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Abstract:

Manufacturing systems are becoming more automated and, as a result, more complex and difficult to control and operate.  It is important that manufacturing engineers have tools that properly support their activities on a continuous basis.  A number of tools are available to address manufacturing systems design and operations.  Of these tools simulation is the only one capable of dealing with all the detailed decisions that must be made in designing and operating these systems.  

This paper describes a simulation project carried out in a SME.  The SME manufacturing system is best described as a batch production flow shop.  The development and validation of the model took approximately nine man-months.  Once validated a wide range of experiments where carried out on the model including, work schedules, improving efficiency of the bottleneck station, capital investment, sequencing and order release mechanism.  Through these experiments the company could see a real need for simulation based tools to support their activities.  To illustrate this point this paper will describe the use of simulation to support a capital investment decision.  However the main purpose of the paper is to highlight practical issues relating to the introduction of simulation into a SME.  These issues mainly relate to simulation software selection and how this software is best utilised. 
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1.0 Introduction

The SME in question manufactures consumables for the mining industry.  Its manufacturing system operates as a batch production flow shop and a schematic diagram of the layout of machines and processes within the system is shown in Figure 1.  Batch sizes are determined by the customer orders and therefore, can vary in size from 1 part to 500 or more parts.  The number of different part types that can be produced within the system is very large.  However it is possible to classify parts based upon similarity in design and product routing.  Therefore, there are five basic product classes that are produced within the system, namely Tunnelling rods, Extension rods, Male/Female rods, Tube rods and Taper rods.
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Figure 1 Schematic Diagram of the Layout of the Rod Plant

2.0 Capital Investment Decision – An Example Experiment

One option available to management to increase the performance of the system was to invest capital in new machines and equipment.  The furnace area is the main bottleneck within the facility.  Therefore, it was decided that any capital investment should be conducted such that it alleviates the constraint placed on the system by this bottleneck.  The option of investing in a second carburising furnace was investigated by management.  Capital was found to support the purchase of a furnace slightly smaller than the current furnace. The simulation model of the rod plant was utilised to determine if this investment would result in tangible benefits and to determine if a new bottleneck would develop in the system.

2.1  Experiment Design

Two scenarios were considered for the purposes of this experiment.  In the first scenario the system was simulated with the current carburising furnace, in the second scenario the proposed new furnace is added.  An eight-week production schedule from the system was obtained and used to drive the scenarios.  The first two weeks of the production schedule were used as the warm-up period. Statistics were collected at the end of each week for the remaining six weeks.  

For the second scenario batch sizes were increased by 30%.  This was to ensure there would be enough parts entering the system to utilise the extra capacity.  The figure of 30% was selected after consultations with management indicated that this would be a reasonable estimate of the amount of new business they could expect to generate if there was extra capacity in the system.  It should be noted that this simplifying assumption does not take into consideration the effects an increase in the number of batches would have on the capacity of the system.  Also as the range in product sizes is large, product mix is an important factor in furnace utilisation.  In order to simply the experimentation both batch sizes and product mix where not considered.  

Ten replications of each scenario were conducted.  Statistics were collected for average number of parts carburised, average WIP remaining in system at end of each week, average time in system, as well as machine utilisation figures for the furnaces, the CNC machines, the straightening machines and the friction welder. 

2.2 Experiment Results

There was a significant increase in the average number of rods carburised from 1591 per week to 2287 per week.  There was a significant reduction in the amount of WIP remaining in the system at the end of each week down from 2427 to 1671 rods.  Average time spent in the system by parts under scenario 1 was on average 10910 minutes or approximately seven days and fourteen hours.  The average time spent in the system by parts under scenario 2 was 11105 minutes or approximately seven days and seventeen hours.  In Figure 2 a time series of the time spent in the system is shown.  This graph shows that the time in the system increases for scenario 1 and decreases for scenario 2.  The average number of furnace loads achieved under scenario 1 was approximately 16 loads per week.  This compares with an average of 24 loads in total between the two furnaces under scenario 2.  As can be seen from Table 3, the utilisation of all other machines increased under scenario 2.  The most important of these increases are the CNC 350, the Friction Welder and the manual straightener.


[image: image2.wmf]Average Time in System

9000.00

9500.00

10000.00

10500.00

11000.00

11500.00

12000.00

12500.00

0

2

4

6

8

Week

Time (min.)

Scenario 1

Scenario 2


Figure 2 Average Time Parts Spend in the System

Table 1 Average Utilisation of the Furnace in Scenario 1

Week
No of Ops
Blocked
Cycling
Idle

1
15.00
0.00
97.03
  2.95

2
17.00
0.00
98.67
  1.49

3
17.30
0.00
98.59
  1.64

4
17.20
0.00
98.18
  2.15

5
16.30
0.00
90.94
  9.28

6
13.10
0.00
81.33
18.92

Average
15.98
0.00
94.12
  6.07

Table 2 Combined Average Utilisation of the two Furnaces in Scenario 2

Week
No of Ops
Blocked
Cycling
Idle

1
23.80
4.00
71.90
24.32

2
22.40
2.82
63.01
34.43

3
29.60
6.92
87.71
  5.47

4
25.60
4.77
76.77
18.54

5
22.10
3.34
63.87
32.80

6
19.90
1.80
61.68
36.79

Average
23.90
3.94
70.82
25.39

Table 3 Average Machine Utilisation

Machine
Scenario
No. of Ops
Cycling
Setup
Idle
Broken Down

CNC 302
1
10.33
24.68
  5.81
 57.77
11.29


2
10.97
29.52
  6.73
 48.17
15.58

CNC 350
1
16.17
53.63
16.07
 19.68
10.80


2
16.77
70.26
16.77
  0.23
12.88

CNC 4x4
1
  9.28
43.52
18.75
25.99
11.87


2
10.45
50.61
19.16
20.53
  9.73

Welder
1
17.34
39.19
15.63
43.37
  1.87


2
18.92
51.92
 16.87
29.26
  2.04

Manual 
1
36.13
57.36
  0.00
42.64
  0.00

Straightener
2
38.55
83.41
  0.00
16.59
  0.00

Eithel 
1
  8.50
27.29
  0.00
72.71
  0.00

Straightener
2
  8.75
35.15
  0.00
64.85
  0.00

Table 4 Utilisation of the Manual Straightener in Scenario 2

Week
No. of Ops
Cycling
Idle

1
26.70
99.50
  0.50

2
39.40
97.16
  2.84

3
46.00
92.01
  7.99

4
58.50
92.85
  7.15

5
37.50
54.19
45.81

6
23.20
64.76
35.24

Average
38.55
83.41
16.59

2.3 Discussion

The addition of the new carburising furnace would result in tangible benefits to the performance of the system.  It would result in increased number of carburised products per week with a reduced average WIP remaining in the system at the end of each week and minimal increase in average time in system. 

