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Appendix 2A: 

THE TOOL MANAGEMENT DESIGN FACILITY 

- THE USER INTERFACE 

2A.1 Introduction 

This appendix provides the user of the tool management design facilny with a description of 
the hardware and software configurations. Instructions which are intended to guide the user in 
the use of this facility are also presented. Some knowledge of the IBM operating system is 

required. 

2A.2 The Modelling Medium 

The computer models were originally written for a PRIME computer facilHy using standard 
Pascal. The model was then sucessfully transferred to a dedicated workstation COnfiguration. 

The dedicated wOrkstation configuration is shown in figure 2B.1 . The configuration 
comprises of the following elements: 

(a) IBM Personal Computer AT: This is one of the most powerful members of the IBM personal 
computer family. This enhanced model has 640 Kb of usable memory, a 10.5 Mb RAM disk 
capacity, two 1.2 Mb diskette drives, one 20 Mb fixed disk drive and one 30 Mb fixed disk drive, 
referred to as drives A,B,C and D respectively. The system is supported by an IBM Personal 
Computer Enhanced Graphics Adapter (EGA) and an Enhanced Colour Display. The display and 
the EGA together provide a palette of 64 colours, and 640 x 350 picture elements at high 
resolution. 

(b) A very versatile Hewlett Packard plotter, the HP 7550A graphics and text plotter. 

(c) A colour printer with sheet feed facility, the OKIDATA 292 Elite. 

The software configuration is based on the initial choice of Pascal as the mOdelling medium. 
Pascal was chosen as the modelling medium because of its highly structured and modular 
capabilities. Pascal is a general purpose, high level programming language. Pascal aids a 
systematic approach to computer programming, specifically introducing structured programming. 
It can be used to program almost any task on almost any computer and It is today establlished as 
one of the most foremost high·levellanguages. 

A specKic variant of standard Pascal has been selected for the software environment, viz. 
Turbo Pascal. This Pascal closely follows the definition of standard Pascal as defined by K. 
Jensen and N. Wirth in the 'Pascal User Manual and Report. with few and but Important 
differences particularly In the handling of strings and random access files. Turbo Pascal is ideal 
as n offers a friendly interactive environment. and In the hands of a programmer n becomes an 
extremely effective development tool providing fast compilation and execution times. The 
language is designed to suit ail categories of users. This is Important as It will allow users to 
include company-specific modules within the overall suite of software relatively easily. Supporting 
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the TurlJo Pascal environment are a number of software packages which have been utilised to 
take full advantage of this medium and to enhance user-friendliness. These packages are 
described below. 

(a) TurlJo Screen: Developed by PasCom Computing, TurlJo Screen Is an input I output screen 
development environment for TurlJo Pascal. This package has been used extensively to develop 
the soft-keys conversational interface. Turbo Screen allows the programmer to design as 
sophisticated an ilo screen as is possible for the IBM PC AT. An advanced source code interface 
makes pre-written screen management, data entry I editing, and maintenance procedures 
available to the user. Turbo Screen allows the setting up of defauH initial, minumum, and 
maximum values for data fields, as well as designating a sequence for gathering inputs at run 
time. 

(b) TurlJo Extender: TurlJo Pascal provides excellent quick prototyping. It offers the structural 
clartty of Pascal and provides enough extensions to the standard language that direct machine 
access is straightforward. TurlJo Pascal starts to have difficulties where large programs and large 
data structures like tho~e required are concerned. The major thrust of TurlJo Extender is to 
overcome these limttatlons while retaining all of the strengths for which TurlJo Pascal has become 
famous. The centrepiece of TurlJo Extender goes by the name of BIGARRAY. This provides the 
abiltty to transparently access one and two dimensional arrays of any type and any conceivable 
size. This faciltty Is used to represent the major tool stores such as the cell secondary tool store 
and the central tool store. These arrays use disk files to hold the bulk of the array (the tool store 
contents). Pages of the array are swapped into and out of RAM as required, in an intelligent 
manner which maximises the performance. With the BIGARRA Y include files the arrays can be 
as large as the available disk space. 

(c) TurlJo Database Toolbox : This is the sutte of programs used to develop the datafiles used by 
the model. The routines in the Database Toolbox provide the body for the tool management 
database. The outputs from the database are ASCII text files which are directly fed to the model. 

(d) DBase 1/1 Plus and Reflex : These are two user supported databases which provide the 
interface between other databases and the TurlJo Database. The TurlJo Database Is designed to 
be company- and model- speCific, whereas DBASE 1/1 and the interactive front end, Reflex 
contain an assortment of machines, parts and tools which are not company or cell specHic. The 
databases are able to communicate with each other. 

(e) Lotus Freelance + and Microsoft Chart: These are the main graphics output modules. The 
outputs from the model are of two types : alphanumerics and graphics. These packages are able 
to interface via ASCII files of fixed format to provide graphic representations of the outputs in 
histogram, layouts or x-y graphs. 

(f) Lotus 123: This is a highly interactive, industry standard spread sheet software package used 
for the Computer Assisted Cluster Analysis Module. 

2A.3 Workpiece-Orlented Models - Software Structure 

The workplece-oriented models are divided into four modules, viz. the iniitialisation, input, 
modelling and output modules. Each of these modules is described through the use of screens in 
the sequence in which they would appear to the user. The layout of each Individual screen 
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(figure) is not intended as an exact replica of each of the terminal screens but aimed at providing 
more detail than is possible at the terminal, although the information and data contained wnhin 
each figure matches that presented on screen. 

The main menu is entered by typing TMSMENU at the DOS prompt. The keys at the bottom 
of the screen enable the user to perform on-screen edit, move to the next or previous screen or 
obtain hardcopy. After each Input the user is required to hit the Enterkey. 

2A.3.1 The Initialisation Module 

This file initialisation module Is selected by entering 1 at the prompt at the main menu, see 
figure 28.2. This requires the user to enter a drive letter and to specKy an existing subdirectory 
for output, see figure 28.3. The computer performs the initialisation and on completion returns 
with the prompt shown In figure 28.4. Pressing the Enter key retums the user to the main menu. 
The time which lapses between the specification of subdirectory and presentation of the prompt is 
proportional to the data limits set in the software, see figure 28.51. 

2A.3.2 The Input Module 

The input module is only selected after the file initialisation module. The user enters this 
module by entering 2 at the prompt, see figure 28.5. The first screen of the module is only a tftle 
screen, see figure 28.6, and the user may proceed to the next screen where the summed 
parameters for all the cells are entered, see figure 28.7 . 

The screen shown in figure 28.8 echoes the information given In the machine datafile, 
mc_a.tms found in the defauH subdirectory. This screen then merely alerts the user to the 
information on the machine tools. 

The cell transport screen, figure 28.9, requests the user to input for each cell the parameters 
required for modelling. The user is prompted for Information by the cell number appearing in the 
top left hand corner. 

The average tool transfer times between all the major tool stores, see figure 28.10, need to 
be specified for each cell, in minutes, according to the cell number prompt. The user may enter 0 
if the query Is not applicable. 

The tool transporter selection menu, see figure 28.1', offers the user the choice of enher of 
three rules. The rule selected affects all the transporters in the manufacturing system. It Is not 
possible at this stage to select different rules for each cell. 

The screen shown in figure 28. 12 echoes the Information given in the parts datafile, pea.tms 
found in the default subdirectory. This screen alerts the userto the information on the parts. 

The part routing screen, see figure 28.13, echoes the information contained wnhin the routing 
file, route_a.tms found In the defauH subdirectory. This information is presented to the user for 
each machine and each machining list. An activity number or queue position is assigned to each 
activity on the machining list. The item column also indicates to the user the particular operation 
assignment strategy selected which becomes evident in this screen if read in conjunction wfth the 
part number and the queue position columns. 
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The main body of data having been input and collated the computer then whirrs away, setting 
up machining lists, rationalising tools wtthin a machining list and working out the number of sister 
tools required. After a time the user is faced with a screen such as shown in figure 28.14. This 
series of similar screens actually define the minimum tooling requirement (see chapter 
seventeen). The number of tools required to satisfy the total number of machining lists Is given by 
the number of tools and the assignment to the machining lists is given by the machine number 
along the same row. The remainder of the data is an echo of the tool datafile, fLa.fms found in 
the defauH subdirectory. 

The screen shown in figure 28.15 echoes the information given in the secondary tool store 
file, ss_a.fms found in the defauH subdirectory, for each cell and merely alerts the user to the 
capacities specified for each cells major store. 

The central tool store data is entered at the key board as shown In figure 28. 16. This allows 
the user to specHy appropriate capacities on-line for this super store. This facility is particularly 
useful H it is found that the minimum tooling requirement exceeds the secondary tool store 
capacity. 

The specHlcation of the CTS completes the data entry for the model and the user Is faced 
with the prompts shown in figure 28.17. On pressing the Enter key the user is returned to the 
main menu shown in figure 28.18. 

2A.3.3 The Modelling Module 

This module is selected by entering the value 3 at the keyboard as shown in figure 28.18. 

This module can only be selected after the previous two modules. This module permits some 
changes to be made to run under different operating conditions, if so desired. The changes would 
have to be coded Into the mcmodela.pas module and then recompiled. Altematively, some of 
the major parameters may be changed from the keyboard without recompilation. These 
parameters such as transporter capacity and tool magazine size may be changed in response to 
two queries, thus allowing alternative sizes and capactties to be specHied without going through 
the rigours of the input module. In order to use this facimy it Is necessary to save the Inputs, 
indexed wtth the extension" .par and ".dt1, In a different subdirectory and even on a dHferent 
drive, because the files are invariably altered in the due course of modelling. The drive and 
directory may be specified through editing of the text file titled dlr.par. The ".parfiles are found 
in the same (default) directory as the ".com or modelling files. 

The module whirrs away for a length of time proportional to the number of entities involved. 
The user is offered on-screen information as to the part being machined, the tool used and the 
tool life requirement. On completion of the modelling the prompt shown in figure 28.19 is 
returned. 

2A.3.4 The Output Module 

This module selected as 4 on the main menu, see figure 28.20, may be selected any number 
of times, but only on completion of the modelling module. The outputs for previous runs may be 
recalled through editing of the dlr.partext file and if previously saved. 
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Selection of the output module leads the user to a sub-menu of options as shown in figure 
28.21. Any of these options may be selected in any order and any number of times by the user. 
The outputs offered range from the specific to the more general summary outputs. The 
interpretation of these outputs is open to the user for his or her judgement and decision-making. 
A general interpretation of the output options is described below. This Is by no means the sole 
interpretation. 

The final primary tool store contents, figure 28.22, Is selected by entering 1 at the outputs 
module options screen, figure 28.21 . This output illustrates for every machine in every cell the 
tools held, their location within the tool store and their current Ine and status. The tool number 
corresponds to that in output option two which provides the tool Identity. This screen also 
provides capacitity and over and under utilisation. The latter measure requires to be read in 
conjunction with output option eight which together with this screen provides transient capacities 
and contents. The user is returned to the output module options menu after the last machine's 
tool store contents have been offered to the user. 

The final tooling details and status, figure 28.24, is selected by entering 2 at the outputs 
module screen, figure 28.23. This screen provides the user with the tool numbers and their 
identities, their initial and final status, their initial and final toollne, their frequency of usage, the 
number of tools available of this type, the number of regrinds carried out and finally whether the 
tool has been refurbished. 

The third output option selected by entering 3 at the output menu, figure 28.25, Is a two-fold 
menu. The first details the machining history, figure 28.26, and Indicates for each machining list, 
given by the machine number, the part number sequence, and the breakdown of this sequence 
into batch (pallet) item and operation number. Two other columns indicate the operation time and 
the activity number. Additionaiiy and perhaps more importantly, the screen provides not only the 
tool sequence used by each of the spindles but also the usage of a particular tool within a given 
machining list. The other menu offered as part of this third option is of a global nature and 
concerned with utilisations and performance times for the machines and transporters. This 
screen, figure 28.27, thus provides a measure of the ability of the tooling system under 
consideration to meet its target. This output is of further use particularly when comparing 
performance and utilisation figures with the outputs of simulations which do not explicitly consider 
tool flow. The user is returned after this screen to the output options menu. 

The fourth output option selected by entering 4 al the output options screen, figure 28.28, 

provides a detailed view into the timing of the machining activities, figure 28.29. The start and 
finish times of the machine for each activity are provided. The start time of the activity is also 
given as more often than not it is possible to commence the activity earlier than the that required 
for machine and tool set-up. This time is thus provided only as Identifying slack. 

The fifth option, see figure 28.30, provides the user with a detailed cell tool transfer schedule, 
figure 28.31. This screen provides the user with the Information of when the tool transfer was 
effected, the cart used, the cart usage, the machine requesting the transfer and the availability of 
the secondary tool store. This information may suggest to the user the number of carts, the 
capacities and the number of secondary tool store servers required. 

The sixth, figure 28.32, and the seventh, figure 28.34, provide an echo of the machines, 
figure 28.33, and the parts, figure 28.35, used in the modelling. 
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The user having been retumed to the output module options, figure 28.36, may select 8 to 
gain Insight Into the contents of the cart and its specific origin and destination. This output thus 
provides more detail, figure 28.37, about each Journey detailed In the fifth output selection. 

A two-fold output is offered when the user enters 9 at the output module options screen, 
figure 28.38. The first output provides a general summary of the contents of each cell, figure 
28.39, in regard to the tools In the cell, the number of transporters specified and the distribuition 
of those tools at the end of the modelling. The second part of this output option provides the user 
with a cell tool status report for each cell, figure 28.40. The cell tool Input specifies the minimum 
tooling requirement, the tools in cell provides the actual number of tools current in the cell, and 
the added tools count provides ameasure of the number of tools that had to be introduced into the 
cell to overcome flow or other problems. 

If the user does not wish to proceed wnh his examination of outputs he enters a 0 which 
returns him to the main menu, figure 28.41. Entering a 0 at the main menu reurns the user to the 
DOS prompt. 

2A.4 The CACA Module 

The use of the Computer Assisted Cluster Analysis (CACA) module has been described in 
chapter seventeen and through use of the case studies in appendix two. The use of this module 
requires the user to have some knowledge of the spreadsheet package, Lotus 123. This package 
is the industry standard spreadsheet software widely used In accounting practices. The software 
which is very user friendly Is entered by typing 123 at the DOS prompt in the directory that 
contains the Lotus software. The user is immediately taken into a blank spreadsheet. The CACA 
module is retrieved by typing / and then responding to the prompt wnh CACAMAC_WK1 . This 
file contains the main macros for use In the CACA module. Other worksheets may also be 
retrieved with this command. It is worth noting that the / command presents the user wnh the 
main 123 menus and sUb-menus accessible by the cursor and Enterkey. 

The CACAMAC. WK1 worksheet permns the user to input upto twenty-five part types along 
the primary row and one-hundred tool types along the primary column (thiS may be extended by 
altering the macros provided within the worksheet). The only information required at this stage is 
for the user to input a 1 for usage of a tool type on a part type. This entry is inserted into a cell ( 
the point of intersection between relevant row and column) as shown in figure 28.42. The user 
then atternatively ranks rows and columns till no further ranking Is possible. 

A checking procedure has been Implemented, see figure 28.43, which aids the user in 
examining if there were any changes in row order after ranking of columns and column order after 
ranking of rows. The user Is required to enter/update the iteration after each ranking. If tools have 
to be removed in order to permn ranking (see chapter seventeen) then the user simply enters a 0 
(not a blank space) to indicate the removal of this cell value from the analysis but retain ns 
position in the overall schema. 

When no further ranking is possible the user is required to specify the batch sizes or order 
requirement for each part type on the row above the re-ordered primary row (orders), see figure 
28.44. On accomplishment of this task the user substitutes the 0 and 1 values wnh the 
accumulated tool usage time for that cell. The min. tcs reqt. macro is then selected and the 
spreadsheet advanced to posnion DAt. 
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At this stage the user is presented with the minimum number of tools required for each 
cluster set. The sis. tool reqt. macro is then initiated to translate this minimum tool requirement in 
the number of sister tools and the total number of tools required, see figure 28.45. This in effect 
completes the cluster analysis. 

On completion of this initial run the spreadsheet may be saved and modHied for dHferent 
data values. For example, the effects of changes in order requirements, tool life and maximum 
permissible tool life values may be changed to obtain new tooling configurations. 

2A.S Data File Formats 

The data file formats are presented for machines in figure 28.46; parts in figure 28.47; tools 
in figure 28.48; the secondary tool store in figure 28.49 and for the part routes in figure 28.50. 

These files are all given the extension. TMS to indicate current modelling files are respectively 
titled as mc_a.tms, PLa.tms, tla.tms, ss_a.tms and route_a.tms. As previously mentioned these 
files may either be generated directly with a text edttor or indirectly via a database. 

2A.6 Entity Data Limits 

For modelling purposes and wtth respect to compiler and hardware limttations tt is necessary 
to set upper limits on the number of entities that can be modelled. It may also be preferred in 
some instances to modify these limits to suit particular configurations. These limits are set in the 
global.lnc file. Modifications to these limtts implies recompilation of all the files with the .pas 
extension. The limtts set according to the largest case study handled are shown in figure 28.51. 
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Figure 2B.19 MODELLING MODULE 
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1. Final PTS Contents 
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Figure 2B.30 OUTPUT MODULE OPTIONS LUT - FMS 
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Figure 2B.31 OUTPUT 5 - CELL TOOL TRANSFER 
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Figure 2B.32 OUTPUT MODULE OPTIONS LUT - FMS 
Research Group 

Cell Mc. Id. Mc. # MorF No. Of Spindles Priority Cap. 

Next Edit Screen Hard Copy Prey. Screen 
Enter CTRL-B Shift-PrtSc P 

" 
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Figure 2B.35 OUTPUT 7 - LIST OF SCHEDULED PARTS 
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Figure 2B.37 OUTPUT 8 - CELL TOOL TRANSPORTER SCHEDULE 
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COMPUTER ASSISTED CLUSTER ANALYSIS FOR TOOL FLOW MANAGEMENT 
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Figure 2B.48 
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Rgure 2B.50 

Agure 28.51 

part description (a[10]) 

Operation number (ij 

machlneldenthy (8[10]) 

operation time in minutes (r) 

operation Identhy (8[10]) 

tool description (s[10]) 

next part ... 

a[n] • string of length n c = character I .. Integer 

• • one blank space 

ROUTE DATAFILE FORMAT 

maximum number of orders :102 

maximum number of machines : 11 

maximum number of activities : 750 

maximum number of pis pockets :123 

maximum number of tool carts : 5 

maximum number of <i&lIs : 2 

maximum tool cart capacity :123 

maximum ets capacity :1000 

maximum sts capacity :4000 

These Umits may be Increased or decreased in 'G1obaJ.lnc' 

ENTITY RESTRICTIONS 

290 

r= real 

LUT - FMS 
Research Group 

LUT - FMS 
Research Group 



Appendix 3A: 
A STAND-ALONE MACHINE 

INDUSTRIAL CASE STUDY 

3A.1 Introduction 

The work reported here is the result of a case study carried out in close collaboration with 
Brush Electrical Machines, Loughborough. The purpose of the work was to provide a test bed for 
the single machine tool flow model to examine the effects of strategy and rule selection and to 
provide the company with a more substantial understanding of the tool flow problems and to 
provide some economic solutions for their proposed stand-alone machining centre. This section 
is based on the actual report provided for the company's perusal and action. 

3A.2 Scope of the Study 

The company had recently proposed the purchase of a flexible machining centre to be 
integrated within the current machining facility. With no historical data with which to specify 
working practices for this new machine, it was decided to model this machine and examine the 
following: 

- tool magazine capacity and its contents at the start and end of a specified period. 

- tool requirements, toollKe utilisation and frequency of tool usage. 

- machining schedules and activities. 

- correlation between the assignment of successive tool kits. 

- the relative merits of alternative control and operating strategies. 

- manning patterns. 

3A.3 The Single Machine Cell 

The proposed cell consists of a stand-alone, single-spindle Toshiba BMC-80 horizontal 
machining centre with a 90-tool capacity primary tool store (PTS). This primary tool store is 
supplied with tools from tool shelves adjacent to the machine. These tool shelves in modelling 
terms constitute the secondary tool store or STS. Tools are exchanged between the PTS and the 
STS individually by a man and according to a specified schedule. The machine has a six-pallet 
buffer with each respective pallet accommodating a specified batch size of a particular type of 
component. 

3A.4 Cell Parameters 

The following parameters were specified for analysis and modelling: 
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planning or modelling period : 1 shift of 480 minutes (8 hours) 

part loadlunload time : 2 minutes 

part transfer time : 2 minutes 

tool transfer time : 1 minute 

tool refurbishment time : 2 minutes 

tool exchange time, PTS : 0.5 minutes 

tool search time, PTS : 0.33 minutes 

max. tool life utilisation : 80% of initial tool life 

initial tool life : as specified for individual tools 

number of part types : 3 

batch size (pallet capacity) : 3 pallets each of 1,16, or 4 components 

tool exchange time, STS : 1 minute 

tool search time, STS : 1 minute 

tools exchanged at a time : 1 

toolloadlunload stations : 1 

men (transporters) : 1 

3A.S Operating Rules and Strategies 

The following rules and strategies as described more fully in the main text of the thesis were 

selected for modelling: 

3A.S.1 Tool Management Strategy 

A workpiece-oriented too/ management strategy was selected as being most appropriate for 
the operation of the cell, (see chapter ten). Thus, the number and type of tools is determined 
from the machining requirements of the parts spectrum introduced. 

3A.S.2 Operation Assignment Rule 

Two operation assignment rules were to be examined. These rules, see chapter fifteen, can 

briefly be restated as : 

(i) rule #1 : complete all operations of a particular operation number on each batch Hem on a 

particular pallet before proceeding onto the next operation number. 
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(ii) rule #2 : complete all operations on each batch Hem on a particular pallet before proceeding 
onto the next pallet batch Hem. 

3A.S.3 Part Sequenclng 

Six part sequences were to be examined. The starting sequence was specified by the 
company. The sequences shown in table 3A. 1 illustrate all possible permutations of the specified 
sequence. 

Table 3A.1 : Part Sequences 

Sequence Number Sequence 

#1 1 - 2 - 3 

#2 1 -3 - 2 

#3 2 - 1 - 3 

#4 2 - 3 - 1 

#5 3 - 1 - 2 

#6 3 - 2-1 

1=1315704.2=1316106/04.3=1326734 

3A.S.4 Tool Rationalisation Rule 

Tools are rationalised according to the machine rationalisation rule (see chapters fourteen 
and fifteen). i.e tool redundancy has been eliminated across all tools which have been assigned 
for each part operation on each batch Hem to be machined on this particular machine with respect 
to the production schedule (machining list) for the given manufacturing period and in keeping with 
the specified tool life management rules. 

