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1. Introduction

The Value Analysis is a well known and generally used method of a product design that establishes
and studies the contribution of each part and function of the product to its general cost and functionality [1,
2]. Nowadays, the Value Analysis method can be transformed in order to make use of the modern technology:
the computers and the commercial softwares [3, 4].

This paper presents the example of a passing valve Value Analysis exercise [1] in a new and modern
way. It makes use of the results of the passing valve Value Analysis [1] and, using the SuperDecisions
software, it gives a new, friendly and modern shape to this well known study.

2. The industrial product. The parts, the functions and the costs

The example considered in this paper is the passing valve analysis developed by Nicolai and Totolici
[1, page 56]. Figure 1 presents the technical drawing of the valve, while Table 1 is reloading its functions and
parts analysis.

Figure 1. The passing valve technical drawing [1]
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Table 1 defines the seven basic functions ("x1"+"x7") of the valve [1]. It, also, presents the valve parts
("p1"+"p12"), their costs and the way in which the costs are distributed among the seven basic functions [1].

Table 1. The passing valve functions and parts. Definitions, costs [1].

Function A B C D E G
name (x1) (x2) | (x3) (x4) (x5) (x6) (x7)
Function Function The ﬂuld.ﬂow Fluid Manual |Corrosion|Installation . Careful
definition enable/d'lsable flow action [protection| coupling Information|exterior
function rate aspect
Name Part Cost
Lei | [%]
pl Half-round [1.50 [3.00 1.50
headed screw
p2 |Hand wheel [3.60 |7.21 3.60
p3  [Pressure 1.67 (3.34 |1.67
gasket
p4 |Dutch nut 2.98 5.97 [2.98
p5 |Rodgasket [1.61 |3.22 |1.61
p6 |Cover 4.64 9.29 4.64
p7 [Screw 4.20 8.41 4.20
p8 |Washer 1.22 2.44 1.22
p9 |Gasket 1.52 [3.04 |1.52
pl0 [Filletedrod |5.76 [11.53|1.50 4.26
pll |Valve 3.48 7.00 3.48
pl2 |Passing valvell7.75(35.55 1.34 8.61 4.63 3.17
body
The sum 49.93[100 [13.92 7.74 [5.10 |6.76 8.61 4.63 3.17
Function cost 27.9 15.5 [10.2 13.5 17.2 9.3 6.4
weight

3. The SuperDecisions program
3.1. The clusters, the subnetworks and the nodes definition
Further, this paper is translating this example of Value Analysis in the modern environment of
computer technology using the software "SuperDecisions”. We obtain, in this way, a working environment
familiar to the students and the researchers nowadays.
The software "SuperDecisions” requires the definition of several clusters. Figure 2 shows the definition of

two clusters, "General-goal" and "Network-costs-functions"; each cluster has one or more nodes:

¢ The cluster "General-goal" has only one node: "Goal";
¢ The cluster " Network-costs-functions” has two nodes, each of them being defined as a subnetwork:
"Network-costs" and "Network-functions".
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Figure 2. The SuperDecisions program. Clusters, Nodes and Subnetworks
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Figure 3 and Figure 4 show the content of the subnetworks:
o the "Network-costs” subnetwork contains three clusters:
- the "Gp” cluster has only one node: "Goal-parts”;
- the "Parts” cluster has twelve nodes, each node corresponding to a part defined by Table 1:
"pl"+"p12";
- the "Alternatives” cluster contains the seven functions defined by Table 1: "x1"+"x7".
e the "Network-functions” subnetwork contains the following clusters:
- the "Gp” cluster has the "Goal-parts” node ;
- the "Alternatives” cluster has the same definition as in the "Network-costs” subnetwork .
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Figure 3. The "Network-costs” subnetwork
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Figure 4. The "Network-functions” subnetwork

3.2 The connections definition
The inner-dependence of the clusters is suggested by the arrows of the Figures 1+4. The
dependences of each cluster/node will be defined further, as follows:
¢ The "Goal-parts” node connections are presented (in red color) by Figure 5: all the "py", i=1+12,
nodes are linked to the "Goal-parts” node.
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Figure 5. The node connections of the "Network-costs” subnetwork