In addition, product mix and batch sizes will have a large input into determining the capacity of the system.  This experiment does not consider how either system would cope with changes to these parameters.  If, for instance, the number of tube rods (which have large diameters) or the number of long rods were to increase it would result in a decrease in the number of carburised product per week.  The number of batches entering the system will clearly effect the amount of time the CNC machines spend setting up. Management believes that a maximum of three years should be allowed for returns on capital investments to be achieved.  Discussions with management indicated that, based on the results of this experimental work, they would expect to see a return on investment in two and a half years. However further experiments on product mix and batch sizes would be required to give a more precise value for the return on investment period.
Table 2
 also indicates that the furnaces can become blocked at the end of their cycles, an average of 3.94% of available time.  This implies that there was a load in the cooling tower when one of the furnaces attempted to discharge its load to the cooling tower.  If this were to happen in reality then the entire jig would have to be scrapped.  The jig cannot remain longer in the furnace than its carburising cycle requires and cooling of the jig must begin immediately after carburising under controlled conditions.  Therefore, if a second furnace was to be introduced into the furnace area then loading of each furnace would have to be conducted such that it did not attempt to discharge its load while there was still a load in the cooling tower.  This could be achieved by staggering the furnace loads.  From examination of the utilisation of the individual furnaces in scenario 2 (these figures are not shown due to space restrictions) maximum utilisation of approximately 80% would only be achievable when furnace loads are staggered.  

As can be seen from Table 1 the furnace under scenario 1 is being utilised very close to the maximum possible.  In fact for the first four weeks when the system is heavily loaded the average utilisation is approximately 98%.  The furnace, therefore, is clearly constraining the throughput of the system.  Under scenario 2, with the addition of a second furnace the combined utilisation of the two furnaces reduces to approximately 75% for the four heavily loaded weeks (see Table 2). The furnace area is no longer the main bottleneck that is constraining the performance of the system.  From Table 3 it is clear that the CNC 350 was utilised to its maximum capacity under scenario 2 as the average idle time per week over the six week period was 0.23%.  The CNC 350, therefore, will become a bottleneck if a second furnace is introduced and the load on the system is increased.  It may be possible to relieve this bottleneck by allowing the CNC 4x4 to work on jobs that were destined for the CNC 350 during its idle time.  Another possibility would be to attempt to reduce cycle times, set-up times and the number and length of breakdowns.

Increasing the size of the production batches by 30% increased the system load for the second scenario.  This had the effect of increasing machine cycle times without substantially increasing the number of set-ups or operation dependent breakdowns.  If, however, the system load was increased by increasing the number of batches released into the system then time spent on set-ups and repairing operation dependent breakdowns would also be increased.  This could result in bottlenecks at other machines and work-centres, for instance the CNC 4x4.

Table 3 also indicates that the manual-straightening machine was utilised an average of 83% of available time per week.  Examination of Table 4 reveals that for the first four-week period when the system was heavily loaded the average utilisation of the manual-straightening machine was 95%.  It can be concluded therefore, that the manual-straightening operation will also be a bottleneck if a second furnace is introduced and the load on the system is increased.

2.4 Experiment Conclusions

In summary the above set of experiments provided the following information to the company:

1. The introduction of a second furnace would have tangible benefits for system performance in terms of increased throughput at reduced average WIP while maintaining the average time in system.

2. Return on the investment could be achieved within 2 ½ years, however the effect of product mix and batch sizes should be investigated further to ensure that the eventual return on investment would be reasonable. 

3. The loading of two furnaces would have to be conducted in a controlled manner so as to ensure that there would not be a load in the cooling tower when a furnace would be due to discharge its load.

4. If it was desired to operate the two furnaces at more than 75-80% utilisation it would be essential to consider purchasing a second cooling tower.

5. If the system load was increased by increasing batch sizes then CNC 350, CNC 4x4 and the manual straightening operation would become the main bottlenecks in the system.

3.0 Simulation Expertise Requirements

The above simulation experiment exercise illustrates the benefits a SME can obtain from the utilisation of simulation.  One objective of the simulation project was to introduce simulation into the organisation so that it could be used on a continuous basis after the completion of the project.  This seemed sensible as the model took nine man-months to complete.  Scrapping the model is an obvious waste of resources, not to mention the potential benefits that could be gained from future use of the model within the organisation.  The model was discarded after the completion of the project as the company lacked the necessary in-house expertise to maintain and use the model.  

Expertise required by the company to use the model could be categorised into:

(1) Knowledge of the software package as well as the programming details of the model,

(2) Knowledge of the system being modelled, and

(3) Knowledge of statistics and experimental design procedures to be able to conduct and analyse experiments.

Company personnel have the necessary expertise in (2) and could with training acquire the necessary expertise in (3).  Even so activities in (3) above are poorly supported.  Also execution time for simulation models is a major constraint to experimentation.  To illustrate the model used for the experiments described earlier took approximately 45 minutes for 1 replication of 8 weeks simulated production on a Pentium II with 64 Megs of RAM.  While noting that major work both in research and application development needs to carried out in this area, this is not addressed in this paper.  Issues relating to (1) are discussed in the remainder of this paper.  Noting that the level of expertise required in (1) is dependent on how the simulation model is implemented, we critically review simulation software that is in our view one cause that is hindering the more widespread use of simulation within manufacturing companies and especially SME.      

4.0 Simulation Software Implementation Issues

The chosen simulation package (WITNESS) used in the project militated against developing a user-friendly model, which could be used by company personnel.  Problems with the software can be summarised as follows (Geraghty, Heavey & Linnane, 1998):  

1.  WITNESS does not provide separate interfaces for users and developers.  In other words, no facility is provided to hide programming details from the user.  Because of this it is virtually impossible for company personnel to use the model, unless they become expert in the use of the WITNESS simulation package.

2. WITNESS has poor interfaces to external data sources. 

3. WITNESS is not object-oriented.  Object-oriented simulation that allows data encapsulation, inheritance and polymorphism is a virtual necessity for the modelling of complex systems.  In WITNESS, all variables are global variables, making it very difficult to code and maintain the model.

4. It is difficult to model complex systems using WITNESS because WITNESS does not provide low level modelling primitives.

Each of the above points is briefly elaborated on in turn.

