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3anpornoHosaHO HoguUl meopemuyHul ridxi0 00 8U3HA4YEHHS YMO8 3Me-
HweHHs1 cobisapmocmi MexaHi4HOi 06pobku Oemarel MawuH, 3acHoO8aHUU Ha
8CMaHo8/1eHHI (PYHKUIOHAIIbHUX 83aEMO38'A3KI8 MiXX OCHOBHUMU cmammsmu
gumpam. AHanmu4yHo ecmaHo8sIeHo, wo cobigsapmicmb 06pOb6KU 3arexHo
8i0 npoOykmueHocmi 06pobKu Mae ekcmpeMyMm (MiHiMym), 06ymoerieHul
cmyrneHeM 3HOWYB8aHHS pi3asibHo20 IHCmpymeHmy. Lle 0o3e0nuno eu3Ha4vu-
mu onmumarsibHi yMo8u mMexaHIYHOI 0bpOobKu 3a KpumepieM HaumeHWwoi cobi-
gapmocmi. Ha npuknadi anmasHo20 wiriigpyeaHHs aHalimu4yHoO 8u3Ha4qyeHi oc-
HOBHI yMo8U 3MeHWeHHs1 cobieapmocmi 06pobKu, 5iKi rnossiecarome 8 niompum-
ui Ha pobodyil rnosepxHi wirighysarbHO20 Kpyaa ornmumMasibHoO20 PiXy4020 pe-
nibepy, wo 3abearnedye 8UCOKY pixydy 30amHicmb Kpyaa U nid8uUWEeHHSs rnpo-
oykmueHocmi 0bpobku. [JoeedeHo riepesaxkHUU arisiue 6e3po3mipHo20 Koei-
uieHma, wo eusHadyae cmyriHb 3amyrifieHHs1 afriMa3Ho20 3epHa, Ha cobigap-
micmb 06pobKuU. 3HaHHS UbO20 KoeiyieHma 00380si5i€ HayKoeo ObrpyHmMo-
8aHo nidilimu OO rOpPIBHSIHHS PI3HUX eapiaHmie wiichyeaHHS U subopy Hau-
Kpauwo20 3a Kpumepiem HaliMeHwoi cobisapmocmi 06pobKu.

Knro4oBi cnoBa: cobiBapTiCTb 06p0oOKN, OCHOBHUW TEXHOMOTMYHUN Yac

006pobku, anmasHe WniyBaHHs, LjiHa iIHCTPYMEHTa
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[lpedrnoxeH HosbIlU meopemu4ecKul rnoodxo0 K oripedesieHuro ycriosul
yMeHbuweHus1 cebecrmoumocmu MexaHudyeckou obpabomku demariel MaluH,
OCHOB8aHHbIU Ha ycmaHoesieHUU byHKUUOHalIbHbIX 83aumMocesideli Mex0y OcC-
HOBHbIMU cmampesIMU 3ampam. AHaslumu4YecKu yCcmaHOB8/IEHO, 4Ymo cebe-
cmoumocmb obpabomku 8 3asucumMocmu om rpousgodumesisHocmu obpa-
bomku umeem akcmpemym (MUHUMYM), 0ByCrio81eHHbIU cmereHbK U3Hoca
pexyweao UHcmpymeHma. 3Omo o380/uUo ornpedeniums OnmuMasibHbIe
ycrosusi MexaHu4eckou obpabomku rno kpumepuro HaumeHbwel cebecmou-
mocmu. Ha npumepe anmasHo20 wiughoeaHusi aHarnumu4yecku ornpeoersieHbl
OCHOBHbI€E ycriosusi yMmeHblweHusi cebecmoumocmu obpabomku, cocmosiuue
8 rnodoepxxaHuu Ha paboyel rnosepxHocmu wWrugosasnibHoO20 Kpyaa ornmu-
MasilbHO20 pexyuw,eao perbegha, obecrieqyusarou,e2o BbICOKYH PEXYULYHO
criocobHocmb Kpyaa u rnosbiweHue rnpoussooumesisHocmu obpabomku. [o-
Ka3aHo npeobnadarouwee enusHue bespasmMepHo20 KoaghgbuyueHma, ornpe-
densowe20 cmerneHb 3amyrneHusi ariMa3Ho2o 3epHa, Ha cebecmoumocmb
obpabomku. 3HaHue amoz2o KoaghghuyueHma rno3gosiiem Hay4YHo Ob6OCHO-
8aHHO nodolmu K CpaBHEeHUI pasfludHbIX eapuaHmos wiugosaHus U 8bl-
bopy Haurny4dwezo rno Kpumepuro HaumeHbwel cebecmoumocmu obpabom-
KU.

