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   Function analysis is an important phase in Value Analysls. In this phasg, Function

Analysts System Technique (FAST) can be used to analy4e and evaluate the functions

for a value analysis object. It is useful to rep.resent the interrelationship of all functions

visually. FAST can graphically help in defining, classifYing and evaluating the func-

tions, and diseriminating･ the importance for 'all functions.' The function evaluation

methods can be used to calculate the eoefficients of function ･importance ,which can,

deseribe the impprtance levels of the functions for all items of the value analysis

object. In this paper,' a new rnethod (Function Distribution Evaluation Method) is

proposed and applied to'the function evaluation of a chipping hammer.

                          1. introduction

   The concept of Value Analysis was originated and developed by Miles who was an

employee of the purchase department at General Electric (U.S.A.)i). He made use of

the alternative which could not change the function required and indicated that the pro-

duct was not required but the function was required indeed by the user, and that the

money was paid by the user depending on the needs of the function required. Based on

above-mentioned idea, methods of function analysis, function definition and function

evaluation have been established, and a systematic technique was named "Value

Analysis".

   The term "Value Analysis" is used interchangeable with "Value Engineering".

Traditionally, "Value Engineering" 'i's used at the.design stage or before the fact,

whereas "Value Analysis" is used to an existing product or after the fact.

   A well-known and powerfu1 technique of function analysis used by value anal-

ysis practitioners is Function Analysis System Technique (FAST) developed by
Bytheway2). The FAST diagram is a tree figure. It can help in defining and classifying

the functions, and represent the graphical interrelationship of al1 functions for a vaiue

analysis object.

   Function evaluation is an important phase in Value Analysis. Many function evalua-

tion methods were introduced and every one has its own unique advantage. In this

paper, a new method named Function Distribution Evaluation Method (FDEM) is

proposed and applied to the function evaluation bf a chipping hammer.

   FDEM can be used to determine the coefficient of function importance. After

decidmg the coefficient of function importance n and the eost coefficient ci, the Value

Index is calculated. According to n and ci, the items whose value must be improved can

be selected from a lot of items by means of Value. Graph. It has been discussed in our

                    'previouspaper3).'･ ･ ･･ -... ･ ..

*

**

Visiting Researcher, Department bf Indusuial Engineering, Coilege of Engin'eering. '

Department of lndustrial Engineering, Coliege of Engineering.



86 Luheng ZHAO, Yasufumi KUME and Fumio HASHIMOTO

                    2. FunctionEvaluationMethods

   There are numerous function evaluation methods which can be used to decide the
coefficient of function importance, such as Forced Deeision method (FD)4), Decision

Alternative Ratio Evaluation (DARE)5) and so on.

2.1 . Forced deeision method (FD)

   In Forced Decision method, a paired comparison matrix is used. By assigning scores

to all possible pairs and subsequently summing these scores associated with each item

(function or component), it is possible to quantify the relationships of the function

importances for all items. Table 1 shows a simple example of paired comparison matrix.

The procedure is performed by the team members who know weil the value analysis

object.･ If the item A is more important than item B, the column of item B has a score of

"1" in the row of item A, and the column of item A has a seore of "O" in the row of

item B at the same time. The scores in the row of each item are summed up and the

coefficients of function importancen for all items can be decided by

,F)2

n= .
    ,.Z, plr

(i=1, 2, -･, n) , (1)

where

Pi' : the score ofa item i,

n : the number ofitems.

Table 1 Apaired comparison matrixofO-1 FD

coefficientof
item A B C D E F score functionimportance

fi9o

A *･ 1 o o o o 1 6.7

B o * 1 1 o o 2 13.3

c 1 o * 1 o 1 3 20.0

D 1 o o * o o 1 6.7

E 1 1 1 1 * 1 5 33.3

F 1 1 Q 1 o * 3 20.0

totals 15 100.0

   This method is especially called O-1 Forced Decision method. Although this

method can discriminate which one is more important in paired items, it can not decide

the difference in importance between paired items. For this reason, a method called

O-3 Forced Decision method is used to compute the coefficient of function impor-

tance. This method needs a same paired comparison matrix used in the O-1 Forced

Decision method, but the scores are decided as follows: O = "no difference in impor-

tance"; 1 = "minor difference in tmportance"; 2 = "medium difference in importance";

3 = "major difference in importance". Table 2 gives a result of function evaluation for a

chipping hammer by using the O-3 Forced Decision method.

