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Integral assessment of energy efficiency of lubricant screw
supercharger application when drawing

BHUXeHHs mepms i0 Yac 805104iHHS 3abe3rneqyyembCsi 3acCmocy8aHHsIM MeXHOMoaiYHUX Macmurl, Wo Habruxye pe-
XuM mepmsi y gonoyi 8o piduHHo20. Kpumepiem nepexody 0o piduHHO20 mepmsi 88axkaromb PieeHb 8IOHOWEHHSIM mo-
8UWUHU MacmusibHo20 wapy 00 cepedHboapugpMemuyHOi aucomu Mikpopernbegy He MeHwe mpbox. Macmurno emsey-
embcsi 8 nepedocepedKosy 30HY 80SI0KU 3a20moekot. [Ipu ybOMy 80HO po3iepieaembcCs, yUlinbHIOEMbLCS | Mepexo-
Oumb 3 nopowKornodibHoz2o 8 8'a3ko-rnnacmuyHuUl cmaH. OdHak 3axonoryoi 30amHocmi dpomy i 8idnogidHo20 npu-
POOHO20 2i0poduHamiyHo20 nidrnopy macmusa Moxe gusieumucsi HedocmamHim Orisi hopMy8aHHS PEXUMY PiOUHHO20
mepms. [ns noninweHHs1 yMo8 mepmsi 8 KOHMaKmi 80/10KU 3 MemarioM, wo 0eghopMyeMmMbCsl, MOXHa 8UKOPUCMO8Y-
8amu WHeKo8i HagHimadi, siki cmeoproromb HeobxiOHuUl nidnip macmusia 8 nepedocepedkosili 30Hi 8onoku. [Npobnem-
HUM UMaHHsIM cmae 8U3Ha4YeHHs1 eHep2emuyYHUX sumpam Ha rnpusio WHeKo8o20 HazHimaya, 8U3Ha4YeHHs1 eHepeemu-
YHoI' doyinbHocmi (1020 BUKOPUCMAaHHSI MPU BOMOYIHHI 3 ypaxysaHHsIM Lio20 2e0MeMPUYHUX Xapakmepucmuk ma napa-
mempie macmursna. Memoro daHoi pobomu cmaro po3e’sisaHHs1 3a0aydi 8U3HaAYEHHSI payioHanbHUX napamempie WHeKo-
8020 HaezHimadya, eK/Yaryu oo eeoMempito i xapakmepucmuku fMpusody: MOMyXHiCmb, MOMEHM i weuoKicmpb 3
ypaxysaHHsIM 3akoHOMipHocmel MuHy HEeHbIOMOHIBCbKO20 8'SI3KO-M1acmuyHO20 mexHooeiyHoeo Macmuna Onsl 3a-
be3neyvyeHHs1 piOUHHO20 pexxuMy mepmsi y 80/10Ui, @ MakKoX - OUiHKa eHep20egeKmuU8HOCMI 3acmocy8aHHsI MmaKo20
npucmporo nid yac 80s10YIHHSA. AHari3 eusieus, W0 8 pamMKax rnocmaesieHoi 3adayqi OOHIEl 3 KITH0HO8UX 8elUYUH Onis
CMBOPEHHSI y 80710Ui PIOUHHO20 pexxuMy mepmsi € MUCK y Macmurli, KUl HeobxiOHO cmeopumu WHEeKoO8UM HagHima-
yem neped gosnokor. Memoduka. Po3pobrieHa asmopamu imepauiliHa Modesib CyMiUeHHSI Peorio2iyHUX xapakmepuc-
muk (nnacmuyHa 8’a3Kicmb ma rnoyamkosa Mexa HarpyXeHHs MiuHy Macmusa 3a 3akoHoM biHzama-Llleedosa), 3aKo-
HOMipHOCcmeU npouecy 80/1I0YIHHSI ma 2eoMempUYHUX Crig8iOHOWeHb MNapamempie WHeKo8uUX HagHimayie nobydoeaHa
Ha OCHO8I aHarnidy po3mipHocmel fpu ypaxysaHHi OCHO8HUX 8iOMo8IOHUX YUHHUKI8. Pe3ynbmamu. BukopucmarHs mMo-
Oeni 00380/1UI0 BU3HAYUMU payjioHarbHi XxapakmepucmuKku KOHCMPYKUil ma rnpueody WHEKo8020 HagHimaya, a pe-
3ynbmamu mecmosux po3paxyHKie ereplie meopemuyHo rnokKasarsnu, Wo eKOHOMIs eflekmpoeHepeiil npu 8UKopUCMaHHI
makoe0 rpucmocys8aHHs1 8 Kiflbka pasie binbwe, HiX i eumpamu Ha rpuegid npucmporo. OOHOYaCHe 3HUWXEHHS cusl me-
pmsi nid Yac 80/104IHHS CrIpUsie 3MeHWeHHIo Ha 5 ... 15% eHepaosumpam Ha dechopmauito Memarny, nid8UWEHHIO cmili-
Kocmi eornok o 3 pasige i 3meHweHH obpusHocmi Opomy 6 1,5 ... 3 pa3u. Lle pobumb 3acmocysaHHs pusiOHO20 WHe-
KOB8020 HazHimaya 8 npakmuuyi Cyxo2o 80/104iHHSI crmarnegoao 0pomy OOUiNbHUM.

