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A new theoretical method which is used to define conditions of reducing the
machinery cost price has been proposed. This method is based on functional
interconnection between the major heads of expenditure. It has been analytically
proved that the machining cost price, depending on production efficiency has its
extremum (minimum) specified by the cutting tool wear rate. This fact made it possible
to determine the optimal conditions of machining according to the criterion of the least
cost price. By means of diamond grinding new conditions necessary for machining cost
price reducing have been determined. They are maintenance of the optimal cutting
relief of grinding wheel working face, that ensures its fast cutting capability and
increase in product efficiency. The influence of dimensionless coefficient that
determines the dulling degree of a single-point diamond on machining cost price has
been demonstrated. Knowing this coefficient, it is possible to compare different variants
of grinding in a scientifically grounded way and choose the best one according to the
criterion of the least machining cost price.
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

BU3HAYEHHA YMOB 3MEHLUEHHA COBIBAPTOCTI
BUIOTOBNEHHSA OETANENA MALUMH

Y/IK 33.330.3 Hosikoes @. B.
BeHiH €. IO.

3anponoHoOBaHO HOBUW TEOPETMYHWMI MiAXiA4 OO0 BU3HAYEHHS YMOB 3MEHLLEHHS
cobiBapTOCTi MexaHi4HOT 06pobKN aeTanen MallnH, 3aCHOBaHWUA Ha BCTAHOBIEHHI dyHK-
LiioHarnbHNX B3aEMO3B’S3KIB MK OCHOBHUMW CTaTTsIMM BUTPAT. AHaNiTMMHO BCTaHOBIEHO,
wo cobiBapTicTb 06pOOKM 3anexHo Big MNPOOYKTUMBHOCTI OOpPOBKM Mae eKkcTpemym
(MiHiMym), 0OYMOBNEHUA CTyNeHeM 3HOLYBaHHA pi3anbHOro iHCTpymeHTa. Le
A03BONUIIO  BU3HAYUTUM ONTUMarnbHi YMOBUM MexaHiyHoi O06pobkum 3a Kputepiem
HameHwol cobiBaptocTi. Ha npuknagi anmasHoro wnidyBaHHA aHaniTUYHO
BM3HAYEHO OCHOBHI YMOBW 3MeHLUeHHs cobiBapTocTi 06pobku, ki nonsdraloTb y
nigTpumui Ha poboyin NoBepXHi LWniyBanbHOrO Kpyra OMNTUMAarnbHOIO PiKY4YOoro
penbedy, wo 3abesnevye BUCOKY piKydy 34aTHICTb Kpyra W NigBULLIEHHSA
NpoAyKTMBHOCTI 06pobku. [loBeaeHO nepeBaxHUn BnnvB 6e3po3mMipHOro koediuieHTa,
LLIO BM3HAYaE CTyMiHb 3aTynNfeHHs anmasHoro 3epHa, Ha cobiBapTiCTb 06pobkn. 3HaHHSA
LUbOro KoeqiljieHTa O03BOMSE HAYKOBO OOI'pYHTOBAHO MIAiTM OO0 MOPIBHAHHSA Pi3HUX
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BapiaHTIB WnigyBaHHs 1 BUOOPY HaWMKpaLLOro 3a KpUtepieM HammeHLoi cobiBapToCTi
00pobKMN.

Knroyosi crnosa: cobiBapTicTb 006pobKN, OCHOBHUIA TEXHOMOFYHUA Yac 0BpoOKu,
anmMasHe wnipyBaHHSA, LiHa iIHCTPyMeHTa.
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ONPEQENEHUE YCITOBUA YMEHbLUEHUA CEBECTOMMOCTHU

U3roTOBJIEHUA OETAJIEA MALLUUH

YK 33.330.3 Hoeukos . B.
BbeHuH E. 1O.

