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The Carbolite Case Study 

A Lean Approach to Systematic Layout Planning

Company

Carbolite is a UK-based, world leading manufacturer and supplier of electric laboratory chamber and tube furnaces; laboratory and industrial furnaces; and ovens and incubators. The head office and manufacturing base are located in the Peak District National Park, Derbyshire, UK. Carbolite has daughter companies located in Ubstadt-Weiher in Germany, and Watertown, Wisconsin in the USA. The extensive portfolio offered by Carbolite includes both laboratory chamber furnaces and laboratory tube furnaces to 1 800°C.

Challenge

The cycle time of finished product through the total value delivery system at Carbolite was extremely long. Lead times for products varied from between eight weeks to six months. Whereas the perception was that the client was prepared for, and hence expected a long delivery time, it was identified that excessive and expensive inefficiencies in the total delivery system was a result of the long cycle time. Large direct and indirect cost savings were expected to arise if the cycle time of the products could be significantly reduced. Site layout and resultant material flow issues were identified as a major contributor to long cycle times.

Objective

The objective of the project was to focus on the manufacturing value-delivery system to (i) identify value streams within the Laboratory Furnace product family of the Carbolite plant, and (ii) to improve throughput, eliminate waste, reduce lead-time and reduce cost. The value streams identified and lean principles implemented, would form the base upon which the manufacturing plant layout would be examined, evaluated and improved to address material flow problems contributing to the long lead times.

Approach

A Value Stream Mapping workshop was held in which the application of lean manufacturing techniques aimed at eliminating waste and improving the flow of value was done. Once the elimination of waste and the improvement of value were demonstrated, the team focused on identifying a complimentary layout using the lean principles and systematic layout planning technique to support the manufacturing strategy that would be applied to manage each value stream effectively.

The Value Stream Mapping workshop was applied to five specific, high-flow laboratory furnaces. A team of key operational personnel was identified to take part in the workshop. The team ranged from the operations manager, planning, and quality personnel to section supervisors from the shop floor. The current state map was drawn up to identify leverage areas for establishing the future state map aimed at significantly reducing the non-value add time. Specific action plans would be drawn up to achieve the future state map.

During the workshop the following decisions were taken: 

· Value from the customer’s perspective was identified and specified

· A value stream was built by establishing current and future state value stream maps aimed at identifying and then eliminating waste. 

Waste is identified as follows:

· Overproduction – making more than is required for delivery

· Inventory / Work in Progress (WIP) – requires space and high cost of capital

· Transportation – no value added

· Processing waste – unnecessary processes add cost and time

· Motion – unnecessary movement of people or machines

· Waiting – underutilized equipment, people and processes

· Defects – unnecessary cost and detection time
· The value-creating steps were pulled as tightly together as possible to create flow in the direction of the customer.

· The future value stream map was designed to allow the customer to pull products as needed.

· A focused plan was instituted to implement Kanbans for five high-flowing products.

· A manufacturing cycle time of one week was set as the target for each product.

The principles and learning gained from the Value Stream Mapping exercise were used, and proved invaluable for the investigation into improving the layout of the Carbolite factory. Full implementation of the Dental Furnace (ADF) product value stream was done concurrently with the systematic layout planning investigation into improving the factory layout.

The systematic layout planning steps would be followed to identify and then evaluate the various options available for optimizing the site layout. Future capital expenditure on new technology and equipment would be included in the evaluation of the layouts.

The systematic layout planning steps followed were:

1. Obtaining current basic data

· The facility and building were measured to enable an accurate, scaled layout drawing to be drawn up. A footprint and location of each piece of equipment on the shop floor were measured and drawn. A current list of equipment was obtained against which the measured equipment was cross-checked. Overall site parameters (parking, grass area, and the like) were not included in the site layout. AutoCAD 2004 software was used to draw layouts.

· Methods were documented by using flow diagrams. Flow diagrams were used to obtain a picture of production flow pattern to obtain a better understanding of material flow, material handling, space required, and the interrelationships between processes and methods.

· Flow process charts were established. Flow process charts were used to identify material handling steps, distances covered, handling methods and improvement opportunities.

· Material flow diagrams were established, Information obtained from the flow process charts were used to graphically represent the material flow on the layout.

· Current product volumes and sales forecasts were obtained. Current volumes and a five-year sales forecast were drawn up and analyzed.