4.1 Separating the User from the Developer

Figure 3(a) illustrates how WITNESS operates; the user and the developer use the same interface.  A number of recently developed or extended simulation packages (ARENA (Systems Modelling Corporation), Simple++ (ASEOP GmbH), TED (F & H Simulations Incorporated)) operate as in Figure 3(b).  This permits the development of customised user-friendly simulation software.  
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Figure 3 Separation of Model User from Model Developer

To illustrate screen dumps showing what is involved in changing the `Maximum Cooling Tower Duration’ parameter of the carburising furnaces in WITNESS and SIMPLE++ are given in Figure 4 and Figure 5, respectively.  To change this parameter in WITNESS one must access detailed programming code (see Figure 4), in SIMPLE++ this parameter can be accessed via a customised DialogBox (see Figure 5).
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Figure 4 Screen Dump of Witness Function for Selecting Carburising Furnace Cycle Time
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Figure 5 Furnace Area Dialogue Box from the Simple++ Model

4.2 Linking Simulation to External Data Sources

If simulation is to be implemented successfully as a desktop resource that will be used on a continuous basis within a company, data input activities must be automated.  Simulation models require large amounts of data, for example, part routings, processing times and production schedules. The simulation model will need to be linked to the production planning system to access data relating to product routings and schedules.  Links to a shop-floor data collection system is required to access shop-floor status data and possibly in highly automated systems to update simulation parameters such as process and failure times and distributions. 

4.3 Object Oriented Programming

The main ideas of object oriented programming where first demonstrated in a simulation language called SIMULA in the late 1960.  However, it is only recently that object oriented techniques have become to be applied to manufacturing simulation packages, for example long established packages such as SIMAN (ARENA) and WITNESS (Version 9).  These packages however are not truly object-oriented, as they are legacy packages.  Examples of new products that are truly object oriented are MODSIM III, which could be regarded as a general simulation development toolkit and SIMPLE++, which could be regarded as a general simulation development toolkit for the manufacturing domain.  A more recent entrant into this market is Taylor Enterprise Dynamics (TED) which is based on the object-oriented paradigm.  

The advantages that object-oriented programming brings to simulation is similar to those achieved in software development in general.  To illustrate this point further we examine the re-coding required to carry out the experiment previously described.  It took two weeks to write and verify the code to enter a second furnace into the WITNESS model.  The furnace operational logic is encoded in a series of WITNESS functions and, because WITNESS does not distinguish between global and local variables, these functions could not be accessed simultaneously by a second furnace.  The functions and variables required to model the operational logic of the furnace therefore had to be identified and copied.  If the model was developed in an object-oriented based simulation package such as SIMPLE++ this task would have been greatly simplified and would be accomplished within minutes or hours.  In the object-oriented framework the furnace would have been an object.  Due to encapsulation it could be easily integrated with other modelling objects through their respective object interfaces.

4.4 Model Complexity 

A number of simulation packages contain pre-defined objects that are used to construct models.  These objects have limited flexibility.  Examples of two such packages is WITNESS and PROMODEL (PROMODEL Corporation).  These packages have the advantage that they have low training requirements and are useful tools if their pre-defined objects met ones modelling requirements.  However very often this is not the case.  While there may be strong similarities in terms of modelling requirements within manufacturing sectors (i.e., assembly), from experience we find that, in general, the range and level of complexity is large among companies. 

It can be justifiably asked; is there a need to model detailed aspects of manufacturing systems?  This is impossible to answer in the absolute sense as simulation objectives and systems differ.  However we have found that in most cases there is a need.  Another paper that supports this view is a paper by Davis, Setterdahl, Marco, Izokaitis and Bauman (1993).  They developed a simulation model of a Flexible Manufacturing System (FMS) using the conventional simulation tool SIMAN and numerous FORTRAN patches.  It took two man-years to develop the model, and the final model proved extremely difficult to validate.  They questioned was such complexity of the model required?  They argue yes and give cases to justify their answer.  As an example for the FMS, a proposed vendor of a tool delivery system gave results of a simulation study that projected average process utilisation would exceed 70%.  The detailed model demonstrated that the average process utilisation would be less than 40%.  Another set of experiments on the same model showed huge variation in make span (75% to 200%) depending on what tools resided in the machines at the beginning of each day (all other conditions being equal).  While accepting that simple models are of great benefit to engineers in understanding the main operating issues of their manufacturing systems, where complex manufacturing systems are concerned detailed simulation models are required for detailed design. 

Low level modelling primitives would lower the effect required to model complex logic.  Relating this back to the model previously described, the furnace loading activities was a complex activity to model.  In WITNESS a range of “dummy” objects and modelling tricks were required.  Utilising low level modelling primitives would have greatly eased this modelling task. 

5.0 Conclusions

This paper described a case study that illustrated the use of simulation within a SME.  While model development took a lot of effort the company were interested, after seeing the benefits of simulation, in developing simulation within the company.  Unfortunately after the simulation project stopped the company could not use the simulation software.  There are many difficulties to overcome in introducing simulation successfully in a company.  This paper highlights problems related to simulation software selection and implementation.  We conclude that if a company wants to develop simulation into a tool that can be used continuously to support manufacturing they should utilise a simulation software package that has the following features:

(1) Allows the separation of the user and developer interfaces;

(2)  Supports object-orient programming;

(3) Contains low level programming primitives;

(4) An open product that can be easily linked to external data sources and external applications. 
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Carbed

										No. of Products Carburised

		Scenario 1		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		91.0		691.1		464.0		288.9		180.0		0.0		1715.0

		Week 12		84.3		521.8		654.8		54.2		174.2		9.0		1498.3

		Week 13		456.6		391.2		620.9		162.0		85.8		3.0		1719.5

		Week 14		268.9		416.3		749.3		50.5		388.5		27.0		1900.5

		Week 15		458.9		366.2		328.0		119.3		322.1		6.0		1600.5

		Week 16		292.5		376.0		359.6		76.5		9.4		0.0		1114.0

		Total		1652.2		2762.6		3176.6		751.4		1160.0		45.0		9547.8

		Average		275.4		460.4		529.4		125.2		193.3		7.5		1591.3

		Scenario 2		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		389.3		826.0		935.3		344.0		261.0		0.0		2755.6

		Week 12		305.9		1148.2		697.8		63.8		120.0		0.0		2335.7

		Week 13		395.9		908.3		824.2		281.5		317.2		15.0		2742.1

		Week 14		502.9		726.4		628.5		123.1		530.1		30.0		2541.0

		Week 15		302.7		596.1		328.4		177.7		215.7		0.0		1620.6

		Week 16		523.3		560.7		423.7		169.2		48.0		0.0		1724.9

		Total		2420.0		4765.7		3837.9		1159.3		1492.0		45.0		13719.9

		Average		403.3		794.3		639.7		193.2		248.7		7.5		2286.7

		Scenario 3		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		366.4		885.1		947.9		327.2		261.0		0.0		2787.6

