4 ANALYSIS OF DATA

4.1 Introduction

Chapter 3 started the SACAPP software project and reached the Lifecycle
Objectives and the Lifecycle Architecture RUP milestones. As a result, Chapter 4
describes the last two of the RUP phases, namely the Construction and the

Transitions phases (Figure 4.1).
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Figure 4.1 The chapter’s map

Where the Inception and Elaboration phases were compared to research, the
Construction phase is considered analogous to development (West, 2002), so, the
emphasis shifts from the accumulation of knowledge needed to build the system
to the actual construction of the system. Then, in the Transition phase,
components produced in the Construction phase are packaged into deployable

units and made available for user assessment.
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After the introduction, the chapter continues with the SACAPP roadmap
(Appendix I), followed by the prototype systems approaches (Appendix J). Then,
sections 4.2 to 4.9 present 6 prototype systems, their implementation, testing, and
analysis. The chapter finally ends with section 3.11., conclusions. Furthermore, to
separate the results from their significance, Chapter 4 is restricted to presenting
and analysing the results for their relevance to the research question and
hypotheses, and in doing so it will draw no conclusions or compare the results to

those of other researchers.

4.2 The YTTJC System

The YTTJC system, not required for the SACAPP system, was developed in order

to have a centre-command for all developed systems.

S YTTIC

Figure 4.2 The YTT]C system interface shows the company’s pyramid structure

and the SACAPP system strategic position.

4.3 The SAS System

The sales administrator represented the company’s interface with the customer,

therefore the SAS system GUI interface focussed on IWO (Figures 4.3 and 4.4),
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and its MVC pattern with IWO.java, IWOInfo.java, and IWOHandler.java classes

introduced and discussed in detail in Appendix K.
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Figure 4.4 SAS and IWO view
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44 The SAM System

The SAM system focused on reflecting the management decisions to make

available or not manufacturing process within the company (Figure 4.5).

M=
Company's Conventional Processes
Main Process Decision
Casting Please select!
Forming Single Point Cutting Multiple Point Cutting Grinding et al.
Buy Material Tumning Complete [# Milling [+ Grinding [+
Heat Treatment )
P —— Tum for Ultrasonic [ Drilling ¥ Honing I
Nonconventional Turn Smooth Reaming v Lapping ™
Assembl
5 CNC Tum Broaching [~ Barel Finishing [
Inspection & Tasting
Planing & Shaping [ Sawing [v  Center-Hole Grinding [

Company Layout
Workshop Layout

I. Save | Cancel

[E2SAM: Manufacturing System Main Process Decission g@@‘ L
|54 e

Company's Main Processes WVianager

Please select! f
e
Forming [~ ﬂL?

Primary Processes Casting [

Secondary Processes Buy Material [+ Heat Treatment [+ Conventional [ Non-conventional [ Inspection & Testing [+ [GEL=E A

Assembly Processes Assembly [¥

Cancel

Figure 4.5 The SAM system frames. A selected JCheckBox indicated the
availability of the process within the company, whereas a not selected box
determines the SACAPP system to automatically indicate an outside co-operation

with a sub-contractor.

4.5 The SADwO System

The SADwO resembled a CAD system, so, wire, surface, or solid modelling
techniques were possible to be used. In addition, it had a limited number of
selected design and manufacturing objects used to design but also communicate
with the SACAPP system (Figure 4.6). When a specific drawing file was retrieved
from the database, the objects were set-up first, and then, printed on the screen,
the drawing was possible to be edited, and saved under the same or a different

drawing number (see Appendix L - SADwO UML diagrams).
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[£1SADWO (South African Design with Objects)
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Figure 4.6 SADwO with a number of opened frames

4.6 Object Design Test

The Object Design system was developed in order to test and validate how the
process plans were generated. (Figures 4.7 to 4.9). Consequently, the next step

was the development of a much more complex prototype, the SACAPP system.

E Object Design Test
File

Help

|RoundBar  ~| |32 ~| |irrequired ~| jirRequired

[

Process Plan Array
TURN

Process Planning Sheet

Operation 1. Turn complete,

Figure 4.7 Object design test 1
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EiObject Design Test CEX

File Help

|Round Bar ]| 3.2 x| jos | |fRequired =] | Make Process Plan l

Frocess Plan Array
TURN GRIND

Process Planning Sheet

Operation 1. Turn. Allow 0.3 mm on diameter for grinding.

Operation 2. Grind.

Figure 4.8 Object design test 2

EiObject Design Test

File Help

|RoundBar  +| [3.2 ~||oe | lcasr. ~] |1 Make Process Pian i

Frocess Plan Array
TURN HEAT-TREATMENT GRIND

Pracess Planning Sheet

Operation 1. Turn., Allow 0.3 mm on diamecer for grinding.
Operation 2. Heat-Treatment. Carburise, Ouentch & Temper.

Operation 3. Grind.

