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ABSTRACT

The methods of cold rolling of rods are widely used in manufacturing industries to obtain
pieces with complex profiles. In this study, a trapezoidal profile has been formed by radial
cold rolling using two rolls. This paper presents an analysis of the influence of the rolling
regime parameters and of the characteristics of the material on the process parameters: the
speed of penetration tools, basic action of the tool, the time required for profile deformation
and the deformation force. The multivariable regression functions were determined for these
process parameters.
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INTRODUCTION

The advantages of radial cold rolling by, includifggh productivity, substantial
improvement of the mechanical properties, low rowgs etc. (1) or (2) are clearly apparent
in the case of profiled surfaces.

A better technological knowledge of this cold fongiprocess provided for a progressive
widening of the application field from the origina the fasteners industry to more
sophisticated pieces, as regards both the geomlethapes and the nature of rolled materials.
At present, this aspect allows for such profilestaseads, grooves, teeth to be obtained on
parts that can be found in various products oftit®motive industry, aeronautics, appliances
etc.

This study analyzes the influence of the rollingimee parameters: the maximum adjusted
force and the rolling speed, as well as the infteéeof the mechanical characteristics of some
materials on certain parameters, such as: the spepdnetration tools, basic action of the
tool, the time required for profile deformation atite deformation force, when processing
through radial rolling a circular profile. For tleegprocess parameters, the multivariable
regression functions were determined and intergrdtenction of the above mentioned
variables.

EXPERIMENTAL PROCEDURE
EXPERIMENTAL STAND
A special rolling device, fig. 1, was conceivedo® assembled on the lathe SN560 and to be

used for the realization and control of the rollipgpcess (3). A special workpiece 1 is
oriented between dead centre 2 and running cerdred3s additionally sustained by guide 5.
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During the rolling process the part is moved by fibgtion with the dog 4 set on the dead
centre of the lathe headstock. The two rollers 6 rogate freely on the axes 7 which are set
on the loose tool rest 8. To achieve the in-feedaneent, the tool rest can move between the
guides 9. The in-feed of the tool rest is done whhhelp of hydraulic motors 10.

9 11 10

o} \# 2 4 3

j==T |
:
e
3
Figure 1. Constructive scheme of the radial coltingpdevice
Turn Rolling Hydraulic
SNA 630 device group
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Figure 2. The experimental system

The cold-rolling process is obtained by rolling therkpiece with a number of revolutions
and the in-feed working of the rolls (radial presgiusing the two hydraulic motors. By
varying the working pressure of the motors thederof the radial pressure can vary as well.
To control the movement limits of the rest on aiahdirection there were used buffers that
limit the movement of the rest, thereby the deftlthe tools penetration into the part on a
radial direction. An experimental system, fig. 2asmused to control and record the process
parameters: the displacement of the rollers (uiegdisplacement transducer 12), the radial
force (using the force transducer 11) and the aidn time (using a proximity transducer).

PROCESSED MATERIALSAND PROFILES

The study was made for four materials OLC15, OLCBEEVInCr11l and 40Cr10 frequently
used to generate machine parts by volumetric amlohihg. Their mechanical characteristics
are given in Table 1.
The processed profile is formed by 5 identical gesin axial section to the ISO metric
thread Tr20x2 SR ISO 2904:1996, their geometrydpnmesented in fig. 2.

Table 1. Mechanical characteristics ]

of the processed steels
Sted HB Rpo.2 Rm A5 "
[kg/mm?] | [N/mm?] [[N/mm?]| [%] g 3
OLC15 | 156.1 | 298 475 15
OLC35 | 177.4| 248 558 13
18MnCril| 211 309 776 10
40Cr10 | 277.4] 39 837 7 Figure 2. Geometry of thetrapezoidal

profile
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EXPERIMENTAL PLAN OF THE RESEARCH

For each processed material were made twelve empets, varying the parameters of the
rolling regime: the maximum force & (adjusting the pressure of the hydraulic motod an
the rolling speed, v (adjusting the number of ratiohs of the piece) at the levels:

- Fmax=181/27.5/ 39 [kN]

-v=11.81/23.62/47.25/94.5 [m/min]

The parameters maintained constant were: the dearoéthe workpiece,q= 18.875 o2 [mm]
and the number of rotations of the piece during dakbration period, Hi= 2 [rot piece]
(adjusting the calibration time function of the sgef revolutions of the piece).

