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Зниження тертя під час волочіння забезпечується застосуванням технологічних мастил, що наближує ре-
жим тертя у волоці до рідинного. Критерієм переходу до рідинного тертя вважають рівень відношенням то-
вщини мастильного шару до середньоарифметичної висоти мікрорельєфу не менше трьох. Мастило втягу-
ється в передосередкову зону волоки заготовкою. При цьому воно розігрівається, ущільнюється і перехо-
дить з порошкоподібного в в'язко-пластичний стан. Однак захоплюючої здатності дроту і відповідного при-
родного гідродинамічного підпору мастила може виявитися недостатнім для формування режиму рідинного 
тертя. Для поліпшення умов тертя в контакті волоки з металом, що деформується, можна використову-
вати шнекові нагнітачі, які створюють необхідний підпір мастила в передосередковій зоні волоки. Проблем-
ним питанням стає визначення енергетичних витрат на привід шнекового нагнітача, визначення енергети-
чної доцільності його використання при волочінні з урахуванням його геометричних характеристик та пара-
метрів мастила. Метою даної роботи стало розв’язання задачі визначення раціональних параметрів шнеко-
вого нагнітача, включаючи його геометрію і характеристики приводу: потужність, момент і швидкість з 
урахуванням закономірностей плину неньютонівського в'язко-пластичного технологічного мастила для за-
безпечення рідинного режиму тертя у волоці, а також - оцінка енергоефективності застосування такого 
пристрою під час волочіння. Аналіз виявив, що в рамках поставленої задачі однією з ключових величин для 
створення у волоці рідинного режиму тертя є тиск у мастилі, який необхідно створити шнековим нагніта-
чем перед волокою. Методика. Розроблена авторами ітераційна модель суміщення реологічних характерис-
тик (пластична в’язкість та початкова межа напруження плину мастила за законом Бінгама-Шведова), зако-
номірностей процесу волочіння та  геометричних співвідношень параметрів шнекових нагнітачів побудована 
на основі аналізу розмірностей при урахуванні основних відповідних чинників. Результати. Використання мо-
делі дозволило визначити раціональні характеристики конструкції та приводу шнекового нагнітача, а ре-
зультати тестових розрахунків вперше теоретично показали, що економія електроенергії при використанні 
такого пристосування в кілька разів більше, ніж її витрати на привід пристрою. Одночасне зниження сил те-
ртя під час волочіння сприяє зменшенню на 5 ... 15% енерговитрат на деформацію металу, підвищенню стій-
кості волок до 3 разів і зменшенню обривності дроту в 1,5 ... 3 рази. Це робить застосування привідного шне-
кового нагнітача в практиці сухого волочіння сталевого дроту доцільним. 
Ключові слова: волочіння, сухе технологічне мастило , шнековий нагнітач, енергоефективність 
  
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-

cess substantially depends on the friction level in a 
die. Friction reduction is provided by the technologi-

cal lubricants use that approach the friction regime to 
liquid. At the same time, they try to separate the die 
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]: 

 

aR
k


 ,     (1) 

where   is thickness of separation lubricant film; 

aR  is the microrelief height in the deformation cen-

ter. 

In case of 3k , lubricant 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; oV  - 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-

1 2 3 4 5 6 7 
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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]: 

21

)4,1...2,1(







 scscM

N ,             (2) 

where scM  is the moment in the superchargers 

shaft, N·m; sc  is an angular speed of its rotation, с
-

1
; 

1  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;
2  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) 

 /30sc scn                (3) 

on rotation frequency of industrial standard elec-

tric motors ( scn  600…3000 rpm and efficiency co-

efficient 9,0...8,0m ) shows that they differ by 

several orders of magnitude.  As a result of this, in 

addition to the belt drive (at gear ratio 7...5beli  

and efficiency coefficient 96,0...95,0bel ) a worm 

gear (at gearing ratio geari  of several thousands and 

efficiency coefficient  75,0...7,0gear  [7]) and con-

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

used to drive the screw.  

As a result we received: 



v

u

u

1

2  , where 

vu 1 ; v , u  are components of u -element 

electromechanical transmission of shaft rotation of 
the screw supercharger. 