Figure 4.9 Object design test 3. The system had only 4 design objects (the material

form, general and special surface roughness, and the heat-treatment)

4.7 The SACAPP System

The SACAPP system (Figure 4.10) automatically generated the process plans
based on the input data extracted from the sales (Figure 4.11), engineering
drawing (Figure 3.12), management, and the SACAPP system’s own settings for
operation description (Figure 4.13) and constraints (Figure 4.14). If the process
was available within the company, the SACAPP operator’s pre-set process

description was reflected in the process plan. If the process was not available
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within the company, an “outside cooperation” was automatically inserted in the
process plan. Also, the selection or not of constraints checkboxes were used to
reflect in the process plans the company’s specific ways to carry-out various

manufacturing processes.

=i SACAPP (South African CAPP)

e Aclivities Seftings Tools Help

=i SACAPP: Process Planning

Order Details 4 Mechanisms | output|
4 EnterFile No! Order Detalls Material Data Inspection & Tests
Sales Job No: I Pattern Available: _~| Unrasonic: =l
e Customer. E Sample Status: | Magna Flux; I
Eng. Drawing: Order No: 0 Material Cerificate: _~| DyePanetrant =]
W Order Date: 02 Mech.Prop.Certir; | *Ray. A |
Quantity Heat Treat. Cerfif; -| Balancing: -
Quote No: 5 e =il =
Price: PRICE Noise Level: =]
Delivery Date: Vibration Level: =i
Delivery Ingtructions:| 17 0 Mating Pats: =
Delivery Address: f E Inspection Report I
cancel Invoice Address: FOE Data Book 3
- Recording Sizes: he
b
QA Plan: =i
aw
C.G. Start
TURN
C.G. HEAT-TREATM |
GRIND
C.6.End
4 | | Sales | Engineering Drawing | Quote | Process Planner

b, . Z§'4 - Analyss of , fEisec

Figure 4.11 SACAPP — sales input window

77




Order Details ; Mechanisms | output|
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Figure 4.12 SACAPP — engineering drawing input window
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Figure 4.13 SACAPP manufacturing operation description setting
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Carburizing Process
EiSACAPP: CONSTRAINTS [Z |[B]X]

CQA&T Technological Decision

Set Password

Please selecll
Debarring %
Inspect Before HT ¥
Copper Paint [v

Inspect After HT [+

| cancel

Figure 4.14 SACAPP constraints setting for the carburising process

Then, automatically, by only considering the input data and the system’s own
setting, the Process Planning Sheet and the Route Sheet were generated (Figures
4.15 and 4.16). After that, before their printing or electronic delivery to
production, the human planner could inspect these documents, and make small
alterations in the SACAPP’s enabled text windows. Furthermore, a limited
number of UML diagrams were shown (Figures 4.17 and 4.18), and finally, a few

Java codes, shown how the centres of gravity were created and organised.

E{SACAPP (South African CAPP)

geflings Tools Word/internet Help

&I SACAPP: Process Planning
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Eng. Drawing DRAWING NO: simpled QUANTITY: 1
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CLASSIFICATION: Round PRINT DATE: 2005/07/09
Quote No:
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1 MATERTAL. NWOTE: (1) SEE MATERIAL DATA: (2) MATERIAL CERTIFICATE REQUIRED.
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5
C.G. HEAT-TREATM

DEBARRING. REMOVE SHARP EDGES.

GRIND & INSPECT. CHECK AND RECORD GEOMETRICAL TOLERANCE BEFORE HEAT-TREATHENT.
C.6.End
7 COPPER PAINT. SURFACES FEQUIRED TO REMAIN SOFT MUST EE COPEER-PAINTED.
8 HEAT-TREATHENT. CARBURIZING, QUENCH, AND TEMPER.
o INSPECTION. CHECK AND RECORD GEOMETRICAL TOLERANCES AFTER HEAT-TREATHENT. =
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Figure 4.15 SACAPP output window Process Plan Sheet
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Tools Wordlinternet Help

=3 SACAPP: Process Planning
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Enter File No}
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woex CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474
Eng. Drawing DRAWING NO: sinpled QUANTITY: 1
[mped | DESCRLFTION:  Geax Pin DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/08

‘Quote No:
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__Cancel | || MATERTAL HAT
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Figure 4.16 SACAPP output window Route Sheet

// ITmport Java Collection classes

import java.util.collections.*;

/I Create two Java Collections ArrayList (one for the process plan and one for the
// route sheet) that represent the centre of gravity for the end of the plan.

ArrayList end gPS = new ArrayList();

ArrayList end gRS =new ArrayList();

/I EndPlanGravityList() method
public void writeEndPlanGravityList() {
G_EndPlan g_end = new G_EndPlan();
end gPS.add(g end.getInspStampPS()); // adds operations to the ArrayList
end gRS.add(g end.getInspStampRS());
if (comboDataBook.getSelectedIndex() == 1) {
end gPS.add(g_end.getInspDataBookPS());
end gRS.add(g end.getInspDataBookRS()); }
if (comboRecordSize.getSelectedIndex() == 1) {
end gPS.add(g_end.getInspRecordSizePS());
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end gRS.add(g_end.getInspRecordSizeRS()); }
if (combolnspReport.getSelectedIndex() == 1) {
end gPS.add(g_end.getlnspReportPS());
end gRS.add(g end.getInspStampRS()); }
end gPS.add(g end.getInspStoresPS());
end gRS.add(g end.getInspStoresRS());
}//end centre of gravity end plan

The final process plans and route sheets are built in the same way. For example:

/I Create two Java Collection ArrayList that collects all centres of gravity
ArrayList mergePS = new ArrayList();

ArrayList mergeRS = new ArrayList(); ...