3A.S.S Tool Issue Strategies 

Three tool issue strategies. see chapter eleven. were selected for examination: 

(i) strategy #1 - too/ kit issue: The issue of tool ktts for a particular pallet of batch Hems as and 
when determined by the machining schedules. 

(ii) strategy #2 - single tool issue: The issue of all required tools upto the capacHy of the PTS. at 
the start of the manufacturing period and subsequent issue of single tool(s) irrespective of pallet 
assignment but with respect to the governing machining list. 

(iii) strategy #3 - modified too/ kit issue: Possible sharing of tools in successive tool kits. 
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3A.S.S Tool Refurbishment Rule 

Wom tools are removed from the machine at appropriate intervals. These tools are sent for 
refurbishment to the tool room via the STS. in predetermined quantfties. 'New' tools are added to 
the STS as and when necessary to replace these wom tools. The tools are removed and 
replaced manually by the operator. 

3A.S.7 Cell Tool Transport Rule 

The tools are transported individually to the machine. according to the specHied tool issue 
strategy. Tools may be added or removed while the machine is under automatic operation. 

3A.S.S Machine Loading 

A specified number of loaded pallets are available at the start of the manufacturing period. 
Pallets may be rmoved upon completion of the scheduled pallet activity. As the schedule is static. 
no pallets may be added until completion of the current schedule. 

3A.S Discussion of Results 

A generai discussion of resutts follows. based on the volume of output generated from the 
computer modelling under the conditions described above. The tables of output generated for 
each menu selection of each modelling run are summarised in histogram form and shown in 
appendix 38. 

3A.S.1 Tool Magazine Capacity 

An analysis of tool magazine capacHy by examination of tool store contents before and after 
each tool exchange activity showed that for cell performance times ranging from 179.6 minutes to 
a maximum of 328.4 minutes. that no more than 32 tool pockets were required. This figure is 
dependent not only upon the number and variety of tools required to satisfy the given machining 
list. but also the tool issue strategy selected. 

3A.S.2 Cell Tool Requirements and Tool Life Management 

For the given list of three component types of batch sizes 1. 16 and 4 respectively. a tool 
requirement of 32 tools was estabilished under the machine rationalisation algorithm. not allowing 
for tool breakage but only tool wear. Assuming a maximum percentage tool life utilisation factor 
of 80% of initially specified tool life. only three tools could be said to be near or have reached this 
limit. Unexpectedly but highlighted through modelling. these were the 0051 (worm drill) and 0090 
(ADX drill) tools. The most frequently used tools were found to be counter bores. taps and 
deburring tools. The remaining tool life. number of sister tools and frequency of tool usage are 
illustrated via histograms in figures 38.1 and 38.2 . 
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3A.6.3 Machining History and Activities 

The detailed analysis and history of all the machining activities under dHferent operating 
conditions are illustrated graphically in figure 38.3 and 38.4 . 

3A.6.4 Cell Performance Measures 

The time taken to complete the given machining list and a subdivision of the machining 
activtties under dHferent operation assignment and tool issue strategies is summarised in tables 
3A2, 3A3 and 3A4 and also shown graphically in figure 38.5. 

Table 3A.2 : Cell Performance Measures (mlns) 
For Part Sequence 1·2·3 

Operation Tool Cell Machine Man 
Assignment Issue Perform. Idle Utilisation 

Rule Strategy Time TIme TImes 

• 1 1 (kits) 182.3 35.8 0-57,57-102 
137.7-178.7 

1 2 207.2 66.0 2-133 

2 1 (kits) 306.3 41.1 0-57,57-102 
240.7-281.7 

2 2 328.4 66.0 2-133 

• least performance time and least Idle time due to tool 
changeover 

Table 3A.3 : Cell Tool WaIt TImes (mlns) 
For Part Sequence 1·2·3 

Operation As- Tool Total Initial 
signment Issue Tool Tool 

Rule Strategy Watt Watt 

1 • 1 (kits) 63.8 28.0 

1 2 66.0 66.0 

2 1 (kits) 69.1 28.0 

2 2 66.0 66.0 

• least tool wait time assuming operation assignment rule #1 is selected. 
Tool changeover only begins at commencement ot last operation on last 
batch item on a particular 
pallet. 
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Table 3A.4 : Machining, SetUp and Part Load Times (mlns) 
For Part Sequence 1-2-3 

Operation Tool Mach. SetUp Part Load 
Assignment Issue + Tool + Pallet Times onto 

Rule Strategy Indexing Indexing Machine 
Time Time 

* 1 1 (kits) 122.0 7.2 6.0 

* 1 2 122.0 7.2 6.0 

.* 2 1 (kits) 249.8 0.6 6.0 

** 2 2 249.8 0.6 6.0 

* least machining and tool indexing times 
** least set-up and pallet indexing times 

3A.6.S Relative Merits Of Alternative Operating Rules and Strategies 

It is apparent, from tables 3A. 1 to tables 3A.4 , that operation assignment rule #1 provides a 
better utilisation wtth less idle time, than operation assignment rule #2. This is mainly due to the 
lower magazine indexing and tool change times in the former rule and greater tool Indexing and 
exchange times in the laller. Atthough a greater amount of time is spent in pallet Indexing under 
rule #1, this still provides a better result and outweighs this disadvantage. 

Further examination of operation assignment rule #1 reveals that the issue of tool ktts (i.e tool 
issue strategy #1) is a much beller alternative than the issue of single tools (strategy #2). The 
reason for this improvement in performance lies in the fact that the tools In the PTS can be added, 
removed or replaced whilst the machine Is under automatic operation. Hence the quicker the 
tools are loaded, the better is the performance attained. Under tool issue strategy #2, the 
machine cannot satisfactorily commence machining a particular part until all the tools are loaded 
as tt is not immediately apparent to the tool loader which tools are to be loaded or removed first. 
This eliminates the advantage In loading tools whilst the machine Is culling, in manual tool loading 
and unloading situations (except for loading of tools for parts succeding the current part). The 
assignment of tool ktts, in this instance, thus provides greater flexibiltty and is more manageable 
as tt Is dependent only upon the pallet being presented to the machine. 

The tool kit is the set of tools required to process one part type. Two assumptions are made: 
firstly, that the part processing for a given pallet will not start until the correct tool ktt is available. 
The use of tool kits then merely acts as a convenience to reduce the volume and complexity of 
the data to be maintained; secondly, an assumption is made wHh regard to tool refurbishment and 
replenishment. A tool kit will contain a variety of tools of different types and regrinding 
complexities. It therefore follows that the variation in the regrinding and replenishment times of 
tools will be much less than the variation that occurs if single tools are considered. Accordingly, tt 
is reasonable to suppose that the operator would be assigned a standard time to process or load 
a tool ktt. In view of this, this time can be assumed to be a constant. The tool ktt concept in this 
instance thus provides a better performance, primarily due to a significant reduction of tool watt 
times. 
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3A.S.S Correlation Between Successive Tool Kits 

The assignment of tool kits being preferable to the assignment of single tools coupled w~h 
the fact that the loading of the smallest tool k~ would enable the machine to start cutting as soon 
as possible; and thus reduce idle and performance times; correlation. if any. was sought between 
successive tool k~s for each part sequence. It is apparent that some tools would be common 
across tool kits. The tools identified by tool number and arranged in technological sequence are 
shown in table 3A.5 with the common tools highlighted. 

Table 3A.5 : Required Tool Sequences 

Part No. Tools Required Tool Sequence 

1 13 1-2-3-4-5-6-7-6-9-10-11-12-13 

2 11 14-15-16·17-18-19-20-21-9-22-23 

3 14 1·24-25-26-27-28-29-5-30-31-9-12-13-32 

1a1315704.2=1316106/04.~1326734 

The part number with the least tools in kit Is selected to load first and the correlation w~h 
successive part types Is examined. From table 3A.5 it can be seen that part number 2 requires 
the least number of tools and hence only the sequences. in table 3A. 1. commencing with this 
part number are selected for analysis. These selected sequences are shown in table 3A.6 . 

Table 3A.6 : Part-Tool Kit Sequences 

Sequence No. Part Sequence Tools In K~ Sequence 

3 2-1·3 11-12-9 

4 2-3-1 11-13-8 

1=1315704.2=1316106/04.3=1326734 

Part sequence number three Is selected. from table 3A.B. as the most appropriate 
machining sequence because part number one requires the second smallest tool kit. The 
results using this sequence is compared with that selected by the company for operation 
assignment rule #1 and for the tool kit issue strategy. 
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Table 3A.7 : Cell Performance Measures (mlns) 

For Part Sequences 1·2·3 and 2·1-3 

Operation Tool Cell Machine Man 

Assignment Issue Perform. Idle Utilisation 

Rule Strategy Time Time Times 

* 1 1 182.3 35.8 0·57, 57-102 

137.7-178.7 

** 1 1 179.6 37.8 0·49,82.8-135.8, 

135.8-176.8 

* Part Sequence 1·2-3 

** Part Sequence 2-1-3 

Table 3A.S : Cell Tool WaIt TImes (mlns) 

For Part Sequences 1·2·3 and 2·1·3· 

Operation As- Tool Total Initial 

signment Issue Tool Tool 

Rule Strategy Wait Wait 

* 1 1 63.8 28.0 

** 1 1 61.8 24.0 

* Part Sequence 1·2·3 

** Part Sequence 2-1-3 

Table 3A.9 : MachIning, SetUp and Part Load Times (mlns) 

For Part Sequences 1·2·3 and 2·1·3 

Operation Tool Mach. SetUp Part Load 

Assignment Issue + Tool + Pallet Times onto 

Rule Strategy Indexing Indexing Machine 

Time Time 

* 1 1 122.0 7.2 6.0 

** 1 1 122.0 7.2 6.0 

* Part Sequence 1·2-3 

** Part Sequence 2-1-3 

3A.6.7 Manning Patterns 

The manning patterns for operation assignment rule #1 under three aHematlve tool issue 

strategies is shown in figure 38.6 . The tool issue strategy labelled "s1-Kits' is selected as the 

most appropriate by the model because of the least machine idle time. The strategy labelled 

's1-all refers to the loading of individual tools at the start of the manufacturing period. This 
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strategy was initially specKied by the company. Strategy 's1·kits' provides a better attemative to 
's1·a" but is less efficient than strategy '·s1·kits'. This Is because the correlation between 
successive tool kits is not considered as is the case In '·s1·kits'. 

The tool kftting concept, unlike the single tools concept allows time for pallet loading and 
unloading during the machining cycle, but this time allowance is dependent the number of pallets 
to be loaded/unloaded and the machining requirements of the current pallet. In the case of 's1·a" 

the operator (man) is kept continuously busy wfth tool loading till all tools are loaded and the 
machine can commence cutting. Hence, although this strategy provides better manageability in 
terms of division of tasks, such as pallet load, tool load, pallet unload/load, tool unload/load and 
so on and so forth, it is less efficient In the time taken to complete a given machining list. 
Therefore, K the tool kft issue strategy Is employed, the man becomes a very crftical factor in the 
activfty cycle if only one man is assigned the tasks of loading and unloading the tools and pallets. 
This is as a resutt of the variation in times between loading successive tool kHs and also the 
variations in actual times allowed, which in some Instances may be Insufficient to achieve this 
task and thus result in added man idle time. 

Company policy as to labour usage and the possibility of a second man interacting wfth the 
first would need to be further examined if continuous operation is to be achieved across shifts or 
manufacturing periods, although in this case the performance time for the given machining list is 
well wHhin the specified manufacturing period and sufficient time is available to load/unload all 
pallets. 

3A.7 Summary of Results and Conclusions 

The case study provided valuable insight Into the selection of operating rules and strategies 
and provided a useful test bed for the Single machine model. The following conclusions may be 
drawn from the case study: 

3A,7.1 Selection Of Operation Assignment Rule 

Operation assignment rule #1 is selected as the most appropriate and is particularly effective 
in situations where the batch size (pallet capacity) is high. In other circumstances, particularly in 
the case of batch of one, operation assignment rule #2 might provide a better solution. 

3A.7.2 Selection of Tool Issue strategy 

The differential kft concept or tool issue strategy #1, provides a better atternative than the 
aSSignment of single tools (tool Issue strategy #2). The tool kft concept copies the approach 
conventionally used in job shops, and is particularly SUited in differential kft form to this sftuation, 
where different parts are machined in fixed sequences. 

The assignment of single tools is more progressive in the sharing of Identical tools among 
several batches of parts and is based on group technology principles. A chosen mix of parts is 
delivered to the machining centre in a fixed period of time and this part mix Is serviced by a 
rationalised tool complement. This strategy has not been selected in this case because, as 
proved, ft suffers from large tool wait times. 
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3A.7.3 Selection Of Machine 

The selection of a tool issue strategy directly affects the selection of an appropriate 
machining centre or vice versa, as discussed In the main text. The single tools issue strategy 
calls for a large tool magazine capacity (80-140 tools), similar to the machining centre under 
consideration, The Toshiba BMC-80; and is more suitable for high volume - mid-variety part mix. 
Tool issue strategy #1 calls for a very different type of machine, where the tool magazine is of a 
lower capacity, possibly removable and transportable. This type of machine such as the Marwin 
Automax machine found at British Aerospace in Preston (see chapter two), finds its application in 
the area of low volume - high variety production. A newer machine perhaps more suitable for the 
suggested differential kitting strategy which finds its application in the mid-volume - mid-variety 
production area, would be of the type offered by the Okuma Design Concept (see chapter two). 
This machine would provide a transportable magazine (differential kit) supplying a fixed fixed 
primary tool magazine. This type of machine would combine the advantages of the two 
previously described machining centres and the flexibility in choice of strategies and rules for 
particular situations but demand a higher degree of tool flow automation. 

3A.7.4 Selection of Part Sequence 

The determination of an optimum part sequence with respect to the correlation between 
successive tool kits is a critical factor in the time taken to complete a given parts liSt. This part 
assignment depends for its effectiveness upon the availability of sufficient pallets and fixtures. 

3A.7.S Manning 

The possibility of a second worker interacting with the first in the tasks of tool and pallet 
loading and unloading may be necessary, given the choice of machine and if more pallets are 
considered than those included In the given parts liSt. 

3A.7.6 Tool Life Utilisation 

The choice of a maximum percent tool life utilisation would require further examination as it 
would significantly effect the determined tool requirement. This analysis was not carried out In 
this case because the emphasis of the study was to be the selection of appropriate operating 
rules and strategies. 

3A.7.7 Integration of Other Machines 

Emphasis has been laid on the analysis of different control rules and operating strategies 
which may be applied for the effective operation of the 'stand-alone machining centre. " other 
machines are to be in parallel with this machine in a conventional FMC configuration or even if 

this machine is to run unmanned for extended periods, it is necessary to plan for tool and part 
storage and their transfer. Two basic alternatives can be used for providing this storage, that Is 
by interstage buffers at each machine or a common storage which Is accessible by all machines. 
Some systems employ both common and local storage. Manning, transfer and control strategies 
rules and strategies, for all these various configurations would need to be evaluated. 

300 



Appendix 38: 

RESULTS AND FIGURES 

STAND-ALONE MACHINE INDUSTRIAL CASE STUDY 
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Appendix 4A: 
A SINGLE CEll 

INDUSTRiAL CASE STUDY 

4A.1 Introduction 

The work reported here is the result of a case study carried out with data supplied by 
Cummins Engine Company, Daventry. The purpose of the work was to compare and examine 
the tooling requirements generated under each of the two tool management strategies Identified; 
viz. workpiece-oriented and tool-oriented. 

4A.2 Scope of the Study 

The company had recently purchased a flexible machining cell to be Integrated wtthin the 
current machining facilHy. The cell was commisioned during 1987 and replaced a number of 
manual and N.C machines. The cell based on Makino machining centres was set up to run on 
detailed analysis carried out by the suppliers. The scope of the study was to examine the basis of 
this analysis and to explore, by modelling over a 24-hour period, the relative mertts and flexibilHles 
under either of the tool management strategies. 

4A.3 The Three Machine Ceil 

The cell comprises of three Makino MC1210 horizontal machining centres, see figure 48.1, 

serviced by a rail guided pallet transporter. Work fixturing and defixturing is perfomned manually 
at either of the two load/unload stations, see figure 48.3 . 

Each machine is equipped wtth a 123 tool capctty tool magazine or primary tool store. Tool 
change between the PTS and the spindle is performed by a double ended arm which selects the 
required tool from the magazine whilst machining is in progress, then changes the tool when the 
spindle has stopped. 

The cell can accommodate upto 22 pallets on each of which a single component-speCific 
fixture may be permanently mounted. Pallet Interchange between the pallet transporter and 
machines executed via a pallet changer. This provides a buffer area so that the machine need 
not be kept watting for the vehicle befor part load/unload can take place. 

The cell uses six pallets, one for each of four part families and two for the fifth family. The 
operating strategy is such that a fully machined part is obtained for each visH to a machine. 
Workflow within the cell is carried out by a pallet transfer vehicle. Other supporting activHies such 
as fixturing, defixturing, Inspection and cleaning Is wholly manual. Tool transfer, loading and 
unloading is also carried out manually. 
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4A.4 Cell Parameters 

4A.4.1 Part and Pallet Requirements 

The cell produces five families of parts. A fixed number of parts from each family are 

required for every engine. Therfore cell output, over a specnied period can be reliably predicted. 

The majortty of components produced are from a basic set of seven parts, a sample database 

entry shown in figure 48.2. One part has been spltt up into two because ft entailS two vistts to a 

machine. Table 4A.1 shows the quantities required for a 24 hour period and the pallet type 

required for each part type. 

Table 4A.1 : Part Requirements 

Part Type Quantity/Day Pallet Type 

1 4 1 

2 4 1 

3 8 2 

4 8 3 

5 5 4 

6 3 4 

7 4 5 

8 4 6 

4A.4.2 Machining List 

A requirement for the operation of the model under the workplece-oriented tool management 

strategy is that a prescheduled machining list Is required to be set up for each machine to work to 

over the modelling period. This machining list was obtained from running the part flow Emulator 

of a parallel research programme under FIFO scheduling conditions. A description of this 

emulator is given in the literature survey. The output from the emulation run generated the 

machining list for the cell as given in table 4A.2. The total number of parts entering over the 

modelling period were found to number 40. 
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Table 4A.2 : Machining Lists by Part Type (partnumber) 

Machine 1 Machine 2 Machine 3 

5 (1) 3 (13) 1 (29) 

7 (2) 4 (14) 8 (30) 

5 (3) 3 (15) 1 (31) 

7 (4) 4 (16) 8 (32) 

5 (5) 3 (17) 1 (33) 

7 (6) 4 (18) 8 (34) 

5 (7) 3 (19) 1 (35) 

7 (8) 4 (20) 8 (36) 

5 (9) 3 (21) 2 (37) 

6 (10) 4 (22) 2 (38) 

6 (11) 3 (23) 2 (39) 

6 (12) 4 (24) 2 (40) 

3 (25) 

4 (26) 

3 (27) 

, 4 (28) 

12 assignments 16 assignments 12 assignments 

4A.4.3 Tool Flow Parameters 

The tool flow parameters necessary for the operation of the workpiece-oriented tool 

management strategy are shown In figure 48.4. Only a subset of these parameters is necessary 

for the Computer Assisted Cluster Analysis (CACA) Module which determines the clusters 

necessary for operation of the tool-oriented tool management strategy. 

The inputs to the CACA module are based on group technology principles and the 

requirements of the Rank Order Clustering (ROC) algorithms, see chapter seventeen. The eight 

basic parts are entered along the primary row and the one hundred basic tools along the primary 

column. '1' entries indicate the tool types (basic tools) used on each part type not necessarily In 

order of technological precedence. 

4A.5 Summary of Results 

A general discussion of results follows, based on the output generated from the computer 

modelling and from the CACA module. The tables of output generated for each menu selection of 

the modelling run under the workpiece-oriented strategy is presented in appendix 4B, and the 
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~erative stages of ranking of rows and columns and the final determination of tool cluster sets 
under the tool-oriented tool management strategy within the CACA module Is shown though a 
series of stages in chapter seventeen (figures 17.9 to 17.17). 

4A.S.1 Workpiece - Oriented Tool Management 

A summary of the results obtained from the modelling run is given in figure 48.5 . It was 
found that a maximum of fifty-eight tools was required on anyone machine over the twenty-four 
hours and that very little tool flow was evident, because all of the cutting tools necessary for the 
machining of the parts could easily be accommodated within the 123-tool capac~y magazines. As 
all the tools were to be loaded into the magazines at the start of the manufacturing (modelling) 
period, added to the fact that only one server pos~ion is available at the secondary tool store 
accounted for the large stepped delays at the start of the production cycle at each machine. 

The total number of tools required to satisfy the machining lists was determined as 
one-hundred and forty-five. No New tools had to be created to account for delays in the 
transportation network as an adequate number of tools and their transporters were available. The 
utilisation of the tool transporters was fairly low, ranging from 23.86% to 33.3%, in comparison to 
the times taken to complete the given machining lists. Thus H was found that w~h these fairly low 
utilisations the operators could easily perform tool load and unload as well as service the part load 
I unload stations. 

Only one tool was found to be worn on completion of all the machining lists, atthough a 
number of tools, not classed as worn, possessed tool life Insufficient for further machining. 

4A.S.2 Tool - Oriented Tool Management 

The initial ROC matrix set up for eight part types an 100 basic tools produced after three row 
and three column iterations some cluster formations, at this stage no further ranking of rows or 
columns was possible as confirmed by the checking routines. Scrutiny of the ROC matrix after 
the first set of ~erations, shows that e~her of two cluster set formations are possible. These are 
shown in table 4A.3 . 

Table 4A.3A : Cluster Set Formation #1 

Tool Cluster Set # Parts In Cluster 11 No. Of BasiC Tools 

1 

1 

~ 
2·1-3-4 

11 

49 

I 2 8-7-5-6 50 

I Table 4A.3B : Cluster Set Formation #2 I 
Tool Cluster Set # Parts In Cluster I No. Of Basic Tools I 

1 2 - 1 - 3 41 

2 4-8-7 28 

3 5-6 35 
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Either of the cluster set formations are suitable. An arbHrary choice was made to select 
cluster set formation #2. In order to achieve this formation a number of tools were deselected 
from the analysis to force formation of clusters, and after further row and column Herations, the 
three tool cluster sets are obtained. The removed tools are reinstated wHhin each tool cluster set 
to give a fully ranked final matrix. 

It can be seen from table 4A.3 that the number of basic tools required is 104. The 
substitution of the entries wHh accumulated tool usage time for each tool type on each part and 
subject to the order requirements given In table 4A.11s given In table 4A.4. 

