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SUMMARY 

Using a textile machinery plant as the case study, this Teaching 

Company project looks into the causes for some typical problems 

in capacity management and its related areas, stressing the importance 

of having a formal and systematic capacity planning and control 

routine in the Company. 

Various factors affecting the manufacturing performance in each work- 

centre have to be examined in order to obtain an accurate capacity 

figure. The theme is the development of a computerized system based 

on the existing manufacturing set-up and product varieties within the 

Company. It allows the capacity requirement patterns to be assessed 

in details against different specified product-mix combinations. An 

optional sub-system, the rough-cut method also plays a significant 

role in preliminary capacity analysis, particularly when the 

availability of time and information dictates. 

Though, this work lends itself to solving the problems for the 

sponsoring Company, sufficient flexibility has been built in to enable 

the system to be implemented in other firms with limited modifications. 
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CHAPTER 1 

INTRODUCTION 

A manufacturing organisation possesses a number of production facilities, 

such as lathes, milling machine, on which work can be carried out by human 

operators. Both machines and operators can simply be referred to as 

"Manufacturing Resources’. 

The availability of such resources over a period of time can be referred 

to as ‘Manufacturing Capacity'. In the majority of cases, capacity is 

expressed in units of time such as hours or days, although in some 

industries, it may be expressed by weight or volume. 

In processing an order, calls are made upon the available manufacturing 

capacity and it is a problem facing management that the capacity required 

and the capacity available should balance. Perfect balance is extremely 

rare, but if achievable, management problems can be greatly eased. 

There are three levels of planning at which management make use of 

capacity measures of varying degrees of detail (3)(11). 

(i) Long-term planning, 1-3 years, 

(ii) Medium-term planning, 6-18 months, and 

(iii) Short-term planning, up to 6 months. 

Accurate knowledge of capacity is essential for (iii) which is intended 

for immediate scheduling/capacity allocations. Depending upon the degree 

of centralised control, the capacity quoted may be for 

- a group of machines or work-centres, or



- an individual machine. 

For (i) and (ii), capacity is usually expressed in general terms and the 

figures quoted are usually blanket figures applying to an entire workshop 

or a group of machines. The plans formulated in this project are medium 

to long term and the accuracy required is not as critical as that for the 

detailed analysis (iii). 

The research work undertaken and reported in the following pages was an 

endeavour to provide for an industrial organisation a method of assessing 

the capacity required to achieve a number of feasible product-mixes which 

can be evaluated in further detail in order to determine the most suitable 

Master Production Schedule over a period of 1 to 2 years ahead. 

To carry out this analysis effectively, an accurate method which can give 

an answer quickly with minimum manual effort is essential. 

In group technology (12)(16) the concept of a ‘composite component' has 

been developed. Such a component has all the characteristics of the 

various components being considered as a family and can be processed in a 

chosen manufacturing cell. 

It was considered possible that such an approach could be applied to 

capacity planning at the required 'rough-cut' level. In this case, the 

composite component would require machine processing which would represent 

the manufacturing contents for every component in a total machine build. 

A statistical sampling technique was used to sample the individual machine



build stages and the approach had been formulated into a computer system. 

The terms of reference for the project were therefore 

- to gather and analyse data in order to establish a procedure 

suitable for Rough-Cut and Detailed Capacity Planning, and 

having done so to prepare the required computer softwares to 

enable the procedure to be effectiviely performed by management 

during the preparation of initial production programmes. 

The work was carried out at William Cotton Ltd., Loughborough, and was 

done under the SERC Teaching Company Scheme (10).



CHAPTER 2 

BACKGROUNDS OF THE RESEARCH 

This research project was a part of the Teaching Company Programme 

established between Bentley Textile Machinery (Loughborough) Limited and 

the Department of Production Technology and Production Management of the 

University of Aston in Birmingham. 

2.1 Teaching Company Scheme (TCS) 

It is strongly believed that new scientific and technological developments 

can only be fruitful if they can be put into practice. The same principal 

applies to the advance in academic knowledge and its applications in 

manufacturing industry. In order to strengthen the collaborations between 

these two aspects, a working committee was appointed in 1974 by the 

Science (and Engineering) Research Council (SERC) and the Department of 

Industry (DOI) to look into the feasibility of establishing an active 

partnership between universities and manufacturing companies. The 

recommendations from this study led to the foundation of the Teaching 

Company Scheme (TCS). 

2.1.1 The Objectives of TCS 

(a) To raise manufacturing efficiency by using the available academic 

knowledge and facilities. 

(b) ‘To improve manufacturing methods by the effective implementation 

of advanced technology. 

(c) To train able graduates for careers in manufacturing industry.



(a) ‘To develop and retrain existing company and academic staff through 

active involvements in the programmes. 

(e) To give academic staff broad and direct associations with industry 

for research and as background for teaching. 

2.1.2 How the TCS Works 

The scheme operates through Teaching Company Programmes in which a 

university or polytechnic participates in a company programme to improve 

the overall manufacturing performance. Each programme consists of ome or 

more research projects which are carried out by graduates (Teaching 

Company Associates) appointed by the university on a two-year contract. 

The associates are based almost full-time at the company, working in 

collaboration with company and academic staff on their research areas. At 

the same time, associates are also encouraged to attend regular courses 

and seminars with a view to broadening their scope of knowledge and 

experience. 

2.2 The Company 

Bentley Textile Machinery (Loughborough) Ltd., (which has been renamed 

‘William Cotton Ltd.,' since its re-organisation in December 1981) was the 

leading supplier of fully-fashioned knitting machines, dominating more 

than eighty percent of the world market. However, in the mid-1970's, the 

company was severely hit by the world economic recession which resulted in 

a great reduction of the workforce from 2,000 to just over 200. ‘The 

manufacturing programme was reduced to a jobbing level, relying on a high 

level of stock. As a result, no proper manufacturing nor stock control 

system were necessary.



It was not until the late 1970's that the order situations began to 

improve, and the workforce increased gradually to around 500. The company 

realised that they should make use of this opportunity to diversify its 

product range in order to lessen the effects of market fluctuation on the 

company. As a result, weaving and V-bed knitting machinery were 

introduced into the company. 

New design concepts were acquired through the purchase of Singer Alemannia 

Company in Germany, the patent of a partly developed Italian weaving 

machine and the rights of a series of knitting machines from F.N.Company 

in Belgium. 

With the formation of V-bed knitting machines and weaving machine 

divisions, further developments and updating were carried out on various 

models under government fundings. 

Under the impacts of these transformations, some manufacturing problems 

began to show, such as 

(a) the stock levels for commonly used components were rapidly reduced, 

resulting in increasing shortages, 

(b) the work-loads and backlogs increased in both machine shop and 

assembly areas, 

(c) the traditional production control practices became inadequate to 

cope with the increasing output demands, 

(d) the existing management patterns were unsuitable for a multi-product 

company of this size.



In view of these existing problems, the company expressed the enthusiasm 

in carrying out a series of research and development projects with help 

from the government. 

After a series of discussions, it was agreed that an investigation should 

be conducted to assess the feasibility and implications of setting up a 

Teaching Company Programme between the company and the University of 

Aston. The proramme eventually materialised in early 1980. 

2.3 Contents of the (Aston/Bentley) Teaching Company Programme 

From the report of the investigation (March 1979) the following project 

areas were identified: 

(i) Design integration and component coding 

(ii) Capacity Planning for new products 

(iii) Stock and Inventory Control 

(iv) Material Requirements Planning (MRP) 

(v) Cam Design and Manufacture 

(vi) Standard Costing 

(vii) Assembly Planning for New Products 

(viii) Manufacturing Control (WIP) 

(ix) Company NC Policy 

The projects were to be carried out in three phases spread over a period 

of four years. Nine research associates were to be appointed each on a 

two year contract. A senior fellow was also appointed to organise the 

smooth running and integrations of the various projects.



Being one of the projects in Phase I of the Programme, this research was 

carried out over the period from May 1980 to February 1982.



CHAPTER 3 

MANUFACTURING CAPACITY 

3.1 Definition 

In simple terms, Manufacturing Capacity of a company can be defined as the 

maximum capability of outputs by its available facilities and manpower. 

3.2 General Concepts 

3.2.1 Relationship between capacity and workload 

This relationship can be represented pictorially as shown in Figure 3.1 in 

which a funnel is used to simulate a particular manufacturing plant. 

Sales orders and finished products as the input and output parameters 

respectively. The workload in the plant can be simulated as the volume of 

liquid inside the funnel at any particular moment. The rate at which the 

liquid can pass through the funnel mainly depends on the cross-sectional 

area A which represents the manufacturing capacity. In other words, 

manufacturing capacity actually governs the amount of orders that can go 

through the plant at any particular time. 

To assess the overall manufacturing capacity of a company, the capacity 

expressed in the production plan can be based on the total capacity of the 

individual work-centres. 

To explore the available capacity in each work-centre, the rate of output 

of each individual machine or equipment has to be worked out.



INPUT: SALES ORDERS 

VOLUME OF LIQUID:WORK LOAD 

CROSS SECTIONAL AREA: 
MANUFACTURING CAPACITY 

—
 

OUTPUT: FINISHED PRODUCTS 

Figure 3.1: Simulation of work-load Vs capacity 
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3.2.2 Capacity Measurement and Determination 

For the sake of consistency, the unit of measure selected when planning 

capacity should be one that is common to the mix of products encountered, 

i.e., pieces, tons, feet or standard work hours etc., per time period. 

When dealing with manufacturing capacity, estimates based on hours or 

other time units seem to be more relevant than the other units. 

The essential point that one has to bear in mind in choosing the unit of 

capacity measure is that all the products using the capacity of some 

facility must be measueable in a common denominator based on some output 

per unit of time. 

There are two basic ways of determining capacity. The more direct 

approach is to measure the average standard hours actually produced in a 

certain number of weeks or months. This measurement approach is 

relatively straight forward, but it is more suitiable when the capacity 

utilisation in each individual work centre is reasonably steady and at a 

high level. 

In most cases it is found more practical to rate and calculate the 

available capacity in each work centre. To do that various factors 

affecting the manufacturing performance have to be taken into account, as 

mentioned in the following section. 

3.3 Factors affecting Manufacturing Capacity 
  

There are a large number of factors that can affect manufacturing 

capacity. Some of these factors that have more direct effects can be 
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briefly divided into two categories, namely Planned Factors and Monitored 

Factors. 

3.3.1 Planned Factors 

These are factors that can be planned by management. Some common ones can 

be given as follows: 

(a) 

(b) 

(c) 

(da) 

Availability of facilities - it refers to the number of machines 

or equipment in the company. It is considered to be the main 

governing factor because the maximum output of each individual 

work centre is directly proporotional to the amount of facilities it 

possesses. 

Availability of manpower ~ it has a more direct effect on the output 

of a work centre in which the processes are more labour-intensive 

such as assembly, fitting, wiring or testing operations. 

Functional features of the facilities - machines and equipment in 

a manufacturing set-up are usually divided into individual work 

centre (e.g. turning, milling, grinding, drilling etc.), simply 

because they are functionally different. In certain areas in order 

to assess the available capacity more precisely, the analysis has to 

be extended to distinguishing the different varieties of machines or 

facilities in the same work centre. For instance, a cylindrical 

grinder can never be replaced by a surface grinder. 

Dimensional constraints - every piece of equipment has its maximum 

job holding features which quite often governs its areas of 

applications. For example, a centre lathe can only take work-pieces 

within a certain range of sizes and weights. 

12



(e) 

(£) 

Qperating conditions ~ the number of working hours per week can only 

give an indication of the maximum capacity available in each work 

centre. In order to find out what percentage of this maximum figure 

can actually be productive, other factors such as frequency of 

breakdown, accuracy achievable, general conditions of the equipment 

etc., have to be taken into account. 

Other sources of manufacturing capacity - increasses in capacity are 

available through overtime, adding shifts or subcontracting etc., but 

these should only be treated as temporary measures because excessive 

overtime can result in deteriorations both in the workers' health and 

product quality. Whereas the extra expenditure involved may result 

in high manufacturing cost which affects the company's competitive 

power. 

3.3.2 Monitored Factors 

Monitored factors refer to those which are subject to less direct control 

and have to be monitored carefully in order to obtain more accuracte 

capacity estimations. 

Some common monitored factors can be given as follows: 

(a) 

(b) 

(c) 

(a) 

Absenteeism 

Unplanned operations - they can be due to changes in materials, 

tooling, production routings etc. 

Urgent orders for repairs or re-works. 

Operator performance - it varies from person to person as well as 

from work-centre to work-centre. Therefore, detailed records are 

required to establish the corresponding performance figures. 

13



(e) Machine breakdowns. 

(£) Material shortages. 

(g) Unusual tool problems etc. 

3.4 Ways of expanding manufacturing capacity 

When a company undergoes a period of rapid expansion it is not uncommon 

that there is a gradual growth in unfilled orders and overtime, shifts are 

added, and any slack or hidden capacity comes into use. Thus management 

has several alternatives to increase capacity. (7) 

3.4.1 Temporary Expansion 

If increase in demand is believed to be short-lived it is better to 

increase the capacity temporarily rather than being caught with new 

capacity which is being idle. Typical ways of temporary expansions can be 

outlined as follows: 

(a) Overtime - it is usually chosen first, though it is expensive simply 

because its effects are not as irreversible. 

(b) Sub-contracting part of the production work-load to other firms and 

effectively buying rather than manufacturing some of the required 

components and sub-assemblies. 

(c) Increasing inventories - it is possible to use inventories as a 

demand buffer to insulate to a certain extent the steady operations 

of production facilities from fluctuations in market demand. 

Negative inventories or back orders are useful means of meeting what 

appears to be temporary increases in capacity demand. 

The general management decision problem of what mix of inventory, overtime 

14



and sub-contracting to use in any situation is a difficult one to bring 

under careful analysis. Yet all are used, largely because their 

reversibility outweighs their expense, as means of damping out the changes 

in plant capacity in the face of varying demand. 

3.4.2 Permanent Expansion 

The usual ways of expanding the plant capacity in a long-term basis can 

be: 

1. increasing the work force 

2. adding new facilities and technology etc. 

However, before any permanent action can be taken to increase the 

manufacturing capacity of a company, the management has to make a long- 

term (over three years) forecast to assess the trend of market demands. 

It is essential not only because the cost of adding new plant, new 

technology or new employees is high, but also the ill will generated by 

having to 'lay people off' in the future if output demand drops. 

Bearing in mind the uncertainty of any forecast if an increase in capacity 

demand is believed to be permanent, then it may be economically preferable 

to increase capacity, rather than the more costly alternatives of overtime 

or inventories which are often chosen in the face of demand uncertainty. 

The timing in which new plant facilities are brought in is also an 

important aspect in permanent capacity expansion. It is because a 

capital asset tends to yield its lowest cost per unit when fully utilised. 

This permits spreading the fixed costs over the maximum number of units of 

production. Thus on the one hand there are advantages of postponing the 

15



addition of new facilities until demand has risen to the point that it can 

be fully utilised. Opposed to these are advantages arising fram early 

additions to capacity in order to avoid the more costly alternatives of 

overtime, work force expansion, or negative inventories. Of course, 

earlier introduction of new capacity also prepares the company for 

unforeseen increases in market demand, while postponing it allows the 

accumulation of more information on which to base predictions of future 

demand. 

16



CHAPTER 4 

GENERAL CAPACITY MANAGEMENT 

4.1 Basic areas of consideration 

To organise capacity planning and control in a company there are three 

common questions that have to be answered: 

(i) What capacity do we have? 

(ii) What capacity do we need? and 

(iii) When are those capacities required? 

The answers to these questions are very essential for answering the 

following questions posed by management. (2) 

- Do we have the capacity to produce this year's sales forecast? 

-~ Do we have the capacity to produce next year's sales forecast? 

- What is our manufacturing capacity? 

