? y/nn 

Feature inner diameter is greater than the neck diameter of the jar 
The location diameter is 50.0S mm. 

Consequence: 
An insert of some kind is required 
Change feature diameter?y/ny 

New inner diameter: 50.0S 

To maintain constant outer diameter new thickness should be: 1.05 
Do you wish to adjust the thickness?y/ny 

New thickness: 1.05 

MOULDABILlTY WALL FEATIJRE: Ronan_Mwalll 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on wall Ronan_Mwall1 
Enter taper angle: 
Recommended minimum draft angle = O.S degrees.S 

Taper angle ok 

Wall thickness is not the same as adjacent wall 

Possible consequences: 
I. Feeding problems if a thick section is fed by a thin section 
2. Stress concentrations at abrupt section changes 
3. Abrupt section changes can interfere with the flow of material in the mould causing surface defects 
4. Component warpage 

Remedial options: 
1. Make wall thickness the same or near to that of adjacent wall (1) 
2. If the difference in thickness must remain make sure the change is not abrupt 

-No further options 

Change wall thickness? y/nn 
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Present thicJmess recorded 

Wall features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/nn 

Do you wish to create a new gate on this wall?y{nn 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

O. Ronan_Fsid_wO 
1. Ronan_Fsp_bsO 
2. Ronan_Fsid_ w I 

Select modification/ro-analysis option on main menu 

ENTER • c' to continue:c 

INITIAL PRODUer DEFINITION PHASE COMPLETE FOR PRODUCT: Ronan 

1. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing forms 
3. Display options 
4. Go on to mould design 
5. End session2 

1. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enter choice: I 

Enter feature name and type: 

FORM FEATURE Ronan_Fsid_wO 
FUNCTIONALITY ASSESSMENT-Iocatejn_lid function: 

Feature height satisfactory for locate in lid function 

Feature outer diameter is greater than the inside diameter of the lid 
The location diameter is 52.44 mm. 

Consequence: 
This is an interference fit 
Change feature diameter?y/ny 

New outer diameter: 52.44 

To maintain constant inner diameter new thickness should be: 0.979055 
Do you wish to adjust the thicJmess?y/nn 
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MOULDABILITY WALL FEATURE: Ronan_MwallO 

Wall thickness ok 

Wall thickness relative to adjacent wall ok 

I. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enler choice: 1 

Enler feature name and type: 

FORM FEATURE Ronan_Fsp_bsO 
FUNCTIONALITY ASSESSMENT- breakjn_torsion function: 

Torque specification: 1220 
Feature position satisfactory for break in torsion function 
Group diameter satisfactory for break in torsion function 
Thrque calculation I 208.07 
Torque at failure satisfactory for break in torsion function 

MOULDABILITY SOLID BOSS FEATURE: Ronan_MsbosO 

Solid boss orientation ok 

Solid boss height ok 

Solid boss width ok 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbosl 

Solid boss orientation ok 

Solid boss height ok 

Solid boss width ok 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbos2 

Solid boss orientation ok 

Solid boss height ok 

Solid boss width ok 

I. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enler choice: I 
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Enter feature name and type: 

Type: side_wall 

FORM FEATURE Ronan_Fsid_ wl 
FUNCTIONALITY ASSESSMENT-Iocate_on...jar function: 

Feature height satisfactory for locate on jar function 
Feature position satisfactory for locate on jar function 
Feature in full contact with boss grouping - satisfactory support for break in torsion function 
Feature diameter satisfactory for locate on jar function 

MOULDABILITY WALL FEATURE: Ronan_Mwalll 

Wall thickness ok 

Wall thickness is not the same as adjacent wall 

Possible consequences: 
1. Feeding problems if a thick section is fed by a thin section 
2. Stress concentrations at abrupt section changes 
3. Abrupt section changes can interfere with the flow of material in the mould causing surface defects 
4. Component warpage 

Remedial options: 
I. Make wall thickness the same or near to that of adjacent wall (I) 
2. If the difference in thickness must remain make sure the change is not abrupt 

-No further options 

Change wall thickness? ylnn 

Present thickness recorded 

1. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enter choice:4 

Returning to main menu 

I. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing forms 
3. Display options 
4. Go on to mould design 
5. End sessionl 

Functional requirements: 
I. hold_in_lid 
2. hold_onjar 
3. preven!Jotation 
4. cover_lid_edge 
Select a product function. 1 
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What is the maximum fixing diameter, ie diameter inside lid? (mm)54.8 

Forms available for use: 
I.flange 
No more forms available. 

FORM FEA11JRE.- FLANGE: Ronan_FflangO 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of axis of rotation):O 0 12 

Specify feature orientation 1 00 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 1 

Specify inner diameter:53 

Specify flange width:.5 

Specify flange thickness: 1 

FORM FEATURE Ronan_FflangO 
FUNCTIONALITY ASSESSMENT- hold_in_lid function: 

Feature position satisfactory for hold in lid function 

Flange inner diameter is larger than corresponding outer diameter of location wall 

Possible consequences: 
1. Drastically reduced section thickness leading to excessive structural weakness 
2. Flange and location wall not in contact- Product functionality lost 

Remedial options: 
1. Decrease inner diameter to a maximum of 52.454 
Note: minimum diameter to retain product functionality: 50.4819 
Change feature diameter?y/ny 

Enter new inner diameter:52.44 

To maintain constant outer diameter new thickness should be:0.78 
Do you wish to adjust the thickness?y/nn 

. Feature outer diameter satisfactory for hold in lid function 

MOULDABILITY WALL FEAruRE: Ronan_Mwall2 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 
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Creating taper on wall Ronan_Mwall2 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Taper angle ok 

Wall thickness relative to adjacent wall ok 

Wall features require a blend 

Possible consequences of non inclusion: 
I. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on wall Ronan_Mwall2 
Enter inside radius: 
Recommended inside radius is between O.S and 0.6 mm 
O.S mm is the recommended minimum radius.S 

Inside blend radius ok 

Enter outside radius: 
Recommended outside radius is I.S mml.5 

Outside blend radius ok 

Do you wish to create a new gate on this wall?y/nn 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

Select modification/re-analysis option on main menu 

ENTER 'c' to continue:c 

1. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End sessionS 

Session terminated.Ron> 
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Appendix 9. 

Example strategist support for the build up of a flower pot 
product design. 
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Product ranges where data is available in the Product model are: 
I. Yoghurt pot range of products 
2. Flower pot range of products 
3. PTPlus range of products 
Enter choice. 
2 

I.Create a new product ( Initial product definition). 
2.Modify existing product (Interactive product modification). 
3.Delete a product and its mould 
Enter choice. 
2 

Enter name of existing product 
Ronan 

Functional requirements: 
1. insert_destack 
2.section_destack_horizon~ 

3. section_destack_vertical 
4. drainage 
5. drainage_clearance 
Select a product function.5 

FUNCfION - Drainage_clearance 

What is the drainage clearance height (mm) 1.5 

SAME FORM:'Drainage_clearance' and 'Insert_destack' functions can be performed using the 
same form on flower pot type products: 

Do you wish to use same form for 'Insert_destack' function?ytny 

N01E: For 'Drainage_clearance' the feature MUST be below the base wall 
Do you stiU wish to use the same form for 'Insert_destack'? ytny 

FUNCfION - Insert_destack 

N01E: Using 'insert_destack' function: 
1. 'Section_destack_horiwntal' function - no longer required. 
2. 'Section_destack_ vertical' function - no longer required. 

What is the required protruding height of each (stacked) product? (mm)3 

FUNCfION:drainage_c1earance 

Forms available for use: 
l.spaced_bosses 
2.spaced_ribs 

Select form.l 

Do you wish to see feature dimensioning instructions?ytnn 

Specify feature position (base of group central axis):O 0 3 
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Specify feature orientation 1 00 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 1 

Specify number of bosses:3 

Specify boss diameters:2 

Specify diameter between boss axes:70 

Specify bosses heighc4 

FORM fEATURE Ronan_Fsp_bsO 
FUNCTIONALITY ASSESSMENT- drainage_clearance function: 

Position of boss grouping satisfactory for 'drainage_clearance' function 

Boss height is higher than specified to achieve 'drainage_clearance' function 

Consequences: 
1. Drainage clearance is greater than specified - unecessary material in product 

Remedial options: 
1. Reposition feature to z position 5.5 
Change position? y/nn 

Present height recorded 

FORM fEATURE Ronan_Fsp_bsO 
FUNCTIONALITY ASSESSMENT - insert_destack function: 

Position of boss grouping satisfactory for insert destack function 

Boss height is higher than specified to achieve 'inserCdestack' function 

Consequences: 
1. Destack height is greater than specified - unecessary material in product 

Remedial options: 
1. Reposition feature to z position 4 
Change position? y/ny 

New position: 0 0 4 

MOULDABILITY SOLID BOSS fEATURE: Ronan_MsbosO 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper'ly/ny 

Creating taper on solid boss Ronan_MsbosO 
Enter taper angle: 
Recommended minimum draft angle = 5.0 degrees5.0 

Taper angle ok 
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Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
l. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on solid boss ROnaD_MsbosO 
Enter blend radius: 
Recommended minimum radius = 0.5 mm.5 

Blend radius ok 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbos 1 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on solid boss Ronan_Msbos 1 
Enter taper angle: 
Recommended minimum draft angle = 5.0 degreesS.O 

Taper angle ok 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
l. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y /ny 

Creating blend on solid boss Ronan_Msbosl 
Enter blend radius: 
Recommended minimum radius = 0.5 mm.S 

Blend radius ok 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbos2 

Solid boss orientation ok 

Solid boss features require a taper 
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Consequences of tion-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a tape(]y!ny 

Creating taper on solid boss Ronan_Msbos2 
Enter taper angle: 
Recommended minimum drnft angle = S.O degreesS.O 

Taper angle ok 

Solid boss height ok 

SoUd boss width ok 

SoUd boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on solid boss Ronan_Msbos2 
Enter blend radius: 
Recommended minimum radius = 0.5 mm.S 

Blend radius ok 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

Select modification/re-analysis option on main menu 

ENTER 'c' to continue:c 

I. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
S. End session 
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Appendix 10. 