Table 4A.4 : Tool Cluster Set 
Basle and Total Tool Requirements 

Tool Cluster Set # Basle Tools Total Tools 

1 41 50 

2 28 39 

3 35 49 

4A.6 Discussion of Results 

The tabular and graphical resutts presented in appendix 49 and in chapter seventeen can be 
discussed under the following categories: 

4A.6.1 Magazine Capacity 

From the results H is apparent that two very different magazine capacHles and the associated 
number of tools required arise from usage of a particular tool management strategy. Given the 
company requirement that a part should be able to be processed on any two out of the three 
machines, then H becomes necessary, under tool-oriented tool management to have a magazine 
capacity of around 41 tools, i.e the size of the largest tool cluster set with only basic tool type 
included, upto a maximum of 104 tools, I.e the size of all the clusters, plus some specHied 
capacHy to allow for sister tool placement. 

Under the workpiece-oriented tool management and with the same constraint as previous, no 
more than 58 tools were ever used on anyone machine over the 24 hour period. The selection of 
the large tool tool magazine capacity of 123 for each one of the Makino machining centres can 
thus be assumed to be based on the maximum f1exibilHy provided by tool cluster analysis. This 
should not lead one to the conclusion that tool-oriented tool management requires large tool 
magazine capacities. This large capacity would be required H tool changeover were to be 
minimised particularly In cases where manual tool replacement and replenishment takes place as 
is true in the said cell. This Is also true for the workpiece-oriented system. Smaller magazine 
capacHies could be specified in this instance for the workpiece-oriented system and in the case of 
the tool-oriented system then priority hysteresis, see chapters ten and eleven, could be applied to 
minimise tool cluster set changeovers. The capacHies suggested under the two strategies are 
given in table 4A.5 • 
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Another observation made is that the number of tools required dnters under both tool 

management strategies. The tool-oriented system produces a requirement of 138 tools whereas 

the workpiece-<lriented system produces a requirement of 145. The requirements differ for 

several reasons not least of which is the assignment of clusters or single tools. Other reasons 

include flow and transport requirements, machine selection and part assignment to the machines. 

Table 4A_5 : Basic and Total Tool Requirements for 

Workplece or Tool Oriented Strategies 

Tool-Oriented Strategy Workplece-Orlented Strategy 

TCS# Basle (Total) Machine # Total 
Tools Tools 

1 41 (50) 1 58 

2 28 (39) 2 46 

3 35 (49) 3 41 

Suggested Capacity 41 (50) Suggested Capacity 58 

4A.6_2 Flexibility of Routing 

The issue of flexibil~y of routing is paramount in choosing which of the tool management 

strategies to select. The workpiece-<lriented strategy particularly operating under the machine 

rationalisation algorithm Is inflexible in terms of assignment and sequencing of parts to the 

machines. This is because the strategy Is based invariably on a static prescheduled machining 

list for each machine. The tool-oriented strategy is much more flexible and well suited to 

dynamically scheduled environments as it is insensitive to sequencing of parts to a machine 

which has the required tool cluster set so long as the part assigned are contained within the 

cluster set of parts which gave rise to the tool cluster set. This situation was obviously desirable 

to Cummins as they were particularly cautious about machine breakdown and laid the 

prerequisite that every part should be able to be assigned to either of two machines. This 

strategy thus becomes effective in dynamically changing environments and is not suited to 

s~uations where prescheduled work-to lists is the norm, except in the case of breakdowns which 

are handled as exceptions rather than as planned situstions. 

Having thus decided on the suitability of a tool-oriented tool management strategy, a further 

study was carried out to analyse the company specification of attemative machines for each part 

type. This is given in table 4A.6 . Scrutiny of this table and investigation of the basic tool contents 

of each tool magazine specified in the Cummins Makino cell revealed that two cluster sets were 

present as shown in table 4A. 7. This resutt coincides with that obtained from the CACA module, 

shown in table 4A.8 , and confirmed that the operation of the cell was based on tool cluster 

analysis carried out by Makino who are exponents and practitioners of this technique. 
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Table 4A.6 : Company Part Assignments 

Part # Machine #1 Machine #2 Machine #3 

1 - • • 

2 - • • 

3 • • -
4 • • -
5 • - • 

6 • - • 

7 • - • 

8 • - • 

• = possible machine 

Table 4A.7 : Company Tool Cluster Set Assignment 

Tool Cluster Set # Part Capability Machines 

1 2 -1 -3 2-3 

2 (2,3) 4-7-8-5-6 1 - 3 

Table 4A.8 : CACA Results· Tool Cluster Set Assignment 

Tool Cluster Set # Part Capability Machines 

1 2 -1 - 3 2-3 

2 4-7-8 1 - 3 

3 5-6 1 - 3 

4A.6.3 Tool Economy 

Tool economy is practiced under both tool management strategies but in different forms. 

Under the workpiece-oriented strategy a machine rationalisation algorithm is employed to 

eliminate unnecessary tool duplication and to ensure that sufficient tools are present at the outset 

to service the given machining lists. A different picture arises under the tool-oriented strategy. 

Tool economy here is based on multiple cluster assignments to a single machine at one lime. 

This combination of clusters, shown in table 4A.9, is thus necessary to service the requirements 

as specified by the company in table 4A.6. As parts 3 and 4 are of the same type, the basic tools 

for 3 and 4 would have to be added to machines 1 and 2 respectively to complete the tool cluster 

sel. 
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Table 4A.9 : Cluster Set Combinations on Machine 

TCS# Machine #1 Machine #2 Machine #3 

1 • • 

2 • • 

3 • • 

When clusters are combined the minimum cluster size Is the number of basic tools contained 
in the merged cluster plus the rationalised, not added, number of sister tools. In the extreme all of 
the clusters may be combined as is the case for machine number 3, to give added routing 
flexibility. 

Tool economy through combination of clusters has two added advantages: firstly, they allow 
machining to continue wtlh the overlap of tools, if any, between clusters thus minimising the 
downtime occassioned by tool cluster set changeover; and secondly, magazine capacHy 
permitting, if all clusters can be accommodated within a single magazine not only is flexibilHy 
enhanced through having the ability to machine any part type but also tool changeover is reduced 
to tool replenishment of Sister tools for the basic tool types. This greatly simplifies the tool 
management when the cell operates in this resident kH mode. 

4A.7 ConcludIng Remarks 

The cluster set assignments are based on the assumption that whole part machining is 
performed at each visit to a machine. This was the case specified by Cummins. Different cluster 
sets might arise if each part type had to make several visits to a machine or to several machines. 
The clusters would then have to be derived from grouping of operations or even suboperations 
rather than of whole parts. 

The three machine study has recently been extended to study a five-machine cell and to run 
over a longer time period. The three-machine cell was also validated in an exercise in 
comparison against the Emulator for part flow"'" and a knowledge-based model for part and tool 
flow'''''. The resutts were found to be consistent and reliable across all three models and 
computing hardware. The number of tool transporters used differed in the case of the knowledge 
based model, but this did not significantly effect the resutts as very little tool flow was evident in 
any case. A further more detailed comparison Is being carried out for the five-machine cell. This 
is reported in two forthcoming theses by the authors who developed the respective models. The 
results of the comparison for the three-machine model are shown for workplece-oriented tool flow 
in figure 4B.6through to figure 4B.15 . 
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Appendix 48: 

RESULTS AND FIGURES 

SINGLE CELL INDUSTRIAL CASE STUDY 

313 



Rgure4B.1 

-___ /110 -'::====:;;;:=:::::~'~"t'~-:::-:::-:::-:::-:::-:::-:::-='; 'f,.I..!.. 'iil jl 
'---"-''''-----z,1? I: 

:.......-,.~ i ;u ,.,.i 

.. 
__ .~ lUG 

-'-~'~'~"~"-"~~~'~"~'~' ----:"" :"" '\"" 
;'il'i" 

mad'llne number: 

mad'llne desc. : 

mad'line Id. : 

prim. Slores : 

PTS capadly : 

PTS Index lime: 

1001 exd'lange time: 

cell number: 

1,2.3 

MC121C 

MC' ,MC2,MC3 

40 

0.5 

0.26 

priority: 1,1,1 

1001 complement fixedlvariable : V 

PTS IIxed/movable : F 

number 01 spindles: 1 

number 01 type in cell: 3 

mad'line load time: 

machine unload time: 

buller type: 

buller load lime: 

bullet unload lime: 

dual pallet exchange 

0.27 

0.27 

A TYPICAL DATABASE ENTRY 

FOR A MACHINE (MCI210) 

IN THE 3-MACHINE CELL 

314 

LUT-FMS 

RESEARCH 

GROUP 



Figure 4B.2 

o o 

Op. TIme Op.Desc. tool id 

1 16 rough&fin 0001 

2 3 9.5 drill 0012 

3 7 roughbore 0053 

4 8 finbore 0054 

5 13 29/84dr 0049 

6 3 314 dr 0046 

7 2 314taperR 0047 

8 1 314TaperT 0048 

total machining time for 3035844 ,. 53 min. 

A TYPICAL DATABASE ENTRY 

FOR A WORKPIECE 

IN THE 3·MACHINE CELL 

315 

LUT-FMS 

RESEARCH 

GROUP 



I STS I 
" . ; 

t 
.. , 

~ ; ~ 

120 ~'1 120 ~'2 120 ~ .. 
Pallet Stands Pallet Stands 

l!!1~ DDDD!!lt.;,DDDD!!lu:. 
§:] 

~ I Vehicle Track I 
~ 

00000000000000 
Pal .. Stands 

Figure 48.3 CUMMINS CELL AT OAVENTRY LUT - FMS 
Research Group 

TOOL MANAGEMENT WORKPIECE-ClRIENTEO Machine No. 1 2 3 

No. of Tools 
PLANNING HORIZON 24 HOURS (1440 MINUTES) on Machine 58 46 41 

PART ASSIGNMENT BY MACHINING LIST Tool Numbers Req'd 1·58 59-104 105·145 

Start 0.3 2.3 4.3 
TOOL ISSUE SINGLE TOOl.(s) 

Tool Wa~ at Start 239.8 626.8 951.8 

CELL PARAMETERS 3 MACHINES 
120 TOOl PTSON EACH Anlsh Last Acticity 1543.1 1980.6 1890.8 

• MUTUAllY EXCWSIVE TOOl. 
ANO PART FlOW Parts Assigned 1·12 t3-28 29-40 

• STS OF UNLIMITED CAPACnY 

·3 TRANSPORTERS (MEN) AGV Used 3 2 1 
-1 STS SERVING POINT 

Performance nme 1303.3 1353.8 934.7 
OP. ASSIGNMENT All ITeM OPERATIONS 

TOOL MANAGEMENT PERMISSIBLE LIFE 90% 
• TOOL LIFE AS SPECIFIED 

Total Tools Req'd: 145 

• REFURBISHMENT IN·HOUSE 
• MACHINE RATIONAlISATION 

Worn Tools: 1 

TOOl ASSIGNMENT MINIMUM TOOLING REQT> Added Tools: 0 
ASSIGNED TO STS 

lUT·FMS 
TOOL FLOW MODEl 

Figure 48.4 RESEARCH 
SYSTEM PARAMETERS 

GROUP 

lUT·FMS 
TOOL FLOW MODEL 

RESEARCH Flgure4B.5 
SUMMARY OF OUTPUT GROUP 
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Research Group 

• Tool Flow Model 
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'24 HOUR' CELL PERFORMANCE TIMES LUT - FMS 
Research Group 
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Figure 4B.9 
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• Tool Flow Model 

~ Know.Based Level 3 

o Emulator-Part Flow 

LUT - FMS 
Research Group 

• Tool Flow Modal 

~ Know.Based Lavel3 

LUT - FMS 
Research Group 
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'24 HOUR' MACHINING TIMES 

cart 2 cart 3 
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'24 HOUR' TOOL TRANSPORTER TIMES 
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• Tool Flow Model 

~ Know.Based level 3 

o Emulator-Part Flow 

LUT - FMS 
Research Group 

• Tool Flow Model 

~ Know.Based level 3 

LUT - FMS 
Research Group 
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Figure 4B.13 '24 HOUR' SISTER TOOL PREDICTIONS 
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• Tool Flow Model 

~ Know.Based Level 3 

D Emulator-Part Flow 

LUT - FMS 
Research Group 

• Tool Flow Model 

~ Know.Based Level 3 

LUT - FMS 
Research Group 
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• Initial toolllle 

~ residual toolllle 

LUT - FMS 
Research Group 

• uses 

LUT - FMS 
Research Group 





S~LEC, OUTPUT REGUIRED BY NUM8ER 

:) Final PriMary Tool Score Contents. 
2) Final Tooling Details + Status. 
3) Machining History and Cell Performance Measures 
4) Machine Activities for Schedule. 
5) Cell Tool-Tran.fer Activities. 
6) List of Machine5 in Each Cell. 
7) List of Scheduled Part. for Each Cell. 
8) Tool Transporter Contents and Schedule. 
9) Cell Tool Summary and Tool Statu. Report. 

0) Du it. 

Select Desired Output and pre5. <Enter> 

Output Number Selected ? : 1 

Tool Store Contents 
Tool Stere : MCl Oesc. : primary Sta tus : final 
Capacity : 123 Tools in Store : 0 Under [- J : 0 

llpkt! TI. Nel Li le I 5 I!Pkt.!TI. Nol Li le I S I!Pkt.ITI. Nol Li +e ! S I I 
, 

I ! ! 
1 I i 1 1 11. 40 R I 11 18 1. 40 R 21 29 16.60 R 

2 2 2.50 R I 12 19 17.40 R I 22 30 19.80 R 
3 4 4.60 R I 13 20 3.00 R I 23 31 8.60 R 

! I 
4 8 0.40 R 14 22 37.60 R 

, 24 32 9.40 R , 
I 5 

I 
10 14.40 R 15 23 3.00 R 25 33 3.00 R 

I 6 11 14.70 R 16 24 17.40 R 26 34 2.50 R 
i 7 

I 
12 2.00 R . 17 25 38.00 R 27 36 3.50 R 

I 8 15 15.80 :1 18 26 22.20 R 

I 
28 38 2.00 R 

I 9 i 16 21. 00 19 27 15.00 R 29 40 8.10 R 
I 10 I 17 8.25 R I 20 28 17.40 R I 30 41 6.00 R I 
I , 

, , 
Next Edi t Screen Hard Copy 

I 
Selection ? Previau5 Screen 

~nter Ctri - a Shtft - ?rtSc P 
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iool Store Contents 
ioe 1 Stere : MC, Oesc. : primary Stat". : final 
Capacity : 123 Toals in Stare : 0 Under ( - J : 0 

I Pkt I Tl. Nol li le I Sllpkt·ITl. Nol li le I S IPkLITl. Nol li le S 

I 
31 44 10.90 R 41 57 19.00 R 51 39 8.10 R 
32 45 17.40 R 42 58 23.00 R 52 9 20.80 R 
33 46 11. 00 R 43 5 4.60 R 53 13 12.50 R 
34 47 8.60 R 44 55 1. 00 R 54 21 19.00 R 
35 48 9.40 R 45 42 3.70 R 55 7 12.90 R 
36 49 42.00 R 46 51 20.00 R 56 35 18.00 R 
37 50 6.00 R 47 53 19.00 R 57 43 8.40 R 
38 52 3.00 R 48 6 1. 70 R 58 14 12.50 R 
39 54 1. 00 R 49 3 2. 10 R 59 0 0 0 
40 56 15.00 R 

I 
50 37 9.90 R 60 0 0 0 

Next Edit Screen Hard Copy Selection ? Previous Screen 
Enter Ctd - 8 - Shift - PrtSc P 

Tool Stere Contents 
Tool Store : MCl Desc. : primary Stat". : I; no I 
Cao_city : 123 Tools in Stare : 0 Under ( -J : 0 

Ilpkt I Tt. Nol li fe 
1 

S I Pkt·1 Tt. No li le 1 S 1 Pk LI Tl. No li le 1 S 

61 0 0 0 71 0 0 0 81 0 0 0 
62 0 0 0 72 0 0 0 82 0 0 0 

1
63 0 0 0 73 0 0 0 83 0 0 0 

1

64 0 0 0 74 0 0 0 84 0 0 0 
65 0 0 0 75 0 0 0 

I 
85 0 0 0 

66 0 0 0 76 0 0 0 86 0 0 0 

1

67 0 0 0 I 77 0 0 0 87 0 0 0 
68 0 0 0 I 78 0 0 0 88 0 0 0 

169 Q 

I 
0 0 

I 
79 0 0 0 89 0 0 0 

I 70 0 0 0 80 0 0 0 90 0 0 . 0 
I I , 

Next Ed it Scr een Hard Copy Selection? Previous Screen 
Enter C!rl - 8 Sh if t - PriSe P 
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I 
Tool Store Con ten ts 

Tool Store : ~Cl Desc. : primary StatUS : final 
Capacity : 123 Tools in Sl:ore : 0 Under ( - l : 0 

Ipu In. Nol li le 
I 

S Ilpkt ·1 n. No 1 li I e 
1 

S 11 Pkt ·1 n. No I li le 
1 

S 
I 

I I 1 

I 1

91 0 0 0 101 0 0 0 111 0 0 0 
92 0 0 0 102 0 0 0 112 0 0 0 
93 0 0 0 103 0 0 0 113 0 0 0 
94 0 0 0 104 0 0 0 114 0 0 0 
95 0 0 0 105 0 0 0 115 0 0 0 
96 0 0 0 106 0 0 0 116 0 0 0 
97 0 0 0 107 0 0 0 117 0 0 0 
98 0 0 0 108 0 0 0 118 0 0 0 
99 0 0 0 109 0 0 0 119 0 0 0 
100 0 0 0 110 0 0 0 120 0 0 0 

Next Edit Screen Hard Copy Selection ? Previous Screen 
Enter Ctr! - 8 .. Sh if t - PetSc P 

Tool Stare Contents 
Tool Store : ,~Cl "Desc. : primary Status : f i na 1 
C.;lpacity : 123 Too 15 in Score : 58 Under ( - l : -65 

I 
PUITl. Noi li le S llpu·ln. Nol Life 

I 
S Ilpu.1 n. Nol li le I S I 

I 1121 0 0 0 

\ 
1122 0 0 0 
I, 123 0 0 0 
1 , 

I 

I I 
I , 
I 

Next Edit Screen 
I 

Hard Copy Seledion ? Previou~ Screen 
E:"der Ctrl - B Sh if t - PrtSc P 

i 1 
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I 
Tool Store Contents 

Tool Store : 1'-!C2 Desc. : primary Statu. : final 
Capaci ty : 123 Tools in Store : 0 Under [ - J : 0 

IpKt ITI. Nol li le 
I 

S I Pk LI Tl. No I li I e 
1 

S Ipkt·ITI. Nol li le 
I 

S J 
1 S9 9.7S R 11 73 21. 00 R 21 84 24.04 R 
2 62 7.60 R 12 74 10.20 R 22 85 22.60 R 
3 63 11 • 44 R 13 75 37.44 R 23 86 23.64 R 
4 64 42.00 R 14 76 28.16 R 24 87 22.36 R 
5 65 48.00 R 15 77 36.64 R 2S 88 23.16 R 
6 66 46.80 R t6 78 33.76 R 26 89 23.00 R 
7 67 0.59 R 17 79 34.64 R 27 90 16.44 R 
8 69 0.05 R 18 80 38.00 R 28 91 11.56 R 
9 71 23.00 R 19 81 6.68 R 29 92 19.96 R 

IQ 72 49.36 R 20 83 23.00 R 30 93 20.20 R 

Next 

I 
Edit Screen .. Hard Copy Seledion ? Previou5 Screen 

. En ter Ctd - 8 .. Shif t - PetSc P 

Too I S tor e Contents 
Tool Store : MC2 Oesc. : primary Sta tus : final 

I Ca.pacity : 123 Tools in Store : 0 Under [ - J : 0 

PUITI. Noi Lif~ 
I S Ilpkt·1 Tt. No I li le I S ilpkL!Tl. Noi li le I S I 

I I 

31 94 26.64 R I 41 100 10 . 41 R 51 0 0 0 I 

32 95 26.64 R I 42 82 6.68 R 52 0 0 0 
33 96 38.40 R 43 70 8.91 R 53 0 0 0 
34 97 9.16 R I 44 61 42.50 R 54 0 0 0 
35 98 40.40 R 45 1 0 1 24.94 R 55 0 0 0 
36 99 1 0 . 4 1 R I 46 68 51. 25 R 56 0 0 0 
37 102 43.76 R I 47 0 0 0 57 0 0 0 

,39 103 19.00 R 

I 
48 0 0 0 58 0 0 0 

\39 104 45.20 R 49 0 0 0 S9 

I 
0 0 0 

!40 60 9.75 R i 50 0 0 0 I 60 0 0 0 , 

Next ~~ .... Sc:reen Hard Copy I Selection? Previous Screen _ ... 1 • 

Enter Ctrl - 8 Sh 1 I t - PetSc i P 
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Tool S ~ or e Contents 
Tool Stare : ;~C2 Desc. : primary Status : f i na 1 
Capac:' t: y : 123 Tools in Store : 0 Under ( - ] : 0 

IlpUITl. Nol li le I 5 ilpkLln. Nol li le 
1 

5 Ilpu·ITi. Nol li fe 
1 

5 I 
61 0 0 0 71 0 0 0 81 0 0 0 
62 0 0 0 72 0 Q 0 82 0 0 0 
63 0 0 0 73 0 0 0 83 0 0 0 
64 0 0 0 74 0 0 0 84 0 0 0 
65 0 0 0 75 0 0 0 85 0 0 0 
66 0 0 0 76 0 0 0 86 0 0 0 
67 0 0 0 77 0 0 0 87 0 0 0 
68 0 0 0 78 0 0 0 88 0 0 0 
69 0 0 0 79 0 0 0 89 0 0 0 
70 0 0 0 

I 
80 0 0 0 90 0 0 0 

Next Edit Screen Hard Copy Seledion ? Previou5 Screen --
Enter Ctr! - 8 Shift - PrtSc P 

Tool Store Contents 
Tool Stare : MC2 Oesc: . : primary Status : final 
Capac:: ty : 123 Too 15 in Store : 0 Under ( -] : 0 

iPUI Tl . Nol li le \ 
I 

S liPkt.1 n. Nol li le 1 5 I Pk t. Ti. No li le 1 5 

91 0 0 0 1 0 1 0 0 0 111 0 0 0 
92 0 0 0 102 0 0 0 112 0 0 0 

193 0 0 0 103 0 0 0 113 0 0 0 
94 0 0 0 

I 
104 0 0 0 114 0 0 0 

95 0 0 0 I 105 0 0 0 115 0 0 0 
,96 0 0 0 I 106 0 0 0 116 0 0 0 

1

97 0 0 0 
, 

107 0 0 0 117 0 0 0 I 
98 0 0 0 ! 108 0 0 0 118 0 0 0 

\99 0 0 0 I 109 0 0 0 119 0 0 

I 
0 I 

I 

11

100 0 
1 

0 0 
11 

1 1 0 1 0 
1 

0 0 120 0 0 0 
I 

Next Edit Screen 

I 
Har d Copy Se 1 ed ion ? Previous Screen 

Enter Ctrt - 9 Sh i f t - PrtSc P 
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Tooi Store Contents 
Tooi Store : MC2 Oesc:. : primary Statu. : final 
Capacity : 123 Tool. in Store : 46 Under ( - l : -77 

