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Summary 
 
 
 This project was scheduled for 30-week period with goals to improve an Overall Equipment Effectiveness (OEE) and create additional free capacity on Volvo line to meet increase in customer demand for their parts in 2020 (50%) and 2021 (100%). There was a capital expenditure with value of £140,000 available for purchasing the second Volvo machine. It was identified that OEE for the current manufacturing process was average of 61.8%. Low OEE was the result of a high number of parts failing a “pump performance test” on the end of line machine (EOL). Also, the EOL tester was identified as the slowest part of the manufacturing process for Volvo parts. 
 
The author of this project followed a Lean Manufacturing Concept and introduced an off-line pump tester which eliminated passing bad quality pumps to the EOL machine. This allowed to remove the “pump performance test” from the EOL machine which resulted in lowering its cycle time and an improved OEE. Implementation of the new equipment was done after completion of the relevant analysis (MSA &R@R).  
 
New Lean manufacturing processes for Volvo parts enabled the author to meet the goals mentioned above, eliminating re-work activities and to create additional company cost savings of £135,250 for 2020 and £25,000 in 2021.   
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2 Introduction 
 
Leggett & Platt is a world leader in automotive pneumatics seating systems and is situated in Ammanford, South Wales.  With over 250 employees they produce various different systems each year. One of their main costumers is the car manufacturer “Volvo”. Demand for their product was to supply 300,000 parts for 2019 and it is forecasted to raise to 450,000 for 2020, then 600,000 parts in 2021. A project Engineer who was responsible for this customer retired in July 2019. In his project lifetime plan an additional end of line (EOL) Volvo machine was planned to be purchase at the beginning of 2020 to meet demands for 2020 onward because the current EOL had a maximum output of 360K units per year.  
At the beginning of August 2019 Operations Engineer Lukasz Kowalewski (author) was given the task to investigate an Overall Equipment Effectiveness (OEE) of the production process and to create a free capacity in order to meet the first increase in the customer demands (appendix 12.1). The outcome of this task was also to perform critical analysis of the current EOL Volvo machine and find the best option for the future. These include, considering the redesigning of the current machine, purchasing the same machine from the same supplier or designing and purchasing a new machine from different supplier. There was capital expenditure available for the value of the first EOL machine which was £140,000. Following investigation and the analysis of the current production process, the new Product Design Specification and Gannt Chart/Timing Plan had to be created and followed when designing and manufacturing or purchasing new equipment. The project started in September 2019 and finished in March 2020 and was discussed with a cross functional team on a weekly basis. Team members included Tom Lloyd (Manufacturing Engineer), James Davis (Maintenance Manager), Andra Tanasa (Quality Engineer) and the earlier mentioned author.  
All of the production machines at Leggett & Platt are connected to the Real Time Reporting (RTR) system which collects and measures data directly from the machines. Some of these include OEE, performance, quality, availability, downtime, output pieces (OK, NOK), cycle times and much more. Current as well as all historical data was available on the RTR website and was used for data analysis.  
[image: ]
Figure 1 RTR Overview Sample Data 
3 Background Research 
 
Leggett & Platt standard is to produce their products exactly on time, in the correct quantity, to the highest quality and at competitive prices. All of these must also generate certain profit for the company.  These can be achieved by following Lean Manufacturing principles. This concept uses a number of different tools and methods for improving production processes and minimizing/eliminating activities which are not adding value to the customer or business.  
Some of the tools used for this project were: 
· Overall Equipment Effectiveness (OEE) - The OEE considers three factors of the manufacturing processes – Availability, Performance and Quality. By analysing and calculating data it also functions as the framework for root cause analysis. 
· Bottleneck Analysis – Defines the slowest step of the process. Reducing the time at the bottleneck increases the process output and capacity. 
· Takt Time – Dictates the pace at which the product needs to be produced to meet customer demands. 
· Continuous flow – Removes production “waste” (waiting time, defects), standardize and synchronizes (balance) all production steps which allows continuous production. 
· Kaizen (Continuous Improvement) - Analyses the process from start to finish and improves it. All production aspects are to be considered with a cross functional team.   
· Poka-Yoke - Mistake proofing of equipment or processes to make them safe and reliable. 
· Root Cause Analysis – By identifying the root cause, the problem can be eliminated for good. 
 
