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1.0 INTRODUCTION  

This report involves the presentation of a project proposal suitable for a MSc dissertation.  

The proposal will address the following: 

• Project Title 

• Project Aim 

• Background and Rational 

• Objectives 

• Methodology/Main Activities Involved in the Project  

• Resource Requirements 

• Constraints 

• Potential Problems 

• Literature Review and References 

• Relevant Analytical Techniques 
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2.0 PROJECT PROPOSAL 

 
Improvement of the Generic Test Packing Rig (GTPR) by Re-Evaluating Packing Weights and 

Tolerances to Reduce Down Time, Missed and Incorrect Orders Within Renishaw. 

 

The project aim is to reduce the current weight tolerance of the Generic Test Packing Rig’s which are 

used to weigh and check the correct items are being packed and shipped to customers. Reducing the 

current tolerances will ensure customers are shipped the correct items. A review of the current packing 

specs will also be conducted to ensure the packed weight for each item is correct and remove any 

deviations which are currently being seen which result in down time to the line and missed orders.  
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3.0 BACKGROUND RESEARCH  

 

Renishaw are one of the world’s leading engineering and scientific technology companies with core 

skills in measurement, motion control, healthcare, spectroscopy and manufacturing (Renishaw, 2018). 

With offices in more than 35 countries the aim is to provide leading-edge technology by encouraging 

innovation to address the customers’ needs (Renishaw, 2018). 

 

Renishaw Manufacture a wide variety of encoder products including both linear and rotary encoders. 

One of the highest running encoder products are the RGH24 incremental encoder systems. As stated by 

Renishaw incremental encoder systems have a strong reputation for providing highly reliable position 

feedback even when subjected to unsuitable conditions which most optical linear encoders would suffer 

from. (Renishaw, 2018) 

 

RGH24 encoders are a compact readhead with integral interpolation which offers both digital and 

analogue outputs with a non-contact method. Offering high speed and reliable operation with no friction 

or wear. The encoders use a linear scale which is used to gather straight line positioning information, 

the encoder uses a 20 µm pitch scale (Renishaw, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.0.0 – RGH24 Linear Incremental Optical Encoder 
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In order to fulfil customer orders within the encoders division of Renishaw the parts are manufactured 

on the line and the packed on the line using the Generic Test Packing Rig (GTPR). The GTPR allows 

the assembler to scan in the works order which contains details of what the part is, any additional extras 

such as shims along with all the items required for packing such as the box size, any inserts and antistatic 

bags. The Job order also contains details of how many completed units are assigned to the job order. 

 

The job number bar code is scanned into the GPTR using a barcode scanner and the software will ask 

the assembler to select the right box, antistatic bag, shim and place the encoder read head in the box. 

The user must then scan in the encoder bar code which will check that the right readhead is being packed. 

The GPTR will then weigh the items placed on the scale and compare the result obtained to a result 

stored in the database. The current tolerances of the GPTR are set to +/- 10g. Provided the value obtained 

during weighing comes within +/- 10g of the target weight the part is deemed suitable to be shipped to 

the customer. A label is printed which is stuck on the right-hand side of the box and the job is completed 

and can be shipped to the customer. A detailed description of how the GPTR works can be found in 

Appendix 1 which contains the Work Instructions for the GTPR. 

 

Within the Renishaw Miskin site the RGH24 Encoders division has numerous products which customers 

can order based on their requirements as shown in figure 3.0.1. Due to this Renishaw have numerous 

parts and part numbers which will all be packed using the GPTR. An example of all the available options 

for customers can be found in image 3.0.1. 
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Image 3.0.1 – RGH24 Nomenclature 



Sarah Chappell-Smith 7 

4.0 OBJECTIVES  

Review the current highest runners of encoders in the RGH24 section and select the most profitable 

items. 

 

Review the current weight specs including current target weight, maximum and minimum tolerances for 

each part. 

 

Calculate new target weights for each product. 

 

Calculate new upper and lower targets for each product using a +/- 3 standard deviation method. 

 

Implement the changes to ensure they are suitable for each individual product. 

  

Test the new specifications to ensure the changes are suitable for production 

 

Test the new specs to ensure the wrong products cannot be shipped due to incorrect items being packed.  