// ' The inference method

public void newInference() { ...

writeEndPlanGravityList(); ...

// the “addAll” method is used to add centres of gravity to the ArrayList
mergePS.addAll(0,start_gPS);

mergePS.addAll(end gPS);

java.lang

yitjc.sacapp.inference

G HT yttic.sacapp.blocks

* getHTCopperPaintPS) : String java.io

“ getHTCopperPaintRS) : String
* getHTCotPS0 : String

H——doc—————————————————— n 1
% getHTetRS0 : String F——g————————= = Bl | \
* getHTDeburringPS0 : String W W
% getHTDeburingRSY) © String [ Fileinputstream || 10Exception || mputstream || oObjectinputstream || PrintStream |
* getHTInspect PS( ; String
* getHTInspecti RS0 String Jjava.lang

* getHTInspect2PS0 : String
* getHTInspect2RS0 : String

W
[ crasshotFoundException |[ string ][ System |

yitic.sacapp.processes
o — —J=| Processinfo |

Figure 4.17 SACAPP Centre of Gravity for the heat-treatment
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java.lang

yitjc.sacapp.inference

G_EndPlan yitjc.sacapp.blocks
- ——P0]
% getinspDataBookPS( : String javaio
% getinspDataBookRE() : String
% getinspRecordSizePsSq: Sting L —_— 1 —__—__—_—_ """ :| ______ 7
* getinspRecordSizeRS) : Sting | |
A getinspRepartP 50 - String W W
- getinspReportRE(] : String | FilelnputStream || I0Exception || InputStream H ObjectinputStream || PrintStream |
® getinspStampPE0 : String
A getinspStampRS( : String javalang

* getinspStoresP S0 : String
% getinspStoresRE( : String
A getSampleStatusPSi) : String

'l
| ClassNotFoundException || String || System |

yitjc.sacapp.processes
L Processinfo | |

Figure 4.18 SACAPP Centre of Gravity for the End of the process plan

4.8 Systems Testing

The results of the following tests, for a number of simple and complex machined

parts, were produced completely automatically by using the SACAPP system.

4.8.1 Simple machined part

=i SADWO (South African Design with Objects)

File Edit Features Material Tools Help

@ (@] | 4o @[ c|u|mw|@m|

4 FINISHED PART

Dimensions [ma):
Dial x Lgl: 100.0 x 35.0
Dia2 x Lg2: 75.0x 7.0

Dia3 x Lg3: 50.0 x 80.0

Mex.Out.Dia: 100.0
Tot.Out.Lg:  122.0
Tot.In. Lg: 0.0

Total mass [Ky): 14.44

UN-FINISHED PART

Bar Dimensions [mm]:
Dia x Lg: 105.0 x 130.0
Maszz [Kgl: 35.12

IMaterial Qualty: 826040, T (24810 302)

Unfinished part: Bar Stock 8

Dimensions without tolerance: +4025 mm Drawing No: sinpiet

Description: Pin
Ciassification Code: Round
Author Name: | BOTEF { Date: 2005413413

Figure 4.19 Simple item created with the SADwO system
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Ievice

Datein
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Figure 4.20 IWO created with the SAS system

PLANNING SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: simplel QUANTITY: 1
DESCRIPTION: Pin DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/09
MATERIAL: 826M40, BAR (DIA 105 x 130 LG.)

1 MATERIAL. NOTE: (1) SEE MATERIAL DATA; (2) MATERIAL

CERTIFICATE REQUIRED.

2 INSPECTION. RELEASE MATERIAL AFTER DIMENSIONAL INSPECTION
AND ACCEPTANCE OF MATERIAL CERTIFICATE(S) .

3 INSPECTION. CHECK HARDNESS ON MATERIAL AND RECORD IT ON
ROUTE SHEET.

4 TURN. TURN COMPLETE.

5 INSPECTION. STAMP ITEM(S) WITH OUR JOB AND SERIAL NUMBER.

6 STORES. THE ITEM(S) MUST BE PROTECTED AGAINST RUST &

SUITABLY CRATED TO PREVENT ANY DAMAGE.

NOTE: DESTROY SAMPLE.

