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Takum obpasom, B paccmaTpvBaemon mogenu
CTPYKTYpUpOBaHbl paHee onpefeneHHble akTopbl,
paccMOTPEHbl NOTOKN, KOTOPLIE BO3HWKAIOT B npouecce
NPOU3BOACTBA, U OnpeAeneHbl B3aNMOOTHOLEHUS MEX-
Ay vccnefyeMbiMy hakTopamu U BO3HUKAIOLMUMK NO-
TOKaMmu. .
Takum obpasom, Bbina nocTpoeHa mogens no-
FUCTUYECKON CUCTEMbI NPEeaNnpUATUS, KoTopas oTobpa-
XaeT B3aumogenctave hakTopoB BHELUHER, BHYTPeH-
HEeil cpefbl U pPasNUYHOro pofda NOTOKOB CO CTPYKTYp-
HbIMW NoapasaeneHnsMn npeanpusTus. JaHHas mogenb
OpVEeHTMpOBaHa Ha MOBbIWEHUE KOHKYpPEeHTOCnocob-
HOCTW NPEANPUATUA 32 CYET BHYTPEHHUX U BHELLUHUX
B3aUMOZECTBUIA pa3nMYHoOro poaa akTopos.

OancHenwee vccneposaHne NOCTPOEHHOW MO-
Aenu no3sonuT paspaboTaTth ONTUManbHYl cucTemy
ynpaBfeHust akMOHEPHbIMN NPeANPUATUAMM.
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DETERMINATION OF CONDITIONS ENSURING
COST PRICE REDUCTION OF MACHINERY

UDC 33.330.3

F. Novikov
E. Benin

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
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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.

Key words: machining cost price, the prime machining process time, diamond
grinding, tooling price.
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BU3HAYEHHA YMOB 3MEHLLUEHHA COBIBAPTOCTI
BUrOTOBNEHHA AETANEW MALLUH

YK 33.330.3 Hoeikoe @. B.
BeHiH €. 10.

3anponoHoBaHO HOBUI TEOPETUYHWUA NiAXiA A0 BU3HAYEHHA YMOB 3MEHLUEHHS
cobisapTocTi MexaHiuHoi 06pobkM AeTane MalLWH, 3aCHOBaHWIA Ha BCTAHOBMEHHI yHK-
LioHanbHUX B3aEMO3B'A3KIB MiXK OCHOBHUMMW CTaTTAMMU BUTPAT. AHaNITUY4HO BCTAHOBREHO,
wo cobisapTicTe 06pobku 3anexHo Bi4 NPOAYKTUBHOCTI 0Bpo6KM Mae ekcTpemym
(MiHiMyMm), 06yMOBNEHWIn CTYyNEHEM 3HOLLYBaHHSA pi3anbHOro iHcTpymeHTa. Lle nosso-
NUIo BU3HaYMTU OMTUMarnbHi YMOBWM MexaHiyHOi oBpobku 3a KpuTepieM HaltMeHLoi
cobisapTocTi. Ha npuknaai anmasHoro wnicyBaHHA aHaniTMYHO BU3HAYEHO OCHOBHI
yMOBM 3MeHLWeHHA cobisapTocTti 06pobku, siki nonaraloTe y NiATPUMUI Ha pobouii no-
BEPXHi LWNicpyBanbHOro Kpyra onTUManbHOro piky4oro penbegy, o 3abesnedye Bu-
COKy PiXy4y 3[aTHICTb Kpyra 1 niaBULLEHHS NpoAyKTUBHOCTI 06pobku. [loBeaeHo nepe-
BaXHWW BnnvB 6e3po3MmipHOro KoediuieHTa, WO BW3HA4YaE CTyMiHb 3aTynneHHs
anmasHoro 3epHa, Ha cobisapTicTb 06pobkn. 3HaHHA LbOro koedilieHTa 403BONSAE Hay-
KOBO OOr'pyHTOBaHO MiAINTV 4O MOPIBHAHHA Pi3HWUX BapiaHTIB WnidysaHHs i Bubopy
HarKpaLLoro 3a KputepieM HameHLWoi cobiBapTocTi 06pobKu.

Knroyosi criosa: cobisapTicTb 06pobku, OCHOBHUIA TEXHOMOrIYHUIA Yac 0Bpobku,
anMasHe wWniyBaHHsA, UiHa iHCTPYMeEHTa.

-------------------------------------------------------------------------------------------------------------------------

ONPEQENEHUE YCNOBUN YMEHLLIEHUA CEBECTOUMOCTH
WU3roTOBNEHUA OETANEN MALLWH

YK 33.330.3 Hoeukoe @. B.
BeHuH E. 10.

MNpeanoxeH HOBLIN TEOPETUYECKUA NOAXOA K ONPEeAeneHUto YCrnoBui yMeHblLLe-
HUs cebecTtoMmocTn MexaHudeckon o6paboTku AeTanei MalluH, OCHOBAaHHbIA Ha
YCTAHOBNEHWUN (PYHKLMOHANbHBIX B3AaWMOCBSA3EN MEXAY OCHOBHLIMU CTaTbsIMU 3aTpar.
AHanuTU4ecKn yctaHoBNeHo, 4To cebecTtonmocTb 06paboTkn B 3aBMCMMOCTY OT MPOUs-
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BOAUTENBHOCTV 00paboTkn MMeeT 3KCTpeMyM (MUHUMYM), OBYCMOBNEHHbIN CTEMEHbIo
U3HOCA PEXYLLEro MHCTPyMeHTa. JTO MO3BONUNO ONpeAenUTb OfNTUManbHbIe YCNoBus
MexaHuueckolht obpaboTku no kputepuio HaumeHbluen cebectoumoctu. Ha npumepe
anmasHoro LnNnMoBaHNA aHanUTUYECKn onpeferneHbl OCHOBHbIE YCNOBUA YMeHblue-
HUA cebBecTommocTn 06paboTku, cocToswme B noaaepx)aHum Ha paboyein nosepxHoc-
TV WNUdOBanNbHOFO Kpyra ONTUManbHOro pexyllero penbeda, obecneunsarowiero
BbICOKYH PEXyYLLYH0 CNOCOBHOCTL Kpyra U NoBbILLEHWE NPOU3BOAMTENBHOCTU 0BpaboT-
k1. [okasaHo npeobnagarollee BnvsHue GespasmepHoro koadduuveHTa, onpeaensto-
Lero cTeneHb 3aTynNeHNA anmasHoro 3epHa, Ha cebectonmoctb 06paboTku. 3HaHue
3TOro Ko3ahpvuMeHTa NO3BONAET Hay4HO 060CHOBAHHO NOAONTH K CPABHEHUIO pasnuy-
HblX BapuaHTOB WNWUGOBAHUA U BbIGOPY Haunyulero no KpUTEPUIO HauMEHbLUEN

