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Experimental research on the elastic
deformation mode of 1C45 (1.0503) SR EN 10083-
1.2 rolled steel fastened between the centers of
an universal lathe
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Abstract. Elastic deformations of the technological system occur during
the mechanical treatment of a blank, regardless of the manner in which it is
fastened. The elastic deformation of the blank is significant especially when
machining shaft-like parts. The purpose of our research is to compare the
mathematical model of blank deformation to the experimental model when
the blank, which is a part belonging to the shaft class, is fastened between
centers.

1 Introduction

The technological system may suffer elastic deformations under the action of exterior forces.
These deformations occur on the direction of action of the forces. System rigidity is defined
as its capacity to resist deformation. The forces that act in the technological system are the
cutting forces. The P, force is usually used to determine system rigidity. The proper approach
would be to calculate the resultant of the three forces first and then the rigidity [1]. The
rigidity of a system is calculated as the component/deformation ratio:

P
R =2 [daN/mm] )
y

The force/deformation ratio was determined experimentally, by entering different values
of the P, cutting force into the technological system and then measuring the deformation
triggered by them. Figure 2 shows the deformation law applying to regular machine tools
where the yy represents plastic deformation is actually the weight shift in view of the
processing of the clearances occurring between the assembly components. The surface
between the curves is the mechanical work meant to resist the friction forces between
components on clearance processing, on unevenness processing. Further to repeated loading
on the same component, the surface between the two curves decreases and the mechanical
work diminishes. This surface shape is called rigidity hysteresis, [2-4]:

* Corresponding author: ltabacaru@tcm.tuiasi.ro

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 178, 01010 (2018) https://doi.org/10.1051/matecconf/201817801010
IManE&E 2018

Ry = % = tgar - mean value of rigidity 2

Py | B [daN]

‘ E %A // /
}y/A kayO B vl

Fig. 1. Elastic deformation caused by the Py Fig. 2. Graphical representation of load-
force. deformation.
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Fig. 3. Pattern used to determine errors caused by elastic Fig. 4. P, force distribution on
deformation when the blank is fastened between centers. supports.

2 Mathematical model

The work pattern shown is used to determine the processing error caused by the elastic
deformation of the technological system when the blank is placed between centers (Figure 3)
[1]. The following technological system deformations occur under the influence of the P,
force:
- Headstock shift;
- Tailstock shift;
- Part shift in section x caused by headstock and tailstock shift;
- Part arrow in section x;
- Tool and tool support shift under the action of Py;

The problem arising here is to determine the extent to which the P, force acts on the
tailstock and the extent to which the same force acts on the headstock (Figure 4):
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When a batch of parts is processed, the prescribed depth ranges from to with a variation
which causes an error on the y direction.

Ay = Lrempy, ~ Lremyy, = [tpr,ax L pr ]|:1 a 1—:A:| (%)

On the diameter: AD =2A . Assuming that the machine tool is very rigid, which means that

tailstock, headstock and tool shifts are absent, y; and y; are null and hence the processing
error is the result of the elastic deformation of the part. The shape of the part is shown in
Figure 5. When the part is very rigid, (i.e. it does not undergo any elastic deformation) and
assuming that the tool and the support are very rigid, the shape of the part is influenced solely
by y;. The processing error will only be determined by y; (Figs. 5 and 6):

P (I_x}y P 2
o = 1 =~ [’ xj y @ (19)
R\ 1) R\

pm

A shape error also occurs, which is a quadric [5, 6]: trom = YVmax — Vimin (20)

In order to determine y,,;, we will send to zero:

trem =0 (21)
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Fig. 5. Shape of the part when the machine tool

. . Fig. 6. Processing error caused solely by yi.
is very rigid.
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Fig. 7. Experimental pattern used to assess the static elastic deformation of various components
subject to the Py force.