Kriroyosi crioga: 80/104iHHS, Cyxe mexHoI02iYyHe Macmusio , WHeKosul HagHimau, eHepaoeghekmusHicmb

Summary. The reduction of friction during drawing is ensured by the use of technological lubricants that approximate the
friction regime to liquid in dies. The criterion for the transition to liquid friction is considered the level by the ratio of the
lubricating film thickness to the microrelief arithmetic average height at least three. The lubricant is drawn into the pre-
focal zone of the die by the wire-rod. At the same time, it is heated, compacted, and passes from a powdery to a visco-
plastic state. However, the capture ability of the wire and the corresponding natural hydrodynamic lubricant affluent may
not be sufficient to form a liquid friction regime. To improve the friction conditions in the contact of the die with the metal,
which is deformed, supercharger can be used, which create the necessary lubricant support in the prefocal zone of the
die. The task of energy costs determining for supercharger driving, determining the energy feasibility of its use when
drawing, taking into account its geometric characteristics and lubrication parameters, becomes a problematic issue. The
aim of this work was to solve the problem of determining the rational parameters of a supercharger, including its
geometry and drive characteristics: power, torque and speed, taking into account the regularities of non-Newtonian
viscous-plastic technological lubricant flow to ensure a fluid friction regime in the die, and also to evaluate the energy
efficiency of using such a device in drawing. The analysis revealed that within the framework of the task, one of the
main values for creating a fluid friction regime in the die is the pressure in the lubricant, which must be created with a
supercharger in front of the die. The iterative model of combining rheological characteristics (plastic viscosity and the
lubricant initial yield strength according to the Bingham-Shvedov regularity), the laws of the drawing process, and the
geometric relationships of the parameters of supercharger was developed based on an analysis of dimensions, taking
into account the main relevant factors. Using the model allowed to determine the rational characteristics of the design
and drive of the supercharger.The results of test calculations theoretically for the first time showed that the energy
savings when using such a device are several times greater than its costs for driving the device. A simultaneous
decrease in the friction forces during drawing contributes to a 5 ... 15% reduction in energy consumption for metal
deformation, an increase in die resistance up to 3 times and a decrease in wire breakage by 1.5 ... 3 times. This makes
appropriative the use of a drive supercharger in the dry drawing steel wire practice.

Introduction. The efficiency of the drawing pro- cal lubricants use that approach the friction regime to
cess substantially depends on the friction level in a liquid. At the same time, they try to separate the die
die. Friction reduction is provided by the technologi- and wire surfaces by a lubricant film. As a technolog-
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ical lubricant while the so-called “dry” wire drawing of
steel, copper and a number of other materials are
usually used powders of alkali or alkaline-earth metal
salts of fatty acids (soaps) of natural or artificial
origin in pure form or with functional additives (talc,
lime, mica, etc.). Such a lubricant is drawn into the
die preface zone by a moving wire-rod, warms up,
compacts and transferees from a powdery to a vis-
cous-plastic state. The movement of such a sub-
stance is described by the nonisothermal laws of hy-
drodynamics [1].
Literature data analysis. The friction regime,

which is formed in the die deformation zone, is usu-
ally characterized by the dimensionless indicator [1]:

ﬁ
k—_,
R (1)

where ¢ is thickness of separation lubricant film;

a

R, is the microrelief height in the deformation cen-
ter.
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In case of K>3, Iubricant almost completely
separates the wearing surfaces of drawing die and
wire, and the mode of friction becomes liquid. Exper-
imental and theoretical data demonstrate that draw-
ing in such mode is followed by minimization of fric-
tion that leads to reduction of energy consumption
for metal deformation by 5...15%, increase of die life
and also breakage reduction by 1.5 ... 3 times [2].

However fascinating ability of wire and natural
lubricant hydrodynamic head can be not enough for
formation of liquid friction mode. This is accompa-
nied by an increase in energy consumption and a
decrease in the technical and economic indicators of
the adopted drawing method. To improve the friction
conditions in the contact of the die with the metal,
various blowers are often used, which create the
necessary lubricant support in the preface zone of
the die. Such devices are placed in front of the die
and hermetically attached to it [3]. In some cases,
drive superchargers are especially effective. In par-
ticular, one of typical designs having proved itself to
be positive is screw supercharger (Figure 1) [4].

1 — electric motor; 2 — reducer with belt drive; 3 — wire-rod; 4 — lubricant (soap powder); 5 — superchargers

body; 6 — screw; 7 — drawing die; VO - drawing speed
Figure 1. Drawing process scheme using a lubricator’s screw

In such a device, it is necessary to bring the
screw into rotation by a separate motor. This should
provide pressure and lubricant flow rates at the outlet
of the supercharger to the necessary conditions in
the die preface zone. In this case, the question of the
energy costs ratio to drive the supercharger working
body and the possible energy savings in its applica-
tion due to the reduction of friction in the die remains
is open.

A number of approaches are known that describe
the movement of a substance, in particular, consist-
ing of discrete particles (sand, grain, flour, etc.) or
liquid (water, oil, tar, suspensions, etc.) using screw
blowers [5].

A feature of soap drawing lubricant movement by
the auger screw is its gradual transformation from a
powder state to a state of a viscous non-Newtonian
fluid [1]. This is characterized by a complex and pre-
viously unknown relationship between the kinematic
and geometric parameters of a screw blower, flow
rate, pressure, and temperature that are created in
the lubricant by the device (and, accordingly, at the
entrance to the die).

The aim of the work was to solve the problem of
determining the rational parameters of a super-
charger, including its geometry and drive characteris-
tics: power, torque and speed, taking into account
the parameters of visco-plastic technological lubri-
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cant to ensure a fluid friction regime in the die, and in
the future, based on this, an assessment of the en-
ergy efficiency of using such devices when drawing.

The research results. The necessary power N
of the screw supercharger was determined by the
formula [6]:

N=@2.14) M @

-1,
where M, is the moment in the superchargers

)

shaft, N-m; @, is an angular speed of its rotation, ¢

L 77, is an efficiency coefficient of supercharger that

can be accept equal to 0.70 ... 0.80, taking into ac-
count use of bevel gear of rotation from the gear to a
shaft of screw, countercurrent of lubricant substance

and its leak flow in compressions; 77, is the efficiency

coefficient of gear, which is formed by efficiency of
components of electromechanical gear of screw
shaft).

Further comparison of shaft speed of the screw

(rpm)

n,=30-ao, /7 A3)

on rotation frequency of industrial standard elec-
tric motors (Ny, = 600...3000 rpm and efficiency co-

Q. =0127-(D,, —d..)-(H,

where M= 2...6 is quantity of working steps

of the screw; Dy, dSC are diameters of the screw in
outer generating line and diameter of its shaft re-
spectively, m (Figure 2); @,, is an average angel
with an axis of surface screw of its helical blade in

_550)'(1_kab)'pm W Wy s
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efficient 77,, =0,8...0,9) shows that they differ by
several orders of magnitude. As a result of this, in
addition to the belt drive (at gear ratio Iy <5...7

and efficiency coefficient 7J,, = 0,95...0,96) a worm

of several thousands and

gear (at gearing ratio lgear

efficiency coefficient 77, =0,7...0,75 [7]) and con-

ical reduction gear (at gear ratio i, =0,5...3 [8]) are

used to drive the screw.
v

As a result we received: 17, =| |77u, where
u=1

1<u<v; v, n, are components of U-element

electromechanical transmission of shaft rotation of
the screw supercharger.