ROUTE SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: simplel QUANTITY: 1
DESCRIPTION: Pin DELIVERY DATE: 005/06/01
CLASSIFICATION: Round PRINT DATE: 005/07/09
MATERIAL: 826M40, BAR (DIA 105 x 130 LG.)
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OP.NO DESCRIPTION CODE SET-UP RUN TIME

1 MATERIAL MAT
2 INSPECTION IN
3 INSPECTION IN
4 TURN LT
5 INSPECTION IN
6 STORES STO

4.8.2 Another simple machined part

[ SADwWO (South African Design with Objects)
File Edit Features Material Tools Help

] 8|4 |=|@|m|c|u|m|ms|

&

; FINISHED PART

Dimensions [mm]:

Disl x Lgl: 100.0 x 35.0
Dia2 x Lg2: 75.0 x 7.0
Dia3 x Lg3: 50.0 x 80.0
0§
Max.Out.Dia: 100.0
Tot. Qut. Loz 122.0
Tor.In. Lg: 0.0

Total mass [Kgl: 14.44
HT UN-FINISHED PART

Bar Dimensions (mm]:
Dia x Lg: 105.0 x 130.0
Mass [Kgl:  35.12

Material Quality: B55M13
HT: CQ8T.to 5510 58 HRC, Case Depth 0.5 10 0.8 mim. i,g/
Unfinished part: Bar Stock

Dimensions without tolerance: +/-0.25 mm Drawing No: simple3

Description: Fin
Classification Cade; Round
Author Name: | BOTEF / Date; 200503103

Figure 4.21 Another simple item created with the SADwO system

PLANNING SHEET JOB NO: PhD-01
CUSTOMER : WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: simple3 QUANTITY: 1
DESCRIPTION: Pin DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/09

MATERIAL: 655M13, BAR (DIA 105 x 130 LG.)

1 MATERIAL. NOTE: (1) SEE MATERIAL DATA; (2) MATERIAL
CERTIFICATE REQUIRED.

2 INSPECTION. RELEASE MATERIAL AFTER DIMENSIONAL INSPECTION
AND ACCEPTANCE OF MATERIAL CERTIFICATE(S) .
3 INSPECTION. CHECK HARDNESS ON MATERIAL AND RECORD IT ON

ROUTE SHEET.
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10

11

12

TURN. ALLOW 0.3 mm ON DIAMETER(S) WITH Ra = 0.8 MICRONS FOR
GRINDING.

DEBARRING. REMOVE SHARP EDGES.

INSPECT. CHECK AND RECORD GEOMETRICAL TOLERANCE BEFORE HEAT-
TREATMENT .

COPPER PAINT. SURFACES REQUIRED TO REMAIN SOFT MUST BE
COPPER-PAINTED.

HEAT-TREATMENT. CARBURIZING, QUENCH, AND TEMPER.

INSPECTION. CHECK AND RECORD GEOMETRICAL TOLERANCES AFTER
HEAT-TREATMENT.

GRIND. GRIND EXTERNAL DIAMETER(S)

INSPECTION. STAMP ITEM(S) WITH OUR JOB AND SERIAL NUMBER.

STORES. THE ITEM(S) MUST BE PROTECTED AGAINST RUST &
SUITABLY CRATED TO PREVENT ANY DAMAGE.

NOTE: DESTROY SAMPLE.

ROUTE SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: simple3 QUANTITY: 1
DESCRIPTION: Pin DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/09
MATERIAL: 655M13, BAR (DIA 105 x 130 LG.)

OP.NO DESCRIPTION CODE SET-UP RUN TIME

1 MATERIAL MAT

2 INSPECTION IN

3 INSPECTION IN

4 TURN LT

5 DEBARRING DEB

6 INSPECT IN

7 COPPER PAINT CP

8 HEAT-TREATMENT CQT

9 INSPECTION IN

10 GRIND EG 15

11 INSPECTION IN
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12 STORES

STO

4.8.3 A complex part

B SADwO (South African Design with Objects)

Eile Edit Features Material Tools Help

o | @[04 x| @ m[c|n|m W]

: FINISHED PART
Dimensions [mm]:
Dial x Lgl: 100.0 x 35.0
GEAR DATA DiaZz x Lg2: 75.0 x 7.0
08, m 4 Dia3 x Ly3: 50.0 x 80.0
25 z 23
= e gl
Tnz:In.‘Lg; 0.0
Total mass [Kgl: 14.44
HE UN-FINISHED PART
= Bar Dimensions [mm]:
Dia x Lg: 105.0 x 130.0
Mass [Kg]: 35.12
Moleriel Gualty: 655M13
m:ﬁ.-::;:ﬂssaz ;au::c. Case Depth 0610 1.1 mm. iy
Dimensions without tolerance; +/-0.25 mm Drawing No_simpled
e Gt ot Foan
Author Neme: | BOTEF / Date: 2005/03/03
Figure 4.22 Complex item created with the SADwO system
PLANNING SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: simple4 QUANTITY: 1
DESCRIPTION: Gear Pin DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/10
MATERIAL: 655M13, BAR (DIA 105 x 130 LG.)
1 MATERIAL. NOTE: (1) SEE MATERIAL DATA; (2) MATERIAL
CERTIFICATE REQUIRED.
2 INSPECTION. RELEASE MATERIAL AFTER DIMENSIONAL INSPECTION
AND ACCEPTANCE OF MATERIAL CERTIFICATE(S).
3 INSPECTION. CHECK HARDNESS ON MATERIAL AND RECORD IT ON

ROUTE SHEET.

