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Abstract: Implementation of Value Analysis in designingioflustrial equipment is a demonstrated need fang |
time in highly developed industries. Beneficial uks of applying this creative, functional and vepyactical
multidisciplinary approach can see at all the patslthat surround us in everyday life.

The paper presents a complete study of Value Aisalgplied concretely to a selected part of onglsimoll
crusher. The phases and iterative operation o¥#tee Analysis method are presented.
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1. Value analysis applied to the design of a
single roll crusher

Value Analysis is a method that provides an
operating technique using a creative and organized
approach. It is managed by a group, each of them
selected by their expertise in specific subjectd an
coordinated by a Value Analysis expert.

The paper presents a complete study of Value
Analysis applied specifically to one equipment, a
single roll crusher shown in figure 1, with one
finality: re-design one selected part and estainigsh
the optimum constructive solution from the
technical and economic viewpoint for this part
participating in two functions with a high cost:
function F3 ensure adjustmenand function F9
ensure kinematic chain protects

Table 1 presents the list of functions of the
single roll crusher [2, 3].

Figure 1. Thesingle roll crusher
1 — framework; 2 — mobile jaw; 3 — damper cylinder;
4 —funnel power; 5 — shredded material; 6 — cylinde
crushing spurs; 7 —outlet; 8 — crushed material [1]

Table 2 presents the value weighting of
functions.

Table 1. List of functions *FS: Service functiorfPC: Constraint function; ***FE: Estimation functio

Symbol Function Type of Technical dimension of function
function Name UM Value
F1 Ensure crushing FS* force daN 1000
F2 Includes components FS volume m 0.4
F3 Ensure adjustment FC** height mm 10-25
F4 Ensure material supply FS flow rate m/h 04-4
F5 Supports the assembly FS force daN 10000
F6 Ensure material removal FS flow rate m/h 04-4
F7 Supplies working energy FS torque daN-m 1000
F8 Transforms electric energy into mechani FS mechanical J -
work work

F9 Ensure kinematic chain protects FC force daN 1000
F10 Ensure user safety FC
F11 Provide user interface FE*** - - -

*ES: Service function; **FC: Constraint function; *FE: Estimation function
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The percentages of value weighting ofand the product value is equal to the sum of the
functions are presented in the last row of theet&l functions levels and is equal to 66.

Table 2. Value weighting of the functions (* - Xardinate). Step 1

Functions F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | F11 | Total
No. of points 11 10 9 8 7 6 5 4 3 2 1 66
Ratio 0.16 | 0.15| 0.13 | 0.12 | 0.10 | 0.09 | 0.07 | 0.061| 0.045| 0.03 | 0.015| 1
*Percentage % 16.7 | 15.2 | 136 | 12.1 | 10.6 | 9.09 | 7.58 | 6.06 | 455 | 3.03 | 1.52 | 100

2. Economic dimensioning of the functions — 3. Diagrams

step | The percentage values of the value and cost

The cost of physical components of the singleweighting of functions from the last row of tab2s
roll crusher is supplied to the function or funoso and 3 are introduced in table 4, where calculations
which take part, shown in table 3, the functions —are made using the method of least squares (MLS).
costs matrix. The costs are approximated in tie¢ fir The parameters have the following computed
step for the constructive variant presented infigu values: a = 0.9% =44°, S = 24.8 and S' = 0. Based

The percentages of the cost weighting ofon the values for coordinatgsandy; presented in
functions are presented in the last row of theet@0l table 4 the diagrams of figures 2, 3 and 4 are

drawing.