Ipkt / Tl. NO/ Li fe I S llpu·ITl. Nol Li fe 
/ 

S Ilpu·ITl. Nol U f e I S I 
121 0 0 0 
122 0 0 0 
123 0 0 0 

Next Edit Sc:reen Hard Copy Seledion 7 Previous Screen 
Enter Ctd - B -- Shi It - PdSc P 

.-

Tool Store Contents 
Tool Store : ~C3 Desc. : primary Status : final 
Capaci ty : 123 Tools in Store : 0 Under ( - l : ~ 

i 
I IlpUITl. Noi I S Ilpu.ITl. No I I 

I 
Nol 

I 

I 
U f e L if e S I Pk t. Tl. U f e S 

I I 
I I 1 105 14.00 R 1 1 116 17.40 R 21 128 7.00 R 

2 106 2.00 R 12 117 3.~0 R 22 130 6.00 R 

3 107 19.00 R 13 119 11 .00 R 23 132 15.00 R 

4 lOB 30.00 R 14 120 23.00 R 24 133 11.00 R 
I 5 109 1. SO R 15 121 20.60 R 25 134 23.00 R 

6 1 11 23.80 R 16 122 23.40 R 26 135 46.00 R 

7 112 24.60 R 17 123 23.40 R 

I 
27 136 23.00 R 

8 1 1 3 41 . BO R I lB 124 891 . 10 R 2B 137 3.00 R 

I 9 1 1 4 46.80 R 
I 

19 125 o .00 W 29 138 15. 00 R 

I I I 30 R I 1 0 i 1 :; lCl.CO R· , 20 126 7 _ 0 0 
I R I 139 19.00 , 

Next Edit Screen Hard COPY I Seledion ? Previous Screen 
E;"der Ctrl - B Sh if t - PrtSc I P 

327 



Tool Slor e Contents 
Tool Store : MC] Dese. : primary Slalus : 1 i na 1 
Capacity : 123 Too I s in Slore : 0 Under [- J : 0 

Ilpu I Tl. No I li le I S Ilpl< L I Tl. No I li fe I S 1 PI< I. n. No I li fe S 

I 
I 131 140 3.00 R 41 118 19.00 R 51 0 0 0 

32 141 7.00 R 42 0 0 0 52 0 0 0 
33 142 11. 00 R 43 0 0 0 53 0 0 0 
34 127 7.00 R 44 0 0 0 54 0 0 0 
35 129 7.00 R 45 0 0 0 55 0 0 0 
36 131 20.00 R 46 0 0 0 56 0 0 0 
37 143 23.00 R I 47 0 0 0 57 0 0 0 
38 144 13.40 R 48 0 0 0 58 0 0 0 
39 145 23.40 R I 49 0 0 0 59 0 0 0 
40 110 22.50 R 

1 
50 0 0 0 60 0 0 0 

Next Edil Screen Hard Copy Seledion ? Previous Screen 
Enter CId - 8 .. Sh i It - PriSe P 

Tool Slore Conlenls 
Tool Stare : MC3 Desc. : primary Slalus : final 
Capacity : 123 Tool s in Store : 0 Under [ - J : 0 

'Pkt 1 Tl. ,~o I li fe I S Ilpu·ln. I li fe I S Ilpu·ln. Nol li fe I S I I 
Not 

I 

61 0 0 0 I 71 0 0 0 81 0 0 0 , 
62 0 0 0 72 0 0 0 82 0 0 0 
63 0 0 0 73 0 0 0 83 0 0 0 
64 0 0 0 74 0 0 0 84 0 0 0 
65 0 0 0 75 0 0 0 85 0 0 0 
66 0 0 0 76 0 0 0 86 0 0 0 
67 0 0 0 I 77 0 0 0 87 0 0 0 
68 0 0 0 I 78 0 0 0 88 0 0 0 I [69 0 0 0 , 79 0 0 0 89 0 0 0 

!70 0 0 0 ! 80 0 0 0 90 0 0 0 

Next Edil Screen Hard Copy Selection? Previous Screen 
Enter et r 1 - 8 Sh it I - PriSe p 
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I Tool SIor. Conl.nls 

I 
Tool Store I MC3 Oesc. I primary SIallls I final 
Cdcaci ty I 123 Too 1 s in Store I 0 Under [ - I : 0 

Pkt Tt. Nol li f e I S !tkt.1 n. No li fe I S Ilpkt·ln. Nol Life I S I 

91 0 0 0 I 101 0 0 0 111 0 0 0 
92 0 0 0 102 0 0 0 112 0 0 0 
93 0 0 0 103 0 0 0 113 0 0 0 
94 0 0 0 104 0 0 0 114 0 0 0 
95 0 0 0 105 0 0 0 115 0 0 0 
96 0 0 0 106 0 0 0 116 0 0 0 
97 0 0 0 107 0 0 0 117 0 0 0 
98 0 0 0 108 0 0 0 118 0 0 0 
99 0 0 0 109 0 0 0 119 0 0 0 
100 0 0 0 110 0 0 0 120 0 0 0 

, 

Next 

I 
Edit Screen Hard Copy Selection ? Previous Screen .. 

Enter Clrl - 8 '. Shi f I - PriSe: P 

.' 

Too 1 Store Contents 
Tool Store I MC3 Oesc. I primary Statlls I f ina 1 

I 
Capacity I 123 Tools in Store I 41 Under [ - I : -82 

PUITl. 
1 

S Ilpu.ITl. Nol I Ilpkt ·1 Tl • Nol I I I ,~o li fe li f e S li fe S 

1 

i 

121 0 0 0 

122 0 0 0 

123 0 0 0 
I 

I 

i 

I 
Next Edi t Screen Hard Copy Selection ? Previous Screen 

Enter Ctrl - 8 Sh 1 f t - P~tSc P 
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S~LECT OUTPUT REQUIRED BY NUM8ER 

1) Final Primary Tool Store Contents. 
2) Final Tooling Details t Statu •• 
3) Machining History and Cell Performance Measures 
4) Machine Activities for Schedule. 
S) Cell Tool-Transfer Activities. 
6) List Of Machines ir. Each Cell. 
7) Li.t of Scheduled Parts for Each Cell. 
8) Tool Transporter Content. and Schedule. 
9) Cell Tool Summary and Tool Status Report. 

0) Quit. 

Select Desired Output and pre •• <Enter> 

Output Number Selected? : 2 

.' 

Final Tool Details 

181 Tool id [~~GEJI life St. 11 , ~ 

1 0107 R 
I 

F 8 30.00 
2 0080 R F 10 30.00 
3 0080 R F 6 30.00 
4 0076 R F 4 30.00 
5 0076 R ~ 4 30.00 

I 
r 

6 0076 R F 5 30.00 
7 0076 R I F 3 30.00 
8 0101 R F 6 30.00 
9 0101 R F 2 30.00 

1 0 0064 R F 8 30.00 
1 1 0084 R F 8 30.00 
12 I 0088 I R I F 6 30.00 
13 0088 • R I ):" i 1 30.00 I I i 

Next Edit Screen" Hard Copy 
Enter C~rl - B Sh if t - PrtSc 
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Life Fin. 

11. 40 
2.50 
2. 10 
4.60 
4.60 
1. 70 
12.90 
0.40 
20.80 
14.40 
14.70 
2.00 
12. SO 

Se 1 ec ti on 

IEJa~ 
1 iI 0 N 
2 0 N 

2 0 N 
4 0 N 
4 0 N 
4 0 N 

4 0 N 

2 0 N 
2 0 N 
1 0 N 
1 0 N 
3 0 N 
3 0 N 

? Previou5 Screen 
P 



I[~] 
F i na I Tool Oetails 

Tool id I~~~I Life SL 
11 

life Fin. IEJa~ 
14 0088 R F 1 30.00 12.50 3 0 N 
15 0072 R F 8 30.00 15.80 1 0 N 
16 0081 R F 8 30.00 21. 00 1 0 N 
17 0087 R F B 30.00 8.25 1 0 N 
18 0071 R F . 16 30.00 1. 40 1 0 N 
19 0085 R F 16 30.00 17.40 1 0 N 
20 0079 R F 6 30.00 3.00 2 0 N 
21 0079 R F 2 30.00 19.00 2 0 N 
22 0001 R F 12 120.00 37.60 5 0 N 
23 0082 R F 8 30.00 3.00 1 0 N 
24 0083 R F 8 30.00 17.40 1 0 N 
25 0028 R F 8 60.00 38.00 3 0 N 
26 0106 R F 8 30.00 22.20 1 0 N 

Next Edit Screen Har d Copy Selection ? Previous Screen 
Enter Ctrl - 8 .. Shi It - PdSc P 

Final Tool Oetails 

'UI Tool id 
IG1S21EJI 

Life SL 
11 

Liie Fin. IEJI Reg.!~ 
I . . 
I 27 I 0105 R F 

I 
8 

I 
30.00 15.00 1 0 N 

I 28 0029 R F B 30.00 17.40 3 0 N 

I 
29 I 0043 R F 

1 

B 30.00 16.60 4 0 N 
30 I 0044 R ~ 8 30.00 19.80 3 0 N r 

I 31 ' 0065 R F I 8 30.00 8.60 1 0 N 

I 32 0067 R F 8 30.00 9.40 1 0 N 
33 0066 R F 8 30.00 3.00 1 0 N 
34 0100 R F 6 30.00 2.50 2 0 N 
35 0100 R F 2 30.00 18.00 2 0 N 
36 0078 R F 5 30.00 3.50 2 0 N 

I 
37 10078 R F 3 30.00 9.90 2 0 N 

38 10077 R F 5 30.00 2.00 2 0 N 

I 39 10077 R F 
I1 

3 30.00 8.10 2 0 N 
I 

I 
Next Edit SGeen Hard Cocy Selection ? Previous Screen 

En b!:"" Ctrl - 8 Sh if t • PrtSc p 
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I Final Tool Details 

Cl Tool id !~G~I Life St. 
11 
li f e Fin. I~I Reg·l~ 

40 0086 R I F 8 30.00 8.10 1 0 
I 

N I 
41 0075 R 

1 

F 3 30.00 6.00 3 0 N 
42 0075 R F 3 30.00 3.70 3 0 N 
43 0075 R F 2 30.00 8.40 3 0 N 
44 0069 R F 8 30.00 10.90 1 0 N 
45 0068 R F 8 30.00 17.40 1 0 N 
46 0074 R F 8 30.00 11. 00 1 0 N 
47 0073 R F 8 30.00 8.60 1 0 N 
48 0070 R ~ 8 30.00 9.40 1 0 N r 
49 0012 R F 4 60.00 42.00 3 0 N 
50 0053 R F 3 30.00 6.00 2 0 N 
51 0053 R F 1 30.00 20.00 2 0 N 
52 0054 R F 3 30.00 3.00 2 0 N 

Next Edit Screen Hard Copy Selection ? Previous Screen 
Enter Ctd - B .. Shift - PetSc P 

Final Tool Details 

101 Tool id I~Gal Li fe SL 11 Life Fin. !aa~ 
I! 53 0054 I R I F I 1 30.00 19.00 2 0 N 
i 54 0049 R F 2 30.00 1. 00 2 0 N , 

55 0049 R F 2 30.00 1. 00 2 0 N 
56 0046 R F 4 30.00 15. 00 2 0 N 
57 0047 R ~ 4 30.00 19.00 2 0 N r 

58 10048 R F I 4 30.00 23.00 2 0 N 
59 0001 R F 9 120.00 9.75 5 0 N 
60 0001 R 

I 
F 9 120.00 9.75 5 0 N 

61 0001 R F 6 120.00 42.50 5 0 N 
62 0002 R F 8 60.00 7.60 2 0 N 

63 0003 R F 24 60.00 11 . 44 2 0 N 
, 64 0004 R F i 8 60.00 42.00 3 0 I N 

65 0005 R I F 8 60.00 48.00 1 0 il N I 

Next Edi t Scre~n Hard Copy Selection ? Previous Screen 
Enter C trl - 8 Sh if t - PrtSc P 
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01 Tool id 

66 0006 
67 0007 
68 0007 
69 0008 
70 0008 
71 0043 
72 0012 
73 0009 
74 0030 
7S 0031 
76 0032 
77 0033 
78 

11
0034 

Next 
En·ter 

IIUI Tool id 

\11 79 0035 
80 0036 
81 
82 
83 
84 

I 85 
86 'i 07 

88 
89 
90 

I 91 

0010 
0010 
0011 
0015 
0013 
0014 
0016 

100 \7 

I 
0018 
0019 

. 0020 
I 

F,nal Tool Details 

10B~rufe St. 11 , 
R F 8 60.00 
R F 22 60.00 
R F 2 60.00 
R F 14 30.00 
R F 10 30.00 
R F 8 30.00 
R F 8 60.00 
R F 8 30.00 
R F 8 30.00 
R F 8 60.00 
R F 8 60.00 
R F 8 60.00 
R F 8 60.00 

Edit Screen Hard Copy 
Ctrl - 8 

.. 
Shift - PdSc 

Final Tool Details 

IISII~~I 

I : I ~! ~ I 

~ ~ Il 
R F 8 
R F 8 
R F 8 
R ! F 8 

R I F 8 

Life Se. 11 

Life Fin. 

46.80 
0.59 
51.2S 
0.05 
8.91 
23.00 
49.36 
21. 00 
10.20 
37.44 
28.16 
36.64 
33.76 

Selection 

life Fin. 

34.64 
38.00 
6.68 
6.68 
23.00 
24.04 
22.60 
23.64 
22.36 
23.16 
23.00 

I R I r: ~ 
I R F il I 

60.00 
60.00 
60.00 
60.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

16.44 I 11. 56 

IEJa~ 
2 0 N 
3 0 N 
3 0 N 
3 0 N 
3 0 N 
4 0 N 
3 0 N 
1 0 N 
1 0 N 
1 0 N 
1 0 N 
1 0 N 
1 0 N 

? Previous Screen 
P 

IEII Reg·l~ 
1 
1 
2 
2 
1 
1 
1 
1 
1 
2 
2 

~ I 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Next 

Enter 
Edi t Screen 
Cb-~ - 8 

Hard Copy 
Shl f t - PrtSc 

Selection? PreviOUS Screen 
P 
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I 
Final Tool Details 

iel Tool id IG0~1 Li fe SL 
1I 

life Fin. I~EJ~ 
1 

; i 
1 

92 0021 R F 8 30.00 19.96 2 0 N 
i 93 0022 R F 8 30.00 20.20 2 0 N 

94 0023 R F 8 60.00 26.64 1 0 N 
95 0102 R F 8 60.00 26.64 1 0 N 
96 0024 R F 8 60.00 38.40 1 0 N 
97 0025 R F 8 30.00 9.16 1 0 N 
98 0027 R F 8 60.00 40.40 1 0 N 
99 0026 R F 3 60.00 10.41 3 0 N 

100 0026 R F 3 60.00 10.41 3 0 N 
101 0026 R F 2 60.00 24.94 3 0 N 
102 0028 R F 8 60.00 43.76 3 0 N 
103 0029 R F 8 30.00 19.00 3 0 N 
104 0103 R F 8 60.00 4S.20 1 0 N 

Next Ed it Screen Hard Copy Selection ? Previou5 Screen 
Enter C:r I - 8 -- Sh; ft - PetSc P 

Fi na I Tool Details 

iLJI Tool id IG~~I li le SL 
11 

Life Fin. I~~~I 
1

105 0002 I1 R F 8 60.00 14.00 2 0 N I1 
I 

106 0003 
I : 

F 12 60.00 2.00 2 0 N 

1107 0059 F 8 30.00 19. 00 I 0 N 
108 0060 

1 

R F 

I 
8 60.00 30.00 1 0 N 

109 0004 R F 5 60.00 I. 50 3 0 N 
i10 0004 

1 

R F 3 60.00 22.50 3 0 N 
III 0055 R F 8 30.00 23.80 I 0 N 
112 0056 I R F 8 30.00 24.60 I 0 N 

II , 3 0006 

I 
R F 12 60.00 41. 80 2 0 N 

I I 4 0012 R F 
I 

12 60.00 46.80 I 3 0 N 
! ! 15 0007 R I F 8 60.00 18.00 3 0 N 

I I 16 I 0008 R IF! 8 30.00 17.40 3 0 N 

j 117 ! 0063 R jul 6 30.00 
1 

3.00 2 0 N 
, , 

Next Edi t: Sc:-een Hard [ooy Selection ? Previous Screen 
Enter Ctd - 8 Shl ft - PriSe P 
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Ftnal Tool Details 

LI Too I id [~~~aICife St. 
11 

Life Fin. laa~ 
118 0063 R F 2 30.00 19.00 2 0 N 
119 0062 R F 8 30.00 11. 00 1 0 N 
120 0019 R F 8 30.00 23.00 2 0 N 
121 0020 R F 8 30.00 20.60 2 0 N 
122 0021 R F 8 30.00 23.40 2 0 N 
123 0022 R F 8 30.00 23.40 2 0 N 
124 0200 R F 8 999.00 891.10 1 0 N 
125 0001 R 4 120.00 o • 00 5 0 N 
126 0043 R F 2 30.00 7.00 4 0 N 
127 0043 R F 2 30.00 7.00 4 0 N 
128 0044 R F 2 30.00 7.00 3 0 N 
129 

1

0044 R F 2 30.00 7.00 3 0 N 
130 R F 3 30.00 6.00 2 0 N 0042 

Next Edit Screen Hard Copy Seledion ? Previous Screen .. 
Enter C trl - B 

.. Sh i It - PetSc: P 

Final Tool Details 
. 

QJI 10G~1 11 • 

IEIIR·I Tool id Life St. life Fin. !I Si •• 

I 0042 

I 

.. 
• 131 

I 
R F 1 1 30.00 20.00 2 0 N 

132 0051 R F 4 30.00 15.00 1 0 N 

133 0050 R F 4 30.00 11. 00 1 0 N 

134 0052 R F 4 30.00 23.00 I 0 N 

135 0028 R F 4 60.00 46.00 3 0 N 

136 0029 R F 4 30.00 23.00 3 0 N 

137 0046 R F 4 30.00 3.00 2 0 N 

138 I 0047 
i R F 4 30.00 15.00 2 0 N 

139 0048 
I 

R F 4 30.00 19. 00 2 0 N 

1140 I 00 4S R F 4 30.00 3.00 I 0 N 

\ I 4 1 I 0017 I R F 4 30.00 7.00 2 0 N 

1·2 0018 

I 
R F 

I 
4 30.00 11 . 00 I 2 0 N 

143 i 0057 R I F 4 30.00 23.00 I 0 N 

Next Edit Screen Hard Copy Selection? Previou5 Screen 

En ter Strl - 8 Shift - PrtSc: P 
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, 
Final Tool Details 

DI Tool id 1~0~1 li f e SI. 11 life Fin. 18a~ 
144 I 0061 R I F 4 30.00 13.40 1 0 N 
145 0099 R F 4 30.00 23.40 1 0 N 

Next Edit Screen Hard Copy Selection ? Previous Screenl 

Enter Ctrl - 8 .. Shin - PrtSc P ~ 
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SELECT OUTPUT REDU[RED BY NUM8ER 

t) Final Peimaey Tool Stoee Contents. 
2) Final Tooling Details + Statu •• 
3) Machining History and Cell Performance Measures 
4) Machine Activities loe Schedule. 
5) Cell Tool-Teanslee Activities. 
6) List of Machines in Each Cell. 
7) List 01 Scheduled Pacts foe Each Cell. 
8) Tool Teanspoetee Contents and Schedule. 
9) Cell Tool Summaey and Tool Status Repoet. 

0) Du it. 

Select Desieed Output and pees5 <Entee> 

Output Numbee Selected? : 3 

Machining History 

!Ip t El Mc. [0 I Mc I [ t I Do El 0 lOp minITlElILifelS!LifelFIT1£2ILife2SILife2FI 

t MCl 
: I 

1 1 1 t .80 t 27.0 25.2 
1 MCl 1 2 2 1.80 2 27.0 25.2 
1 MCl 1 1 3 3 6.50 4 27.0 20.5 
t MCl 1 1 4 4 4.70 8 27.0 22.3 
1 MCl 1 1 5 5 3. 1 0 2 25.2 22. 1 
1 MCl 1 1 6 6 1.80 10 27.0 25.2 

I \ MCl 1 t 7 7 1. 20 11 27.0 25.8 

I 
1 MC! 1 1 8 8 2. I 0 12 27.0 24.9 
I MCl 1 I 9 9 1. 40 15 27.0 25.6 
1 MCI 1 1 10 1 0 0.75 16 27.0 26.3 
1 MCI I 1 1 ; 1 1 2. 10 17 27.0 24.9 

i 
1 I i~C 1 I I 12 12 1. 60 18 27.0 25.4 
1 t

MC1 1 1 13 13 0.60 19 27.0 26.4 
I 

Ed it Screen Next 

I 
Hard COPY SelectIon ? Previous Screen 

et;l - 8 Enter Sh 1 f ! - PrtSe P 
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I 
Mac~ining History 

'r I Mc I It I Op El Q 10c .lniTIE1ILlfe!S·LifeIFITlE2ILlfe2SiLlfe2F~ : 0_ E Mc. 10 , .. 
I 1 Mel I I 14 14 4.00 20 27.0 23.0 I I 

1 Met 1 1 IS IS 0.80 22 108.0 107.2 
I MCI I 1 16 16 3.00 23 27.0 24.0 
1 MCI 1 1 17 17 1.20 24 27.0 25.8 
1 MCI 1 I 18 18 4.70 4 20.5 15.8 
1 MC! 1 1 19 19 2.00 25 54.0 52.0 
1 MCl I I 20 20 0.60 26 27.0 26.4 
I MCl I 1 21 21 1.50 27 27.0 25.5 

I 
I MCl I I 22 22 1.20 28 27.0 25.8 
I MCI I 1 23 23 1.30 29 27.0 25.7 
I MC! I 1 24 24 0.90 30 27.0 26.1 
1 MCI I 1 25 25 2.30 31 27.0 24.7 
1 MCl I 1 26 26 2.20 32 27.0 24.8 

Edit Screen Next Har.d Copy Selection ? Previous Screen 
Ctrl - 8 Enter Sh I It - PrtSc p .. .. 