4.1.1 Capacity Availability 

Depending on its size, a company may consist of different divisions or 

subsidiary plants. The capacity of the company is often expressed as the 

total of the individual plants. Each of the divisions is normally made up 

of a number of manufacturing units, namely work centres which differ in 

their areas of application according to their functional and operating 

features. 

To assess the capacity availability in a manufacturing firm, the basic 

step is to identify the amount of facilities and manpower resources in 

each work-centre. The maximum capacity can easily be found by simple 

calculations. Unfortunately this figure does not necessarily give the 

17



true picture. As it has been mentioned earlier in Chapter 3 there are 

numerous factors, such as overtime, absenteeism, percentage machine 

breakdowns, unusual tool problems etc., that can affect the actual 

manufacturing performance. All of these factors have to be taken into 

account in order to arrive at more realistic figures. Details of how 

these factors can be examined in a company will be given in Appendix I, II 

and III. 

4.1.2 Capacity Requirements 

Knowing what capacity is available one also needs to find out what 

capacity is required before any comparison can be made. The capacity 

demands can take the form of customer orders, spares parts requisitions, 

forecast demands etc (4). ‘To study the impacts of these capacity demands 

on various work-centres, detailed product structures for the orders 

concerned are required so that a bill of materials (BOM) can be 

established for each individual product. The available parts should then 

be checked against the BOM so that a shortage list can be drawn up. 

The production routing of each of the manufctured items on the shortage 

list has to be called up in order to allow the capacity requirement in 

each work-centre to be worked out. 

As a result, a bill of capacity for the manufactured items concerned can 

be obtained. 

This approach involves very detailed analyses which are in fact more 

applicable to mature products whose structure and routing information are 

18



available. However, to estimate the capacity requirements for any new 

products an alternative approach, which uses sampling techniques to 

calculate the capacity requirements (product profiles), has to be adopted. 

4.1.3 Requirement Timing 

After the available capacity in each work centre (supply) and the capacity 

requirements (demand) against a given output target have been worked out, 

the next thing to do is to compare and balance the capacity supply and 

demand against a time scale. With reference to the details of timing, a 

capacity requirement pattern can be established and superimposed onto the 

existing load pattern in each work centre. The resulting pattern will 

then show the actual fluctuations of capacity demands and highlight any 

forthcoming problem areas. If it is necessary, re-scheduling has to be 

carried out to achieve a more steady distribution of work-load over a 

given period of time (1)(2)(3). 

4.2 Linkages between capacity planning and other aspects of manufacturing 

Management 

It is important to realise that capacity planning is by no means a 

discrete function. In fact, it is closely related to other managerial 

functions such as forecasting, inventory management, material requirements 

planning (MRP), control of manufacture and master production scheduling 

etc. 

4.2.1 Forecasting 

Forecasting is a critical input into establishment of the production plan 

and the master production schedule (MPS). Similarly the forecast can be 
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converted via a data base into the corresponding capacity requirements to 

help set long-range capacity plans. bo obtain a reliable forecast the 

market trend has to be observed and predicted well ahead in order to work 

out the volume of production and a suitable product-mix which will enable 

the facilities in a company to be effectively utilised. 

4.2.2 Master Production Scheduling 

Master Production Scheduling mainly encompasses the variety of activities 

involved in the preparation and maintenance of the Master Production 

Schedule (MPR), which is an anticipated build schedule for the company's 

products. ‘Typically this might be the quantity to be produced in the next 

six months, twelve months or longer. ‘The MPS can be stated in different 

terms, such as end product items, actual customer orders etc. The MPS 

represents a production statement which disaggregates the production plan 

into individual product items. Each of these product items can then be 

exploded to give a bill of materials which consists of assemblies, sub- 

assemblies and components as far as raw materials required to build the 

product concerned. Detailed analyses can then be carried out to study the 

effects of the MPS upon various work centres in the company at different 

horizons of capacity management. 

4.2.3 Materials Requirements Planning (MRP) 

Materials Requirements Planning (4) is the explosion logic that launches 

all orders. It is also the system that accomplishes this process with 

reduced inventory levels, the system that changes capacity requirement 

timings and produces a time phased set of expected capacity requirements. 

It can also feed back anticipated execution problems to the master



production schedule for any appropriate re~planning. 

4.2.4 Inventory Management 

Inventory Management can significantly affect production plan and capacity 

utilisation because any net change to overall inventory or backlog levels 

will have a direct influence on the resources required. At a more 

detailed level, lot sizes, safety stock and lead time offsetting all 

affect the timing and the amounts of individual work orders. 

Manufacturing capacity has to be carefully planned with the objective of 

meeting the resultant requirements. 

4.2.5 Control of Manufacture 

The objective of controlling manufacture is to produce goods in the 

quantities specified and by the date specified on the shop orders, subject 

to meeting quality and cost standard. 

In order to meet the completion date the load in any work-centre should 

not exceed its capacity for any length of time (5). If capacity planning 

has been carried out effectively the work-load should not be irretrievably 

out of line with available capacity. It is the responsibility of the 

management to foresee any impending overload or underload situations so 

that corrective actions can be taken soon enough to maintain a reasonable 

utilisation of labour and plant. Apart from that, every effort should 

also be made to minimise material shortages, last minute design 

modifications and machine failures. 
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4.3 Basic Steps in Capacity Planning and Control 
  

There are five basic procedures in capacity analysis. 

4.3.1 Preparation of Sales Forecast 

A sales forecast is critical to capacity planning. Since the goal of most 

manufacturers is to produce what marketing can sell, i.e. manufacturing 

must plan to produce the forecast sales level. A good sales forecast 

should be able to help: 

~ define units of production, not only monetary totals 

consider changes in product-mix 

project capacity requirements periodically 

include the requirements for new products. 

4.3.2 Forecast Explosion 

The forecast of finished product requirements has to be exploded to give 

gross part requirements in the form of a bill of materials. This can be 

done more easily by means of a computer. The gross part requirements are 

then extended into standard machining or assembly hours to obtain a 

summary of the projected standard hours in each work-centre. However, 

this projection of standard hours is not sufficient for defining the 

actual capacity requirements because other factors, such as percentage 

breakdown and operator performance also need to be taken into account. 

4.3.3 Identification of Efficiency Factors 

Experience indicates that machine standards are not always up to date nor 

are operators 100% efficient. An average gross efficiency factor for each 

work-centre can be established by means of activity sampling as well as 
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the actual time records. Eventually projected capacity requirements can 

be established. 

4.3.4 Capacity Scheduling and Loading 

The projected requirement pattern can then be compared with the existing 

load pattern so that any unbalance can be highlighted and dealt with 

accordingly either by re-scheduling the work load or expanding the 

capacity. 

4.3.5 Capacity Expansion 

Capacity expansion can be accomplished by various means: 

(i) add equipment - the most obvious but often the most costly way 

(ii) increase manpower - by adding shifts or overtime 

(iii) balance machine workload by changing routings 

(iv) improve production efficiency by methods improvements 

(v) improve operator's performance through incentive plans, or tighter 

scheduling of work 

(vi) re-sequence shop orders to reduce set-up and downtime thus 

improving the machine's efficiency and increasing its ability 

to produce work, i.e. increasing its capacity. 
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4.4 Data Required 

(i) Up to date capacity load records are essential for showing the 

existing work-load distribution and providing a more reliable 

foundation for subsequent capacity scheduling and loading. 

(ii) A detailed structure is required for every product to enable the 

bill of materials to be produced. As a result both purchased and 

manufactured items can be dealt with promptly. 

(iii) Relevant production routings and time estimation are also required 

to enable accurate work-load calculations and sequencing. 

4.5 Basic Tools 

Capacity Planning and Control is a very time consuming and labour 

intensive topic simply because it involves detailed data collections and 

analyses from various related areas. However, a large proportion of the 

operations are in fact repetitive, therefore the use of a computer seems 

most appropriate. The type of computer required normally depends on the 

product types and the number of different components employed in the 

company 

The computer chosen must have sufficient core memory to handle the large 

number of manipulations and reasonable memory backup for the various data 

files such as current work-load records, product structure records and the 

production planning details etc. 

In addition to the computer, suitable input and output consoles are also 

important to facilitate the system applications. 
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4.6 Standard Reports 

Among the reports available from a typical capacity planning and control 

system, some significant ones can be given as follows (6)(7). 

(i) 

(ii) 

(iii) 

(iv) 

Work Centre Master Listing - it details the availability of 

machines, manpower and facilities in each individual work-centre. 

Master Production Routing Records - in the process of setting up a 

capacity planning and control system, the routings for all the 

manufactured items have to be stored in the computer memory. As a 

result the routing details for any manufactured item can be readily 

retrieved by the computer and used for various purposes of 

production planning and control. 

Work-Centre Load Analysis - it is normally in the form of a print- 

out sometimes accompanied by a histogram showing the up to date 

distribution of work-load over a selected period of time. 

Job Sequence List - when the product-mix policy is defined, the 

system should be able to initiate a relevant list showing the work 

orders required to meet the output target by referring to the 

relevant product structures. As a result a work-to list either in 

part number or launch date sequence can be produced for production 

and work-in-progress control purposes. 
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CHAPTER 5 

CURRENT MANAGEMENT PRACTICES IN THE COMPANY 

5.1 Production and Inventory Control 

The present production and inventory control procedures in the company are 

entirely manual. Although a computer programme has been used for the 

purpose of shortage allocations, there is no interface between this 

particular routine and other production control functions. 

Qn receipt of a new customer order, the production control department is 

responsible for interpreting the specifications from the order into the 

relevant product type plus any required standard or special options. As a 

result the corresponding parts lists are put together to form a bill of 

materials. The whole process may take as much as six weeeks to complete, 

depending on the complexity of the product concerned. The bill of 

materials will then be passed over to store for kitting up and shortage 

identifications. As a result a shortage list can be drawn up and fed back 

to the production control department where shop orders and purchase 

requisitions will be released. Any necessary batching and order quantity 

adjustments will also be carried out at this stage. At the same time the 

shortage records are stored on a computer file in order to assist 

subsequent allocations as the outstanding items arrive. 

The purchasing department then places the orders for any outstanding 

bought-out items, while the production control department releases the 

shop orders for the manufactured items required. 
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During the late seventies the machine manufacturing was performed almost 

entirely from stocked items which had been there before the recession in 

the early seventies. No proper stock records were kept. However, the 

stocked items gradually ran out and the work-load in the machine shop 

increased significantly, resulting in an obvious increase in individual 

order through-put time and hence delay in delivery. 

5.2 Manufacturing 

The production department is made up of two major divisions, i.e. the 

machine shop and fitting shop. 

The machine shop can be further broken down into individual work centres 

according to the functional and dimensional features of the machines. 

Apart from the conventional machine tools, such as millers, lathes, 

grinders etc., some special-purpose machines, such as multi-station trick- 

cutting machines, verge-rolling machines etc., are also required for this 

particular industry. 

In recent years, numerical controlled lathes and machining centre have 

been introduced into the company, forming a separate NC work-centre. 

These machines have been proved to be effective in reducing the machine 

setting-up and operation time. 

All the shop orders are released fran the production control department to 

the machine or fitting shop through the scheduling office. Individual 

work orders are then allocated to the relevant work-centres in a correct 

operational sequence as indicated on the production planning sheets,



although in certain cases a limited amount of flexibility can be allowed 

for alternative routings with a view to lessening the effect of any 

capacity unbalance. The foreman or chargehand in each work-centre is 

responsible for the actual loading of the facilities according to the job 

priorities which are getting complicated to sort out as the amount of 

spares and unforeseen orders increases. 

The fitting shop is product-oriented, being sub-divided into fully- 

fashioned, V-bed and weaving sections. They are basically self-contained 

assembly bays for individual product groups. 

5.3 Capacity Planning and Control 

At present the company has no formal system for capacity planning and 

control. However, the total amount of assembly man-hours is estimated for 

budgetary control purposes. The assembly man-hour content of the products 

is budgeted against the sales forecast to arrive at a figure of total 

assembly hours during the year. 

Unfortunately a similar approach is inapplicable in the machine shop 

simply because there is no way the forecast can be translated into 

capacity demands on various work-centres. Shop load is measured as it 

occurs and day-to-day management judgement applied to increase or decrease 

the sub-contract volume as required. 

At present plant capacity is difficult to allocate to meet the increasing 

demands for the new product models becaue unlike the conventional fully- 

fashioned knitting machines, the supervisors have insufficient experience 
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on the new products to give a reasonable estimation on assembly hours. 

As far as the fitting shop is concerned, assembly of knitting mchines is a 

highly skilled process requiring profound experience. The job is further 

complicated by the lack of proper assembly instructions and detailed 

assembly drawings. As a result individual fitters have to develop their 

own philosophy of tackling the job. This may result in two machines of 

the same type being assembled in different ways. This practice does 

create inconvenience and confusion in future repairs and services. 

5.4 General Management 

As the company is currently undergoing a period of rapid product 

development and diversification, some fundamental problems which have been 

latent in the company for quite some time become more critical. Typical 

problems can be noticed in the following areas: 

(a) Production Control Department - as the production control practice is 

basically manual, an increasing level of manufacturing activities 

with the introduction of new products simply causes chaos in certain 

areas. 

(b) Machine/Fitting Shop - the reduction of useful stocks and the 

increasing capacity demands cause a significant amount of backlog in 

both the machining and assembly areas. 

(c) Design Department - the present design practices rely very much om 

the product knowledge of a small group of key personnel. Few 

formalised procedures are available to systematise the job knowledge 

which may be forgotten with the passage of time. 
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(ad) Capacity Control ~ the existing plant capacity is undefined as to a 

very large extent is future capacity requirements. Therefore it 

remains uncertain how far the existing capacity can cope with the 

future output demands. 

(e) Stock Control - since there is no formal stock control system in the 

company the stock records can hardly be up to date. Owing to 

insufficient stores staff, perpetual stock check is done only once a 

year with the assistance of staff from other departments. Major 

items are ordered against sales contracts while commonly used low 

cost items are re-ordered at some convenient level. 

Apparently the existing management control systems are inefficient and 

lack of co-ordination. The problems are further intensified by the 

introduction of new products. The company has come to a stage that unless 

some inter-related control systems can be set up immediately with the aid 

of a computer, the troubles will multiply rapidly. 

In view of the existing problems in the company, the following areas have 

to be dealt with urgently: 

(a) Setting up a master file holding all the basic information for every 

component used in the company. It is essential for effective 

material management. 

(b) Setting up a unique structure file for every product so that an up to 

date bill of materials can be obtained for production and inventory 

control functions. 

(c) Identifying the existing manufacturing capacity in the company. 
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(a) Establishing the purchasing, processing and assembly leadtimes for 

every item or sub-assembly. 

(e) Establishing proper routine for effective shop scheduling and 

loading. 

(£) Setting up a work-in-progress control routine to monitor the 

manufacturing programme. 
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CHAPTER 6 

EXISTING PLANT CAPACITY 

6.1 Basic Divisions 

The complete manufacturing set-up of the company can be fundamentally 

Givided into two areas, the machine shop and the fitting shop. 

6.1.1 Machine Shop 

The machine shop is reasonably well equipped, possessing a good balance’ of 

conventional machines such as lathes, millers, grinders etc. In addition 

there is also a fair amount of special-purpose equipment, such as trick- 

cutting machines, verge rolling machines and cam millers, etc., which are 

unique for the manufacturing of textile machineries. The machine shop 

resources have been further enhanced following the additions of NC lathes 

and machining centre in recent years. 

According to the functional and dimensional features of the machine tools, 

the machine shop can be divided into different groups as shown in Figure 

6.5.1. Details of the machine distributions in various work-centres can 

be found in Appendix I - The Plant Register. 