Example strategist support for the build up of a flower pot 
product and mould design. 

AlO/l 



Ron> import 

Enter workstation: zipporah 

Product ranges where data is available in the Product Range Model are: 
I. Yoghurt pot range of products 
2. Flower pot range of products 
3. PTPlus range of products 
Enter choice. 
2 

I.Create a new product ( Initial product definition). 
2.Modify existing product (Interactive product modification). 
3.Delete a product and its mould 
Enter choice. 
I 

Enter name of new product 
Ronan 

Functional requirements: 

enclose_horizontal 
enclose_below 
Section_destack_horizontal 
Section_destack_ vertical 
Insert_destack 
Drainage 
Drainage_clearance 

Specify functional requirements for initial product definition: 

FUNcnON - Enclose horizontal 

What is the enclosed volume? (mm3)77000 

What is the diameter of the enclosure? (mm)70 

FUNcnON - Enclose below 

What is the enclosed diameter? (mm)70 

FUNcnON:enclose_horizontal 

Forms available for use: 
I.side_wall 
No more forms available. 

Do you wish to see feature dimensioning instructions?y Inn 

. Specify feature position (base of central axis of rotation):O 0 12 

Specify feature orientation I 0 0 major axis is X direction 
o I 0 major axis is Y direction, 0 0 I major axis is Z direction:O 0 1 

Specify inner diameter:70 
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Specify side_wall thickness:2 

Specify side_wall height:20 

FORM FEATURE Ronan_Fsid_wO 
FUNCflONALITY ASSESSMENT - enclose_horizontal function: 

Inner diameter satisfactory for enclose horizontal function 
Enclosed volume satisfactory for enclose horizontal function 

MOULDABILITY WALL FEAlURE: Ronan_MwallO 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on wall Ronan_MwallO 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Thper angle ok 
Do you wish to create a new gate on this wall?y/nn 

FUNCflON:enclose_below 

Forms available for use: 
J.base_wall 
No more forms available. 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (centre ofbase):O 010 

Specify feature orientation I 0 0 major axis is X direction 
o I 0 major axis is Y direction, 0 0 I major axis is Z direction:O 0 I 

Specify base_wall diameter:74 

Specify base_wall thickness:2 

FORM FEATURE Ronan_Fbs_wIO 
FUNCflONALITY ASSESSMENT - enclose_below function: 

Feature position satisfactory for enclose below function 
Diameter satisfactory for enclose below specification 
Feature outer diameter satisfactory for enclose below function 

MOULDABILITY WALL FEATURE: Ronan_MwalIl 

Wall thickness ok 

Wall features require a taper 
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Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a tapef!y/ny 

Creating taper on wall Ronan-.Mwalll 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Taper angle ok 

Wall thickness relative to adjacent wall ok 

Wall features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2 Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on wall Ronan_Mwalll 
Enter inside radius: 
Recommended inside radius is between 0.8 and 1.2 mm 
0.5 mm is the recommended minimum radius.8 

Inside blend radius ok 

Enter outside radius: 
Recommended outside radius is 2.8 mm2.8 

Outside blend radi us ok 

Do you wish to create a new gate on this wall?y/ny 

Creating gate on wall Ronan-.Mwalll 

Enter gate position X Y ZO 0 10 

Feeding distance ok 

This product is thin walled (thickness < 4mm) and rotational: 

Possible choices of gate type: 
1. Rectangular edge gate 
2 Pin gate 
3. Sprue gate 

Enter choice:3 

Gate type is sprue gate 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

O. Ronan_Fsid_wO 
1. Ronan_Fbs_wIO 
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Select modification/re-analysis option on main menu 

ENfER 'c' to continue:c 

INITIAL PRODUer DEFINITION PHASE COMPLETE FOR PRODUer: Ronan 

1. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing fonns 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: 0 

I. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing fonns 
3. Display options 
4. Go On to mould design 
5. End sessionl 

Functional requirements: 
I. insercdestack 
2. section_destack_horizontal 
3. section_destack_ vertical 
4. drainage 
5. drainage_clearance 
Select a product function.4 

FUNCTION - Drainage 

What is the drainage area (mm2)ISI 

FUNCTION:drainage 

Fonns available for use: 
l.spaced_holes 
No more fonns available. 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of group central axis):O 0 9.75 

Specify feature orientation I 0 0 major axis is X direction 
o I 0 major axis is Y direction. 0 0 I major axis is Z direction:O 0 I 

Specify number of holes:3 

Specify hole diameters:8 

Specify diameter between hole axes:35 

Specify depth of holes:4 

FORM FEATIJRE Ronan_Fsp_hlO 
FUNCTIONALITY ASSESSMENT-drainage function: 
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Hole group position satisfactory for drainage function 
Hole depth satisfactory for drainage function 
Drainage area calculation: ISO.797 
Hole di3meter satisfactory for drainage function 

MOULD ABILITY HOLE FEATURE: Ronan_MholeO 

Hole orientation ok 

Hole features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on hole Ronan~oleO 
Enter taper angle: 
Recommended minimum draft angle = S.O degreesS 

Taper angle ok 

hole to hole distance ok 

Hole to side wall distance ok 

Hole depth ok - This is a through hole 

MOULDABILITY HOLE FEATURE: Ronan_Mholel 

Hole orientation ok 

Hole features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on hole Ronan_Mholel 
Enter taper angle: 
Recommended minimum draft angle = S.O degreesS 

Taper angle ok 

hole to hole distance ok 

Hole to side wall distance ok 

Hole depth ok - This is a through hole 

MOULDABILITY HOLE FEATURE: Ronan_Mhole2 

Hole orientation ok 

Hole features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 
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Do you wish to create a taper'lylny 

Creating taper on hole Ronan_Mhole2 
Enter taper angle: 
Recommended minimum draft angle = 5.0 degreesS 

Thper angle ok 

hole to hole distance ok 

Hole to side wall distance ok 

Hole depth ok - This is a through hole 

WARNINO:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

Select modification/re-analysis option on main menu 

ENTER tc' to continue:c 

I. Choose another product function 
2 Modification/re_analysis of existing functional forms 
3. Display options 
4. 00 on to mould design 
5. End sessionl 

Functional requirements: 
I. insercdestack 
2. section_destack_horizontal 
3. section_destack_ vertical 
4. drainage 
5. drainage_clearance 
Select a product function.5 

FUNCI10N - Drainage_clearance 

What is the drainage clearance height (mm) 1.5 

SAME FORM:'Drainage_clearance' and '!nsercdestack' functions can be performed using the 
same form on flower pot type products: 

Do you wish to use same form for '!nsercdestack' function?y/nn 

FUNCI10N:drainage_clearance 

Forms available for use: 
I.spaced_ribs 
2spaced_bosses 

Select form.2 

Do you wish to see feature dimensioning instructions?y/nn 
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Specify feature position (base of group central axis):O 0 S.5 

Specify feature orientation I 0 0 major axis is X direction 
o I 0 major axis is Y direction, 0 0 I major axis is Z direction:O 0 I 

Specify number of bosses:3 

Specify boss diameters: 1.5 

Specify diameter between boss axes:50 

Specify bosses heighcI5 

FORM FEATURE Ronan_Fsp_bsO 
RJNCTIONALITY ASSESSMENT- drainage_clearance function: 

Position of boss grouping satisfactory for drainage_clearance function 
Height satisfactory for drainage_clearance function 
Found drain clear 
UPDAlE 

MOULDABILITY SOLID BOSS FEATIJRE: Ronan_MsbosO 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a tape(!y!ny 

Creating taper on solid boss Ronan_MsbosO 
Enter taper angle: 
Recommended minimum draft angle = 5.0 degrees5 

Taper angle ok 

Solid boss height ok 

Solid boss width is too large 

Possible consequences: 
1. Sink marks opposite the solid boss 
2. Component warpage 

Remedial options: 
1. Reduce solid boss width to a maximum of: 1.33333 

-No further options 

Change solid boss width? y!ny 

Enter new solid boss width (mm):1.3 

New width ok 

Solid boss features require a blend 
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Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on solid boss Ronan_MsbosO 
Enter blend radius: 
Recommended minimum radius = 05 mm.S 

Blend radius ok 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbosl 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on solid boss Ronan_Msbos 1 
Enter taper angle: 
Recommended minimum draft angle = 5.0 degrees5 

Taper angle ok 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on solid boss Ronan_Msbosl 
Enter blend radius: 
Recommended minimum radius = 0.5 mm.S 

Blend radius ok 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbos2 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on solid boss Ronan_Msbos2 
Enter taper angle: 
Recommended minimum draft angle = 5.0 degrees5 
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Thper angle ok 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on solid boss Ronan_Msbos2 
Enter blend radius: 
Recommended minimum radius = 0.5 mm.5 

Blend radius ok 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

Select modification/re-analysis option on main menu 

ENTER 'c' to continue:c 

1. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: 0 

1. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing forms 
3. Display options 
4. Go on to mould design 
5. End session4 