Machining History 

I Pt El I Mc I It I Dc El lOp mlnlTlE11LlfelS ' , I ' Mc. 10 Q LlfelFITl£2lLife2S Llfe2FI 

, 2 MC! I 1 ! 40 16.00 22 107.2 91.2 

I 
! 

i 2 W' • ! 1 2 41 3.00 49 54.0 51.0 w. , 
2 MCI I I 3 42 7.00 SO 27.0 20.0 
2 MCI I I 4 43 8.00 52 27.0 19.0 
2 MCI 1 I 5 44 13.00 54 27.0 14.0 
2 MCI 1 1 1 6 45 3.00 56 27.0 24.0 
2 MCl 1 I 7 46 2.00 57 27.0 25.0 
2 MCl 1 1 8 47 1. 0 0 58 27.0 26.0 
i MCI I ! I 48 1.80 I 25.2 23.4 
3 Mc:. I I 2 49 1.80 2 22. I 20.3 
3 IMCl I I ! 3 SO 6.50 4 15.8 I 9.3 
3 MCI , I 4 SI 4.70 81 22 . 3 17.6 , 

; I I 
3 IMC! I 

. , 5 S2 3. 10 2120.3 17.2 , i I I , 

Edit Screen Next Hard Copy Se I ec ti on ? Previous Scr2en 
Ctcl - 8 Enter Sh 1ft - PrtSc P 
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r Machining History I 
i 

El iMe/lllDp Ej Dpmin'T1EllLifelSiLifelFITIE2 L·f 2S IL· 2"li Ipt Mc. ID Q 
I 

le I,fe.! 
I 

. , 
, 
I 4 MCl I 1 6 92 3.00 56 24.0 21.0 , 
I 4 MCI I I 7 93 2.00 57 25.0 23.0 
I 4 MCI 1 1 8 94 1. 00 58 26.0 25.0 

5 MCI 1 1 1 95 1.80 1 23.4 21.6 
5 MCI 1 1 2 96 1.80 2 17.2 15.4 

I 5 MCI I I 3 97 6.50 5 27.0 20.5 
5 MCI I 1 4 98 4.70 8 17.6 12.9 
5 MCI 1 1 5 99 3. 10 2 15.4 12.3 
5 MCl 1 1 6 100 1.80 10 23.4 21.6 
5 MCI I 1 7 101 1. 20 11 24.6 23.4 
5 MCI 1 1 8 102 2.10 12 22.8 20.7 
5 MCI 1 1 9 103 1. 40 15 24.2 22.8 
5 MCl 1 1 10 104 0.75 16 25.5 24.8 

Edil Screen Nexl Hard Copy Seledion ? Previous Screen .. 
CId - 8 Enler Shift - PdSe P 

.. 

Cell Performance Measure5 

i 
Ce 11 No. : 1 Planning Horizon : 1440.00 

Cell Performance Time : 2008.35 

Machine No. : 1 Used for : 1564.90 Utilisation : 108.67 
Machine No. : 2 Used for : 2008.35 Utilisalion : 139.47 
Machine No. : 3 Used for : 1908.59 Uti I i sa lion : 132.54 
Machine No. : 0 Used for : o • 00 Utilisalion : o .00 

Tool Cart E : 1 Used for : 343.52 UIilisalion : 23.86 
Tool Cart E : 2 Used for : 383.52 Uti I isalion : 26.63 
Tool Cart E : 3 Used for : 479.52 Uti I i.a lion : 33.30 

I 
Tool Cart E : 0 Used for : 0.00 Utilisation : 0.00 

I 

Next Ed i I Screen 

I 
Hard Copy Selection ? Previous Screen 

Enter CId - 3 Sh i f t - PriSe P 
. 
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OUTPUT REOUIRED 8Y NUMaER 

1) Final Primary Tool Store Contents. 
2) Final Tooling Details + Statu.~ 
3) Machining History and Cell Performance Mea~ure5 
4) Machine Actiyities for Schedule. 
5) Cell Tool-Tran.fer Actiyities. 
6) List Of Mac~ines in Each Cell. 
7) List Of Scheduled Part. for Each Cell. 
a) Tool Transporter Contents and Schedule. 
9) Cell Tool Summary and Tool Status Report. 

0) Qui t. 

Select Desired Output and press <Enter> 

Output Number Selected? • 4 

Machine Activities 

IPt Sill Op£IOp minjmcl Q IMCAytS A'~'lp, Ldlop. St c ~ .... t ~ • 
I 

I 
1 I 1 1 l.aO 1 1 0.3 239.a 241.8 241.8 
1 1 2 1.80 1 2 244.3 244.3 244.3 244.3 

, 1 1 3 6.50 1 3 246.9 246.9 246.9 246.9 
1 1 4 4.70 1 4 254.1 254.1 254.1 254.1 
1 1 5 3.10 1 5 259.6 259.6 259.6 259.6 
1 1 • ! .80 1 6 263.5 263.5 263.5 263.5 

I 1 1 7 1.20 1 7 266.0 266.0 266.0 266.0 
1 

I 
1 8 2.10 1 8 268.0 268.0 268.0 268.0 

1 1 9 1. 40 1 9 270.8 270.8 270.a 270.8 
1 1 1 0 0.75 1 10 273.0 273.0 273.0 273.0 
1 1 11 2. 10 1 , 11 274.5 274.5 274.5 274.5 

I 1 1 12 1. 60 

~ I 12 277.4 277.4 277.4 277.4 
1 1 1310.60 13 279.7 279.7 279.7 279.7 

Gp.End 

244.3 
246.9 
254. 1 
259.6 
263.5 
266.0 
268.0 
270. a 
273.0 
274.5 
277.4 
279.7 
281. 1 

~dil Screen Next Hard Copy Selechon ? 
C t r 1 - a Enter Sh if t - PdSc 

340 

PlUnldlMCAytFI' 

244.3 244.3 
246.9 246.9 
254.1 254.1 
259.6 259.6 
263.5 263.5 
266.0 266.0 
268.0 268.0 
270.8 270.8 
273.0 273.0 
274.5 274.5 
277.4 277.4 
279.7 279.7 
281 . 1 1281. 1 

Previous Screen 
P 



Mac:'ine Activities 

i Pt ElltlOpEIOc minlmc! Q HcAvtSI Ad .St Pt. Ld Op. StlOp.End PWn Id HcAvtF' 
I 

1 1 27 3.00 1 27 316.7 316.7 316.7 316.7 320.4 320.4 320.4 
1 1 28 4.00 1 28 320.4 320.4 320.4 320.4 325.2 325.2 325.2 
1 1 29 4.70 1 29 325.2 325.2 325.2 325.2 330.6 330.6 330.6 
1 1 30 5.00 1 30 330.6 330.6 330.6 330.6 336.4 336.4 336.4 

I 1 1 31 2.10 1 31 336.4 336.4 336.4 336.4 339.3 339.3 339.3 
1 1 32 7.00 1 32 339.3 339.3 339.3 339.3 347.0 347.0 347.0 I 
1 1 33 2.00 1 33 347.0 347.0 347.0 347.0 349.8 349.8 349.8 
1 1 34 1.20 1 34 349.8 349.8 349.8 349.8 351.7 351.7 351.7 
1 1 35 2.00 1 35 351. 7 351.7 351.7 351.7 354.5 354.5 354.5 
1 1 36 2.30 1 36 354.5 354.5 354.5 354.5 357.6 357.6 357.6 
1 1 37 1.60 1 37 357.6 357.6 357.6 357.6 3S9.9 359.9 359.9 
1 1 38 0.60 1 38 359.9 359.9 359.9 359.9 361.3 361.3 361.3 
1 1 39 2.20 1 39 361.3 361.3 361.5 361. 5 364.4 366.4 366.4 

Edit Screen Next Hard Copy Seledion ? Previous Screen 
Ctrl - 8 Enter Sh i It - PdSc P 

Machine Activities 

Ipt El r t Oo£IOp ,11 i n I Q IHCAvtSIAct.Stlpt. Ld Op. StlOp.End PWnld HcAvtF 
I 

mCI 

2 1 11 16 . 00 1 40 366.4 364.4 366.4 366.4 383.2 383.2 383.2 
2 1 2 3.00 1 41 383.2 383.2 383.2 383.2 387.0 387.0 387.0 
2 1 3 7.00 1 42 387.0 387.0 387.0 387.0 394.7 394.7 394.7 
2 1 4 8.00 1 43 394.7 394.7 394.7 394.7 403.5 403.5 403.5 
2 1 5 13.00 1 44 403.5 403.5 403.5 403.5 417.2 417.2 417.2 
2 1 6 3.00 1 4S 417.2 417.2 417.2 417.2 421. 0 421. 0 421.0 

I 

2 1 7 2.00 1 46 421.0 421.0 421.0 421. 0 423.8 423.8 423.8 
2 1 8 :. 00 1 47 423.8 423.8 424.0 424.0 425.7 427.7 427.7 
3 1 1 1.80 1 48 427.7 425.7 427.7 427.7 430.3 430.3 430.3 

I 
3 1 2 1.80 1 49 430.3 430.3 430.3 430.3 432.8 432.8 432.8 
3 1 3 6.50 1 50 432.8 432.8 432.8 432.8 440. 1 440.1 440.1 

I 3 
: I 

4 4.70 !, 51 440.lr40.1 440.1 440.1 445.6 445.6 445.6 
I , 

3 5 3. ~ 0 !~52 445.6 445.6 445.6 445.6 449.4 449.4 449.4 , 
11 : I I 

Edit Screen Next Hard Copy Selection? PreviOUS Screen 
Ctcl - 8 Enter Sh if t . PrtSc P 
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Machine Activities 

IP~ Ellt OpEIOp minlme 
, 

IHeAvtS Act.Stlpt. LdlOp. StIOp.EndIP~UnldIHeAvtFI ° 
3 1 32 7.00 1 79 525.2 525.2 525.2 525.2 533.0 533.0 533.0 
3 t 33 2.00 1 80 533.0 533.0 533.0 533.0 535.8 535.8 535.8 
3 1 34 1. 20 1 81 535.8 535.8 535.8 535.8 537.7 537.7 537.7 

I 3 1 35 2.00 1 82 537.7 537.7 537.7 537.7 540.5 540.5 540.5 
I 3 1 36 2.30 1 83 540.5 540.5 540.5 540.5 543.5 543.5 543.5 

I 3 1 37 1.60 1 84 543.5 543.5 543.5 543.5 545.9 545.9 545.9 
I 3 1 38 0.60 1 85 545.9 545.9 545.9 545.9 547.3 547.3 547.3 

1 
3 1 39 2.20 1 86 547.3 547.3 547.5 547.5 550.4 552.4 552.4 
4 1 1 16.00 1 87 552.4 550.4 552.4 552.4 569.2 569.2 569.2 
4 1 2 3.00 1 88 569.2 569.2 569.2 569.2 572.9 572.9 572.9 
4 1 3 7.00 1 89 572.9 572.9 572.9 572.9 580.7 580.7 580.7 

I 
4 1 4 8.00 1 90 580.7 580.7 580.7 580.7 589.5 589.5 589.5 
4 1 5 13.00 1 91 589.5 589.5 589.5 589.5 603.2 603.2 603.2 

Edit Screen Next Hard Copy Selection ? Previous Screen 
Cerl - 8 Enter Shi It - PrtSc P 

.. 

i 
Machine Activities 

; Pt .:: I r t I Oct:! Op m i n I me I a IHeAvtSIAct.Sr!pe. Ld Op. St iOp.End PtUnld McAvtF
1 I I 

1 4 

I 
1 6 3.00 1 92 603.2 603.2 603.2 603.2 607.0 607.0 607.0 

4 1 7 2.00 1 93 607.0 607.0 607.0 607.0 609.7 609.7 609.7 
4 1 8 1. 00 1 94 609.7 609.7 609.9 609.9 611. 7 613.7 613.7 
5 1 1 1.80 1 95 613.7 611. 7 613.7 613.7 616.3 616.3 616.3 

i 5 1 2 1.80 1 96 616.3 616.3 616.3 616.3 618.8 618.8 618.8 

I 
5 1 3 6.50 1 97 618.8 618.8 618.8 618.8 626.1 626.1 626.1 
5 I 1 4 4.70 1 98 626.1 626. 1 626. 1 626.1 631. 5 631.5 631.5 

I 5 1 5 3.10 1 99 631. 5 631.5 631.5 631.5 635.4 635.4 635.4 
I 
I 5 1 6 1.80 1 100 635.4 635.4 635.4 635.4 638.0 638.0 638.0 
I 

I 
5 1 7 1. 20 1 1 0 1 638.0 638.0 638.0 638.0 639.9 639.9 639.9 

I 5 1 8 2. 10 1 102 639.9 639.9 639.9 639.9 642.8 642.8 642.8 
I , " i ! ? 1 .40 1 103 642.8 642.8 642.8 642.8 644.9 644.9 644.9 

i 
5 11 10 0.75 1 10 4 /644.9 644.9 644.9 644.9 646.4 646.4 646.4 I I 

Edd Screen Next I Hard Copy Selection ? Previous Screen 
et r 1 - 8 Enter I Shift - PrtSe P 
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I 
Machine Ac.tivitie'5 

Pt EII!!OpEIOp minlmc Q McAvtSiAet.S!lp!· LdlOc. S! Op. End I P tun I d MeAvtFI 
I 

5 1 37 1.60 1 131 729.5 729.5 729.5 729.5 731.9 731.9 731.9 
5 1 38 0.60 1 132 731.9 731.9 731. 9 731. 9 733.2 733.2 733.2 
5 1 39 2.20 1 133 733.2 733.2 733.4 733.4 736.4 738.4 738.4 
6 1 1 16.00 1 134 738.4 736.4 738.4 738.4 755. I 755.1 755.1 
6 1 2 3.00 1 135 755.1 755.1 755.1 755.1 758.9 758.9 758.9 
6 1 3 7.00 1 136 758.9 758.9 758.9 758.9 766.7 766.7 766.7 
6 1 4 8.00 1 137 766.7 766.7 766.7 766.7 775.4 775.4 775.4 
6 1 5 13.00 1 138 775.4 775.4 775.4 775.4 789.2 789.2 789.2 
6 1 6 3.00 1 139 789.2 789.2 789.2 789.2 792.9 792.9 792.9 
6 1 7 2.00 1 140 792.9 792.9 792.9 792.9 795.7 795.7 795.7 
6 1 8 1. 00 1 141 795.7 795.7 795.9 795.9 797.7 799.7 799.7 
7 1 1 1.80 1 142 799.7 797.7 799.7 799.7 802.2 802.2 802.2 
7 1 2 1.80 1 143 802.2 802.2 802.2 802.2 804.8 804.8 804.8 

Edit Screen Next Hard Copy Selection ? Previous Screen 
C!rl - 8 Enter 

.. Shif t - PrtSc P 

Machine A.ctivities 

P! £ I t OpE Op rn i n me/ Q MCAv!SIAct.S!lpt. LdlOo. StlOp.EndlPtUnld MeAv tF 

7 1 29 4.70 1 170 883.1 883.1 883.1 883.1 888.6 888.6 888.6 
7 1 30 5.00 1 171 888.6 888.6 888.6 888.6 894.3 894.3 894.3 
7 1 31 2. 10 1 172 894.3 894.3 894.3 894.3 897.2 897.2 897.2 
7 1 32 7.00 1 173 897.2 897.2 897.2 897.2 904.9 904.9 904.9 
7 1 33 2.00 1 174 904.9 904.9 904.9 904.9 907.7 907.7 907.7 
7 1 34 1. 20 1 175 907.7 907.7 907.7 907.7 909.7 909.7 909.7 
7 1 35 2.00 1 176 909.7 909.7 909.7 909.7 912.4 912.4 912.4 
7 1 36 2.30 1 177 912.4 912.4 912.4 912.4 915.5 915.5 915.5 
7 1 37 1. 60 1 178 915.5 915.5 915.5 915.5 917.8 917.8 917.8 
7 1 38 o .60 1 179 917.8 917.8 917.8 917.8 919.2 919.2 919.2 
7 1 39 2.20 1 180 919.2 919.2 919.4 919.4 922.4 924.4 924.4 

I I 8 1 1 16.00 1 181 924.4 922.4 924.4 924.4 941.1 941. 1 941.1 
I , 

8 1 2 3.00 1 182 941. 1 1941. 1 941.1 941. 1 944.9 944.9 944.9 ! .. 

Edit Screen 

I 
Next Hard Copy Selaction ? Previous Screen 

C ~r 1 - 8 Enter Sh if! - PrtSe P 
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I 
Mac:Mine Ac~iYities 

Ipt El It IOp£IOp ,.inlmel Q IMeAvtSIAet.StjPt. Ldlop. Stlop.End!PtunldIMeAvtF! 
, 

8 1 3 7.00 1 183 944.9 944.9 944.9 944.9 952.6 952.6 952.6 
8 1 4 8.00 1 184 952.6 952.6 952.6 952.6 961.4 961.4 961.4 
8 1 5 13.00 1 185 961.4 961. 4 961. 4 961. 4 975.2 975.2 975.2 
8 1 6 3.00 1 186 975.2 975.2 975.2 975.2 978.9 978.9 978.9 
8 1 7 2.00 1 187 978.9 978.9 978.9 978.9 981. 7 981.7 981.7 
8 1 8 1. 00 1 188 981. 7 981.7 981. 9 981.9 983.6 985.6 985.6 

I 
9 1 1 1.80 1 189 985.6 983.6 985.6 985.6 988.2 988.2 988.2 
9 1 2 1.80 1 190 988.2 988.2 988.2 988.2 990.8 990.8 990.8 
9 1 :3 6.50 1 191 990.8 990.8 990.8 990.8 998.0 998.0 998.0 
9 1 4 4.70 1 192 998.0 998.0 998.0 998.0 1003.5 1003.5 1003.5 
9 1 5 3. 10 1 193 1003.5 1003.5 1003.5 1003.5 1007.3 1007.3 1007.3 
9 1 6 1.80 1 194 1007.3 1007.3 1007.3 1007.3 1009.9 1009.9 1009.9 
9 1 7 1. 20 1 195 1009.9 1009.9 1009.9 1009.9 1011.9 1011.9 1011.9 

Edit Screen Next Hard Copy Selection ? Previous Screen 
Ctrl - 8 Enter -- Shi It - PdSe P 

Machine Activities 

Pt El ItlopElop minlmel Q MeAdS Act.St Ipt. Ldlop. St Op.End Ptunld IMeAvtF 

9 
: I 

34 1. 20 1 222 1093.8 1093.8 1093.8 1093.8 1095.7 1095.7 1095.71 
9 35 2.00 1 223 1095.7 1095.7 1095.7 1095.7 1098.5 1098.5 1098.5' 
9 1 36 2.30 1 224 1098.5 1098.5 1098.5 1098.5 1101.5 1101.5 1101.5 
9 1 37 1. 60 1 225 1101.5 1101.5 1101.5 1101.5 1103.9 1103.9 1103.9 
9 1 38 o • 60 1 226 1103.9 1103.9 1103.9 1103.9 1105.3 1105.3 1105.3 
9 1 39 2.20 1 227 1105.3 1105.3 1105.5 1105.5 1108.4 1110.4 1110.4 

1 0 1 1 2.20 1 228 1110.4 1108.4 1110.4 1110.4 1113.4 1113.4 1113.4 
10 1 2 6.50 1 229 1113.4 1113.4 11,3.4 1113.4 1120.6 1120.6 1120.6 
10 1 3 4.70 1 230 1120.6 1120.6 1120.6 1120.6 1126.1 1126.1 1126. 1 

I 10 
; I 

4'3.10 

I 
\,23111126.111126.1 1126.1 1126. 1 1130.0 1130.0 1130.0 , 

t 0 I 5 1.80 I! 232! 1130.0
1
1130.0 :130.0 1130.0 1132.5 1132.5 1132.5 

j ! 0 I ; I 
6 1 .20 

1 

1123311132.511132.5 1132.5 1132.5 1134.5 1134.5 1134.5 
I 10 I 7 2. 10 112341134.Sil!J4.S 1134.5 1134.5 1137.3 1137.3 1137.3 , , , 

Edtt Screen Next Hard Copy Selection? Previou'S Screen 
et r 1 - 8 Erlt er Sh i f t - PrtSc P 
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, 
Machine Activities 

iPt Ellt!Cp£IOp min'mcl Q IMCAvtSIAct.Stlpt. LdlOp. St/Op.EncIPtUnldIMcAvtFI 

110 l' 34'1.20 1261 
, 

1238.0 1238.0 1238.0 1238.0 1240.0 1240.0 1240.0 
10 1 35 2.00 1 262 1240.0 1240.0 1240.0 1240.0 1242.7 1242.7 1242.7 
10 1 36 2 • .30 1 263 1242.7 1242.7 1242.7 1242.7 1245.8 1245.8 1245.8 
10 1 37 1. 60 1 264 1245.8 1245.8 1245.8 1245.8 1248.1 1248.1 1248.1/ 
10 1 38 0.60 1 265 1248.1 1248.1 1248.1 1248.1 1249.5 1249.5 1249.5 
10 1 39 2.20 1 266 1249.5 1249.5 1249.7 1249.7 1252.7 1254.7 1254.7 
11 1 1 2.20 1 267 1254.7 1252.7 1254.7 1254.7 1257.6 1257.6 1257.6 
11 1 2 6.50 1 268 1257.6 1257.6 1257.6 1257.6 1264.9 1264.9 1264.9 
11 . 3 4.70 1 269 1264.9 1264.9 1264.9 1264.9 1270.3 1270.3 1270.3 , 

I II 1 4 3.10 1 270 1270.3 1270.3 1270.3 1270.3 1274.2 1274.2 1274.2 
11 1 5 1.80 1 271 1274.2 1274.2 1274.2 1274.2 1276.8 1276.8 1276.8 
11 1 6 1.20 1 272 1276.8 1276.8 1276.8 1276.8 1278.7 1278.7 1278.7 
11 1 7 2.10 1 273 1278.7 1278.7 1278.7 1278.7 1281.6 1281. 6 12dl.6 

, 

Edit Screen Next Hard Copy Selection ? Previous Screen 
Ctd - 8 Enter .. Shi It - PrlSc P 

Machine Act ivi tie. 
, 

Op minlmel MCAvtSIAct.St LdlOp. StlOP.EndlPtUnldlMcAvtFI Ipt ~ I t Ope Q Pt. -
11 1 i 34 1.20 1 300 1382.2 1382.2 1382.2 1382.2 1384.211384.2 1384.2 
11 1 35 2.00 1 301 1384.2 1384.2 1384.2 1384.2 1387.0 1387.0 1387.01 
1 1 1 36 2.30 1 302 1387.0 1387.0 1387.0 1387.0 1390.0 1390.0 1390.01 
11 1 37 1. 60 1 303 1390.0 1390.0 1390.0 1390.0 1392.4 1392.4 1392.4 
11 1 38 0.60 1 304 1392.4 1392.4 1392.4 1392.4 1393.7 1393.7 1393.7 
11 1 39 2.20 1 305 1393.7 1393.7 1393.9 1393.9 1396.9 1398.9 1398.9 

1 
12 1 1 2.20 1 306 1398.9 1396.9 1398.9 1398.9 1401.9 1401.9 1401.9 

I 
12 1 2 6.50 1 307 1401.9 1401.9 1401.9 1401.9 1409.1 1409.1 1409.1 
12 1 3 4.70 1 308 1409.1 1409.1 1409.1 1409.1 1414.6 1414.6 1414.6 

I 
12 1 4 3.10 1 309 1414.6 1414.6 1414.6 1414.6 1418.4 1418.4 1418.4 
12 

I 
t 5 1.80 1 310 1418.4 1418.4 1418.4 1418.4 1421.0 1421.0 1421. 0 

il 
12 1 61 ~ .<0 

I 
1 311 1421.0 1421.0 1421.0 1421.0 1423.0 1423.0 1423.0 

12 1 I 71 2 . 10 1 112 1423.0 1423.0 1423.0 1423.0 11425.8 1425.8 1425.8 
" 

, 
I , 

Edit Screen Next Har d Copy Selection ? PreviOUS Screen 
Od . 8 ::nter Sh it t - PriSe P 
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,lw1acn i ne Activities 

i 
El! t ! Ope I Op ,n i n i mc I Q !MCAvtS!Act.Stlpt. Ldlop . St Op .End 1 Ptun id McAvtF lPt 

i 
! 