6.1.2 Fitting Shop 

The fitting/assembly shop is made up of fourteen assembly groups as 

detailed in Figure 6.5.2. Most of the mechanical assembly areas are 

product-oriented and specialised in certain types of product models, such 

as fully-~fashioned machines, V-bed machines or Orbit weaving machine. 
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Whereas the electrical assembly area caters for the wiring and electrical 

installation for every product. 

6.2 General Conditions of the Equipment 

6.2.1 Mechanical Conditions 

With the exception of some newly acquired NC machines for the V-bed 

knitting section, most of the machines have been in the company well over 

twenty years. However, the accuracy and reliability on most of the 

machines are still acceptable for normal applications. 

All the same, in order to improve the production efficiency, some recently 

developed cutting tools, which can be used for much heavier duties, have 

been used. As a result the power output demands from the machine tools 

increase accordingly sometimes to an extent that the machines are 

practically overloaded. It has an adverse effect of rapidly deteriorating 

the machine life. Therefore a considerable proportion of the existing 

machine tools will be due for replacement in the next few years' time. 

6.2.2 Capacity Utilisations 

(a) Machine Utilisation - At the beginning of this project, an activity 

sampling study was undertaken to study the utilisation situations in 

individual machine groups. From analysis of the study less 

frequently used equipment can be identified and dealt with 

separately. 

To begin with, a pilot study was conducted to work out the suitable 

sample size required in each machine group in order to achieve a 

33



specified confidence level of accuracy (9). 

The results show that in the more commonly used machine groups, such 

as turning, milling, grinding etc., the percentage utilisation lie 

between 55 to 65, while the utilisations in some special~purpose 

machine groups only range from 30% to 40%. Detailed results from the 

activity sampling exercise can be found in Appendix II (A). 

(b) Man-Power Utilisations - To collect the necessary information, from 

each work-centre a weekly record, showing the time spent on direct 

productive work and other indirect activities (e.g. repairs, jig and 

tool preparations etc.), was taken. As a result, the manpower 

utilisation figures were worked out accordingly as shown in 

Appendix II (B). 

6.3 Operator Performance 

Normally, every work order that goes through the machine or assembly shop 

is accompanied by the related paper work, such as drawings or planning 

sheets. Estimated times can be found against each operation in the 

routing. However, the actual time taken to do a job varies from oe 

operator to another and these discrepencies have to be taken into account 

for accurate capacity scheduling and loading. 

The relationship between the planned time and actual time taken for a 

particular job can be assessed in terms of performance factors. To 

establish the average operator performance in each work-centre, time 

records from the costing department were taken and compared to the 

estimated time on the related planning sheets.



Details and results of the analysis on each individual work-centre can be 

found in Appendix II. 

6.4 Effects of Overtime and Absenteeism on Manufacturing Capacity 
  

Overtime is always an effective way of expanding the capacity of a company 

at least on a temporary basis. However, the amount of overtime should be 

carefully controlled because excessive overtime work over a long period of 

time will not only lower the working efficiency but also increase the rate 

of scrappages and accidents. 

Absenteeism simply means losses of productive hours which can hardly be 

positively predicted. Thereforeprevious records have to be analysed in 

order to assess its effects on manufacturing capacity. 

Detailed analyses of these two important factors can be found in Appendix 

IIl. 

6.5 Present Manufacturing Capacity in the Company 
  

6.5.1 Machine Shop Capacity 

The maximum machine shop capacity is a function of the facilities within 

various work-centres and can be easily worked out. However in order to 

obtain a more realitic figure, various relating factors such as machine 

utilisation, operator performance, percentage overtime and absenteeism 

etc., established in previous sections have to be taken into account. 

Detailed calcultions of the effective machine shop capacity are shown in 

Figure 6.5.1. 
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6.5.2 Assembly/Fitting Capacity 

Since the assembly and fitting operations in this particular trade are 

highly labour-intensive, the manufacturing capcities in those areas are 

directly proportional to the number of direct operatives they have. Once 

again the effects of all the related factors have to be considered. The 

relevant calculations can be found in Figure 6.5.2. 
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CHAPTER 7 

DETAILED APPROACH TO CAPACITY PLANNING AND CONTROL ~ DETAILED METHOD 

7.1 General Description 

This approach offers a detailed analysis of the manufacturing resources 

and demands with respect to the production programme in the company. It 

forms the skeleton of the system proposed by the project. 

7.1.1 Aim 

This method was developed to provide the company with a means of planning 

and controlling its manufacturing capacity effectively in order to achieve 

its yearly output target. 

In the longer term, it can help plan the future plant expansions and 

investments in order to match the future capacity demands. 

7.1.2 Areas of Application 

The benefits to be gained by individual departments in the company by the 

application of capacity planning include; 

(a) Finance Department - different product-mix policies can be tried out 

for budgeting purposes just by varying the input parameters. 

(b) Sales Department - with the up-to-date capacity information provided 

by the system, more effective order intake control can be achieved. 

Therefore, more realistic delivery times can be quoted. 

(c) Production Department - the master production schedule can be planned 

in such a way that the available manufacturing resources can be used 
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efficiently by referring to the work-load distribution patterns in 

various work-centres. Thus, work orders can be released to the right 

areas at the right time. As a result, work-in-progress can be 

reduced significantly. 

(a) Purchasing Department - with more reliable requirement timings, the 

buying orders can be placed promptly to suit the production 

programme. Therefore, both material shortages and stock holding 

costs can be brought under control. 

7.1.3 Brief Outline of the Detailed Method 

The system softwares were prepared in MICROSOFT-80 BASIC Programming 

Language. They were designed to be run on a CPM or MPM Operating System. 

However, only slight modification would be needed to tailor the system for 

used on other machines. 

The running of the system can be roughly divided into three stages: 

Stage I -~ specifying the input parameters 

Stage II - capacity analysis, scheduling and loading 

Stage III - output of results. 

In stage I all the relevant input conditions, such as the year concerned, 

production target, batch quantity, etc, have to be specified by entering 

the required data into the system through a VDU. 

In stage II, the computer will copy the lastest capacity-load records mto 

a work-file which will be updated as the analysis proceeds. The structure 

file for the specified product will then be gone through one by one. ‘The 
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planning details for every manufactured item will be obtained from the 

production routing file in order to calculate the corresponding capacity 

requirements. Scheduling and loading will take place against the time 

scale set by the input conditions. If finite loading option has been 

chosen any overloads will be re-scheduled. 

The same routine will be repeated for each of the production cycles as 

specified at the beginning of the analysis. 

In the end, a new capacity-load patter will be available for each work- 

centre. These patterns can be presented in stage III in any of the 

following ways: 

(a) on a VDU 

(b) in the form of tabulated computer print-out 

(c) in the form of a histogram 

The resulting capacity distribution corresponding to the input product-mix 

policy can then be examined. If the new loading situations are 

acceptable, the current capacity records on the work file can be 

transferred onto the permanent capacity-load record file. Otherwise, the 

new records will be ignored as the programme is terminated. The system 

characteristics enable different product-mix policies to be experimented 

with and the resulting effect on capacity requirements studied. 
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7.2 Data Preparation and Maintenance 

7.2.1 Capacity-Load Records 

This is the first record file that has to be set up because the most 

important feature of this system is to maintain up-to-date capacity 

records for every work-centre in the company. 

The basic weekly capacity can be derived from the average weekly working 

hours and the availability of machine/operators in each individual work- 

centre. 

However, in order to obtain the effective capacity figures, the following 

factors have to be taken into account. 

(a) Machine utilisation 

(b) Operator performance 

(c) Percentage overtime 

(d) Percentage absenteeism 

The "rated" weekly capacity in every work centre can then be obtained by 

adjusting the normal figure with reference to the above factors. The 

resulting records will then be held in a random data file as a data base 

which will be subsequently updated as soon as loading in any work-centre 

changes. 

7.2.2 Production Routing Records 

The production routing record of each particular item contains details of 

operation sequence, the setting-up and machining time allowed for various 
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Operations etc. These records have to be kept up-to-date to enable 

capacity requirements to be calculated accurately. 

Since an item can be used on different products in the company, the 

production routing file is in fact set up at the plant level rather than 

product level. ‘The operation planning sheet used in most companies should 

contain the necessary information for establishing the required routing 

file. The most important thing to do in this stage is to check whether 

the available setting-up and machining times are reasonably realistic. 

The BASIC programme, "RNFILE" was written for creating, updating and 

displaying production routings. Details of this programme can be found in 

Appendix VII. 

7.2.3 Stage Chart 

In capacity planning, being able to tell what capacity is required is only 

half the story because the time factor is equally important. A Material 

Requirements Planning (MRP) system can work backward from the delivery due 

date to work out when exactly a certain operation in a given component or 

assembly has to be done in a specified work-centre. It is a very detailed 

process for working out the capacity timing. There is no MRP system in 

the company at the moment, therefore an alternative procedure using a 

stage chart to indicate timing had to be used. 

A stage chart (3) shows against a time scale the sequence of activities by 

which finished products are made. The major activities that have to be 

considered in a manufacturing set-up can be identified as purchasing, 

machining and assembly. The duration for each of these activities 
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represents the time required to complete it from the completion of the 

preceding one. It is often referred to as the lead time. 

To prepare the stage chart for a given product, firstly the complete 

manufacturing cycle has to be divided into a suitable number of stages 

according to the sequence of major assemblies. The various lead-times for 

each stage have to be obtained fram the related departments. 

The machining/processing lead time is by far the most complicated one to 

establish because in addition to the actual processing time, the time 

required for queueing, transportation between work-centres and other 

unplanned operations has to be taken into consideration. 

After the lead times for all the items in a particular stage have been 

established, the longest purchasing, machining and assembly lead times are 

then used to denote the durations for these three major activities in the 

stage concerned. They will then be plotted against a time scale in 

similar form to a Gantt chart. ‘The same procedures have to be repeated 

for every stage in the production cycle. In the end, a complete stage 

chart results as shown in Figure IV.1, 

Fron a stage chart, one can tell when exactly the purchasing, machining 

and assembly processes in any stage are due for starting and finishing 

with reference to the overall production schedule. Another important 

application of stage charts is to help identify which activities have to 
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be initiated before receipt of customer's orders, owing to exceptionally 

long lead times, a requirement which causes some work orders to be 

released against a forecast. 

7.2.4 Structure Records 

As mentioned in 7.2.3, to construct a stage chart of a certain product, 

the manufacturing processes have to be stratified into different stages of 

major assemblies. fo extend this idea a step further, since the 

components and sub-assemblies required to build up each major assembly 

bear close relationships to one another, a product structure tree can thus 

be drawn up to relate various items to the end product. 

The structure record of a particular item should contain the following 

details: 

PN - the part number of the item. 

SINO - the stage number in which the item is used for the first time 

in the production cycle. This can ensure that the total 

requirements of the item are manufactured in a single batch 

at its first occurence in each production cycle. 

QTYPER - total quantity of the item required per end product. 

LT - the lead time required for the item concerned. 

CM - the cycle message indicates how often a work order for the 

item needs to be released. 

ie CM = 1,2 or 3 means that work order is released every one, 

two or three production cycles respectively. This device 

enables some simple and less expensive items to be produced in 
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a larger quantity sufficient to cover their total requirements 

over a certain number of production cycles, especially when the setting-up 

time outweighs the machining. 

The structure records for two of the items used on 'ACE' knitting machine 

can be shown as follows:- 

PN stro ™ QTYPER LT 

101025 2 els a 4 

242030 4 2 4 2 

The BASIC programme "STR" can be used to create, update and display any 

structure record. Details of this programme can be found in Appendix VII. 

7.3 Basic Features of the System 

7.3.1 Input Parameters 

To enable the detailed method to carry out its designed functions, a 

series of input parameters have to be specified as follows:- 

YEAR - That is the calendar year concerned. The system was 

designed to handle data up to a maximum of five years. 

STARTING WEEK ~ It defines the week in which the production 

programme is planned to commence. 

PRODUCTION TARGET - It represents the annual output target for the 

product concerned. 

CHOICE OF - Detailed or rough-cut method (the latter will be 

APPROACH dealt with in Chapter 8) 
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LOADING OPTIONS - Choices of infinite or finite loading are 

available. In the former case, the capacity 

demand is loaded against the week number worked 

out by the computer, disregarding any 

overloading while in the latter case, any 

capacity overload will be re-scheduled 

automatically. 

BATCH QUANTITY - the number of machines of the given type 

to be made in each production cycle. 

TIME INTERVAL ~ the duration (in weeks) between 

the beginnings of two successive production 

cycles. 

After getting sufficient information from the input parameters, the 

computer will start working out the optimum number of production cycles 

required to meet the output target. Adjustments to the batch sizes in 

individual cycles can be made at this stage. 

7.3.2 Calculations of Capacity Requirements 

After the number of production cycles and the corresponding batch 

quantities have been finalized, the computer will call up the product 

structure file (7.2.4) and go through the records one by one in stage 

number order. The relevant routing record will then be called up from the 

production routing file (7.2.2) against each structure record. The 

capacity requirement for every operation on the routing record will be 

worked out with reference to the setting-up time, machining time and 

various input parameters. 
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The same procedures will be repeated for every manufactured item in each 

production cycle. 

7.3.3 Capacity Scheduling and Loading 

After the capacity requirements for each manufactured item have been 

calculated, they will be allocated to the appropriate work-centre against 

the week number derived fran the stage chart (7.2.3) in either of the 

following two ways. 

(a) Infinite loading 

(b) Finite loading 

With infinite loading, the capacity demands will be loaded onto different 

work-centres against the required week number disregarding the resulting 

work load (4) (6) (11) whereas, with finite loading, the required capacity 

will be checked against the free capacity in the work centre before 

loading. If the required capacity exceeds the free capacity in certain 

weeks, the balance will be re-scheduled backward to the nearest week(s) in 

which the outstanding work-load can be absorbed. 

Infinite loading can be used to highlight when and by how much a 

particular work-centre will be overloaded, and as a result remedy actions, 

such as increasing overtime or sub-contracting, can be planned in advance. 

With the finite loading option any necessary re-scheduling in order to 

give a smooth and steady load distribution is done by the computer during 

the programme run. 
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7.3.4 Work-load Analysis Reports 

The work-load distribution in any work centre can be shown in three 

different ways: 

(a) VDU - the capacity-load situations in any week-work centre 

combination can be shown on the screen. 

(b) Detailed Report - the capacity-load information can also be printed 

on computer hard copies, showing the weekly capacity allocation for 

any work centre over a given period of time. 

(c) Graphical Output - the capacity distribution pattern for a certain 

work-centre can be plotted in the form of a histogram together with 

the corresponding analysis figures alongside the week numbers over a 

specified period of time as shown in Figure 7.3.4 (a) and 7.3.4 (b). 

7.3.5 Capacity - Load File Handling 

At the start of the programme, the initial capacity (work-load) records 

for every work-centre are copied from the permanent data file onto a work 

file which is subsequently updated as the new capacity allocations 

proceed. In the end of the programme, the work file will contain the mst 

recent capacity-load records of the company. According to various 

applications, the user can choose to have these records transferred into 

the permanent data file which will be used as the capacity data base for 

subsequent analysis. Otherwise, the records in the work-file will vanish 

as soon as the programme is terminated leaving the initial capacity 

records in the data-base. 
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These options provide the flexibility for experimenting with different 

product-mix policies without having to make any permanent changes on the 

records until a suitable combination is found. 

7.4 Pros and Cons of the Detailed Method 

7.4.1 Advantages 

(a) 

(b) 

(c) 

(da) 

(e) 

(£) 

(g) 

It gives the company an effective means of planning and controlling 

its manufacturing capacity. 

The effects of different product-mix policies can be assessed before 

the company's annual budget is drawn up. 

The impacts of any sales/customer orders on the manufacturing sector 

(work-centres) of the company can be predicted well in advance so 

that any necessary actions can be taken in good time. 

It provides an accurate way of estimating capacity requirements 

because every single item is analysed in detail. 