cebecTonmocTn o6paboTku.

Knouessie cnoesa: cebectonmocte 06paboTkn, OCHOBHOE TEXHONOrn4eckoe Bpe-
M5 06paboTku, anmasHoe WwnugoBaHue, LeHa MHCTpYMEeHTa.

eevessccsnssesvevEseceseeenvoreaee ssesvsnsove

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=n1'tH'S1‘k+n2'C°+SZ‘W‘tH, (1)

vsesssesccsscenssevsnssersrsenTus sesecccesveerresreesssnsenes

where Ny and Ny stand for the number of machined
details and supplied tools, pcs;

ty=2Z-ty is the time allowance necessary to
machine one detail, h;

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

Z is the coefficient that reflects the amount of
idle time in machining one detail towards the prime
time (Z > 1);

S1 is the worker’s tariff rate, UAH/h;

k is the coefficient, that includes all possible
charges (taxes) imposed upon the worker’s salary;

Co 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, N2, Co, 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 N,. 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
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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 N2

expressed in terms of ty, 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 t4, Ny, and Co 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
t = — = . = —
0 Q; V=nq Vo; T Vo
= Qw zQw‘Pa'O‘
Y r.Dy4-B Q- py

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, Dy 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;

q 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:

sz(él+ Co . Pu .q], @)
Q  Viiamond Pa 1

where Vdiamond =B-h-n-Dy is the wheel diamondi-
ferous covering size, m;
A1 = S1 ’ Z & k .

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

Qandqg: g= B-Qm, where B and M are parameters
established experimentally (fig. a). Considering all
above-mentioned the equation (2) has been described
as:

c=v-(Beca pu-p-an) ®)

q ®

0 Q 0
a b

- —————————

0,86 17

Fig. Function of q from Q (a) and of ¢ from N (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 :

A m
Qg =| =——1 ™. @)
(Col'pm'ﬂ'mj

Under the condition that m 2 2 the second
derivative Cg in the extremum point is positive, i.e. the

minimum machining cost price C.
Basing on the equation (4), it is possible to

augment Qey increasing A =S;-Z-k and decreasing
Co1, Pm, 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 ambiguousiy.

It is necessary to mention that optimization
problem solution capabilities based on the experi-
mentally determined equation q = 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) (s}
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paaHV ) i?‘ttg}'()‘mmpHV

pm-c-Pan’ V' (1-m)
where Ccomp, HV is compression resistance and
material hardness, N/m?;

Py = Fy' B determines standard pressure, N/m?;

ais machined sample cross-sectional thickness, m;

Y is half of the grain top angle;

1M 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);

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

®)

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

(fig. b), where<p=n“3 -(1—11)_0'5. Incase of N =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]:

g2 VaF-(-n) ®)
n-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):

n-tgy-HV -Aq +C°1 ‘Pg-a-HV n-1gy - ocomp -HV

C=V
Z'Vd'Fy'(1'Tl) c~Py‘a-n3 (1‘73)

}. )

When the coefficient 1 increases, the same
happens to the first summand, but the second one
decreases (considering only the left part of the function
¢-7m.

If N = 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:

(-35m)-0-n"_ A [ty ®
n4 2'Vd'Col'pa.m.B \/Gcomp'HV

The equation (9) includes two variables Fy and

Vd. With their increase Cmin definitely decreases (in

case N = const), and the product efficiency raises.
Hence, the decrease in machining cost price ¢, 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

73

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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MOAENIOBAHHSA BMNMUBY KBANI®IKALIT NPALIBHUKIB
HA QIANBbHICTb NIANPUEMCTBA

Y/IK 336:519.866

Cmayuno T. B.

OnucaHo matemaTuyHy MoAenb OLUIHKM BnuBy keanidikauii npauiBRuKIB Ha Qisnb-
HICTb MiANPUEMCTBA, fKka Hadae 3acobu ans po3pobrneHHs NPorpamHoOro iHCTPYMEHTY
NIATPUMKN NMPUAHATTA pilleHb Npu ynpasniHHI CTPYKTYPOK KappiB 3 nornsgy ixXHboi
kBanidpikauii. 3anponoHOBaHO PIBHAHHA 3 KPUTEPISMW, SAKI ONUCYHTb ONTUMAanbHe
ynpasniHHA AMHaMIYHOK CUCTEMOIO 3 ypaxyBaHHAM 3MiHM KBanidikauil okpemnx pobiT-

HWUKIB Y XoAi BUPOOHUHOT AisnNbHOCTI.

Knwoyosi cnosa: matematudHa MOAEnNb, piBHOBara, AVHamivyHa 3MiHa, KpuTepin

ONTUManNbHOCTI, iHTerpan.
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