t.
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Table 2 .Paired, qomparison matrix,for aLchipptng hammer with O - 3 FD
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evaluation

scoreof
irriportance

coefficient

offunction

importance

fi%

1 valve * 1 1 1 2 o 2 o o 2 o o o 1 o o 1 o 11 4.3

2 valvelifter' o * o o 1 o 1 o o 1 o o o o o o o o 3 .1.2

3 valvespring o o * o 1 o 1 o o 1 o o o o o o e o 3 1.2

4 .sprmgcover o 1 ! * 1 o 1 o o 1 o e o o o o o o 5 2.0

5 packing o o o o * o 1 o o o o o o o o o o o. 1 O.4

6 valvelever o 1 1 o 2 * 2 o o 2 o e o 1 o o 1 o 10 3.9

7 valveleverpin o o o o o o * o o 1 o o o o o o o o 1 O.4

8 cap 3 3 3 3 3 3 3 * 3 3 o 2 2 3 1 2 3 1 41 16.1

9 hosejoint o 1 1 1 2 o 2 o * 2 o o o 1' o o 1 o 11 4.3

10 springwasher o o o o 1 o o o o * o o o o o o o o l O.4

11 cylinder 3 3 3 3 3 3 3 1 3 3 * 2 2 3 1 2 3 1 42 16.5

12 chise1bush 2 2 2 2 2 1 2 o 2 2 o * o 2 o o 2 o 21 8.3

13 cylindercover 1 2 2 2 2 o 2 o 1 2 o o * 1 o o 1 o 16 6.3

14 damper o o o o 1 o 1 o o 1 o o o * o o o o -3 1.2

15 ehise1holder 3 3 3 3 3 2 3 o 3 3 o 2 1 3 i 1 3 e 36 14.2

16 chiselholderspring ! 1 1 1 2 o 2 o 1 2 o o o 1 o * 1 o 13 5.!

17 claspimg o o o o 1 o 1 o o 1 o o o o o o * o 3 1.2

18 piston 2 3 3 2 3 2 3 o 2 3 o 2 1 3 o 1 3 * 33 13.0

totals 254 100.0

2.2. Decision alternative ratio evaluation (DARE)

   Decision Alternative Ratio Evaluation is a method in which scores are assigned to

adjoining two items in direct ratio to the function importance that the items possess.

The procedure may be modelled on the following example as Table 3 and the calculat-

ing steps are shown as fOllows:

   (1) The items of value analysis object are written in the column < 1 >.

   (2) The ratio is decided to adjoining two items from top to bottom one by one,

e.g. if the team members perceive that the importance of item A seems 2 times higher

                            Table3 DARE

<1>

itern

<2>
temporary
weighted
coefficient

･<3>

corrected
weighted
coefficient

<4>
coefficientof
functionimportance
fi%'

2.0-.-.-.------

O.5-=:::------

3.o-..,,::.

1.5-=::::----

-

-------
s4.50':::::･･.･2.25

::'=)b-4.50
::::r::.ip･1.sO------"-1.00

32.7

16.4

32.7

10.9

7.3

totals -
13,.75.1' 100.0

* The dotted lines show the determination procedures of the corrected

 weighted coefficients.
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than item B, 2 is put down in the column< 2 >which is temporary weighted coefficient in

the row of item A. If the importance of item D seems 1.5 times higher than the last

item E, 1.5 is put down in the column <2>in the row of item D. Then, the decision of

temporary weighted coefficients is completed.

   (3) The temporary weighted coefficients are converted to the corrected weighted

coefficients and these scores are put down in the column <3 >. Firstly, 1.00 is assigned to

the column<3>of the last item. In this example, the last item is E. The importance of

item D which is the predecessor of item E seems 1.5 times higher than item E, so 1.50 is

asagned to the column<3>in the row ofitem D(1.0 X 1.5 = 1.50). However, the item C

seems 3.0 times higher than the item D, then 4.50 is assigned to the column <3>in the

row of item C (1.5 × 3.0 =450), . The procedure is continued until all columns<3>are

filled with corrected weighted coefficients for every item.

   (4) The coefficients of function importance n for all items can be computed by

                           '      n=･ .va ･' (i -- 1, 2, ･-, n), ' (2)
           ,E, vvl,

where

PtG : the corrected weighted coethcient ofi-th item,

n : the number of items.

   In the case of chipping hammer, the items are so many then it is difficult to decide

the temporary weighted coefficients.

2.3. Functiondistrtbutionevaluationpaethod(FDEM)

   In above-mentioned two methods, the items (components or functions) are com-

pared with one another. Generdly, a value analysis object such as a product consists of

many components. One component may have a lot of functions and one function can

be accomplished by many components. In order to determine the coefficient of func-

tion in}portance of every component, the score of function importance must be distri-

buted to all functions which the component possesses, That is, the score is assigned to

every function individually. Then, the score ofevery component is summed up. Finady,

they are converted to individual percentages by Eq. (1). Thus, the coefficients of

function importance are calculated. Based on this idea, a new method named Function

Distribution Evaluation Method is proposed. As a practical example, the application of

this method to the function evaluation of chipping hammer is presented in Table 4, and

the procedure of this method can be shown as fo11ows:

   (1) At first, by using the Function Analysis System Technique, the functions of

components are defined as a FAST diagram shown in Fig. 1 . Then, al1 functions of every

component (including the structural and assembling functions) are listed in Table 4 in

more detail. Note that the listed functions must not overlooked and overlapped. In

order to make the FAST diagram concise and the function analysts effective, it is un-

necessary to list all functions in the FAST diagram. For example, the structural and

assembling functions are both not always listed in the FAST diagram.
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Table 4 The function, evaluation score and coefficient of function importance ･･J

for a chipping hammer

'