A torque |\/|sc in screw shaft according to data [9]
approximately is:
M, =0131-m- p, - (D2 —d2)-tge,, (4)
and discharge Qsc of lubricant substance (kg/s)
in outlet of cylindrical screw supercharger with con-
stant step HSC (m) according to data [5] is deter-
mined as:
)
outer generating line and shaft respectively (in order
to avoid a material separation from internal surface

of device body, it is suggested: ¢,, >10°=0,174
radian):

H H
Par =05 (95 +94) ;@ =arctg—=—; ¢, =arctg—=—; (6)
7 - Dy, 7-dg
P, is a greasing pressure which at the outlet is fo Tiig 3
developed by the supercharger, and simultaneously, lub Po ' ®

lubricant pressure before the inlet to the drawing die,
N/m?; kab is an absentee ratio, which characteriz-

es distinction of speeds of lubricant substance
stream in a screw shaft and in the field of its external
diameter:

kab =1- [COS(Z(Dav) - 0!5 ’ f:Lub -Sin(2§0av)];

indicator of internal friction in lubricant layer:

)

Ty, IS a shearing stress in a layer of viscoplastic
liquid, N/m?; p,, ®1000 kg/m® is a density of
slightly compressed soap lubricant [2]; w — 1,0 is a

filling coefficient of interturn space of the screw; Jg,

is a screw flight thickness in the axial direction by
outer diameter, m.
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Figure 2. Scheme and screw sizes characteristics

When determining dimensional characteristics of
screw supercharger the following factors have been
kept in mind.

It is usually accepted:

H, =(0,7..08)-D, . ©)

In this case, working length of screw is deter-
mined as follows:

Lo =m-Hg <L (10)

des

where L is the design limitation length, for ex-

ample, connected with the sizes of equipment of
drawing machine.

In case of determination of dsc, it is necessary to
consider presence in screw shaft of an axial hole
with diameter of dsc.in for wire-rod passing of the

maximum size do_max, which is characteristic for this
machine:

d,, =(12..14) d

Considering this, the value CISc > dSQin is select-

11)

0.max -

ed constructively fulfilling condition of absence of

selfbraking of the moving substance: dSC >f - HSc
and screw shaft durability condition:
O-eq S [O-]COITI , (12)

M _ Psc : (Dsc — dsc)

JL9-07-a%-12.a2

where equivalent stress of compression and

shearing stress 0, = oo +4-77 of shaft rota-

4.P,
7 (dg —dein)

sc.in

SC

W

tion are: o, = and 7, = re-
spectively; axial force F’SC (in newtons) affecting the

shaft is approximately is determined by a formula [4]:

P.=0392-m-p, (D2 —d2); (13)

the moment of resistance of round shaft with
7-d3 d*.

through axial hole is W= 16SC -(1- ds‘;'“) [5] and

SC

considering yield o, point of material of screw shaft
and coefficient of margin of safety under compres-

sion K. =2.3; permissible stress s
o
_ 9y
[O-]com - k .

mar

The value O, can be determined by bending

strength condition of the helical blade of screw in its
attachment point to the shaft. In this regard, similar
to data [5] with an assumption that one flight of the
screw can be assimilated to circular plate fixed on
the internal contour of shaft, the maximum bending

moment M., is determined by a formula:

—5,2-Ina]

ben

where a= D% =1,5...3,0, and according to
SC

[6]:
6-M

ben

, (15)
[U]ben

32-(13+0,7-a7) ()

and the allowed stress in case of bending consid-
ering coefficient of margin of safety kmarben can be

accepted as [O']ben zi

k

for corresponding
marben

steel.
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At that, according to recommendations [4], it is
necessary to provide fulfillment of the following con-
dition in order to avoid slipping in an internal surface
of the device body of the material moved with screw
supercharger:

Sy, > Sy, (16)
where the area of internal surface of the super-
charger body along the length of one flight is Sb =

7-D,, -(H, —9,.); area of one side of surface of

one flight of the screw is S;=

JIleopis i npaKmuKa Memarypeii

1 D, +2:1
— (7-Dy-lyg—m-d-l,+H2 - In=s="="D
4r d,+2-1,
|D, |d are the length of development of screw lines
on a surface and screw shaft respectively:
I, = Dy /cospp;l; =d, /cosp, , and angels ¢,

and @, are determined by formulas (6).