When infinite loading is used, any overloading can be highlighted so 

that corrective actions can be taken. 

When the finite loading option is chosen, the re-scheduling property 

can ensure a smooth and steady shop-load. 

Flexible output formats are available to suit different applications 

and analyses. 
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7.4.2 Limitations of this Approach 

(a) 

(b) 

(c) 

It is more suitable for mature products - the establishment of 

various system files for production routings, product structures and 

lead time records, etc require very detailed information which may 

not be available with new products or prototypes. 

Extensive Data Preparation Process - with this detailed approach, 

records have to be established for every single manufactured item. 

The amount of work involved is intensive and very time consuming. 

This problem becomes more significant when products of high 

complexity like fully-fashioned knitting machines are dealt with. 

Slow System Feedback - the detailed method allows the capacity 

requirements for every item to be worked out and loaded accordingly. 

However, the total manipulations involved in each production cycle 

may be too massive for a micro-computer of limited core memories. As 

a result, it takes so long to work its way through that it may limit 

its applications on some occasions, such as preliminary planning or 

decision making meetings. 
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CHAPTER 8 

ALTERNATIVE APPROACH - ROUGH-CUT METHOD 

8.1 General Descriptions 

8.1.1 Introduction 

As it was mentioned in section 7.4.2 there are certain areas in which the 

application of the detailed method may be limited by the availability of 

of time and data. An alternative system approach called the rough-cut 

method was thus introduced to take care of some areas which have not been 

fully covered by the detailed approach with a view to improving the 

flexibility of the system proposed. 

8.1.2 Characteristics 

The basic logic of the rough-cut metod is identical to that of the 

detailed approach. In fact, some of the system programmes are shared by 

both approaches. 

The essential features of this approach lie in the ways in which the 

structure and production routing records are established. A hypothetical 

iten (12) (16) has to be created in each stage to account for all the 

manufactured items in the stage concerned. Each hypothetical item can be 

fully described by two records: 

- a dummy structure 

- a dummy routing 

Therefore, instead of preparing a large number of detailed data, only a 
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few dummy records need to be established according to the stages of major 

assemblies. Moreover, the system response rate can be significantly 

improved because of the reductions in data handling and system 

manipulation time. 

8.2 Data Preparation 

8.2.1 Dummy Structure 

A dummy structure record having the same format as a detailed structure 

record prepared for the detailed approach (Chapter 7), consists of: 

PN ~ the part number assigned to the hypothetical item, eg, 999991 

and 999992 represent the hypothetical items in stage 1 and 2 

respectively in the production cycle. 

STNO - represents the stage number. 

CM - cycle message - it indicates how frequently a work order for 

the item concerned has to be issued. 

QTYPER - It is a variable which gives the total number of manufactured 

items in the stage concerned. 

LT - represents the average manufacturing lead time in weeks for the 

hypothetical item. 

For example, the dummy structure records for the first two stages of the 

‘ACE' knitting machine can be expressed as follows:- 

PN STINO CM OQIYPER LT 

99999] - J 2 64 3 

999992" 2 Lf 95 4 
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Dummy structure records can be created, updated and displayed by running 

the BASIC programme "STR" which will be explained in detail in Appendix 

VII. 

8.2.2 Dummy Routing 

A dummy routing is used in the rough-cut method to simulate the production 

operations required for manufacturing each of the hypothetical items. 

It is in the same format as a detailed routing record with the exception 

that equivalent setting up and machining times are used in every 

operation. 

Those equivalent figures were statistically established using the 

"stratified sampling technique’ (13). 

Manufactured items of the chosen product are stratified into different 

sample groups according to the sequence of major assemblies as in the 

construction of stage chart (7.2.4). A random sample of a suitable size 

(8.4) is taken from each stage. The operations for the manufacturing of 

all the items in the random sample are further stratified into work-centre 

groups to which they belong. 

For each work-centre group, the setting-up time and processing time for 

every operation are recorded from the relevant production planning sheets 

for further statistical analyses as shown in the following paragraphs. 
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As an example of how the equivalent setting up time and equivalent 

processing time can be worked out, the HM2 work-centre in stage 1 is 

chosen for illustration. 

QTYPER = the total number of manufactured items in stage l. 

N = the size of the random sample. 

N = the total number of HM2 operations fram the sample. 

tsi = the setting up time for the ith pa operation. 

tmi = the machining time for the ith um2 operation. 

ni = the quantity of *the ith pm2 item required per end product. 

Ts = the equivalent setting up time per item in stage l. 

‘Tm = the equivalent machining time per item in stage l. 

*Note: the ym HM2 item refers to the item that calls up the ith 

operation. 

(a) The mean setting up time per HM2 operation 

Ni 
-( = tsi ) a1 

a 

  

(b) The rated mean machining time per HM2 operation 

Ni Ni 
Sp) tmi ni) / 28 

=] ily ee, ae ee > ee ae ae (ii) 

(c) The average number of HM2 operations per sample item 

NN eae cere (iii) 
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(a) The average manufacturing quantity per sample item 

(e) The equivalent setting up time per item in stage 1 can be given by 

(1) Gili) 

  

(£) The equivalent machining time per item in stage 1 can be given by 

Cid) ett), x div) 

Ni N N 
ie Tm (2 tmi x ni) (2 ni) * (Ni/N) +| = ni) /Ny 

=] i=1 i=1 

Ni 
Tm = Z  tmi ns) [IN wr anna nw nnn nnn nn (vi) 

1=1 

By repeating the same procedures with every work-centre group, the dummy 

routing for the hypothetical item in stage 1 has been worked out as 

shown:- 
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PN STNO Work Centre Ts ‘Tm 

999991 1 C4 10.5 0.75 

C6 15.6 0.96 

CL1 13.7 1.02 

NC 20.3 0.65 

HM2 25.5 2.15 

HM3 30.2 2.4 

vM2 23.1 1.75 

M3 22.4 1.90 

G2 125) 3.00 

G3 13.7 2.65 

The above data can then be input into a dummy routing file by running the 

BASIC programme "RPLAN" which will be explained in detail in Appendix VII. 

8.3 Basic Functions of the Rough-Cut Method 

8.3.1 Input Parameters 

The input parameters required for this method are very similar to those 

used for the detailed method as mentioned in section 7.3.1. 

When they have been specified, the computer will work out the optimum 

number of production cycles required to satisfy the output target. 

Adjustments on batch quantity in each individual production cycle can be 

done at this stage. 

8.3.2 Calculations of Capacity Requirements 
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To work out the total capacity requirement in every work centre, the 

computer needs to go through the stages in the correct sequence, the dummy 

structure and dummy routing for each stage being called up as required. 

Example: For a production cycle quantity of Q, the total HM2 capacity 

requirement for stage 1 can be worked out as shown. 

(a) ‘Total HM2 setting up time for stage 1 

**0.5 (QOTYPER- equivalent setting up time) 

Na 
0.5 onan ( z tsi) VaR gcen ee ue ee ee ee (vii) 

i=l 

** Assuming a work order is released every alternate cycle, therefore a 

corrective factor of 0.5 is used. 

(b) Total HM2 machining time for stage 1 

cycle quantity x OTYPER x equivalent machining time 

Ni 
Q . QOTYPER ( a -tmig” ni [ON wneee-2--22-2--------- (viii) 

i=l 

In the end, the total capacity required in work centre HM2 can be obtained 

by superimposing the results from individual stages.



8.3.3 Scheduling and Loading 

As soon as the capacity requirement on each work centre has been worked 

out, the system will go ahead with scheduling and loading. Since mly re 

hypothetical item is used in each stage for capacity calculation, it is 

more reliable to use the finite loading option, otherwise excessive 

overloading in certain areas will seriously distort the true picture. 

8.3.4 Work-load Reports 

The resulting work-load in a certain work centre can be expressed in the 

following ways. 

(a) On a VDU - the work-load information in every work centre for a given 

week-year combination can be listed on a VDU. Instead of going 

through a complete list, an option is available to concentrate on the 

capacity situation of a specified work centre alone. 

(b) Outputs fron a line-printer 

The capacity pattern in any work centre over a given period can be 

printed on hard copies. The output details are in two sections. An 

analytical report showing the load hours, the percentage load and the 

free capacity can be printed on the left hand half of the page. 

Whereas a histogram showing the graphical load-pattern om the right. 

This is a very handy document which not only gives the capacity 

figures but also presents a physical picture of the distribution 

pattem for easy reference as shown in Figure 7.3.4 (a) and 

7.3.4 (b). 
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8.3.5 Capacity Record Update 

After examining the resulting work-load information which is temporarily 

held in a work file, the user then has to decide whether to make the 

present capacity records permanent or just ignore them. In the former 

case, the computer will transfer the new capacity records into the 

permanent capacity load file which will be taken as the initial conditions 

for any subsequent loading. Whereas, in the latter case, the existing 

records will be erased, leaving the initial capacity records unaltered. 

This option allows different product-mix policies and input parameters to 

be experimented. 

8.4 Determination of Sample Sizes 

As mentioned in section 8.2.2 a random sample containing a certain 

percentage of the manufactured items used in a given product has to be 

taken in every stage for establishing the production routing. The sample 

should be of the right size that:- 

(a) it gives a reasonable estimation on the distribution of operating 

times; 

(b) the amount of data preparation and processing time can be kept to a 

minimum. 

An easy way of testing the sampling accuracy is to compare the results 

from the rough-cut approach to those from the detailed one for a number of 

stages of manufacture. If the estimation errors lie within a specified 
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limit, say +/~ 15%, the sample might be considered to be acceptable. If 

the error was too great to be acceptable a larger sample would be required 

and the accuracy should be re-assessed. 

However, this way of testing the accuracy may not be practicable when the 

product is getting too complex or when the detailed data is unavailable 

for comparison purposes. A method for checking the accuracy statistically 

is based upon the concept of "Sequential Probability Ratio Test" (14). 

Using this technique, the sample size is variable to begin with but will 

be determined in an experimental routine by criteria which depend on the 

observations as they occur. The routing will be terminated as soon as the 

the error of estimation falls within the specified confidence interval. 

As a result, a suitable sample size can be determined for each individual 

stage for establishing the corresponding dummy routing. 

8.5 Advantages of the Rough-Cut Approach 

In addition to some of the benefits provided by the detailed method 

(8.4.1), this rough-cut approach offers the following merits. 

(a) It is applicable to both mature and newly developed products provided 

an estimation can be made of the manufacturing operation mix for the 

hypothetical component. 

(b) ‘The data preparation time can be greatly reduced (see Chapter 9 - 

Case Study). 

63



(c) 

(a) 

(e) 

(£) 

8.6 

(a) 

(b) 

(c) 

Almost instantaneous system feedback can be expected because only a 

few dummy structure and routing records need to be dealt with. 

Reasonable accuracy can be achieved. 

A smaller computer may be used because the amount of data requires 

very much less memory spaces than those for the detailed method. 

It can be readily linked to other production control packages with 

minimum modifications. 

Limitations of the rough-cut approach 

approach does suffer from some drawbacks. 

Simplicity is obtained at the expense of accuracy. 

The resulting capacity-load distribution tends to be slightly 

distorted from the actual pattern because the requirement timing in 

each work centre is dictated by just a limited number of hypothetical 

items. 

Any changes in product design or manufacturing methods will mean a 

complete re-establishment of the dummy structure and routing records 

in the stages concerned. Whereas, with the detailed approach, oly 

the items involved need updating which is a relatively simpler 

process. 
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CHAPTER 9 

CASE STUDY - 'ACE' V-BED KNITTING MACHINE 
  

9.1 The Product 

9.1.1 Origin 

Alemannia Maschinengabrik was a German knitting machine company originally 

owned by the Singer Corporation. It was then purchased by the Bentley 

Engineering Group in 1977. Since then a high level of development has 

been maintained both in Germany and Loughborough. And, this has resulted 

in the 'ACE' electronic machine. 

9.1.2 Special Features 

Being a newly developed machine, ACE has acquired the latest 

microprocessor control technology. It also possess the following 

distinctive features. 

Versatility - it is capable of transferring in the leading and 

trailing systems and within the same traverse knitting om 

the two knitting systems. 

Simplicity - the small number of moving cams within the cambox gives 

a considerable reduction in maintenance cost. 

Rapid Pattern = using magnetic tape and high speed tape reader 

Change 
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9.1.3 Reasons for using 'ACE' in this case study 

(a) New Product - one of the major objectives of this project is to 

(b) 

(c) 

(d) 

Increase 

market 

demand 

Product 

details 

Time-scale 

develop a system for planning and controlling the 

manufacture of new models. 

~ with it being a new design with revolutionary features, 

its market demand will go up significantly in the coming 

few years. 

- among the new models, ACE is relatively more mature, 

therefore more complete construction and planning 

information can be obtained. 

~ owing to the tight schedule of this project, ACE is 

just the right sort of example with reasonable complexity 

to illustrate operational functions of the proposed 

system. 

9.2 Data Availability 

9.2.1 Parts Lists 

According to the sequence of major assemblies, the construction of the 

machine can be divided into thirteen stages. 

ie Stage 1 

Stage 2 

Stage 3 

- Needle-bed shogging assembly 

- Carcuss and take-down assembly 

- Racking unit assembly 
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Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

a 
o 

x 

10 

iy 

12 

13 

Cambox and rail assembly 

Drive mechanism assembly 

mechanism assembly 

Electrical assembly 

Carrier assembly 

Element assembly 

Mechanical test 

Electrical test 

Knit test 

Assembly of spares, guards and labels 

All the purchased and manufacured items required in each stage were shown 

on the corresponding parts lists. However, the data available was not 

ready for immediate analysis because the components in each stage were not 

arranged in any particular order. Besides, the same component could 

appear time after time on the parts lists depending on its frequency of 

use. Hence, this made the calculation of batch quantity complicated. 

9.2.2 Production Planning Information 

The routing and time estimation details for any manufactured items used on 

ACE can be obtained from the relevant production planning sheets which 

might come from three different sources. 

Since ACE was initially designed and manufactured in Germany, a majority 

of the planning details were prepared at Alemannia Maschinenfabrik based 

on their production set-up. When the production activities of ACE wes 

moved over to Loughborough, the planning information was translated into 
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English. As time went by, modifications and improvements were made to the 

design and the methods of manufacture. Therefore, new planning details 

were added at the Loughborough plant. On the other hand, some of the 

machining operations on certain components used to be subcontracted to 

Bookham which was a part of the Bentley Ingineering Group. Therefore, a 

certain proportion of the production routings were prepared by the 

planners at Bookham. 

At the moment, the planning details from these three separate sources are 

still being used for the manufacturing of ACE. 

To suit the data requirements for the proposed system, some necessary 

modifications were carried out. 

9.3 Production Routing File 

9.3.1 Preparation of Detailed Routing Records 

Since the production planning details came from different sources, they 

had significant differences in the following areas. 

(a) The way in which a given component is to be produced is often 

dictated by the experience of the planners as well as the equipment 

and machine tools available in the Company. 
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(b) Time standard - the time taken to set up and process a given ‘job 

depends on various factors, such as the method used, the conditions 

of the equipment and other human aspects which may differ from one 

company to another. 

It was thus necessary to modify the available production routing records 

to ensure that they are compatible to the manufacturing environments here 

in Loughborough. 

With the assistance of the work study engineers in the company, all 

production planning records for ACE knitting machine were brought up-to- 

date. As a result, more relevant production routings were made available 

and stored in a random file forming a data-base for detailed capacity 

analysis and many other applications. 

9.3.2 Preparation of Dummy Routing Records 

As mentioned in section (8.2.2), dummy routing records have to be created 

when the 'rough-cut' approach is employed. 

First of all, the equivalent setting-up and equivalent machining time for 

ACE in every work-centre were established against each of the thirteen 

stages as indicated on the Parts Lists. 