		Week 12		350.1		1071.1		665.1		84.2		227.2		0.0		2397.7

		Week 13		372.4		914.3		806.1		300.1		325.2		15.0		2733.1

		Week 14		512.1		761.4		625.7		111.7		445.4		30.0		2486.3

		Week 15		514.6		584.3		370.2		181.9		204.2		0.0		1855.2

		Week 16		317.9		718.9		429.2		222.3		37.0		0.0		1725.3

		Total		2433.5		4935.1		3844.2		1227.4		1500.0		45.0		13985.2

		Average		405.6		822.5		640.7		204.6		250.0		7.5		2330.9

		Scenario 4		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		626.0		999.9		776.8		332.7		205.0		0.0		2940.4

		Week 12		81.6		1389.9		711.9		146.3		157.6		0.0		2487.3

		Week 13		601.7		652.9		764.3		219.2		483.5		27.0		2748.6

		Week 14		386.6		959.3		694.4		110.2		489.9		18.0		2658.4

		Week 15		714.6		559.4		510.6		233.6		102.0		0.0		2120.2

		Week 16		181.2		655.4		507.7		256.5		14.0		4.0		1618.8

		Total		2591.7		5216.8		3965.7		1298.5		1452.0		49.0		14573.7

		Average		432.0		869.5		661.0		216.4		242.0		8.2		2429.0





In System

										No. of Products Remaining in System at Weeks End

		Scenario 1		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		317.9		897.1		743.2		226.4		334.0		15.0		2533.6

		Week 12		342.3		545.0		596.9		147.3		578.6		37.5		2247.6

		Week 13		442.1		740.2		642.7		138.2		594.8		33.0		2591.0

		Week 14		733.6		957.0		252.8		99.6		443.0		6.0		2492.0

		Week 15		502.2		1232.9		89.0		214.0		237.2		0.0		2275.3

		Week 16		328.1		1191.4		331.0		363.1		203.0		10.0		2426.6

		Average		444.4		927.3		442.6		198.1		398.4		16.9		2427.7

		Scenario 2		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		535.9		1465.0		418.3		275.9		145.5		0.0		2840.6

		Week 12		110.1		1111.3		548.8		217.0		244.2		4.5		2235.9

		Week 13		351.6		193.1		360.2		96.6		484.8		30.0		1516.3

		Week 14		275.2		614.9		155.0		27.6		240.9		0.0		1313.6

		Week 15		623.0		248.2		4.7		58.1		65.1		4.0		1003.1

		Week 16		151.2		521.3		195.5		214.2		38.0		0.0		1120.2

		Average		341.2		692.3		280.4		148.2		203.1		6.4		1671.6

		Scenario 3		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		533.9		1382.6		453.0		288.5		146.8		0.0		2804.8

		Week 12		171.9		1167.0		625.0		200.8		220.2		4.5		2389.4

		Week 13		318.6		223.2		358.0		115.9		500.2		30.0		1545.9

		Week 14		356.0		603.1		234.6		55.1		244.5		0.0		1493.3

		Week 15		537.2		380.5		1.6		160.2		70.2		0.0		1149.7

		Week 16		184.7		419.6		174.4		209.7		35.5		10.0		1033.9

		Average		350.4		696.0		307.8		171.7		202.9		7.4		1736.2

		Scenario 4		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		267.2		1142.0		596.6		112.6		36.6		0.0		2155.0

		Week 12		336.8		712.5		463.6		31.6		252.6		12.0		1809.1

		Week 13		250.8		384.3		612.7		63.3		468.0		27.0		1806.1

		Week 14		599.8		432.7		345.1		9.7		125.3		0.0		1512.6

		Week 15		62.7		429.1		7.5		63.3		34.0		0.0		596.6

		Week 16		2.3		5.2		108.0		9.7		29.0		6.0		160.2

		Average		253.3		517.6		355.6		48.4		157.6		7.5		1339.9





AvgTime

						Average Time Spent in System

		Week		Scenario 1		Scenario 2		Scenario 3		Scenario 4

		1		9659.70		12012.71		12090.84		11328.08

		2		10096.20		11893.66		11858.00		11535.25

		3		10776.22		11448.89		11437.27		10974.27

		4		11354.30		10757.28		10760.92		10411.32

		5		11730.03		10322.74		10326.91		10020.53

		6		11843.59		10199.87		10163.31		9647.22

		Average		10910.01		11105.86		11106.21		10652.78
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CNC 302

								CNC 302

		Scenario 1		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		18.20		46.18		9.87		36.79		7.33

		Week 12		3.10		37.64		3.22		35.46		23.71

		Week 13		16.70		25.32		8.49		42.50		23.82

		Week 14		12.00		25.52		7.91		57.89		5.50

		Week 15		6.00		9.67		2.89		85.24		2.27

		Week 16		6.00		3.73		2.47		88.75		5.10

		Average		10.33		24.68		5.81		57.77		11.29

		Scenario 2		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		8.00		28.50		3.03		34.38		34.10

		Week 12		5.50		33.32		4.41		60.25		2.03

		Week 13		22.40		65.07		15.41		0.00		19.52

		Week 14		18.40		32.19		9.74		43.74		14.34

		Week 15		7.00		14.04		5.07		64.72		16.17

		Week 16		4.50		4.02		2.73		85.92		7.34

		Average		10.97		29.52		6.73		48.17		15.58

		Scenario 3		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		8.00		28.50		2.84		31.57		37.10

		Week 12		5.70		33.77		4.88		44.74		16.62

		Week 13		26.50		71.84		18.32		0.00		9.85

		Week 14		15.70		28.53		10.08		53.46		7.94

		Week 15		7.30		12.48		5.12		66.88		15.53

		Week 16		4.40		3.21		2.46		89.34		5.00

		Average		11.27		29.72		7.28		47.66		15.34

		Scenario 4		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		6.00		22.28		1.83		63.99		11.91

		Week 12		10.30		34.70		6.77		38.85		19.70

		Week 13		23.40		72.11		17.76		0.00		10.14

		Week 14		16.30		31.56		9.08		54.16		5.21

		Week 15		6.00		9.95		4.68		81.58		3.80

		Week 16		6.00		3.83		1.86		91.86		2.46

		Average		11.33		29.07		7.00		55.07		8.87





CNC 350

								CNC 350

		Scenario 1		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		19.80		67.28		20.66		0.83		11.43

		Week 12		8.20		30.61		8.18		56.22		5.08

		Week 13		25.30		46.92		26.61		10.44		16.28

		Week 14		13.70		76.88		12.84		1.49		8.99

		Week 15		17.30		66.84		16.31		5.14		11.94

		Week 16		12.70		33.27		11.81		43.97		11.05

		Average		16.17		53.63		16.07		19.68		10.80

		Scenario 2		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		7.70		87.41		7.34		0.00		5.35

		Week 12		17.40		65.14		17.55		0.93		16.48

		Week 13		15.10		72.06		16.42		0.17		11.53

		Week 14		28.10		54.71		27.60		0.25		17.66

		Week 15		12.50		77.75		11.75		0.00		10.58

		Week 16		19.80		64.48		19.97		0.00		15.69

		Average		16.77		70.26		16.77		0.23		12.88

		Scenario 3		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		6.80		88.82		6.71		0.02		4.48