A torque scM  in screw shaft according to data [9] 

approximately is: 

 
avscscsc tgdDpmM  )(131,0 33

0
,            (4) 

and discharge scQ  of lubricant substance (kg/s) 

in outlet of cylindrical screw supercharger with con-

stant step scH  (m) according to data [5] is deter-

mined as: 

 
scmabscscscsc kdDQ   )1()(H)(127,0 sc

,    (5) 

where 6...2m  is quantity of working steps 

of the screw; ,scD scd  are diameters of the screw in 

outer generating line and diameter of its shaft re-

spectively, m (Figure 2); av  is an average angel 

with an axis of surface screw of its helical blade in 

outer generating line and shaft respectively (in order 
to avoid a material separation from internal surface 

of device body, it is suggested: 174,0100 av

radian): 

 )(5,0 D dav   ; 

sc

sc

D

H
arctg





D ; 

sc

sc

d

H
arctg





d ;    (6) 

 

0p  is a greasing pressure which at the outlet is 

developed by the supercharger, and simultaneously, 
lubricant pressure before the inlet to the drawing die, 

2/ mN ; abk  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: 

 )sin(2,50)2cos(1 av1   ubavab fk ;       (7) 

indicator of internal friction in lubricant layer: 

 

0

1
p

f
liq

ub


 ;                  (8) 

ub1  is a shearing stress in a layer of viscoplastic 

liquid, 
2/ mN ; 1000m  kg/m

3
  is a density of 

slightly compressed soap lubricant [2]; 0,1  is a 

filling coefficient of interturn space of the screw; sv  

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: 

scsc DH  )8,0...7,0( .                              (9) 

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

desscsc LHmL  ,               (10) 

where desL  is the design limitation length, for ex-

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

In case of determination of scd , it is necessary to 

consider presence in screw shaft of an axial hole 

with diameter of inscd .  for wire-rod passing of the 

maximum size max.0d , which is characteristic for this 

machine: 

max.0sc.in )4,1...2,1( dd  .                           (11) 

Considering this, the value inscsc dd .  is select-

ed constructively fulfilling condition of absence of 

selfbraking of the moving substance: scsc Hfd   

and screw shaft durability condition: 

 comeq  
,           (12) 

where equivalent stress of compression and 

shearing stress 
22

eq 4 rcom    of shaft rota-

tion are: 
)(

4
2

.

2

inscsc

sc
com

dd

P







  and 
w

M sc
r   re-

spectively; axial force scP  (in newtons) affecting the 

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

)(392,0 22

0 scscsc dDpmP  ;            (13) 

the moment of resistance of round shaft with 

through axial hole is )1(
16 4

4

.

3

sc

inscsc

d

dd
w 





 [5] and 

considering yield y  point of material of screw shaft 

and coefficient of margin of safety under compres-

sion 3...2mark ; permissible stress is 

 
mar

y

com
k


  . 

The value sc  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 benM  is determined by a formula: 

 

 
)7,03,1(32

ln2,52,17,09,1)(
2

24










a

aaadDP
M scscsc

ben ,   (14) 

where 0,3...5,1
sc

sc

d
D

a , and according to 

[6]: 

 ben

ben
sc

M







6
,   (15) 

and the allowed stress in case of bending consid-

ering coefficient of margin of safety  marbenk  can be 

accepted as  
marben

y

ben
k


   for corresponding 

steel. 

Нш 
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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: 

 flb SS  ,    (16) 

where the area of internal surface of the super-

charger body along the length of one flight is bS

)( scscsc HD   ; area of one side of surface of 

one flight of the screw is flS  

dsc

D2

Dsc
2d

2D
lnD(

4

1

l

l
Hldl sc

scdsc



 


, 

dD ll ,  are the length of development of screw lines 

on a surface and screw shaft respectively: 

Dcos/ scD Dl  ; dcos/ scd dl   , and angels 
D  

and d  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 
PLQ  (kg/s) of process lubricant 

in die has been determined as: 

  aPLPLPLPL RdVdVddVQ  max.00max.00

2

0

2

max.00 3))2(
4




 ,    (17) 

where 0V  is a drawing speed; 

1400...1300PL  (kg/m
3
) is a lubricant density af-

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

lubricant is usually determined by kg/ton of the wired 

metal with density met . For such evaluation of cal-

culation results by formula (17), it is possible to de-

termine productivity metQ  (kg/s) of drawing machine 

as: 

metmet V
d

Q 





 0

2

0

4
.  (18) 

