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Product development

5.1 Manufacturing techniques

Fill in the grid below for the following manufacturing techniques: 

	Technique
	Principles involved 
	Techniques relate to the following materials:
	Advantages/ Disadvantages

	The IBO require you to know about each of the techniques listed below
	
	Metals
	Plastics
	Food
	Ceramics
	Composites
	Timber
	Textiles
	Consider the viewpoints of both the user and manufacturer.

	Moulding
	
	
	
	
	
	
	
	
	

	Casting
	
	
	
	
	
	
	
	
	

	Weaving
	
	
	
	
	
	
	
	
	

	Fusing
	
	
	
	
	
	
	
	
	

	Stitching
	
	
	
	
	
	
	
	
	

	Cutting
	
	
	
	
	
	
	
	
	

	Machining
	
	
	
	
	
	
	
	
	

	Abrading
	
	
	
	
	
	
	
	
	

	Adhesives
	
	
	
	
	
	
	
	
	

	Fasteners
	
	
	
	
	
	
	
	
	


5.2 Craft production

What do you think is meant by the following terms; 

· Craft production 

· One-off production 

Why were most products manufactured by craft techniques prior to the Industrial Revolution?

Refer to the development of skills; sources of materials and energy; sales and distribution; relationship of craftsman or designer with client or consumer.

Explain the advantages and disadvantages of craft production.

Consider economies of scale, value of the product, labour, market forces and flexibility of manufacture.

What is the importance of craft production for developed and developing countries?

Economic development, infrastructure and market needs should be considered, but also the rise of the “master craftsman” in industrialized countries.

5.3 Mechanization

Mechanization

Until the 1700s there were few machines available to help people in the home, on the land, or in industry. There were no factories, only cottage industries, in which people carried out work, such as weaving, in their own homes for other people. The 1700s saw a long series of inventions, initially in the textile industry, that ushered in a machine age and brought about the Industrial Revolution. 

Among the first inventions in the textile industry were those made by John Kay (flying shuttle, 1773), James Hargreaves (spinning jenny, 1764), and Richard Arkwright (water frame, 1769). Arkwright pioneered the mechanized factory system by installing many of his spinning machines in one building and employing people to work them.

What do you think were the implications of Mechanization on cost, quality of product, social conditions and labour?

What do you think is meant by the following terms; 

· Assembly-line production
· Batch production 

· Mass production
Fill out the table below and consider the advantages/disadvantages for consumer, designer and manufacturer.

	
	Advantages
	 Disadvantages

	One-off

 
	Receives money up front, a degree of flexibility, job satisfaction.
	Usually self-employed; more complex the product, the more likelihood of problems.

	
	
	Overheads/material costs high. Penalties for cost/time over-runs

	
	Consumer can ask for changes at most stages, design can be customised
	Higher purchase cost, relatively little consumer protection

	
	Feel-good factor of owning something bespoke
	Once committed, decision changes are costly

	Batch
	Economies of scale, bulk ordering of materials reduces costs
	Risk of investing in materials, jigs, CNC etc with no guarantee of future sales

	
	Jigs/templates reduce time and increase quality assurance. Small changes possible
	Materials/components need to be stored. Employees need to be skilled/flexible

	
	Cheaper to purchase, better chance of quality assurance
	Less personal and bespoke. Still more expensive than volume production.

	
	Some flexibility/customisation possible
	

	Mass
	Large economies of scale, less need for skilled labour
	Very high capital costs, very little flexibility once committed

	
	Opportunities for greater profit 
	Time/money invested in research and design prior to start-up

	
	Purchase cost low. Quality assurance high, often with retail support
	Hardly any opportunity for personalisation

	
	
	


5.4 Automation

Automation

The term automation refers to a wide variety of systems and processes that operate with little or no human intervention. In the most modern automation systems, control is exercised by the system itself, through control devices that sense changes in such conditions as temperature, rate of flow, and volume, and then command the system to make adjustments to compensate for these changes. Most modern industrial operations are too complex to be handled manually or even with simple machines under manual control.

What “technological revolution” has led to the introduction of automation?

Refer to the development of computer and information technology; also to the importance of electricity.