WARNING: Dimensional changes to cavity/core elements and application of tapers during mould 
design will result in dimensional changes and creation of tapers on corresponding product features 

As a consequence of the above, functional relationships within the product may be invalidated 

Re-analysis of all functional features in the product must be undertaken in original order of creation 

Are you sure you want to go on to mould design?y/ny 

Parting line is at 32 mm in the z plane 
Making part_line 

INTEGER CAVITY VOLUME FEATIJRE: Ronan_CAVitcv _ vlO 
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taper has angle 0.8 

Volume diameter ok 

Blend has inner 0.8 and outer 2.8 

Radius for blend= 2.8 
Making blend 

INTEGER CAVITY VOLUME FEATIJRE: Ronan_CAVitcv_ vU 

taper has angle 0.8 

Volume diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

Core parting line is at 32 mm in the z plane 
Making part_line 

INTEGER CORE VOLUME FEATURE: Ronan_CORitcr_vIO 

taper has angle 0.8 

Volume diameter ok 

Blend has inner 0.8 and outer 2.8 

Radius for blend= 0.8 

taper has angle 0.8 

Volume diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

No hollow boss features found for conversion to cavity/core representation 

INTEGER CAVITY HOLE FEATIJRE: Ronan_CAVitcv_hIO 

Blend has radius 0.5 

taper has angle 5 

Radius for blend= 0.5 
Making blend 

Creating cavity hole 

INTEGER CAVITY HOLE FEATIJRE: Ronan_CAVitcv_hll 

Blend has radius 0.5 

taper has angle 5 

Radius for blend= 0.5 
Making blend 
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Creating cavity hole 

INTEGER CAVITY HOLE FEA1URE: Ronan_CAVitcv_hI2 

Blend has radius 0.5 

taper has angle 5 

Radius for blend= 0.5 
Making blend 

No rib features found for conversion to cavity/core representation 

Creating core boss and cavity hole 

Blend has radius 0.5 

taper has angle 5 

Angle for taper: 5 

Creating core boss and cavity hole 

INTEGER CORE BOSS FEATURE: Ronan_CORitcr_bsl 

Blend has radius 0.5 

taper has angle 5 

Angle for taper: 5 

Creating core boss and cavity hole 

INTEGER CORE BOSS FEA1URE: Ronan_CORitccbs2 

Blend has radius 0.5 

taper has angle 5 

Angle for taper: 5 

Do you wish to change the gated wall? ylnn 

CREATING FEEDING SYSTEM: 

In order to design the feeding system it is necessary to fIrst identify some parameters of the cooling 
system: 

CAVITY COOLING SYSTEM: Ronan_CS 

Number of cooling layers using 1 mm flow ways: 1 
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Number of cooling layers using 8 mm flow ways: 1 

Number of cooling layers using 9 mm flow ways: 1 

Number of cooling layers using 10 mm flow ways: 1 

Choice of cooling tube diameter for cavity cooling system: 
1.7mm 
28mm 
3.9mm 
4.10mm 

Lower than 7 mm - insufficient cooling effect - difficulty drilling deep holes 

Higher than 10mm - high volume of water to be pumped around the mould for cooling 

Maximum cooling effect for Ronan_ CS cavity dimensions: 10 mm diameter 

Enter choice (1-4):4 

CREATING FEEDING SYSTEM: 

FEEDING SYSTEM - SPRUE GATE:Ronan]Ssprue-SO 

Gate position ok 

Moulding machine nozzle inner diameter is 3mm 

Gate diameter should be slightly larger then nozzle to allow for misalignment 

Lower gate diameter has been calculated as 3.1 mm 
Do you wish to change the diameter?y/nn 

Sprue length has been calculated as 29 mm 

This allows the minimum cavity block depth (below cavity) to avoid mould distorsion. and allows 
space for the cavity cooling system 
Do you wish to change the sprue length?y/nn 

Enter gate taper angle: 
Recommended minimum angle = 4.0 degrees (minimum recommended)4 

Taper angle ok 

CREATING CAVITY COOLING SYSTEM: 

CAVITY COOLING SYSTEM:Ronan_CS 

Choice of cooling system configurations for mould cavity: 
1. paired tube configuration 
2Utubeconfiguration 

U tube configuration is not recommended when using sprue gate: 

- Cooling flow ways on three sides can cause uneven cooling of the moulding 

Possible consequences: 
1. Differential section thickness over the moulding 
2. Differential shrinkage causing component warping 
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Remedial options: 
1. Used paired tube configuration 

-No further options 

Enter choice: 1 

STANDARD FLOW WAY:Ronan_CSsuUCwO 

Diameter: 10 mm 

Orientation: 0 

Configuration: pair 

Vertical coordinate: 11 mm 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSstd_fl_wl 

Diameter: 10 mm 

Orientation: 0 

Configuration: pair 

Vertical coordinate: 11 mm 
Making standard flow way 

In order to calculate remaining cavity cooling system parameters it is necessary to establish cavity 
block dimensions: 

CREATING CAVITY BLOCK FOR: Ronan_CAV 

INTEGER CAVITY RECTANGULAR MOULD BLOCK :Ronan_CAVitcv _rblO 

Cavity block position: 00-19 

Depth of cavity block: 48.6 mm 

Choice of standard guide pin diameters: 
1. 10 mm 
2. 13 mm 
3. 16 mm 
4. 19 mm 
5. 22 mm 
6.25 mm 
7. 32 mm 
8. 38 mm 

Recommendation: Use smallest suitable guide pin diameter to minimise size and weight of mould 
assembly 

Recommended size for current mould parameters: 3. 16 mm 

A\O/14 



Enter choice:(I-8): 3 

Guide pin diameter is 16 mm 

Cavity block length: 178.659 mm 

Cavity block width: 222 mm 

INTEGER CAVITY CIRCULAR LAND:ROIlaD_CAVitcv_crlO 

Circular land position: 0 0 29.6 

Circular land depth:2.4 mm 

Circular land diameter:84.5584 mm 

IN1EGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pfO 

Periferalland position: 57.329657.329629.6 

Periferalland depth:2.4 mm 

Periferalland diameter:15.3297 mm 

IN1EGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pfl 

Periferalland position: -57.32% 57.3296 29.6 

Periferalland depth:2.4 mm 

Periferalland diameter: 15.3297 mm 

IN1EGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pf2 

Periferalland position: 57.3296 -57.3296 29.6 

Periferalland depth:2.4 mm 

Periferalland diameter: 15.3297 mm 

IN1EGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pf3 

Periferalland position: -57.32% -57.3296 29.6 

Periferalland depth:2.4 mm 

Periferalland diameter:15.3297 mm 

COMPLETING CAVITY COOLING SYSTEM: 

STANDARD FLOW WAY:Ronan_CSstd_fl_wO 

Standard flow way position: -89.32% 57.9999 11 
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Standard flow way length: 178.659 mm 

STANDARDFLOWWAY:Ronan_CSsuCfl_wl 

Standard flow way position: -89.3296 -57.9999 II 

Standard flow way length: 178.659 mm 

CREATING CORE COOLING SYSTEM: 

CORE COOLING SYSTEM:Ronan_CS 

Number of standard flow ways using 7 mm flow ways: 3 

Number of standard flow ways using 8 mm flow ways: 3 

Number of standard flow ways using 9 mm flow ways: 3 

Number of standard flow ways using 10 mm flow ways: 3 

Choice of cooling tube diameter for shallow core cooling system: 
1.7mm 
28mm 
3.9mm 
4.IOmm 

Maximum cooling effect for Ronan_CS core dimensions: 10 mm diameter 

Enter choice (1-4):4 

Choice of cooling system configurations for shallow mould core at diameter 10 mm: 

1. Z_tube configuration 

2. single tube configuration 

Using Z tube configuration 'Cooler' water entering the mould at the gated end provides uneven 
cooling of the moulding 

Possible consequences: 
1. Differential section thickness over the moulding 
2 Differential shrinkage causing component warping 

Recommendation - Use single tube configuration 

Enter choice:2 

Position: -89.3296 -26 53 

Length: 178.659 mm 

Diameter: 10 mm 

Orientation: 0 
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Configuration: single 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSs«Cfl_w3 

Position: --S9.3296 0 53 

Length: 178.659 mm 

Diameter: 10 mm 

Orientation: 0 

Configuration: single 
Making standard flow way 

Position: --S9.3296 26 53 

Length: 178.659 mm 

Diameter: 10 mm 

Orientation: 0 

Configuration: single 
Making standard flow way 

IN'IEGER CORE RECTANGULAR BLOCK: Ronan_CORitcublO 

Core block position: 0034.4 

length: 178.659 mm 

width: 222 mm 

depth: 47 mm 

guide.Jlin_diameter: 16 mm 

Circular land position: 0032 

Circular land depth:2.4 mm 

Circular land diameter:84.5584 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcr..pfO 

Periferalland position: 57.329657.329632 

Periferalland depth:2.4 mm 
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Periferalland diameter:15.3297 mm 

IN1EGER CORE PERIFERAL LAND :Ronan_CORitcr-pfl 

Periferalland position: -57.32% 57.3296 32 

Periferalland depth:2.4 mm 

Periferalland diameter:15.3297 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcr-pf2 

Periferalland position: 57.3296 -57.3296 32 

Periferalland depth:2.4 mm 

Periferalland diameter:15.3297 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcr-pf3 

Periferalland position: -57.32% -57.3296 32 

Periferalland depth:2.4 mm 

Periferalland diameter: I 5.3297 mm 

1. Choose another product function 
2. ModificatiOn/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: 1 

Display options: 

I. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:3 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 
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Enter choice:4 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:6 

1. Choose another product function 
2. ModificatiOn/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session2 

WARNING:Re-analysis of features other than as advised by the strategist can invalidate functional 
relationships within the product :-

Re-analysis of all functional features in the product must be undertaken in the original order of 
creation 

1. Change a functional feature. 
2. R(}-I'Un functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enter choice: I 

Enter feature name and type: 

Do you wish to see feature dimensioning instructions?y/nn 

Do you wish to change the feature position7y/nn 

Do you wish to change the feature orientation?y/nn 

Do you wish to change the feature inner diameter?y/ny 

Specify inner diameter:56 

Do you wish to change the feature thickness?y/nn 

Do you wish to change the feature height?y/ny 

Specify side_wall height:31 

FORM FEATURE Ronan_Fsid_wO 
FUNCllONALITY ASSESSMENT - enclose_horizontal function: 

Present wall dimensions mean that the enclosed diameter is lower than that specified 
Specified diameter: 70 mm 
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Consequences: 
Enclose horizontal function specification not achieved 

Remedial options: 
1. Increase inner diameter to 70 mm- No further options 
Change feature inner diameter? ylnn 

Present diameter recorded 
Enclosed volume satisfactory for enclose horizontal function 

MOULDABILITY WALL FEATIJRE: Ronan_MwallO 

Wall thickness ok 

Wall thickness relative to adjacent wall ok 

1. Change a functional feature. 
2 RCHUn functional analysis. 
3. Re>-run mouldability analysis. 
4. Return to previous menu. 

Enter choice: 1 

Enter feature name and type: 

Do you wish to see feature dimensioning instructions?y/nn 

Do you wish to change the feature position?y/nn 

Do you wish to change the feature orientation?y/nn 

Do you wish to change the feature diameter?y/ny 

Specify diameter:60 

Do you wish to change the feature thickness?y/nn 

FORM FEATURE Ronan_Fbs_wIO 
FUNCTIONALITY ASSESSMENT - enclose_below function: 

Feature position satisfactory for enclose below function 
Base wall diameter is smaller than that specified for the 'Enclose below' function 

Consequences: 
1. Enclosure not achieved, product functionality lost 

Remedial options: 
1. Increase diameter to a minimum of 70 mm 
- No further options 
Change diameter? y/nn 

Feature outer diameter satisfactory for enclose below function 

MOULDABILITY WALL FEATIJRE: Ronan_Mwa11l 
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Wall thickness ok 

Wall thickness relative to adjacent wall ok 

1. Change a functional feature. 
2. Re-run functional analysis. 
3. Re-run mouldability analysis. 
4. Return to previous menu. 

Enter choice:4 

Returning to main menu 

I. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: I 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice: I 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:6 

I. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session4 

WARNING: Dimensional changes to cavity/core elements and application of tapers during mould 
design will result in dimensional changes and creation of tapers on corresponding product features 

As a consequence of the above, functional relationships within the product may be invalidated 

Re-analysis of all functional features in the product must be undertaken in original order of creation 

Are you sure you want to go on to mould design?y/ny 
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Parting line is at 43 mm in the z plane 
Making part_line 

INTEGER CAVITY VOLUME FEATURE: Ronan_CAVitcv_vIO 

taper has angle 0.8 

Volwne diameter ok 

Blend has inner 0.8 and outer 2.8 

Radius for blend= 2.8 

INTEGER CAVITY VOLUME FEATURE: Ronan_CAVitcv_vlI 

taper has angle 0.8 

Volwne diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

Core parting line is at 43 mm in the z plane 
Making part_line 

INTEGER CORE VOLUME FEATURE: Ronan_CORitcr_vIO 

taper has angle 0.8 

Volwne diameter ok 

Blend has inner 0.8 and outer 2.8 

Radius for blend= 0.8 

INTEGER CORE VOLUME FEATURE: Ronan_CORitcr_vlI 

taper has angle 0.8 

Volwne diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

No hollow boss features found for conversion to cavity/core representation 

INTEGER CAVITY HOLE FEATURE: Ronan_CAVitcv_hIO 

Blend has radius 0.5 

taper has angle 5 

Radius for blend= 0.5 
Making blend 

Angle for taper: 5 
Making taper 

INTEGER CAVITY HOLE FEATURE: Ronan_CAVitcv_hll 
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Blend has radius 0.5 

taper has angle 5 

Radius for blend= 0.5 
Making blend 

Angle for taper: 5 
Making taper 

INTEGER CAVITY HOLE FEATIJRE: Ronan_CAVitcv_hI2 

Blend has radius 0.5 

taper has angle 5 

Radius for blend= 0.5 
Making blend 

Angle for taper: 5 
Making taper 

No rib features found for conversion to cavity/core representation 

Creating core boss and cavity hole 

INTEGER CORE BOSS FEATIJRE: Ronan_CORitcr_bsO 

Blend has radius 0.5 

taper has angle 5 

Angle for taper: 5 
Making taper 

Creating core boss and cavity hole 

INTEGER CORE BOSS FEATIJRE: Ronan_CORitcr_bsI 

Blend has radius 0.5 

taper has angle 5 

Angle for taper: 5 
Making taper 

Creating core boss and cavity hole 

INTEGER CORE BOSS FEATIJRE: Ronan_CORitcr_bs2 

Blend has radius 0.5 

taper has angle 5 

Angle for taper: 5 
Making taper 
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Do you wish to change the gated wall? y/ny 

Please indicate which wall you wish to gate: 
O. Ronan_Mwalll 
1. Ronan_MwallO 

Enter choice: 1 

Enter gate position X Y Z30 0 43 

Feeding distance ok 

This product is thin walled (thickness < 4mm) and rotational: 

Possible choices of gate type: 
1. Rectangular edge gate 
2. Pin gate 
3. Sprue gate 

Enter choice: 1 

Gate type is rectangular edge gate 

CREATING FEEDING SYSTEM: 

In order to design the feeding system it is necessary to fIrSt identify some parameters of the cooling 
system: 

CAVITY COOLING SYSTEM: Ronan_CS 

Number of cooling layers using 7 mm flow ways: 1 

Number of cooling layers using 8 mm flow ways: 1 

Number of cooling layers using 9 mm flow ways: 1 

Number of cooling layers using 10 mm flow ways: 1 

Choice of cooling tube diameter for cavity cooling system: 
1. 7mm 
2.8mm 
3.9mm 
4.10mm 

Lower than 7 mm - insufficient cooling effect - difficulty driUing deep holes 

Higher than lOmm - high volume of water to be pumped around the mould for cooling 

Maximum cooling effect for Ronan_CS cavity dimensions: 10 mm diameter 

Enter choice (1-4):4 

CREATING FEEDING SYSTEM: 

FEEDING SYSTEM - RECI"ANGULAR EDGE GATE:Ronan_FSrcted-E<J 

WARNING: Application of tapers on Ronan_MwallO for manufacturing reasons has increased the 
width of the cavity opening at the parting line by 0.865742 mm 
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Consequences: 
1. Edge gate position no longer on edge of cavity: 
- Reduced land length- weakness in mould construction can lead to wear or failure 

Remedial options: 
1. Adjust gate position 

- No further options 
Do you wish to adjust the gate position? y/ny 

New gate postion: 30.4329043 

Gate position ok 

Gate land length: 

Land length should be as small as possible and in any case between 0.5 and 0.75 mm 
Enter land length.5 

Land length ok 

Gate depth: 

Gate depth has been calculated as 1.4 mm 
Do you wish to change the depth?y/nn 

Gate width: 

Gate width has been calculated as 2.21946 mm 
Do you wish to change the width?y/nn 

FEEDING SYSTEM - CIRCULAR RUNNER:Ronan_FScirc_rO 

Runner length: 

Runner length has been calculated as 20.0671 mm 

This calculation is based on minimum distance between cavity and main sprue 
Do you wish to change the length?y/nn 

Runner diameter: 

Runner diameter has been calculated as 2 mm 

This calculation is based on minimum diameter to ensure cavity is filled before plastic in runner 
solidifies 
Do you wish to change the diameter?y/nn 

FEEDING SYSTEM - MAIN FEEDING SPRUE:Ronan_FSmain_sO 

Main sprue position: 50.9999 0 48 
Enter main sprue taper angle: 
Recommended minimum angle = 4.0 degrees (minimum recommended)4 

Taper angle ok 

Lower diameter of sprue = 3.1 mm to match machine nozzle diameter of 3 mm 

No nozzle recess required 
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Sprue length has been calculated as 60 mm 

This allows the minimum cavity block depth (below cavity) to avoid mould distorsion, and allows 
space for the cavity cooling system. 
Note: 5 mm of the sprue length is to create a sprue puller in the core block 
Do you wish to change the sprue length?y/nn 

CREATING CAVITY COOLING SYS1EM: 

CAVITY COOLING SYS1EM:Ronan_CS 

Choice of cooling system configurations for mould cavity: 
1. paired tube configuration 
2. U tube configuration 

U tube configuration recommended when using single rectangular edge gate: 

Bottom of the U cooling the gated side provides more even cooling of the mOUlding, can reduce cycle 
time. 