 

Calculate the cost saving that can be incurred by reducing the number of call outs due to packing weight 

failures, missed orders and customer complaints due to incorrect orders. 

 

Review all specifications 1 year after the implementation to ensure the target specifications are still 

suitable.  
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5.0 METHODOLOGY  

 

A review of each part number and the current target weight will be conducted starting with the highest 

running part numbers. Each part number will have a graph produced to show the current state as shown 

in Figure 5.0.1.  

 
 

Figure 5.0.1 – A-9541-2035 Current State 

 

As shown in figure 5.0.1 the target weight for A-9542-2035 is currently set to 111.735g. Each individual 

part number will go through the same process to produce a visual graph which will show the weights 

recorded during packing for the specific part number and the target weight in order to see how far away 

from the target weight the packed weights are as shown in Table 5.0.1. 
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Packed Weight Target Weight Difference 

108 111.735 -3.735 

107.6 111.735 -4.135 

108 111.735 -3.735 

107.8 111.735 -3.935 

107.84 111.735 -3.895 

107.8 111.735 -3.935 

108 111.735 -3.735 

107.6 111.735 -4.135 

107.8 111.735 -3.935 

107.82 111.735 -3.915 

102.68 111.735 -9.055 

103 111.735 -8.735 

103.2 111.735 -8.535 

103.6 111.735 -8.135 

103.6 111.735 -8.135 

103.24 111.735 -8.495 

103.6 111.735 -8.135 

103.6 111.735 -8.135 

103.6 111.735 -8.135 

103.8 111.735 -7.935 

104 111.735 -7.735 

104 111.735 -7.735 

104.2 111.735 -7.535 

104 111.735 -7.735 

103.6 111.735 -8.135 

103.6 111.735 -8.135 

103.4 111.735 -8.335 

 

Table 5.0.1 – Difference between packed weight and target weight for A-9541-2035 

 

Due to the target weight being pre-set the upper and lower limits are determined by adding and 

subtracting 10g to the target weight. In the case of A-9542-2035 the upper and lower targets are set to 

121.735g and 101.735g respectively. A graphical representation will then be produced as shown in 

Figure 5.0.2 
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Figure 5.0.2 – Graphical Representation of Current Packed Weights Against Target Weight 

and Upper and Lower Limits. 

 

The new and improved target weights are to be set to +/- 3 standard deviations from the target weight. 

In order to determine the new target weight and average is taken of all the current products that have 

been weight and the average value is to be used as the new target weight as shown in Table 5.0.2.  

 

Packing Rig Target Weight / g 111.735 

Average Packed Weight / g 105.441 

Average Difference / g 6.294 

Standard Deviation 1.980 

3 Standard Deviations 5.941 

 

Table 5.0.2 – Average Packed weight for A-9542-2035 
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New Target weight /g 105.441 

Max Weight/g 111.382 

Min Weight/g 99.500 

 

Table 5.0.3 – Proposed Target Weight, Maximum and Minimum Weights for A-9541-2035 

 

The results obtained for the new target weight and upper and lower limits are then placed into the graph 

to compare the new limits to the current packing results as shown in Figure 5.0.3. 

 

 

 

Figure 5.0.3 – Graphical Representation of Current Packed Weights Against New Proposed Target 

Weight and Upper and Lower Limits. 

 

As shown in Figure 5.3 the new proposed targets and upper and lower limits will be reviewed to ensure 

the suitability. This process will be followed for each of the 23 A part numbers which are the highest 

running parts. Once completed the same process will then be followed for all of the remaining part 

numbers for encoders. 

 

In Order to ensure the target weights, set for the part is suitable monitoring will be required to begin 

with. Once the changes have been implemented a review every 3 month will be required for the first 

year. The review will then be conducted on a yearly basis to ensure consistency and ensure that there is 
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no large change in average weights which would be a large indication to a process change or issue which 

needs to be investigated. 
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6.0 CONSTRAINTS 

Due to the variety of parts each individual part number has its own specific target weight therefore each 

part must be reviewed individually which has around 66 different variants of products. This means a lot 

of time will be required to review each individual part.  

 

Additionally, as Renishaw has some much larger companies they supply parts to who occasionally will 

request different product variants which are not currently made. Due to this there will be no current data 

for the packing, so a review of the packing weights will have to be conducted fairly regularly to monitor 

the weights until enough data has been collected to set a suitable target.  

