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Abstract

The paper explaines manufacturability of products for robust design of a new product. Explained mathematical
expressions of fuzzy logics describe manufacturability. Provides an example of using the model for the determination of
the tmanufacturability.
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1 Introduction

In Figure 1 are shown significant parameters of the manufacturaability of products as a whole in terms of making Tip,
where you can see that the influential parameter “the conquer of parts in productive system" made up of influential
parameters "representation of standard parts,” " representation of uninfeced parts and detail parts,” "uniformity of parts
of products™ and "participation already made up parts of the product "[1].

The conquer of standar parts in
productive system

| |Representation of standard parts

Participation already made up parts
of the product

Uniformity of parts of products

Representation of standard parts

Fig 1: Structure of the parameters "had conquered the parts of products in the production system" [1]

2 Defining of the mathematical expression for calculating manufacturability
of products

Manufacturability of product (tehnlp) is dependent on degrees of belonging [2,3]: K, K, Kj, K;, Ki, Kog, Koty Ke K T K,
Degrees of belonging have the following meanings:

2.1 Kp - the degree of repetition,

2.2 Ks - standard level,

2.3 Kj - level of uniformity,

2.4 Kt - the degree of accuracy

2.5 Kj - degree efficiency weight

2.6 K] - the degree of belonging of the cast,
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2.7 Kot - the degree of belonging of to the forging,

2.8 Kr - the degree of belonging of manual labor,

2.9 Km - the degree of belonging of mechanical treatment
2.10 Kv - level of fragmentation.

So, we operate with ten degrees of manufacturability of products. Each of them des not have equal participation. By
designing of the technological process in practice it was found that their values have the following relationship:

Ko Ks i K Kit Kit Kog Kot Kyt Ky 0 K, =2.5:3:1.5:2:0.2:2:4:0.2:1: 0.2,
Manufacturability tehnl, gets the following expression:
tehnl,=0,25K;+0,3K+0,15K;+0,2K+0,02K;+0,2K4+0,4K,+0,02K+0,1K,+0,02 K, (1)

Since the manufacturability and fuzzy functions are variable, their total value is the maximum amount of 1, then the
sum of the above ratio equated to 1, so the expression for the total manufacturability can be written as

tehnl,=0,15K0,18K+0,094K;+0,12K+0,012K;+0,12K4+0,24K+0,012K,+0,06 K ,+0,012K, (2)

Check of the value of the expression is executed in variable values: 0, 0.1 and 1 For the variable value equal to 0, the
technologicality 0. For the variables equals to 0.1 manufacturaability gets the value 0.1 and if the value of the variable is
1, 1 manufacturability. So manufacturability values as well as its degree of membership range from 0 — 1. Degrees of
belonging: K,, K, K;, Ky, Ko, Ko, Ky are directly proportional, while K;, K, and K, are inversely proportional and
displayed by their expressions:
Ko=ny/n; Ks=ng/n; Kj=n;/n; Ki=Gy/G; Kog =Nog/ N; Kot = Nt/ N, Ky =iy / 1.
While the degree of belonging: K;; K; and K;, have expressions:
Ki=l-n/n, K=1-n/n;K,=1-V,/V.

The parameters in the following terms have the following meanings:
n - the number of new workpieces (which are processed first)
np - number of workpieces that are repeated (already processed earlier in the business process, and have the technical
and technological documentation of processing);
ns - number of standard business objects (screws, pins ..)
n; - number of uniform workpieces (typical);
V; - the processed volume of the workpiece;
V - volume of workpiece;
Gi - weight of processed workpiece;
G - weight of preparation workpiece;
Nog - the number of workpieces which are obtained by casting;
Ny - the number of workpieces obtained by forging;
nm - the number of workpieces obtained by mechanical processing;
n; - number of workpieces with greater accuracy;
n, - number of workpieces obtained bz manual processing.
Graphs of the above levels of belonging have the following look at these final stages of belonging.
To be able to monitor the real value of the product manufacturability, it is defined as a function of the number of
mechanical parts: np, N, Nj, Ny, Not, N, Ny, N Manufacturability of product is a function of the total weight Gi, the
volume of the workpiece V;. For these we taken number of workpieces of a new product as a constant as the volume and
weight of workpiece, G and V.
New real degree of belonging are marked with k and are given in graphs in the given function. This is done because the
observed structure of a product implements the function. For the construction are required savings in material and time
at the mentioned variables. So with new designed parts n, one tends to increase the amount of; np, ng, N, Ny, Neg, N and
Ny, utilization of weight or volume of mechanical parts and reduce n; and n,.