Table 3. The functions — costs matrix. (*Y coord@a* monetary units). Step 1

Functions Cost
No. Parts F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | F11 | part**
1 | Framework 10 235 5 50 20 50 75 25 470
2 | Mobile jaw 500 250 10 30 20 30 840
3 | Damper cylinder | 20 200 10 10 20 20 280
300 | 560 405 500 450 345 455 390 340 | 105 25 3875
Totalcost 830 | 795 860 550 470 415 455 390 380 | 220 | 100 5465
Ratio 0,15 | 0.145| 0.157 | 0.101 | 0.086 | 0.076 | 0.083 | 0.071| 0.069| 0.04 | 0.018 1
Cost of functions % 15,2 | 145 | 157 10.1 8.6 759 | 833 | 7.14 | 695 | 4.03| 1.83 100

Table 4. Computational elements for plotting thegdams. Step 1. *S E(Y; - axX)% **S'=¥(2xax (X)>— 2xXxY;)

Functions Total
No. | MLS F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 | value
1 | X 167 | 152 | 136 | 121 | 106 | 909 | 758 | 6.06 | 455 | 3.03 | 152 | 100
2 |Y; 152 | 145 | 157 | 101 8.6 759 | 833 | 714 | 695 | 403 | 1.83 | 100
3 | (x)? | 277.8] 229.6| 186 | 146.9| 112.5| 82.64| 57.39| 36.73| 20.66 | 9.182| 2.296 | 1162
4 | X;xY; | 253.1| 220.4| 2146| 122 | 91.21| 69.03| 63.07| 43.25| 31.60| 12.19| 2.772| 1123
5 | &* 0.863| 0.011| 6.504 | 2.746| 2.741 | 1.433| 1.000| 1.627 | 6.543| 1.19 | 0.133| 24.8
6 | S** 30.96| 3.156| -69.5| 40.17| 35.12| 21.76| -15.1 | -15.4 | -23.2 | -6.63 | -1.10 0

The diagram of the value weighting of distribution, meaning that 20 - 30% of the total
functions (figure 2), showing the ranking of the number of functions includes 70 - 80% of the total
functions by their value, the diagram of the costcosts of the functions. These functions are F1, F2,
weighting of functions (figure 3), showing the F3 and F4 [4].
ranking of the functions by their functional costla The real situation is represented by the shape of
the diagram of the value and cost weighting ofthe straight line in figure 4, plotted by meanghs
functions (figure 4), showing the comparisonsmallest squares method and  showing
between the percentages of value and codlisproportions in the distribution of costs andhe
weighting of functions. This diagram is the most contribution of the functions to the value of the
important part, is actually one modelling of the single roll crusher.

Value Analysis approach applied to optimize the  An analysis of the diagram of figure 4 showing
single roll crusher of economically and technically that the functions F9, F7 and F3 are located above
viewpoint. the regression line, indicating high costs, not

The diagram of figure 3 reveals a Pareto typgustifiable in relation to the value.
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This study will be made only for two functions:

F"_—'_E' F3 ensure adjustmenand F9 ensure kinematic
Fo T chain protects The number of variants that can
design with the technical solutions of this
3 IR morphology, for these two functions &8 x F9 =
] 180.
R e | For these two functions, structural variants are
- I still in large numbers, to find new technical
: solutions, can use several methods of sorting one
: B ELE new technical variant like: screening matrix,
: morphological  analysis  through  sequence,
H 1051 | morphological analysis by listing ordered,
i |'2.12 | morphological analysis by sampling, examined
] | criteria, multi-criteria analysis.
F 126 | An analysis from the technical and economic
| viewpoint will be carried out in order to select a
-l 1113 | technically optimum variant for one of the
o] mechanism: the mechanism to adjust the jaw
' i s opening and for kinematic chain protection.
] & 1z 15 i i
Funclionsvdua % y=1, 30
Figure 2. Diagram of the value weighting of funago Fi4364; 1574 ’J,F'
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Func: cezoast 4. The analysis of the constructive variants
Figure 3. Diagram of tsrﬁzgolﬁ weighting of funcgon The analysis of the constructive variants for the

mechanism to adjust the jaw opening and for
_ J(inematic chain protection is presented on.
To reduce the cost of the functions F9, F7 an Table 6 presents the denoting by 9 assessment

F3 will be used in phase 3 of the Value Analysiscjieria of the analyzed constructive variants ha t
study (phase of creativity, th_e search the ide@s aNpechanism to adjust the jaw opening and for
the solutions) the morphological analysis presenteg};;amatic chain protection.

in table 5.
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Table 5. Morphological analysis