For achievement of constant consumption condi-
tion of lubricant substance in system "screw super-
charger — drawing die", in addition to formula (5) and
taking into account formula (1) for the liquid mode of
friction, discharge of Q,, (kg/s) of process lubricant

in die has been determined as:

T
Qe =V ppL 'Z'[(do.max +2'§)2 _doz)]z”'pPL Vo Uomax & =37 pp Vo oo *Ra (17)

where V0 is a drawing speed,;

P, =1300...1400 (kg/m°) is a lubricant density af-

ter its passing into the center of deformation [2].
In drawing practice, the discharge ( of process

lubricant is usually determined by kg/ton of the wired
metal with density P, . For such evaluation of cal-
culation results by formula (17), it is possible to de-
termine productivity Qmet (kg/s) of drawing machine

as:

z-d?2
Quet = 4 . Vo Prer -

Comparison of formulas (17) and (18) gave the
following result:

_1210°-R, pyy

PL
dO " Pret
Further, comparing equalities (5) and (17), after
transformations, we obtained an expression for cal-
culating the angular velocity of the screw shaft:

742V, -dy R, - pp

.. =
* (Dsc_dsc)'(Hsc_5sc)'(1_kab)'pm
.(20)
A joint consideration of formulas (2), (4), (13) and
(14) showed that, within the framework of the prob-
lem to be solved, the parameters of the screw blower
are related to the technological conditions of draw-
ing. At the same time, one of the main values for
creating a fluid friction regime in a die is the pressure
that must be created by a screw blower in front of it.
To determine the values included in the above
formulas, we took into account that the one-
dimensional motion of a dry soap drawing lubricant
obeys the Shvedov -Bingham law for a viscous plas-
tic fluid [10]:
oV

T = A+ BE,

(18)

(kg/ton). (19)

(21)

where 7|, 6\%)/ are shearing stress and veloci-

ty gradient in the lubricant film respectively; A and B
are boundary (minimal) stress of initial flow and plas-
tic viscosity of process lubricant respectively, which
depend on temperature and pressure. At the wire-

drawing speed V0 for the process of lubricant flow

with the speed VS at the output of screw super-
charger, approximately accepted:

ov ~ 2(\/0 _Vs)

ay Ds_ds

and with the geometrical ratios (qg.v. Fig. 2), it fol-
lows that:

D
Vszn-ms-f-tg(pav.

In this case, after simple conversions:

2:V,—n-(D,—d,) o -tgo,,
Ds - ds

According to the investigated data [2] for wire

conditions with dry soap lubricant at temperature T

(N/m?), the value

1, ~A+B (22)

(K) and pressure P,

A (N /m?)is determined by the empirical formula:

6
A=0,067-10° +4,44.10*. P, + m . (23)
T-273
However, plastic viscosity of B (Pa-S) can be
demonstrated by the computational scheme:

. _9.
L N
where:
1240+ 2,25-10™* \éo
T= a . (25)

1+86,7- (20)-0'503

a
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V d d d
G=9,78-10"-G(=2) - G(=); 26 G(=2)=-15-—2+12000; 27
(Ra) (Ra) (26) (Ra) R, 27)
A
G(V—O) =35,6-10° —9,88- (V—O)O'641 at 0,02-10° < V—O <0,2-10°%;
Ra Ra Ra
G(\F\/’_O) =11,66-10° —3,32-10_3(\4—0) at 0,2-10° < \|:\/>_0 <3,0-10°%; > (28)
G(V—O) =1700 at V—O >3,0-10°. y
Ra Ra
During the “wet” wire-drawing with the use of the £
liguid process lubricant, the viscosity of the last one - index of fricion mode k= R_ (non-

can be determined according to the data of technical
literature [2].