The project was started in August 2019 therefore all production data from January to August was analysed (week 1 – 35). Weeks 31 and 32 were excluded from all graphs as it was a summer shutdown and production was not running. Figure 1 shown below represents OEE data graph. The average OEE for that period of time was 61.8% which is almost 30% below the target of 90%.  
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Figure 2 OEE Data Week 1-35 (2019) 
During weeks 1 – 35 (2019) machine target output was 82 parts per hour which had a 43.9 second cycle time per part. By looking at the OEE analysis graph (figure 3) it is clear that the production cycle time was easily achieved (102% average performance). Availability was also good (94.9% average) but quality of the produced product was very low (63.9% average).  
OEE Analysis
[image: ]
Week
Figure 3 OEE Analysis Week 1-35 (2019) 
 
 
The EOL Volvo is a semi-automated machine used for assembling and testing parts. The test includes a function test of an assembled part and a pump performance test. The function test fails test only if one of the components is faulty or the system is assembled incorrectly. The pump performance test measures inflation time, deflation time and max pressure (the pump has to be connected to upper and lower bladder).  
[image: ]
Figure 4 Pump Performance Test Overview 
 
Quality data for all tested parts between week 1 – 35 (2019) was plotted on the pie chart graph in order to understand the main issues.  
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Figure 5 Initial Quality Data 
 
The reject rate for function test was only 3.2%, therefore the remaining 32.9% was related only to the pumps performance test. Pumps are being supplied by another Leggett & Platt branch located in China, they are responsible to provide good quality components to the Ammanford plant. Deep analysis of the pump performance was done which pushed the China branch to start their improvement process. By looking at the initial machine layout and making a time study for the both machine operators, a bottleneck was identified (43.9sec).   
 
Figure 6 Initial Machine Layout[image: ] 
A detailed time study was needed to eliminate non-value added activities and understand the potential for future improvements. 
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Figure 7 Initial Time Study (61.8% OEE) 

4 Project Specification and Testing Plan 
 
The first two weeks of the project were used to analyse the current state of the production of the Volvo parts. This was fundamental data used for the evaluation of the future changes. Based on the data presented in paragraph 3, the takt time for year 2019, 2020 and 2021 was calculated (initial OEE 61.8%) by using the calculator shown in figure 8.  
	Takt Time Calculator - 2019

	A shift = 5 days x 8 hours
	Net Available Time	Customer Demand
	3

	8

	480

	10

	30

	10

	430

	25800

	


	300,000

	6,250

	1,250

	56


	77400

	1,250


Working shifts / dayshifts	Customer demand / yearpieces
Hours / shifthours	Customer demand / weekpieces
Available time / shiftminutes	Customer demand / daypieces
Break time / shiftminutes	Customer demand / hourpieces
Lunch time / shiftminutes
Planned downtime / shiftminutes	Net available time / dayseconds / day
Net working time / shiftminutes	Customer demand / daypieces / day
Net working time / shiftseconds

	Net available time / day	77400 seconds	Takt Time =
O.E.E. =
Real Takt Time
	61.9
	seconds / piece seconds / piece

	
	61.8%
	

	
	38.3
	


Figure 8 Takt Time Calculator 
 
Various scenarios were calculated using different OEE values for different customer demands, based on the current three shift production pattern. The EOL machine cycle time was higher than the Real Takt Time due to poor quality pumps (re-test) so production from time to time had to run over the weekend to meet the customer demand.  
 
Takt Time Scenarios 
	Year 
	2019 
	2019 
	2020 
	2020 
	2021 
	2021 

	Customer demand (year) 
	300.000 
	300.000 
	450.000 
	450.000 
	600.000 
	600.000 

	Takt Time (sec) 
	61.9 
	61.9 
	41.3 
	41.3 
	31 
	31 

	O.E.E. 
	61.8% 
	90.0% 
	61.8% 
	90.0% 
	61.8% 
	90.0% 

	Real Takt Time (sec) 
	38.3 
	55.7 
	25.5 
	37.2 
	19.1 
	27.9 


Figure 9 Takt Time Scenarios 
 
With OEE at 61.8% the company was not able to meet the customer demand for 2020 which was 450,000 parts unless the quality of the pumps increased or a second machine was purchased, as it was planned in the initial project lifetime plan by a previous Project Engineer. This would also have just enough capacity to produce 600,000 parts in 2021. This solution would meet the customer demand however the company would then run production with an additional 2 machine operators (additional labour cost) and low-quality pumps which results in reworking and scrapping failed parts, this would not be a Lean Manufacturing Process. 
By applying the Lean philosophy, the author of this project decided to introduce an off-line pump tester which would be operated by one additional operator. The off-line pump tester was needed to be sure that only good performance pumps were passed to the EOL, this would improve the pass rate by additional 32.9%. In addition, the machine bottleneck was identified at the tester where 25 seconds of the total test time was a pump performance test. Since the pumps would be already tested off-line this could be removed from the EOL tester resulting in a shorter cycle time and additional free capacity. The reject rate on the EOL machine would go down to 3.2% (see figure 5). Capital expenditure was available for purchasing the second EOL machine with the total value of £140,000, therefore some of this money could be invested in the improvement of the current process. The off-line pump tester would eliminate the need of purchasing the second EOL machine and employing another 2 operators. Even though some of the capital expenditure would have to be invested, this proposal would generate good savings for company and would also meet the customer demand. If the project is successful, the expected hard savings for 2020 would be at least £100,000 of saved capex and £25,000 for the labour cost for one operator, this will be followed by another £25,000 for each additional year if demand of 600,000 parts is met.  
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Figure 10 Expected Annual Savings 
5 Project Planning 
 
