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Analysis of the disposable razor market

The Bic disposable razor was introduced in 1982, before which there was only a conventional blade available on the market.  The company extensively promoted the use of disposable razors in the 1980s and have remained the category leader, holding over 75% of the domestic market.

	Razor
	Price Deals
	Price per Razor

	Bic Razor

Bic Lady Razor

Gillette Sensor Excel

Gillette Sensor Excel for Women

Wilkinson Sword Protector 3D

Wilkinson Sword Lady Protector Plus
	£1.05 for 10

£1.70 for 10

£3.25

£4.79

£3.49

£5.20
	£0.11

£0.17

£3.25

£4.79

£3.49

£5.20


The disposable razor market is very competitive, the continuous updates and improvements of existing products and the introduction of new ones suggests that it can also be very profitable.

Men and women will always want razors of some kind.  Manufacturers of electrical shavers are attempting to broaden their market by recreating the ‘wet shave’ sensation to fill the gap in the market.  This product is to be aimed at young males, but is likely to be used by women who dislike spending up to 50% more for a restyled but essentially identical razor.

Disposable throwaway products are becoming increasingly unacceptable due to heightened public awareness of environmental issues arising from unnecessary wastage.

For a 5-year product lifespan, the design of a new razor must take into consideration possible future levying on entirely disposable products as well as the ease of disassembly and recycleability of component materials.
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    Projected

            sales







Time                    



5 years



	
	Degree of importance
	Handle length
	Handle diameter
	Blade material
	Number of Blades
	Head Size
	Freedom of head
	Handle Material
	Number of Components
	Weight of product
	
	key

	
	
	
	
	
	
	
	
	
	
	
	
	8
	2
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Not too expensive
	8
	
	
	
	
	
	
	
	
	
	
	important
	relevant
	unimportant

	High Perceived value
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	Not too heavy
	5
	
	
	
	
	
	
	
	
	
	
	
	
	

	Not too light
	4
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aesthetically appealing
	8
	
	
	
	
	
	
	
	
	
	
	
	
	

	Suitable for all hands
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sufficient grip
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	Easy to control
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	Easy to store
	4
	
	
	
	
	
	
	
	
	
	
	
	
	

	Easy to clean
	7
	
	
	
	
	
	
	
	
	
	
	
	
	

	Reaches awkward areas
	7
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sharp blade
	8
	
	
	
	
	
	
	
	
	
	
	
	
	

	Long blade life
	6
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	114
	100
	176
	105
	140
	240
	216
	154
	98
	


Technical characteristics highlighted

 
Freedom and Complexity of shaving head

by the QFD chart




Handle material

Blade Material

Number of components

Length of handle

Thickness of handle

Weight of product

	
	Bic
	Wilkinson Sword

Disposable
	Wilkinson Sword

Semi-disposable

	Freedom and complexity of shaving head

Handle material

Number of components

Handle dimensions

Weight and balance
	-Very simple

Fixed blade

-Hard Plastic

5

80 * 12.8 * 10.8

very light

front heavy
	-Less simple

Fixed blade

-Rubberised

8

85 * 10.6 * 10

very light

balanced
	-Very complex

Tilting head

-Steel and rubber

>15

100 * 23 * 15

heavy

balanced


Design Concepts

Concept A: Simplistic Appeal

A simple design aimed at value for money, but with attractive styling similar to more upmarket semi-disposable razors.  The whole form is kept uncluttered for ease of manufacture and assembly.  The product would be sold as one handle with 10 snap-fit blade units, which are large enough to be easily and safely changed.  Aimed slightly above the BIC, it would be priced appropriately.

Concept B: Ergonomic Appeal

This design aims at a higher quality more positive feel, with foamed polymer handle for good grip and quality feel.  The striking design would allow for a higher price, and a well-chosen colour scheme could give a high perceived value.  A similar snap-fit reusable handle system as concept A would be employed.

Concept C:  Aesthetic Appeal

This striking design uses expensive materials and novel form to grab the attention of consumers, setting it apart from the normal disposable razors.  The actual features would be fairly standard to keep the price down.