'

coefficientof

No. component function score function

importancefi9o

1 Valve passthr6ughcompressedair 3

cheqkcompressedair 3 5.3

2 Valvelifter openvalve 4 3.5

3 Valvespring closevalve 4 3.5

4 Springcover pressvalyespring 2

pressspringwasher 2 3.5

5 Pa¢king preventco.mpressedairleaking 2 1.8

6 Valvelever givevalvelifterforce 4 3.5

7 Valveleyerpin holdvalvelever 3 2.7

8 ･Cap passthroughcompressedair 3

checkcompressedqir' 3

holdhosejoint 2

holdspringcover, 1

holdpacking 1 '

holdleverpin･ 1

holdspringwasher 1

guidevalvelifter 1 11.5

9 Hosejoint passthroughcompressgdair 3

conneethose 3 5.3

10 Springwasher givepackingpressure 2

preventspringcoverturning 1 2;7

11 Cylinder passthroughcompressedair' 3

producepressure 5

exhaustusedgas 2

holdclaspling' 1

holdoap 2

holdcylindercover 1 '

holdchiselcoyer 2

holdchiselbush 1

guidepiston 3 17.7

12 (thiselbush guidechisel 2

limit,posltionofchisel. 1

exhaustusedgas 2, 4.4

13 Cylindercover holddamper 2

producepressure 5 6.2

14 Dainper absorbvibration 4 3.5

..
15 Chiselholder, guidechisp1 2

presschiselholderspring 4
exhaus'tusedgas 2 '

'
'

holdchiselholderspring 2 8:9

16 Chiselholderspring givechiselforce. 5 4.4

17 aaspring fixpo'sitionofchiselholder 2 1.8,

18 Hston producepressure 5

exhaustusedgas 2

givechiselfotce 4 9.8

totals 113 100.0
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Fig. 1 A FAST-diagram for a chipping hammer

    (2) The evaluation score is assigned to all functions by the team members. The

score can be taken as follows: 5 = "most important"; 4 = `ivery important";3

= "moderately important"; 2 = "slightly important"; and 1 = "little important". In this

example, the function "produce pressure" is considered as the most important function,

therefore, 5 is assigned to it. Then, the score of5 is given to this function which the

components possess. Generally, the structural and assembling functions only display the

relationships.among the components, so the score of 3 or less tlian 3 is assigried to them.

    (3) The seores are summed up fbr every component and the total seore of value

analysis object is calculated. Finally, the coefficient of function importance for every

component can be computed by Eq. (1).

    The right side of Table 4 shows the evaluation scores and the coefficients of func-

tion importance by means of this method for the chipping hammer.
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               3. Discussion ef Function Evaluation Methods '

   Both of the O-1 Forced Decision method and the O-3 Forced Decision method use

a paired comparision matrix which compares the one item witli the others for all pos-

sible pairs. The former can discriminate the rank of importance of ail items, but it can

not decide the differences in importance among the functions. The latter is more cor-

          'rect and useful than the former. Paired comparision has high discrimination for the

priority of function importance among items. If the number of items is less than 20, the

, Forced Decision method can be used effectively. A weakness of this rnethod is cumber-

some to determine many columns fbr the paired comparision matrix.

   The Decision Alternative Ratio Evaluation (DARE) is based on paired comparision

method, but the number of comparisons is less than that of the Forced Decision



92 Luheng ZHAO, YasufUmi ･KUME and Fumio HASHIMOTO

 methods. On the other hand, DARE has no fundamenta1 defect, because the ratios are

. used to indicate the relationship of the function importances for ad items. In principle,

 any object can be evaluated by this method. However, it may be impractical if there are

 many items to be evaluated, because the ratios among all items can not be decided cor-

 rectly. In this case, the Forced Decision method may be recommended.

    Although the Forced Decision methods and the Decision Alternative Ratio Evalua-

 tion can be used to discriminate the differences in importance among functions, but

 they are somewhat complicated. The use of the Function Distribution Evaluation

 Method proposed in this paper can compute the coefficients of function importance

 concisely and correctly. This method takes account of the importance for every func-

 tion, and of the differences in importance arnong the functions. Furthermore, this

 method takes notice of the structural and assembling functions for every component, so

 it is a more suitable method.

    It is necessary that the members of the value analysis team must have sufficient

 knowledge for the value analysis object, and for the functions of every item regardless

 of function evaluation methods to be used.

                         4. Conclusion

   In this paper, a new method (Function Distribution Evaluation Method; FDEM) is

proposed. The use of this method can determine the coefficient of function importance

for a value analysis object concisely and correctly. The main merit of this method is

that the members of a value analysis team take account of the number of functions, the

difference in importance among the functions, and the structural and assembling func-

tions for every item. An application of the FDEM to the function evaluation of a chipp-

ing hammer is Mustrated and it is clarifried that the cylinder and cap for the chipping

hammer have higher function importance than the others.
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