· All material handling equipment details and load limits were obtained.

· Raw materials, finished goods and WIP stock policies were obtained.

· Floor and mezzanine load limits were obtained.

2. Current basic data and established production processes required for execution of the required product range were analyzed. Logical groups of related processes that form the overall production process were confirmed. Individual work areas aimed at eliminating non-value adding steps were analyzed and designed. Equipment capability to effectively process required volumes and identify possible constraints and solutions to the constraints was confirmed.

3. Activity relationships between the production processes within the logical groups, and then between the logical groups to establish the degree of closeness that would facilitate the principle of one piece flow wherever possible were designed.

4. Material flow patterns and material handling requirements were established. Volumes and distances products or components travel through the overall production process and identify specific material handling equipment required, were determined.

5. Storage requirements that would support the lean manufacturing strategy and value streams identified and provide space for service and auxiliary activities were determined. Furthermore, space requirement for each of the production processes was determined.

6. Alternative layouts by placing the identified activity areas to the total space available taking material flow, cell manufacturing and lean principles into account were designed and drawn up. The specific aim was to bring activities based off-site back into the plant.

7. Alternative layouts were costed and evaluated to identify the most suitable layout that would meet the demands and criteria set out in the objective. Regular meetings and discussions were held throughout the process to involve and inform all relevant personnel. Specific attention was paid to the building code and any changes made to the exterior of the factory as stringent local building regulations were in force.

8. Broad implementation steps were drawn up for the migration of the current layout to the proposed layout, including all costs and savings. Implementation was broken into two phases to minimize disruption to processing and maximize savings.

Results

1. Full practical implementation of ADF value stream.

· Kanban pull system implemented effectively

· Proven increased output from 15 units per month to a consistent six units per day resulting in a shipped volume of 108 units in the month of implementation

· Proven manufacturing lead-time of four days for whole product. This was down from four weeks

· Implementation of cell manufacture at final assembly resulted in a reduction of the assembly time by 50%, from 93 minutes to 47 minutes.

· Once-piece flow was demonstrated at Light Fabrication.

· Redesign of Router program to effect improvement of 15% 

· Reduction of WIP of 78% while maintaining a consistent output of six units per day

· Increased volume was obtained with no negative impact on volume of all other products.

2. Plan to add four other high-flow products to the value stream with a view on similar improvement potential as with the ADF.

3. Identification of individual Kanban pull systems for whole laboratory range

4. Potential reduction of WIP of 80%

5. Redesign of manufacturing processes

· Incorporate element wind operation into vacuum forming operation

· Cell design and 5-S implementation at final assembly aimed at reducing assembly time by 20 to 40%

· Identification of SMED project at Light Fabrication to enable one-piece flow in the area. The project aimed at reduction of set-up time at punch and break press.

· Routing operation cell design and implementation. Link routing operation direct to brick-box assembly. Focus on single piece manufacture.

· Redesign of packing method to reduce manual handling and reduce packing time

· The dispatch operation was totally incorporated into the current site with resultant elimination of double handling of finished products.

· Project launch aimed at rationalizing product design to reduce range of metal type and gauge variation and insulation raw material sizes.

· Improvement of the physical distance covered by 93%, from 2 698 m to 191 m 
· Elimination of all cross flow

· Incorporation of all off-site operations into the current factory

· Elimination of double handling of components and finished product

· Stores location central and raw material location close to point of usage

· Material flow directly lending itself to the principle of one-piece flow and interrelationships between consecutive operations seamless

· Transportation and handling time effectively reduced by 90% or completely eliminated

6. Simplification of planning effort with the introduction of the Kanban pull system. Regimen of make ONLY what you want when you want it.

7. Reduction of batch sizes by 50% to 75%. Implementation of the principle of only manufacturing components when they are required and only making the quantity required.

8. Direct reduction in manning with three operators, with potential of further reduction of 15% as layout is changed and lean principles implemented. Reductions would be managed on a natural attrition basis, with redeployment of personnel as required.

9. Direct cost saving of £86 000 per annum off-set against a layout implementation cost of £80 000 for Phase 1 and £51 000 for Phase 2. This excludes the potential increased volume margin, which could be conservatively estimated at 15% to 20%.

Diagram 1: Current layout
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