		Week 12		17.70		66.55		17.11		0.94		15.65

		Week 13		13.50		69.64		15.54		0.75		14.18

		Week 14		28.30		56.68		27.34		0.00		16.18

		Week 15		11.80		80.58		11.23		0.00		8.32

		Week 16		21.60		65.77		20.73		0.26		13.45

		Average		16.62		71.34		16.44		0.33		12.04

		Scenario 4		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		4.60		87.08		4.23		0.00		8.75

		Week 12		19.20		63.40		19.10		4.93		12.72

		Week 13		19.70		57.59		21.05		6.18		15.37

		Week 14		23.30		57.99		22.32		2.24		17.63

		Week 15		11.40		59.72		9.67		23.80		6.92

		Week 16		4.80		15.56		4.89		75.69		3.92

		Average		13.83		56.89		13.54		18.81		10.89





CNC 4x4

								CNC 4x4

		Scenario 1		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		12.60		42.15		27.05		12.29		18.70

		Week 12		9.10		54.02		17.69		16.22		12.21

		Week 13		12.60		60.28		25.13		4.05		10.71

		Week 14		8.70		34.76		16.51		40.08		8.76

		Week 15		7.00		22.75		15.22		52.69		9.47

		Week 16		5.70		47.15		10.92		30.63		11.36

		Average		9.28		43.52		18.75		25.99		11.87

		Scenario 2		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		9.70		57.00		19.15		12.91		11.02

		Week 12		17.30		54.10		26.21		6.53		13.33

		Week 13		10.10		71.68		18.85		1.07		8.59

		Week 14		12.40		49.62		22.75		17.45		10.33

		Week 15		7.50		24.14		15.61		54.32		6.06

		Week 16		5.70		47.14		12.36		30.88		9.02

		Average		10.45		50.61		19.16		20.53		9.73

		Scenario 3		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		10.20		61.34		18.37		10.63		9.81

		Week 12		19.60		53.59		28.16		4.42		14.10

		Week 13		9.90		70.48		19.27		2.40		7.53

		Week 14		13.90		55.28		26.91		3.78		14.26

		Week 15		8.40		26.92		17.36		50.14		5.72

		Week 16		7.20		52.58		13.57		24.00		9.96

		Average		11.53		53.37		20.61		15.90		10.23

		Scenario 4		No. of Ops		Cycling		Setup		Idle		Broken Down

		Week 11		7.20		78.46		15.11		0.00		6.56

		Week 12		20.20		53.54		31.58		1.68		13.44

		Week 13		11.00		70.45		17.70		1.30		10.75

		Week 14		15.20		58.21		27.16		3.19		11.75

		Week 15		18.20		34.82		27.57		25.23		12.53

		Week 16		13.10		49.95		19.05		20.78		10.38

		Average		14.15		57.57		23.03		8.70		10.90





CNC 302 Q

								CNC 302 Queue

		Scenario 1		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		18.90		2.90		0.00		0.281		152.431

		Week 12		4.20		2.20		0.00		0.606		1749.704

		Week 13		16.40		5.50		0.10		1.473		1243.847

		Week 14		11.80		4.00		0.00		0.571		411.771

		Week 15		6.00		1.60		0.00		0.050		84.172

		Week 16		6.00		1.90		0.00		0.044		74.057

		Average		10.55		3.02		0.02		0.504		619.330

		Scenario 2		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		7.00		2.00		0.00		0.180		259.068

		Week 12		6.80		1.80		0.00		0.250		212.664

		Week 13		24.90		4.00		0.00		1.338		561.186

		Week 14		18.80		3.70		0.00		0.589		312.494

		Week 15		6.80		1.90		0.00		0.087		102.448

		Week 16		4.30		1.40		0.00		0.056		188.555

		Average		11.43		2.47		0.00		0.417		272.736

		Scenario 3		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		7.00		2.00		0.00		0.161		232.144

		Week 12		6.30		1.30		0.00		0.141		115.229

		Week 13		28.10		4.20		0.00		1.034		381.487

		Week 14		16.30		3.40		0.00		0.407		256.954

		Week 15		6.90		1.60		0.00		0.059		73.131

		Week 16		4.70		1.50		0.00		0.046		182.628

		Average		11.55		2.33		0.00		0.308		206.929

		Scenario 4		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		5.00		1.00		0.00		0.006		14.200

		Week 12		12.60		2.60		0.00		0.347		356.455

		Week 13		23.80		4.60		0.00		1.477		655.470

		Week 14		15.90		3.20		0.00		0.254		150.312

		Week 15		6.00		1.40		0.00		0.007		11.911

		Week 16		6.00		1.20		0.00		0.003		4.681

		Average		11.55		2.33		0.00		0.349		198.838





CNC 350 Q

								CNC 350 Queue

		Scenario 1		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		23.20		3.80		0.00		1.735		752.452

		Week 12		7.20		3.30		0.00		0.643		891.134

		Week 13		26.90		5.10		0.00		1.664		623.301

		Week 14		15.20		4.90		0.30		1.894		1257.240

		Week 15		17.00		8.20		0.30		3.518		2085.675

		Week 16		12.40		3.20		0.00		0.712		575.399

		Average		16.98		4.75		0.10		1.694		1030.867

		Scenario 2		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		13.60		6.60		0.00		3.763		2791.870

		Week 12		18.50		7.00		0.00		3.091		1718.505

		Week 13		17.10		5.10		0.00		2.507		1467.374

		Week 14		33.80		7.70		0.50		4.565		1359.888

		Week 15		20.70		8.90		3.00		6.669		3314.643

		Week 16		25.10		8.20		2.20		5.376		2188.127

		Average		21.47		7.25		0.95		4.329		2140.068

		Scenario 3		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		13.80		6.80		0.00		3.504		2561.961

		Week 12		20.40		6.70		0.00		2.625		1300.099

		Week 13		15.50		5.10		0.00		2.420		1589.821

		Week 14		34.00		7.30		0.60		4.249		1257.967

		Week 15		19.90		8.80		3.00		6.563		3334.990

		Week 16		24.80		8.00		0.60		4.150		1682.587

		Average		21.40		7.12		0.70		3.919		1954.571

		Scenario 4		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		10.80		6.80		2.00		4.379		4090.894

		Week 12		25.10		6.20		0.00		1.968		789.154

		Week 13		22.50		2.80		0.00		1.482		678.250

		Week 14		25.90		4.70		0.10		2.131		813.250

		Week 15		18.30		7.30		0.00		2.580		1393.330

		Week 16		12.00		1.10		0.00		0.081		67.713

		Average		19.10		4.82		0.35		2.104		1305.432





CNC 4x4 Q

								CNC 4x4 Queue

		Scenario 1		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		17.00		4.20		0.00		1.825		1083.416

