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INVESTIGATION OF DEFLECTIONS OF WINDED SCREW FLIGHTS
AND AUGER BILLETS IN THE PROCESSES OF THEIR
MANUFACTURE
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Summary. Analytical dependencies to assess the rigidity of multi-profile screw flights during their manufacture
by winding strip blanks with an edge on a mandrel were obtained, which made it possible to determine the profiles of
turns with high rigidity and evaluate the accuracy of such blanks. The regularities of deflection of a combined auger
billet with open and closed windings in various ways of its fixing in the process of cold winding of strip blanks by a rib
onto mandrels have been established.
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Statement of the work. One of the effective technological ways to obtain the
manufactured helical flighs (HF) is a single (discrete) winding of the strip on the mandrel. After
winding, the obtained screw blank is removed from the mandrel. For the manufacturing of
combined auger billets (AB) with winding turns the combined operation is used. In this
operation the strip billet is wound on the smooth or screw support element (shaft) with
simultaneous welding of the turns of the formed spiral to it. In the process of winding due to
bending on the edge of the strip billet on the mandrel, there are the forces resulting in its
deflection, and the value of this deflection depends on the total stiffness of the mandrel and the
helical spiral. Significant deflection affects the quality of the obtained screw parts. The
application of the solid shafts results in the increase of AB weight, and hence the screw
operating body. Therefore, in order to provide the rationally regulated deflection, it is necessary
to determine the influence of the given profile of the spiral wind on the stiffness due to bending.
Combined AB can be manufactured in different technological ways and can have different
cross-sectional profile of the wind. Therefore, the value of the stiffness index is also important
for calculating the deflection of the combined AB in the process of machining the outer edge
of its winds.

Analysis of the available investigation results. In the scientific and technical literature,
the issues of HF and AB deflections in solving problems of design and optimization of
technologies for their manufacturing are insufficiently covered [1-8]. In particular, in [6], based
on Ritz method, the method of calculating the deflection condition of HF wind placed on the
absolutely rigid mandrel is presented. In order to assess the stiffness, it is reasonable to use the
technique where AB is considered as a smooth shaft, or as a lead screw with low winds [7, 8].
In the latter case, while obtaining AB with small specific height of winds (B/H<2), the
calculated moment of inertia of AB cross-section is determined by formula [8]:

2R,
2R,

T, =0012+3 )(2R,)?, (1)

where Ry, Rn — are the radii of the inner and outer edges of helical spiral winds respectively.
This formula does not take into account the geometric parameters of the cross-sectional
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profile of the wind (the thickness of the outer h and inner H of its edges) and the helical spiral
pitch T.

The general concept of the methodology of calculating the deflection of HF and AB in
the process of their manufacture is outlined in [9, 10]. Therefore, there is the need for practical
implementation of such concept.

The objective of the paper is to investigate the patterns of deflection of the combined
AB with open and closed windings by different ways of its fixing in the process of cold winding
of strip billets with the rib on the mandrel, to determine the analytical dependences for the
estimation of stiffness of multi-profile AB in the process of their manufacturing by winding
strip billets with the rib on the mandrel and on the basis of this to determine the profiles of
winds with the highest stiffness.

Statement of the problem. In the process of making HF and AB by winding the strip
billet with thickness HO and width B0 on the smooth or threaded shaft (Fig. 1), there are several
options for setting the shaft or support element in the chuck. Here the roller with parallel (a-d),
or perpendicular position of its axis relatively to the mandrel (f, e) is used. In order to prevent
loss of resistance and corrugation during winding of the strip with rib on the mandrel, it is
necessary to adjust the shaped billet in the axial direction with axial force Pax = (0,7-1,1)P (for
steel materials) and Pax = (0,7-1,1)P (for aluminum alloys), where P - is the bending force of
the strip billet. While obtaining AB the simultaneous fixation of the shaped spiral on its inner
edge to the support element is performed.