4 TURN. ALLOW 0.3 mm ON THE DIAMETER(S) WITH Ra 0.8 FOR
GRINDING.

5 GEAR-CUT. CUT TEETH. ALLOW 0.3 mm ALLOWANCE FOR GEAR
GRINDING.

6 DEBARRING. REMOVE SHARP EDGES.

7 INSPECT. CHECK AND RECORD GEOMETRICAL TOLERANCE BEFORE HEAT-

TREATMENT .
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8 COPPER PAINT. SURFACES REQUIRED TO REMAIN SOFT MUST BE
COPPER-PAINTED.

9 HEAT-TREATMENT. CARBURIZING, QUENCH, AND TEMPER.

10 INSPECTION. CHECK AND RECORD GEOMETRICAL TOLERANCES AFTER
HEAT-TREATMENT.

11 GRIND. GRIND EXTERNAL DIAMETER (S)

12 GEAR-GRIND. GRIND TEETH.

13 INSPECTION. STAMP ITEM(S) WITH OUR JOB AND SERIAL NUMBER.
14 STORES. THE ITEM(S) MUST BE PROTECTED AGAINST RUST &

SUITABLY CRATED TO PREVENT ANY DAMAGE.

NOTE: DESTROY SAMPLE.

ROUTE SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: simple4 QUANTITY: 1
DESCRIPTION: Gear Pin DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/10

MATERIAL: 655M13, BAR (DIA 105 x 130 LG.)

OP.NO DESCRIPTION CODE SET-UP RUN TIME
1 MATERIAL MAT

2 INSPECTION IN

3 INSPECTION IN

4 TURN LT

5 GEAR-CUT GC 30
6 DEBARRING DEB

7 INSPECT IN

8 COPPER PAINT CP

9 HEAT-TREATMENT CQT

10 INSPECTION IN

11 GRIND EG 15
12 GEAR-GRIND GG 45
13 INSPECTION IN

14 STORES STO
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4.8.4 Another complex machined part

EiSADWO (South African Design with Objects)

File Edit Features Material Tools Help

| 8 [ 4 | x| @ [mc|[x|=|Mm]|

& |

bia4 X Lge:  LIULU X LU.U ﬂ
Diaf x Lg§: 130.0 x 30.0
Dia6é x Lgé: 110.0 x 10.0
Dia7 x Lg7: 70.0 x 80.0

va

GEAR DATA Diad x Lg8: 50.0 x 50.0
08 o *
- 1 Max.0ut.Dia: 130.0
03 | — 08 z 30
Lo 8 b Tot.Out. La: 310.0
Ra 08 Tot.In. Lg: 0.0

Total mass [Kg]: 44.33

/ | UN-FINISHED PART
HT HT
it Forging Dimensions [mm]:

(Dia x Lg)/Step
Step 1@ 60.0 x 50.0

Step 2: 90.0 x 80.0
Material Quality: 655013 Step 3 140.0 x 60.0
HT: C.12 AT, to B0-63 HRC, Case Depth 1-1.3 mm.

?\V Step 4: 90.0 x 80.0
Unfinished part: Forging Step 5 60.0 % 50.0

Dimensions without tolerance: +-0.25 mm Drawing Mo: complex

GeapTeatto ke Oroundia Re 08 microns: Description: GEAR SHAFT Mex.Out.Dia:  140.0

Classification Code: Round Tot. Dut. Lg: 320.0
Author Matme: | BOTEF / Date: 20050303

Maszs [Kgl: 69. 40 -

Figure 4.23 Another complex item created with the SADwO system

PLANNING SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: complexl QUANTITY: 1
DESCRIPTION: GEAR SHAFT DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/10

MATERIAL: 655M13, FORGING: (Dia60 x 50 LG) x (Dia 90 x 80 LG) x
(Dia 140 x 60 LG) x (Dia 90 x 80 LG) x (Dia 60 x 50 LG)

1 MATERIAL. NOTE: (1) SEE MATERIAL DATA; (2) MATERIAL
CERTIFICATE REQUIRED.

2 INSPECTION. RELEASE MATERIAL AFTER DIMENSIONAL INSPECTION
AND ACCEPTANCE OF MATERIAL CERTIFICATE(S) .

3 INSPECTION. CHECK HARDNESS ON MATERIAL AND RECORD IT ON
ROUTE SHEET.

4 TURN. ALLOW 0.3 mm ON THE DIAMETER(S) WITH Ra 0.8 FOR
GRINDING.

5 GEAR-CUT. CUT TEETH. ALLOW 0.3 mm ALLOWANCE FOR GEAR
GRINDING.

6 DEBARRING. REMOVE SHARP EDGES.
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7 INSPECT. CHECK AND RECORD GEOMETRICAL TOLERANCE BEFORE HEAT-
TREATMENT .