Enter choice:2 

STANDARD FLOW WAY:Ronan_CSsuUI_wO 

Diameter: 10 mm 

Orientation: 0 

Vertical coordinate: 22 mm 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSstd_f1_wl 

Diameter: 10 mm 

Orientation: 0 

Cavity/core_name: Ronan_CAV 

Configuration: U _tube 

Vertical coordinate: 22 mm 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSstd_f1_ w2 

Diameter: 10 mm 

Orientation: 1.5708 

Configuration: U _tube 

Vertical coordinate: 22 mm 
Making standard flow way 
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In order to calculate remaining cavity cooling system parameters it is necessary to establish cavity 
block dimensions: 

CREATING CAVITY BLOCK FOR: Ronan_CAV 

IN1EGER CAVITY RECTANGULAR MOULD BLOCK :Ronan_CAVitcv_rblO 

Cavity block position: 00-12 

Depth of cavity block: 52.6 mm 

Choice of standard guide pin diameters: 
1. 10 mm 
2.13 mm 
3. 16mm 
4. 19mm 
5. 22 mm 
6. 25 mm 
7. 32 mm 
8. 38 mm 

Single rectangular edge gate causes unbalanced forces in the mould, tending to open the mould on 
one side 

Possible consequences: 
1. Larger wall section thickness one one side of the mould than on the other 

Remedial options 
Use guide pin size one larger than that recommended to ensure alignment of mould halves 

-No further options 

Recommended size for current mould parnmeters: 3. 16 mm 

This product has a single rectangular edge gate - USE NEXT SIZE UP 

Enter choice:(1-8):3 

Guide pin diameter is 16 mm 

Cavity block length: 186 mm 

Cavity block width: 208 mm 

IN1EGER CAVITY RECTANGULAR LAND: Ronan_CAVitcv_rclO 

Rectangular land position: 0040.6 

Rectangular land depth:2.4 mm 

Rectangular land length: 122.866 mm 

Rectangular land width: 70.8656 mm 

COMPLETING CAVITY COOLING SYSlEM: 

STANDARD FLOW WAY:Ronan_CSsttUI_ wO 
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Standard flow way position: -92.9999 50.9999 22 

Standard flow way length: 175 mm 

STANDARD FLOW WAY:Ronan_CSsuCfl_ wl 

Standard flow way position: -92.9999 -50.9999 22 

Standard flow way length: 175 mm 

Standard flow way position: 76.9999 -104 22 

Standard flow way length: 160 mm 
LOWEST DIAMETER FOR CORE =:52.9999 

CREATING CORE COOLING SYSTEM: 

CORE COOLING SYSTEM:Ronan_CS 

Choice of cooling system configurations for deep mould core: 

1. Baffied straight hole system -
Large cooling capacity, easy to manufacture. 

2. Angled hole system -
Does not work for the deepest cores, hard to manufacture due to 
angled holes, small cooling capacity compared to baffle system. 

3. Stepped circuit system-
Holes drilled through core into cavity, requiring plugging and 
finishing, small cooling capacity compared to baffle system. 

Use baffle system for deep core: 

Number of baffle flow ways using 12 mm flow ways: I 

Number of baffle flow ways using 13 mm flow ways: 1 

Number of baffie flow ways using 14 mm flow ways: 1 

Number of baffie flow ways using 15 mm flow ways: 1 

Numberofbaffie flow ways using 16 mm flow ways: I 

Choice of cooling tube diameter for deep core cooling system: 
1. 12mm 
2. 13mm 
3.14mm 
4.15mm 
5.16mm 

Maximum cooling effect for Ronan_CS core dimensions: 16 mm diameter 

Enter choice (1-5):5 

Numberofbaffie flow ways through the centre of the core: 1 
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Diameter of standard flow way to connect baffie flow ways bas been calculated as 10 mm 

STANDARD FLOW WAY:Ronan_CSskUl_w3 

Position: -92.9999 069 

Length: 186 mm 

Diameter: 10 mm 

Orientation: 0 

Configuration: deep 
Making standard flow way 

Baffie flow way position: -2.49993 0 92.4 

Baffie flow way diameter: 16 mm 

Baffie flow way length: 64.4 mm 

Configuration: deep 

Cavity/core name: Ronan_COR 
Making baffie flow way 

BAFFLE BLADE:Ronan_CSbfCbIO 

Baffie blade: -2.49993 092.4 

Baffie blade length: 48.4 mm 

Baffie blade width: 15.5 mm 

Baffie blade thickness: 2 mm 

Configuration: deep 

Cavity/core name: Ronan_COR 
Making baffie blade 

INlEGER CORE RECTANGULAR BLOCK: Ronan_CORiICUblO 

Core block position: 0045.4 

length: 186 mm 

width: 208 mm 

depth: 47 mm 

guide...,pin_diameter: 16 mm 

IN1EGER CORE RECTANGULAR LAND :Ronan_CORitcUclO 
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Rectangular land position: 0043 

Rectangular land depth:2.4 mm 

Rectangular land length: 122.866 mm 

Rectangular land width: 70.8656 mm 

1. Choose another product function 
2. Modification/re_analysis of existing functional fonns 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: 1 

Display options: 

I. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:3 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:4 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:6 

1. Choose another product function 
2. ModificatiOn/re_analysis of existing functional fonns 
3. Display options 
4. Go on to mould design 
5. End session5 

Session tenninated.Ron> 
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Appendix 11. 

Example strategist support for the build up of a PTPlus 
product and mould design. 
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Ron> import 

Enter workstation: zipporah 

Product ranges where data is available in the Product Range Model are: 
1. Yoghurt pot range of products 
2. Flower pot range of products 
3. PTPlus range of products 
Enter choice. 
3 

I.Create a new product ( Initial product definition). 
2.Modify existing product (Interactive product modification). 
3.Delete a product and its mould 
Enter choice. 
1 

Enter name of new product. 
Ronan 

Functional requirements: 

locate_in_lid 
locate_onjar 
break_in_torsion 
hold_in_lid 
hold_oojar 
prevenuutation 
cover_lid_edge 

Specify functional requirements for initial product definition: 

What is the inner diameter of the metal lid? (mm)52.44 

Note: location surface contains flange for 'hold_in_lid' function as well as mating with inside lid 
surface 
What is the height of the location surface? (mm)3.0 

What is the breakage torsion required? (Nmm)1220 

What is the outer diameter of the jar neck? (mm)50.08 

What is the height of the location surface? (mm)3.5 

Forms available for use: 
I.side _wall 
No more forms available. 
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Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of central axis of rotation):O 0 10 

Specify feature orientation 1 00 major axis is X direction 
o I 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 I 

Specify inner diameter:50.44 

Specify side_wall thickness: I 

Specify side_wall height:3.0 

FORM FEA'IURE Ronan_Fsid_wO 
FUNCTIONALITY ASSESSMENT -locate_in_lid function: 

Feature height satisfactory for locate in lid function 
Feature diameter satisfactory for locate in lid function 

MOULDABILITY WALL FEATURE: Ronan_MwallO 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper'ly/ny 

Creating taper on wall Ronan_MwallO 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Taper angle ok 
Do you wish to create a new gate on this wall?y/ny 

Creating gate on wall Ronan_MwallO 

Enter gate position X Y Z26.22 0 12 

Feeding distance ok 

This product is tubular: 

Possible choices of gate type: 
1. Rectangular edge gate 
2. Pin gate 
3. Diaphrarn gate 
4. Ring gate 

Enter choice: I 

Gate type is rectangular edge gate 

FUNCTION:break_in_torsion 

Forms available for use: 
1.spaced_bosses 
No more forms available. 
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Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of group central axis):O 0 9.75 

Specify feature orientation I 0 0 major axis is X direction 
o I 0 major axis is Y direction, 0 0 I major axis is Z direction:O 0 I 

Specify number of bosses:3 

Specify boss diameters:. 17 

Specify diameter between boss axes:52 

Specify bosses height.25 

FORM FEATURE Ronan_Fsp_bsO 
FUNCTIONALITY ASSESSMENT- break_in_torsion function: 

Thrque specification: 1220 
Feature position satisfactory for break in torsion function 
Group diameter satisfactory for break in torsion function 
Torque calculation 1208.07 
Torque at failure satisfactory for break in torsion function 

MOULDABILITY SOLID BOSS FEATURE: Ronan_MsbosO 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/nn 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/nn 

MOULDABILITY SOLID BOSS FEATURE: Ronari_Msbos1 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/nn 
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Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Thrbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/nn 

MOULDABILITY SOLID BOSS FEATURE: Ronan_Msbos2 

Solid boss orientation ok 

Solid boss features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do YOIl wish to create a taper?y/nn 

Solid boss height ok 

Solid boss width ok 

Solid boss features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/nn 

Forms available for use: 
I.side_ wall 
No more forms available. 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of central axis ofrotation):O 0 6.25 

Specify feature orientation 1 0 0 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 1 

Specify inner diameter:50.08 

Specify side_wall thickness: 1 

Specify side_wall height:3.5 

FORM FEATURE Ronan_Fsid_ wl 
FUNCTIONALITY ASSESSMENT-Iocate_onjar function: 
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Feature height satisfactory for locate on jar function 
Feature position satisfactory for locate on jar function 

Wall outer diameter is less than that of adjacent boss grouping 

Consequences: 
I. Breakage torsion is drastically reduced from that intended and cannot be estimated 

Remedial options: 
I. Increase wall diameter to be in full contact with the boss grouping 
Maximum outer wall diameter for full contact: 53.S3 
Minimum outer wall diameter for full contact: 52.17 

-No further options 

Increase the outer diameter? y/ny 

Enter new outer diameter:52.IS 

To maintain constant inner diameter new thickness should be: 1.05 
Do you wish to adjust the thiCkness? y/ny 