Weighted Objectives evaluation chart comparing 3 design alternatives and the Bic product

	objective
	weighting
	parameter
	Bic Product
	Concept A
	Concept B
	Concept C

	
	
	
	rating
	score
	value
	rating
	score
	value
	rating
	score
	value
	rating
	score
	value

	Simplicity of

Manufacture
	0.3
	complexity
	good
	9
	2.7
	okay
	6
	1.8
	poor
	2
	0.6
	poor
	4
	1.2

	Ease of

holding
	0.1
	rating
	poor
	3
	0.3
	okay
	5
	0.5
	good
	7
	0.7
	good
	6
	0.6

	Ease of

Control
	0.2
	rating
	poor
	2
	0.4
	okay
	4
	0.8
	good
	7
	1.4
	good
	6
	1.2

	Estimated

weight
	0.05
	grams
	Too

light
	3
	0.15
	Too

light
	3
	0.15
	Too

heavy
	3
	0.15
	okay
	5
	0.25

	Perceived 

value
	0.05
	rating
	poor
	1
	0.05
	good
	5
	0.25
	good
	6
	0.3
	good
	7
	0.35

	Estimated 

cost
	0.15
	£
	0.11
	8
	1.2
	0.20
	7
	1.05
	0.30
	4
	0.6
	0.30
	4
	0.6

	Aesthetic

appeal
	0.15
	rating
	poor
	1
	0.15
	okay
	6
	0.9
	okay
	6
	0.9
	good
	8
	1.2

	Weighted and combined scores
	4.95
	
	5.45
	
	4.65
	
	5.40


Chosen concept A


An Injection moulded ABS shell forms the handle, with a structural webbed underside and snap-fit system for the replaceable fully enclosed blade unit.

The two machined stainless steel blades are held apart by a separator plate and all parts are sandwiched between the housing and cover, shaped for ease of removal and insertion.

A single safety cap hides the blades when not in use.

Estimation of Injection Mould Tool Cost

Main handle component

Injection moulded ABS: (£1/kg)

Weight 40g; Surface area 100cm2
Cavity: 

Periphery rectangular

Considerable inner structure

Complex Base Form

1 internal slide

Cavity factor: 11

Casing:

Normal sprue

Cautious ejection

1 internal slide

Normal cooling

Normal labour

Casing factor: 9

For an estimated production of 5 million products over 5 years, with the single steel mould not being replaced, and a maximum of 500,000 uses per cavity, a 10-cavity mould tool is required.

For a 10 cavity mould tool, the total surface area is 10 * 100 = 1000cm2
So, from Philips estimation tables:

· Hour Capacity of casing

245

· Hour Capacity of cavity

200

· Hour Capacity of final assembly
40.5

	Tooling Cost chart
	Surface Area
	Cavity Factor
	Casing Factor
	£/

hour
	Total labour cost
	Material cost

(steel)
	Extra

(25%)
	Total

	
	1000cm2
	11
	9
	
	
	
	
	

	Hour Capacity of Cavity
	200
	25
	5000
	1600
	
	

	Hour Capacity of Casing
	245
	25
	6125
	800
	
	

	Hour Capacity of Assembly
	22
	25
	550
	
	
	

	
	11675
	2400
	3519
	£17594


Quick Cost Estimation

The component is fairly complex, but the injection moulding process produces very little waste, so factors of 1.0 and 1.12 were selected for waste and tooling respectively.

· Material cost:

 (Weight) * (Cost £/kg) * (Waste factor) * (Tooling Factor)

CM  = 0.04 * 1.0 * 1.0 *1.12 =
£0.0448

· Manufacturing cost
3 * CM






CG = 3 * 0.0448 =

£0.1344

· Selling Price

3 * CG






PS = 3 * 0.1344 =


£0.4032

This price appears particularly high for one component, but it doesn’t take into account the massive savings brought about by mass-producing huge numbers of products.

Synthetic Cost Estimation

Major dimension of part:  120 x 40 x 30 mm

Wall thickness 1mm

Medium component complexity

Labour rate £25 / hour

	Volume
	Mould Cavities
	Mould Cost
	Cycle time per heat
	Cycle time per part
	Direct labour cost
	Mould cost per part
	Direct material cost
	Total cost per part

	100 000
	10
	£17594
	10s
	1s
	£0.0069
	0.17594
	0.04
	£0.223

	1 000 000
	10
	£17594
	10s
	1s
	£0.0069
	0.01759
	0.04
	£0.064

	2 000 000
	10
	£17594
	10s
	1s
	£0.0069
	0.008797
	0.04
	£0.056


Design for Assembly (Boothroyd & Dewhurst method)

At this early stage it is important to consider the type of assembly system likely to be used to allow maximum build quality to be achieved at the lowest possible cost.  The company already has extensive expertise in injection moulding, but must be aware of the assembly when designing the parts.