8 COPPER PAINT. SURFACES REQUIRED TO REMAIN SOFT MUST BE
COPPER-PAINTED.

9 HEAT-TREATMENT. CARBURIZING, QUENCH, AND TEMPER (60-63 HRC,
1-1.3 mm DEPTH.)

10 INSPECTION. CHECK AND RECORD GEOMETRICAL TOLERANCES AFTER
HEAT-TREATMENT.

11 GRIND. GRIND EXTERNAL DIAMETER (S)
12 GEAR-GRIND. GRIND TEETH (30 TEETH, 4 MODULE)
13 TEST. INVOLUTE, HELIX ANGLE, RUNOUT & PITCH TO PITCH ERROR

TO BE CHECKED ON HOFLER TESTER. NOTE: GRAPH REQUIRED.

14 TEST. CARRY OUT MAGNETIC PARTICLE TEST TO AAC 999/6
SPECIFICATION. NOTE: CERTIFICATE REQUIRED.

15 INSPECTION. STAMP ITEM(S) WITH OUR JOB AND SERIAL NUMBER.

16 INSPECTION. INSPECTION REPORT WITH ALL INSPECTION
CERTIFICATES TO BE DELIVERED WITH THE ITEM(S) .

17 STORES. THE ITEM(S) MUST BE PROTECTED AGAINST RUST &
SUITABLY CRATED TO PREVENT ANY DAMAGE.

NOTE: RETURN SAMPLE TO CUSTOMER.

ROUTE SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: complexl QUANTITY: 1
DESCRIPTION: GEAR SHAFT DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/10

MATERIAL: 655M13, FORGING: (Dia60 x 50 LG) x (Dia 90 x 80 LG) x
(Dia 140 x 60 LG) x (Dia 90 x 80 LG) x (Dia 60 x 50 LG)

OP.NO DESCRIPTION CODE SET-UP RUN TIME
1 MATERIAL MAT

2 INSPECTION IN

3 INSPECTION IN

4 TURN LT

5 GEAR-CUT GC 30

6 DEBARRING DEB

7 INSPECT IN
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INSPECTION
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TEST
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STORES
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4.8.5 Very complex machined part with Inspection Test Plan

ESSADWO (South African Design with Objects)

File Edit Features Material Tools Help

e [H] 8 |+ | x| @[rm|c| x|mw| @

GEAR DATA
m 4
z 30
Ra 08

HT HT
HT
Material Guality. B55M13
HT: C.0LAT 10 B0-63 HRC, Case Depth 1-1.3 mim. 3%/
Unfinished part: Forging

Dimensions without tolerance: +/-0.25 mm
Gear Teeth to be Ground to Ra 0.8 microns.

Dravving No: complex2

Description: GEAR SHAFT

Classification Code: Round

Author Name: | BOTEF f Date: 20050303

i

T1a5 X Lgo: LW
Disé = Lg6: 110.0 x 10.0
Dia7 x Lg7: 70.0 x 80.0
Diaf x LgB&: 50.0 x 50.0

Dialld x Lgl0: 30.0 x 310.0

Max.0ut.Dia: 130.0
Tot.O0ut. La: 310.0
Tot.In. Lg: 310.0

Total mass [Kgl: 37.49

UN-FINISHED PART

Forging Dimensions [mm]:
(Dia x Lg)/3tep

Step l: 60.0 x 50.0
Step 2: 90.0 x 80.0
Step 3: 140.0 x 60.0
Step 4: 90.0 x 80.0
Step 5: 60.0 x 50.0

Max.0ut.Dia: 140.0
Tot.Out.lg:  320.0

Mass [Kyl:  69.40 =~

Figure 4.24 A very complex item which, only according to the IWO, requires

material’s mechanical property certificates, sizes inspection record, and test plan

PLANNING SHEET

CUSTOMER:
DRAWING NO:

DESCRIPTION:

WITS UNIVERSITY

complex3

CLASSIFICATION: Round

GEAR SHAFT

JOB NO: PhD-01
ORDER NO: 0111474R
QUANTITY: 1

DELIVERY DATE: 2005/06/01
PRINT DATE: 2005/07/10
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MATERIAL: 655M13, FORGING: (Diac0 x 50 LG) x (Dia 90 x 80 LG) x
(Dia 140 x 60 LG) x (Dia 90 x 80 LG) x (Dia 60 x 50 LG)

NOTE:

I.T.P. TEST PLAN NO. 0111474R MUST BE STRICTLY ADHERED TO &

MUST BE SIGNED OFF AFTER EACH STEP.

10

11

12

13

INSPECTION. NOTE: WOODEN BOX MANUFACTURED ON THIS JOB NUMBER
MUST BE USED TO TRANSPORT THE ITEM FROM ONE OPERATION TO THE
NEXT TO PREVENT DAMAGE.

MATERIAL. ITEM 1: MATERIAL CERTIFICATES REFLECTING CHEMICAL
ANALYSIS, FULL MECHANICAL PROPERTIES INCLUDING IMPACT & CAST
NUMBER REQUIRED. NOTE: ONE TEST PIECE 160 mm LONG & ONE TEST
PIECE 12 mm LONG WITH SAME CAST NUMBER TO BE SENT FOR THE
FOLLOWING TESTS ACCORDING TO BS 970 PART 1/1991 BY SUPPLIER:
ITEM 2: 160 mm LONG TEST PIECE FOR FULL MECHANICAL
PROPERTIES TEST INCLUDING IMPACT TEST. NOTE: CERTIFICATE
REQUIRED.