How has automation improved the type and range of products available to consumers?

Many products require such precision in their manufacture that, without automation, it would not be possible to produce them at an affordable price.

Discuss the impact of automation on working conditions.

Consider nature and type of employment, health and safety issues, social interaction and job satisfaction.

What do you think is meant by the following terms; 

· Computer-aided manufacture (CAM)  

· Computer numerical control (CNC) 

How do CAD, CAM and CNC contribute to an automated production system?

Just in Time

It is perhaps not widely known that the ‘just in time’ approach to production that has now gained almost universal acceptance in world manufacturing was actually pioneered by Toyota. In fact, a Toyota engineer coined the term itself. This, too, is a simple but inspired application of common sense. Essentially, ‘just in time’ manufacturing consists of allowing the entire production process to be regulated by the natural laws of supply and demand. Customer demand stimulates production of a vehicle. In turn the production of the vehicle stimulates production and delivery of the necessary parts … and so on. The result is that the right parts and materials are manufactured and provided in the exact amount needed – and when and where they are needed. Under ‘just in time’ the ultimate arbiter is always the customer. This is because activity in the system occurs only in response to customer orders. Production is ‘pulled’ by the customer rather than being ‘pushed’ by the needs or capabilities of the production system itself.  Toyota never tries to accommodate changes in demand by making substantial changes in individuals’ workloads. Assigning more Members to a line means that each handles a narrower range of work. Assigning fewer means that each handles a broader range. Hence the paramount importance of having a well-trained, flexible and multi-skilled workforce. Within the plant itself, the mechanism whereby production is regulated in this way is known as the kanban. A kanban is simply a message. For example, in the assembly shop at Burnaston this message takes the form of a printed card attached to every component that is removed and returned when the component is used. The return of the kanban to its source stimulates the automatic reordering of the component in question. Paperwork is minimised. Efficiency is maximised. And the Members themselves are completely in charge. At Burnaston kanbans are collected and delivered by a Member using a bicycle – simply because long experience has proven this to be the simplest and most effective method available.

Explain the advantages of JIT to manufacturing.

Refer to reliability, efficiency, distribution, workforce, storage, capital investment, stock control and traditions.

Just in Case

Aisin Seiki Company (Kariya, Japan) makes master cylinders for automotive clutch and brake systems. They have a successful business with over 400 machine tools in production. Aisin ships around 80 percent of its production to Toyota Motor. Toyota has a 22 percent stake in Aisin. 

Disaster hit on February 1. Aisin Seiki's entire brake-parts manufacturing factory was destroyed by fire. What made this fire particularly catastrophic was that Aisin had only a minimal volume of brake and clutch parts—just three days' supply—in its warehouse. That's because keeping a lean inventory is an important feature of the just-in-time (JIT) production system that Toyota Motor is credited with having fully developed. 

As a result of the fire, Toyota Motor could miss selling an estimated 50,000 passenger cars. Exacerbating the situation, both Aisin and Toyota were at full capacity. Passing off production to other plants was not practical because all were geared up for a run on the car showrooms anticipated prior to a scheduled increase of the Japanese sales tax rate from 3 to 5 percent on April 1. 

Events like this raise questions about absolute adherence to a JIT philosophy. That it's a good idea to make only what is needed would find little dissent. But for many shops, once the concept is embraced or imposed, JIT compliance becomes a matter of degree. 

Several shops I've visited have developed a pragmatic corollary to the JIT philosophy. It's called JIC which stands for just-in-case manufacturing. Its philosophy is identical to JIT principles but includes a practical realization that "bad things happen to good companies." 

Why JIC? For one reason, when a surprise order comes through, the shop has parts to help out. The customer thinks it's a miracle and is grateful. Another reason for JIC is cost control. Running single JIT lots can be more costly than running several at a time. The savings in setup will often offset the risk of an engineering change making the stored parts obsolete. 

In JIT theory, no one, from top to bottom of the supplier chain, wants to hold inventory. But, everyone wants their product JIT. 