A team brief in week 1 opened the 30-week project. If all the activities were completed as planned then the project should have been completed by week 26. However, as part of a contingency plan 4 weeks were added to allows delays. These were mainly related to the supplying of the equipment as previously the company has experienced delays in this area. For all activities see figure 11 (appendix 12.3). Everything went smoothly as planned until week 9 where equipment build should start. This activity was scheduled for 8 weeks as initially agreed by the supplier. It took an additional 2 weeks to build the off-line pump tester due to the unexpected relocation of supplier`s warehouse. This delayed all activities by 2 weeks until week 21 where after delivery and installation, capability study results were not accepted by the quality department. While testing pumps on the pump tester 1 out of 4 pump connectors were leaking resulting in non-consistent test results. This was not discovered when tests were carried out by the supplier in week 19.  It was quickly highlighted with the supplier who redesigned the pumps connector. This activity took 2 weeks instead of 1 but it did not affect the remaining activities. In the end the project was completed after week 28, when the final team debrief meeting concluded.   
 	 
[image: ]
Figure 11 Gant Chart Timing Plan 
6 Project Solutions 
 
The main factors taken into account for the criteria analysis were cost, maximum production output (based on 3 shift model), number of additional operators, quality, safety, lead time and floor space. Weighting and design values were assigned to each of the factors to get an overall score (figure 12).    
Criteria Analysis
	
	
	Weighting

	
	Design Proposals
	

	
	
	
	Design 1 (2nd EOL machine)
	Design 2
(2 more operators-work balance)
	Design 3 (Off-line pump tester)

	P.D.S. Requirements

	Equipment Cost
	4
	2
	6
	9

	
	Max Output/Volume
	5
	5
	4
	10

	
	Additional operators
	4
	2
	4
	9

	
	Quality
	3
	2
	2
	9

	
	Lead Time
	2
	2
	9
	5

	
	Floor Space
	3
	3
	5
	6

	
	Safety
	4
	9
	9
	9

	
	
	Total
	96
	135
	213

	
	
	RANK
	3
	2
	1

	Weighting out of 5: 1 as low importantance; 5 being very important

	Design Value out of 10: 1 as low and 10 as high


Figure 12 Criteria Analysis 
 
The highest weighting was assigned to equipment cost as this was one of the main factors in selection of the final solution. Purchasing additional EOL machine would result in capex spend of £140,000 and employing 2 additional machine operators for each shift (6 in total). The second design was to add 2 more operators and re-balance the existing EOL machine. This would not solve the issue with the “bottleneck” as it was identified at the testers (see figure 7) therefore increase in demand for 2021 would not be met. The last most favourable solution was an introduction of an off-line pump tester to the existing process with the total cost of £27,750 plus one additional operator.  
Since design 2 could not meet the customer demand for 2021 it will not be discussed in the comparison of the remaining criteria analysis factors. 
The second highest weighting was max output/volume and the number of additional operators needed if design was chosen. The number of additional operators was already discussed above. In terms of max volume/demand design 1 and 3 would meet the demand (EOL cycle time would be below product real takt time).  
Another important factor was quality. An additional EOL machine would be exactly the same as the current one and the same pumps would be used, so the both EOL machines would have a quality pass rate of around 64%. If pumps were tested on the off-line pump tester, only good pumps would be passed to the EOL machine which would result in almost 97% quality pass rate. This would eliminate the need of reworking failed parts at the EOL machine. 
The lead time for new equipment/machinery is usually minimum of 12 weeks with the current supplier, this applies to the new EOL machine. The Off-line pump tester lead time was scheduled for 8 weeks. It was important to have this equipment before the increase in demand at the beginning of 2020 for testing, analysing and creating continuous flow with EOL machine.   
Due to the many different projects and machinery at the Ammanford plant, it struggles with a free floor space. Design 3 comparing to design 1 is much smaller in terms of overall size and can easily fit next to the existing EOL machine. If a second EOL machine would have been purchased then both of the machines (new and old) would have to be relocated to different areas. 
Safety is very important for all Leggett & Platt branches therefore all of their machinery is CE marked, the same would apply to the both designs.  By looking at the criteria comparison chart below it is clear that the design 3 has got lots of advantages over design 1 and 2. 
 
 
[image: ] 
Figure 13 Criteria Analysis Chart 
 
A Product Design Specification (PDS) for off-line pump tester can be seen in the appendix 12.10. 
 	 
7 Design and Implementation 
 
The picture below represents the initial CAD design received from the supplier at the end of week 7. To enable continuous, steady flow of tested pumps to the EOL machine, it was requested to have 4 test heads. One of the discussion points during the design review meeting was the health & safety aspect where it was agreed to add head guards to prevent accidents during the test as heads had a few pitch points. Also, alignment for push clamps and screen locations were changed to improve its ergonomics.   
 