d e f

Figure 1. Types of fixings of the mandrel or support element of the spiral in the process of manufacturing HF
and AB on the lathes: 1 — mandrel, 2 —roller, 3 — screw spiral of HF or AB

Results of the investigation. The potential energy of elastic deformation of one wind
of the helical spiral is determined by the integral [11]:

Ry 27

EH
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where "'? _ are polar coordinates; E — is Young's modulus; Yp _ is curvature of HF wind
axis; # — is Poisson's ratio of the material; Hc — is wind thickness; C _isthe step parameter
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of the helical HF line; c :T/Z”; D — is cylindrical stiffness: 12(1- ") : “rlo ke gre

components of membrane deformation; Ao Zor Xro _ are parameters of curvature change and
torsion of the middle surface.
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After substituting expressions (3) in (2)
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Bending stiffness of one SB wind is
j=2u16?, (5)

where 9=T/P _is the mutual angle of rotation of the sections placed at the distance of one
step of the winding.

The value of the potential energy of elastic deformation of one wind depends on the law
of change of its cross section thickness. For trapezoidal profile (Fig. 2)

H-h
R, - R

h H

h =h+

r

(Rh —r), (6)

The value H and h depends on the method of SB manufacturing. For winded SB [5]:

n:mﬁjﬁ* )

where Hp is the thickness of the strip from which is obtained.

To simplify the calculations, the cross-sectional profile of SB wind can be considered
as trapezoidal, where

h=H,4RR, /R, H=H4RR, /Ry (8)

In the case of the application of SB, obtained by the method of strips rolling, the law of
change of the wind thickness depends on the profile scheme. Trapezoidal and hyperbolic profiles
are economical. The law of the change of wind thickness for hyperbolic profile is as follows
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For wide-wind SB with constant thickness by wind height

h=h=H (10)

Based on the determination of the value of the potential energy of elastic deformation
of one wind for B/H>20, taking into account the law of change of the thickness of its cross
section, the following dependences are determined for the calculation of one wind stiffness.
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Figure 2. Scheme of cross-sectional profiles of SB and AB winds

Bending stiffness of one wind of SB of trapezoidal profile in cross section (Fig. 2 a)

= E )jI[(h~(Rh—RH)+(H—h)(Rh—f))r c'sin“g (MR, ~Ry)+(H-M)(R, 1)
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where © =T/2x ; T 1s SB wind pitch; D is cylindrical stiffness: 12(1-47) - 19 are polar

coordinates; E — is Young's modulus; # is Poisson's ratio; H i h are the thickness of the outer and
inner edges of SB wind, respectively. The values H and h depend on the method of SB
manufacturing.

The value of the stiffness of one SB wind with hyperbolic profile of its cross section
(Fig. 2 b) is

E 2T H(r
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For wide-wind SB (Fig. 2 c), the stiffness of one wind is as follows
rcsmgp - HZ r’ ., cos’e c'r’sin’p
H \/ 100+ (U ) e+ 21 ) —————e=]d I (13)
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He=H = is wind thickness. Where is the thickness of the coil.
The total rigidity of SB on the length of one wind, consists of the rigidity of the frame
and the rigidity of the wind:

where

jo =By IT+]=EJ, IN(+JT/E),)=ET, /T, (14)

where I is conditional geometric stiffness of the auger part; Jon is axial moment of inertia of
4 _ 4 P4
the frame cross section; Jon =0,257R, for solid frame:, Jon =0,257(R, =R,) for hollow
frame:, where Ry is the inner radius of the frame.
While winding the strip blank on the mandrel fixed in the cartridge, with simultaneous
welding of such a blank to the mandrel, the amount of deflection of the mandrel with fixed
spiral is determined based on the use of the formula for calculating the cantilever beam:

f =PI°/3EJ, +ql*/8EJ, = f, +f,, (15)

where | is the length of SB; g is running weight load from the action of the mandrel and SB
own weights; P is the total force applied to the mandrel when winding the strip blank on the
edge; f1 is deflection from the action of the bending force of the strip; 2 is deflection from the
weight of the mandrel and spiral.