		Week 12		8.40		5.10		0.10		1.519		1762.202

		Week 13		13.10		4.10		0.10		1.596		1225.237

		Week 14		8.30		2.10		0.00		0.511		621.073

		Week 15		7.00		2.10		0.00		0.374		538.741

		Week 16		6.00		5.00		0.00		1.308		2197.118

		Average		9.97		3.77		0.03		1.189		1237.965

		Scenario 2		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		11.20		2.00		0.00		1.269		1163.740

		Week 12		17.90		2.00		0.00		0.823		463.844

		Week 13		11.30		2.00		0.00		1.273		1175.020

		Week 14		11.70		2.30		0.00		0.871		730.257

		Week 15		7.30		2.00		0.00		0.270		369.422

		Week 16		6.00		2.20		0.00		0.767		1288.673

		Average		10.90		2.08		0.00		0.879		865.159

		Scenario 3		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		10.50		2.00		0.00		1.204		1164.618

		Week 12		18.00		2.20		0.00		0.894		502.568

		Week 13		11.40		2.00		0.10		1.361		1217.499

		Week 14		12.60		2.60		0.00		1.109		869.535

		Week 15		7.50		2.00		0.00		0.357		476.420

		Week 16		6.00		2.50		0.00		0.816		1370.223

		Average		11.00		2.22		0.02		0.957		933.477

		Scenario 4		Total In		Max In		Min In		Avg In		Avg Time In

		Week 11		9.10		5.00		0.00		2.116		2345.746

		Week 12		17.00		2.50		0.00		1.196		723.100

		Week 13		12.70		3.90		0.10		1.970		1559.989

		Week 14		15.40		4.90		0.40		2.466		1571.737

		Week 15		10.00		3.20		0.00		0.786		743.663

		Week 16		6.00		5.00		0.00		1.215		2041.961

		Average		11.70		4.08		0.08		1.625		1497.699





Welder

						Friction Welder

		Scenario 1		No of Ops		Cycling		Idle		Broken Down

		Week 11		31.43		67.95		28.67		3.53

		Week 12		8.60		14.24		85.59		0.18

		Week 13		17.40		39.66		57.85		2.53

		Week 14		9.60		28.76		69.04		2.22

		Week 15		18.70		46.30		52.23		1.53

		Week 16		18.30		38.25		60.63		1.21

		Average		17.34		39.19		59.00		1.87

		Scenario 2		No of Ops		Cycling		Idle		Broken Down

		Week 11		15.70		57.08		38.19		4.79

		Week 12		19.30		76.30		21.01		2.79

		Week 13		21.80		43.83		55.87		0.41

		Week 14		18.00		43.60		54.60		1.81

		Week 15		13.00		35.94		62.76		1.39

		Week 16		25.70		54.77		44.32		1.03

		Average		18.92		51.92		46.13		2.04

		Scenario 3		No of Ops		Cycling		Idle		Broken Down

		Week 11		15.90		61.85		33.26		4.92

		Week 12		19.70		77.03		17.15		5.89

		Week 13		22.00		43.01		56.53		0.55

		Week 14		18.50		46.07		53.29		0.70

		Week 15		13.70		34.49		65.37		0.23

		Week 16		27.40		59.83		39.77		0.50

		Average		19.53		53.71		44.23		2.13

		Scenario 4		No of Ops		Cycling		Idle		Broken Down

		Week 11		9.90		40.12		53.47		6.43

		Week 12		28.00		89.71		8.13		2.29

		Week 13		20.40		37.51		61.22		1.29

		Week 14		15.60		43.64		55.43		0.98

		Week 15		20.30		50.57		48.92		0.61

		Week 16		17.80		37.23		62.01		0.89

		Average		18.67		49.80		48.20		2.08





Furnace Report

						Furnace 1												Furnace 2												Combined Furnace Figures

		Scenario 1		No of Ops		Blocked		Cycling		Idle				Scenario 1		No of Ops		Blocked		Cycling		Idle				Scenario 1		No of Ops		Blocked		Cycling		Idle

		Week 11		15.00		0.00		97.03		2.95				Week 11		N/A		N/A		N/A		N/A				Week 11		15.00		0.00		97.03		2.95

		Week 12		17.00		0.00		98.67		1.49				Week 12		N/A		N/A		N/A		N/A				Week 12		17.00		0.00		98.67		1.49

		Week 13		17.30		0.00		98.59		1.64				Week 13		N/A		N/A		N/A		N/A				Week 13		17.30		0.00		98.59		1.64

		Week 14		17.20		0.00		98.18		2.15				Week 14		N/A		N/A		N/A		N/A				Week 14		17.20		0.00		98.18		2.15

		Week 15		16.30		0.00		90.94		9.28				Week 15		N/A		N/A		N/A		N/A				Week 15		16.30		0.00		90.94		9.28

		Week 16		13.10		0.00		81.33		18.92				Week 16		N/A		N/A		N/A		N/A				Week 16		13.10		0.00		81.33		18.92

		Average		15.98		0.00		94.12		6.07				Average		0.00		0.00		0.00		0.00				Average		15.98		0.00		94.12		6.07

		Scenario 2		No of Ops		Blocked		Cycling		Idle				Scenario 2		No of Ops		Blocked		Cycling		Idle				Scenario 2		No of Ops		Blocked		Cycling		Idle

		Week 11		12.10		4.70		74.14		21.46				Week 11		11.70		3.29		69.65		27.17				Week 11		23.80		4.00		71.90		24.32

		Week 12		10.50		1.99		60.31		38.02				Week 12		11.90		3.64		65.71		30.84				Week 12		22.40		2.82		63.01		34.43

		Week 13		15.60		6.17		90.84		3.11				Week 13		14.00		7.67		84.57		7.82				Week 13		29.60		6.92		87.71		5.47

		Week 14		12.50		4.30		73.07		22.63				Week 14		13.10		5.24		80.46		14.45				Week 14		25.60		4.77		76.77		18.54

		Week 15		11.40		3.46		69.38		27.17				Week 15		10.70		3.22		58.36		38.42				Week 15		22.10		3.34		63.87		32.80

		Week 16		10.40		2.21		62.89		35.12				Week 16		9.50		1.38		60.46		38.45				Week 16		19.90		1.80		61.68		36.79

		Average		12.08		3.81		71.77		24.59				Average		11.82		4.07		69.87		26.19				Average		23.90		3.94		70.82		25.39

		Scenario 3		No of Ops		Blocked		Cycling		Idle				Scenario 3		No of Ops		Blocked		Cycling		Idle				Scenario 3		No of Ops		Blocked		Cycling		Idle