 

Currently there are two different shims which can be used for the customer to set up their encoder. The 

shim is used to set up the height of the encoder from the scale. The two different shims come in a Blue 

and a Red colour. But due to the very minute differences in the weight of the shim the scales are not 

sensetive enough to detect that the right shim has been placed in the box. Therefore, an alternative 

solution will be required in order to overcome this issue so that customers do not receive the wrong shim 

due to human error. Including a pick by lights system would help overcome this issue but would need 

to be incorporated into the GTPR rig software. 

 

There are currently 5 packing rigs used within the encoders system so there is variation from rig to rig 

which needs to be minimised as much as possible. By reducing the weight variances to a smaller 

tolerance, it is essential to ensure the rigs calibration weights are as close as possible in order to prevent 

parts from being able to be packed on one rig but not on another due to different calibration tolerances 

on the rigs. 
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7.0 POTENTIAL PROBLEMS 

Potential problems which might be encountered within the project and must be considered include;  

 

1 - With Renishaw having numerous sites within the UK which use the same database for the GTPR it 

is essential not to make any alterations to items which are used site wide such as boxes and shims as this 

could cause a packing issue for all sites which would result in numerous orders being missed and down 

time whilst the problem is resolved. Any changes made must be approved by all common users of the 

GTPR within encoders across all sites. 

 

2 - Selecting a suitable tolerance for the product range. Ensuring the correct tolerance is set for the 

product that isn’t too large or minute allowing incorrect items to be packed. It is also essential to ensure 

all regulations for packing are followed.    

 

3 - Rig to Rig Variation – All rigs are individually set up and manually calibrated so there will be rig to 

rig variation. The rigs scales are very sensitive and can measure to 3 decimal places so there will be 

variation between rigs. This needs to be minimised as much as possible to ensure the tolerance set for 

the part is suitable for all rigs. 

 

4 - Ensuring all human error is removed – As the rigs are used by assemblers there is going to be human 

error within the process. Minimising this is essential and making the process as simple as possible  

 

5 - Addition of future products to the GTPR – In order to determine the target weight, upper and lower 

limits of products previous data is required so that an average value can be taken, and the previous data 

can be review. With new products this data will not be available for a significant amount of time, so it 

is essential that reviews of the new product are conducted more frequently until the process is stabilised. 

 

6 - Change of box supplier – In the process of reducing costs alternative suppliers of the boxes may be 

used this will have a significant effect on the use of the GTPR as the weight of the new boxes will differ 

from the current ones depending on the material used and thickness of the material. All of which will 

need to be reviewed and any changes to boxes will need to be incorporated into the software and all 

products will need to be updates all of which is a very long process and will need to be done on a regular 

basis until the process stabilises. 
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7 - The Change In the 1kg weight standard which is currently in the news – With the fluctuation of the 

Le Grand K being around 50 parts in a billion described as less than the weight of a eyelash the use of 

the standard weight is no longer going to be used. Instead an electrical measurement will be used which 

is said to be more stable, accurate and egalitarian. However, all GPTR rigs are calibrated with a 1kg 

weight. Although it has been stated that Le Grand K is currently fit for purpose it will not be in 100 

years. The change in this weight could mean that due to the sensitivity of the scales the new way of 

measuring a kg will need to be incorporated into the scale (Ghosh, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sarah Chappell-Smith 16 

8.0 LITERATURE REVIEW 

 

Packing is described as the function used to exchange products between a supplier and a customer 

(Guru99, 2018)  

 

In previous years Renishaw use to pack their items by hand using a buddy check system. The readhead 

label was checked against the works order and then buddy checked by a second person to ensure the 

correct item had been packed. A label would then be printed and placed on the packaging before being 

sent to the customer as shown in figure 8.0.1 

 

 

 

 

 

 

Figure 8.0.1 – Completed Packaging Item 

 

There are many issues with manually picking, packing and checking items some of which include;  

 

- Very Inefficient due to the increased cost of labour, the risks of mistakes being made is also 

increased. 

- No visibility of the item stored on a database, so checks can be made on the job order or part 

number.  

- Large pallets of items that require packing can easily be mixed up and cross contamination of 

batches 

- Lost sales can be incurred as customers receive the incorrect product, this can give the customer 

low confidence in the company and the items they purchase causing them to take their business 

elsewhere.  