ITEM 3: 12 mm LONG TEST PIECE FOR CHEMICAL ANALYSIS &
CLEANLINESS TEST. NOTE: CERTIFICATE REQUIRED.

INSPECTION. NOTE: 1) VERIFY ALL CERTIFICATION IN ACCORDANCE
WITH REQUIREMENTS OF THE I.T.P. PLAN ATTACHED & PASS ONTO
PRODUCTION CONTROL. 2) CHECK MATERIAL DIMENSIONS ACCORDING
TO THE DRAWING AND ROUTE SHEET & RELEASE FOR MACHINING
PURPOSES

CAST NO. RECORD ON ROUTE SHEET.

INSPECTION. CHECK HARDNESS ON MATERIAL AND RECORD IT ON
ROUTE SHEET.

TEST. OUTSIDE OPERATION: SEND TEST PIECE 160 mm LONG FOR
FULL MECHANICAL PROPERTIES TESTS INCLUDING IMPACT. 2) SEND
TEST PIECE 12 mm LONG FOR CHEMICAL ANALYSIS.

TURN. CLEAN UP O.DIA'S ON FULL LENGTH FOR ULTRASONIC TEST
PURPOSES.

TEST. ULTRASONIC TEST TO AAC 999/6. NOTE: CERTIFICATE
REQUIRED.

TURN. ALLOW 0.3 mm ON THE DIAMETER(S) WITH Ra 0.8 FOR
GRINDING.

GEAR-CUT. CUT TEETH. ALLOW 0.3 mm ALLOWANCE FOR GEAR
GRINDING.

DEBARRING. REMOVE SHARP EDGES.

INSPECT. CHECK AND RECORD GEOMETRICAL TOLERANCE BEFORE HEAT-
TREATMENT .

COPPER PAINT. SURFACES REQUIRED TO REMAIN SOFT MUST BE
COPPER-PAINTED.
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14 HEAT-TREATMENT. CARBURIZING, QUENCH, AND TEMPER (60-63 HRC,
1-1.3 mm DEPTH.)

15 INSPECTION. CHECK AND RECORD GEOMETRICAL TOLERANCES AFTER
HEAT-TREATMENT.

16 GRIND. GRIND EXTERNAL DIAMETER(S)
17 GEAR-GRIND. GRIND TEETH (30 TEETH, 4 MODULE)
18 TEST. INVOLUTE, HELIX ANGLE, RUNOUT & PITCH TO PITCH ERROR

TO BE CHECKED ON HOFLER TESTER. NOTE: GRAPH REQUIRED.

19 TEST. CARRY OUT MAGNETIC PARTICLE TEST TO AAC 999/6
SPECIFICATION. NOTE: CERTIFICATE REQUIRED.

20 INSPECTION. STAMP ITEM(S) WITH OUR JOB AND SERIAL NUMBER.

21 INSPECTION. DATA PACK OF ALL CERTIFICATION, COMPLETED
PROCESS PLANNING SHEET AND FULL INSPECTION CERTIFICATE TO BE
DELIVERED WITH THE ITEM(S) .

22 STORES. THE ITEM(S) MUST BE PROTECTED AGAINST RUST &
SUITABLY CRATED TO PREVENT ANY DAMAGE.

NOTE: RETURN SAMPLE TO CUSTOMER.

ROUTE SHEET JOB NO: PhD-01
CUSTOMER: WITS UNIVERSITY ORDER NO: 0111474R
DRAWING NO: complex3 QUANTITY: 1
DESCRIPTION: GEAR SHAFT DELIVERY DATE: 2005/06/01
CLASSIFICATION: Round PRINT DATE: 2005/07/10

MATERIAL: 655M13, FORGING: (Dia60 x 50 LG) x (Dia 90 x 80 LG) x
(Dia 140 x 60 LG) x (Dia 90 x 80 LG) x (Dia 60 x 50 LG)

OP.NO DESCRIPTION CODE SET-UP RUN TIME
1 INSPECTION IN

2 MATERIAL MA

3 INSPECTION IN

4 CAST NO CAN

5 INSPECTION IN

6 TEST TE OUTSIDE COOPERATION
7 TURN LT

8 TEST TE

9 TURN LT
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10 GEAR-CUT GC 30

11 DEBARRING DEB

12 INSPECT IN

13 COPPER PAINT CP

14 HEAT-TREATMENT CQT

15 INSPECTION IN

16 GRIND EG 15
17 GEAR-GRIND GG 45
18 TEST TE

19 TEST TE

20 INSPECTION IN

21 INSPECTION IN

22 STORES STO

4.9 Analysis of the Prototype Systems

The analyses of the prototype systems was characterised by a structured approach
focused on the research question and hypothesis, and, without drawing
conclusions, it used as support the evidence unearthed by the procedures
described in chapter 3. Therefore, to cover all their pertaining aspects, the
hypothesis and research question have been broken down into smaller manageable
pieces (Table 4.1), then their evolution showed throughout the thesis (Table 4.2),
and, finally, used them to analyse each developed prototype system. The result of

this analysis was presented by using a number of notes.
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Table 4.1 Hypothesis and research questions