RESULTSAND DISCUSSION
PROCESS PARAMETERS

The parameters measured during the process weee:dépth of penetration (radial
displacement) of the rolls, h, and the radial ngjlforce, F. The evolution in time of sizes h
and F was associated with such laws as (4):

h(t) = b (L= expEAL™)) (1)

F(t) = Fra (1-eXpCAL™)) (2)
Starting from the evolution law (1) two importargrameters of the deformation process can
be determined:

- the speed of penetration of the tool, w(thé) :

W(t) = (t) = e @, Ayt exp(-AL™) 3)
- the basic action of the tool,#, representing the radial deformation of a pant the
circumference of the piece under the action oflla ro

AL(t) = h(t) _ h(t) _ 30

. = = —[w(t) 4)
Nb tools [Nb revpiece (t) [ n
6C

Curve w(t) has a maximum point, which can be deitgech from formula dw/dt =0. We
obtain:

a 1 1/ a,
o= 522 ©
h

Thus, there can be determined the maximum valuélseoparameters “speed of penetration”
(6) and "basic action of the tool” (7), which offerformation about the intensity of the
deformation process.

Woee = N[ Aty (@, =)™ exp((1-a,) /@) ©)
A s = 2 B A (@, - D) exp(- a,) ) )

By using relation (1) there can be establishedtiime needed for the deformation of the
profile (until the moment calibration beging), $etting the condition to reach a certain depth
of penetration. For example, setting the conditiorreach a depth of 95% of the total one
(h=0.95h,ay), we obtain:

64



o~ )
= Z/UNIVERSITY OF PITESTI SCIENTIFIC BULLETIN
FACULTY OF MECHANICSAND TECHNOLOGY AUTOMOTIVE series, year XVII,n0.21 (A)

FACULTATER

MECANICA SI
TEHNOLOGIE
thin 1969

1

In 0.05 )

BRI 0
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Knowing the value ofg the radial rolling force associated with this nea) F, representing

the force needed for the deformation of the prafiléhe given experimental conditions, can

be calculated using relation (2).
ANALYSISOF THE PROCESS PARAMETERS
The sizes of the process parameters determinecdeadr@vgraphically represented for each

one of the processed materials, function of thealde parameters of the process, fig. 3 and
fig. 4.
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Figure 3. Dependence of the process parameteridaraf the variable parameters
of the process: unalloyed steels
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Figure 4. Dependence of the process parametersdaoraf the variable parameters
of the process: alloyed steels

The form of the dependence curves is similar fer fibur materials studied and the main
highlighted aspects are:

- the maximum speed of penetration of the toglswincreases with the increase gf.fkand

V.

- the maximum basic action of the took #x increases with the decrease of the rolling speed
and with the increase of the maximum adjusted force

- the time required for the formation of the prefily, decreases with the increase of the
rolling speed and of the maximum adjusted force.

- the radial rolling force at the time of the foroa of the profile, & slowly decreases with
the increase of the rolling speed.

The influence of the rolling speed on the procemsumpeters is bigger for values under 30
[m/min] and acts differently, function of the siaethe maximum adjusted force:

- for parameters wux and A max Significant influences appear when the maximunusted
force is higher.

- for parametergtthe most significant influences appear when prsiogstakes place at the
lowest value of the maximum adjusted force.
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MULTIVARIABLE REGRESSION FUNCTIONS

In order to model the dependence of the procesers on the parameters of the rolling
regime and on one of the characteristics of thegesed material, the polynomial process
functions were determined using the rate of theeddpnce curves of the process parameters
and applying the multivariable regression analysis.
First, the functions for each type of material wdetermined, table 2. All the determined
models were adequate and the coefficients of thetifons were significant for a confidence
level of 99%.