The bending force of the strip blank is determined by formula [1]

P, = B, Ho(or o+ TINJRR, ) R, I R, (R + 2R, \JR,R, —3R,R,) I 3(I +(u, +1g7,)R,,

(16)
or P, =M, {R,[I+(u, +1g7,)R, I},

B O7o

where ~<is the coefficient that depends on the ratio of the main stresses; is extrapolated

yield strength; IT — linear modulus of strengthening; Ru _ coefficient that takes into account
the design of the mandrel; R =1,05...1,25, v is coefficient of friction between deflection and
blank mandrel; #°o — coefficient of friction of the strip on the mandrel; o neutral angle of
contact of the roller with the strip blank (determined by the amount of strip shrinkage due to
interaction with the roller); I — arm of the bending force application.

The total effort applied to the mandrel

P =P’ +P? =[P’ +(Ptgy,)* =P, /cosy, (17)

The magnitude of the running weight load can be determined on the basis of N. L.
Narska formula:

| il
a=p, (Rl - e+ : J —RHJR“(ZTZJ | (18)
R, + /Rz

where pn is the specific weight of the material: pm = 7.8-103 kg/m®.
For the case of continuous mandrel Ry=0.
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The sizes of mandrels should correspond to the sizes of bearing pipes according to
GOST 8732-78, GOST 8734-75.

Discussion of the results. Figures 3-5 show the results of calculations of stiffness and
deflections of various SB (material of blanks — steel 08kp, £=2.1*10°MPa, u =0, 26).
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Figure 3. The dependence of the deflection of the helical section of the mandrel with diameter d=40 mm on
the width of the strip during strip winding. Fastening of the mandrel in the cartridge with pressed back center:
1 - Ho=2 mm; 2 — Hp=3 mm
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Figure 4. Dependence of the deflection of the screw section of the mandrel on pitch T during winding of the
strip with 15 mm width and HO=10 mm thickness on the mandrel with diameter d=30mm: 1 — 1=1000 mm,

R" =0mmm; 2 — 1=1200 mmm, RV =0mm; 3 — 1=1000 mm, R" =11mm; 4 — 1=1200 mm, RV =11 mm
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Figure 5. Dependences of stiffness of winds with different sizes of spirals according to GOST 7505-75 for
different types of SB: 1 — rolled, which are received by the method of asymmetric compression of strips
between rolls; 3 — winded, which are obtained by the method of strips winding by edge on the mandrel; with
profile of wind cross section: 2 — rectangular; 4 — hyperbolic; 5 — trapezoidal

From these figures it is evident that the deflection magnitude increases with the increase
of strip width and decrease of winding pitch and is the smallest when fastened according to
scheme 1 b and located within the tolerance range for HF manufacturing. The highest rigidity
is characterized by spirals with hyperbolic profile of the wind cross-section, and the lowest —
with rectangular. Within the range B/H < 25, the AB stiffness is larger than the stiffness of HF
obtained by rolling method.

Experimental investigations of AB deformations in the process of their manufacturing
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by cold winding of strip billets on the mandrels were carried out for two schemes of mandrel
fixing: in the chuck with cantilever placement of the mandrel; in the cartridge under pressure
by the center of rear headstock. Strip billets made of AISI 1010 steel with the following
dimensions of their cross-section profiles 20x1 mm, 15x1 mm on pitch 22 mm and 16 mm
respectively were used. The billet with cross-sectional dimensions of 10x15 mm was wound in
pitches 15 mm; 30 mm; 50 mm; 65 mm; 80 mm, the mandrel with diameter 30 mm. The billet
with cross-sectional dimensions 15x2 mm was wound in pitches 2.5 mm (obtaining the billet
with closed winding) on 20 mm mandrel’s diameter with different forces P,r (1400 N; 1000 N;
700 N; 350 N) of the billet pre-pressing. The lengths of the mandrels and their ribbed parts were
as follows: Layg = 60 mm, at Lman = 120 mm; Layg =120 mm, at Lman = 240 mm,; Lauyg =180 mm,
at Lman = 360 mm. Mandrels with diameters 20 mm; 30 mm; 40 mm; 50 mm were used in the
investigations.