KnioueBble cnoBa: cebectoumoctb 06paboTkn, OCHOBHOE TEXHOSIOIM-
Yyeckoe BpeMsa obpaboTku, animasHoe WnMdoBaHue, LieHa MHCTPYMeEHTa

A new theoretical method under review, which is used to determine
conditions of reducing of machining cost price, is based on functional inter-
connection between the major heads of expenditure. Due to analyses the
cost price of machining, depending on production efficiency has its extremum
(minimum) specified by the cutting tool wear rate. This enabled us to deter-
mine the optimal conditions of machining in the criterion of the least cost
price. By way of example of diamond grinding were determined new condi-
tions necessary for machining cost price reducing. They are maintenance of
the optimal cutting relief of grinding wheel working face, that ensures its

fast cutting capability and increasing of product efficiency. The influence of
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dimensionless coefficient that determines the dulling degree of a single-point
diamond on machining cost price is demonstrated. Knowing this coefficient it
is possible to compare different variants of grinding in a scientifically ground-
ed way and chose the best one in the criterion of the least machining cost
price.

Key words: machining cost price, the prime machining process time,
diamond grinding, and tooling price

In market economy conditions the question of cost price decreasing of
machine details becomes extremely important, as long as it is connected with
the production of competitive machine-building production. As we know it is
possible to decrease the cost of machine details production using the up-to-
date, efficient, highly-performing and energy-efficient technologies, equipment
and tools, which provide the increasing of labor production. However, the in-
tractable problem of optimal route-operational technology determination to
produce the specific detail according to the criterion of the least cost price
arises. Traditionally this task is settled under structurally-oriented optimization
with the usage of empirical dependence for machining cost price calculating.
For this purpose the technologist or planning engineer grounding on his expe-
rience sets intuitively several variants of workflow, describes them mathemat-
ically and choses among them the most efficient one in the cost price criteri-
on. However, this method gives no guarantee in choosing the optimal variant
as it may not be one of the examined variants [1; 2].

To choose the optimal method of machining in a scientifically grounded
way the theoretical (analytical) approach to fix the task of structurally-
parametric optimization should be taken. This approach adds up to analytical
describing of machining cost price and determination of conditions for its de-
creasing [3; 4]. This makes it possible to use the potential of hi-tech, equip-
ment and tools to the utmost extent.

The goal of the work is to find theoretical basis for conditions that ena-
ble to decrease the cost price of machine details and to develop the practical
recommendations for increasing the economic efficiency of manufacturing.



Taking into account the three main items of expenses the cost price C
is calculated according to the scheme below:

C=n1-t4-S1-k+ny-Cy+Sy-W-ty, (1)
where n;, n, is the number of machined details and supplied tools, pcs;
ty =Z-t, is the time allowance necessary to machine one detail, h;
ty is the prime process time necessary to machine one detail, h;

Z is the coefficient that considers the length of idle time in performing
one detail towards the prime time (Z > 1);
S, is the worker’s tariff rate, UAH/h;

k is the coefficient, that includes all possible charges (taxes) imposed
upon the worker’s salary;
C,, is the cost of one tool, UAH;

S, is the cost of an energy unit, UAH;

W is the supplied power of manufacturing process, W.

