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Introduction

Throughout this report, I will be investigating and researching a suitable material and manufacturing process for an engine or suspension component of my choice from a certain vehicle. I will create a comprehensive design specification for the product in question to identify any advantages and disadvantages to the product for its specific uses and environments. Further to this, I will then decide on a suitable material choice for my chosen product, exploring various materials for the best outcome of that product. Finally, I will explore and discuss an acceptable manufacturing process for my item of choice, that can be used with my chosen material. 

My component of choice will be a suspension coil spring from a mk4 Seat Ibiza. I have first-hand experience of thus vehicle and its specifications and therefore believe this will help with my ideas and manufacturing choices for this component.

























[bookmark: _Toc1463911018]Component Design Specification


	Performance Requirements
	Design Requirements
	Design Specification

	Longevity for customer on their car
	Must be made of a suitable durable material to sure long lifetime before any chance of fracture
	Materials such as high carbon steel.

	Low cost to purchase for manufactures and aftermarket
	Must be made at low cost to ensure no excessive costs are passed onto consumer
	Less than around £50 per spring unit RRP

	Be available in different lengths for different models of the car that may require raised or lowered suspension
	Must have a suitable stock range for factory fit sizes to the manufacture (Seat’s) spec.
	Made to the various manufacture specs.


A design specification table for a Coil Spring from a mk4 Seat Ibiza.


A coil spring can have various lengths, shapes, and sizes of each of the thousands of cars on the road today. From a consumer point of view, they may have various ‘needs’ and ‘wants’ that they require from coil spring manufactures. For example, a car manufacture will ‘need’ to require different lengths coil springs for a car such as a mk4 Seat Ibiza that I am focusing on, the sporty 3dr version requires a lower ride height and therefore lower springs in comparison to the 5dr hatchback and estate versions.en.wikipedia.org
 (Ride height figures)

	Height
	1,420–1,428 mm (55.9–56.2 in) (3-door)
1,445 mm (56.9 in) (5-door, estate)


[bookmark: _Int_Q2w6uvwE] which requires slightly raised suspension due to the lack of sporty appearance required from this model. On the other hand, a ‘want’ from consumers may be to have the coil springs manufactured to different colours for example. This is not a need for the performance of a car but would be a ‘want’ for some aftermarket consumer who may desire having red coloured coil springs to give a sportier appearance. Some vehicle manufactures may ‘want’ of this for cars from factory to provide a more desirable looking vehicle for sale from factory. Visual improvements can create customer satisfaction. In the same people paint their brake callipers red to give a better appearance in their opinion but provide no performance benefit to that specific car.
[bookmark: _Toc470314291]Production Requirements
[bookmark: _Int_XwFw9eoZ][bookmark: _Int_wwXEifKp][bookmark: _Int_SFA6TKxQ]When deciding on the best way to develop a coil spring for a mk4 Seat Ibiza, the production requirements and restraints will need to be considered heavily upon final production. This is due to this car being a mass-produced car and therefore the coil springs being a heavily mass-produced part for factory as well as aftermarket sellers and uses. As a result, material selection would likely have to be easy to acquire/produce to keep up with the high demand and supply needed for this product. Further to this, if a unique design is produced for the coil spring, is there equipment regularly available and a relevant price in order to produce the coil spring parts in this unique way. Create a particularly good and unique design for a part such as a coil spring can be fantastic on paper and in thought, but if the production process is either too cost/time effective these ideas would need to be scrapped and start again. It is therefore important to have the production requirements in mind at all times when design a part to have the confidence to say it is suitable and effective to be put into mass production.
Some ideas may work perfectly at first, but this does not mean it is the best to finalise with.

[bookmark: _Toc1161881259]Market Requirements
[bookmark: _Int_9kwW60Hu][bookmark: _Int_BKctcX3T][bookmark: _Int_naAIJzOo]In order to create a successful part, we need to consider the market requirements of this product to identify how it will sell successfully. Firstly, we should ask ourselves, are people going to buy this product? In the case of the coil spring, there will be mainly other manufactures, whether that’s oem or aftermarket, who are out there selling this part, what makes this one stand above the rest. Well, if we can make a more unique and more beneficial coil spring to the standard ones on the market, but for the same going rate price, people may be more inclined to buy. Further, if a coil spring is offered in different lengths such as shorter springs for sportier models, these could be designed to be a unique colour such as red for a sportier look, or blue in the case of how H&R springs are produced and are known for their springs being produced in blue, this can help attract customers to think they are buying something unique and different to add to their car, or supply manufactures in factory with, when the functionality of that spring is ultimately the same throughout the different colour ranges potentially offered.