[image: ]
Figure 14 CAD design 
 
Re-work processes for the parts that fail EOL test is very expensive for the company. Special lubricant is used to connect bladder tubes to the pump ports to prevent disconnection and air leakage. Those pumps which fail test have to be cut off and send back to the supplier for replacement but bladders have to be scrapped as tubes length would no longer meet the customer specification (tubes are too short).  
[image: ]
Figure 15 Fail Volvo part 
In the design of the off-line pump tester the pumps had to be tested the same way as on the EOL machine that included the same test specification/limits for supplied voltage, inflation and deflation time, maximum pressure and bladders size. A silicon insert in the pump connector head was used to securely connect, test and disconnect the pump without damaging the bladder tubes (figure 16). This eliminated the cost related to the previously scrapped bladders. 
 
[image: ]
 
Figure 16 Silicone pump connector 
 
Even though that test specification stayed the same, a different pressure measurement method was implemented. The EOL machine has got a load cell that reads the force (N) created by the pressure from the bladders. This then was converted into mBar. It was a good method for measuring closed system but due to the conversion it was not 100% accurate. Silicone pump connectors in the off-line pump tester enabled pressure transducers to be used which reads the pressure directly in the bladders. This method gives a more precise results, is cheap, reliable and easy to maintain. 
[image: ]
Figure 17 Testing method difference 
Once the off-line pump tester was delivered and installed by the supplier (week 20) the capability assessment was started before implementing the new process to serial production. The initial analysis of the test results showed variations in tester 3 (appendix 12.5). With support from the maintenance team, a leak was discovered in the pump connector. After reviewing this issue with the supplier, it was requested to replace plastic connector (3D printed) with aluminium to eliminate the leakage and improve their lifetime.  
[image: ]
Figure 18 Connector issue 
 
Off-line pump tester was located near to the existing EOL machine to minimize travel distance for passed test pumps. 
  
[image: ]
Figure 19 New Machine Layout 
It took another week for the new connectors to be fitted and a measurement study analysis was repeated (MSA type 1 & 2 study – appendix 12.6 & 12.7). Good results enabled further actions. The pump performance test was removed from the EOL test which lower its overall testing time and workload between the machine operators was re-balanced to keep continuous flow (figure 19).  
 
[image: ]
Figure 20 Time Study (off-line pump tester included) 
 
Week 22 started with completion of Risk Assessment and a documentation update for Standard Operation Procedure (SOP) and Process Failure Mode Effects Analysis (PFMEA). When everything was in place, training for machine operators started. After one week of training the machine operators were ready to start a Run at Rate (R@R) exercise (figure 21). Data gathered from this exercise resulted in the signing off of the new off-line pump tester in week 24. 	 
8 Analyse, Results and Evaluation 
 
Validation of the project was done against the below shown calculations. Orange colours represent different customer demands (2020 & 2021) were yellow colours are the values which should be met in the production processes. 
 
[image: ] 
Figure 21 Takt Time Validation Data 
 
For four hours R@R exercise target for hourly output was set to 130 parts as all draft calculations supported this number. Completion of this exercise positively surprised the author as well as machine operators because 562 parts were built, from which 541 pass EOL test. This gave average of 140 parts per hour and cycle time of 26.6 seconds, which proved that the volume demand for 2020 & 2021 could be met.  
[image: ]
Figure 22 Run at Rate Data Calculation 
 
Since the implementation (week 8 2020) of the off-line pump tester in serial production the test result data has been monitored closely. Finally, OEE reaches Leggett & Platt standard which is a minimum 90% for semi-automated production processes.  Since week 13 Volvo products are not being produced, this is visible on the graphs shown below. Due to the situation with Coronavirus (Covid-19) company has been forced to stop their production until further notice.  
[image: ]
Figure 23 OEE Data Week 1- 14 (2020) 
 
The bad quality pumps are now being rejected before reaching EOL machine resulting in a quality increase on EOL machine and the elimination of reworking failed parts and scrapping damaged bladders.  
OEE Analysis
[image: ]
Week
 
Figure 24 OEE Analysis Week 1-14 (2020) 
Production data showed good improvements until week 13. When the company restart their production, it is believed that the remaining months for 2020 will show the same results. In the final project evaluation, the cost of the old manufacturing approach was compared to the new LEAN manufacturing approach. 
	Old Manufacturing Approach (61.8% OEE)	New "LEAN" Manufacturing Approach (90% OEE)
	Year
	2020
	2021
	
	Year
	2020
	2021

	Customer demand
	450,000
	600,000
	
	Customer demand
	450,000
	600,000

	Current EOL machine cost
	-
	-
	
	Current EOL machine cost
	-
	-

	Additional EOL machine cost
	£140,000
	-
	
	Off-line pump tester
	£29,750
	-

	Labour cost (4 operators)
	£100,000
	£100,000
	
	Labour cost (3 operators)
	£75,000
	£75,000

	Labour cost per part
	£0.22
	£0.17
	
	Labour cost per part
	£0.17
	£0.13

	Capex saving (equipment)
	£110,250
	-

	Labour cost saving
	£25,000
	£25,000

	Labour cost per part saving
	25.00%
	25.00%


	Total cost saving	£135,250	£25,000

Figure 25 Old vs New Manufacturing Approach 
 
 
Calculation shown above were used to sign off the project.  The cost saving for 2020 is £110,250 of capex and £25,000 of labour cost, for all future years £25,000 labour cost will be saved until customer demand goes above the maximum EOL machine output of 622,000 parts per year. New process allow savings of 25% of the labour cost over the old one.  
Apart from the savings already calculated there are lots of the savings being generated from the cost of poor quality (bladders are not being scrapped anymore). Also, since customer demand for 2020 is only 450,000 the number of shifts will be reduced. Due to the report constrains (word count) this data was not presented.    
 	 