¢ The nodes of the "Parts” cluster are linked as follows:
— the "p1” node is linked to the "x3" node (Figure 6a);
— the "p2” node is linked to the "x3"” node (Figure 6b);
— the "p3” node is linked to the "x1" node (Figure 6c);
— the "p4” node is linked to the "x1"” node (Figure 6d);
— the "p5” node is linked to the "x1"” node (Figure 6e);
— the "p6"” node is linked to the "x1"” node (Figure 6f);
— the"p7" node is linked to the "x4"” node (Figure 6g);
— the "p8” node is linked to the "x4" node (Figure 6h);
— the "p9” node is linked to the "x1"” node (Figure 6i);
— the "p10” node is linked to the "x1" and the "x2" nodes (Figure 6j);
— the"p11” node is linked to the "x2" node (Figure 6k);
— the"p12” node is linked to the "x4", the "x5", the "x6" and the "x7" nodes (Figure 61).
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Figure 6. The "p2" + "p12"” nodes connection. a) "p1”; b) "p2”; c) "p3”; d) "p4”; e) "p5”;
f) I!p6"’ g) 'Ip7"’ h) 'Ip8"’ l) 'ngll’ ]) "p10", k) Ilp11"’ l) "p12"-
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Figure 6 (continued)
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Flgure 6 (continued)
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The connections of the "Network-functions” subnetwork are revealed by Figure 7. Here, we notice
that the "Goal-functions” node is linked with all the nodes of the "Alternatives” cluster: "x1"+"x7".

As we can notice, the "Alternatives” cluster is contained by both subnetworks: "Network-costs
(Figure 5) and "Network-functions” (Figure 7). The seven nodes, "x1"+"x7", have different meanings in these
subnetworks: in Figure 5, the "x" nodes refer to the cost of the functions, while in Figure 7 they refer to their
importance in the functionality of the valve.

"
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Figure 7. The connections of the "Network-functions” subnetwork

3.4. The weights calculation
3.4.1. The cost weights calculation
The weight of the parts cost can be given directly as Figure 8 suggests. The "cost” column of Table 1 is an
input in the central part of Figure 8, while the weights of the part costs are calculated automatically by the
SuperDecisions software. The weights of the parts cost can be read on the right table of Figure 8.
From Table 1, we notice that there are only 2 parts whose cost is distributed among different
functions:
- the "p10” part — "Filleted rod” whose cost is distributed among the "x1"” and the "x2" functions.
Figure 9 reveals the input of the cost of the functions.
- the "p12” part — "The passing valve body” whose cost is distributed among the "x4"+"x7" functions.
Figure 10 reveals the input of the "p12" part cost distribution among the functions.

# Companizons for Subnet undes Netwark-costs =5
1. Choose 2. Node comparisons with respect to Goal-parts -]3. Results!
Nede | Clustar| Graphical | Vaebet | Matsis | Questionnaire, Oect | Normatt | b I
Choose Node sle|feis T it | Inconsisency: 000600
Gouk-parts = Chick the invert bac invert priorites for this [p1 0.03004]
duect data. |{p2 0.07210
Cluster Gp ph2n8 :
5 L1 NOTE: Any changes made in deect data take p3 10.03345
AT ekt wed acsme ([p4 0.05068
Choose Cluster «l»| 5T [P xSyt Irs 0.03225]
Parts o | 122 g5 | Jo.0oz93)
lwn ’7: (7. 0.08412)
= (p8 0 02443
0 [p9_[[0.03044]
|lp10 0.11536]
|lp11 0.06970]
p312__To35550f
Figure 8. The weights of the parts cost
) Comparom for Sattinet under Ntwark <osts ]
1. Choose 2. Node comparisons with respect to p10 3. Results
Node Cluster Guaphical | Verhal | Matrs | Questonnme Drect Yormal—t | 4ybrid—
M SEJ ne © This s the diect dats input srea. —_J'Tw—‘;l
o Type in new desct data hers, sod/or Inconsictency -
0 — | Chek the invert Bos wwen proties for the [ [0 26042
s b2 0 73058
Cluster Panis
NOTE Ay changes made o doect dats take
i wftfect immediately and overnrite
Choose Cluster «{»| e gt e
other modes.
Anernetiey - I

Figure 9. The weights of the "x1” and the "x2” functions for the "p10” part
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Figure 10. The weights of the "x4"+"x7" functions for the "p12" part

The priorities of the "Network-costs” subnetwork are given by the "Computations”—"Priorities”
command succession and they are presented by Figure 11 in the "Normalized by Cluster” column.

| @ Subnet under Metwork-costs: Priorities E@lﬂ_hj .