For every stage, a random sample covering around twenty-five per cent of 

the manufactured items was taken. The corresponding operations for 

producing those items in each sample were further stratified into 

different work-centre groups. For each of these groups, the equivalent 
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setting-up time and equivalent machining time were worked out 

statistically in the way as shown in (8.2.2). 

The same procedures were repeated for each work-centre, and in the end a 

dummy production routing was created for every stage. 

The resulting dummy routings for various stages in ACE can be found in 

Appendix (V). 

9.4 Stage Chart 

As explained in section (7.2.3), the normal activities in each stage can 

be fundamentally divided into three sections, ie the purchasing, machining 

and assembly periods. The duration of each period is determined by the 

item which required the longest leadtime in the stage concerned. 

9.4.1 Leadtime Establishment 

The leadtime for every stage of manufacture of a given product have to be 

worked out before the corresponding stage chart can be constructed. 

For the purchasing leadtime, data could be obtained from the production 

control department. It was concluded fram the data that castings normally 

require a longer leadtime than others. ‘The average purchasing leadtime 

was about five weeks with the exception of some imported items, such as 

needle-bed and cambox castings, which had to be ordered more well in 

advance. 
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In order to accurately establish the manufacturing leadtime for each item, 

in addition to the actual time required for processing, extra time has to 

be allowed for transportation, queuing, sub-contracting and any other 

unplanned operation. Under normal circumstances, the machining leadtime 

for a majority of the components used on ACE should not exceed four weeks 

with the exception of the needle-bed and needle-~bed support which require 

almost twice as long simply because of the extensive amount of trick- 

cutting and sub-contract operations involved. 

Assembly leadtimes can be relatively easily worked out provided there is 

no delay on components and sub-assemblies. They were found ranging from 

one to five days depending on the complexity of the assembly process 

concerned. 

9.4.2 Stage Chart Construction 

According to the sequence of major assemblies, the complete building of an 

ACE V-bed knitting machine can be divided into thirteen stages. ‘The 

longest purchasing, machining and assembly leadtimes in each stage were 

then taken and plotted against a chosen time-scale accordingly as shown in 

Figure (IV.1). Special care had been taken to ensure that the assembly 

operations were arranged in the correct sequence, although the electrical 

assembly stage 7 can be carried out any time after stage 4 assembly has 

been completed. The mechanical test in stage 10 and the electrical test 

in stage 11 can in fact be done in parallel. With reference to the 

complete stage chart, the total manufacturing through-put time for 

machining and assembling a batch of twelve ACE knitting machines is found 

to be around sixteen weeks. 
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In fact, as long as the plant capacity can cope, a batch of twelve ACE 

machines can be released every 4 weeks. The individual capacity 

requirements can be superimposed onto one another, forming the total 

capacity-load pattern. 

9.5 Comparisons of the Two Approaches 

Experiments were carried out on both the detailed and rough-cut methods 

with the same set of input parameters. Special emphasis was put @™ 

comparing following areas. 

9.5.1 Data Preparation Time 

To establish the detailed production routings and product structures for 

ACE, nearly five months were taken. Whereas, only 4 weeks were spent on 

establishing the dummy records for the rough-cut approach. 

In another word, about 80% of the data preparation time had been saved 

with the rough-cut method. 

9.5.2 Programme Running Time 

With the detailed method, the computer has to go through every structure 

record and call up the relevant routing so that the corresponding capacity 

requirements in various work-centres can be calculated. Then capacity 

scheduling and loading follows, For this medium-size knitting machine, 

about ninety minutes was taken by the computer to tackle each production 

cycle. 

When the rough-cut method was chosen, only a few dummy structure and 
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routing records had to be considered. As a result, the corresponding 

scheduling and loading time was found significantly reduced to just over 

ten minutes per cycle. 

9.5.3 Accuracy of the Rough-Cut Approach 

It has been outlined in Chapter 8 that the rough-cut capacity requirement 

for any particular stage, say stage 1 of a production cycle can be 

expressed as the sum of the corresponding total setting-up time and total 

machining time in each particular work centre. Whereas, 

Total setting up time = 0.5 (QTYPER) (eg- set-up time)---(1) 

Total machining time = Q(QTYPER) (eg. machining time)---(2) 

The values of individual variables for stage 4 can be found from the 

relevant dummy structures and dummy routings. 

Example 1: For a batch quantitiy (0) of ten, the rough-cut capacity 

requirements for work-centre HM2 can be calculated as shown: 

  

  

For (10, 

Stage EQ EQ QTYPER | Total Total Sum 

Number Set-Up Machining Set-Up Machining (Hrs) 

(Mins) Time (Hrs) (Hrs) 

(Mins) 

i 237.27 49.95 45 88.98 374.63 463.31 

2 34.74 1.67 75 21.71 20.88 42.59 

3 122.73 8.51 87 88.98 123.40 212,38 

2 120 3.5 14 14,00 8.17 22.17 

5 53.18 5 85 37.67 70.83 108.5 

6 60 4.44 35 17.5 25.9 43.4                   

3 yotal: $9235 bys



By repeating the same procedures with different batch quantities, Q, the 

following results were found 

For 0=5, required capacity = 580.75 hrs, 

For Q@15, required capacity = 1203.34 hrs, 

For 020, required capacity = 1514.84 hrs. 

Example 2: Similar calculations were carried out for work centre D4. 

  

  

                
  

For O10, 

Stage EQ EQ QTYPER Total Total Sum 

Number Set-Up | Machining Set-Up | Machining 

Time Time (Hrs) (Hrs) 
(Mins) (Mins) 

1 38.18 2.25 45 14.32 16.88 31.2 

2 24,47 1.94 75 15.29 24.25 39.54 

3 30 2.07 87 21.75 30.02 51.77 

4 60 9.58 14 7.0 22.35 29.35 

5 23.86 2.04 85 16.9 28.9 45.8 

6-8 16.67 2.72 35 4.86 15.87 20.73 

Total :  218:39 vs 

Repeat the same procedure for different 0s, 

For 05, required capacity = 149.26 hrs 

For (15, required capacity = 287.53 hrs 

For 020, required capacity = 356.66 hrs. 
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In order to assess the accuracy achievable using the rough-cut method, the 

same input parameters were used on the detailed method. The results from 

the different approaches can be compared as follows: 

  

  

  

        

| Work Batch Capacity Required Per Cycle | (R)/(D) x 100% | Percent- 
| Centre Quantity age 

| Error 

| Detailed (D) | Rough-Cut (R) 
| (hours) (hours) 

| H2 5 625.13 580.75 92.9% -7% 

\ 10 858.32 892.35 104%, 45% 

| 15 1084.09 1203.34 111% +11% 

| 20 1317.25 1514.84 115% +15% 

\ iN 

| | 
| pa i 5 158.79 149.26 94%, -6% 

10 213.27 218.39 102.4% 42.4% 

15 267.97 287.53 107.3% +7.3% 

20 324.24 356 .66 110% +10%,   
  

Similar comparisons for evey work centre can be found in Appendix VI. 

The above analysis indicated that errors do exist with the use of rough- 

cut method which appeared to under-estimate the work-load at small batch 

quantities. However, as the batch quantity, Q, increased to around 10 to 

iD 

 



15 the errors approached zero, but they tended to diverge again as Q 

increased any further. 

The causes of inaccuracies could be due to a combination of various 

factors, such as 

- equivalent setting up time being too low 

i equivalent machining time being too high 

i the sample size was not large enough 

= the sample taken was not representative etc. 

To investigate the problem further, the capacity requirements were 

compared stage by stage rather than as a complete production cycle. The 

results show that with a chosen combination of work centres and batch 

quantity, the errors were larger in some stages than the others, ranging 

between plus and minus 30%. 

The results from this stage by stage investigation suggested that the 

actual errors in individual stages were larger than that of a complete 

production cycle in which the errors leveled themselves out. The errors 

might in fact be normally distributed with their mean approaching zero. 

It meant that the rough-cut approach suffers fran an obvious limitation 

which could well be overcome by taking a larger sample, say 60%-70%, 

however this may defeat the objective of having the rough-cut alternative. 
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9.6 

(a) 

(b) 

(c) 

(d) 

(e) 

(£) 

(g) 

Conclusions 

The system was proved to be able to carry out the required analyses 

with any specified set of input parameters using either the detailed 

or rough-cut approach. 

The flexibility in selecting input and output options was found to be 

very useful. 

The accuracy from the detailed approach was proved to be reasonable. 

Eighty per cent reduction of data preparation time could be achieved 

with the rough-cut method. 

The average system running time was found to be reduced from ninety 

minutes per cycle to just over ten minutes when the rough-cut method 

was used. 

The discrepancies resulted from rough-cut method were due to a 

combined effect of various factors. However, in normal circumstances 

the accuracy available should be acceptable for preliminary capacity 

assessment. 

An effective way of improving the rough-cut accuracy is to increase 

the sample size. But, this solution may not be feasible for new 

products with limited data. 
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CHAPTER 10 

GENERAL DISCUSSION ON THE PROJECT AND 

TEACHING COMPANY SCHEME 

10.1 Capacity Planning and Control - a team effort 
  

As it was mentioned earlier, the objective of introducing a capacity 

planning and control system into a company is to ensure the right 

resources can be available when they are needed. Apparently, it seems to 

be a sole concern of the production department. However, as the topic is 

considered in depth, it can be realised as a problem that requires active 

involvements, participations and co-operations fron various departments in 

the Company. 

10.1.1 Research and Development 

A highly motivated and forward-looking Research and Development Team has a 

very important role to play in keeping the company in a competitive 

position. This can be achieved through active product development to meet 

the future market demands. On the other hand, they are also responsible 

for advising the company on the technology and manufacturing resources 

required for those new designs. Therefore, any plant expansions and 

investments can be planned in advance accordingly. 

10.1.2 Sales Forecast 

The major function of the Sales Department is to sell the goods by various 

means of introducing the products to the customers. At the same time, 

they are also responsible for exploring the potential markets and 
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forecasting the future market demands on their products. A reliable sales 

forecast is essential because it will enable the forward production plan 

to be drawn up so that any impending capacity problems can be identified 

and tackled as soon as possible. 

10.1.3 Marketing Strategy 

Manufacturing firms are very often confronted with two contradicting 

questions. 

(a) Shall we make what we can sell? and 

(b) Shall we sell what we can make? 

In fact, we can never go to either extreme, for there should always be one 

or more feasible solutions somewhere between the two. To find that out, 

the capacity requirements for different product-mix policies have to be 

worked out and balanced against the available resources over a given 

period of time. 

The work supporting this research was to investigate the effects of 

various factors on manufacturing capacity and to develop a systematic 

approach for determining the suitable product-mix capacity required 

combinations. 

10.2 The Project Work 

In handling the problems in capacity planning and control, there are a few 

basic areas which need to be evaluated in depth. 

(a) What manufacturing resources the company has. 
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(b) What capacity is required to satisfy the output target. 

(c) When the capacity is needed against the production programme. 

(a) How these inter-relating aspects can be integrated systematically. 

The project work can be stratified into six major stages which were spread 

over a period of twenty working months. 

(A) Stage I (2 months) - Problem Shooting 

At the beginning of this research, a considerable amount of time was spent 

on discussions with people from various departments in order to identify 

the actual problems in capacity management within the company. As a 

result, the appropriate terms of reference could be fixed for the project. 

(B) Stage II (6 months) - Information and Data Collecting 

The first background exercise that had to be carried out was to revise the 

Plant Register in order to set up-to-date records of all the equipment and 

machines in each work-centre. These records formed the capacity-load 

data-base. 

Exercises were also done to investigate the various factors affecting 

manufacturing capacity, such as 

- operating conditions and areas of application of the facilities, 

- machine utilisation, 

i operator performance, 

- percentage overtime and absenteeism, etc. 

Activity sampling and various work study techniques were employed.



(C) Stage III (4 months) - System Development 

After the basic information had been collected, the next step in the 

project was to design a systematic approach for capacity planning and 

control mainly on a medium-term (1 to 3 years) basis, although the system 

can also be tailored for other short-term applications, such as work-in- 

progress control. 

The basic logic of the system can be outlined as follows. 

(i) Define the input parameters. 

(ii) Calculate the corresponding capacity requirements in various work- 

centres. 

(iii) Capacity scheduling and loading (re-scheduling wherever necessary). 

(iv) Output the results of analysis in the chosen formats. 

(v) Update the permanent capacity load data-base as required. 

(D) Stage IV (3 months) - Computer Programming 

Most of the products in the company are reasonably complex, consisting of 

thousands of different components and sub-assemblies. Therefore, going 

through the procedures manually would be impossible. Using a computer 

seemed to be the only alternative. 

To do this, the system logic was transformed into BASIC computer 

programmes which could be run on CP/M or MP/M Operating System. Getting 

familiar to the computer, the operating system and the file handling 

techniques also formed a significant part of the programming stage. 

System debugging and modifications were done in the end. 
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(E) Stage V (3 months) - Data Files Establishment 

Owing to the tight. project time-scale, it did not allow the data files for 

all the products in the company to be set up. Therefore, the new "ACE" 

v-bed knitting machine was chosen as a case study to illustrate the 

characteristics of the system. 

The following data files are required to run the system. 

(i) Capacity-load records file. 

(ii) Product structure file - it outlines the material requirements for 

each assembly stage. 

(iii) Production Routing File - it consists of all the operational 

details for each manufactured item. 

(iv) Stage chart and lead time - information file which governs the 

capacity requirement timings. 

Setting up data files is always a time-consuming process. 

(F) Stage VI (2 months) - Experiments and Demonstrations 

At the final stage of the research, a series of experiments and 

demonstrations were carried out with a view of:- 

(i) testing the general functions of the system, 

(ii) assessing the system responses to different input parameters and 

loading policies, 

(iii) comparing the results from the detailed and rough-cut approach so 

as to assess the accuracy of the latter, 

(iv) enabling the personnel from relevant departments to get familiar 

with and confident in the system proposed. 
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10.3 Some Observations and Comments 

10.3.1 The Research Topic 

At this stage, it is worth clarifying that the individual ideas and 

techniques used in this project are by no means new. However, the ways in 

which they were put together so as to tackle the problems do suggest some 

effective applications in the area of capacity planning and control. 

Though the system was developed specially for the products in Bentley, 

sufficient options had been included in order to enable the system to be 

applied in other manufacturing companies with minimum modifications and 

customisation. 

The system was basically for medium-term (1-3 years) applications, however 

it can also be tailored to carry out work-in-progress control and short- 

term shop loading functions. 

The possibility of integrating the system with other teaching company 

projects had been borne in mind during the system development stage. 

10.3.2 The University 

Since this research is a part of the Aston/Bentley Teaching Company 

Programme, the majority of the research work was done within the company. 

However, academic staff from the university also played an important role 

in guiding the approaches to the problems and supervising the progress of 

the project. Continuous supports from the university in the form of 

regular meetings and research equipment, such as computer facilities and 
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appropriate technical advice enabled the project to advance with minimum 

interruptions. 

Lectures, seminars and course-works arranged regularly by the university 

also served to broaden the associates' general knowledge and awareness 

towards modern manufacturing technology. And, they can in tum benefit 

the immediate research and future careers of the associates. 

10.3.3 The Company 

Owing to the increase in market demands in recent years, the company has 

gone through some rapid changes in product designs and manufacturing re- 

organisation. It had been realised that some sort of advice and 

assistance from the government would be essential to facilitate the 

company's rapid development. That resulted in the setting up of this 

Teacing Company Programme. 

The recent diversifications of product range in the company obviously 

justified the urgent needs for a more effective approach in capacity 

management. In other words, the timing of this project tied in nicely 

with the overall development plan of the company. 

Throughout the project period, the supports from the company had been 

reasonable in the form of advice and co-operations from people in 

different areas. Special tributes have to be paid to the production 

Managers, production control staff and work study engineers whose 

contributions to this project was extremely valuable.