9 Conclusion 
Specifications described in PDS (Product Design Specification) were successfully met. All of the calculations, graphs and activities explained in the previous paragraphs proved the proposed concept. New manufacturing process is good, however more improvements are needed. One item which was quickly highlighted when pump tester was already used in the serial production was a lack of a mistake proofing feature (Poka Yoke). The off-line pump testers as well as the EOL machines have QR code scanners. Pumps are being scanned before use on any of the equipment to confirm the pump part number (different pumps are being used on different machines for different customers) and to capture all of the test information which can be required by customers at any time. This data is also being used by the Quality and Manufacturing Engineers for improvement activities.  
 
[image: ]
Figure 26 Scanner 
 
In the new process if a pump that failed “pump performance test” on the off-line pump tester used on the EOL machine, there is a possibility that the part with a test failed pump would be sent to customer. The EOL machine is not able to capture this because the “pump performance test” was removed from the EOL machine tester since the implementation of the off-line pump tester. Since the both pieces of equipment are able to capture the test result data, the long-term solution is to make a link between them so when failed pump will be scanned on the EOL machine prior to assembling, it will not release the part to the next station. The current short-term solution is to mark pumps with a green (pass) and red (fail) marker and to do visual check at station 1 (operator 1 - before EOL test) and on station 2 (operator 2 - after EOL test). 
  
 	 
10 Recommendations 
The future recommendation for the Volvo process is to incorporate Poka Yoke solution for the tested pumps described already. Introduction of the off-line pump tester has been a great improvement for Volvo process. This is only one process where the “pump performance test” is being done before the final part assembly on the EOL machines. If testers on EOL machines are also the slowest part of the processes, then same approach can be implemented. This will require an initial time study analysis. Since Leggett & Platt in Ammanford has got many EOL machines, there is a huge potential for future savings.   
 
[image: ] 
Figure 27 Leggett & Platt Ammanford Floor Layout 
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 Project Proposal 
 
Title: Volvo Lumbar System – Additional Capacity and 
Overall Equipment Effectiveness (OEE) Improvements 
 
Description: 
Leggett & Platt is the world leader in automotive seating comfort systems and suspension components situated in Ammanford, South Wales. Currently the company is struggling with lack of capacity for Volvo Lumbar Systems due to high customer demand increase for its product. With the current production output, the company needs to make another production line. 
 
Aim: 
To improve the OEE of the current production line and purchase an additional assembly line in order to create free capacity to meet further demand increases. Improvements should include increase in production line output and reduction/elimination of the cost of poor quality (rework).  The aim being to increase production output by 50% for 2020 and 100% for 2021.   
 
 
Start date: 	 	 	Week 1 (August 2019) 
Completion date: 	 	Week 30 (June 2020) 
Approval / Acceptance: 
Student/s: 	 	 	 	Employer: 	 	 	 	Lecturer: 
 
- - - - - - - - - 	 	 	 	- - - - - - - - - 	 	 	 	- - - - - - - - - 
 
Confidentiality: 
This document together with all other documentation relating to the above project is confidential, and this is the sole property of Pullmaflex Ltd. The documentation and / or associated information may not be used, copied or disclosed to any third party without prior written authority of Leggett & Platt. 
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Criteria Analysis
	
	
	Weighting

	
	Design Proposals
	

	
	
	
	Design 1 (2nd EOL machine)
	Design 2
(2 more operators-work balance)
	Design 3 (Off-line pump tester)

	P.D.S. Requirements

	Equipment Cost
	4
	2
	6
	9

	
	Max Output/Volume
	5
	5
	4
	10

	
	Additional operators
	4
	2
	4
	9

	
	Quality
	3
	2
	2
	9

	
	Lead Time
	2
	2
	9
	5

	
	Floor Space
	3
	3
	5
	6

	
	Safety
	4
	9
	9
	9

	
	
	Total
	96
	135
	213

	
	
	RANK
	3
	2
	1

	Weighting out of 5: 1 as low importantance; 5 being very important

	Design Value out of 10: 1 as low and 10 as high



Criteria Analysis Comparison Chart
0
2
4
6
8
10
Equipment Cost
Max
Output/Volume
Additional
operators
Quality
Lead Time
Floor Space
Safety
Weighting

Design Criteria
Design 1
(2
nd EOL machine
)
Design 2
(2
 more operators-work balance
)
Design 3
(
Off-line pump tester
)

 
 	 
[image: ] Initial Test Result (plastic pump connector) 
[image: ]
 	 