Functions Possible variants

F3 — Ensure adjustment | F3; — manual adjusting leverage,

F3, — manual adjusting with screw mechanism,

F3; — manual adjusting with screw mechanism and nsgtahg,

F3, — spatial cam mechanism with manual adjustment,

F3 — spatial cam mechanism with pneumatic adjustment,

F3; — spatial cam mechanism with hydraulic adjustment,

F3; — manual adjusting with vertical wedge and screxeimanism,
F3; — manual adjustment with horizontal wedge andtsigf screw,
F3, — adjustment with pneumatic/ hydraulic cylinder,

F3,1 — adjustment with hydraulic plunger,

F3,, — pneumatic adjusting leverage,

F3,3 — hydraulic adjusting leverage,

F3.4 — manual adjusting with gear and rack,

F3.5 — pneumatic/ hydraulic adjusting with gear anckrac

F3,7 — combined adjustment,

F3,s — adjustment with hydraulic jaw toggle, USA Pateot4,927,089
F3,9 — adjustment with rigid lever

F9 — Ensure kinematii F9; — protection with levers and flexible elementdler,

chain protects F9, — protection with levers and flexible elementstahspring,

F9; — protection with pneumatic cylinder,

F9, — protection with hydraulic cylinder,

F9 — combined protection,

F9 — protection with hydraulic jaw toggle, USA Patent4,927,089,
F9, — protection with screw and metal spring,

F9 — without protection,

F9, — protective elastic membrane chamber

Table 6. Synthetic table with the analyzed consivao/ariants

Type of mechanism
No. Analysis criteria *F310+ FY *E35+ F9, **E3, + FQ

1 | Functional characteristics 3 3 3
2 | Mounting 3 3 2
3 | Repair 1 3 2
4 | Rigidity 2 2 3
5 | Ergonomics 3 2 3
6 | Aesthetics 2 2 3
7 | Possibilities for adjusting 3 2 3
8 | Degree of protection 2 2 3
9 | Cost 1 3 3

TOTAL 20 22 25

*F310 + F9 — F3;0— adjustment with hydraulic cylinder + J79 protection with hydraulic cylinder,

*E33 + F9, — F3;— manual adjusting with screw mechanism and metaig + F9 — protection with screw and metal
spring,

***E3, + F— F3— manual adjusting leverage +¢~=9protective elastic membrane chamber.

5. Economic dimensioning of the functions — By introducing the new data into table 8 the
step Il diagrams of figures 5 and 6 are plotted.
The score obtained by the /8 F variant is ' These diagrams will be compared to those of

less than the R3+ F9, and F3 + F9 variants and figures 3 and 4. _

choose the variant £3 FQ, The parameters have the following computed
The cost of physical components of the singlevalues: a=0.9% =44.2°, S=115, S'=0.

roll crusher is supplied to the function or funaso It can be noticed that S and S' have smaller

which take part, shown in table 7, the functions —values than in the initial variant.

costs matrix for step 2. Table 8 provides the necessary values for

plotting the following types of diagrams:
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- the diagram of the value weighting of the functions cost weighting;

functions is identical with figure 2; this diagrdras

- the diagram of the value and cost weightings of

not changes, as the value of the system and of thtbe functions (figure 6); figure 6 presents theueal
and cost weightings of the functions in step 2.

functions has remained the same

- the diagram of the cost weighting of the funcsion
(figure 5); the diagram of figure 5 presents the

Table 7. The functions — costs matrix. (*Y coord@a* monetary units). Step 2

Functions Cost

No. Parts F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 | part**
1 Framework 10 235 5 50 20 50 75 25 470
2 Mobile jaw 500 210 10 20 20 30 790
3 Damper cylinder| 20 180 10 5 20 20 255

300 560 325 500 450 345 455 390 250 105 25 3705

Total cost 830 795 720 550 470 415 455 390 275 220 100 5220

Ratio 0,15 | 0.152| 0.138 | 0.105| 0.09 0.08 | 0.087 | 0.075| 0.053 | 0.042| 0.019 1

Cost of functions % 159 | 15.2 | 13.8 | 105 9 795 | 872 | 747 | 527 | 421 | 1.92 100