New thickness: 1.05 
Feature diameter satisfactory for locate on jar function 

MOULDABILITY WALL FEATIJRE: Ronan_Mwalll 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper?y/ny 

Creating taper on wall Ronan_Mwalll 
Enter taper angle: 
Recommended minimum draft angle = O.S degrees.S 

Taper angle ok 

Wall thickness is not the same as adjacent wall 

Possible consequences: 
I. Feeding problems if a thick section is fed by a thin section 
2. Stress concentrations at abrupt section changes 
3. Abrupt section changes can interfere with the flow of material in the mould causing surface defects 
4. Component warpage 

Remedial options: 
I. Make wall thickness the same or near to that of adjacent wall (I) 
2. If the difference in thickness must remain make sure the change is not abrupt 

-No further options 

Change wall thickness? y/nn 

Present thickness recorded 
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Wall features require a blend 

Possible consequences of non inclusion: 
1. Stress concenttations in the component 
2 Thrbulent flow around the corner can cause surface defects· 

Do you wish to create a blend?y/nn 

Do you wish to create a new gate on this wall?y/nn 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 

O. Ronan_Fsid_wO 
1. Ronan_Fsp_bsO 
2. Ronan_Fsid_wl 

Select modification/re-analysis option on main menu 

ENTER 'c' to continue:c 

INITIAL PRODUcr DEFINTI10N PHASE COMPLETE FOR PRODUCT: Ronan 

1. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing forms 
3. Display options 
4. Go on to mould design 
5. End session4 

WARNING: Dimensional changes to cavity/core elements and application of tapers during mould 
design will result in dimensional changes and creation of tapers on corresponding product features 

As a consequence of the above, functional relationships within the product may be invalidated 

Re-analysis of all functional features in the product must be undertaken in original order of creation 

Are you sure you want to go on to mould design7y/ny 

INTEGER CAVITY VOLUME FEATIJRE: Ronan_CAVitcv_vlO 

taper has angle 0.8 

Volume diameter ok 

No blend required between Ronan_Mwalll and Ronan_MwallO 
Entity boundaries do not meet 

INlEGER CAVITY VOLUME FEATURE: Ronan_CAVitcv_ vII 

taper has angle 0.8 

Volume diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

Core parting line is at 13 mm in the z plane 
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IN1EGER CORE VOLUME FEATURE: Ronan_CORitcr_vIO 

taper has angle 0.8 

Volume diameter ok 

No blend required between Ronan_Mwalll and Ronan_MwallO 
Entity boundaries do not meet 

taper has angle 0.8 

Volume diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

We have a group volume 
Location = 9.75 

Identifying local insert features that make up group volume 

IN1EGER CAVITY GROUP VOLUME FEATURE: Ronan_CAVitcr..grvO 

Cavity volume diameter is too small, an overhang exists 

Possible consequences: 
I. Split mould required 
2. If there is a rim the component cannot be removed from the mould even 
if it is split- COMPONENT NON MOULDABLE 

Remedial options: 
1. Increase volume diameter to a minimum of 52.2776 mm 

-No further options 

Change volume diameter? ytny 

Enter new volume diameter (mm):52.28 

New diameter ok 

IN1EGER CORE GROUP VOLUME FEATURE: Ronan_CORitcr..grvO 

Core volume diameter is too large, an overhang exists 

Possible consequences: 
1. For an overhang of up to 1.5 mm. stripping of the component 
from the core is required for removal 

2. If the overhang is larger than l.5mm the component cannot be removed 
from the mould unless a collapsible core can be designed 

Remedial options: 
1. Reduce volume diameter to a minimum of 50.4399 mm 

-No further options 
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WARNING: changing the core group volume diameter also changes the CAVITY 
group volume diameter. which can result in the need for a split cavity 
Maximum diameter on core to prevent split cavity requirement :52.4399 
Minimum diameter on core to prevent split cavity requirement :52.2776 

Change volume diameter? y/nn 

Present diameter recorded - Component stripping required 

INTEGER CAVITY GROUP VOLUME FEA1URE: Ronan_CAVitcr...grvO 

Volume diameter ok 

No hollow boss features found for conversion to cavity/core representation 

All solid boss features are part of a group volume in the cavity/core 

No rib features found for conversion to cavity/core representation 

No hole features found for conversion to cavity/core representation 

Do you wish to change the gated wall? ylnn 

CREATING FEEDING SYSTEM: 

In order to design the feeding system it is necessary to flfSt identify some parameters of the cooling 
system: 

CAVITY COOLING SYSTEM: Ronan_CS 

Number of cooling layers using 7 mm flow ways: I 

Number of cooling layers using 8 mm flow ways: I 

Number of cooling layers using 9 mm flow ways: I 

Number of cooling layers using 10 mm flow ways: I 

Choice of cooling tube diameter for cavity cooling system: 
1.7mm 
2.8mm 
3.9mm 
4.IOmm 

Lower than 7 mm - insufficient cooling effect - difficulty drilling deep holes 

Higher than 10mm - high volume of water to be pumped around the mould for cooling 

Maximum cooling effect for Ronan_ CS cavity dimensions: 10 mm diameter 

Enter choice (1-4):4 

CREATING FEEDING SYSTEM: 

FEEDING SYSTEM - RECTANGULAR EDGE GATE:Ronan_FSrcted...gO 

WARNING: Application of tapers on Ronan_MwallO for manufacturing reasons has increased the 
width of the cavity opening at the parting line by 0.0837814 mm 
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Consequences: 
1. Edge gate position no longer on edge of cavity: 
- Reduced land length- weakness in mould construction can lead to wear or failure 

Remedial options: 
1. Adjust gate position 

- No further options 
Do you wish to adjust the gate position? y/ny 

New gate postion: 26.2619 0 12 

Gate position 26.2619 0 12 is not on the parting line 

Consequences: 
1. Component and feed system cannot be ejected- COMPONENT NON MOULDABLE 
2. Gate and runner system cannot be machined into cavity block- MOULD NON 
MANUFACfURABLE 

Remedial options: 
1. Move gate to parting line 

-No further options 

Gate position has been recalculated to 26.2619 0 13 
Do you wish to change the new position?y/ny 

Enter new gate position (X Y Z):26.2619 0 13 

New position recorded 

Gate land length: 

Land length should be as small as possible and in any case between 0.5 and 0.75 mm 
Enter land length.5 

Land length ok 

Gate depth: 

Gate depth has been calculated as 0.7 mm 
Do you wish to change the depth7y/nn 

Gate width: 

Gate width has been calculated as 1.33192 mm 
Do you wish to change the width?y/nn 

FEEDING SYSTEM - ClRCULAR RUNNER:Ronan_FScirc_rO 

Runner length: 

Runner length has been calculated as 20.458 mm 

This calculation is based on minimum distance between cavity and main sprue 
Do you wish to change the length?y/nn 

Runner diameter: 
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Runner diameter has been calculated as 2 mm 

This calculation is based on minimum diameter to ensure cavity is filled before plastic in runner 
solidifies 
Do you wish to change the diameter?y/nn 

FEEDING SYSTEM - MAIN FEEDING SPRUE:Ronan_FSmain_sO 

Main sprue position: 47.2199 0 18 
Enter main sprue taper angle: 
Recommended minimum angle = 4.0 degrees (minimum recommended)4.0 

Taper angle ok 

Lower diameter of sprue = 3.1 mm to match machine nozzle diameter of 3 mm 

No nozzle recess required 

Sprue length has been calculated as 47 mm 

This allows the minimum cavity block depth (below cavity) to avoid mould distorsion. and allows 
space for the cavity cooling system. 
Note: 5 mm of the sprue length is to create a sprue puller in the core block 
Do you wish to change the sprue length?y/nn 

CREATING CAVITY COOLING SYSTEM: 

CAVITY COOLING SYSTEM:Ronan_CS 

Choice of cooling system configurations for mould cavity: 
1. paired tube configuration 
2. U tube configuration 

U tube configuration recommended when using single rectangular edge gate: 

Bottom of the U cooling the gated side provides more even cooling of the moulding. can reduce cycle 
time. 

Enter choice:2 

STANDARD FLOW WAY:Ronan_CSsuUC wO 

Diameter: 10 mm 

Orientation: 0 

Vertical coordinate: -8 mm 
Making standard flow way 

Diameter: 10 mm 

Orientation: 0 
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Vertical coordinate: -8 mm 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSsuCfl_w2 

Diameter: 10 mm 

Orientation: 1.5708 

Cavity/core_name: Ronan_CAV 

Configoration:U_wbe 

Vertical coordinate: -8 mm 
Making standard flow way 

In order to calculate remaining cavity cooling system parameters it is necessary to establish cavity 
block dimensions: 

CREATING CAVITY BLOCK FOR: Ronan_CAV 

INTEGER CAVITY REcrANGULAR MOULD BLOCK :Ronan_CAVitcv_rbIO 

Cavity block position: 00-29 

Depth of cavity block: 39.6 mm 

Otoice of standard guide pin diameters: 
1. 10mm 
2. 13 mm 
3.16mm 
4.19mm 
5. 22 mm 
6. 25 mm 
7. 32 mm 
8. 38 mm 

Single rectangular edge gate causes unbalanced forces in the mould, tending to open the mould on 
one side 

Possible consequences: 
I. Larger wall section thickness one one side of the mould than on the other 

Remedial options 
Use guide pin size one larger than that recommended to ensure aligument of mould halves 

-No further options 

Recommended size for current mould parameters: 3. 16 mm 

This product has a single rectangular edge gate - USE NEXT SIZE UP 

Enter choice:(I-S):3 

Guide pin diameter is 16 mm 
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Cavity block length: 178.44 mm 