Table 2. Process functions for each type of mdteria

Material: OLC15 Material: 18MnCr11
Winax = 0.002148 0 " P4 [mm/s] Winax = 0.00021F 0,2 ¥ %% [mm/s]
As max= 0.0037H o 733?3 05364 Immirot As max= 0.000358F 1,2 28322 [mml/rot
piece] piece]
ty= 116.378B a2 2199 [g] tq = 193.2158 > 0252 [g]
Fu = 1.49033 1, 220N %82 [kN] Fa = 1.64608,, 0% [kN]
Material: OLC35 Material: 40Cr10
Winax = 0.000386 12,20 2 v* 0% [mm/s] Winax = 9.8810° (a2 2 V> 8 [mm/s]
Asmax= 0.00067F;5,>"" 28 %4? [mm/rot Asmax= 0.0001 78,28 %%?* [mm/rot
piece] piece]
tq = 159.815% 020 029 [g] ty = 261.5708 01039 [g]
Fa = 1.525498 10 0N %7 [kN] Fa = 1.3736Fme 20 [kN]

Subsequently, for each process parameter, thee attempts to determine the total functions
which contained one of the mechanic characteristtshe processed material. Using
successively the mechanical characteristics, pteden table 1 in the regression analysis, the
hardness of the material, HB, proved to be theatttaristic leading to the best results, table
3.
Table 3. Total process functions
Winax = 0.07382F 1 2. 046:[V0.6302[HB-1.0188[mmls]

As max= 0.12917 &2 228 BB 9 mm/rot piece]

ty= 16.2 4155}max-1. 3531;-0.289 4 BO'4539[S]

Fy= 0.98875E§ma>0'9125ﬂ'0'0433|-| BO'OSOZ[kN]
To determine the sense of influence and the impoetaf each independent variable on the
process functions, was determined the influencghtesf each independent variables #n
the process function Y. This was the calculationndicators ¢si g %, defined by absolute
variation, respectively, relative to the variablec¥rresponding of the variable variation X
from Xi min t0 Xi max :

q = Ymax ang qi%:MﬂOO% (9)
min min

where Ynin = Y(Xi min) and Ymax = (Xi max) for defaults of the other variables in the cemter
experiments.
Absolute weight coefficients gi and qi% relative determined and sense of influence of
independent variables are shown in Table 4. Fomel@ an increased of the adjusted force
to the minimum (18 kN) at maximum (39 kN) leveldeato a decrease of the deformation
time with 64,8%, while an increasing of the rollisgeed to the minimum (11,81 m/min) at
maximum (94,5 m/min) level leads to a decreaséeftieformation time with 45,1%
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Table 4. Weight coefficients values and sensefafence of independent variables

Sense of the process Absolute Relative
Process Independent function variation to weight weight
function variable theincrease of value of | coefficient, | coefficient,
independent variable di g%
Fmax [KN] increase 4.86 386.5
Wmax v [m/min] increase 3.70 270.8
HB [kg/mnT] decreases 0.55 -44.3
Fmax [KN] increase 4.88 388.7
As max v [m/min] decreases 0.46 -53.7
HB [kg/mnT] decreases 0.55 -44.3
Frmax [KN] decreases 0.35 -64.8
ty v [m/min] decreases 0.54 -45.1
HB [kg/mnT] increase 1.29 29.8
Frnax [KN] increase 2.02 102.4
Fq v [m/min] decreases 0.91 -8.6
HB [kg/mn¥] increase 1.04 4.7

Analysis of the results of Table 4 shows that theximum adjusting force has the highest
influence of all due process functions. The secaarifble in importance on the functions of
process is rolling speed.

It appears that to make the rolling process intde time is necessary to adopt an adjusting
force and a rolling speed as high possible.

CONCLUSIONSAND INTENTIONS

The analytical modelling of the radial rolling pess based on the laws of evolution in time
of the depth of deformation and of the radial ngliforce allowed the determination of the
dependence of the process parameters functioneofadlling regime parameters and of the
characteristics of the processed material. The rtepece was expressed with the help of
some process functions, determined through thelvattible regression analysis.

The analysis of the process functions allowed d&stabg the way the rolling regime
parameters and the characteristics of the matesalyell as their importance, influence the
intensity and period of the rolling process.

In order to develop the knowledge about the roljingcess, the study will continue with the
analysis of the mechanical characteristics of th®mhed layer and with the numerical
modelling of the radial rolling process.
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