In order to simplify the practical evaluation of [,

the proximal change of the “accurate model” of the
lubricant film forming under the “dry” wire-drawing
process [2] is allowable by the empirical formula, the
general form of which can be obtained as a result of
dimensional analysis [11...13].

For this, we took as a response function the val-

ue: the P, rate with its dimensions (Pa=N/m’ =kg-m"
1_3-2) was accepted as response function. And as ar-
guments the following values were accepted with

their dimensions:
- index of plastic (“effective”) viscosity of lubricant

B (Pa's=kg:m's™);
- speed YV, (m/s= m-s™);

(kg-m™-s?)=(kg-m™-s7)" - (m-s)°

Formulas of their “balance”:

- at the dimension «kg»: 1=a;

- at the dimension «m»: -1 =-a+b+x+g+ 2r;

- at the dimension «s»: - 2=-a-b - 2r;

- at the dimension «<KK» 0=z - .

After simple transformations, the solving of this
equations has determined that a =1; b =1- 2:z; x =
-1- g ; therefore, that the equation (29) obtained the
following form:

-h T-C
() = InW + 2+ In(——2
B-V, V,
Thus, with application of the method of linear re-

gression analysis to the field of design data obtained
for the dry soap lubricant with the index

C, = 2300L by computer model [2] within the
kg-K

limits of values changes: 5-10° < p,<200-10°
(Pa); 6<B<300(Pa's); 0,25V, <5ms);
1.10°<£<20-10°m); 1.10°<R,<20-10°

10

)+e-|n(k)+g-|n(d£).

a
dimensional) by formula (1);
- index of annular space at the output of super-
charger h (m) (q.v. fig. 1);
- diameter of the wire-rod passing through super-

charger d, (m);

- temperature of the lubricant T (K);

- coefficient of heat capacity (for “compensation”
of the absolute temperature grade) C, (J/kg/K= m?
5% K™Y,

The corresponding parameters equation is of the
form:

Po=W-[B* -V -k*-h*.d¢-T-c|, (29
and the formula with the dimensions:
@ (m)*-(m)®-(K)*-(m*-s7-K™)".  (30)

P = N-|B-VE2 ke h™9.d¢. T2l
From this equation, after connection of the pa-
rameters with equivalent power coefficients into non-
dimensional combinations (criterias), it was found
that:

po'h T'Cg z e h
0 y=\W. (k). (—)9.
() =W (g2 0. @

The formula (31) was linearized by logarithm:

(32)

m)y: 1<k<10; 0,02:10°<h<10-10°m);
3,0-10° <d, <6,5-10° (m); 320<T <580(K), or

47<t<307(°C), - it has been determined that:
InW=459; z=0,074; e=2,80; g =109 (with
the multiple correlation coefficients 0.93 and under
probability 0.95).

As a result, the formula (29) has obtained the
form:
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( Po - h) —085. (T G )00 (k)20 (1)1,09 (33)
B-V, ’ Vo2 d, .
As a result:
. T-C
po — 98,5 B VO . ( g )0,074 . (k)2,80 . (1)1,09. (34)

h V2

For the level k = Ri — 3 that leads to the hy-
a
dronamic friction mode, the formula (34) could be
slightly simplified:

B-V, T-c h
p(J =711 0, (_9)0,074 . (_)1,09 . (35)
h VA d,

Joint solution of formulas 24...28) and (35) al-
lowed to define levels of mutually dependent param-

eters Py, B and, as a result, taking into account

the formulas (21) and (23) - viscous shear T,, and
according to the formula (8), the index of friction in
lubricant film f,b; according to the formula (4) - the

moment on the screw shaft M and, as the result,

taking into account all necessary parameters, power
N according to the formula (2).