[bookmark: _Toc1749710678]In Service Requirements
[bookmark: _Int_CmaIaf2m][bookmark: _Int_OzJZBXU6]The in-service requirements are an especially important aspect to consider when design a part and the materiel used for that part. For example, in the case of the Seat Ibiza coil spring, this needs to made using a robust and weathering materiel that can withstand constant force upon it due to its use in the suspension assembly. Whilst also having to withstand harsh weathers for example rain without it rusting quickly and loosing strength in a short time. A coil spring is not something car owners should have to be replacing regularly or on a service plan like they do changing their fluids and filters etc. These parts should last long enough in all conditions, sun, or rain, so that when they do eventually become corrode or the spring snaps the customer is of a decent to high satisfaction that they have had good use out of this part on their car. Therefore, material selection and manufacturing process is key to ensuring this longevity of a coil spring part attached to all cars.

[bookmark: _Toc1350943246]Regulatory Conformance
[bookmark: _Int_mld9pF0B][bookmark: _Int_397zysjS]The mass majority of products produced for the public market today will need to have some sort of regulatory and legislative conformation to certain guidelines and rules that have been set out, in general or specific to that type of product. The design of the mk4 Seat Ibiza coil spring could be really good in practice and production, appeal well to the market etc. However, if after the product goes through compulsory testing and regulations and fails, the whole product and project would be scrapped, regardless of if the coil spring's main function is good and appealing to the market. Further in the case of coil springs, ‘The accepted standard for manufacture and tolerances of how wound springs is ASTM-125, latest revision.’ (MWcomponents.com, Coil spring regulations.) This is a type of regulation that would need to be monitored during design and production stages as this specification covers such points as tolerance on outside diameter, free height, maximum solid height, loaded height, and squareness, as well as definitions and inspection procedure. Failing on these aspects could result in a full halt on production.
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Material Selection
[bookmark: _Int_5e7zwQwc]The correct and appropriate material selection for a product going into production is vital for the quality of that product along with being suitable for its designated use and be appealing to the market. If a weak, brittle, and even cheap feeling material is used for a product that is supposed to be a quality item with a high price tag and hard-wearing design idea, this item is unlikely to sell in masses and have a low customer satisfaction rate for anyone who does buy. In the case of the coil spring from a Seat Ibiza, the correct material is certainly vital for longevity of the product being number one, and possibly even the appearance of the product being a high need for some buyers who care about the looks of these parts as much as their functionality. 

[bookmark: _Int_2IvWbXIk][bookmark: _Int_CJKbYWWx]Coil springs are generally made for hardened steel, material choice directly influences performance, making this phase extremely important in the coil spring manufacturing process. The spring manufacturer has the option of using either pre-hardened steel before forming the spring, or they can also harden the spring after the formation process. The first type of steel that could fit well in the production of the coil springs would be stainless steel, ‘Stainless steel creates a product that functions well in moist environments since it will not rust’. (Coilingtech.com, Coil spring material solutions) 
These stainless-steel properties would be perfect for the location of a coil spring part, due to its exposed nature to the elements, and being right in the path of constant spray from surface water from the vehicle’s wheels. A second type of hardened steel that can be used for the coil springs could be music wire, although not commonly used for the purpose and mainly used for piano strings, hence the name music wire, this material property is good for applications that demand a good deal of strength such as a coil spring which relating back to the ‘in service requirements’ section of my design spec above, coil springs need to with stand great loads of strength and weight of the vehicle for a long lifetime of use.
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Figure 1, Spring material reference table, engineeringclicks.com