10.3.4 The Teaching Company Scheme 

The idea of teaching company schemes is revoluntionary because it breaks 

through the barriers between the industrial and the academic organisations 

by setting up active partnerships between the two through a number of 

teaching company programmes. ‘The scheme allows:~ 

- the associates have the opportunities to build up their practical 

experience through working together with the people from the industry as 

well as the university; 

- the company to benefit from the development (project) work carried out 

by the associates with the influence of advanced technology and new ideas; 

- the university to maintain close contacts with the practical world 

through industrial consultancies and post-graduate research activities 

offered by the scheme. 

Moreover, the TCS plays a far more important role in bringing together a 

team of young graduates who work on different programmes all over the 

country. By sharing their experience and achievements, they represent a 

central driving force towards the future of the British Industry. 

With the encouragement and sponsorship fram the SERC and DOI, both formal 

and informal national communication networks have already been established 

through seminars, associate club news-letters, meetings as well as 

regional events organised for both current and ex-associates. 
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CHAPTER 11 

CONCLUSIONS 

The major objective of capacity planning and control is to ensure that the 

required manufacturing resources are available at the right time. 

The work presented here demonstrates how certain commonly used production 

control and work study techniques can be put together to give some new and 

effective applications in the area of capacity management with the help of 

a micro-computer. 

11.1 General Principles 

11.1.1 

Capacity planning and control is by no means a discrete function. It 

requires team efforts and involvements from various departments in the 

company. 

11.1.2 

The research and development department has the responsibility of advising 

the company on future requirements of technology and equipment for 

manufacturing the impending new models. 

11.1.3 

Being an important input to capacity planning and control, reliable sales 
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forecasts are indispensable for future plant expansion and investment 

planning so as to bring the manufacturing capacity in line with the future 

market demands. 

11.2 General Conclusions on Capacity Planning System Developed 

11.2.1 

The system is designed mainly for handling the capacity planning and 

control problems in the textile machinery industry. 

11.2.2 

A reasonable amount of options are available in the input and output 

fields to provide sufficient system flexibilities for tackling the 

capacity problems in other manufacturing industries. 

11.2.3 

Up-to-date capacity records for all work centres are required to form the 

capacity-load data-base. 

11.2.4 

Apart from the availability of machines and manpower, there also exist 

other factors that can effect manufacturing capacity. ‘The planned factors 

are under more direct control, while some other factors have to be 

monitored carefully in order to control the manufacturing performance. 
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11.2.5 

Up-to-date product structure and production routing records are absolutely 

essential because the system can only be as good as what goes into it. 

11.2.6 

Realistic manufacturing lead times are essential for the construction of 

production stage charts which indicate the capacity requirement timings 

for various products in the company. 

A627 

With the detailed approach, every manufactured item has to be considered 

to give the capacity-load pattern with high accuracy. 

1152.8 

The effectiveness of the rough-cut approach relies on the accuracy of the 

dummy structures and routings which may be difficult to achieve with small 

sample size. Therefore, this method may not be applicable to new products 

with limited data. 

11.2.9 

Infinite and finite loading options are available. The former can 

highlight when exactly capacity overload occurs, while the latter can 

perform re-scheduling to give a more evenly distributed load pattern. 

11.2.10 

The results of analysis can be shown on a VDU, in the form of a detailed 

print or a_ histogram. 
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IP 2611 

If necessary, the resulting capacity-load details can be transferred from 

the work-file onto the permanent data-base, otherwise the original records 

will remain unchanged. This option enables the effects of different 

product-mixes to be conveniently assessed. 

12-12 

The benefits of a successful capacity planning and control system can be 

noticed in the following areas: 

- more effective production control 

- more accurate budgeting input 

- reduced inventory level 

- more confident customer order acceptance 

- better delivery performance 

- promoting company goodwills 

11.3 General Conclusions on the Project Work 

11.3.1 

A firm with efficient capacity management practice should be able to 

balance its available resources against the capacity requirements 

according to a specified output schedule. 

11.3.2 

As the product varieties increase,the needs for a systematic approach to 

capacity management become more urgent. 
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11.3.3 

Up-to-date work-centre capacity information, relevant product structure 

and production routing records are the prerequisites for accurate capacity 

analysis. 

11.3.4 

It is essential to ensure that people in various departments as well as 

the shop floor are aware of the purpose of the project work because their 

first hand experiences and suggestions can always help identify the areas 

where the problems lie. 

13.5 

Positive attitudes amongst senior managment have a significant effect on 

the introduction of changes and new approaches. 

11.3.6 

Effective communications among the company, the research associates and 

the university are critical towards the success of a teaching company 

programme. 
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CHAPTER 12 

FUTURE _WORK 

The work presented in the previous chapters illustrates the design, 

development and implementation aspects of a practical system for effective 

capacity planning and control. 

The logic and computer softwares for the proposed system have been fully 

established and experimented. 

The system has been implemented on one of the selected products, "ACE" 

v-bed knitting machine because the tight project time-scale simply did not 

allow a full-scale analysis. Moreover, the resources made available up to 

the current time have not enabled all the product groups to be covered. 

To improve the effectiveness of the proposed system, further work can be 

done in the following areas: 

12.1 Extension of the system to cover work-in-progress control 
  

The system explained here lends itself to performing capacity planning and 

control practices mainly on a medium to long term basis, (ie fram one 

year onwards). However, the logic and the functions of the system can be 

tailored reasonably easily to carry out daily work-in-progress control. 
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The work will involve the developments of more system softwares for 

handling the daily transactions of job status and progress so that shop 

scheduling and loading information can be kept up-to-date. Ideally, an 

on-line system should be used to give the best effects. All the same, a 

batch processing approach by adopting an overnight updating practice has 

been proved reasonably successful in many manufacturing firms where 

computer facilities dictate. 

12.2 MOFe Accurate Rough-cut Data 

Other methods of calculating the mean times used for the hypothetical 

component should be evaluated to improve the accuracy of the rough cut 

method. 

12.3 Incorporating the proposed system with other projects in the 

programme 

Since capacity management can never be an independent function, it is 

important that the system can be linked up to other activities in the 

company. Furthermore, with this research being a part of a four-year 

teaching company programme, work should be done in some later stage of the 

programme to integrate the various research projects to form a complete 

Management information system (MIS). 

Some potential areas that are worth looking into can be given as follows. 

12.3.1 Access to Component Coding Information 

Running in parallel to this project, the component coding research was 

also one of the Phase I projects in this teaching company programme. It 
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mainly dealt with the establishment of a system for identifying components 

based on their material and geometric characteristics. Its major area of 

application is in design retrievals, however it can also assist process 

planning and machine tool selection. A means of accessing and analysing 

the component coding information will be useful for operation re-routing, 

especially when overloads occur in one or more work-centres. 

12.3.2 More Accurate Capacity Requirements Timing Inputs Using MRP 

In this project, a stage chart is used to reckon the requirement timings 

for items in different stages of the manufacture cycle. For more precise 

analysis, instead of being divided into stages according to the sequence 

of major assemblies, the items can be structurally stratified into 

different levels of manufacture as used in most material requirement 

planning (MRP) systems. The building of a given product can be 

represented in the form of a family tree with the finished product at the 

top, ie level zero. 

An MRP system enables the capacity requirement timings for different 

components and assemblies to be determined more accurately with explicit 

definitions of part to part relationships. Thus, material shortages or 

delays can be reduced to a minimun. 

12.4 

Finally, these additional features will make the system more 

sophisticated. However, the gateway to success still relies on how soon 

and how well the people in the company can depart from their present 

informal practices and accept changes towards a more systematic approach. 
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APPENDIX I 

Plant Register 

In order to assess the manufacturing capacity available 

in the company, an exercise was carried out at an early 

stage of this research to find out the quantity and 

applications of each type of equipment or machine in 

every work centre. 

The results of this investigation can be shown as 

follows. 
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APPENDIX II: Machine Utilisation and Operator Performance 

Exercises were carried out at an early stage of this research to establish 

the machine utilisation and operator performance figures which are 

essential for assessing the actual manufacturing capacity in various work 

centres. 

II(A) Machine Utilisation 

Activity sampling technique was used to find out the operating conditions 

in each work centre. First of all, a pilot study was conducted to 

establish the frequency of occurrence of the activity in question. In the 

end the number of observations required in each work centre could be 

determined based on a 90 per cent confidence level. 

To simplify the process only two major categories (ie machine running and 

machine idling) were taken into consideration in this exercise. A given 

machine was counted as running when it was either being set up or actually 

machining. Otherwise the machine was considered to be idling no matter 

the stoppages were due to breakdowns, awaiting materials or information 

etc, 

Samples were taken at random intervals in order to avoid any discrepancies 

in observations which might happen to be time-dependent. The foremen and 

shop stewards in various work centres had been approached beforehand so 

that the psychological effects could be significantly reduced. All the 

same the first hundred readings in each work centre were also discarded to 

this end. 
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The resulting machine utilisation figures can be found in Figure II(a). 
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II(B) Man-Power Utilisation 

A detailed weekly record as shown in Figure II(b) representing how the 

Man-power resources (hours) were allocated in various productive and non- 

productive activities was used to establish the man-power utilisation in 

different work centres. 

The average figures for the machine shop and assembly areas resulted fran 

a three month study can be found in Figure II(c) and Figure II(d) 

respectively. 

II(C) Operator Performance 

As was mentioned in section (7.3) although a planned time is normally 

given against every operation on the production planning sheet, the actual 

time taken does inevitably vary. It depends on the accurancy of the 

estimations. 

Figure II(e) explained how operator performance figures can be worked out. 

The average figures for the machining and assembly areas obtained from 

random samples of 2,000 items can be found in Figure II(f£) and Figure 

II(g) respectively. 
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MACHINE GROUP TOTAL NO. OF FREQUENCY FREQUENCY PERCENTAGE 
OBSERVATIONS OF OF MACHINE 

RUNNING IDLING UTILISATION 

Heavy (127) 3000 1656 1344 55.2% 

Turning (121) 3500 2293 1207 65.5% 

Grinding (125) 2000 1342 658 67.1% 

General Milling (123) 3500 1960 1540 56% 

Orbit Milling (123) 1000 578 422 57.8% 

Inside Milling (123) 1500 918 582 61.2% 

Mortice Milling (123) 800 528 272 66% 

Drilling (124) 800 460 340 57.5 

Cam Milling (133) 1000 424 576 42.4% 

Sinker Shop (126) 800 304 496 38% 

Trick-cutting (132) 1000 413 587 41.3% 

V-Bed 
Trick-cutting (133) 800 514 486 64.2% 

Figure II(a): 
Machine utilisation figures obtained by activity sampling method. 
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| 

| 10 ut 12 13 14 7 30 5 a 80 82 Total | 

Weary 0G wal Ocd1l Game Bench © dink: awe Trick ard) aint actual | 

\ 
hours 

| sate 4.92 450,00 163.25 16263! 43.78 48,84 147;58 0-80: 27.75 0:00) 3480 679.91 | 

| v-bed 1.50 16.50 66.58 1.00 4.92 6,50 0.50 5.33 7-50 13,00 123.33 | 

\F, re 
Intarsia 1.00 3.25 2.42 25.00 0.92 1.75 34.34 | 

| AEF/ETF 242.67 131.75 727.50 113.75 98.42 139.42 130.67 25.00 62,83 11.00 116.50 1799-54 | 

| cre 120.33. 46:83 187.25 67:67 28.83 46.00 13.75 1.25, 29,75 3.00 23-50 536.16 | 

| Sub-cont. 7.00 
3.00 10.00 | 

| Alemannia 179-25. $9.16 77.25 4.00 7.33 0.75 0.50 0.42 14,001.00 343.66 | 

| 
| 

Setting 4.75 50.50 59.25 51.00 46,00 $3.50 20.00 39.50 324.50 | 

| greacment 22.50 39.50 57.00 93.00 232,00 | 

\guproman 623.92 459,74 1274.33 256.67 242.00 286.92 409.75 49.50 159-58 48.50 250.50 4063.41 | 

| 438 
| 

Rectif'n 3.16 5.00 0,50 
e.66 | 

| 423 
| 

Waiting 2.58 4.25 
6.83 | 

Projects 12,16 22,00 48.25 2.08 2.33 0.50 2.50 29.82 

TOTAL Galea 491.74 1351083 261,25 242.00 209.25 409,75- 50.00 162.00 49.50 250.50 4168-72 

438 
Exper: periment 5.00 5.00 

| 435 
i 

Personnel 0.50 4.16 14.50 4.50 3.67 27.33 

| 452 
i 

| Maintenance 13.00 10.7: 4.50 20,25 | 

433 
! 

M/C clean 9.25 6.00 17.50 2.50 2.50 4.00 4.50 0.80 1.50 48.25 

482 
| 

| Jigs/Fix 2.00 4.25 2.00 e.25 | 

| 453 
| 

| Security 4.16 27.58 31.74 | 

| 4 
| 

Loose tools 1.50 2.33 6.50 14.67 26.00 | 

444 
i 

Int Trans 2.00 2.00 | 

46 \4 39.50 39.50 

451 6.00 6.00 | 

| 426 79.00 11,00 7.50 97.50 

493. 93.02 11.50 7,00 18.50 

TOTAL 114.41 41.74 88.33 4.50 9.00 51.00 22.84 © 0.50 1.50 338.32 

Directs 7 12 32 6 6 8 10 1 4 1 6 103 

Clock hrs 755 S05. :1377 266 251 340407 so 164 48 (255 4438 

otis 82.6 91.0 92.5 97-2 96.4 «84.4 «92.7 99.0 9763 :101.0 98.2 sit     
Number of excluded operators 7 

Figure 11(b) 
Weekly man-power utilisation record 
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Heavy 88.2% 

Turning 89.1% 

Grinding 93.78% 

General Milling 91.3% 

Inside Milling 93.6% 

Drilling 85.7% 

Cam Milling 95.5% 

Mortice Milling 92.5% 

Sinker 87.1% 

Trick Cutting 93.7% 

V-Bed Trick-Cutting 95.4% 

Figure II(c): 
Average Machine Shop Operator Utilisation Figures 
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Paint Shop 608 

Sub-Assembly 83.9% 

Panel Wiring 76.6% 

Pliering 60% 

Stripping 32.3% 

Carcase 75 5% 

Splicing 94.6% 

Rib and Welt 45.4% 

Finish Assy 88.3% 

Finishing Attachment 82% 

Vee-Bed Assy 85.7% 

Straightening 89.5% 

Electrical Assy 86.1% 

General Assy 79.7% 

Figure II(d): 

Average Fitting Shop Operator Utilisation Figures 
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Batch Qty Estimated Time meat hae Operator Performance 

2 Set-up, Processing, tokenyene (ue) Ae x 100% 

Ts (min) Tm(min) 60-Ta 

20 90 8 3.75 111% 

20 60 7.84 3.67 98.5% 

20 30 1.5 0.83 120% 

20 45 2.5 1.25 126.7% 

49 30 4.5 3.38 123.5% 

49 45 2 2.00 119% 

49 20 1.0 1.00 115% 

10 30 2 0.67 124% 

10 os 63 Tole 104% 

19 20 0.75 0.5 114% 

ir 15 0.5 0.33 123.7% 

10 20 1.0 0.58 86% 

40 135 7.5 6.50 112% 

10 30 3.92 1.2 96% 

10 20 4.50 1.25 86% 

10 45 2<5 1.08 108% 

10 20 3-5 1.33 69% 

20 30 2.0 1.00 116% 

10 45 4.61 1.42 107%   
    
Figure II(e): 

Typical examples of operator performance calculations 
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PERFORMANCE 

  

Heavy 

Turning 

Grinding 

General Milling 

Orbit Milling 

Inside Milling 

Mortice Milling 

Drilling 

Cam Milling 

Sinker Shop 

General Trick-Cutting 

V-Bed Trick-Cutting 
  

Figure II(f): 
Average machine shop operator performance figures 

obtained fran a random sample of 2,000 operations. 
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119.6% 

118.3% 

118.7% 

116.5% 

117.5% 

109 .6% 

121.3% 

110.5% 

120.5% 

119.7% 

115.4%



PERFORMANCE 

faint dice (150) yt 8 Slee 
Sub-Assy (161) 113% 

Panel Wiring (162) 114% 

Pliering (164) 112.5% 

Stripping (165) 117.6% 

Carcase (171) 109.4% 

Splicing (172) 115.6% 

Rib and Welt (173) 108 .6% 

Finish Assy (174) 106.9% 

Finishing-Attachment (175) 109.7% 

Vee-Beds Assy (176) 113.6% 

Straightening (177) 115.1% 

Electrical Assy (178) 117.2% 

General Assy (166) 114.7% 

Figure II(g): 
Average fitting shop operator performance figures. 
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\PPENDIX III: Direct labour input analysis 

lo calculate the actual available capacity in each work centre, various 

factors and contingencies have to be taken into account. Among them, the 

average normal working hours, the overtime hours and the absenteeism hours 

wre the most influential elements. In order to establish all these 

-igures, a Direct Labour Input Analysis was carried out over a 12 month 

eriod on a weekly basis. 

fo do this the normal working hours, the overtime hours and absenteeism 

ours in each work centre were recorded every week. The data indicates 

rhat actual working hours follow a seasonal trend which shows an obvious 

jecrease in certain months mainly due to holidays and general reduction in 

the amount of overtime worked in the summer months. To bring the 

wailable capacity in line with this trend, average figures were 

culated on a monthly basis as shown in Figure III(a). 

ie summary of the analysis can be shown in Figure III(b), III(c) and 

II(d). As a result, the available capacity of a certain work centre over 

given month can be calculated: 

vailable capacity = Normal capacity [1 + (% overtime ~ % absenteeism)] 
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APPENDIX IV: Construction and applications of stage charts 

In this research, Stage Charts played a very significant role in 

representing the manufacturing sequence and timing of complete products, 

such as knitting machines and fully-fashioned machines. 