Hypothesis The broken down hypothesis and research questions
First 1A | Align both CAD and CAPP with software architectural elements used in practice
hypothesis | 1B | Enhance CAD/CAPP communication
1C | Mainly preserves the actual way to design (e.g. wire, surfaces or solids) and only enhance the CAD system with
important designs and manufacturing objects
Second 2A | Decompose the CAPP complex problems into smaller more manageable sub-problems
hypothesis | 2B | Keep the human in the systems loop
2C | Align SACAPP architecture with the organizational structure of the engineering company, its characteristics,
manufacturing concepts used in practice, business practices, and manufacturing processes
2D | Align SACAPP architecture with the need for information, the new technologies, and the new trends in IT
infrastructure
Third 3A | Simplifying information complexity
hypothesis | 3B | Apply automation principles and strategies
3C | Include CAD, CAPP, and other categories of data in the communication part of CIM
Research RP | How can the architecture of a CAPP system be effectively and successfully integrated into a manufacturing enterprise?
problem
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Table 4.2 Hypothesis, research problem, and systems analysis

Hypothesis | Table 4.10 | Chapter 1 | Chapter2 | Chapter 3 | SAM System | SAS System | SADwO System | SACAPP System
Second 2A - 2.8 3.8 Note 1 Note 1 Note 1 Note 1
hypothesis | 2B - 2.8 3.8 Note 2 Note 2 Note 2 Note 2
2C - 2.4 3.4 Note 3 Note 3 Note 3 Note 3
2D - 2.5 3.5 Note 4 Note 4 Note 4 Note 4
Third 3A - 2.6 3.6 Note 5 Note 5 Note 5 Note 5
hypothesis | 3B - 27and 2.8 | 3.7 Note 6 Note 6 Note 6 Note 6
3C - 2.6 33 Note 7 Note 7 Note 7 Note 7
First 1A - 2.3 33 - - Note 8 Note 8
hypothesis | 1B - 2.3 33 - - Note 9 Note 9
1C - 23 33 - - Note 10 -
Research RP 1.3.1 and |22 3.9 and | Note 11
problem 1.3.3 3.10
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Notel: The CAPP complex system was decomposed into smaller and more
manageable individual systems focused on realistic specific goals that supported
various company levels functionalities. For example, the SAS system focused on
the issue of the IWO and Material Data Sheet; the SAM system focused on
defining company’s resources; and the SACAPP system focused on the generation
of the process sequencing; however, when operated together, they were able to
accurately generate the process plans, and so, demonstrating their collective

intelligence.

Note 2: The prototype systems provided the right balance between the manual and
automated tasks; explicitly incorporated the human at the design stage; and
allowed the individuals to simply and efficiently interact with the systems for

settings, learning, and doing their jobs.

Note 3: The prototype systems were aligned with company’s structure, its

characteristics, manufacturing concepts and processes, and business practices.

Note 4: The prototype system, were structured to support the performance of the
vital business processes and, because the IT infrastructure had evolved towards
being process-centric based on what an organisation does, the prototype systems
and the information they handled were aligned with the actual practices in the

manufacturing industry.

Note 5: The prototype systems simplified information complexity, implemented
the “Closed Loop” principle, and used for their communication the minimum

necessary information expressed in the most basic and practical way.

Note 6: The prototype systems applied automation and robotics principles and
strategies, and used both manual and automated approaches, because the manual
methods offered accuracy and control but lack the efficiency of automated
methods, and the automated methods offered efficiency but lack the accuracy and

control of manual methods.
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Note 7: The new approach included CAD, CAPP, and other categories of data in
the communication part of CIM, and showed that the CAD system could be

transformed from a design tool to a data exchange tool.

Note 8: The SADwO and SACAPP systems were aligned with the software

architectural elements used in practice.

Note 9: The CAD/CAPP communication was enhanced with simple, practical,

familiar, and common design and manufacturing objects.

Note 10: The SADwO system mainly preserved the actual CAD wire, surfaces, or
solids way to design, but was enhanced with a limited number of important
designs and manufacturing objects such as surface roughness, material quality, or

heat-treatment conditions.

Note 11: The integrated set of prototype systems were built around the main
functions of the company, and linked according its information flow. Also, the
tests performed, showed that the SACAPP automated generated process plans
were according to the manual generated industrial documents, and so, proved that
the CAPP system could be effectively and successfully integrated into a

manufacturing enterprise environment.

4,10 Conclusions

Chapter 4 was characterised by a number of focus actions, such as RUP’s
Construction and the Transitions phases with their prototype systems development
and testing, and the analysis of the ways the systems applied the research
hypothesis. As a result, Chapter 5 will discuss the findings of chapter 4 within the
context of the literature, draw the thesis final conclusions, highlight the research

implications and limitations, and bring about some ideas for future research.
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