Thus, on the basis of necessary power value N
(kw) of the driving mechanism from the ordinary line
of electromotors [5], it is possible to capture the cer-
tain type of the motor and determine its nominal

speed N, (r/min).
Taking this data into consideration, the total ratio
i, from the motor to the screw shaft is:

Vv
i =" _TTi
z u
u=1

n, (36)

where iu is the gear ratio of u -element of speed

transmission from the motor to the screw shaft; N is
the screw shaft speed which conforms to the angular
rate of the screw supercharger ®;according to for-

mula (3).
Accordingly, it is necessary to check whether the

rated-load torque M4 (N-m) of the motor is suffi-

cient comparing it to torque rating M rat » Which is de-
termined by formula (4):

load (37)

9554- N,
—

n
For implementation of calculated gear sys-
tem ratio iy taking into account conic gearing “em-

bedded” into the supercharger (g.v. Fig.1), it is rea-

where M, =

d

0
sonably to use gear system and driving mechanism.
The letter will allow “soft” keeping the necessary ro-

tation frequency N, of the screw during the pressure
fluctuation. In accordance with this, taking into ac-

s 'Igear at

\
count formula (36) and Hiu =
u=1

I; =0,5...3 of the conic gear, the selection and cal-

and

culation of the gear system with gear ratio igear

the driving mechanism with gear ratio ibel <5..7
were conducted:

Pk
gear '

(38)
Ibel
The calculations showed that in such driving
mechanism scheme, it is preferable to use the dual-
stage worm gear system which can provide a great

value of gear igear (up to several thousand).

With the purpose of test calculation of screw su-
percharger of dry soap process lubricant in actual
practice of its use under the wire-drawing process,

the dimensions of value were the following: V, =5
mis; dy=7,0-10° m; R, =4-10° m; the length
of screw was L =120-10"°m; the efficiency coeffi-
cient of conic gear was 77, =1,0; the efficiency coef-
ficient of the supercharger was m, =0,75; the effi-
ciency coefficient of the motor was 7y = 0,99
the efficiency coefficient of the gear system was
Ngear = 0,30; the efficiency coefficient of the driving
mechanism was 7,y =0,95; the coefficient of heat
J

capacity of the lubricant ¢, = 2300k ; the den-

kg
m*’
the density of lubricant after temperature and power

sity of the initial soap lubricant was o, =1000

k
impact was pPrp =1300m—% ; the density of wrought

k
metal was Ppg = 785Om—g3 ; the coefficient of safety

of screw shaft material was kS =2 the screw spade

material (Steel 10) with flow limit

11
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N
GT_Spad:210-106m—; the load factor was

k

spad :3'

The following results were obtained according to
the calculations, which are presented by the arrows,
with the dimensions in square brackets and the use
of represented formulas in the round brackets:

d,, =10-10°[m] (11); d, =26-10°[m];
D, =40-10°[m] a=23:"
H, :30'1073[”'] 9); 7 m=4 from the formula

Y/ d
oV o % 475108
(10), Aa :1,25.106 [S—l]v Ra 1175 10 y

- T1-503k] @5 = &M

when

R,)=7510 (8

- . g% £ )—gars (@7 ~ G=6886 (25)
= B=2994+381-10° - p,[Pa-s] (24);
h=7-10°[m]; > p,=1122-10° - B[N/m3  (35);

= p,=3372-10°[N/m?] and B =31,2[Pa's] as a
result of simultaneous consideration of (24...28) and
@35); > A=0,367[N/m?] (23); — P,=49000
[N] (13); > @, =13°4 (6); > ¢, =20°2 (6); 7
@,, =16°8>10° (6); > M, =248 [N-m] (4); ™
w=345-10°m? - for (22); = 7, =71,9-10°
[N/m?] - for (22); > o, =100-10° [N/m?] - for (22);
7 0, =175-10°[N/m?] - -

for (22);

o, =350-10°[N/m?, on the basis of which the
screw shaft material is Steel 40X with

o, >400-10°(N/m? = M, =-30,4[N -m] (14);
= §,>1,61-10°[m] (15), on its base it was ac-
cepted that 5,=2-10"°[m]; ™
Sep =352-10°[m?] - ),
lp =411-10°[m] - for (16); > |, =27,7-10°[m]
- for (16); 'S, =0,5-10°[m?] - for (16);

S, >S; - the condition (16) was performed; ™ it

ben

for

was accepted in advance fsm =0,2 - for (7) 7
K1 =0,222 - the first base to the stepwise approx-
imation according to (7) ™ @, = 44-10°[s™'] - the