Cavity block width: 200.44 mm 
Making rblck 

INTEGER CAVITY RECTANGULAR LAND: Ronan_CAVitcv_rcIO 

Rectangular land position: 0010.6 

Rectangular land depth:2.4 mm 

Rectangular land length: 114.524 mm 

Rectangular land width: 62.5237 mm 
Makingrcld 

COMPLETING CAVITY COOLING SYSTEM: 

Standard flow way position: -89.2199 47.2199-8 

Standard flow way length: 167.44 mm 

STANDARD FLOW WAY:Ronan_CSsuCfl_wl 

Standard flow way position: -89.2199 -47.2199 -8 

Standard flow way length: 167.44 mm 

STANDARD FLOW WAY:Ronan_CSstd_fl_w2 

Standard flow way position: 73.2199 -100.22-8 

Standard flow way length: 152.44 mm 

CREATING CORE COOLING SYSTEM: 

CORE COOLING SYSTEM:Ronan_CS 

Number of standard flow ways using 7 mm flow ways: 2 

Number of standard flow ways using 8 mm flow ways: 2 

Number of standard flow ways using 9 mm flow ways: 2 

Number of standard flow ways using 10mm flow ways: 2 

Choice of cooling tube diameter for shallow core cooling system: 
1.7mm 
2.8mm 
3.9mm 
4.10mm 

Maximum cooling effect for Ronan_ CS core dimensions: 10 mm diameter 

Enter choice (1-4):4 

Choice of cooling system configurations for shallow mould core at diameter 10 mm: . 
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1. paired tube configuration 

2. U_tube configuration 

U tube configuration recommended when using single edge gate or single pin gate: 

Bottom of the U cooling the gated side provides more even cooling of the moulding. can reduce cycle 
time. 

Enter choice:2 

Position: -89.2199 -13 34 

Length: 141.44 mm 

Diameter: 10 mm 

Orientation: 0 

Configuration: U_tube 
Making standard flow way 

Position: -89.2199 13 34 

Length: 141.44 mm 

Diameter: 10 mm 

Orientation: 0 

Configuration: U _tube 
Making standard flow way 

Position: 47.2199 100.2234 

Length: 118.22 mm 

Diameter: 10 mm 

Orientation: 4.7124 

Configuration: U_tube 
Making standard flow way 

INTEGER CORE RECTANGULAR BLOCK: Ronan_CORitcublO 

Core block position: 00 15.4 
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length: 178.44 mm 

width: 200.44 mm 

depth: 42 mm 

INTEGER CORE RECTANGULAR LAND :Ronan_CORitcuc10 

Rectangular land position: 0 0 13 

Rectangular land depth:2.4 mm 

Rectangular land length: 114.524 mm 

Rectangular land width: 62.5237 mm 

1. Go on to Interactive product Modification design phase 
2. Modification/re-analysis of existing fonns 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: 1 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:3 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:4 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 
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Enter choice:3 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice: 1 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:6 

1. Go on to Interactive product Modification design phase 
2. Modification/r<>-analysis of existing forms 
3. Display options 
4. Go on to mould design 
5. End sessionl 

Functional requirements: 
1. hold_in_lid 
2. hold_on.Jar 
3. preventJotation 
4. cover_lid_edge 
Select a product function. 1 

What is the maximum fixing diameter, ie diameter inside lid? (mm)54.8 

Forms available for use: 
I.fIange 
Nomore forms available. 

FORM FEATURE- FLANGE: Ronan_FflangO 

Do you wish to see feature dimensioning instructions?y/nn 

Specify feature position (base of axis of rotation):O 0 12 

Specify feature orientation 1 00 major axis is X direction 
o 1 0 major axis is Y direction, 0 0 1 major axis is Z direction:O 0 1 

Specify inner diameter:52.44 
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Specify flange width:.5 

Specify flange thickness: 1.0 

FORM FEATURE Ronan_Ff1angO 
fUNCTIONALITY ASSESSMENT- hold_in_lid function: 

Feature position satisfactory for hold in lid function 
Inner diameter satisfactory for hold in lid function 
Feature outer diameter satisfactory for hold in lid function 
Found hold_lid 
UPDATE 

MOULDABILITY WALL FEATURE: Ronan_Mwa1l2 

Wall thickness ok 

Wall features require a taper 

Consequences of non-inclusion of a taper can be difficulty in 
removal of the component from the mould 

Do you wish to create a taper'ly/ny 

Creating taper on wall Ronan_Mwall2 
Enter taper angle: 
Recommended minimum draft angle = 0.8 degrees.8 

Taper angle ok 

Wall thickness relative to adjacent wall ok 

Wall features require a blend 

Possible consequences of non inclusion: 
1. Stress concentrations in the component 
2. Turbulent flow around the corner can cause surface defects 

Do you wish to create a blend?y/ny 

Creating blend on wall Ronan_Mwall2 
Enter inside radius: 
Recommended inside radius is between 0.5 and 0.6 mm 
0.5 mm is the recommended minimum radius.5 

Inside blend radius ok 

Enter outside radius: 
Recommended outside radius is 1.5 mm 1.5 

Outside blend radius ok 

Do you wish to create a new gate on this wall?y/nn 

WARNING:Application of tapers for manufacturing objectives may invalidate the functional 
relationships within the product 

Advise re-analysis of functional features in the given order before proceeding: 
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Select modification/rt>-analysis option on main menu 

ENTER 'c' to continue:c 

I. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session4 

WARNING: Dimensional changes to cavity/core elements and application of tapers during mould 
design will result in dimensional changes and creation of tapers on corresponding product features 

As a consequence of the above, functional relationships within the product may be invalidated 

Rt>-analysis of all functional features in the product must be undertaken in original order of creation 

Are you sure you want to go on to mould design?y/ny 

Parting line is at 13 mm in the z plane 

INTEGER CAVITY VOLUME FEATURE: Ronan_CAVitcv_vIO 

taper has angle 0.8 

Volume diameter ok 

No blend required between Ronan_Mwalll and Ronan_MwallO 
Entity boundaries do not meet 

INTEGER CAVITY VOLUME FEATURE: Ronan_CAVitcv_vll 

taper has angle 0.8 

Volume diameter ok 

Blend has inner 0.5 and outer 1.5 

INTEGER CAVITY VOLUME FEATURE: Ronan_CAVitcv_vI2 

taper has angle 0.8 

Volume diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

Core parting line is at 13 mm in the z plane 

INTEGER CORE VOLUME FEA1URE: Ronan_CORiter_vIO 

taper has angle 0.8 

Volume diameter ok 
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No blend required between Ronan_Mwa1l1 and Ronan_MwallO 
Entity boundaries do not meet 

INTEGER CORE VOLUME FEATURE: Ronan_CORitcr_ vll 

taper has angle 0.8 

Volume diameter ok 

No blend required between two core volumes of the same diameter 

INTEGER CORE VOLUME FEATURE: Ronan_CORitcr_ vl2 

taper has angle 0.8 

Volume diameter ok, evaluation completed by analysis of previous feature 

Blend ok, evaluation completed by analysis of previous feature 

We have a group volume 
Location = 9.75 

Identifying local insert features that make up group volume 

INTEGER CAVITY GROUP VOLUME FEATURE: Ronan_CAVitcr...grvO 

Volume diameter ok 

INTEGER CORE GROUP VOLUME FEATURE: Ronan_CORitcr-llfVO 

Core volume diameter is too large, an overhang exists 

Possible consequences: 
1. For an overhang of up to 1.5 mm, stripping of the component 
from the core is required for removal 

2. If the overhang is larger than 1.5mm the component cannot be removed 
from the mould unless a collapsible core can be designed 

Remedial options: 
1. Reduce volume diameter to a minimum of 50.4399 mm 

-No further options 

WARNING: changing the core group volume diameter also changes the CAVITY 
group volume diameter, which can result in the need for a split cavity 
Maximum diameter on core to prevent split cavity requirement :52.4399 
Minimum diameter on core to prevent split cavity requirement :52.2776 

Change volume diameter? y/nn 

Present diameter recorded - Component stripping required 
In Mould_manuf 

INTEGER CAVITY GROUP VOLUME FEATURE: Ronan_CAVitcr-llfV0 

Volume diameter ok 
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No hollow boss features found for conversion to cavity/core representation 

AIl solid boss features are part of a group volume in !he cavity/core 

No rib features found for conversion to cavity/core representation 

No hole features found for conversion to cavity/core representation 
LOWEST Z FOR CAVITY =:6.25 

Do you wish to change !he gated wall? y/ny 

Please indicate which wall you wish to gate: 
O. Ronan_Mwalll 
I. Ronan_MwallO 
2. Ronan_Mwa1l2 

Enter choice:O 

Enter gate position X Y Z25.5 0 6.25 

Feeding distance ok 

This product is tubular: 

Possible choices of gate type: 
I. Rectangular edge gate 
2. Pin gate 
3. Diaphrarn gate 
4. Ring gate 

Enter choice:2 

Gate type is pin gate 

WARNING: Use of a pin gate requires a three plate mould. 
Other possible gate types only require two plate moulds 
Do you still want to specify a pin gate type?y/ny 

Gate type is pin gate 

-Three plate mould required 

CREATING FEEDING SYSTEM: 

In order to design the feeding system it is necessary to first identify some parameters of !he cooling 
system: 

