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Abstract

In industry, products often need to be redesigned, after they are on the market
for some time, to adapt to new market trends. Compared with designing a new
product from scratch, product redesign can reduce design cycle time and resources.
The concept of product redesign is not extraordinary, but many prior studies only
focus on particular products. A generic redesign method is needed. Additionally,
product redesign often requires tackling problems related to improving the functions
of a product. Introducing or adding new functions might cause some indistinct
contradictions between the new and existing functions of the product. Often, such
contradictions might not be found until the final design stage is reached. To find out
contradictive information in short_ time and-deal With the majority of products, we
present a comprehensive redesign methpd using the Taguchi method, fuzzy theory,
and TRIZ. The major assignments of thi é':;iéper are described as follows.

(1) Find the contradictive componer.'&'s between the new functions and exiti ng

functions. |

(2) Reduce the unnecessary design by selecting more important components.

(3) Eliminate the contradictions between the contradictive components by TRIZ.

In the initial stage of the product design, products which need to be redesigned
need to be decomposed into several components first. Then, designers can evaluate
the importance of each component by fuzzy theory, based on the designers and
consumers opinions. Thus, the more important components can be found for further
analysis. With the proposed approach, the Taguchi method is used to find
contradictions after obtaining the more important components. Taguchi control factors
are replaced by product components. In the past, designers eliminated or decreased

interactions by eliminating interactive parameters or changing the levels of interactive



parameters. With the developed approach, component interactions are regarded as
contradictive information. After finding interactive components, rather than removing
the interactive components, TRIZ is used to eliminate the contradictions by keeping
and improving the existing functions of the interactive components. After eliminating
all contradictions, a conceptual design solution is created for the new product. Finally,
a bike redesign example is introduced to illustrate and support the validity of the

developed product redesign method.

Keyword : Product redesign ~ Taguchi method ~ TRIZ ~ Fuzzy theory ~ Interactions
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fi= | fm | E | Sm | S S| S Js= 9=

s 437 | 320 | 854 | 709 | 126 | 184 | 592 398 | 39
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R F 0.136 | 0283 | 0.717 | 0283 | 05 |0283| 05 05 [0.136
¥ F 0.136 | 0283 | 0717 | 0136 | 05 | 05 | 0.283 05 |0.136
N 0.136 | 05 05 | 0717 | 0717 | 0283 | 0283 | 0283 |0.136

4 21(4%)
MR RS E | Bk | RS | ed ] P | v | ¥ F | S
ARG
Ji0= Ju= = 13— Ji= Jis= Ji6=

Sl 175 8.7 a7 1 282 22.3 66.0 52.4

< 0.717 05 D78 | | 0717 0136 | 0136 | 0.136

SRR i 0.717 0.717 0}71“_/1;5_ . 0.283 0136 | 0.136 | 0.136

W 05 0.283 0283 || /05 0909 | 0136 | 0.136

i E 0.717 0.136 05 0.717 0136 | 0136 | 0.909

¥ F 0.283 0.136 0.283 05 0136 | 0909 | 0.136

N 0.283 05 0.283 05 0136 | 0136 | 0.136

#2109 g a A B FS 1R ER S (k=1,/=2) 0 d 5 323 R ik d

B2 £ &M IC,y):

16
I(Cjk ): Zﬁ -wy, =43.7x0.136+32x0.717+85.4x0.717+ 70.9x0.5+12.6 X 0.717
i=1

+18.4x0.5+59.2x0.717+39.8x0.717 + 3.9x0.136+17.5x0.717 +8.7x 0.5+ 44.7x 0.717
+28.2x0.717+ 22.3x0.717 + 66x 0.136 + 52.4x 0.136 = 303.6
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Moving cbjects

Objects which can easily change position in space, either on their own. or as a result of external forces. Vehicles
and objects designed to be poriable are the basic members of this class.

Stationary objects

Objects which do not change position in space, either on their own, or as a result of external forces. Consider the
conditions under which the object is being used.

Weight of moving object

The mass of the object, in 3 gravitational field. The force that the body exeris on its support or suspension.

2 Weight of stationary object The mass of the object, in a gravitational field. The force that the body exerts on its support or suspension, or on
the surface on which it rests.

3 Length of moving object Any one linear dimension, not necessarily the longest, is considered a length.

4 Length of stationary object Same.

& Area of moving object A geomefrical characteristic described by the part of a plane enclosed by a line. The part of a surface cccupied by
the object. OR the square measure of the surface, either intemal or external, of an object.

i} Area of stationary cbject Same

T ‘Wolume of moving object The cubic measure of space cccupied by the object. Length « width x height for a rectangular object, height x area
for a cylinder, atc.

g8 Volume of stationary object Same

a Spead The velocity of an object; the rate of a process or action in time.