The magnitude of maximum deflection and stress on the mandrel depending on its
diameter, pitch of the wound strip, the length Laug Of the ribbed part of the mandrel, at the point
when Lman = Laug for cantilever mounting of the mandrel and Lman = 0,5 Laug for fixing in the
chuck with pressed headstock were investigated. The investigations was carried out according
to the method described in paper [1].

From Fig. 6 we can see that with the increase of mandrel diameter its deflection
decreases. This is caused by both the increase in the moment of inertia of the mandrel cross-
section, and the decrease in the bending force and the winding moment. The decrease of the
above mentioned force factors is explained by the decrease in the material hardening due to the
lower degree of billet deformation.
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Figure 6. Dependences of the magnitude of the maximum deflection of the mandrel and the magnitude of
stresses in the mandrel pressed by the pin of the rear headstock, on the diameter of the mandrel (a)
and pitch (b) of the winding in the process of cold manufacturing from steel AISI 1010;
for scheme a: length of the mandrel Lyan = 120 mm, length of the ribbed part of the mandrel Layg = 60 mm,
1, 3 —strip 20x1 mm, 7= 22 mm; 2, 4 — strip 15x1 mm, 7=16 mm;
for the scheme b: parameters of the strip 10x15 mm, the mandrel with diameter d=30 mm:

1,4 — Layg = 60 mm, Liman =120 mm; 2, 5 — Layg = 120 mm, Lan = 120 mm; 3, 6 — Layg = 180 mm,
Lman = 3620 mm; the length of the ribbed part of the mandrel Layg = 60 mm:

1 - strip 20x1 mm, T =22 mm; 2 — strip 15x1 mm, T =16 mm

The reduction of stresses on the mandrel (Fig. 6) during winding of the strips with cross
sections 20x1 and 15x1 is caused in the first case by larger wind pitch (20%). The increase of
the wind pitch results in the increase of mandrel rigidity.

The greatest rigidity of the mandrel is in the case when I— % i.e. when the
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mandrel is a rod with longitudinal rib (Fig. 7). In addition, the magnitude of stresses is
influenced by the length of the smooth spiral part, the stiffness of which is less compared
to the part of the mandrel with the winds of SB placed on it. Therefore, a significant
reduction in deflection and stress on the mandrel is observed only in the case of winding
the strip on the cantilever mandrel. In the case of two-support fixing of the mandrel, the
influence of the pitch factor T is insignificant.

It is known, that in the manufacturing of SB with closed winding, the magnitude of force
P3r of strip bending is significantly affected by the amount of pre-compression force Prp. The
increase of the value Pnp, for example from 350 N to 1400 N results in the increase of the
bending force of the strip from 1250 N to 1750 N and deflection by 20%. Accordingly, such
increase in force factors leads to the increase in the magnitude of stress and deflection (Fig. 8)
on the mandrel. While winding the strip on cantilever mandrel with small diameter 20-30 mm,
the magnitude of its deflection is 4-5 times greater than in case of winding on the frame, pressed
by the rear center.

29501 2 v & N1
o, ) 103
MPa 5, 1790t mm
G,
2550- 7 MPa | 35

1590

2150

1390

\/
of

1750

<
N

1350+0 1190+ 5
50 150 L,mm 250 20 30 40 d, mm 50

a b

Figure 7. Dependences of the deflection of the mandrel and the stress in the mandrel pressed by the pin of the
rear headstock on pitch (a) and the length of the ribbed part of the mandrel (b), which occur during cold
winding of AISI 1010 steel strip; for scheme a: cross-section of the strip 10x15 mm, mandrel
diameter d= 30 mm and its length Layg = 60 mm: 1 — Layg = 60 mm, Lyan = 120 mm; 2 — Layg = 120 mm,
Liman = 240 mm; 3 — Layg = 180 mm, Lman = 360 mm; for schemes b: auger blank with closed winding,
strip parameters 15x2 mm, mandrel diameter d = 20 mm, winding pitch T = 2.5 mm for
the magnitudes of the billet pre-pressing force: 1. 5 — Pyr= 1400 N, Ppen= 1750 N;