The equation (1) includes 3 main heads of expenditure connected with
the worker’s salary, cost of the tools, and energy supplied while working at
the lathe.

As follows from the equation, it is possible to decrease the machining
cost price through decreasing the parameters ty, n,, C5, W. It is common

knowledge that parameters ty and n, are connected with each other through
the machining conditions (i.e. cutting conditions, tools characteristics etc.).
That is why it is necessary to know the functional relations between ty and
n, parameters, calculated in an analytical or empirical way, to ground the
ways for decreasing the cost price of machining conditions C. These relations

usually are not taken into account during calculation, only certain variants of
proceeding for quite specific values of ty, and n,. As a result specific deci-

sions usually taken leave much to be desired. To get the optimal general so-
lution it is important to know functional relations between the first and the se-
cond summand of the equation (1), neglecting the third one because of its in-
finitesimality. In other words, it is necessary to subordinate the economic for-
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mula of machining cost price C to the technological regularity in the form of
functional relation between ty and n,, i.e. to unite economist’s and technolo-

gist's knowledge. This attitude gives completely new possibilities in designing
technological process and technological preparation of manufacturing.

For example, substituting in the given equation the formula for taking-off
of the used instruments n, expressed in terms of t, is determined the extre-

mum (minimum) of machining cost price C and optimal values of the t, and
n, parameters that carry it out. This enables us to compare the various tech-

nological schemes of machining on the different equipment, cutting condi-
tions, cutter characteristics, ground the conditions for decreasing the ty, n,,

and C, parameters on the equal basis (This can be done through using the

wear-resistant coating of the tools, hi-tech of machining, new tools design
etc.).

Basing on this fact let's determine the optimum parameters of machin-
ing in the criterion of the least cost price in respect of diamond grinding, which
is one of the most effective methods used to increase quality and production
efficiency as well as to decrease the production expenses.

Let’s transform the equation (1) taking into account the following ratios:

tozﬁ, V:n,]\/o, T:L;VW: C‘)W : q:Qw‘Pa'O‘,
where V, is the size of the material, which is removed from one detail, m*;
Q is the production efficiency, m’/sec;

V is the cumulative material size, which is removed from n; details,

h is the thickness of diamond cover of the wheel, m;

B, Dq is the width of the working body and the diameter of the wheel,
m,

Q,y is the size of the diamond cover of the wheel, which is worn out
per unit time, m°®/sec;

q is specific consumption of diamond, kilo/kilo;

Pa, P, are diamond and proceeded material density, kilo/ m*;
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a is the coefficient that considers the size taken by diamond powder in
the total size of diamond covering of the wheel.

Neglecting the third summand in the equation (1) due to its infinitesimali-
ty, we get after transformation:

C=V(A1+ o . Pu -qj , (2)
Q  Vgiamond Pa- @ 1
where Viiamond =B-h-n-Dy is the size of diamondiferous covering of the
wheel, m’;

A =S;-Z-k.

Product of parameters Vgiamond ‘P - @ =My determines the weight of
single-point diamonds, and the ratio C4/mg4 =Cgy1 — the value of a unit of
mass of diamond powder. It has been found experimentally that there is a

functional linkage between the variables Q and q: q=p-Q™, where p and m

are parameters found experimentally (fig. 1a). Considering everything men-
tioned above the equation (2) is described as

A
C=V-[51+Co1'pm-ﬁ-amj. (3)
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Fig. 1. Function of q from Q (a) and of ¢ from n (6)

As we can see, the machining cost price C with the changing of produc-

tion efficiency alters according to extremum function. Differentiating function
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C by the variable Q and equating it the first derivative to null, we determine
the extremum value Qgy :

1

_ A1 m
Qex_(Corpm'B-m] ' @

In conditions m 2 2 the second derivative Cg, in the extremum point is
positive, i.e. has the minimum of machining cost price C.