A stage chart, often referred to as a Production Stage Chart, is a 

simplified version of networks employed in Critical Path Analysis. It 

shows against a time scale the sequence of activities by which finished 

products are made. The time for each activity is the time required to 

complete it from the completion of the preceeding one. (3) It takes time 

for setting up, machining or assembling the job. In addition, the time 

for transportation and queueing also need to be considered. As a result, 

the sun of the processing times can give a realistic leadtime for the 

entire series of activities. 

In a manufacturing cycle, the activities mainly consist of functions, such 

as design, purchasing, store kitting-up, machining, assembly and 

inspection etc. 

To illustrate the details of its construction, let us look at the 

production stage chart for a batch of l2-off 'ACE' V-bed knitting 

machines. 

First of all the manufacturing cycle of the machine is stratified into a 

certain number of stages according to the sequence of major assemblies. 
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In 'ACE' there are basically thirteen manufacturing stages, namely 

Stage 1: Needle-bed assembly 

Stage 2: Carcuss and Take-down assembly 

Stage 3: Racking unit assembly 

Stage 4: Cambox and rails assembly 

Stage 5: Drive mechanism assembly 

Stage 6: Q.C. mechanism assembly 

Stage 7: Electrical assembly 

Stage 8: Carrier assembly 

Stage 9: Element assembly 

Stage 10: Mechanical test 

Stage 11: Electrical test 

Stage 12: Knit test 

Stage 13: Assembly of spares 

The components called up in each individual stage, say Stage 1 can then be 

put together forming a stage parts list. 

The next step is to establish the leadtimes for the three major 

manufacturing functions, purchasing (or materials procurement), machining 

and assembly for every item in the given stage. The longest lead time is 

chosen from each of the three functions and used to represent the 

corresponding time span for stage 1 on the chart. 

The same procedures have to be repeated for all other stages and in the 

end a complete Stage Chart can be constructed as shown in Figure IV(a) 

134



with all the relevant lead times plotted against a common time scale. 

(B) Applications of Stage Chart 

Some typical applications can be outlined as follows: 

(1) With reference to its production stage chart, the total manufacturing 

through-put time for a given batch quantity of a certain product can 

be readily worked out. Sometimes this through-put time may be 

significantly longer than the delivery period expected by customers. 

In order to cope with these demands, stage charts can be used to 

identify the assemblies and sub-assemblies which need to be built for 

stock well before the receipts of firm orders. This certainly has 

direct effects on the stock holding policies of a manufacturing firm. 

(2) Stage Chart is also a useful tool for scheduling the start and finish 

dates of each activity in a manufacturing cycle. This property has 

been clearly illustrated in this project because it enables the 

capacity requirement timings to he assessed without relying on other 

complicated analyses, such as Material Requirement Planning(MRP). (4) 

(3) A Stage Chart can also be treated as a simplified version of product 

structure because by looking at the Stage Chart of a given product, 

one can visualise how various assemblies and sub-assemblies in 

different stages are related to one another. 
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APPENDIX V 

Dummy Routings for 'ACE' V-Bed Knitting Machine 
  

137



  

    

  

  

STAGE NUMBER: 1 PART NUMBER: 999991 

Work Centre Set-up (mins) Machining (mins) 

c4 46.36 3.08 

C6 32.73 3.08 

CLL - = 

NC - a 

HM2 237.27 49.95 

HM3. - - 

M2 152.73 40.34 

VM3 32.73 18.44 

G2 13.64 2.4 

G3 9.55 291 

G4 10.9 2.05 

cS 4.1 1.36 

oe 5.45 -182 

D1-3 35.45 30.34 

D4 38.18 2.25 

D6 o - 

WDKN os Se 

  

Figure (V.1): Stage 1 

Dummy Routing for 'ACE' Kniting Machine 
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STAGE NUMBER: 2 

  
PART NUMBER: 999992 

  

  

  

Work Centre Set-up (mins) Machining (mins) 

C4 51.32 4.22 

C6 9.47 1.21 

cLl = C 

NC 12.63 69 

HM2 34.74 1.67 

HM3 - - 

‘M2 82.11 24.66 

M3 66.32 12.34 

G2 - = 

G3 Ze3t 42 

ow a “ 

cS 2 = 

ec} 2.37 232 

D1-3 23.68 2.28 

m4 24.47 1.94 

D6 6.32 1.84 

WDKN 8.28 2.46 

  

Figure (V.2): Stage 2 

Routing for 'ACE' Knitting Machine Dummy ng 

139 

 



  

  
  

  

  

STAGE NUMBER: 3 PART NUMBER: 999993 

Work Centre Set-up (mins) Machining (mins) 

C4 21.82 1.74 

C6 32.73 6.85 

cLl 5.45 41 

NC ~ - 

HM2 122273, 8.51 

HM3 20.45 2.14 

M2 43.64 3.18 

M3 1773 1.81 

G2 2.73 0.17 

G3 2.73 18 

G4 2.73 64 

6 2.05 .205 

ce - - 

Di-3 21.82 1.42 

D4 30 2.07 

D6 5 S 

WDKN TAs -967 
  

Figure (V.3): Stage 3 

Dummy Routing for 'ACE' Knitting Machine 
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STAGE NUMBER: 4 PART NUMBER: 999994 

  
  

Work Centre Set-up (mins) Machining (mins) 

  

  

C4 20 1.16 

cL. = - 

HM2 120 3.5 

vM2 150 22.67 

@ 20 33 

D4 60 9.58 

WDKN - - 

  

Figure (V.4): Stage 4 

Dummy Routing for 'ACE' Knitting Machine 
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STAGE NUMBER: 5 Part Number: 999995 

  
  

  

  

Work Centre Set-up (mins) Machining (mins) 

C4 39.55 2.36 

C6 17.73 3.47 

cL1 oe - 

NC 10.91 86 

HM2 53.18 5 

HM3 20.45 1.52 

v2 12017 9.61 

M3 - = 

G2 2.27 41 

G3 6.82 272 

co ie = 

es) 2.04 223 

oe 1.36 -09 

D1-3 6.82 64 

D4 23.86 2.04 

Dé = ES 

WDKN ee e 

  

Figure (V.5): Stage 5 

Routing for 'ACE' Knitting Machine 1g 
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STAGE NUMBER: 6-8 PART NUMBER: 999996 

    
Work Centre Set-up (mins) Machining (mins) 

  

  

C4 46.67 23.31 

C6 - - 

cLl - - 

HM2 60 4.44 

M2 130 30.33 

G2 3.33 0.67 

G3 3.33 0.028 

D1-3 3.33 17 

D4 16.67 2.72 

WDKN > =   
  

Figure (V.6): 

Dummy Routing for Stage 6 Onwards 
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APPENDIX VI 

Summary Of Results Fram Case Study 

(Chapter 10) 
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Capacity Required Per Cycle 

  

Work Batch Detailed (D) Rough-Cut (R) R/Dx 100% Percent 

Centre Peale! (Hours) (Hours Error 

C4 5 238.23 245.85 96.9% 3.18 

10 393.54 382.45 102.9% +2.9% 

15 550.2 519.06 106% +63 

20 727.13 655.66 110.9% +10.9% 

a bp Ce ee eae ee 

10 199.34 245.07 122% 22% 

15 257.76 340.68 132.2% 32.2% 

20 316.2 436.29 138% 38% 

Sa ee aA hae | aoe ee er. “128 

10 9.5 9.895 96% -48 

15 14.06 12.875 109.2% +9.2% 

20 17.0 15.85 107.3% +7.3% 

Figure VI (a) Comparison Of Results From Detailed 

And Rough-Cut Approach 
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Capacity Required Per Cycle 

Work Batch Detailed (D) Rough-Cut (R) R/D x 100% Percent 

Centre Quantity (Hours) (Hours) Error 

    

10 28.62 39.07 136% +36% 

15 35.4 50.16 141% +418 

20 42.23 61.25 145% +458 

HM2 3 625.13 580.75 92.9% -7% 

10 858.32 892.65 104% +53 

15 1084.09 1203.34 111% +11% 

20 1317.25 1514.84 115% +153 

  

Figure VI (b) Comparison Of Results From Detailed 

And Rough-Cut Approach 
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Capacity Required Per Cycle 

  

    

  

Work Batch Detailed (D) Pough-Cut (R) B/D x 100% Percent 

Centre Quantity (Hours) (Hours) Error 

M2 5 720.07 763.59 94.3% 5.7% 

10 1308.18 1275.03 102.6% +2.6% 

15 1952.6 1786.47 109.3% +9.3% 

20 3261.8 2802.21 

G2 5 22.19 24.77 89.6% 10.4% 

10 39.78 39.86 99 .8% - 2% 

a5 60.99 54.95 111% +11% 

20 83.35 70.045 119% +19% 

Wi dog Se Boe gs) 25 eee ge a 

10 414.27 385.365 107.5% +7.5% 

15 622.67 544.76 114.3% +14.3% 

20 842.18 704.16 119.6% +19 .6% 

Figure VI (c) Comparison Of Results From Detailed 
And Rough-Cut Approach 
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Capacity Required Per Cycle 

Work Batch Detailed (D) Rough-Cut (R) R/Dx 100% fFercent 

Centre ae (Hours) (Hours) Error 

Bn ee ee eg OA. beky encase. 

10 39.79 37.748 105.4% +5.4% 

15 56.83 50.205 113.2% +13.2% 

      

10 22.66 24.053 94.2% 5.88 

15 31.82 33.046 96.38 -3.7% 

20 42.038 103.2% +3.2% 

G5 5 11.09 12.686 87.4% 12.6% 

10 19.77 20.901 94.68 5.43 

15, 30.63 29.116 105.2% +5.2% 

  

Figure VI (d) Comparison Of Results From Detailed 

And Rough-Cut Approach 
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Capacity Required Per Cycle 

  

Work Batch Detailed (D) Pough-Cut (R) R/Dx 100% fercent 

Centre ees (Hours) (Hours) Error 

Pe oe a Oe eC ee ee 

10 11.08 14.223 128.3% +28 «3% 

pbs) 15.75 17.928 113.8% +13.8% 

20 19.08 21.633 113.4% +13.4% 

A ke a cee o7.28 2.88 

10 301.1 336.412 111.738 +11.7% 

15 400 479.763 119.9% +19.9% 

20 498.94 623.114 124.9% +24.9% 

D4 5 158.79 149.26 94% 6% 

10 213.27 218.39 102.4% 42.4% 

15 267.97 287.53 107.3% +7.3% 

20 324.24 356.66 110% +108 

  

Figure VI (e) Comparison Of Results From Detailed 
And Rough-Cut Approach 
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Capacity Required Per Cycle 

  

Work Batch Detailed (D) Rough-Cut (R) R/Dx 100% Fercent 

Centre yes (Hours) (Hours) Error 

Dé 5 14.15 15.45 91.6% 8.4% 

10 27.76 26.95 103% +38 

15 41.72 38.45 108.5% +8.5% 

20 55.69 49.95 111.5% 

    

Figure VI (f) Comparison Of Results From Detailed 
And Rough-Cut Approach 
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APPENDIX VII: System Manual 

Contents: 

Part I 

Part II 

Part III 

Part IV 

Introduction 

Data Files Establishment and Maintenance 

(A) Capacity-Load Record File 

(B) Product Structure File 

(C) Production Routing File 

(D) Summary 

Guide to Users 

Flow Diagrams for the System Programmes and Subroutines 
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Preface: 

Definitions 

System - The computer-aided system designed in this research for 

Manufacturing Capacity Planning and Control. 

Work-Centre - a collection of similar machines or resources, that can be 

considered as a single manufacturing unit or facilities. A work- 

centre may consist of one or more machine/equipment. 

Stage Chart - A version of bar chart which shows against a time scale the 

sequence of activities by which finish products are made. 

Operation - A specification of the work to be performed on one or more 

materials or components at a single machine during the building of a 

product. 

Routing ~ A series of operations required to be performed to manufacture 

a component or assembly. It may be considered as an "Operation- 

String”. 

Structure - It is a collection of items required to build up the 

assemblies and sub-assemblies in each stage against a production 

stage chart of a given product. 
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HOW TO USE THIS MANUAL: 

This manual is divided into four parts. Part I is an introduction which 

defines the problem areas in capacity Planning and Control. It also 

outlines the areas of applications of the system. 

Part II describes how various data files used in this system can be set up 

and maintained. It also explains the significance of each of the files 

and how they are interfaced to one another. 

Part III is a user guide which gives a step by-step operating instruction 

to users who may not have previous experience in computer systems. 

The final part consists of a collection of flow diagrams for the 

programmes and subroutines used in the system. 
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Part I: INTRODUCTION 

In capacity management there are some fundamental problems confronted by a 

majority of manufacturing firms, such as 

- Have we got enough manufacturing capacity for this year's output? 

- What are the production targets for next year and how they can be 

best dealt with? 

To solve these problems one has to consider three major areas: 

(1) What capacity have we got in each work centre? 

(2) What capacity do we need to fulfil the various production targets? 

(3) When are these capacities required in different work centres? 

The ways in which these problems can be tackled depend very much on the 

accuracy on: 

(a) Sales forecast 

(b) Capacity and utilisation figures in every work centre 

(c) Product structure for every model 

(da) Production routings and leadtimes information. 

Starting with the sales forecast which calls up the various product 

structures, production routings and leadtimes, the corresponding capacity 

demands in terms of man-hours or machine~hours in various work centres can 

be calculated. By matching these demands against the capacities available 

over a specified period of time, one will be able to predict whether the 

forecast targets can be satisfied. 
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This system was primarily developed for a multi-~product textile machinery 

company. Using one of their newly introduced microprocessor—controlled 

knitting machines as a case study, the system is designed to perform the 

following functions: 

(1) 

(2) 

(3) 

(4) 

T derive the capacity requirement pattern for each model in every 

work centre. 

fo provide a procedure for medium-term capacity scheduling and 

loading. 