2.6 — Por=1000 N, Ppen =1550 N; 3.7 — Ppr= 700 N, Ppen = 1400 N;

4.8 — Ppr= 350 N, Ppen = 1250 N

While using short mandrels with larger diameter (more than 50 mm), the magnitude
of the deflections on the cantilever mandrel is greater than in case with mandrels with rear
headstock pressing, but the magnitudes of the deflection are placed within one order.

While winding the strip with cross-sectional dimensions 20x1 mm, the magnitude of
stresses on the auger blank is greater than winding the strip with cross-sectional dimensions
15x1 mm. This is due to significant increase in bending force of the strip, while the increase in
the stiffness of the mandrel due to the increase in the pitch of the wind is negligible (the pitch
difference is 6 mm). The use of cantilever smooth mandrels for manufacturing AB with
significant length and pitch of the wind is unreasonable. The presence of screw protrusions and
depressions on the mandrel for inserting the strip during the process of winding the strip with
the rib on the mandrel expands the possibilities of using such equipment due to their increased
rigidity compared to smooth frames.
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Figure 8. Dependence of the magnitude of deflection and stress in the cantilever mandrel on pitch (a)
and the length of auger part of the mandrel with closed winding (b) in the process
of cold winding of AISI 1010 steel strip: for option a: cross-section of
the strip 10x15 mm, mandrel diameter d = 30 mm: 1, 4 — Layg = 60 mm;

2,5 — Layg =120 mm; 3, 6 — Layg = 180 mm; for option b: cross-section of the strip 15x2 mm,
mandrel diameter d = 20 mm, pitch T = 2.5 mm, the magnitude of the pre-pressing force of the billet:
1.5 — Ppr=1400 N, Ppen= 1750 N; 2, 6 — Ppr = 1000 N, Ppen =1550 N;

3,7 —Por =700 N, Ppen = 1400 N; 4, 8 — Por = 350 N, Ppen = 1250 N

Conclusions. Analytical dependences for estimating the stiffness of various auger blanks
in the processes of their production by winding strip blanks by rib on the mandrel are obtained. This
makes it possible to determine the profiles of winds with the highest rigidity and estimate the
accuracy of such blanks. The regularities of deflection of the combined auger blank with open and
closed windings in different ways of its fixing in the process of cold winding of strip blank by rib
on the mandrels are established. The obtained results can be used in the design of technological
mandrels and support elements of auger blanks for the processes of their manufacturing based on
the use of technological method of winding strips on the rib. According to the current trends in the
introduction of computer-integrated technologies into educational process [12], the developed
methodology can be implemented using modern software and recommended for implementation in
the educational process in training specialists in «Applied Mechanicsy.
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AOCIIKEHHS ITPOI'HHIB HABUBHUX 'BUHTOBHUX 1
INNHEKOBHUX 3AI'OTOBOK Y ITPOLHECAX IX BUT'OTOBJIEHHA

Bacunab BacuibkiB; Muxaiisio llnaunens; Jlapuca Jlanuiab4eHko;
JAmutpo Paguk

Teproninbcokuii HAYIOHATLHUY MeXHIYHUU YHieepcumem imeHi Ieana [lymios,
Tepnoninw, Ykpaina