Basing on the equation (4), it is possible increase Qg through increas-
ing A; =S,-Z-k and decreasing the Cy, p,, B, and m parameters. In this
case the parameters C,q, B, andm are determined by durability and endur-

ance of single-point diamonds. Hence, the characteristics of single-point dia-
monds affect Qgx and machining cost price ambiguously.

It is necessary to mention that capabilities of optimization problem solv-
ing that bases on the experimentally determined equation q:f(Q) are quite lim-
ited, as the equation(4) does not include the parameters of grinding conditions,
characteristics of the wheel and detail. Tacking this into account, let's analyze
the machining cost price with the help of analytical equation q=f(Q) [5]:

o pg-o-HV \/n-tgy-ccomp-HV

(I-m) 7 ®

where ccomp . HV is the compression resistance and material hardness, N/m?;

Py =Fy/a-B is the standard pressure, N/m?;

a is the cross-sectional thickness of the being machined sample, m;
v is a half of an angle at the top of the grain;

n is the dimensionless coefficient that correlates in the interval O ... 1
and determines the speed of grain dulling (for “sharp” grain n — 0, for dull
grain n — 1);

c is a coefficient, which characterizes grain endurance, N/m°.



According to the equation given above the specific consumption of the

diamond q obeys the extremum function (fig. 1b), whereg =n~° - (1-n) 22 If

n =0 and n =1 the specific consumption of the diamond goes to infinity. The
minimum of the function ¢ is reached when n = 0,86. Production efficiency is
determined by the equation [5]:

_2:Vg Fy-(1-n)
n-tgy-HV
If n — 1 (i.e. while grinding with dull grains), we get Q — 0. Let’s sub-

(6)

stitute equations (5) and (6) into (3):

C=V

n-tgy-HV A1 Co1-pa-o-HV 719y~ Scomp -HV
+ 3 : (7)
2-Vd-Fy'(1—11) C-Py-a-n (1—‘1)

When the coefficient n increases, same happens to the first summand,

but the second one decreases (considering in the fig. 2 only the left part of the
function ¢ — n).

If n =0 the second summand goes to infinity. Hence, while n is increas-

ing the machining cost price C will be firstly decreasing from infinity to some
definite level (minimum C), and then increase. The minimum of machining
cost price is reached when n < 0,86. To determine the extremum value n

let's take the first derivative from the machining cost price C upon n and the

formula we get equate with null:

(3-35-m)-(1-n)>° _ Aq-c |omtgy
n? 2-Vg-Cot-pa.-&-B | Scomp -HV

(8)

The equation (9) includes two variables F, and Vy. With their increasing

Cmin is definitely decreasing (in case n = const), and the product efficiency is

increasing. Hence, the decreasing of machining cost price C,,j, is caused by
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increasing of productivity Q. But the limits of C,,j, decreasing and Q increasing

are limited. The obtained results of the research were used at the leading ma-
chine-building enterprises of Ukraine to upgrade the technological process of
details machining on the basis of the usage of highly-effective diamond grind-
ing.

Summing up the results of the research, following conclusions can be
made:

1. The work deals with the new theoretical method of determining the
conditions that enable to decrease the machining cost price of details. The
method is based on finding the functional linkages between the major heads of
expenditure, that are connected with the worker’s salary, tools value and energy
supplied while working at the lathe.

2. According to performed calculations the cost price of machining de-
pending on the efficiency has its extremum (minium), which is conditioned by
the tool wear rate. This made it possible to determine the optimum conditions for
machining in the criterion of the least productivity.

3. By way of example of diamond grinding there were determined new
conditions necessary for machining cost price reducing. This is maintenance
of the optimal cutting relief of grinding wheel working face, that ensures its
fast cutting capability and increasing of product efficiency.

Taking into account the prevailing influence of dimensionless coefficient
n on the machining cost price C. It is necessary to find experimentally the value
of this coefficient for different grinding wheels in the following research. This will
make it possible to compare different variants of grinding in the scientifically-
grounded way and choose the best one in the criterion of the least machining
cost price.
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