10 Force Force measures the interaction between systems. In Mewtonian physics, force = mass X acceleration. In TRIZ,
force is any interaction that is intended to change an object's condition.

11 Stress or pressure Force per unit area. Also, tension.

12 Shape The external contours, appearance of a system.

13 Stability of the object's composition The wholeness or integrity of the system; the relationship of the system's constituent elements. Wear, chemical
decompesition, and disassembly are all decreases in stability. Increasing eniropy is decreasing stability.

14 Strength The extent to which the object is able to resist changing in response to force. Resistance to breaking.

15 Cruration of action by a moving The time that the object can perform the action. Serviee life. Mean time between failure is a measure of the

object duration of action. Also, durability.

18 Cruration of action by a stationary Same.

object

17 Temperature The thermal condition of the object or system. Loosely includes other thermal parameters, such as heat capacity,
that affect the rate of change of temperature.

i8 lllumination intensity Light flux per unit area, also any other illumination characteristics of the system such as brightness, light quality.
ato

18 Use of energy by moving object The measure of the cbject's capacity for doing work.  In classical mechanics, Energy is the force X distance. This
includes the use of energy provided by the super-system (such as electrical energy or heat.) Energy required to
do a particular job.

20 Use of energy by stationary ohject same

il Power The time rate at which work is performed. The rate of use of energy.

22 Loss of Energy Use of energy that does not conftribute to the job being dome. See 18. Reducing the loss of energy sometimes
requires different technigues from improving the use of energy, which is why this is a separate category.

23 Lo=s of substance Partial or complete, permanent or temporary, loss of some of a system's materials, substances, paris, or
subsystems.

24 Loss of Information Partial or complete, permanent or temporary, loss of data or access to data in or by a system. Freguently includes
sensory data such as aroma, texture, stc.

25 Loss of Time Time is the duration of an activity. Improving the loss of time means reducing the time taken for the activity.
"Cycle time reduction” is a common term.

28 Cluantity of substance, Quanftity of The number or amount of a system's matenals, substances, parts or subsystems which might be changed fully or

things partially, permanently or temporarily.

7 Reliability A system’s ability to perform its intended functions in predictable ways and condifions.

28 Measurement accuracy The closeness of the measured value to the actual value of a property of a system. Reducing the error in a
measurement increases the accuracy of the measurement.

28 Manufacturing precision, production The extent to which the actual characteristics of the system or object match the specified or required

precision. characteristics.

30 External harm affects the object or Susceptibility of a system to externally generated (harmful) effects.

system

3 Object (or system}-generated harmful A harmful effect is one that reduces the efficiency or quality of the functioning of the abject or system. These

factors harmful effects are generated by the object or system, as part of its cperation.

32 Eaze of manufacture; more generally, The degree of facility, comfart or efforflessness in manufacturing or fabrcating or producing the object'system.

ease of production

33 Ease of operation Simplicity: The process is NOT easy if it requires a large number of people, large number of steps in the operation,
needs special tools, ete. "Hard" processes have low yield and "easy” process have high yield; they are easy to do
right.

4 Eaze of repair Quality characteristics such as convenience, comfort, simplicity, and time to repair faults, failures, or defects in a
system.

35 Adaptability or versatility The extent to which a systemiobject positively responds to extemal changes. Also, a system that can be used in
multiple ways under a variety of circumstances.

38 Dievice ar system complexity The number and diversity of elements and element intermelationships within a system. The user may be an
element of the system that increases the complexity. The difficulty of mastering the system iz a measure of its
complesxty.

v Difficulty of detecting and measuring Measuring or monitering systems that are complex, costly, require much time and labor to set up and use, or that
have complex relationships between compoenents or components that interfere with each other all demonsirate
“difficulty of detecting and measuring.” Increasing cost of measuring to a satisfactory erroris alse a sign of
increased difficulty of measuring.

38 Extent of automation The extent to which a system or object performs its functions without human interface. The lowest lavel of
automation is the use of a manually operated tool. For intermediate levels, humans program the tool, ocbserve its
operation, and interrupt or re-program as needed. For the highest level, the machine senses the operation
needed, programs itself, and monitors its own operations.

20 Productivity The number of functions or operations performed by a system per unit ime.  The smaller the time for a unit

fumction or operation, the higher the productivity. The cutput per unit time, or the cost per unit output.
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