CAVITY COOLING SYSTEM: Ronan_CS 

Number of cooling layers using 7 mm flow ways: I 

Number of cooling layers using 8 mm flow ways: 1 

Number of cooling layers using 9 mm flow ways: 1 

Number of cooling layers using 10 mm flow ways: 1 

Choice of cooling tube diameter for cavity cooling system: 
1.7mm 
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2.8mm 
3.9mm 
4.10mm 

Lower than 7 mm - insufficient cooling effect - difficulty drilling deep holes 

Higher than IOmm - high volume of water to be pumped around the mould for cooling 

Maximum cooling effect for Ronan_CS cavity dimensions: 10 mm diameter 

Enter choice (1-4):4 

CREATING FEEDING SYSTEM: 

FEEDING SYSTEM - PIN GATE:Ronan_FSpin-l:D 

WARNING: Application of tapers on Ronan_Mwalll for manufacturing reasons has decreased the 
base diameter of the cavity by 0.0279271 mm 

Consequences: 
1. Pin gate position no longer same distance from edge of section: 

Remedial options: 
1. Adjust gate position 

- No further options 
Do you wish to adjust the gate position? y/ny 

New gate postion: 25.486 0 6.25 

Gate position ok 

Gate land length: 

Land length should be as small as possible and in any case between 0.5 and 0.75 mm 
Enter land length.5 

Land length ok 

Gate diameter: 

Gate diameter has been calculated as 1.22121 mm 
Do you wish to change the diameter?y/nn 

Enter gate taper angle: 
Recommended minimum angle = 4.0 degrees (minimum recommended)4.0 

Thper angle ok 
Min under: 18 

Secondary sprue length has been calculated as 34.75 mm 

This allows the minimum cavity block depth (below cavity) to avoid mould distorsion, and allows 
space for the cavity cooling system 
Do you wish to change the secondary sprue length?y/nn 

FEEDING SYSTEM - TRAPESOIDAL RUNNER:Ronan_FStrap_rO 

Runner length: 
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Runner length has been calculated as 45.486 mm 

This calculation is based on minimum distance between pin gate secondary sprue and a central main 
sprue 
Do you wish to change the length?y/nn 

Secondary sprue diameter at junction with runner: 3.64821 

Runner width: 

Runner width has been calculated as 3.64821 mm 

This calculation is based on the diameter of the secondary sprue where it joins the runner. Runner 
width should be at least as large as the sprue diameter up to a maximum of 10mm 
Do you wish to change the width?y/nn 

FEEDING SYSTEM - MAIN FEEDING SPRUE:Ronan_FSmain_sO 

Main sprue position: 00-32.6482 
Enter main sprue taper angle: 
Recommended minimum angle = 4.0 degrees (minimum recommended)4.0 

Taper angle ok 

Lower diameter of sprue = 3.1 mm to match machine nozzle diameter of 3 mm 

Sprue length has been calculated as 18 mm 

This allows the minimum backing plate depth to avoid mould distorsion 
Do you wish to change the sprue length?y/nn 

CREATING CAVITY COOLING SYSTEM: 

CAVITY COOLING SYSTEM:Ronan_CS 

Choice of cooling system configurations for mould cavity: 
1. paired tube configuration 
2. U tube configuration 

U tube configuration recommended when using single pin gate: 

Bottom of the U cooling the gated side provides more even cooling of the moulding. can reduce cycle 
time. 

Enter choice:2 

STANDARD FLOW WAY:Ronan_CSstlUCwO 

Diameter: 10 mm 

Orientation: 0 

Configuration: U _tube 

Vertical coordinate: -8 mm 
Making standard flow way 
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Diameter: 10 mm 

Orientation: 0 

Configuration: U_tube 

Vertical coordinate: --S mm 
Making standard flow way 

Diameter: 10 mm 

Orientation: 1.5708 

Cavity/core_name: Ronan_CAV 

Configuration: U _tube 

Vertical coordinate: -8 mm 
Making standard flow way 

In order to calculate remaining cavity cooling system parameters it is necessary to establish cavity 
block dimensions: 

CREATING CAVITY BLOCK FOR: Ronan_CAV 

INTEGER CAVITY RECfANGULAR MOULD BLOCK :Ronan_CAVitcv_rblO 

Cavity block position: 00-29 

Depth of cavity block: 39.6 mm 

Choice of standard guide pin diameters: 
I. 10mm 
2. 13 mm 
3. 16 mm 
4.19 mm 
5. 22 mm 
6. 25 mm 
7. 32mm 
8. 38mm 

Recommendation: Use smallest suitable guide pin diameter to minimise size and weight of mould 
assembly 

Recommended size for current mould parameters: 2. 13 mm 

Enter choice:{I--S):2 

Guide pin diameter is 13 mm 

Cavity block length: 142.54 mm 

Cavity block width: 189.44 mm 
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INTEGER CAVITY CIRCULAR LAND:Ronan_CAVitcv_crlO 

Circular land position: 0010.6 

Circular land depth:2.4 mm 

Circular land diameter:63.4678 mm 

INTEGER CAVITY PERIFERAL LAND:Ronan_CAVitcv_pf() 

Periferalland position: 45.2698 45.269810.6 

Periferalland depth:2.4 mm 

Periferalland diameter:l3.5499 mm 

INTEGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pfl 

Periferalland position: -45.2698 45.2698 10.6 

Periferalland depth:2.4 mm 

Periferalland diameter:13.5499 mm 

INTEGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pf2 

Periferalland position: 45.2698 -45.2698 10.6 

Periferalland depth:2.4 mm 

Periferalland diameter:13.5499 mm 

INTEGER CAVITY PERIFERAL LAND:Ronan_CAVitcv-pf3 

Periferalland position: -45.2698 -45.2698 10.6 

Periferalland depth:2.4 mm 

Periferalland diameter: 13.5499 mm 

INTEGER CAVITY BACKING PLATE:Ronan_CAVitcv_bkO 

Backing plate position: 00-50.6482 

Backing plate width: 189.44 mm 

Backing plate length: 142.54 mm 

Backing plate depth: 21.6482 mm 
Making backing block 

COMPLETING CAVITY COOLING SYSTEM: 

STANDARD FLOW WAY:Ronan_CSsttU'-wO 
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Standard flow way position: -71.2698 47.7199 -8 

Standard flow way length: 123.99 mm 

STANDARD FLOW WAY:Ronan_CSsk,-fl_wl 

Standard flow way position: -71.2698 -47.7199-8 

Standard flow way length: 123.99 mm 

Standard flow way position: 47.7199 -94.7199 -8 

Standard flow way length: 147.44 mm 
LOWEST DIAMETER FOR CORE =:50.4399 

CREATING CORE COOLING SYSTEM: 

CORE COOLING SYSTEM:Ronan_CS 

Number of standard flow ways using 7 mm flow ways: 2 

Number of standard flow ways using 8 mm flow ways: 2 

Number of standard flow ways using 9 mm flow ways: 2 

Number of standard flow ways using ID mm flow ways: 2 

Choice of cooling tube diameter for shallow core cooling system: 
1.7mm 
2.8mm 
3.9mm 
4.IOmm 

Maximum cooling effect for Ronan_CS core dimensions: 10 mm diameter 

Enter choice (1-4):4 

Choice of cooling system configurations for shallow mould core at diameter 10 mm: 

1. paired tube cOnfiguration 

2. U_tube configuration 

U tube configuration recommended when using single edge gate or single pin gate: 

Bottom of the U cooling the gated side provides more even cooling of the moulding. can reduce cycle 
time. 

Enter choice:2 

Position: -71.2698 -13 34 

Length: 123.99 mm 

Diameter: 10 mm 
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Orientation: 0 

Configuration: U _tube 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSstd_fl_w4 

Position: -71.2698 13 34 

Length: 123.99 mm 

Diameter: 10 mm 

Orientation: 0 

Configuration: U_tube 
Making standard flow way 

STANDARD FLOW WAY:Ronan_CSstd_fl_ w5 

Position: 47.7199 94.7199 34 

Length: 112.72 mm 

Diameter: 10 mm 

Orientation: 4.7124 

Configuration: U _tube 
Making standard flow way 

INTEGER CORE RECTANGULAR BLOCK: Ronan_CORitcublO 

Core block position: 0 0 15.4 

length: 142.54 mm 

width: 189.44 mm 

depth: 42 mm 

Circular land position: 0 0 13 

Circular land depth:2.4 mm 

Circular land diameter:63.4678 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcCpfO 
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Periferalland position: 45.2698 45.2698 13 

Periferalland depth:2.4 mm 

Periferalland diameter: 13.5499 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcr-pfl 

Periferalland position: -45.269845.2698 13 

Periferalland depth:2.4 mm 

Periferalland diameter: 13.5499 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcr-pf2 

Periferalland position: 45.2698 -45.2698 13 

Periferalland depth:2.4 mm 

Periferalland diameter:13.5499 mm 

INTEGER CORE PERIFERAL LAND :Ronan_CORitcr-pf3 

Periferalland position: -45.2698 -45.2698 13 

Periferalland depth:2.4 mm 

Periferalland diameter: 13.5499 mm 

1. Choose another product function 
2. Modification/re_analysis of existing functional forms 
3. Display options 
4. Go on to mould design 
5. End session3 

Selecting display program: 1 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:3 

Display options: 

1. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
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5. Cooling system 
6. Exit display options 

Enter choice:4 

Display options: 

I. Show product only 
2. Product and feeding system 
3. Cavity block 
4. Core block 
5. Cooling system 
6. Exit display options 

Enter choice:6 

I. Choose another product function 
2. Modification/re_analysis of existing functional fonns 
3. Display options 
4. Go on to mould design 
5. End session5 

Session tenninated.Ron> 
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