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

met

PLa
PL

d

R
q










0

31012
 ( tonkg / ).  (19) 

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

mabscscscsc

PLa
sc

kHdD

RdV











)1()()(

2,74 00

.(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]:  

y

V
BAl



 ,   (21) 

where l , y
V


  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 0V  for the process of lubricant flow 

with the speed sV  at the output of screw super-

charger, approximately accepted: 

ss

s

dD

VV

y

V








 )(2 0
, 

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

av
ss

ss tg
dD

V  



2

. 

In this case, after simple conversions: 
 

ss

avsss
l

dD

tgdDV
BA









)(2 0
.(22) 

According to the investigated data [2] for wire 

conditions with dry soap lubricant at temperature T  

( K ) and pressure 0p  (
2/ mN ), the value  

A (
2/ mN ) is determined by the empirical formula: 

273

1054,65
1044,410067,0

6

0

46




 

T
pA . (23) 

However, plastic viscosity of B  ( sPa  ) can be 

demonstrated by the computational scheme: 

G
T

p
B 








273

10273,11 0

9

, (24) 

where: 

503,00

04

)(7,861

1025,21240











a

a

R

d

R

V

T  ; (25) 
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)()(1078,9 005

aa R

d
G

R

V
GG  

; (26) 120005,1)( 00 
aa R

d

R

d
G ; (27) 

 

641,0030 )(88,9106,35)(
aa R

V

R

V
G    at 

606 102,01002,0 
aR

V
; 

)(1032,31066,11)( 0330

aa R

V

R

V
G   at 

606 100,3102,0 
aR

V
;                                  (28)  

1700)( 0 
aR

V
G   at 

60 100,3 
aR

V
.        

During the ―wet‖ wire-drawing with the use of the 
liquid process lubricant, the viscosity of the last one 
can be determined according to the data of technical 
literature [2]. 

In order to simplify the practical evaluation of 0p , 

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 0p  rate with its dimensions (Pa=N/m
2
 =kg·m

-

1
·s

-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
-1

·s
-1

);  

- speed 0V  (m/s= m·s
-1

);  

- index of friction mode 

aR
k


  (non-

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 0d  (m); 

- temperature of the lubricant T  (К); 
- coefficient of heat capacity (for ―compensation‖ 

of the absolute temperature grade) gc  (J/kg/К= m
2
 

·s
2
 ·К

-1
). 

The corresponding parameters equation is of the 
form: 

 r

p

zgxeba cTdhkVBWp  000 ,          (29) 

and the formula with the dimensions: 

rеа КsmКmmsmsmkgsmkg )()()()()1()()()( 122zgxb11121   .        (30) 

Formulas of their ―balance‖: 

- at the dimension «kg»: a1 ; 

- at the dimension «m»: −1 = −a + b + x + g + 2r; 
- at the dimension «s»: − 2 = −a − b − 2r; 
- at the dimension «K» 0 = z − r. 
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: 

 r

g

zggeq cTdhkVBNp  

0

121

0

1

0 . 

From this equation, after connection of the pa-
rameters with equivalent power coefficients into non-
dimensional combinations (criterias), it was found 
that: 

gezg

d

h
k

V

cT
W

VB

hp
)()()()(

0

2

00

0 






.       (31) 

The formula (31) was linearized by logarithm: 

)ln()ln()ln(ln)ln(
0

2

00

0

d

h
gke

V

cT
zW

VB

hp g








.   (32) 

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 

Кkg

J
2300


gc  by computer model [2] within the 

limits of values changes: 
6

0

6 10200105  p

(Pa); 3006  B (Pa·s); 52,0 0 V (m/s); 

66 1020101    (m); 
66 1020101   aR

(m); 101  k ; 
33 10101002,0   h (m); 

3

0

3 105,6100,3   d (m); 580320 T (К), or  

30747  t (
о
С), - it has been determined that: 

59,4ln W ; 074,0z ; 80,2e ; 09,1g  (with 

the multiple correlation coefficients 0.93 and under 
probability 0.95). 