- Customer complaints, returns and CCAR all of which are very expensive and time consuming 

to a company.  
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- For every wrong order additional costs are incurred due to returns and rework costs, 

administrative costs, additional handling and shipping costs and the cost or re-shipping the 

correct part to the customer. 

(Peoplevox, 2018) (EmeraldTC, 2016) (Plant Handling Limited, 2018) (Cisco-Eagle, 2014) 

 

 

It has been stated by EmeraldTC that every error in a warehouse has an impact on profit. When it comes 

to picking and packing parts the error rate is between 1% and 3% which equates to between £38.46 to 

£230.77 per error. This has been further emphasised by intralogistics who state that on average a single 

picking and packing error costs around 17 euros. The study shows that a distribution centre packing 180 

parts per hour assuming a 99% precision rate can incur 14.4 errors per day. Equivalent to 245 euros in 

costs per day. Over a year long period this equates to 73,400 euros a very significant amount. 

(Intralogistics, 2018) (EmeraldTC, 2016) 

 

In order to overcome the issues of manual picking and packing, manual companies use an automated 

system which removes the human error and checks what is being packed against the works order.  

Companies such as Ordoro offer this service which is a packing list barcode scanning workflow. This 

allows the users to scan the works order and then the items being packed and confirm the correct items 

are being shipped to the correct customer. (ORDORO, 2018) 

 

Provided all of the correct items have been packed for the works order the user will see a confirmation 

screen appear as shown in figure 8.0.2 allowing the user to move onto another job order. 

  
 
 
  
 
 
 
 
 
 
 

Image 8.0.2 – Confirmation Screen 
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However, if the incorrect item is scanned the user will be faced with an error message as shown in figure 

8.0.3. 

 
 
  
 
  
 
  
 
  
 

 

 

Image 8.0.3 – Error Screen 

 

 

As well as using barcode scanners a checkweigher is used in conjunction with the barcode scanning 

system in Renishaw.  

 

Checkweigher is a system that weighs items as they pass through the packing line. The process involves 

weighing 100% of the items on a production line. The benefit of using the two systems allows not only 

the barcode of the item to be checked against the works order but the checkweigher had the additional 

benefits of;  

- Checking for under or overweight packages  

- Checks for missing components and parts within a package 

- Checking package weight limits to keep within the established standards 

- Measure and report production line efficiency 

(Hi-Speed Checkweigher Company, Inc, 1997) 

 

Many companies use a checkweigher system due to the versatility of them. They can be used for;  

- Counting items  

- Weighing items 

- Checking density or volume  

- Checking for missing items  

- Avoid under fill fines 
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- Minimise the number of false rejects and rework  

- Protect the reputation of the company 

- Improve OEE  

(Hill, 2016) 

 

 

There are numerous benefits to using both a barcode scanning system as well as a checkweigher system 

together. This will not only ensure the reputation of the company is protected but will also ensure all 

customers receive a top-class service from Renishaw by receiving the correct items ordered providing 

them with a high level of confidence from Renishaw as the supplier. 
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10.0 APPENDIX 1 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Sarah Chappell-Smith 23 

 
 
 
 



Sarah Chappell-Smith 24 

 



Sarah Chappell-Smith 25 

 



Sarah Chappell-Smith 26 

 
 



Sarah Chappell-Smith 27 

 



Sarah Chappell-Smith 28 

 
 



Sarah Chappell-Smith 29 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sarah Chappell-Smith 30 

 
 

 
 



Sarah Chappell-Smith 31 

 
 
 
 

 
 
 


	Research Methods
	M7X01371
	Sarah Chappell-Smith
	P143899
	4th November 2018
	MSc Mechanical Engineering
	1.0 Introduction
	2.0 Project Proposal
	3.0 Background Research
	4.0 Objectives
	5.0 Methodology
	6.0 Constraints
	7.0 Potential Problems
	8.0 Literature Review
	9.0 References
	Cisco-Eagle, 2014. Order Picking Error Rates: What’s Acceptable?. [Online]  Available at: http://www.cisco-eagle.com/blog/2014/11/05/order-picking-error-rates-whats-acceptable/ [Accessed 18 November 2018].
	10.0 Appendix 1