Pezrome. Ompumano auanimuyui 3a1eHCHOCMI Olisl OYIHIOBAHHSL JHCOPCMKOCMI  PIZHONPOQIIbHUX
WIHEKOBUX 3420MOB0K Y NPOYEC X 8U20MOGIEHHS CNOCODOM XOOOHO20 HABUBAHHA CMY208UX 3420MOB0K PedpOoM
Ha onpasy, wjo 00360UN0 SUSHAYUMU NPOPILL BUMKIE I3 HAUGUWOIO HCOPCMKICIIO MA OYIHUMU MOYHICIb MAKUX
3a20mos6oK. Bcmanoeneno 3axoHoMIpHOCMI npocuny KOMOIHOBAHOI WHEK0BOI 3a20mo6Ku i3 iOKpumorw i
3aKpUMOI0 HABUBKAMU Y PISHUX CROCODAX i 3aKPINIeHHs Y npoyeci XON00H020 HABUBAHMS CMY208UX 3A20MOBOK
pebpom Ha onpagu. 30Kpema NOKA3AaHO, WO GeIUYUHA NPOSUHY 3POCHAC 3i 30INbUEHHAM WUPUHU CMYy2U ma
3MEHWEHHAM KPOKY HAGUBKU | € HAULMEHULOI0 NPU 3aKPINJIeHHT 3a CXeMOI0 3 NIOMUCKAHHAM ONOPHO20 elleMeHma
3a0HIM YeHmpom 3a0HbOI OAOKU MOKAPHO20 6epCmMama U JeiCums y MeiHcax nois 0OnycKy HA 6U20MOGIEHHS
WHEKOBUX 3A20MOBOK. 30iNbUleHHA NUMOMOI 8UCOMU SUMKA 3A20MO6KU YCKIAOHIOE Npoyec HABUSAHHA Md
npU3800UMb 00 3HAYHO20 30LTbUENHS CUTOBUX PAKMOPIS, WO BI00OPANCAEMBCA HA 3POCIANHT BETUYUHU NPOUHY
onpasu. Ilpu ompumanui 26UHMOBUX 3A20MOB0K 13 3AKPUMOI0 HABUEKOIO GUMKIE 30LNbUENH BENUYUH 3YCUTL
nOnepeoHb020 padiaibHO20 Md 0Cb0BO20 NIOMUCKAHHSA NPU3B00AMb 00 3POCMAHHA Npo2uty onpasu. Hasenicmo
HA 0Npasax cGUHMOBUX GUCIYNIG | 6NAOUH OISl 6KAAOAHHS 6 HUX CPIYKU Y NPOYeci HaBUBAHH CIMPIUKU pedbpom
Ha ONpagy po3uUPIOE MOJICIUBOCINI BUKOPUCIANHS MAKO20 CROPAODIICEHHS 3a60AKU iX NiOGUUEHITl HCOPCMKOCH
y nopisuanHi 3 enadkumu onpasamu. Ilpu yoomy 30inbuieHHs KPOKY UMKA 28UHMOBOI ONpAsU NPu3eo0ums 00
niosuujents ii scopcmrxocmi. Ha senuuuny nanpysicensb i NPOSUHy 8NIUBAE O0BXCUHA YACMUHU 2A0KOL CRIpai,
AHCOPCMKICMb AKOT MEHWLA Y NOPIGHAHHI 3 YACMUHOIO ONPAGU 3 POSMIWEHUMU HA HIll GUMKAMU HABUBHOI 26UHMOBOT
3a2omoeku. Bionosiono 00 cyyacnux meHnoeHyili YNpOGAOIICEHHs KOMN T0MEPHO-IHMEeSPOBaHUX MEXHON02I 6
HABYANLHUL NpoYyec, po3pOOIeHA MeMOOUKA Modce OYmu peanizo8ana 3 BUKOPUCAHHAM CYYACHUX NPOSPAMHUX
3aco0i6 I peKoMeHO08aHa O/ BNPOBAON’CEHHS 8 HABYAIbHUL Npoyec y nideomosyi axisyis 3i cneyianrbHocmi
«IIpuxnaona mexanikay.

Knrouogi cnoea: 26unmoea 3a20moexa, WiHeKo6a 3a20MmoeKd, NPOUH, HAGUGAHHS.
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