A little JIC padding at each link in the supply chain could prevent a catastrophic interruption of production by buying a little scramble time.
Read through the article below, written by a journalist for CAR magazine:

[image: image2..pict]“As the lucky recipient of CAR's forthcoming long-term Mini Cooper S, I've been spending a lot of time with my snout buried in Mini brochures recently. And, no, I'm not expecting your sympathy. Ordering a brand-new car is one of the real pleasures in any enthusiast's motoring life; your one chance to get every last detail just right.

Especially in a new Mini. There are so many combinations of model and trim, options and accessories, colours and stripes, that you can theoretically order 15,000,000,000,000,000 different combinations of Mini. And that's a scary number indeed. I'm not even sure how to pronounce it.”

The ordering system for Minis is an example of mass customization. In other words, a mass-produced product that can be customized to the consumers tastes.

Now read the article below taken from New Scientist magazine:

“But consumers could also get a lot more input into design, too, thanks to 3D printing - also known as rapid prototyping. In rapid prototyping, a microwave-oven-sized machine fires computer-guided laser beams at a polymer powder, such as nylon, sintering the powder and fusing it layer by layer into complex, solid 3D shapes. The materialisation of a 3D design fed to the computer seems almost magical - hence the rapid prototyping machine's early nickname, the "Santa Claus machine".”

Already NASA is testing a 3D printer that will allow components to be fabricated in orbit for the International Space Station. The US Army is also developing a truck-mounted 3D printer capable of outputting spare vehicle parts. Some jewellery makers now even build new designs in virtual reality for direct 3D output
How is mass customization changing the relationship between the manufacturer and the consumer?

The relationship is akin to craft production, where the individual requirements of the consumer dominate.

5.5 Economic considerations

Define fixed costs and variable costs.

Which of the following factors that contribute to the overall cost of an object are fixed costs and which are variable?

	storage 
	advertising / marketing
	profits &

taxes
	capital costs
	overheads

	availability of materials
	research & development
	labour
	manufacturing costs
	distribution

	scale of production
	complexity of product
	Size & weight
	quality control
	


What factors determine the manufacturing cost of a product?

Take into account scale of production, complexity of product, resources, skills, quality control, size and weight of product for storage and distribution, type of advertising and marketing, profits and taxes. Include costs relating to availability and procurement of materials, R&D, labour, manufacturing costs, capital costs, overheads, distribution and sales.

What factors will contribute to the overheads?

Give an instance where the cost of raw materials and labour costs are a significant factor in the overall cost of an object.

For example, raw materials and labour costs will be significant for an individually crafted mahogany table, but for an injection-moulded plastic component these costs would be low and the capital cost of machinery high.

Explain the concept of “break-even point” in relation to fixed and variable costs.

Once “break-even” point is reached, profits can be made, because fixed costs have been covered. Variable costs will continue to rise with increased production.

5.6 Clean manufacturing

Explain why the introduction of mass production increased damage to the natural environment.

A historical perspective is important. Environmental considerations were not an issue in the 18th and 19th centuries. Little quantitative data was available, and all governments encouraged the growth of industry.

Outline the reasons for cleaning up manufacturing.

Reasons include promoting positive impacts, ensuring neutral impact or minimizing negative impacts through conserving natural resources, reducing pollution and use of energy, and reducing wastage of energy and resources.

Outline that an initial response to reducing emission of pollutants is adding clean-up technologies to the end of the manufacturing process.

The addition of clean-up technologies to the end of the manufacturing process is termed the “end-of-pipe” approach.

How can legislation provide an impetus to manufacturers to clean up manufacturing processes? How is this extended internationally and what difficulties are encountered?

State that the legislation can be policed by monitoring through the collection of quantitative data.

Explain that strategies for cleaning up manufacturing are mainly reactive, and that more radical approaches require a rethink of the whole system and may result in significant product and/or process modification or radically new technologies.

Many companies react to legislation or impending legislation by doing the minimum required. More radical approaches, for example, life cycle analysis, are proactive (see “Topic 3: Green design”).

Explain that targets for reducing pollution and waste from industry are agreed internationally, but not all industrial nations agree to the targets.

Explore the difficulties of stating targets against the background of ever-changing social, political and economic changes.