[bookmark: _Int_9uYGOTO1]Figure 1 above displays the material properties for types of stainless steels which are covered by BS2056 1991 regulations. This table shows how stainless steels are good for the resistive properties, although stainless steels can be about 20% weaker than spring steels of the same size, but there can be some precipitation hardening grades that can be nearly of equivalent strength to these other steels whilst retaining the high resistive status to moisture and rust etc.
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Manufacturing Process Selection
Using the chosen material above of ‘stainless steel’ to create the coil springs, we then move onto the manufacturing process that would be applicable to the given material. 
[bookmark: _Int_iJMOwJt9]To start the manufacturing process, straight wire of stainless steel would be fed into a coiler through coiling rollers. ‘This leads to a set of coiling points that apply pressure and create the coil spring. This method is carried out through hot or cold coiling, depending on the wire size needed’. (Lesjoforssprings.com, start of manufacturing process) 
Another step of the manufacturing process will be to calcite the spring specifications for load capacity’s, dimensions, and spring rates etc. These calculations and specs are critical for making sure the specific spring that is being produced can withstand its dedicated use for a long period of time, relating back to the ‘in service requirements’ of my design spec which explains that a coil spring part must have a fairly long lifespan for its given use as it’s not a part that should need to be changed regularly by the consumer.
When these calculations are finalised, the winding process can occur. This is a fundamentals step as it requires shaping the metal into the desired coil form, whether that is a short coil for lowered springs or longer coils designed for more raised suspension, as mentioned in the first part of my design specification above, the 3dr sports model Seat Ibiza requires slightly shorter suspension and coil springs as opposed to a normal 5dr version which retains the standard ride height.
Winding can be conducted via hot or cold winding methods; this is decided upon the wire size that needs to be coiled. Majority of coil spring manufacturing uses cold winding as hot winding is primarily used for more heavy duty, larger diameter springs for machinery etc. Surface treatment will come next which provides a practical advantage to the lifespan of the springs and protect from rust etc, whilst also given an advantage the appearance with assorted colour springs etc, again as mentioned in my design spec when explain how red springs may be more appealing to see on a sportier designed car for the consumer. Finally quality testing will be conducted for the coil springs to make sure they fit the design spec and work as designed for the car in question, such as the seat Ibiza that the coil springs have been designed for in this case. This Is another crucial step as a failure here means a wasted production line and potentially a back to the drawing board decision to re design the whole product.













[bookmark: _Toc2017614368]Conclusion
To conclude overall, I believe that the report and information explored above gives a good understanding and basis of the production and material selection for a mk4 Seat Ibiza coil spring. After exploring the different material selections commonly used, I believe stainless steel was good choice for production due to its high anti-corrosive properties helping to aid the longer lifespan expected from this sort of car part. Further, I believe the production methods explained above follow that of a common way to produce a coil spring and therefore should be a reliable method for mass production due to the long length of time that vehicle coil springs have been being produced for.
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- . Maximum : Maximum
Material Grade Size Range | Min UTS Range Working Cor.roswn Working
(mm) (N/mm?) Resistance A
Temperature Stress
BS5216 1 0.2-9.0 2040-940 150°C Poor 49% /70% | NS, HS: N/A
243 0.2-132 2340- 1140 ND:  Good
M4 01-40 3020-1770 HD:  Excellent
M5 01-30  [3400-2000 | M: VGood
BS2803 735A65 10-125 | 1910-1350 200°C Poor |53% /70% | NSHS: N/A
685A55R2 | 1.0-125 | 2700- 1610 250°C ND:  Good
| | HD:  Excellent
BS2056 301526 G11 | 0.08-6.0 2200- 1250 300°C Good 40%/59% | Poor
302526G11 | 0.08-10.0 | 2160- 1230
316533 0.08-10.0 | 1680-860
316542 0.08-10.0 | 1680-860
30551 0.08-10.0 | 1680-860
904514 0.08-10.0 [ 1600-1150
BS 2056 301581 0.25-10.0 | 2230-1470 320°C Good 53%/70% | Poor
(Precipitation hardened) |
BS2873 CZ107H 0.50-10.0 {700 min 80°C Good 40%/50% | Poor
PB102H 0.50-10.0 | 700 min 80°C
(BI0TW(H)P |0.50-30 | 1240 min 125°C

*Notes; Thefirst figure is for unprestressed material, the second for prestressed material. These figures also only relate to compression springs. For extension springs subtract

15 from each percentage figure. Torsion springs operate in  different mode and can therefore operate from 70% to 100% of the ulimate tensile strengh.