12
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first base to the stepwise approximation according to
(20); Ty = 0,39-10°[N/m2] - the first base to the

stepwise approximation according to (22); -

f,, =0,012 (8) = the condition of absence of self-
braking of lubricant substance is satisfied:
f,-H,<<d; ™ Kk, =017 - the second base to

the stepwise approximation according to (7); -
o, =415-10°[s™"] - the second base to the step-

approximation according to (20); -
N, =0,013[sp/s]=0,4 [sp/min] (3); ™ qp, = 2 [kg/tn]
(19), that is conformed with the practice of wire-
drawing process; > N =0,105 [kW] (2), on the

basis of which the asynchronous three-phrase motor
of AIR 56A4 type with the nominal rating power

wise

N, =0,22 [kw], is selected, nominal speed is
N, =1360([sp/min], efficiency of the 17, =66%,
with weight 3,8 [kgl; — i,=3375
M, =0073Nm; M, =0573[Nm];

M >>M - .
n .= for the driving mechanism of the
screw supercharger; screw type double-stage regu-

lator 5CH80/40 with 1 ... =1250, M =355[N-m]>>

gear
M, and mass of 38 [kg]; ™ i, =2,7 (38).

The necessary strength calculations for all
transmission elements were carried out according to
known methods [14].

Next, we compared the calculated value

N =0,105 [kW] of the required drive power of the

gear

screw blower with the difference AN =N, —N; (be-

tween the values of the drawing N0 power without
using a blower and N, with its use):

N
E=——(-100%).
Ay (100%) (39)

This corresponds to the “performance indicator”
of the supercharger use:

==
E
The power of the drawing process was de-
termined by the expression:
7-d?
N

0.V
_. O
0 draw '
4

(40)

(41)

draw —

where according to the formula Dolzhanskiy A.
[15]:
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fia - IN 2,6-f, .. -
Ogan Oy | INu+077 - + gaw OH draw &

; (41)

a+a’+f,Inu a+f, Inu+2-f,. . -«

The discussion of the results. The presented
o } ) data suggest that the energy saving during the ad-
limit of the wrought material; p is the metal elonga- yanced wire-drawing process is several times hire
tion ratio during wire-drawing process; a is a half of nan the calculated power necessary for the screw
the conic zone angle of a drawing die; fdraw is the supercharger driving mechanism. It indicates the ap-
friction ratio during wire drawing. pI|cgp|I|ty of such tool in practice of W|re-draW|r_1g._ In

Usually, @=01..012 rad: u=125..140 at addition, d_ue to a_decrea;e in the !evel of f!‘ICtIOI’]

' N A ' T forces during drawing, a significant increase in the
rough average steel wire-drawing. According  wear resistance of the fibers and a decrease in wire
to the data of [15] for ordinary drawing conditions preakage can be expected, which makes the use of
(Wlthout a SUperCharger, index ((0))) with a friCtion a Supercharger in the practice of dry Wire drawing

) appropriate.

mode index K "R <<3 we have accepted Conclusions. A method has been developed for
a calculating the parameters of a screw blower of a dry
fdraWO =0,2. When testing the effectiveness of the soap technological lubricant to ensure a fluid friction
' during wire-drawing. The method is based on the
use of the laws of non-Newtonian fluid flow, drawing
process, application of dimensional analysis and is
presented in the form of an appropriate calculation
algorithm. Test calculations showed that energy sav-
became fdraw.l =0,16. ings when using a screw lubricator in the drawing
o =012 Process are several times greater than its consump-
™7 tion for this device driving. A simultaneous decrease
u=135, o, = 250-10° N/m? amounted to o_f th_]? fricti.on forces fdur:ing.drawing cqntributes t((j) a
N : . significant increase of the die wear resistance and to
AN ~0,7 kw, which are in the formulas (39) and a wire breakage decrease, which makes the use of a
(40), determined E 0,14 (14%) and | =7 respec- supercharger in the practice of dry wire-drawing effi-

tively. cient.

draw draw

were Oy Oy are wire-drawing stress and flow

use of a screw blower (fluid friction drawing for

k = R =3, index «1») the friction coefficient level
a

Corresponding value AN  for
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