· Investment factor
RI = [ (shifts worked) * capital equivalent of worker) ] / Annual operator cost

                   = (1 * 50 000) / 25 000 = 2

· VS: Anticipated production quantity per annum
1 000 000

· NA: Number of parts in assembly


7

· ND: Number of design changes anticipated

< 0.5

· NT: Number of parts required for model range
< 1.5

· NP: product life without change in demand

4

Conclusion:  Inputting data into Choice of Assembly Method Chart returns that Special Purpose assembly machines are the best-suited assembly method.


Diagram showing design revisions in blade separator and safety cap for 5% increase in design efficiency (see next page). This is achieved by ensuring (-symmetry and redesigning for ease of alignment.

Design Efficiency

	Part ID
	Component

name
	Number of times carried out consecutively
	Manual handling time
	Manual insertion time
	Operation time
	Operation cost (p)
	Theoretical minimum # of parts

	00
	Main handle
	1
	1.95
	-
	1.95
	0.78
	1

	01
	Blade housing
	1
	1.95
	2.50
	4.45
	1.78
	1

	02
	First Blade
	1
	2.51
	1.50
	4.01
	1.60
	1

	03
	Blade separator
	1
	2.51
	2.50
	5.01
	2.00
	1

	03(ii)
	Revised blade separator
	1
	2.06
	1.50
	3.56
	1.42
	1

	02
	Second Blade
	1
	2.51
	1.50
	4.01
	1.60
	1

	04
	Blade securer
	1
	1.95
	2.50
	4.45
	1.78
	1

	05
	Safety cap
	1
	1.95
	2.50
	4.45
	1.78
	1

	05(ii)
	Revised Safety cap 
	1
	1.80
	2.50
	4.30
	1.72
	1

	Original design efficiency
	28.33
	11.32
	7
	0.74

	Revised design efficiency
	26.73
	10.68
	7
	0.79


Rapid prototyping

To allow the product to be tested before going to manufacture it is important that prototypes can be made quickly and accurately.  Building an accurate prototype using stereolithography or a similar process will allow the product to be:

· Visualised and photographed for packaging and marketing purposes;

· Communicated effectively with suppliers;

· Accurately cost estimated;

· Tested for physical properties

After the design is ready for prototyping, the CAD model is sliced within the software then drawn onto photosensitive resin with a laser, building up layer-by-layer an accurate 3-dimensional model.

Product Reliability

The probability that an item will perform a required function without failure under stated conditions for a stated period of time.

The design of the product must:
· Design:

work when required, to the expectations of the user;

· Manufacture:
be built with sufficient tolerances to achieve a desired level of reliability;

· User Practice:
consider what the user does, not just what they are meant to do;

· Environment:
still function adequately in the harshest conditions it is likely to encounter;

· Time:

allow for time spent redundant but ready for use;







         Handle
         Shaving head                  Replaceable blade housing            Double blade 

The semi-disposable nature of the product means it is a non-repairable system, where preventative maintenance - replacing elements at regular intervals before they are likely to fail – is used.  As an entirely mechanical system,  the semi-disposable razor will be manufactured with a high loading roughness and low safety margin, as shown:

graph of load and strength
probability densities, showing
     probability

the high loading-roughness and
           density

low safety margin 



                 
   Load
             Strength



Failure Modes and Effects Analysis

In order to identify the effects of a potential failure, it is important to address and prioritise all of the causes, to maximise the effectiveness of the product.

	#
	Part/

function
	Failure mode
	Possible cause
	Detection method
	Available counter measures
	Failure assessment, recommended action

	1
	Handle breakage
	Loss of control
	- material defect

- excessive stress
	-
	Dispose of entire product
	Use a stronger material for handle

Redesign for improved strength

	2
	Blade bluntness
	Loss of sharpness
	- wear

- corrosion
	- Loss in cutting ability
	Replace blade housing
	Choose material with improved corrosion resistance

	3
	Blade corrosion
	Loss of sharpness
	- leaking safety cap allowing moisture in
	- visible rusting
	Replace blade housing
	Improve cap design

	4
	Blade misalignment
	User safety implications
	- blade housing failure
	visible
	Replace blade housing
	Improve blade housing materials and design


Taguchi method of Quality Control

Quality:  The characteristic that avoids loss to society after the product is shipped

Loss Function:

The target force required to remove the safety cap from the razor head is 3 Newtons.  If the force required on the actual product is too low ( < 1 N ) then the cap could fall off and the blades exposed.  If the force required is too high ( > 5 N ) then the user could struggle to release it , or could risk serious injury.  A replacement is likely to cost £0.50 including shipping.

0.50 = K ( 1 – 3 ) 2
( K = 0.125

L(x) = K ( m – x )2 = 0.125 (x – 3)
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