3  Defining fuzzy logics of manufacturability of products

In defining the fuzzy logic of manufacturability we use its fuzzy production rules:
IF 0,15K,+0,18K+0,094K;+0,12K+0,012K+0,12Ko+0,24K+0,012K,+0,06 K, +0,012K, =THEN tehnl, (3
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2.1 The degree of repetition kp = 0.15 (n,/n)
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Fig. 2: Graph - degree of repetitions
2.3 The degree of uniformity kj=0,094(n;/n)
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Fig. 4 Graph - Degree of uniformity
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Fig. 6: Graph - degree of utilization of materials
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2.2 Degree of standard ks = 0,180(ns/n)
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Fig. 3: Graph - degree of standard
2.4 The degree of accuracy k; = 0,12 (1-n¢/n)
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Fig. 5. Graph - degree of accuracy
2.6 Degree of belonging of the cast kog=0,12(Noq/n)
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Fig. 7: Graph - degree of belonging of the cast
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2.7 The degree of belonging to forging ket = 0,24(net/n) 2.8 The degree of belonging of manual processing k.=0,012(1-n,/n)
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Fig. 8: Graph - degree of belonging of forging Fig. 9: Graph - degree of belonging of manual processing
2.9 The degree of belonging of mechanical processing kn = 0,06 N, 2.10 The degree of dispersion Kk=0,012(1-Vi/V)
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Fig. 10: Graph degree of belonging of mechanical processing Fig.11: Graph - degree of dispersion

Translated into the final fuzzy variable expression it gets the following form:
IF0,15(np/M)Hp, 0,18(ng/m)Ks, 0,094(ni/n)p;, 0,12(nd/n)py, 0,012(Gi/G)ua, 0,12(Neg/N)Hog, 0,24(Ne/N)Hor, 0,12(1-n /M)W,
0,06(Nw/M)Hm, 0,12(1-V/Vi)y, THEN tehnl, min (W, Py, He) 4)

4 Fuzzy modeling of variables

This model is realized in the quantity of machine parts (recurring, standard, uniform, with increased accuracy and IT6
IT5, casted, forging, with manual and mechanical processing) of used volumes and materials of finished workpieces.
Since this is for the same workpieces, just weight is modeled.

In modeling of weight we take size series for individual and small batch production, because the new design - special
products are done in small series.

Models for the quantity of workpieces have the following forms:

The degree of belonging to the number of machine parts depends on their quantity fig. 12 and the expressions (5.1) -
(5.4).

KD (quantity of parts)= {small quantity, medium quantity, a large quantity}={MK, SK, VK } (5.1)

Table 1: Sizes of series for on individual production

Parts of large dimensions and weight \ljvaeriShtOf medium - dimensions - and

> 30kg 8 + 30 kg

Parts of small dimensions and weight
<8Kkg

<5 <10 <100
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A small quantity ~ medium quantity large quantity
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Fig. 12: functions of membership of the number of machine parts

}_J.MK(KD) =1KD: 0<KD=1 (52)
tx(KD) =1; 1<KD=<4 }

tak(KD)=-1KD+5; 4<KD<5

nsg(KD)=1KD-4; 4<KD<S5 (5.3)
Usg(KD)=1; 5<KD<9 }

Usg(KD)=1KD+10; 9=KD=<10

Hvk(KD)=1KD-9; 9<KD<10 (5.4)
v(KD)=1; 10<KD<90

vr(KD)=-(1/10)KD+10; 90<KD<10

Level - utilization of material of machine parts depends on the weight fig. 13 and the expressions (5.5) - (5.8).

IT (utilization of weight) = { light weight, medium weight, great weigh}t ={ AT, ST, VT} (5.5
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Fig 13: Function - membership of material

}_J.MT(T) =0,5T: 0<T<=2

r(T)=-0,5T+4:6 < T=8
mr(T)=-0, : (5.6)

ps(T) =0,5T - 4; 6<T<8
pst(T) =1; 8<T<27

ps(T)=-1/3T+10; 27<T<30 5.7)
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wer(T)=1/3T-10; 27< T <30
wr(T)=1; 30< T<90

uvt(T)=-(1/10)T+10; 90 < T <100
(5.8)

5 Testing of expression of manufacturability of products

To test manufacturability of products we is take product - Grinding machine for externally cylindrical grinding of
valves.