[image: ] Measurement System Analysis type 1 
[image: ]
 
 
 
[image: ] Measurement System Analysis type 2 (Gage R&R) 
[image: ]
 
 
 
 
[image: ] Time Study (off-line pump tester included) 
[image: ]
 
 	 
[image: ] Off-line pump tester quotation 
[image: ]
[image: ]
 
 
 
[image: ]
 
 
 
Product Design Specification (PDS)
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1.1.Design Brief

The exsting Volvo machine enabies the assembly and tst of apneuratic imbar unit or the VOLVO 4P
project igh increase n demand for this product requiresto reate additional capacity. Thiscan be achieved
by implementing off-ine pumtester. Ths will reduce machine cycletime. Off-ne pump tester
‘completing the “pump performance tes®” priorto assembly of the fllsystem. Off-ine pump tester should
be safe to use, easy to operate and meeta

1.2.Procedure

It required that throughout the duration of the project, good fines of communication are established and
maintained between the Project Engineer and the suppler.

The following procedure must be adopted:

These specifications ae ntended 2 guidelines for ialogue between the designated Project Engincer and
the equipment manufacturer. The contents of this booklet are not exhaustive but cover what we consider o
be the important crieria for the standardisation and efficent commissioning of new equipment.

1. General Overview

enable

riteri speciied in the paragraphs described below.

Initial meeting todiscuss and agree machine/equipment specification
‘Quotation analysis forms and timing plan o be filed in and submitted by the supplier
From the timing plan a date shoud be set for a design review where the suppler il have prepared
generalarrangement drawings for discusson and have a sequence flow chart avaable
‘Supplers will e required to operate/articipate inthe folowing acttes

o Concept design of equipment

o Equipment FMEA

o Analysis/resolution of problems occurring during the evolution of the design

© Traning of technicians, engineers and where necessary, production stff

Ay devition from the mechanicalspeciication must be discussed and agreed in writing by

the designated Project Engincer
© Mid-term visis il take place to ensure saisactory progressisbeing made.

o Final aceptance il fllow the procedures as stated n the Buy-off Procedure

21Page
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1.3.Declaration

(0 be speciic on componens and equipment used within the spediication
fial system. The preferred supplier st shouk be adhered (o as much as
e approval fromthe designated project engincer. A final
Iy agreed before commencement of work. Failire
course of the project will resultn the suppler having to meet the

Leggett & Pltt reserves the.
of any preumaic, hydro
possible and any deviation from this
machine supplement specification s
compl with the specification dur
cost of modifyingthe offending itemi:

1.4.Confidentiality

Al specifcations, detail drawings and design documents are tobe the property of Leggett & Platt nd are
0Lt be discosed or discussed with a third party without consent of Leggett & Matt, and are 1o be retumed
ihe designated project engineer.In addition to this, a confidentiality agreement must be signed between
the equipment suppler and Leggett & Pat represertative priorto work commencirg unless sgned
previously.

2. Equipment Specification

2.1.Products
Volvo 4WP ystem ~ intermalpart number LEL0#725-000/QE L
1PYS Pump —internal pat number LELOOWASTO-001/AM
2.2.Purpose

1PVS pumps prior o assembly Lo the system in rder to avok reect pumps being
educe test cycl time on the end ofine (EOL) machine

The facly stal
assembled and

2.3.Timing

The facilty is required for volume increasesat the sart of February 2020.

3iPas
Lwkos: Kowalewski
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2.4.CycleTime

The cyle time of the off-lne pump tester has o enable stable pump upply 1 the EOL machine. The
loading, testing snd unloading of the purmp wil be done by addtionsl operator. The EOLmachine & off-ine
PUMP tester mustbe capable of minimum rate of 130 units/hr @S0% efficency.

Volvo 4 Way Power volume - 50k for 2020 and 600K for 2021

2.5.Test Specification

2.5.4. Specification Values

Test 1o be conducted at room temperature
Test voltage 13.540.2V
Continuous current max <0354

Starting cument max .00

25,

TestSequence

Inflate Upper lumbar from 0hPa to 300hPa — must reach 300hPa n 13.0-17.0secs
Deflate Upper lumbar from 300hPa to 200Pa - must reach 200Paiin 7.0-130 secs

Deflate bladder toOhPa

Infate Lower umbar OhPa to 300hPa ~No pass/filime required
Defate Lower lumbar rom 300hPa to 20193 ~must reach 200P3 in 100-16.Osecs
Deflate bladder toOhPa

alpag
wwhos: Kowalewski
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25.3. Test Facility Requirements

 Unsuccessultest shall stop est progrom assoon asfalure detected
= Connection and dconnection of VS purptoteser shall e 3 quick and easy aspossitie

= Faciby shllbe capable oftesting @ masimum of 1040 pumps/sift

= Connectorsshallbe durable enough t st for a minimum of 12 months without need for repiror

replacement

25.4. Quality

 The machine must be capabie of repeating test resuts t0.1.67 cpk orbetter
« Supplerto provide capabily report onpressure messurement asper buyoff report