I 
, 

lZ 1 34 1. 20 1 339 1526.5 1526.5 1526.5 1521>.5 1528.4 1528.4 1528.4/ 

I 
12 1 35 <.OQ 1 340 1528.4 1528.4 1528.4 1528.4 1531.2 1531.2 1531.2 
12 1 36 2.30 1 341 1531.2 1531.2 1531.2 1531. 2 1534.3 1534.3 1534.3 

I 12 1 37 1.60 1 342 1534.3 1534.3 1534.3 1534.3 1536.6 1536.6 1536.6 
12 1 38 0.60 1 343 1536.6 1536.6 1536.6 1536.6 1538.0 1538.0 1538.0 
12 1 39 2.20 1 344 1538.0 1538.0 1538.2 1538.2 1541.1 1543.1 1543.1 
13 1 1 15.40 2 1 2.3 626.8 628.8 628.8 644.9 644.9 644.9 
13 1 2 5.80 2 2 644.9 644.9 644.9 644.9 651.5 651.5 651.5 

I 
13 1 3 2.70 2 3 651.5 651.5 651.5 651.5 654.9 654.9 654.9 
13 1 4 1.50 2 4 654.9 654.9 654.9 654.9 657.2 657.2 657.2 
13 1 5 o .75 2 5 657.2 657.2 657.2 657.2 658.7 658.7 658.7 
13 1 6 0.90 2 6 658.7 658.7 658.7 658.7 660.4 660.4 660.4 
13 1 7 4.27 2 7 660.4 660.4 660.4 660.4 665.4 665.4 665.4 

, 

Edit Screen Next Hard Copy Selection ? Pr ev i eu s Screen 
Ctrl - 8 Enter 

.. 
Shift - Pd5c P 

Machine Activities 

Ip\ El! t Op£IOo minlmcl Q IMCAvt5!Act.Stlpt. LdlO p . StIOP.EndIP\Unld McAvtF 

I 13 1 34 0.85 2 341743.5 743.5 743.5 743.5 745.1 745.1 745.1 

I 
13 1 35 3.42 2 35

1

745.1 745.1 745.3 745.3 749.5 751.5 751.5 
14 1 1 4.20 2 36 751.5 749.5 751.5 751. 5 756.4 756.4 756.4 

I 
14 1 2 0.92 2 37 756.4 756.4 756.4 756.4 758.1 758.1 758.1 
14 1 3 1. 42 2 38 758.1 758.1 758.1 758. 1 760.3 760.3 760.3 
14 1 4 1.20 2 39 760.3 760.3 760.3 760.3 762.2 762.2 762.2 
14 1 5 3.42 2 40 762.2 762.2 762.2 762.2 766.4 766.4 766.4 
14 1 6 1. 95 2 41 766.4 766.4 766.4 766.4 769.1 769.1 769.1 
14 1 7 L. 23 2 42 769.1 769.1 769.1 769. 1 772.1 772.1 772.1 
14 1 8 1. 70 2 43 772.1 772 .1 772.1 772.1 774.6 774.6 774.6 

, 14 
I 

t 9 14.53 2 44 774.6 774.6 774.6 774.6 789.9 789.9 789.9 

I 14 1 10 1. 28 2 45 789.9 789.9 789.9 789.9 791.9 791.9 791. 9 
I 

14 ! 1 I i 1 1. 00 2 46 79t. 9 791.9 791.9 791.9 
1 793 . 7 793.7 793.7 I 

Edit Screen Next Hard r:'1D~' Selection? Previous Screen 
Ctd - 8 Enter Sh 1 t t - PrtSc P 

346 



Machine Activities 

ItlOpEIOp min!mcl 
, 

Ld!OP. Op.EndlPlUnld Pt E Q McAvtS/Ac\.St Pt. St McAvtF 
i 

14 1 12 1. 10 2 47 793.7 793.7 793.9 793.9 795.7 797.7 797.7 
15 1 1 15.40 2 48 797.7 795.7' 797.7 797.7 813.9 813.9 813.9 
15 1 2 5.80 2 49 813.9 813.9 813.9 813.9 820.5 820.5 820.5 
15 1 3 2.70 2 SO 820.5 820.5 820.5 820.5 823.9 823.9 823.9 
15 1 4 1.50 2 51 823.9 823.9 823.9 823.9 826.2 826.2 826.2 
15 1 5 0.75 2 52 826.2 826.2 826.2 826.2 827.7 827.7 827.7 
15 1 6 0.90 2 53 827.7 827.7 827.7 827.7 829.3 829.3 829.3 
15 1 7 4.27 2 54 829.3 829.3 829.3 829.3 834.4 834.4 834.4 
15 1 8 3.43 2 55 834.4 834.4 834.4 834.4 838.6 838.6 838.6 
15 1 9 0.50 2 56 838.6 838.6 838.6 838.6 839.8 839.8 839.8 
15 1 10 0.58 2 57 839.8 839.8 839.8 839.8 841.2 841.2 841.2 
15 1 11 13.15 2 58 841.2 841.2 841.2 841.2 855.1 855.1 855.1 
15 1 12 0.75 2 59 855.1 855.1 855.1 855.1 856.6 856.6 856.6 

, 
Edit Screen Next Hard Copy Selection ? Previous Screen 

,. 

Ctrl - 8 Enter Shi It - PdSc P 

Machine Activities 

I Pt E lIt lOpE Op min mc! Q McAvtS!Act.Stlp:· Ld!OP. St Op.End Ptun I d McAvtF 

899.7 899.7 899.7 899.7 901.0 901.0 901.0 
I, 15 1 26 0.55 2 73 

1'1 1 27 0.42 2 74 901.0 901.0 901.0 901.0 902.2 902.2 902.2 
15 1 28 0.58 2 75 902.2 902.2 902.2 902.2 903.5 903.5 903.5 
15 1 29 0.48 2 76 903.5 903.5 903.5 903.5 904.8 904.8 904.8 
15 1 30 o • so 2 77 904.8 904.8 904.8 904.8 906.0 906.0 906.0 
15 . 31 1. 32 2 78 906.0 906.0 906.0 906.0 908. 1 908.1 908.1 , 

I 15 1 32 1. 93 2 79 908.1 908.1 908.1 908. 1 910.8 910.8 910.8 

I 
i5 1 33 0.88 2 80 910.8 910.8 910.8 910.8 912.5 912.5 912.5 
15 1 34 0.85 2 81 912.5 912.5 912.5 912.5 914. 1 914.1 914. 1 
15 1 35 3.42 2 82 914. 1 914.1 914.3 914.3 918.4 920.4 920.4 
16 1 1 4.20 2 83 920.4 918.4 920.4 920.4 925.4 925.4 925.4 
i6 1 2 0.92 2 841925.4 925.4 925.4 925.4 927.1 927.1 927. ! 
16 I 1 311 .42 2 85 927.1 927.1 927.1 927.1 929.3 929.3 929.3 , I I 

Edit Sc!"'een Next Hard Copy Selection? Previous Screen 
C ~r 1 - B Enter Sh if t - PrtSe P 
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Machine Activities 

Ipt E I It OpE Op .• inlmc! Q !MCAvtS!ACt.St Pt. Ld!OP. St Op.End ptUnld McAvtFI 
I 

I 
16 1 4 1. 20 2 86 929.3 929.3 929.3 929.3 931.2 931.2 931.2 
16 1 5 3.42 2 87 931.2 931.2 931.2 931.2 935.4 935.4 935.4 
16 1 6 1. 95 2 88 935.4 935.4 935.4 935.4 938.1 938.1 938.1 
16 1 7 2.23 2 89 938.1 938.1 938.1 938.1 941.1 941.1 941.1 
16 1 8 1. 70 2 90 941.1 941.1 941.1 941.1 943.6 943.6 943.6 
16 1 9 14.53 2 91 943.6 943.6 943.6 943.6 958.9 958.9 958.9 
16 1 10 1.28 2 92 958.9 958.9 958.9 958.9 960.9 960.9 960.9 
16 1 1 1 1. 00 2 93 960.9 960.9 960.9 960.9 962.7 962.7 962.7 
16 1 12 1. 10 2 94 962.7 962.7 962.9 962.9 964.7 966.7 966.7 
17 1 1 15.40 2 95 966.7 964.7 966.7 966.7 982.9 982.9 982.9 
17 1 2 5.80 2 96 982.9 982.9 982.9 982.9 989.4 989.4 989.4 
17 1 3 2.70 2 97 989.4 989.4 989.4 989.4 992.9 992.9 992.9 
17 1 4 1.50 2 98 992.9 992.9 992.9 992.9 995.2 995.2 995.2 

Edit Screen Next Hard Copy Selection ? Previous Screen .... 
Ctr I - 8 Enter Shi f t - Pr\Sc P 

Machine Activities 

Pt ::! It! OpE Op min!m c ! MCAvtS!ACLSt Op.End!Ptunld 
; 

(] Pt. Ld Op. St McAvtFI 

17 1 31 1.32 2 12511075.0 1075.0 1075.0 1075.0 1077.1 1077.1 1077.1 

I 
17 1 32 1.93 2 126 1077.1 1077.1 1077 .1 1077.1 1079.8 1079.8 1079.8 
17 1 33 0.88 2 127 1079.8 1079.8 1079.8 1079.8 1081.4 1081.4 1081.4 

I 17 1 34 0.85 2 128 1081.4 1081.4 1081.4 1081.4 1083.0 1083.0 1083.0 

I 
17 1 35 3.42 2 129 1083.0 1083.0 1083.2 1083.2 1087.4 1089.4 1089.4 
18 1 1 4.20 2 130 1089.4 1087.4 1089.4 1089.4 1094.4 1094.4 1094.4 

I 18 1 2 0.92 2 131 1094.4 1094.4 1094.4 1094.4 1096.1 1096.1 1096. 1 
I 18 3 1. 42 2 :3211096.1 1096. 1 1096.1 1096.1 1098.2 1098.2 1098.2 I , 

I 
18 1 4 1.20 2 133 1098.2 1098.2 1098.2 1098.2 1100.2 1100.2 1100.21 
18 1 S 3.42 2 134 1100.2 1100.2 1100.2 1100.2 1104.4 1104.4 1104.41 

I 19 1 6 1. 95 2 :35 1104.4 1104.4 1104.4 1104.4 1107.1 1107.1 1107.1 
, 18 

, 
1 7

1

2.23 2 136 1107.: 1107.111107.1 1 1107.1 1 1 1 0 . 1 I 1 1 1 0 . 1 11 I 
1110.1 

11 
18 1 21 1371 ,110.1 1112.5 

1 
8 1.70 1110.111110.11110.1 

I 
1112.5 1112.5

1 

Edd Screen Next Hard Copy Selection ? Previou5 Screen 
Ctrl - 8 Enter Shift - PrtSc P 
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Machine Activities 

lP, El1tlop£lop mlnlmel Q IMeAvtSIAet.Stlpt. Ld Op. StlOp.EndlPtUnidlMeAvtF 
It I t I I I 

1 18 1 9 14.53 2 13811112.51 11 12.5 11112.S 1112.5 1127.8 1127.8 1127.8 

I 18 1 10 1. 28 2 139 1127.8 1127.8 1127.8 1127.8 1129.9 1129.9 1129.9 
18 1 11 1. 00 2 140 1129.9 1129.9 1129.9 1129.9 1131.6 1131.6 1131. 6 
18 1 12 1. 1 0 2 141 1131.6 1131.6 1131.8 1131.8 1133.7 1135.7 1135.71 
19 1 1 15.40 2 142 1135.7 1133.7 1135.7 1135.7 1151.9 1151.9 1151.9 

I 19 1 2 5.80 2 143 1151.9 1151.9 1151.9 1151.9 1158.4 1158.4 11 58.4 
19 1 3 2.70 2 144 1158.4 1158.4 1158.4 1158.4 1161.9 1161.9 1161.9 
19 1 4 1.50 2 145 1161.9 1161.9 1161.9 1161.9 1164.1 1164.1 1164.1 
19 1 5 0.75 2 146 1164.1 1164.1 1164.1 1164.1 1165.6 1165.6 1165.6 
19 1 6 0.90 2 147 1165.6 1165.6 1165.6 1165.6 1167.3 1167.3 1167.3 
19 1 7 4.27 2 148 1167.3 1167.3 1167.3 1167.3 1172.3 1172.3 1172.3 
19 1 8 3.43 2 149 1172.3 1172.3 1172.3 1172.3 1176.5 1176.5 1176.5 
19 1 9 0.50 2 150 1176.5 1176.5 1176.3 1176.5 1177.8 1177.8 1177 .8 

, 
Edit Screen Next Hard Copy Se 1 ee li on ? Previous Screen 
CId - 8 Enter 

.. 
Shi It - PriSe P 

-

Machine' 

I 19 1 23'1.00 21164 1233.5 1233.5 

I 
19 1 24 0.50 2 165 1235.3 1235.3 
19 1 25 0.37 2 166 1236.5 1236.5 

I 19 1 26 0.55 2 167 1237.7 1237.7 
I 19 1 27 0.42 2 168 1239.0 1239.0 
I 19 1 28 0.58 2 169 1240.2 1240.2 

I 
19 1 29 0.48 2 170 1241.5 1241.5 
19 1 30 0.50 2 171 1242.7 1242.7 

1

19 1 31 1.32 2 172 1244.0 1244.0 
19 1 32 1.93 2 173 1246.1 1246.1 

1

19 1 11 o.gg 222 174 1248.8 1248.8 
19 1 34 0.85 175 1250.411250.4 
19 1 35 3.42 176 1252.0 1252.0 

Activities 

Pt. LdlOp. StlOp.End Ptunld Mc:AvtF 

1233.5 1233.5 1235.3 1235.3 1235.3 
1235.3 1235.3 1236.5 1236.5 1236.5. 
1236.5 1236.5 1237.7 1237.7 1237.7 
1237.7 1237.7 1239.0 1239.0 1239.0 
1239.0 1239.0 1240.2 1240.2 1240.2 
1240.2 1240.2 1241.5 1241.5 1241.5 
1241.5 1241.5 1242.7 1242.7 1242.7 
1242.7 1242.7 1244.0 1244.0 1244.0 
1244.0 1244.0 1246.1 1246.1 1246.1 
1246.1 1246.1 1248.8 1248.8 1248.8 
1248.8 1248.8 1250.4 1250.4 1250.4 
1250.4 1250.4 1252.0 1252.0 1252.0 
1252.2 1252.2 1256.4 1258.4 1258.4 

Edit Screen 
C~r1 - 8 

Next 
En ter 

Hard Copy 
Shi It - PrlSc 

Selection? Previous Screen 
P 
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; 

Machine Act!vi ties 

lip, E IU IOp£ Op minlmcl Q McAvtSIAct.Stlpt. Ld Op. St Op.EndlPtunld 
, 

MCAvtFi 

20 1 1 4.20 2 177 1258.4 1256.4 1258.4 1258.4 1263.4 
: 

1263.4 1263.4 
20 1 2 0.92 2 178 1263.4 1263.4 1263.4 1263.4 1265.0 1265.0 1265.0 
20 1 3 1. 42 2 179 1265.0 1265.0 1265.0 1265.0 1267.2 1267.2 1267.2 
20 1 4 1. 20 2 180 1267.2 1267.2 1267.2 1267.2 1269.2 1269.2 1269.2 
20 1 5 3.42 2 18.1 1269.2 1269.2 1269.2 1269.2 1273.4 1273.4 1273.4 
20 1 6 1.95 2 182 1273.4 1273.4 1273.4 1273.4 1271>. 1 1276.1 1276.1 
20 1 7 2.23 2 183 1276. 1 1276.1 1276.1 1276. 1 1279.1 1279.1 1279.1 
20 1 8 1. 70 2 184 1279.1 1279.1 1279.1 1279. 1 1281.5 1281 .5 1281.5 
20 1 9 14.53 2 185 1281 .5 1281.5 1281. 5 1281. 5 1296.8 1296.8 1296.8 
20 1 10 1.28 2 186 1296.8 1296.8 1296.8 1296.8 1298.9 1298.9 1298.9 
20 1 11 1. 00 2 187 1298.9 1298.9 1298.9 1298.9 1300.6 1300.6 1300.6 
20 1 12 1. 10 2 188 1300.6 1300.6 1300.8 1300.8 1302.7 1304.7 1304.7 
21 1 1 15.40 2 189 1304.7 1302.7 1304.7 1304.7 1320.8 1320.8 1320.8 

Edit Screen Next .. Hard Copy Selection ? Previous Screen 
Ctrl - 8 Enter Shift - PrtSc P 

Machine Activities 

Pt Ei1tlOp£IOp minlmc Q MCAvtSIAct.Stlpt. Ld Op. StlOp.End Ptunld 
I McAvtFI 
I 

21 1 28 0.58 2 216 1409.1 1409.1 1409.1 1409.1 1410.5 1410.5 1410.5 
21 1 29 0.48 2 217 1410.5 1410.5 1410.5 1410.5 1411.7 1411.7 1411.7 
21 1 30 0.50 2 218 1411.7 1411.7 1411.7 1411. 7 1413.0 1413.0 1413.0 
21 1 31 1. 32 2 219 1413.0 1413.0 1413.0 1413.0 1415.1 1415.1 1415.1 

I 21 1 32 1. 93 2 220 1415.1 1415.1 1415.1 1415.1 1417.8 1417.8 1417.8 
21 1 33 0.88 2 221 1417.8 1417.8 1417.8 1417.8 1419.4 1419.4 1419.4 
21 1 34 0.85 2 222 1419.4 1419.4 1419.4 1419.4 1421.0 1421.0 1421.0 
21 1 35 3.42 2 223 1421.0 1421. 0 1421. 2 1421.2 1425.4 1427.4 1427.4 
22 1 1 4.20 2 224 1427.4 1425.4 1427.4 1427.4 1432.3 1432.3 1432.3 
22 1 2 0.92 2 225 1432.3 1432.3 1432.3 1432.3 1434.0 1434.0 1434.0 
22 1 3 1.42 2 226 1434.0 1434.0 1434.0 1434.0 1436.2 1436.2 1436.21 

I 
22 I I 4 1. 20 21227 1436.2 1436.2 1436.2 1436.2 1438.2 1438.2 1438.2 

22 i 1 5 3.42 21 228 1438.2 1438.2 1438.2 1438.2 1442.3 1442.3 1442.3 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine Activities 

IPt E It lOpE Op ,.in I mel Q !MeAvtSIAet.StIPt. LdlOp • St Op.End PtUnld/McAvtF 

22 I 6 1.95 2 229 1442.3 1442.3 1442.3 1442.3 1445. I 1445. I 1445.1 
22 I 7 2.23 2 230 1445. I 1445. I 1445.1 1445.1 1448.0 1448.0 1448.0 
22 I 8 1.70 2 231 1448.0 1448.0 1448.0 1448. 0 1450.5 1450.5 1450.5 
22 1 9 14.53 2 232 1450.5 1450.5 1450.5 1450.5 1465.8 1465.8 1465.8 
22 I 10 1.28 2 233 1465.8 1465.8 1465.8 1465.8 1467.8 1467.8 1467.8 
22 1 11 LOO 21234 1467.8 1467.8 1467.8 1467.8 1469.6 1469.6 1469.6i 
22 I 12 I. 10 

21
235 1469.6 1469.6 1469.8 1469.8 1471. 7 1473.7 1473.71 

23 I 1 15.40 2 236 1473.7 1471.7 1473.7 1473.7 1489.8 1489.8 1489.8 

I 23 1 2 5.80 2 237 1489.8 1489.8 1489.8 1489.8 1496.4 1496.4 1496.4 
23 1 3 2.70 2 238 1496.4 1496.4 1496.4 1496.4 1499.8 1499.8 1499.8 
23 1 4 1.50 2 239 1499.8 1499.8 1499.8 1499.8 1502.1 1502.1 1502.1 
23 1 5 0.75 2 240 1502.1 1502.1 1502.1 1502.1 1503.6 1503.6 1503.6 
23 1 6 0.90 2 241 1503.6 ,503.6 1503.6 1503.6 1505.3 1505.3 1505.3 

Edit Screen Next Hard Copy Selection ? Previous SCT" een 
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Machine Activities 
, 

Ellt!OpEiOo minlmel IMeAvtSI Act .St LdlOp . St IOp.End 
i 

Pt Q Pt. ptUnld MeAvtF 
1 1 I 

I 

I 23 1 33 0.88 2 268 1586.7 1586.7 1586.7 1586.7 1588.4 1588.4 1588.41 

I 

23 1 34 0.85 2 269 1588.4 1588.4 1588.4 1588.4 1590.0 1590.0 1590.0 
23 1 35 3.42 2 270 1590.0 1590.0 1590.2 1590.2 1594.4 1596.4 1596.41 
24 1 1 4.20 2 271 1596.4 1594.4 1596.4 1596.4 1601.3 1601.3 1601.3 

I 24 1 2 o .92 2 272 1601.3 1601.3 1601.3 1601.3 1603.0 1603.0 1603.0 
24 1 3 1.42 2 273 1603.0 1603.0 1603.0 1603.0 1605.2 1605.2 1605.2 
24 1 4 1. 20 2 274 1605.2 1605.2 1605.2 1605.2 1607.1 1607.1 1607.1 
24 1 5 3.42 2 275 1607.1 1607.1 1607.1 1607.1 1611.3 1611.3 1611.3 
24 1 6 1. 95 2 276 t611.3 1611.3 1611.3 1611.3 1614.0 1614.0 1614.0 
24 1 7 2.23 2 277 1614.0 1614.0 16.4.0 1614.0 1617.0 1617.0 1617.0 