Here are the priorities.
’F Mame | INu:urmaIized by ClusterILimiting 1
Nolcon| xi | 0.27879 0.139385
No Icon | 0.15502 [0.077509
Nolcon| 33 | 0.10214 [0.051072
Nolcon| x4 | 0.13539 0.067605
Nolcon| x5 | 0.17244 [0.086221
No Icon | 0.09273 0.046365
Nolcon| x7 | 0.06349 [0.031744
No Icon | Goal-parts | 0.00000 |0.000000
Nolcon| pl | 0.03004 [.015021
Nolcon| p2 | 0.07210 [0.036050
Nolcon| p3 | 0.03345 [.016723
Nolcon| pd | 0.05968 [0.020842
Nolcon| pS | 0.03225 [.016123
Nolcon| p6 | 0.09293 [0.046465
Nolcon| p7 | 0.08412 [0.042059
Nolcon| p8 | 0.02443 [0.012217
Nolcon| pd | 0.03044 [n.015221
Nolcon| pl0 | 0.11536 [0.057681
Nolcon| pl1 | 0.06970 [0.034849
Nolcon| pl2 | 0.35550 [oa77749

Figure 11. The priorities of the nodes in the "Network-costs” subnetwork

3.4.2. The functionality weights calculation

The priorities of the "Network-functions” subnetwork can be given directly (Figure 12a) following
the results of Figure 2.5 [1] or following the results of Table 3 as the AHP ("Analytical Hierarchy Process")
method requires [5, 6]. Using a questionnaire with a Likert scale with maximum 9 points, Table 3 reveals the
normal weights that the "x1"+"x7" functions take in the total functionality of the passing valve. These weights
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are also found in the "3. Results” part of Figure 12b, while the questionnaire is presented in the middle part of
the Figure 12b. Further, the results of Figure 12a will be used.

Table 3. The questionnaire in the AHP method.

Function | A (x1) B (x2) C (x3) D (x4) E (x5) F (x6) G (x7) | Normal weights
A (x1) 1 2 2 3 1 3 7 0.2578
B (x2) 1/2 1 1 2 1/2 3 6 0.1636
C (x3) 1/2 1 1 2 1/2 2 4 0.1432
D (x4) 1/3 1/2 1/2 1 1/2 2 3 0.0988
E (x5) 1 2 2 2 1 2 6 0.2291
F (x6) 1/3 1/3 1/2 1/2 1/2 1 2 0.0733
G (x7) 1/7 1/6 1/4 1/6 1/6 1/2 1 0.0340
a)
1. Choose 2. Node comparisons with respect to Goal-functions -|3. Results
MNode Custer e M Verbal  Matrs | Questsonnaire) Direct hml.—ll Aybrd — I
Choose Node slx| F © iaetednddmoipdon, vy
Gosl-functions _‘I Shin CACK 1ha it Do invert poiosties for this 1 0 25000
Clustor. Gf "7 bscioon 2 017900
b Jo.d14 NOTE: xwhm.tmm dota takw ) 0 147300
wEnn 08 Ity 08 Dyirarie 4 0 10700
QBMMJM jo.0in :&m‘.’" Syt ‘1:5 0 21400
Altamatim —| x6 007100
7 0 03600/
b)
S Conputmas S Svtest wede B . 3 3 A
1. Choose 2. Node comparisons with respect to Goal-functions =] 3. Results
Mode Ot Sapheat veta V03 Quedcsmuss Dem h—--al ﬁn——-!
|Choose Node _«i»| Compansans wit “Goal unchons™ node m "ARematives” custer cwmrtency. S2IN5
i 22 s & smes more ampodtan than 17 . FNE.-_’.-
Guab-banchone ..a' 0 25879
—— a2 o 2 D 16341
| Cluster Gf it | D 14306
|Choose Cluster «s| « - |" 2 B il 5 B —
| stenee o [— 007219
} N 5 - 2 t 2 5 0 03399
| o - .- ? ' > '- 2
- t 2 & 2
4 . 2
-
|

Figure 12. The functionality weights of the "x1"+"x7" functions; s) direct input; b) AHP method

The "Computations”—"Priorities” command succession gives us the priorities of the "Network-
functions” subnetwork.