2:5.5. Change Over Times

« Theassemblystation and tst and feature check machine must be capabie of changeover within a
maximum of 15 minutes

2.6.Maintenance (TPM)

 Allequipments bricaion points must b asdy accesibl by the operator

 Legend plaes mustspecy thetype and frequency of ubrication recuired. Thse shouid als be
identied on the ravings

« Accessibiyfor cleaning/ ibication of ertified tems mustbe fessthan five minutes

+ There must be enough room underneath the pump testng station and inflation station to clean any
ditand that may accumulate

« Scheduld maintenance mustbe capableof being caried outinkess than one hour

« Allcare points lated o the sations must b identifiedin the manual

= Stations must b designed for repai with standardtooland test equipment

Al gauges must beviibe o the operstor but covered o protectfrom any damage

2.7.0perator Interface

+ Pump testing tation mustbe capable of sigle button operation for stat of sequence.

Lukoss Kowolewski
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« The station must be capable of reseting to home postion from anywhere within s sequence

2.8 Health and Safety Criteria

The supplier must furnish Leggett. & Phatt with writen confirmation that the equipment comples with ll
current U.K.and EU. Healthand Safey guidelnes, CE compliance, Codes of practice and Bris Standards that
may be relevant e

« Preumatic systems

« Noise/Viration emissions

 Hydraulcsystems

* Guarding/ nterocks

« Exhaust/Emissions of poltants

 Elctrical nstalltions, systems, and ntegration of equipment vill omply with; Sfety of Machinery -
3 cquipment of machines BS EN 60204-1: 1993(1SBN 0580 215512)

« Machine Guarding

Bec

Al safety Guards, doors orscreens must b fitted with elctrical nterocks, iespective i the door i
secured with ather devices

 The equipment must b registered with CE. certfication

2.9.Product Life Span

o Atleastsyers

210.  Lifein Service

o Atleastsyears

211 Quantity

« One pump testing machine (minimum 4 testingheads)

Lukoss Kowolewski





image67.jpg
Lpere Tt

2

B

12, Ergonomics

Helght for pump tester work s ation tobe minimum 90cm (L&P standard)

Adequate room around the pum tester fo storag of not tested and tsted pumps

13, Machine Data

A defintive set of G.A. drawing, dimensional dataand electicalschematics o be suppied pror o

signoff

Al test parameters and calibration method to be dentiied n machine manual

14, Machine Manual

Operator nstructons,

Maintenance Schedules

‘Spares st with ritca spores highlghted

FaultFinding Procedure

Mochine setup / change over procedures

15, Installation

Instaltion o be conducted by supplier

Duration and dates to b discussed and confirmed with project engineer and production plamer

116, Warranty

Atleast 1year

Lukoss Kowolewski

710





image68.jpg
Yypote Tt

217 Quote Breakdown

Breakdown the quote tothe ollowing tems:

Desgn Cost
Manufacturing Cost

o Mechanical abour -Machinie, cutig, grinding, assembly etc

o Electrical Labour ~ Panel buiding, wiring, software

Bought Out/ Hardware Cost
Insta

o / Cammissioning Cost at Leggett & Platt, Ammarford

Deliery Cost 0 Legaett & Plot, Ammanford

Lukoss Kowolewski
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3. Appendices

3.1, Appendix 1-Volvo Part CAD Picture

OGT]

Lukoss Kowolewski
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Legend:
z o Ho Volvo OEE and capacity improvement project
AUTOMOTIVE
Week number Iste: 2
Task (Ji:::s) 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 271 28 29 30
Team brief 1
g Data collection 1
2 |Line time study 1
§ Cost analysis 1
0
Review 1
;E, Team brainstormina 1
g Product choice/proposal 1
é Product Design Specification 1
- Send purchase order 1
CAD design review 2
% Equipment build 8
8 Equipment test at supplier 1
Deliverylinstallation 1 -
Capability Assessment 1 -
. |PFMEA SOP update 1 -
% Operators training 1 || -
:t'- Run at rate exercise (R@R) 1 -
Sign off machine 1 -
Future improvements 1 -
.§ Sign off project 2 ‘
4 Team debrief 1 -
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Takt Time Calculator - 2020

Takt Time Calculator - 2021

Net Available Time
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EQUIPMENT EFFICIENCY DATA

JUDGMENT Actual Target

RUN TIME START

RUN TIME STOP

GROSS RUN TIME (MINUTES)
DOWNTIME (MINUTES)

NET RUN AVAILABLE (MINUTES)
MACHINE AVAILABILITY

REQUIRED OUTPUT RATE (PER HOUR)
STANDARD CYCLE TIME (MINUTES)
PRODUCTS MANUFACTURED
PERFORMANCE RATE

PRODUCTS MANUFACTURED
NUMBER OF ACCEPTABLE PARTS PRODUCED
NUMBER OF REJECT PARTS PRODUCED

QUALITY RATING

08:00:00 Availability = Planned prod - stopage times _ 230 _ 96% 100%
12:00:00 Planned prod time 240
240
10 Performance = Cycle time x parts _ 27.7 x 562 _ 15567.4 112.8% 95%
230 Planned run time 230 x 60 13800
95.83%
Quality = Good parts _ 541 _ 96.3% 90%
Total produced 562
120
277 (;;26 OEE = Availability x Perfformance x Qual = 96x112.8x96.3 = 104.1% 85%
112.89%
_ " ol
Calcl Cycle time 3600 130.0 Sec 26.6 27.7 sec
27.7