		Week 11		12.10		5.94		71.47		22.66				Week 11		11.00		3.71		68.09		28.45				Week 11		23.10		4.83		69.78		25.56

		Week 12		11.30		2.81		61.61		35.86				Week 12		11.70		3.38		61.37		35.26				Week 12		23.00		3.10		61.49		35.56

		Week 13		15.50		5.54		92.10		2.42				Week 13		12.80		5.67		82.78		11.66				Week 13		28.30		5.61		87.44		7.04

		Week 14		11.80		4.25		68.18		27.57				Week 14		14.20		5.64		84.60		9.91				Week 14		26.00		4.95		76.39		18.74

		Week 15		12.30		3.79		71.68		24.68				Week 15		10.20		3.99		57.23		38.86				Week 15		22.50		3.89		64.46		31.77

		Week 16		10.00		1.51		61.90		36.60				Week 16		11.30		2.59		72.48		25.34				Week 16		21.30		2.05		67.19		30.97

		Average		12.17		3.97		71.16		24.97				Average		11.87		4.16		71.09		24.91				Average		24.03		4.07		71.12		24.94

		Scenario 4		No of Ops		Blocked		Cycling		Idle				Scenario 4		No of Ops		Blocked		Cycling		Idle				Scenario 4		No of Ops		Blocked		Cycling		Idle

		Week 11		14.40		5.33		81.02		13.82				Week 11		10.10		4.55		62.54		33.18				Week 11		24.50		4.94		71.78		23.50

		Week 12		12.00		5.05		75.71		19.47				Week 12		11.90		4.14		71.45		24.62				Week 12		23.90		4.60		73.58		22.05

		Week 13		14.90		7.94		84.68		7.65				Week 13		13.50		7.42		77.78		14.80				Week 13		28.40		7.68		81.23		11.23

		Week 14		13.10		5.95		79.82		14.23				Week 14		15.00		5.23		83.63		11.15				Week 14		28.10		5.59		81.73		12.69

		Week 15		13.40		5.12		73.81		21.22				Week 15		11.50		5.53		67.62		26.56				Week 15		24.90		5.33		70.72		23.89

		Week 16		9.60		0.48		66.68		32.84				Week 16		10.50		2.29		65.16		32.69				Week 16		20.10		1.39		65.92		32.77

		Average		12.90		4.98		76.95		18.21				Average		12.08		4.86		71.36		23.83						24.98		4.92		74.16		21.02





Tempering & Cooling

						Cool After Carburising												Tempering												Cool After Tempering

		Scenario 1		No of Ops		Blocked		Cycling		Idle				Scenario 1		No of Ops		Blocked		Cycling		Idle				Scenario 1		No of Ops		Blocked		Cycling		Idle

		Week 11		15.60		0.00		24.47		75.53				Week 11		14.90		0.00		49.07		50.93				Week 11		14.30		0.00		46.42		53.50

		Week 12		17.00		0.00		27.54		72.46				Week 12		17.10		0.00		55.05		44.95				Week 12		17.20		0.00		55.96		43.99

		Week 13		17.30		0.00		27.83		72.13				Week 13		17.30		0.00		55.12		44.86				Week 13		17.20		0.00		55.19		44.67

		Week 14		17.40		0.00		28.56		71.31				Week 14		17.60		0.00		56.44		43.51				Week 14		17.60		0.00		56.60		43.37

		Week 15		16.40		0.00		26.47		73.43				Week 15		16.20		0.00		52.29		47.68				Week 15		16.30		0.00		52.00		47.85

		Week 16		13.10		0.00		21.36		78.59				Week 16		13.30		0.00		42.47		57.53				Week 16		13.40		0.00		43.30		56.57

		Average		16.13		0.00		26.04		73.91				Average		16.07		0.00		51.74		48.24				Average		16.00		0.00		51.58		48.33

		Scenario 2		No of Ops		Blocked		Cycling		Idle				Scenario 2		No of Ops		Blocked		Cycling		Idle				Scenario 2		No of Ops		Blocked		Cycling		Idle

		Week 11		23.40		19.11		36.48		44.40				Week 11		23.20		0.00		72.50		27.50				Week 11		23.20		0.00		72.50		27.50

		Week 12		22.30		12.49		34.40		53.07				Week 12		22.20		0.00		69.38		30.63				Week 12		22.20		0.00		69.38		30.63

		Week 13		29.30		24.69		46.30		29.01				Week 13		29.50		0.00		92.19		7.81				Week 13		29.50		0.00		92.19		7.81

		Week 14		25.90		19.84		40.36		39.80				Week 14		26.00		0.00		81.25		18.75				Week 14		26.00		0.00		81.25		18.75

		Week 15		22.20		15.27		34.49		50.23				Week 15		22.00		0.00		68.75		31.25				Week 15		22.00		0.00		68.75		31.25

		Week 16		19.80		9.40		31.50		59.10				Week 16		19.60		0.00		61.25		38.75				Week 16		19.60		0.00		61.25		38.75

		Average		23.82		16.80		37.26		45.94				Average		23.75		0.00		74.22		25.78				Average		23.75		0.00		74.22		25.78

		Scenario 3		No of Ops		Blocked		Cycling		Idle				Scenario 3		No of Ops		Blocked		Cycling		Idle				Scenario 3		No of Ops		Blocked		Cycling		Idle

		Week 11		22.90		20.12		35.00		44.88				Week 11		22.40		0.00		70.00		30.00				Week 11		22.40		0.00		70.00		30.00

		Week 12		23.20		14.67		35.81		49.52				Week 12		22.70		0.00		70.94		29.06				Week 12		22.70		0.00		70.94		29.06

		Week 13		28.30		22.53		44.30		33.17				Week 13		28.30		0.00		88.44		11.56				Week 13		28.30		0.00		88.44		11.56

		Week 14		25.70		19.43		40.37		40.19				Week 14		26.00		0.00		81.25		18.75				Week 14		26.00		0.00		81.25		18.75

		Week 15		22.70		15.63		35.76		48.01				Week 15		22.90		0.00		71.56		28.44				Week 15		22.90		0.00		71.56		28.44

		Week 16		21.10		9.38		33.29		57.34				Week 16		21.10		0.00		65.94		34.06				Week 16		21.10		0.00		65.94		34.06

		Average		23.98		16.96		37.42		45.52				Average		23.90		0.00		74.69		25.31				Average		23.90		0.00		74.69		25.31

		Scenario 4		No of Ops		Blocked		Cycling		Idle				Scenario 4		No of Ops		Blocked		Cycling		Idle				Scenario 4		No of Ops		Blocked		Cycling		Idle

		Week 11		24.20		18.41		37.43		44.16				Week 11		24.00		0.00		75.00		25.00				Week 11		24.00		0.00		75.00		25.00