To help determine a suitable production programme by comparing the 

effects of different product-mixes. 

To help assess future capacity and plant investments. 
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Part II: DATA FILES ESTABLISHMENT AND MAINTENANCE 

To enable the system to perform its function there are three basic data 

files that have to be set up: 

(A) 

- Capacity-Load Record File 

- Stage Structure File 

- Production Routing File 

Capacity-Load Record File - It holds the up-to-date capacity 

allocation information in various manufacturing centres over a period 

of five years to enable the system to handle medium to long term 

analysis. 

To establish this record file, all the machines and equipment in the 

company have to be grouped into a number of sections according to 

their functional and dimensional features, such as milling, turning 

etc. The mchines in each section, say milling, can be further 

stratified into smaller sub-groups, namely HM2, HM3, VM2 and VM3, 

which are normally referred to as work-centres. 

In each work-centre the maximum weekly capacity can be worked out by 

simple multiplications and expressed in terms of hours. To obtain a 

more realistic figure other relating factors such as % overtime, % 

sub-contracting, % absenteeism, operator performance and % machine 
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(B) 

utilisation etc., have to be considered. As a result the actual 

weekly capacity can be given as: 

Actual weekly capacity = max.weekly capacity [1+(%0/T-%Abs)] 

xX Op. performance x % utilisation 

A BASIC programme "CAPRECOR" has been prepared for setting up and 

maintaining this data file. 

Stage Structure File - The term product structure is commonly used in 

a Material Requirements Planning System, taking the form of a family 

tree which shows how parts are related to one another in various 

levels of manufacture. To develop a capacity planning system for a 

company where MRP is unavailable, the items are grouped according to 

the various stages of build, forming a stage structure. A complete 

product structure file can be established by combining the various 

stage structures. 

Since this system was designed to perform both detailed and rough-cut 

capacity planning, separate product structure files have to be set 

up. In the detailed structure file, items are represented by its own 

part number, whereas a hypothetical part number is used to represent 

each stage of production. For example, the part number 999991 and 

999992 have been used to represent the hypothetical items in stage 1 

and stage 2 of 'ACE' V-bed knitting machine in the Case Study 

(Chapter 9). A BASIC programme "STR" has been prepared for setting 

up and maintaining product structure files. 
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(Cc) Production Routing File - The structure file specifies the materials 

required to build a given product. In order to translate these 

material requirements into the corresponding capacity requirements in 

various work-centres, the planning details of each manufactured item 

have to be called up from the Production Routing File. ‘The routing 

record of each given item shows the work-centre, launch week, setting 

up time and machining time of each operation required. 

For detailed capacity planning, the actual setting up time and 

machining time for each operation can be used. On the other hand, 

for the Rough~Cut approach, dummy routings with equivalent setting up 

and machining times have to be used. The derivation of dummy 

routings has been illustrated in Chapter 9. 

When a routing record is created, it is more convenient to have the 

details input in the reverse order of operations so that the last 

operation can be loaded first during capacity allocations. This can 

ensure the capacities required for all the operations following the 

one being considered to have been satisfied before loading the 

current work-centre in order to take into account any changes in 

requirement date due to re-scheduling. 

The BASIC proramme "RNFILE" has been prepared for setting up, 

maintaining and displaying the production routing information which 

is being kept in a separate random file, "ROUTING". 
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Part III: GUIDE TO USERS 

It was the intention of the system designer to keep the operating 

procedures as simple as possible so that no previous computing 

knowledge is required to apply the system. Once the programme is 

started by typing in the command "RUN" the user will be directed to 

answer a series of dialogue-type questions on the VDU in order to 

specify the input parameters. 

After that the computer will copy the most up-to-date capacity-load 

records onto a workfile for further capacity loading. The user will 

be informed as the programme proceeds. 

To calculate the capacity requirements for a given batch quantity in 

various work-centres, the relevant product structure and production 

routing records have to be called up. 

The users also have to specify whether finite or infinite loading 

method will be required. With infinite loading, the capacity 

requirement in each work-centre will be loaded according to the week 

number derived from the structure disregarding whether the capacity 

is available. This option will highlight any capacity unbalance so 

that actions can be taken earlier to tackle the problems. Whereas, 

with finite loading option, re-scheduling will be automatically 

carried out whenever there is an overload, resulting in a more evenly 

distributed capacity-load pattern. 

152



The time required to run the programme depends on the following 

factors: 

(1) The complexity of the product 

(2) The number of production cycles involved 

(3) The amount of re-scheduling required 

(4) Most of all, whether Detailed or Rough-Cut approach is chosen. 

It is because in the latter case only a few dummy records need to be 

considered and that will result in tremendous reductions in time. 

When the analysis is completed the resulting capacity-load situations can 

be presented in different forms. 

(1) DU - The results can be quickly shown om the screen 

(2) Detailed Report - The capacity-load figures for any particular work- 

centre in the year concerned can be printed in week number order on 

hard copies. 

(3) Graphical Output - the resulting capacity distribution of any chosen 

work-centre can be presented in the form of a histogram showing the 

overall pattern. 

Having assessed the results of the analysis corresponding to the 

parameters specified, the user has to decide whether to accept or neglect 

the capacity records. In the former case, the resulting capacity records 

will be copied from the work-file onto the capacity-load data-base for 

subsequent analyses. Otherwise the present records will be erased as the 

programme ends without affecting the original figures. 

If no further outputs or displays are required, the programme can be 

terminated. 
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PART IV Flow Diagrams For The System Programmes 
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Prog Iv.1 Programme "CAPRECOR" 

  

  

    
menu:— 
Select the function required from the following 

  

X=D, 

x=1, 

X=2, 

X=3, 
x=4, 

X=5, 

X=6,   x-7, 

No more functions are needed 

"CAPRICOR1" 

"CAPRECOR2" 

"CAPRECOR3" 

"CAPRECOR4" 

"CAPRECOR5" 

"CAPRECOR6" 

"CAPRECOR7" 

Initialize a new capacity 
record file. 

Create a new capacity 
record. 

Modify an existing record 

Display a chosen capacity| 
record on VDU. 
Print a detailed capacity 
load report. 

Plot the capacity 
¢: gprtpat ion on x 

stogram. 
Delete a capacity record   
  

  

  

  

VY   
Input xX 

  

  

        
Stop 

  

  

  

Returned | 

from 
Subroutine | 

VY 

Close the | Go to the }—____ 

Record file \ Relevant Stop 
Subroutine     

 



Prog Iv.1.1 Subroutine "CAPRECOR 1" - to initialize a new 
capacity Record File 

Start 

  

Open the 
Capacity 

Record 

File     

  

  

  

  

  

Vv   
  

Specify the 

Maximum 

Weekly 

Capacity       
V 

No   
Ves 
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Prog IV.1.2 Subroutine "CAPRECOR 2" - To create New Capacity | 

Reocrds 

Start 

i VY 

Open the 

Record File 

y 

Call up the 
Weekly 

Capacity 

Record 

  

  

  

  

      
Define the 
Year and 

Week 

; Z 
Pick up the 
Relevant 
Record 

  

  

  

  

Work-Centre 

v 
        

Capacity 
Informatio: 

Yes 
Any 

|___<}____<" More New   
Return to 

"CAPRECOR" 
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Prog IvV.1.3 Subroutine "CAPRECOR 3" - To modify existing 

Capacity Records 

       cece the 
apacity 

Record File     

  

  

  

      

  

Y 
Put 

Information 

into Record 

  
  

        
     Return to 

"CAPRECOR' 
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Prog Iv.1.4 Subroutine "CAPRECOR 4" - To display the capacity 

information on the VDU 

Start 

Vy 
Open the 

Capacity 

Record File 

  

  

  Y 

  

Define the 

Week Number 
and Year 

VY 
      

Call up 
Relevant 

Record     
  

  

  

Define the 

Work-Centre   

  

  

Output 

Information 
on     

i
 

oO)
 

a 

Any More 

Information 

Required ?   L 

  

Return to 

"CAPRECOR" 

y 

    A 
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Prog Iv.1.5 Subroutine "CAPRECOR 5" - To print an annual 

capacity-load report 

Is 

new page 
needed 

     
         
  

      

   

    

     

    
    

     

Start 

Vv 
Specify the 
Capacity 

Available in 

fWork-Centres 

Y. 
Open the 

Record File 

  

  

  

      

  

Pick up 

Appropriate 

Record 

y 
Output 

the 

Capacity 

Information 

  _j 
    

the Report 

‘complete 

   Return to 
"CAPRECOR"



Prog IV.1.6 Subroutine "CAPRECOR 6" - To plot the annual 

Capacity-Load Distribution Pattern 

  

  
  

  

    
  

<4 
I 

( Start ) y 

WV Calculate the 

Output 

Define the Figures 4 

String 
Variables 
Required     
  

   
   

   
      

   

    

      

Read the 
Capacity 

Informatio: 

ct ——— 
Open the 

Capacity 

Record 
File   

Define 
the 

Year and 

  

Pick up the 

Appropriate 

Record     
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Print 
Result 

and Plot 
Histogram 

   
   

No 

A New Page 

Required 

  

Return 

To 

"CAPRECOR" 

  | 
    

 



Prog IV.1.7 Subroutine "CAPRECOR 7" - To delete 

Capacity Records 

( Start 

D 
  

Confirm 

the Record 

to be 

Deleted 

Vv 
Open the 

Capacity 
Record File 

Vv 

Define 

the Year 

  

  

      
Week 

  Vv
 

¥ 
Pick up 

the Record 

~ 
Delete 

the 

ay Information 

  

    
  

    
   

   
any 

“fore capacit 

Record 

we 

¥y NO 

Return 
© "CAPRECOR" 
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Prog Iv.2 Programme "RNFILE" 

Name the 
Routing 

File 

     
   

Y 
    

Select the Function Required 

  

  

Stop the programme 

"RNFILE1" - Initialize a routing file. 
“RNFILE2"~ - Create a new production 

routing. 

"RNFILE3" - Modify a existing productioy 

routing. 

"RNFILE4" - Display the production 

routing of a chosen 

component on VDU. 

"ENFILE5" - Delete a production 

routing.     

    
Return 

From 

Subroutine 
  

  
V 

= 
Close the 
Routing 

File 

  

    
      

    

 



Prog IV.2.1 Subroutine "RNFILE1" - To initialize a 
Production Routing File 

| 
Open the 

Relevant 

Routing 

File 

  

  

V 
    — 

Reserve a 
Required 

Number of 
Records     
  

Return to 

"RNFILE" 
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Prog Iv.2.2 Subroutine "RNFILE2" - to create new 
Production Routing Records 

( Start ) 

Open the 
  

      

  

  

at
 

NS
     

Open the 

Index 

A File       

     
      

   
Record in 
Index File 

  

    

  
    

a 
SS 

Yes 
Create the 

V Routing 

Record 

7 

Return to 

RNFILE" 

V   
    
     
    

Store the 

Details 
Yes       more new 

Record         
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Subroutine "RNFILE3" 

or Delete a Production Routing Record 

Prog IV.2.3 

Start 

Y 
Open 
  

Routing File       
Yes 

  

Open 

the 

Index File 

        

  

     
    

Input the 

Part 

Number, PN 
     Y 

Look up 

the Index 
File for 

PN | 

  

  

  

  

Call up the 

Routing 

Record 

¥ 

Cancel. the 

Existing 

Record 

  

    

  

Go to 
( SS, ) 

nie 

and "RNFILE5" - to Modi fy 

Any 
More 

Routing 
? 

Return to 

"RNFILE2"   

 



Prog IV.2.4 Subroutine "RNFILE4" - TO Display a 

Production Routing on VDU 

  
  

Open the 

Routing File      

  

   
     

    

  

Input the 

Part Number, 

PN - 

    Vv 

Look up 

PN from 
Index File 

  
  

   

     

   

  

   

      
   

Does 

PN Exist 

2 

LT yes 

ge a nti 
Call up 

the 

Routing 

Y 

Display 

Routing in 
Operation 

Sequence 

  

    
  

    

  

Return 
to "RNFILE" 
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Prog IV.3 Programme "STR" - to set up and maintain 

Product Structure File 

Specify the 
Structure 

File 
  

  

  

  

    

Select the Function Required 

Z=0, Stop the Programme 

z=1, "STRL" - To initialize a product 

structure file. 
2=2, "STR2" - To create a new structure 

record. 

2=3, “STR3" - To modify an existing structure 

record. 

Z=4, "STR4" - To display the structure record 

of any particular item. 

Z=5, "STR5" - To delete an existing structure 
record. 
  

       

  

Go to-the 
Subroutine 

Chosen | 

     
Close the 

| Structure Filed 
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Prog IV.3.1 Subroutine "STR1" - to initialize a new 

Structure File 

  

Open 

the 

Structure 

File 

WV 

  

    

  

  

      
  

  

Blank the 

i 
| 
| 

A first 

Character of the record 

  

  

  
Wes 
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Prog IV.3.2 Subroutine "STR2" - to create a new 

Structure Record 

V 

V 

Open the 

Structure 

File 

  

      
  

  
tS 
ee et ea 
| Pick up the First 

Blank Record 

ut part 
Number Bnd 

Stage Number 

  

     

  

   

  

Call up the 
Stage Chart 

Information 

  

  

     
   

li Input Cycle 

Message, QTYPER 

and 

Lead Time         

Put the Structure 

Details into 
the Record 

        More New 

tructures 7 
Return) 

To "STR" }   
  

ET



Prog Iv.3.3 

  

Subroutines "STR3" and "STR5" - to Modify 

or Delete an existing Structure Record 

  

  
Open the 
Structure 

Eile       

  

        
  

Input the 

Part 

Number 

XY 
  

Scan Record 

File to find 
Required 

Part 

Number       

      

     

Cancel the 
Structure j 

Go To Record 

"STR2"   
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Prog Iv.3.4 Subroutine "STR4" - To Display a Structure 

Record 

WV 

Open the 

Structure 

File 

     

  

    
    

  

      

  

  

  

Display 

Details 
on VDU         
       

  

Return 

to "STR"    
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Pick-up Set-up 

and Machining 

Time for each Operation 

  

y     
Calculate the 

Due Date for the 

Operation in 

the Current 

Cycle       

y 
  

    
Pick up 

the 

Appropriate 

Record 

7 
Allocate 

Capacity 

Against 

Demand 
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NN 

  

  

Due Date = 

Due Date -1 

  

  

  
 



  

Calculate the 

Number of 
Cycles Required 

iste oe 
Open a Workfile 

for New 

Records 

v 

Open the 

Capacity-Load 

Record File 

  

    
  

Cycle 

Cycle +1 

Open the 

Structure File 

and Call Up 

Records 

of aE Cpe, 
Open Routing File 

  

and Call Up 

the Record     
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Close Work File 

and go to 

Select Output 

Format 

   

   
   



————— 

  

  

    
  

  
  

  

  

      
  

   

   

   

     

  

   

   

  

Select the Output Format 

(1) Display the resulting capacity records 

on VDU - subroutine "CAPRECOR4". 
(2) Print a detailed capacity-load report for 

any work-Centre required - subroutine 

"CAPRECOR5". 

(3) Plot the annual capacity-load distribution 

of any chosen work-centre in a Histogram 

- subroutine "CAPRECOR 6". 

WV 

Go to 

Appropriate | 

Subroutine 

. Copy the 
Yes the Capacity Records 

come Onto the 

setae i daa Data Base 

  
  

182 

  

 



Prog Iv.4 Programme "NEWCPC" - The Production Capacity 

Planning -and Control System 

( Start 

VY 

Define 

the 

Dimensions 

  
  

  
  

    

  

       

  

Is 
Detailed 
Analysis 
Required 

> 
     

    
    

    

  

  Select the 
Loading Option 

(Finite or Infinite) 

    
  

  

    Input Batch Qty 

and Interval 

Between Cycles      
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