MpeonoxeH HOBbIN TEOPETMYECKUMM MNOAXOA K OnpederieHuo  YCNnoBui

YMEHbLUEHNsT  CceDecToMMOCTM  MEexXaHu4yeckon obpaboTkum  geTtanen  MalluH,

OCHOBAHHbIN Ha YCTaHOBNEHUN (PYHKUNOHAmNbHbIX B3aUMOCBA3e MexXdy OCHOBHbIMU
cTaTbsiMn 3aTpaTr. AHanMTUYecKM yCTaHOBMEHO, 4YTo cebectoMmocTb 06paboTkM B
3aBUCUMOCTM OT MpPOU3BOAUTENBHOCTU 00paboTkM MMeEET 3SKCTpPeEMYM (MUHUMYM),
OOYyCNOBMEHHbIN CTEMEHbID W3HOCA pPEeXyWero WHCTPYMeHTa. JOTO MO3BOSUIIO
onpeaenuTb  ONTMMarbHble YCMOBUS MeXaHuyeckon 00paboTkm no  KpUTEpUIo
HanmeHbllen cebecTtommocTn. Ha npumepe anmasHoro nudgoBaHUs aHanUTUYECKu
onpedeneHbl OCHOBHble  YCMNOBWUSI  yMeHblUeHusi cebecTtoMmocTn  00paboTkuy,
COCTOSILUME B nopaepXaHum Ha paboyen NOBEPXHOCTU LWNMGOBANbHOIO Kpyra
ONTMMAanbHOTO  pexyllero penbeda, obecneynBaloLEro BbICOKYID — PEXYLLYHO
CrnocoBbHOCTbL Kpyra W MoOBblWEHWEe npousBoauTenbHOCTM 06paboTkn. [dokaszaHo
npeobnagatowiee BnusiHne 6e3pa3amepHoOro koadduumeHTa, onpegensowero creneHb
3aTynneHns anmasHoro 3epHa, Ha cebectoumocTb 06paboTku. 3HaHWe 3TOoro
KoaddpuumeHTa no3sonsdetr HaydyHo 0B6OCHOBAHHO MOAOWTU K CPaABHEHUIO PasfIUYHbIX
BapuMaHTOB LWIMAOBaHUA W BbIOOPY Haumyywero Mo KPUTEPUID HauUMEHbLUEN

cebecToMmocTn ob6paboTKu.

Knroyesbie crosa: cebecToMMoOCTb 00paboTKM, OCHOBHOE TEXHOSIorn4yeckoe
BpeMsi 06paboTkM, anmMasHoe WnMdoBaHue, LeHa MHCTPYMEHTa.
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In market economy conditions the question of
machine details cost price decrease becomes extre-
mely important, as long as it is connected with competi-
tive machine-building production. As we know, it is
possible to decrease the cost of machine details
production using the up-to-date, efficient, highly-perfor-
ming and energy-efficient technologies, equipment and
tools, which provide the increase in labor production.
However, there arises an intractable problem of optimal
route-operational technology determination to produce
the specific detail according to the criterion of the least
cost price. Traditionally, this task is settled through
structurally-oriented optimization with the use of
empirical dependence for machining cost price calcu-
lation. For this purpose the technologist or planning engi-
neer, grounding on his experience, intuitively comes up
with several variants of workflow, describes them
mathematically and chooses the most efficient one

according to the cost price criterion. 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 set the task of structurally-parametric
optimization should be taken. This approach adds up to
analytical description of machining cost price and
determination of conditions for its decrease [3; 4]. This
makes it possible to use the potential of hi-tech
equipment and tools to the utmost extent.

The aimof the work is to provide theoretical
basis for conditions that enable to decrease machine
details cost price and develop practical recommen-
dations for increasing the economic efficiency of
manufacturing.

Taking into account three main items of expen-



ses, the cost price C is calculated according to the
scheme below:

C=n;-t4-S;-k+ny,-C, +S, - W -1, @
where N; and N, stand for the number of machined
details and supplied tools, pcs;

ty =Z-ty is the time allowance necessary to
machine one detail, h;

to is the prime process time necessary to
machine one detalil, h;

Z is the coefficient that reflects the amount of
idle time in machining 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;

Cy is the cost of one tool, UAH:;

S, is the cost of an energy unit, UAH;
W is the supplied power of the 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, Ny, Cpu, 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 are not usually taken into account
within the process of calculation, but for certain variants
for quite specific values of ty, and Ny. As a result,
specific decisions, which are usually taken, leave much
to be desired. In order to get the optimal general
solution it is important to know functional relations
between the first and the second summand of the
equation (1), neglecting the third one because of its
infinitesimality. In other words, it is necessary to
subordinate the economic formula of machining cost
price C to the technological regularity in the form of
functional relation between ty and Ny, i.e. to unite
economic and technologic knowledge. This attitude
provides completely new possibilities to design techno-
logical and preparation manufacturing process.

For example, in the given equation substituting
the formula for the used instruments take-off Ny

expressed in terms of Iy, results in machining cost
price C extremum (minimum) and optimal values of the
ty and N, parameters. This enables to compare
various technological machining schemes for different

equipment, and cutting conditions, cutter characte-
ristics, ground the conditions necessary for the dec-
rease in ty, Ny, and Cy parameters on the equal
basis (This can be fulfilled through use of the wear-
resistant coating of the tools, hi-tech machining, new
tools design etc.).

The above-mentioned fact helps to determine
the optimum machining parameters by the criterion of
the least cost price in respect of diamond grinding,
which is one of the most effective methods used to
improve quality and production efficiency as well as
decrease production expenses.