		Week 12		23.60		16.97		36.73		46.30				Week 12		23.50		0.00		73.44		26.56				Week 12		23.50		0.00		73.44		26.56

		Week 13		28.70		27.73		44.91		27.35				Week 13		28.70		0.00		89.69		10.31				Week 13		28.70		0.00		89.69		10.31

		Week 14		27.70		22.08		43.61		34.31				Week 14		28.00		0.00		87.50		12.50				Week 14		28.00		0.00		87.50		12.50

		Week 15		25.50		18.34		39.62		42.04				Week 15		25.20		0.00		78.75		21.25				Week 15		25.20		0.00		78.75		21.25

		Week 16		19.70		10.09		31.12		58.80				Week 16		20.00		0.00		62.50		37.50				Week 16		20.00		0.00		62.50		37.50

		Average		24.90		18.94		38.90		42.16				Average		24.90		0.00		77.81		22.19						24.90		0.00		77.81		22.19





Straightening

						Manual										Eithel

		Scenario 1		No of Ops		Cycling		Idle				Scenario 1		No of Ops		Cycling		Idle

		Week 11		25.60		60.14		39.86				Week 11		7.30		28.64		71.36

		Week 12		42.60		53.98		46.02				Week 12		9.90		27.69		72.31

		Week 13		40.00		64.44		35.56				Week 13		8.90		23.67		76.33

		Week 14		42.90		62.96		37.04				Week 14		5.70		21.96		78.04

		Week 15		39.70		55.57		44.43				Week 15		9.30		37.30		62.70

		Week 16		26.00		47.07		52.93				Week 16		9.90		24.49		75.51

		Average		36.13		57.36		42.64				Average		8.50		27.29		72.71

		Scenario 2		No of Ops		Cycling		Idle				Scenario 2		No of Ops		Cycling		Idle

		Week 11		26.70		99.50		0.50				Week 11		3.20		20.49		79.51

		Week 12		39.40		97.16		2.84				Week 12		5.60		20.47		79.53

		Week 13		46.00		92.01		7.99				Week 13		19.30		59.21		40.79

		Week 14		58.50		92.85		7.15				Week 14		5.50		16.32		83.68

		Week 15		37.50		54.19		45.81				Week 15		10.00		59.53		40.47

		Week 16		23.20		64.76		35.24				Week 16		8.90		34.90		65.10

		Average		38.55		83.41		16.59				Average		8.75		35.15		64.85

		Scenario 3		No of Ops		Cycling		Idle				Scenario 3		No of Ops		Cycling		Idle

		Week 11		27.60		98.00		2.00				Week 11		3.20		17.51		82.49

		Week 12		41.10		100.00		0.00				Week 12		6.50		25.00		75.00

		Week 13		46.20		91.03		8.97				Week 13		18.10		58.72		41.28

		Week 14		59.00		92.58		7.42				Week 14		5.90		17.32		82.68

		Week 15		38.10		59.13		40.87				Week 15		9.70		62.36		37.64

		Week 16		26.30		66.60		33.40				Week 16		9.10		37.92		62.08

		Average		39.72		84.56		15.44				Average		8.75		36.47		63.53

		Scenario 4		No of Ops		Cycling		Idle				Scenario 4		No of Ops		Cycling		Idle

		Week 11		35.40		100.00		0.00				Week 11		3.00		20.17		79.83

		Week 12		37.20		91.42		8.58				Week 12		10.70		42.49		57.51

		Week 13		48.80		91.81		8.19				Week 13		13.80		40.27		59.73

		Week 14		62.00		91.80		8.20				Week 14		7.30		36.47		63.53

		Week 15		45.10		83.37		16.63				Week 15		12.60		57.48		42.52

		Week 16		30.70		60.76		39.24				Week 16		13.70		42.57		57.43

		Average		43.20		86.53		13.47				Average		10.18		39.91		60.09





Straightened

										No. of Products Straightened

		Scenario 1		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		209.0		634.9		548.0		246.3		165.0		0.0		1803.2

		Week 12		64.7		474.1		582.1		92.4		181.4		7.5		1402.2

		Week 13		390.7		464.8		591.2		160.3		93.6		4.5		1705.1

		Week 14		330.0		368.2		759.9		49.4		375.0		27.0		1909.5

		Week 15		411.4		381.1		413.8		118.6		295.8		6.0		1626.7

		Week 16		366.1		391.5		290.0		83.9		49.2		0.0		1180.7

		Total		1771.9		2714.6		3185.0		750.9		1160.0		45.0		9627.4

		Average		295.3		452.4		530.8		125.2		193.3		7.5		1604.6

		Scenario 2		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		283.1		766.0		937.9		99.6		115.5		0.0		2202.1

		Week 12		537.0		908.2		778.3		279.4		253.5		0.0		2756.4

		Week 13		219.8		1394.7		782.2		294.2		310.0		15.0		3015.9

		Week 14		639.9		645.7		683.6		139.2		490.1		30.0		2628.5

		Week 15		253.2		738.2		403.3		152.5		267.8		0.0		1815.0

		Week 16		630.3		456.4		341.2		121.5		53.1		0.0		1602.5

		Total		2563.3		4909.2		3926.5		1086.4		1490.0		45.0		14020.4

		Average		427.2		818.2		654.4		181.1		248.3		7.5		2336.7

		Scenario 3		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		288.0		901.4		828.5		87.0		114.2		0.0		2219.1

		Week 12		575.0		886.6		748.3		297.4		250.8		0.0		2758.1

		Week 13		223.4		1349.8		852.6		291.1		310.0		15.0		3041.9

		Week 14		627.6		701.1		614.0		147.7		512.5		30.0		2632.9

		Week 15		314.8		692.1		483.0		174.7		258.3		0.0		1922.9

		Week 16		544.5		587.4		359.2		147.9		54.2		0.0		1693.2

		Total		2573.3		5118.4		3885.6		1145.8		1500.0		45.0		14268.1

		Average		428.9		853.1		647.6		191.0		250.0		7.5		2378.0

		Scenario 4		Ext		M/F		Tun		Tube		Taper		Shank		Total

		Week 11		475.0		826.0		1011.6		78.0		224.4		0.0		2615.0

		Week 12		287.0		1312.5		791.1		345.8		174.2		0.0		2910.6

		Week 13		505.2		833.2		630.1		265.8		313.8		18.0		2566.1

		Week 14		423.0		810.6		825.1		118.8		594.3		27.0		2798.8

		Week 15		717.0		660.6		590.6		201.3		181.3		0.0		2350.8

		Week 16		252.5		773.9		431.5		286.6		20.0		4.0		1768.5

		Total		2659.7		5216.8		4280.0		1296.3		1508.0		49.0		15009.8

		Average		443.3		869.5		713.3		216.1		251.3		8.2		2501.6
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