€ Subnet under Network-functions: Priorities el B S
Here are the priorities.
[Tcon | Name | [Normalized by Cluster [Limiting *
Nolcon| x1 [ 025000 [o-250000
Nolon| 2 [ oms0  [o17%000
[m 3 | 014300 0143000
Nolcon| x4 [ o100 0107000
’m S | 0.21400 f0.214000
Noleon| 6 [ oomo  [oo71000
[m 7 | 0.03600 0.036000
[No Icon| Goal-functions [ oooo00 [0:000000

Figure 13. The functionality priorities of the nodes in the "Network-functions” subnetwork
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4. Results and discussions

The values of the cost/functionality weights ratio of the seven functions, "x1"+"x7", can be calculated
by applying the command succession "Design”"—"Add/Edit Formula” (Figure 14a) and by defining the special
formula given by Figure 14b.

Further, the "Computations”—"Synthesize” commands succession leads us to the values of the
cost/functionality weights ratio of the seven valve functions. Figure 15 presents these values in the "Raw”
column.

a)
File Assess/Compare Computations  Metworks  Help

Mode L4 d u u

Make Subnetwork

Remove Subnetwork !| @| |

Mode connexions from  F2

Make Met Mormal
Add/Edit Fermula —
Standard Formulas L4 v O

Ratings \

Remove Ratings

s M !Network-costs-functions !|@|8|

Network-costs| Network-functions
Subnet Subnet

b)
SNormallhlt (Hetwork-costs) # [invert SNormalllt (Hetwork-functions) ]

Figure 14. The formula definition. a) the commands; b) the function

Name Graphic |deals Normals Raw
il ] 0.632328 0.142308 1.115161
w2 I 0.491056 0.110515 0.866017
3 I 0.405021 0.081152 0.714287
ol ] 0.717474 0.161471 1.265323
*5 I 0.456912 0.102830 0.805801
) ] 0.740570 0.156669 1.308054
*7 | (000000 0.225055 1.763580

Figure 15. The cost/functionality weights ratio of the "x1"+"x7" functions (the "Raw” column)

We are searching the functions whose cost/functionality weights ratio are higher than 1.0, a value
that shows that the importance (the weight) of the function cost is higher than the weight of its functionality.
Figure 15 shows that the "x1” (A—The fluid flow enable/disable function), the "x4"” (D—Corrosion
protection), the "x6" (F—Information) and the "x7" (G—Careful exterior aspect) functions have a cost weight
that is too high in the analyzed version of the product. We regain the results of the classical analysis [1]. The
product design must be changed in order to reduce the cost weights of these functions.

If we want to look for a more realistic approach of the analysis, we have to calculate the real ratio of

7 7

the cost/functionality weights global ratio (equation 2.18 [1]: a= ZXiyi /inz ). By applying the formulas
i=1 i=1

given by Figure 16a and Figure 16c, summing the "Raw” values of Figure 16b and Figure 16d, respectively,

and, then, by dividing these sums, we obtain a value of 0.96. Comparing the values of the last column (the

"Raw” values) of Figure 15 to 0.96, we find, again, that the "x1", the "x4", the "x6" and the "x7" functions have

a cost/functionality weights ratio that is too high.
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a)

SHormalAlt (Network-functions) *$Normalllt (Network-costs)

b)

Name Graphic |deals Normals Raw
! I | 1000000 0.404488 0.069698
2 ] 0398121 0.161035 0027748
3 I 0.209569 0.084768 0.014606
il I 0.207851 0.084073 0.014487
%5 ] 0.529465 0.214162 0.036902
) [ 0.094463 0.038209 0.006584
«7 [ ] 0.032793 0.013264 0.002286

c)
ENormalalt (Network-functions) *SNormaldlt (Hetwork-functions)
d)

Name Graphic |deals Normals Raw
! I | 1.000000 0.349999 0.062500
w2 ] 0.512656 0.179429 0.032041
3 ] 0.327184 0.114514 0.020449
sl I 0.183184 0.064114 0.011449
%5 ] 0.732736 0.256457 0.045798
il [ ] 0.080656 0.028230 0.005041
w7 | 0020736 0.007258 0.001296

Figure 16. The real cost/functionality weights global ratio calculation
a) the functionality-cost weights product formula;
b) the functionality-cost weights product values;
c) the functionality-functionality weights product formula;
d) the functionality-functionality weights product values.

5. Conclusions

The modern technology can be used successfully to translate in a modern environment the Value

Analysis process. The analysis of a passing valve [1] is used as an example and its analysis is translated in the
new environment offered by the SuperDecisions software, the program that is used in this paper in order to
exemplify the advantages of the translation.

The Value Analysis process appears as an easy and a modern analysis. It becomes a process that is

closer to the way in which the students and the researchers are working nowadays.
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