Special grinding machine for valves has a new assembly housing for the main motion. In fact,

for the entire product of grinding machines new parts are the parts of mentioned housing. Here are the vital parts of the
housing and the spindle, and auxiliary parts - pulleys and gear unit of axle belt, lids, etc. So, the number of new parts is
twenty of all 45 parts.

We can say that: n=45, n,= 20, n;= 5, n;= 2, G;= about 500kg. V;= about 70dm®, G = about 550kg, V = approx 75dm®,
Nea=1,nt=0,n=1,n=5,n,=19.

For named grinder function of manufacturability of products we get the following values:

k, = 0,15(20 /45), ks = 0,18(5 /20), k; = 0,094(2/20), k=0,12(n¢/n), ks = 0,012(500/550), k, = 0,012(1-1/20), Kog =
0,12(1/20), kot = 0,24(0/20), ky, = 0,06(19/20) k,, = 0,012(1-70/75).

We get the following values for the degrees of membership:

k, = 0,0667, k= 0,045, k;j= 0,0094, k;= 0,0114, ks = 0,0114, k, = 0,0109, koq =0,0008, ko = 0, ky, = 0,059 and ki, =
0,0008.

Membership degrees of fuzzy membership functions are: n,= 20, ng=5, nj=2, ngg=1, Ns:=0, n, =1, nt— 5, nn=19, G;
=500kg, Vi =70dm®su: =1, ls=0ili 1, =1, ke=01ili 1, i, =1, Mog=1, Hot=0, U= 1, Po= 1, P, =

6 Discussion of test results

The test results of manufacturability products are: ky,= 0,0667, p,= 1, ks= 0,045, pus= 0 ili 1, kj= 0,0094, ;= 1, k=
0,0114, =01l 1, kg=0,0114, ps=01ili 1, k= 00109 Hr=1, Kkog=0,0006, tog=1, ket=0, uot—o km=0,003, pm=1
i ki, =0,0008, p,=1.

It can be said that all degrees of fuzzy variables except quantity of standard and accuracy hav value of 1. The amount of
parts that is standard and of special accuracy should be increased at least by 1, and be produced in small series and not
in individual production. The amount of parts is a large amount of VK Fig.11., becouse of the weight of spindle that is
greater than 5 kg and less than 27kg.

The highest values of manufacturability of products have degrees of belonging: k,= 0,0667 i k;= 0,045, and the lowest
values are: Ky = 0, kog = 0,0006, k,, =0,0008 and kg = 0,0094.

For the greatest value we can say it is very important to have a large number of mechanical parts that are repeated and
with it a great savings in time becouse of the constructive and technological documentation. For the smallest value we
can say there is no forging which is a loss for profitable production. Casting is the shell - 1 piece of such machine parts
is very small. Diversity and high use of materials - the loss of volume and weight of the workpieces is great because
95% of all machine parts are get by cutting process.

7 Management of manufacturability of products

Manufacturability of product is limited to minimum value of 0.15. If it is less than this value the design is repeated is in
Figure 14.

We take this value because of all degrees of belonging kp, km, Kq i ki, can achieve the maximum value of 0.32, the other
degrees have minimum values. For example was manufacturability of product 0.1592.

All of the input values in Fig. 13 are obtained from the manufacturing management software. All quantities are
achieved by identification number. Specifically are identified machine parts that are processed in the company n and n,,
then standard machine elements n,, especially uniform n; group with the help of group and typical technologies.

Special request for production management software is determination of the weight and volume of the processed
workpiece and machine parts. Also, the recording and searching in the same software we get: n,, n,, and n,.
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parts and the degre of repetition:
Nk, =0,15n,/n
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parts and the degre of standard:
ns ks = 0,18 ng/n

Determination of number of the mashine parts

and the degre of uniformity:
nik: =009 n:/n
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and the degre of utilization of material. Nyg,
Kyi=0,012n44/n

Determination of number of the mashine parts
land degre of belonging of the casting: Ny, Ko=

0.024 ny/n
v

Determination of number of the mashine parts
and degre of the forging: n; k=0,12 n/n

v

Determination of number of the mashine parts
and degre of belonging of manual procesing:
Ny Ke= 0,120/

Determination of number of the mashine parts
and degre of belonging of mmachine procesing:

V; k2=0,012(1 - VIV;)

Determination of the volume of the mashine parts}
and degre of the fregmentation: V; k,=0,012(1 -
V/Vi)

Determination of manufacturability of product
tehnlp = kp+k5+kj+k1+ke+ Kr+Kog +Kot +Km +Krz

v

IF tehnl,
<0,15

/‘ Print tehnol,,

Fig. 14: A rought flow chart of manufacturability
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