As a result, the formula (29) has obtained the 
form: 



№2, 2019  
 

11 

 

ISSN 1028-2335 

 

Теорія і практика металургії 

09,1

0

80,2074,0

2

00

0 )()()(5,98)(
d

h
k

V

cT

VB

hp g








.    (33) 

As a result: 

09,1

0

80,2074,0

2

0

g0 )()()(5,98
0 d

h
k

V

cT

h

VB
p 





 .    (34)  

For the level 3
aR

k


 that leads to the hy-

dronamic friction mode, the formula (34) could be 
slightly simplified: 

09,1

0

074,0

2

0

0 )()(711
0 d

h

V

cT

h

VB
p

g






 .   (35)   

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

eters 0p , B  and, as a result, taking into account 

the formulas (21) and (23) - viscous shear l , and 

according to the formula (8), the index of friction in 

lubricant film lbf ; according to the formula (4) - the 

moment on the screw shaft sM   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 nn  (r/min). 

Taking this data into consideration, the total ratio 

i  from the motor to the screw shaft is:  




 
v

u

u

s

n i
n

n
i

1

, (36) 

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

transmission from the motor to the screw shaft; sn  is 

the screw shaft speed which conforms to the angular 

rate of the screw supercharger s according to for-

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

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

cient comparing it to torque rating ratM , which is de-

termined by formula (4): 

load
s

rat M
i

M
M 



, (37) 

where 

n

n
load

n

N
M




9554
. 

 For implementation of calculated gear sys-

tem ratio 
i  taking into account conic gearing ―em-

bedded‖ into the supercharger (q.v. Fig.1), it is rea-

sonably to use gear system and driving mechanism. 
The letter will allow ―soft‖ keeping the necessary ro-

tation frequency sn  of the screw during the pressure 

fluctuation. In accordance with this, taking into ac-

count formula (36) and gearsbel

v

u

u iiii 
1

 at 

3...5,0si  of the conic gear, the selection and cal-

culation of the gear system with gear ratio geari   and 

the driving mechanism with gear ratio 7...5beli  

were conducted: 

bel

s
gear

i

ii
i


  .   (38) 

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 geari  (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: 50 V  

m/s; 
3

0 1007  ,d  m; 
6104 aR  m; the length 

of screw was 
310120 L m; the efficiency coeffi-

cient of conic gear was 0,1s ; the efficiency coef-

ficient of the supercharger was 7501 , ; the effi-

ciency coefficient of the motor was 55,0motor ; 

the efficiency coefficient of the gear system was 

30,0gear ; the efficiency coefficient of the driving 

mechanism was 95,0bel ; the coefficient of heat 

capacity of the lubricant 
Кkg

J
cg


 2300 ; the den-

sity of the initial soap lubricant was 
3

1000
m

kg
s  ; 

the density of lubricant after temperature and power 

impact was 
3

1300
m

kg
ТP  ; the density of wrought 

metal was 
3

7850
m

kg
met  ; the coefficient of safety 

of screw shaft material was 2sk ; the screw spade 

material (Steel 10) with flow limit 
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2

6

. 10210
m

N
spadТ  ; the load factor was 

3spadk .  

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: 

][1010 3

. md ins

  (11); ][1026 3 mds

 ;

][1040 3 mDs

  when 3,2a ;  

][1030 3 mHs

  (9);   4m  from the formula 

(10);   16
0

1025,1  sR

V

a

;   
30 1075,1 

aR

d
; 

  ][503 КT   (25);   
7510)

( 0

aR
V

G  (28); 

  ; 
9375)

( 0

aR
d

G  (27);   6886G  (26); 

 ][101,3894,29 0

9 sPapB  
 (24);   

][107 3 mh  ; Bp  6

0 10122,1 [N/m
2
] (35); 

 6

0 1072,33 p [N/m
2
] and 2,31B [Pa·s] as a 

result of simultaneous consideration of (24…28) and 

(35);  ]/[367,0 2mNA   (23);  49000sP  

[N] (13);  4,13D   (6);  2,20d   (6); 

0

aw 108,16   (6);  248sM  [N·m] (4); 

61045,3 w [m
3
] – for (22);  61071,9kr

[N/m
2
] – for (22);  610100sg [N/m

2
] – for (22); 

 6

eg 10175 [N/m
2
] – for (22); 