The equation (1) has been transformed taking
into account the following ratios:

Vo h
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where Vy is the material size, 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, m*;

h is the of wheel diamond cover thickness, m;

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

Qw is the wheel diamond cover of the size,
which is worn out per a time unit, m*/sec;

g is specific diamond consumption, kilo/kilo;

Pa, Pm are diamond and proceeded material
density, kilo/ m?;

o is the coefficient that considers the size of
diamond powder in the total wheel diamond covering size.

Neglecting the third summand in the equation (1)
due to its infinitesimality, the above transformation
cause the following change in the equatian:

C:V[ﬁ+L.P_M.q], @)
Q  Vdiamond Pa-® 1

where Vdiamond=B-h-n-Dg is the wheel diamondi-
ferous covering size, m?;
Al = Sl . Z . k .

Parameters Vdiamond Pa @ =My determine
the weight of single-point diamonds, and the ratio
Co/mg =Cp; defines the unit value of diamond
powder mass. It has been experimentally grounded,
that there is a functional linkage between the variables

Q and q: q=p-Q™, where B and M are parameters
established experimentally (fig. a). Considering all
above-mentioned the equation (2) has been described
as:
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Fig. Function of g from Q (a) and of ¢ from M (b)

It is obvious that the machining cost price C
under the condition of production efficiency changes
alters according to extremum function. Differentiating
function C by variable Q and equating the first

derivative to null, we determine extremum value Qex:

1
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Under the condition that m = 2 the second
derivative C,c; in the extremum point is positive, i.e. the

minimum machining cost price C.
Basing on the equation (4), it is possible to
augment Qex increasing A1 =S;-Z-K and decreasing

Co1, Pu, B, and m parameters. In this case the

parameters Co1, B, and m are determined by single-
point diamonds durability. Hence, the characteristics of
single-point diamonds affect Qex and machining cost
price ambiguously.

It is necessary to mention that optimization
problem solution capabilities based on the experi-
mentally determined equation (= f(Q) are quite limited,
as the equation (4) does not cover the parameters of
grinding conditions and properties of the wheel and its
details. Taking this into account, machining cost price
may be analyzed with the help of analytical equation
q=f(Q) 51

q- p,-a-HV \/ﬁ-tgy-cwmp-HV
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where Scomp, HV is compression resistance and
material hardness, N/m?;

Py = Fy - B determines standard pressure, N/m?:

a is machined sample cross-sectional thickness, m;

Y is half of the grain top angle;

M is the dimensionless coefficient that correlates
in the interval 0 ... 1 and determines grain dulling
speed (for "sharp" grain M — 0, for dull grain N — 1);

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

: ®)

According to the equation given above specific
diamond consumption g obeys the extremum function

(fig. b), where(pzn_3 -(1—1])_0’5. In case of N1 =0
and M = 1 specific diamond consumption goes to
infinity. The minimum of the function ¢ is reached when
N = 0,86. Production efficiency is determined by the
equation [5]:

o= Varh om) ©
t-tgy -HV
If N — 1 (i.e. when grinding with dull grains), Q
goes to null (Q — 0). The equations (5) and (6) are
substituted into (3):
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When the coefficient M increases, the same
happens to the first summand, but the second one
decreases (considering only the left part of the function
¢®-m.

If M = 0 the second summand goes to infinity.
Hence, while n is increasing the machining cost price C
will initially, decrease from infinity to some definite level
(minimum C), and then increase. Machining cost price
minimum is reached when M < 0,86. The first
derivative of the machining cost price C upon N has
been taken to determine the extremum value M and
the obtained formula equates with null:
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The equation (9) includes two variables Fy and

Vd. With their increase Cmin definitely decreases (in

case M = const), and the product efficiency raises.
Hence, the decrease in machining cost price c, is

caused by the increase in productivity Q. But the
decrease in c,, and increase in Q are limited. The

obtained results of the research have been used at the
leading machine-building enterprises of Ukraine to
upgrade the technological details machining process
on the basis of highly-effective diamond grinding use.

Summing up the results of the research, the
following conclusions have been made:

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

2. According to the performed calculations, machi-
ning cost price, depending on the efficiency, has its



extremum (minium), which is conditioned by the tool
wear rate. This enabled to determine the optimum
machining conditions by the criterion of the least
productivity.

3. In terms of diamond grinding there the new
condition necessary for machining cost price reduction
has been determined. It is maintenance of the grinding
wheel working face optimal cutting relief, that ensures
its fast cutting capability and increase in production
efficiency.

Taking into account the prevailing influence of
dimensionless coefficient M on the machining cost
price C, it is necessary to find experimentally the value
of this coefficient for different grinding wheels in the
given research. This will enable to compare different
types of grinding in the scientifically-grounded way and
choose the best one by the criterion of the least
machining cost price.
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