Table 8. Computational elements for plotting thegdams. Step 2. *S E(Y; - axX)% **S'=¥(2xax (X)2—2xXxY,)

Functions Total
No. | MLS F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 | value
1 [ X 16.7 15.2 13.6 121 10.6 9.09 7.58 6.06 4.55 3.03 152 100
2 1Y, 15.9 15.2 13.8 10.5 9 7.95 8.72 147 5.27 4.21 1.92 100
3 | (X)* | 277.8] 229.6| 186 | 146.9| 112.5| 82.64 | 57.39| 36.73| 20.66 | 9.182| 2.296 | 1162
4 | XYY, 265 | 230.8| 188.1 | 127.7| 955 | 72.27 | 66.03 | 45.28 | 23.94 | 12.77| 2.903 | 1130
5 | S* 0.1 | 0.237| 0.275| 1.582| 1.732| 0.802| 1.809| 2.478| 0.714| 1.602| 0.195| 11.5
6 | S"** 10.55| -14.7 | -14.3 | 30.49| 27.92| 16.28 | -20.3 | -19.0 | -7.68 | -7.67 | -1.33 0
I b. F9 from 6.97 %, in first step of Value Analysis
I study (figure 3) to 5.27 % in second step of Value
eoll Ao | Analysis study (figure 5) [5, 6].
12
F2 L 537
FE 747
iy FEE] |
E = TR 4
Fn o | E
g
F 14,78 |
F2 15.2% |
F1 5.8
¥ 3 10 1= 2
Fuidoasosl 3 5 10 15 a
Figure 5. Diagram of the cost weighting of functan O
step 2 Figure 6. Value and cost weightings of functionstiep 2.

functions in step Il of Value Analysis study. calculation shall be made as fallows:

a. F3 from 15.74 %, in first step of Value Analysis _ giners functions can bee situated above the
study (figure 3) to 13.79 % in second step of regression straight line,

Value Analysis study (figure 5),
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these are analyzed and their costs reduced, then

the regression line is re-plotted and the functions3. in the third step of Value Analysis study are
relocated above it are noted; these functions toanalyzed other functions above the regression
are analyzed in view of reducing their costs,straight line and their costs reduced, then the
followed by the re-plotting of the regression line, regression line is re-plotted and the functions
... etc., etc. relocated above it are noted; these functions teo a
Hence the constructive solution is improvedanalyzed in view of reducing their costs, followed

from one iteration to the other. by the re-plotting of the regression line, etc. etc
4. in the third step of Value Analysis study are
6. Conclusions analyzed other functions above the regression
In two steps of Value Analysis study one sStraight line and their costs reduced, then the
mechanism of single roll crusher who contributes aregression line is re-plotted and the functions

the function F3 gupports the assembland at the

function F9 Ensure kinematic chain protegtsvas

redesign and optimized:

1. from engineering viewpoint: from variant *fp3+

F9, — F3;0— adjustment with hydraulic cylinder +

F9, — protection with hydraulic cylinder, to the

variant *F3 + F9, — F3&%— manual adjusting with

screw mechanism and metal spring +;F9

protection with screw and metal spring,

and finally to the variant **F3 + FQ — F3-—

manual adjusting leverage +4~9 protective elastic

membrane chamber.

2. from the economic viewpoint (figure 7):

a. the cost of function F3 decrease from 15.74 %

in the first step of Value Analysis study to 13.79
% in the second step of Value Analysis study
(decrease with 14.1%).

b. the cost of function F9 decrease from 6.95 %, in

the first step of Value Analysis study to 5.27%
in the second step of Value Analysis study
(decrease with 32%).

F8

F3 15,74

Figure 7. Value Analysis from economic viewpoint

relocated above it are noted; these functions teo a
analyzed in view of reducing their costs, followed
by the re-plotting of the regression line, etc. etc

At the end of the Value Analysis study the
points are aligned as perfectly as possible albeg t
straight liney = a x x, with a tilt of 45, this is the
optimal situation, the values weighting of functon
and the functions cost weighting are equal, thal fin
interest in Value Analysis study.
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