I 24 1 8 1. 70 
21

278 1617.0 1617.0 1617.0 1617.0 1619.5 1619.5 1619.5 
; 24 \ Q 14.53 2 279 1619.5 1619.5 1619.511619.5 1634.8 1634.8 1634.8 
I 24 I I 0 1.28 I 2,280 .634.811634.8 1634.8 1634.8 1636.8 1636.8 1636.8 
I I 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine Ac: t i v it i es 

P' c , ~ ItlOpEIOp mlnlmcl Q [MCAv\S[ Act.St Pt. LdlOp • StIOp.End[P\Unld MCAvtF[ 

24 1 11 1. 00 2 281 1636.8 1636.8 1636.8 1636.8 1638.~ 1638.6 1638.61 
24 1 12 1. 10 2 282 1638.6 1638.6 1638.8 1638.8 1640.6 1642.6 1642.6 
25 . 1 1 15.40 2 283 1642.6 1640.6 1642.6 1642.6 1658.8 1658.8 1658.8 
25 1 2 S.80 2 284 1658.8 1658.8 1658.8 1658.8 1665.4 1665.4 1665.4 
25 1 3 2.70 2 285 1665.4 1665.4 1665.4 1665.4 1668.8 1668.8 1668.8 
25 1 4 1.50 2 286 1668.8 1668.8 1668.8 1668.8 1671.1 1671.1 1671.1 
25 1 5 0.75 2 287 1671.1 1671.1 1671.1 1671. 1 1672.6 1672.6 1672.6 
25 1 6 0.90 2 288 1672.6 1672.6 1672.6 1672.6 1674.2 1674.2 1674.2 
25 1 7 4.27 2 289 1674.2 1674.2 1674.2 1674.2 1679.3 1679.3 1679.3 
25 1 8 3.43 2 290 1679.3 1679.3 1679.3 1679.3 1683.5 1683.5 1683.5 
25 1 9 0.50 2 291 1683.5 1683.5 1683.5 1683.5 1684.7 1684.7 1684.7 
25 1 10 0.58 2 292 1684.7 1684.7 1684.7 1684.7 1686.1 1686.1 1686.1 
25 1 11 13. IS 2 293 1686.1 1686.1 1686.1 1686.1 1700.0 1700.0 1700.0 

, 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine . Activities 

Pt El rtlOpEIOp min mcl Q !MCAvtSIAct.Stlpt. LdlOp . St!Op.End[ptUnldIMcAvtFI
1 

1 

, 
25 1 25 
25 1 26 

1 
25 1 27 

1 

25 1 28 
25 1 29 
25 i 30 
25 1 31 
25 1 32 

1 
25 1 33 
25 1 34 

I 25 1 35 

I 26 1 1 
26 1 2 I 

Edit Screen 
Ctrl - 9 

0.37 
0.55 
0.42 
0.58 
0.48 
0.50 
1. 32 
l. 93 
0.88 
0.85 
3.42 
4.20 
0.92 

21
307 

2 308 

21
309 

2 310 
21311 
2/312 
2 313 
2 314 
2 315 
2 316 
2 317 
2 318 

21 319 

N~xt 

Enter 

1743.511743.511743.5 
1744.6 1744.6 1744.6 
1745.9 1745.9 1745.9 
1747.1 1747.1 1747.1 
1748.4 1748.4 1748.4 
1749.7 1749.7 1749.7 
1750.9 1750.9 1750.9 
1753.0 1753.0 1753.0 
1755.7 1755.7 1755.7 
1757.4 1757.4 1757.4 
1759.0 1759.0 1759.2 
1765.3 1763.3 1765.3 
1770.3 1770.3 1770.3 

Hard C~py 

Sh i It - Pr t Sc 

352 

1743.5 1744.6 1744.6 1744.6 
1744.6 1745.9 1745.9 1745.9 
1745.9 1747.1 1747.1 1747.1 
1747.1 1748.4 1748.4 1748.4 
1748.4 1749.7 1749.7 1749.7 
1749.7 1750.9 1750.9 1750.9 
1750.9 1753.0 1753.0 1753.0 
1753.0 1755.7 1755.7 1755.7 
1755.7 1757.4 1757.4 1757.4 
1757.4 1759.0 1759.0 1759.0 
1759.2 1763.3 1765.3 1765.3 
1765.3 1770.3 1770.3 1770.3 
1770.3 1772.0 1772.0 1772.0 

Selection? Previous Screen 
p 



;~ach i ne Activitie~ 

i 

EIIt/apE mcl IMcAvtSIAct.Stlp:· Ldlao. Stlap.End PtUnidlMcAvtFI Pt ap min Q 

, 
26 1 3 1. 42 2 320 1772.0 1772.0 1772.0 1772.0 1774.2 1774.2 1774.2 
26 1 4 1.20 2 321 1774.2 1774.2 1774.2 1774.2 1776.1 1776.1 1776.1 
26 1 5 3.42 2 322 1776.1 1776.1 1776.1 1776.1 1780.3 1780.3 1780.3 
26 1 6 1.95 2 323 1780.3 1780.3 1780.3 1780.3 1783.0 1783.0 1783.0 
26 1 7 2.23 2 324 1783.0 1783.0 1783.0 1783.0 1786.0 1786.0 1786.0 
26 1 8 1. 70 2 325 1786.0 1786.0 1786.0 1786.0 1788.5 1788.5 1788.5 
26 1 9 14.53 2 326 1788.5 1788.5 1788.5 1788.5 1803.8 1803.8 1803.8 
26 1 10 1.28 2 327 1803.8 1803.9 1803.8 1803.8 1805.8 1805.8 1805.9 
26 1 11 1. 00 2 328 1805.8 1805.8 1805.8 1805.8 1807.6 1807.6 1807.6 
26 1 12 1. 10 2 329 1807.6 1807.6 1807.8 1807.8 1809.6 1811. 6 1811.6 
27 1 1 15.40 2 330 1811.6 1809.6 1811.6 1811.6 1827.8 1827.8 1827.8 
27 1 2 5.80 2 331 1827.8 1827.8 1827.8 1827.8 1834.3 1834.3 1834.3 
27 1 3 2.70 2 332 1834.3 1834.3 1834.3 1834.3 1837.8 1837.8 1837.8 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine Activities 

Ipt Ei ItlapEiap minlm e ! Q I Md v tS lAC t. S t Pt. Ldlap• Stlap.EndlptUnld MeAvtF 

I 

i 27 1 30 0.50 2 359 1918.7 1918.7 1918.7 1918.7 1919.9 1919.9 1919.9 
27 1 31 1.32 2 360 1919.9 1919.9 1919.9 1919.9 1922.0 1922.0 1922.0 
27 1 32 1. 93 2 361 1922.0 1922.0 1922.0 1922.0 1924.7 1924.7 1924.7 
27 1 33 0.88 2 362 1924.7 1924.7 1924.7 1924.7 1926.3 1926.3 1926.3 
27 1 34 0.85 2 363 1926.3 1926.3 1926.3 1926.3 1927.9 1927.9 1927.9 
27 1 35 3.42 2 364 1927.9 1927.9 1928.1 1928.1 1932.3 1934.3 1934.3 
28 1 1 4.20 2 365 1934.3 1932.3 1934.3 1934.3 1939.3 1939.3 1939.3 

, 
28 1 2 0.92 2 366 1939.3 1939.3 1939.3 1939.3 1941.0 1941.0 1941. 0 
28 1 3 1.42 2 367 1941.0 1941.0 1941 .0 1941. 0 1943.1 1943. 1 1943.1 
28 

~ I 
4 1. 20 2 368 1943.1 1943.1 1943.1 1943.1 1945.1 1945.1 1945.1 

28 5 3.42 2 369 1945.l 1945.1 1945.1 1945.1 1949.3 1949.3 1949.3 

i 28 1 I 6 1. 95 2 370 1949.3 1949.3 1949.3 1949.3 1952.0 1952.0 1952.0 
28 : I 7 2.23 21 37 ! i 1952.0 1952.0 1952.0 1952.0 1955.0 1955.0 1955.0 

Edit Scre~n Next Hard Copy Sel ed ion ? Previous Screen 
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353 



Machine Ac~ivities 

Pt S I It lOpE Op minlmcl a IMCAvtSIAct.Stlpt. Ldloo. StlOp.End Ptun I d I McAv tFI 

I 28 1 8 1. 70 2 372 11955.0 1955.0 1955.0 1955.0 1957.4 1957.4 1957.4 
28 1 9 14.53 2 373 1957.4 1957.4 1957.4 1957.4 1972.7 1972.7 1972.7 
28 1 10 1.28 2 374 1972.7 1972.7 1972.7 1972.7 1974.8 1974.8 1974.8 
28 1 11 1. 00 2 375 1974.8 1974.8 1974.8 1974.8 1976.5 1976.5 1976.5 
28 1 12 I. 10 2 376 1976.5 1976.5 1976.7 1976.7 1978.6 1980.6 1980.6 
29 1 1 5.00 3 1 4.3 951.8 953.8 953.8 959.5 959.5 959.5 
29 1 2 4.00 3 2 959.5 959.5 959.5 959.5 964.3 964.3 964.3 
29 1 3 I. 00 3 3 964.3 964.3 964.3 964.3 966.0 966.0 966.0 
29 1 4 3.00 3 4 966.0 966.0 966.0 966.0 969.8 969.8 969.8 
29 1 S 10.50 3 5 969.8 969.8 969.8 969.8 981.1 981.1 981.1 
29 I 6 o • 40 3 6 981.1 981. I 981.1 981.1 982.2 982.2 982.2 
29 1 7 0.30 3 7 982.2 982.2 982.2 982.2 983.3 983.3 983.3 
29 1 8 I. 10 3 8 983.3 983.3 983.3 983.3 985. I 985.1 985.1 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine Activities 

Pt elltiOoEIOp Minlmc· ° IMcAvtSIAct.Stlpt. Ldlop• St Op.End Ptun id McAvtFI 

29 I 9 o • 40 1 3 9 985. I 985. I 985. I 985.1 986.3 986.3 986.3 
29 1 10 4.50 3 10 986.3 986.3 986.3 986.3 991.6 991.6 991.6 
29 I 1 1 1. 20 3 11 99\. 6 991.6 991.6 991.6 993.5 993.5 993.5 
29 1 12 4.00 3 12 993.5 993.5 993.5 993.5 998.3 998.3 998.3 
29 1 13 2.00 3 \3 998.3 998.3 998.3 998.3 1001.0 1001.0 1001.0 
29 1 14 o .50 3 14 1001.0 1001.0 100\.0 1001.0 1002.3 1002.3 1002.3 
29 1 15 o .80 3 15 1002.3 1002.3 1002.3 1002.3 1003.9 1003.9 1003.9 
29 1 16 0.45 3 16 1003.9 1003.9 1003.9 1003.9 1005.1 1005.1 1005.1 

1 
29 1 17 0.45 3 17 1005.1 1005.1 1005.1 1005.1 1006.3 1006.3 1006.3 

I 29 1 18 I. 00 3 18 1006.3 1006.3 1006.5 1006.5 1008.2 1010.2 1010.2 

I 
30 I \ 1 27.00 3 19 1010.2

1

1008.2 1010.2 1010.2 1038.0 1038.0 1038. 0 
30 , 1 2 5.00 3 20 1038.0 1038.0 1038.011038.0 1043.8 1043.8 1043.8 

. JO 1 J 10 .00 3 21!1043.8
1
1043.8 1043.8 1043.8 1054.5 1054.5 1054.5 I I i' I 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine Activities 

IpI ' I I I Q McAvtS Act.S t Pt ~ LdlOp. St Op.End Ptunld McAvtF EIIt OpEiOp min me 
I 
I 

I 30 1 17 4.00 3 35 1115.4 1115.4 1115.6 1115.6 1120.4 1122.4 1122.4 
31 1 1 5.00 3 36 1122.4 i120.4 1122.4 1122.4 1128.1 1128. 1 1128.1 
31 1 2 4.00 3 37 1128. 1 1128.1 1128.1 1128.1 1132.9 1132.9 1132 ~ 9 
31 1 3 1. 00 3 38 1132.9 1132.9 1132.9 1132.9 1134.6 1134.6 1134.6 
31 1 4 3.00 3 39 1134.6 1134.6 1134.6 1134.6 1138.4 1138.4 1138.4 
31 1 5 10.50 3 40 1138.4 1138.4 1138.4 1138.4 1149.7 1149.7 1149.7 
31 1 6 0.40 3 41 1149.7 1149.7 1149.7 1149.7 1150.8 1150.8 1150.8 
31 1 7 0.30 3 42 1150.8 1150.8 1150.8 1150.8 1151.9 1151.9 1151.9 
31 1 8 1. 10 3 43 1151.9 1151.9 1151.9 1151.9 1153.7 1153.7 1153.7 
31 1 9 0.40 3 44 1153.7 1153.7 1153.7 1153.7 1154.9 1154.9 11 54.9 
31 1 10 4.50 3 45 1154.9 1154.9 11S4.9 1154.9 1160.2 1160.2 1160.2 
31 1 11 1.20 3 46 1160.2 1160.2 1160.2 1160.2 1162.1 1162. 1 1162.1 
31 • 12 4.00 3 47 1162. 1 1162.1 1162.1 1162.1 1166.9 1166.9 1166.9 

, 
Edit Screen Next Ha,d Copy Selection ? Previous Screen 
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,~achine Activities 

~Pt EIIt/OpEiOp minlmcl 0 MeAvtSIAct.S'lp!· LdlOp. StlOo.EndlPtUnldlMcAvtF 

I 31 1 13 2.00 31 48 1166.9 1166.9 1166.9 1166.9 1169.6 1169.6 1169.6 
31 1 14 0.50 3 49 1169.6 1169.6 1169.6 1169.6 1170.9 1170.9 1170.9 
31 1 15 0.80 3 50 1170.9 1170.9 1170.9 1170.9 1172.5 1172.5 1172.5 
31 1 16 0.4S 3 51 1172.5 1172.5 1172.5 1172.5 1173.7 1173.7 1173.7 
31 1 17 0.45 3 52 1173.7 1173.7 1173.7 1173.7 1174.9 1174.9 1174.9 
31 1 18 1. 00 3 53 1174.9 1174.9 1175 • 1 1175.1 1176.8 1178.8 1178.8 
32 1 1 27.00 3 54 1178.8 1176.8 1178.8 1178.8 1206.6 1206.6 1206.6 
32 1 2 5.00 3 55 1206.6 1206.6 1206.6 1206.6 1212.4 1212.4 1212.4 
32 1 3 10 .00 3 56 1212.4 1212.4 1212.4 1212.4 1223. 1 1223.1 1223. 1 

1 
32 1 4 10 .00 3 57 1223.1 1223. 1 1223. I 1223.1 1233.9 1233.9 1233.9 
32 1 5 7.00 3 58 1233.9 1233.9 1233.9 1233.9 1241.6 1241.6 1241.6 

I i 12 1 6 3.00 

I 
31 59 1241. 6 1 124 1.6 1241.6 1241.6 1245.4 1245.4 1245.4 

I 32 
, 

l 1 7 4.00 3 60 1245.4 1245.4 1250.2 1250.2 1250.2 I I 1245.411245.4 
L I , 

Edit Screen 
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,~achine Activities 

i1pt ElltlOp£IOp minlmcl Q IMcAvtSIAct.Stlpt. Ld Op. St Op.End PtUn 1 d I McAv tFj 

1 32 1 8 1. 00 3 61 1250.2 1250.2 1250.2 1250.2 1251.9 1251 .9 1251.9 I 32 1 9 1. 00 3 62 1251.9 1251.9 1251.9 1251.9 1253.7 1253.7 1253.7 
32 1 10 2.00 3 63 1253.7 1253.7 1253.7 1253.7 1256.4 1256.4 1256.4 
32 1 11 1. 00 3 64 1256.4 1256.4 1256.4 1256.4 1258.2 1258.2 1258.2 
32 1 12 6.00 3 65 1258.2 1258.2 1258.2 1258.2 1265.0 1265.0 1265.0 
32 1 13 3.00 3 66 1265.0 1265.0 1265.0 1265.0 1268.7 1268.7 1268.7 
32 1 14 2.00 3 67 1268.7 1268.7 1268.7 1268.7 1271 .5 1271.5 1271. 5 
32 1 15 6.00 3 68 1271. 5 1271.5 1271.5 1271.5 1278.2 1278.2 1278.21 
32 1 16 5.00 3 69 1278.2 1278.2 1278.2 1278.2 1284.0 1284.0 1284.0/ 
32 1 17 4.00 3 70 1284.0 1284.0 1284.2 1284.2 1289.0 1291.0 1291.0 
33 1 1 5.00 3 71 1291. 0 1289.0 1291.0 1291. 0 1296.7 1296.7 1296.7 
33 1 2 4.00 3 72 1296.7 1296.7 1296.7 1296.7 1301.5 1301.5 1301.5 
33 1 3 1. 00 3 73 1301.5 1301.5 1301.5 1301.5 1303.2 1303.2 1303.2 

, 

Edit Screen Next Hard Copy Selection ? Previous Screen 
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Machine Actiyities 

jPt El1tlOpEIOp minlmc Q IMcAvtSIAct.Stlpt. Ld Op. St IOp.End Ptun Id McAvtF 

33 1 17 0.45 ;1 87 1342.3 1342.3 1342.3 1342.3 1343.5 1343.5 1343.5 
33 1 18 1. 00 88 1343.5 1343.5 1343.7 1343.7 1345.4 1347.4 1347.4 
34 1 1 27.00 31 89 1347.4 1345.4 1347.4 1347.4 1375.2 1375.2 1375.2 
34 1 2 5.00 3 90 1375.2 1375.2 1375.2 1375.2 1381. 0 1381 .0 1381.0 
1~ 1 3 10.00 3 91 1381. 0 1381.0 1381. 0 1381.0 1391. 7 1391.7 1391. 7 
34 1 4 lo.on 3 92 1391.7 1391.7 1391.7 1391.7 1402.5 1402.5 1402.5 
34 1 5 7.00 i 3 93 1402.5 1402.5 1402.5 1402.5 1410.2 1410.2 1410.2 
34 1 6 3.00 3 94 \410.2 1410.2 1410.2 1410.2 1414.0 1414.0 1414.0 
34 1 7 4.00 3 95 1414.0 1414.0 1414.0 1414.0 1418.8 1418.8 1418.8 
34 1 8 1. 00 3 96 1418.8 1418.8 1418.8 1418.8 1420.5 1420.5 1420.5 
34 1 9 1. 00 3 97 1420.5 1420.5 1420.5 1420.5 1422.3 1422.3 1422.3 
34 1 1 0 2.00 3 98 1422.3 1422.3 1422.3 1422.3 1425.0 1425.0 1425.0 
34 1 1 1 1. 0 0 I 3 99 1425.0 1425.0 1425.0 1425.0 1426.8 1426.8 1426.8 

I 
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I 
Machine Activities 

1 Pt E ItlOp£lop min'mcl Q IMCAvlS AcLSt Pt. Ld Op. SIIOp.End PIUnldlMcAvtF 

I 34 t 12 16.00 3 100 1426.8 1426.8 1426.8 1426.8 1433.6 1433.6 1433.6 
34 1 13 3.00 3 101 1433.6 1433.6 1433.6 1433.6 1437.3 1437.3 1437.3 
34 1 14 2.00 3 102 1437.3 1437.3 1437.3 1437.3 1440.1 1440.1 1440.1 
34 1 15 6.00 3 103 1440.1 1440.1 1440. 1 1440.1 1446.8 1446.8 1446.8 
34 1 16 5.00 3 104 1446.8 1446.8 1446.8 1446.8 1452.6 1452.6 1452.6 
34 1 17 4.00 3 105 1452.6 1452.6 1452.8 1452.8 1457.6 1459.6 1459.6 
35 1 1 5.00 3 106 1459.6 1457.6 1459.6 1459.6 1465.3 1465.3 1465.3 
35 1 2 4.00 3 107 1465.3 1465.3 1465.3 1465.3 1470.1 1470.1 1470.1 
35 1 3 1. 00 3 108 1470.1 1470.1 1470.1 1470.1 1471.8 1471.8 1471.8 
35 1 4 3.00 3 109 1471.8 1471.8 1471.8 1471.8 1475.6 1475.6 1475.6 
35 1 5 10.50 3 110 1475.6 1475.6 1475.6 1475.6 1486.9 1486.9 1486.9 
35 1 6 0.40 3 111 1486.9 1486.9 1486.9 1486.9 1488.0 1488.0 1488.0 
35 1 7 0.30 3 112 1488.0 1488.0 1488.0 1488.0 1489. 1 1489.1 1489.1 

, 
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Machine Activities 

Pt SlltlOpEIOp minlmcl Q IMcAvISIAct.SI Pt. LdlOp • St 10p.End Ptun I d I MeAv tF 

35 1 1 8 1. 10 3 11311489.1 1489.1 1489. 1 1489. 1 1490.9 1490.9 1490.9 
35 1 I 9 o • 40 3 11411490.9 1490.9 1490.9 1490.9 1492.1 1492.1 1492.1 
35 1 10 4.50 3 115 1492.1 1492.1 1492.1 1492.1 1497.4 1497.4 1497.4 
35 1 1 1 1. 20 3 116 1497.4 1497.4 1497.4 1497.4 1499.3 1499.3 1499.3 
35 1 12 4.00 3 117 1499.3 1499.3 1499.3 1499.3 1504.1 1504.1 1504.1 
35 1 13 2.00 3 118 1504.1 1504.1 1504.1 1504.1 1506.8 1506.8 1506.8 
35 1 14 0.50 3 119 1506.8 1506.8 1506.8 1506.8 1508.1 1508.1 1508.1 
35 1 15 0.80 3 12011508.1 1508.1 1508.1 1508.1 1509.7 1509.7 1509.7 
35 1 16 0.45 3 121 1509.7 1509.7 1509.7 1509.7 1510.9 1510.9 1510.9 
35 1 17 0.45 3 122 1510.9 1510.9 1510.9 1510.9 1512.1 1512.1 1512.1 

I -0 1811 .00 3 123 1512.1 1512.1 1512.3 1512.3 1514.0 1516.0 1516.0 
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36 , 16 5.00 3 139 1615.4 1615.4 1615.4 1615.4 1621. 2 1621 .2 1621. 2 • 
36 1 17 4.00 3 140 1621.2 1621.2 1621.4 1621. 4 1626.2 1628.2 1628.2 
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37 1 5 10.50 3 145 1644.2 1644.2 1644.2 1644.2 1655.5 1655.5 1655.5 
37 1 6 0.40 3 146 1655.5 1655.5 1655.5 1655.5 1656.6 1656.6 1656.6 
37 1 7 0.30 3 147 1656.6 1656.6 1656.6 1656.6 1657.7 1657.7 1657.7 
37 1 8 1. 10 3 148 1657.7 1657.7 1657.7 1657.7 1659.5 1659.5 1659.5 
37 1 9 0.40 3 149 1659.5 1659.5 1659.5 1659.5 1660.7 1660.7 1660.7 
37 1 10 4.50 3 150 1660.7 1660.7 1660.7 1660.7 1666.0 1666.0 1666.0 
37 1 11 1.20 3 151 1666.0 1666.0 1666.0 1666.0 1667.9 1667.9 1667.9 
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37 1 12 4.00 
31