O.E.E
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== MSA study type 1 study

Volvo pump was used JLR class 1 pump was used

. uiusaie covswscstruiusie e

e e LT LTt T jee—— Tesrn [wse [vsse Trsso
e i = e Y - e - |
s sowerusa e cavswssstzonausaie

> Based on MSA Type 1 study at the supplier with normal pump + different bladder/head we have good repeatability on all
characteristic, except upper inflation time -» was verified at PUK
> Based on MSA Type 1 study at PUK with pump with calibrated valve for inflation time + same bladder we reached cg of min. 0,94
© Run charts shows well the stability, but we can see a “warm up” in the first 3 cycles - normal behavior of the pump
o Filtering out the first 3 measurement results cg value is good for all head
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mm MSA type 2 study (R&R)

Gauge R&R was done with 10 normal production pump
13 pumps was pre-tested to have 10 OK pumps for the MSA

GR&R% Head A | HeadB | Head C | Head D

Upper Infiate time 95,15% | 96,49% | 97,77% | 96,31%

Upper Max Pressure | 97,69% | 96,68% | 9549% | 96,73%

Upper Deflate time 93,29% | 93,98% | 94,12% | 98,85%

Lower max pressure | 97,94% | 96,75% | 98,27% | 96,45%

Lower Deflate time 99,81% 98,34% 97,05% | 98,81%

> MISA Type 2 study shows Total Gauge R&R 93,23 —99,819% for Head A (above 90% acceptable)
> Minitab resuits shows, variation mainly coming from part-to-part variation -> normal pump behavior

‘Summary:

> Type 1 study shows good repeatability

> Type 1 run charts shows good stability in the results when pump influence is minimalized with calibrated valve:

> Type 2 study for Head A, B and C done: shows good reproducibility, variation mainly coming from part-to-part
variation

Lgpetre T

AUTOMOTVE




image53.png




image54.png




image55.jpg
Locic ONE AUTOMATION LIMITED

Design 8 Bl Sences for nkstil Auomarin and il Sysems
Uit 1, VeadonsBidge,Par Wentr Grossrands, Camarenshi, SA14 0FA
TelFax (01200 34335

Wowte 07570502716
et

Quats Raference: Q1013

b september 2019

M Lukasz Kowalewski
Pulmaflex UK mited
Flordd Rhyd Parc Amanwy
Ammanford

Carms

sua3eR

Dear Mr Kowalewski
Thank you for your enquiry.

‘The following is  budget quotation for the design & manufacture of 3 Pump Test Urit to your specifcation
asissued on 02/09/2015;

Iesspechcaten

Bpecitcatin Vaiues - s be conductad of om temparcturs

& Detlalo bodder o 07

VissolTes set.up besed on cunt et sysems
Vil T Sbp s o curet e e
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fecled
oo o2 quick and saxy o

program as soon

£ Comnector: snal be durable e 1o ! for @ mmu of 12 months wihaut
noad fortopak o raplacsmant

From your specifcaton, we would propose the fllowing Pump Test Urit system elements;
. Selfcontained unit with all necessary control and montoring elements.

« Simultancous test o four VS pumps.

+ HMI for parameter entry and test monitorin.

. Pressure semsorfor each of four pump and bladder com binations.

250 (approx. 25.5ks) dead oad for each of four bladders.

 Quidk change ports

« Pneumatic ande 1 points for four IPVS pumps.

« Mechanicl locat

« Fourindependent power and cument monitoringchannels for each

s,

Please note that th following have not been dentified s included inyour specification, and are therefore:
not induded inthis quotation;

. Reading of pump QR code fordentification of product

« Data capture o test resuls
 Marking of pumps to confirm test result.

Cost onecistouan Quotation Reference Q1013
Pump Test nit:

PaymentTerms: 50 depost sagepayment o be ol

0% 30doys ot sucest ey &
commsoning o egott &Pt Armanfors
A pamentstovesetiedasobos.
Seeortached erms & Condtrs o
Surthriformaton

Delivery: S wesksdever,
et wicommencsany e the
depess 30epoyment oo

Quote valdy Ths auctton s i for 3040 rom the
dote ot hetepof s seumert.

Thope ation meets with your approval but should you require any futther iformatin or assistance
plase do not hesiate o contactthe undersigned.

Regards

Logic One Automation Lited

et s Compa g 12
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PRODUCT DESIGN
SPECIFICATION

Off-line IPVS pump tester
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PRODUCT DESIGN
SPECIFICATION

Off-line IPVS pump tester
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Figure 2 Visual Setup Based on Current Test System