610350Т [N/m
2
], on the basis of which the 

screw shaft material is Steel 40Х with 
610400Т [N/m

2
]  ][4,30ben mNM   (14);

 [m]1061,1 3s  (15), on its base it was ac-

cepted that [m]102 3s ;

][m1052,3 23corpS  - for (16); 

][101,41 3 mlD

  - for (16);  ][107,27 3

d ml   

- for (16);  ][m105,0 23vitS  - for (16); 

flb SS  - the condition (16) was performed;  it 

was accepted in advance 2,0smf  - for (7) 

222,01. оtsk  - the first base to the stepwise approx-

imation according to (7)  ][1044 13  ss  - the 

first base to the stepwise approximation according to 

(20);  61039,0 g [N/m2] – the first base to the 

stepwise approximation according to (22); 

012,0ubf  (8)   the condition of absence of self-

braking of lubricant substance is satisfied: 

sss dHf  ; 17,02. ostk  - the second base to 

the stepwise approximation according to (7); 

][105,41 13  ss  - the second base to the step-

wise approximation according to (20); 

013,0scn [sp/s]=0,4 [sp/min] (3); 2PLq [kg/tn] 

(19), that is conformed with the practice of wire-

drawing process;   105,0N  [kW] (2), on the 

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

22,0nN  [kW], is selected, nominal speed is 

1360nn [sp/min], efficiency of the %66mot , 

with weight 3,8 [kg];   3375i ; 

0,073ratM [N·m];  0,573nM [N·m]; 

ratn MM 
;  for the driving mechanism of the 

screw supercharger; screw type double-stage regu-

lator 5CH80/40 with ,1250geari 355M  [N·m]>>

sM  and mass of 38 [kg]; 7,2geari  (38). 

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

 Next, we compared the calculated value 

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

screw blower with the difference 10 NNN   (be-

tween the values of the drawing 0N  power without 

using a blower and 
1N with its use): 

%)100(



N

N
E .           (39) 

This corresponds to the ―performance indicator‖ 
of the supercharger use: 

           
E

I
1

 .              (40) 

  The power of the drawing process was de-
termined by the expression: 

 drawdraw V
d

N 





 0

2

0

4
,                          (41) 

 where according to the formula Dolzhanskiy A. 
[15]: 
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



























drawdraw

draw

draw

draw
Тdraw

ff

f

f

f

2ln

6,2

ln

ln
77,0ln

2
,  (41) 

were  ,draw  are wire-drawing stress and flow 

limit of the wrought material; µ is the metal elonga-
tion ratio during wire-drawing process; α is a half of 

the conic zone angle of a drawing die; drawf  is the 

friction ratio during wire drawing. 

Usually, 12,0...1,0  rad; 40,1...25,1  at 

rough average steel wire-drawing. According 
to the data of [15] for ordinary drawing conditions 
(without a supercharger, index «0») with a friction 

mode index 3
aR

k


 we have accepted 

2,00. drawf . When testing the effectiveness of the 

use of a screw blower (fluid friction drawing for 

3
aR

k


, index «1»)  the friction coefficient level 

became 16,01. drawf . 

Corresponding value N  for 12,0 ; 

35,1 ; 
610250Т  N/m

2
 amounted to 

7,0N  kW, which are in the formulas (39) and 

(40),  determined E 0,14 (14%) and 7I  respec-

tively. 

The discussion of the results. The presented 
data suggest that the energy saving during the ad-
vanced wire-drawing process is several times hire 
than the calculated power necessary for the screw 
supercharger driving mechanism. It indicates the ap-
plicability of such tool in practice of wire-drawing. In 
addition, due to a decrease in the level of friction 
forces during drawing, a significant increase in the 
wear resistance of the fibers and a decrease in wire 
breakage can be expected, which makes the use of 
a supercharger in the practice of dry wire drawing 
appropriate. 

Conclusions. A method has been developed for 
calculating the parameters of a screw blower of a dry 
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-
ings when using a screw lubricator in the drawing 
process are several times greater than its consump-
tion for this device driving. A simultaneous decrease 
of the friction forces during drawing contributes to a 
significant increase of the die wear resistance and to 
a wire breakage decrease, which makes the use of a 
supercharger in the practice of dry wire-drawing effi-
cient. 
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