152 1667.9 1667.9 1667.9 1667.9 1672.7 1672.7 1672.7 
37 1 13 2.00 3 153 1672.7 1672.7 1672.7 1672.7 1675.4 1675.4 1675.4 

/ 

37 1 14 o .50 3 154 1675.4 1675.4 1675.4 1675.4 1676.7 1676.7 1676.7 
37 1 15 o .80 3 155 1676.7 1676.7 1676.7 1676.7 1678.3 1678.3 1678.3 
37 1 16 0.45 3 156 1678.3 1678.3 1678.3 1678.3 1679.5 1679.5 1679.5 
37 1 17 0.45 3 157 1679.5 1679.5 1679.5 1679.5 1680.7 1680.7 1680.7 
37 1 18 1. 00 3 158 1680.7 1680.7 1680.7 1680.7 1682.4 1682.4 1682.4 
37 1 19 1. 00 3 159 1682.4 1682.4 1682.4 1682.4 1684.2 1684.2 1684.2 
37 1 20 3.40 31 160 1684.2 1684.2 1684.2 1684.2 1688.4 1688.4 1688.4 
37 1 21 o • 90 3 161 1688.4 1688.4 1688.4 1688.4 1690.0 1690.0 1690.0 
37 1 22 0.85 3 162 1690.0 1690.0 1690.2 1690.2 1691.8 1693.8 1693.8 
38 t 1 5.00 3 163 1693.8 1691.8 1693.8 1693.8 1699.6 1699.6 1699.6 
38 1 2 4.00 3 1.64 1699.6 1699.6 1699.6 1699.6 1704.3 1704.3 1704.3 
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38 1 16 10.45 3 178 1743.9 1743.9 1743.9 1743.9 1745.1 1745.1 1745.11 
38 1 17 0.45 3 179 1745.1 1745.1 1745.1 1745. 1 1746.3 1746.3 1746.3 
38 1 18 1. 00 3 180 1746.3 1746.3 1746.3 1746.3 1748.1 1748.1 1748. 1 
38 1 19 1. 00 3 181 1748. 1 1748. 1 1748. 1 1748. 1 1749.9 1749.9 1749.9 
38 1 20 3.40 3 182 1749.9 1749.9 1749.9 1749.9 1754.0 1754.0 1754.0 
38 1 21 0.90 3 183 1754.0 1754.0 1754.0 1754.0 1755.7 1755.7 1755.7 
38 1 22 0.85 3 184 1755.7 1755.7 1755.9 1755.9 1757.5 1759.5 1759.5 
39 1 1 5.00 3 185 1759.5 1757.5 1759.5 1759.5 1765.3 1765.3 1765.3 
39 1 2 4.00 3 186 1765.3 1765.3 1765.3 1765.3 1770.0 1770.0 1770.0 
39 1 3 1. 00 3 187 1770.0 1770.0 1770.0 1770.0 1771.8 1771.8 1771.8 
39 1 4 3.00 3 188 1771.8 1771.8 1771.8 1771.8 1775.5 1775.5 1775.51 
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I Machine Activities 

I i 
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, 

40 1 3 217 1863.0 1863.0 1863.0 1864.91 
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40 1 14 0.50 3 220 1872.4 1872.4 1872.4 1872.4 1873.7 1873.7 1873.7 
40 1 15 0.90 3 221 1873.7 1873.7 1873.7 1873.7 1875.3 1875.3 1875.3 
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SC:Le:C:T OUTPUT REGUIREQ SY NUMBER 

1) Final Primary Tool Store Contents. 
2) Final Tooling Details + Status. 
31 Machining History and Cell Performance Measure5 
4) Machine Activities for Schedule. 
5) Cell Tool-Transfer Activitie •• 
6) Li.t of Machine. in Each Cell. 
7) List at Scheduled Part. for Each Cell. 
S) Tool Tran.porter Content. and Schedule. 
9) Cell Tool Summary and Tool Status Report. 

0) Quit. 

Select Desired Output and press <Enter> 

Output Number Selected? : 5 

Ce II Tool Transportation 

'Cell!CtEIMC! 0 !UnldTIMc!SSAvtS!Ct Avt!Ld Kit!UnldKit!RtnKit!CI Av! !SSAvtFi 

1 3 1 1 0.25 o • 0 o • 000 0.0 239.5 472.0 479.5 479.5 

I 
• 2 2 1 2.25 435.0 435.0 435.0 626.5 811 • 0 818.5 818.5 , 
1 1 3 1 4.25 780.0 780.0 780.0 951.5 1116.0 1123.5 1123.5 

I 
I I I 11 
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5-1---c. ... :.L j OUTPUT REQUIRE~ BY NUMBER 

1) Final Primary Tool Store Contents. 
2) Final Tooling Details t Status. 
3) Machining History and Cell Perlarmance Measures 
4) Machine Activities for Schedule. 
S) Cell Tool-Transfer Activities. 
6) List of Machines in Each Cell. 
7) List of Scheduled Parts for Each Cell. 
S) Tool Transporter Contents and Schedule. 
9) Cell Tool Summary and Tool Status Report. 

o ) Du it. 

Select Desired Output and press <Enter> 

Output Number Selected? : 6 

Machine Information 

ICell!MachineIOiMclSplMorFI P ! Capac.! CelllMaChine!OiMciSpiMorF ? Capac. 

1 MC! 1 1 F ! 123 
1 MC2 2 1 F 2 123 
! MC3 3 1 F 3 123 

I 

I 

Edit Screen Next Hard Copy Selection? Iprevio~s Screen 
C tr I - B Enter Shi t t - PrtSc 
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SELECT OUTPUT REQUIRED ay NUM8ER 

1) Final Primary Tool Store Contents. 
2) Final Tooling Details + Status. 
3) Machining History and Cell Performance Measures 
4) Machine Activities for Schedule. 
S) Cell Tool-Transfer Activities. 
6) List of Machines in Each Cell. 
7) List of Scheduled Parts for Each Cell. 
8) Tool Transporter Contents and Schedule. 
9) Cell Tool Summary and Tool Status Report. 

0) Qui to 

Select Oe.ired Output and press <Enter> 

Output Number Selected? : 7 

Part Information 

Ice 11 ! Pad ID IOps·lpt El P 18.sizell Celll Par! [0 

1 3176302a 39 1 I 1 1 1 3177537 a 
1 3035844a 8 2 1 1 1 3177536b 
1 3176302b 39 3 1 1 1 3177537b 
1 3035844b 8 4 1 1 1 3177536c 
1 3176302e 39 5 1 1 1 3177537e 

I 
1 3035844e 8 ~I 

1 1 1 3177536d 
1 3176302d 39 1 1 1 3177537d 
1 3035844d 8 8 1 1 1 3177536e 
1 J176302e 39 9 1 1 1 3177537e 
1 31763~g. 39 10 1 1 I 1 31n536f 
1 3176398b J~ 1 1 1 1 1 3177537f 

I 1 3176398e 39 12 1 1 1 3177536g 
1 3177S36a 35 13 1 1 1 3: n537g 

I I 

IOps·lp! El P Is.SiZ,,! 

12 14 1 1 
35 15 1 1 
12 16 1 1 
35 17 1 1 
12 18 1 1 
35 19 1 1 
12 20 1 1 
35 21 1 1 
12 22 1 1 
35 23 1 1 
12 24 1 1 
35 2S 1 1 
12 26 1 1 

Ed i I Screen Next Hac d Copy 

I 
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i 
Par t rntar:na~ion 

j i '" .... ' lB. S i zeil Cell I IOps·lpt El IB.Sizei ! Ce 11 I Part ID iCps .: P • ~! P ?ar t ID P 
i I I 

I I 3177536h 35 27 I 1 I I 317691Bd 22 40 I 1 
I 3177537h 12 2B I 1 
I 3177545a 19 29 I I I 

I 1 317B276a 17 30 I I 

I I 3177545b 18 31 I I 
1 3178276b 17 32 I I 
I 3177545c 18 33 I I 

, 1 3178276c 17 34 1 1 
1 3177545d 18 35 1 1 
1 3178276d 17 36 I 1 
1 317691Ba 22 37 1 1 
1 3176918b 22 38 1 

: , li 1 3176918c 22 39 1 

Edit Screen Next , .. Hard Copy Selection ? Previous Scree:1 
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, 
I 

SELECT OUTPUT REQUIRED 8Y NUM8ER 

1) Final Primary Tool Store Contents. 
2) Final Tooling Details + Status. 
3) Machining History and Cell Performance Measures 
4) Machine Activities for Schedule. 
5) Cell Tool-Transfer Activities. 
6) List of Machines in Each Cell. 
7) List of Scheduled Parts for Each Cell. 
S) Tool Transporter Contents and Schedule. 
9) Cell Tool Summary and Tool Status Report. 

0) Quit. 

Select Desired Output and press <Enter> 

Output Number Selected? : 9 

:: 

Cell Details 

Ce 11 E : 1 

Machines : 3 

iools : 145 

Tools on : Mc El: 58 Cap. : 123 ,''Ie 

Mc E3: 41 Cap. : 123 Mc 

E2 : 

E4: 

Tools in STS : 0 Cap. : 3000 Spare 

Next Edit Screen Hard Cooy 
Enter Ctrl - B Shift - PetSe 
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Run E : 

Parts : 

Transporters : 

46 Cap. : 

0 Cap. : 

cap. : 3000 

Se 1 eet i on ? 

I 

40 

3 

123 

0 

Previous Screen 
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, 

Ce 11 Tool Status Report 

Cell Tool Input : 145 

Tools in Ce 11 : 145 

Worn Tools : 1 

Relurbished Tools : 0 

Added Tools : 0 

lor .cheduled period 

, 

Next Edit Screen, Hard Copy Selection ? Previous Screen 
. Enter Ctrl - 8 Sh i I t - PrtSc • P 
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Appendix SA: 

MODELLING A BLANKING CELL 

• AN INDUSTRIAL CASE STUDY 

SA.1 Introduction 

The work reported here is the result of a case study carried out wtth data supplied by a 
Teaching Company programme. The purpose of the work was to illustrate a novel application of 
the tool flow modelling to metalforming as opposed to the tradttional metalcutting environment. 

SA.2 Scope of the Study 

The primary objective of the study was to examine the suttabiltty of the models for 
management of the blanking cell. The secondary objectives were to examine tool store 
capacities, tooling requirements under different operating strategies and to determine cost-effec
tive work schedules. 

SA.3 The Cell 

The layout of the proposed blanking cell, and the necessary back-up tool stores, Is shown in 
figure 58.1 . The elements within the cell are as follows: 
- a coil holder wtth coil change carriage. 
- a set of feed/measurement rolls. 
- a 250-ton CNC/DNC blanking press wtth a capability of 15-30 strokes per minute. 
- an automated component and scrap removal and stacking system. 
- a two-station tool change 'buggy' acting as the primary tool store. 
- a set of tool racks adjacent to the blanking press acting as a secondary tool store (5T5). 
- a central tool store (CT5) and refurbishment faciltty wtth storage capactty for upto 100 tools. 
- manually assisted transfer devices capable of transferring a single tool between the central tool 
store and the secondary tool store and between the latter and the blanking press's primary tool 
store (PT5). 

SA.4 The Tools 

A typical tooling layout is shown in figure 58.2 . The tools are by far the most expensive 
resource costing in the range of £20-30K per tool. The number and type of tools has to be very 
carefully monitored and the usage has to be high to obtain a satisfactory return on Investment. 
The duplication of tools has thus got to be maintained at relatively low levels. This leads to two 
decisions unique In press shops; firstly, the flow of coilS has to be scheduled to utilise a tool as 
fully as possible and secondly, refurbishment of the tool has to be planned In such a manner so 
as to enable the same tool to be reused as quickly as possibled. Two methods of refurbishment 
are possible : the steelings can etther be subjected to regrind or replaced when regrinding is no 
longer possible. 
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SA.S Modelling of Component Production 
A typical component is shown In two stages In figures 58.3 and 58.4. The manufacture of 

this type of component required the translation of the model from metalculling to metalforming. 
Three areas challenged the modelling in its current format : operation time, batch size and tool 
life. 

The approach adopted In considering tool life, tradHionally measured in discrete time or 
production units in metalculling and hits in press work, was to translate the number of hits into 
minutes. From historical data H was estimated that each tool was capable of 4000 Ms, wHh one 
M occuring every 4 seconds, giving an initial tool life of 267 minutes, after which refurbishment 
was to be considered. 

The approach to considering the number of laminations and the time Incurred In the 
production of these laminations was based on mean batch Sizes for dnferent types of 
components. Since the production of each batch only required a Single tool and the laminations 
were produced consecutively, H was possible to consider the total number of laminations (mean 
batch size) produced as being Similar to a batch of one where the single operation time in minutes 
was calculated as : 

(time to produce one lamination x mean batch size) 160 

This calculation had to be adjusted in some cases to take Into consideration the tool life. 
Thus adjustment of the batch size or batch splitting was possible and at the end of the tool life 
even desirable so that production of the next split batch of laminations could await return of the 
refurbished tool rather than call for a duplicate tool. At this point it was also considered necessary 
to increase the the tool life arbitarily to 300 to include a safety margin. 

SA.6 The Workpiece - Oriented Model 
The workpiece-oriented model was set·up to machine a total of seventy components, see 

part information table in appendix 58, in batches of one over a period of 163 hours (estimated 
machining time). The blanking cell representation and parameters were specnied as described 
below. 

The machine was considered to have a primary tool store with a capacity for one tool. This 
meant that only one tool could be emloyed in the machine with Its successor being assigned on a 
just·in-time basis. An STS was set·up with an Initial capacity for 500 tools. This tool store Is 
effectively a back-up tool store which supplies the PTS and accepts returned tools which are then 
assessed for their reSidual tool life. Tool which require refurbishment or are worn are dispatched 
to the CTS. 

Journey times specified were 20 minutes from STS to PTS and 60 minutes from STS to CTS. 
Tools were transferred manually and assisted by truck between the STS and CTS. 

A coil changeover time of 30 minutes was specified and an average refurbishment time of 4 
hours. The tool search and load times at the stores averaged at 10 minutes. 

SA.7 Results of Workpiece - Oriented Modelling 
An initial set of results was obtained which provided a basis for assessment of the tool flow 

models' ability to model the blanking press cell and provided an insight into the working of the cell. 
The results are presented via tables in appendix 58. 
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SA.7.1 Tool Requirements Analysis 
For this initial run of seventy components. it was found that a maximum of 46 tools were 

required. No tools required refurbishment but as can be observed from the resutts, in the 1inal 
tool details' table in appendix SB, a large number of these tools could not be effectively reused as 
their residual life is insuffiCient to continue machining. This would imply that a number of tools 
would require refurbishment at the start of the next production period. 

SA.7.2 Machining Analysis 
The results obtained from the 'machining history' table In appendix SB, when coupled wHh the 

tool requirements analysis, detailS the usage of these tools over the machining period and 
provides the history of gradual decline in residual tool life. An examination of this table together 
with the finish times of the activHy for the particular machining stage, would effectively provide a 
schedule for refurbishment. This schedule could then effectively be used to reschedule the 
machining list or sequence of machining to achieve best utilisation of the tools. This Herative 
process will converge on a best solution in a finite number of steps. 

SA.7,3 Cell Performance 
The time required to carry out all the machining activities was determined as approximately 

12500 minutes. This increase in expected time by approximately 28% appeared to be In the main 
due to the tool transfer times between the STS and the PTS. The utilisations are shown in the 
'cell performance measures' table in appendix SB. The machine activHies are shown in the 
'machine activities' table and indicate the machine activity times wnh the last actlvHy in the 
schedule being completed at 12499.4 minutes. 

SA,7.4 Cell Tool Transportation 
The single tool transporter was found to be fairly heavily utilised. This is because of the need 

to transfer tools after every coil change or batch changeover. A total of Sixty-three trips were 
required in order to satisfy the machining list with the first trip being undertaken after 20 minutes 
and the last trip after 12176 minutes. The number of trips undertaken implies that organisation of 
the work schedule provided continued usage of the same tool on a number of successive 
batches, see 'machining history' table in appendix SB. 

The schedule of tool transfer, i.e the actual times that the tool transfer was effected at and the 
contents of the transporter at this time are given in the 'tool transporter contents' table in appendix 
5B. This table also provides insight into the particular transfer device used, useful when a 
number of machines and transporters are employed, and the origin of the transporter and Hs 
destination. It is thus possible using this table to ascertain the traffic density and capabilHy of the 
tool transporter in meeting its assigned tasks. This table may be read in conjunction wHh the 'cell 
tool transportation' table in appendix SB. 
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SA.7.S Cell Tool Summary 
The part routing f schedule of work Is given in the 'part Information' table In appendix 5B. 

This table indicates the sequence of machining which if changed would generate a different 

tooling requirement. This schedule is thus the determining factor not only In spec Hying a 

refurbishment schedule but also in the specification of the minimum and actual tooling 
requirements. These requirements per machine and major store and the overall requirements for 

the cell are shown in the 'cell details' and 'cell tool status' reports in appendix 5B. The latter 

providing global figures of tools requiring refurbishment, tools required to be input to overcome 

shortages and indicating the number of tools currently held within the cell. The tables indicate 

that the specHied capactty of the STS Is more than sufficient. 

SA.S Results of Computer Assisted Cluster Analysis (CACA) 
A subset of 25 part types was created for the CACA module evaluation. This subset was 

drawn pseudo-randomly from the original set of 70 jobs used to evaluate the workpiece-oriented 

model. This subset of part types required 11 tool types and was used to constitute the Initial 

clustering matrix shown in figure 5B.5. 

A total of 4 tterations was necessary to achieve the fully ranked matrix shown in figure 5B.6. 

Examination of this matrix shows the formation of three tool cluster sets as shown In table 5A.1. 

Table SA.1 : Tool Cluster Sets 

Tool Cluster Set # Basle Tools Part Types 

1 1 11 

2 1 5 

3 9 9 

Since no further ranking was possible or necessary, substitution of the cell entries wtth the 

cumulative tool usage times was carried out according to the rank order clustering algortthm. This 

manual task was completed with the insertion of the order requirement for each part type, the 

same as that for the workpiece-oriented model, as shown in figure 5B.7. 

The insertion of the tool usage times and order requirement completed, the next task was to 

specify the tool life and tool life limtt for each tool which is again the same as that specified for the 

workpiece-oriented model. The latter values in conjunction wtth the order requirement and 

cumulated tool usage produce the minimum tool requirement for each tool cluster set, shown in 

table 5A.2 and in figure 5B.S. 

Table SA.2 : Minimum Tool Cluster Set Tool Requirements 

I Tool Cluster Set # I Basle Tools I Total Tools I 
1 1 5 

2 1 2 

3 9 17 
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SA.9 Discussion of Results 

Both models, operating under different tool management strategies have been found to be 
suitable for the modelling of the blanking press facility and to fu~iI the secondary objectives of the 
study. Some limitations and restrictions are present in both models for the modelling of this 
facility as opposed to the metalcutting facility for which the models were primarily intended. 

The workpiece-oriented model considers the problem in greater detail than the CACA module 
and offers solutions to the problems of tool requirements planning, tool flow deficiencies and the 
transient capacities required. These results have been offered wtthin the output tables. The 
particular problem faced in the modelling of the blanking press was not in the actual 
representation of the press ttself but in regard to the refurbishment of tools. The current model 
works to a static production schedule and thus a minimum tooling requirement is generated as a 
matter of routine, but the added complication in this situation is the cost of the tools involved i.e 
not only does it seem necessary to reuse a tool as often as possible but unlike in metalcutting 
where the cost of a single tool is low In comparison, the same tool must be refurbished and used 
without the creation or addition of another cutting tool. This implies that etther the press remains 
idle for a period as will be the case in the workpiece-oriented model or the whole work schedule 
would have to be adjusted dynamically to respond to such sttuations. 

Modification of the workpiece-oriented model to use a refurbished tool in the first instance Is 
possible but is not considered a feasible option because the delays Incurred in nearly all cases 
proved unacceptable and thus new tools would be created anyway. This meant that what was 
required was not only a minimum tooling requirement but this requirement wtthout tool duplication. 
This situation is possible by selting a tolerance limit for worn tools In the STS as low as one which 
would force tools into refurbishment and thus enable their recycling into the system at the earliest 
oppurtunity. What is not possible is to dynamically reassign a work schedule. This latter faciltty, 
considered the most appropriate route to follow, is offered by the CACA module. This suftabntty 
of CACA does not however derate the value of the workpiece-oriented model which Is In ttseH 
significant in that it provides an actual tooling requirement to satisfy a given machining list, the 
number of tools requiring refurbishment and the times at which the tools leave and re-enter the 
cell besides the whole host of detailed resutts presented above. These resutts n Interpreted 
correctly will considerably enhance the tool management of the cell, particularly n accompanied 
by the CACA module. 

The CACA module as discussed offers a more appropriate solution to the tooling and 
capacity problems as tt Is not only able to offer short term or revised work schedules but also to 
provide the appropriate number of tools required to satisfy the given order requirement. 

The CACA module offers rapid configuration and reconfiguration of tool and part cluster sets. 
This Implies that at the very least machining of any work within a tool cluster set may continue 
until exhaustion of tool life for a particular tool. At the end of tool life a decision may be taken as 
to whether to proceed with machining using a replacement tool or another tool, n any, wtthin the 
tool cluster set or discontinue with this particular work configuration altogether and proceed to 
another work set till the tool for the former configuration is made available again after 
refurbishment. This hysteresis of work sets permits dynamic work-to lists to be established. An 
added faciltty which will considerable enhance this dynamic allocation of work is the 'cost' column. 
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This cost column will permit decisions to be made on tooling configurations to be based on a cost 
limit in which the end result will be enhanced decision making as to whether to refurbish or 

replace with a sister tool. 

SA.10 Concluding Remarks 

In conclusion it appears that either of the models may be used depending upon purpose and 
depth of analysis required. The CACA module has been found to be more appropriate for the 
type of management required of the blanking cell but if further analysis is required as to actual 
flow and scheduled times then the 'optimum' short range work schedule from the CACA module 
may be used as Input to the workpiece-oriented model. This nerative process of scheduling and 
rescheduling will converge on a complete tool management solution. Finally, the generic model 
representations have proved their abilHy to model other facilnies besides those for prismatic and 
cylindrical part metalcutting manufacture. 
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Appendix 58: 

RESULTS AND FIGURES 

A 8LANKING CELL INDUSTRIAL CASE STUDY 
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