By replacing in t.,, we can determine yn:

2 2 2
P R P R R, +R, —R
Vinin = y|:1 pm:| +7 ( pm ] . |: of pm pm :| (24)

Rpf Rpf + Rpm Rpm Rpf + Rpm Rpm + Rpm

Ry P Rom 5 (25)

P - - + . =
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3 Experimental model

In this paper we aim at determining the processing errors caused by the elastic deformations
of the technological system when placing parts between centers. For this experiment we used
a 1000 mm long and 40 mm wide 1C45 (1.0503) metal bar, which observed the SR EN
10083-1,2 requirements, and a SN 250 machine tool.

The method consists of the static simulation of the forces generated during the turning
process; the elastic deformations of the various components are determined after the force
applied on the work piece has been increased, which should provide data on the rigidity of
the turning system Figure 7.

Indeed, from the viewpoint of the various methods of work piece fastening, it may be
interesting to assess the system’s resistance to deformation caused by the cutting forces.
Several simplifying hypotheses were considered for the case described in Figure 7, namely
that the P, force.

As shown in Figure 7, a dynamometer is placed between the tool holder and the work
piece in order to read at any time the force entered into the system, by the rotation of one of
the dynamometer nuts.

We used dial gauges placed every 170 mm and at the ends of the blank, in order to read
the elastic deformation of the work piece subject to different P, load forces, which materialize
various cutting forces.

The dynamometer touched the work piece and a parallelepiped piece replacing the turning
tool, by means of two metal balls, with the aim of ensuring the best possible transmission of
the radial force.

P, Py 26)
Lem =Ymax " Ymin =5~ 75— 5 —
Rpm Rpf +Rpm
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In order to determine the highest value of the P, experimental force that may be used
during the experimental research, we considered hard turning using a regular cutting tool.
The work piece was made of carbon steel and used the following mode of operation: cutting
depth, # = 4mm and s = 0.4mm/rot. In this case, the P, force may be calculated using the
following relation [1-4]:

Py = Cy £s" HB" 27)

Where C, is a coefficient the value of which depends on the cutting tool type, on the material
the cutting tool and the work piece are made of Cr, =0.027 and HB is work piece material
hardness HB=225- 1C45 (1.0503).

A P, force of variable value, ranging from 0 to 160 daN, was entered into the system by
means of the dynamometer, and then the P, force was decreased to 0 daN; the deformation
values shown in Tables 1-5 were read by the dial gauges for each P, force value [4]. The
exponents are x=0.9, y=0.75, n=2.0.

When the cutting depth is /=4 mm and the cutting feed is s = 0.4 mm/rot, P, =0.027 4 0.9
0.4 0.75 225 2= 238 daN for 1C45. On the other hand, the forces generated in the work piece
during the experimental research should not exceed the maximum elastic deformation values
applying to the work piece material.

Table 1. Elastic deformation read in various points on the part for various Py force values applied
atx =170 mm.

Exp. Force Py Elastic deformation
No. [div]/[daN] v [mm)]
(increments)
applied to x=170
mm .
Rotating x=170 x=340 x=510 x=080 Rotating center -
center - tailstock
headstock
c D € D C D c D c D c D
1 0.0 0.0 0.0 0.0 0.01 0.0 0.01 0 0.02 0 0.01 0.0 0.12
2 25120 0.01 0.01 0.06 006 | 0.09 010 | 008 | 012 0.15 018 | 015 [ 018
3 50 /40 0.02 0.02 0.13 0.14 0.19 0.20 0.18 0.22 0.13 020 0.12 032
4 75/60 0.03 0.04 020 022 | 0290 030 | o020 | o31 0.20 022 | o023 0.44
5 100/80 0.04 0.05 028 0.29 0.38 0.40 037 0.41 027 029 0.33 | 0.59
6 125/100 0.06 0.06 035 037 | 049 050 | 047 | 051 034 036 | 049 0.69
7 150/120 0.07 0.08 042 044 | 059 0.61 036 | 0.60 0.41 042 | 060 078
] 175/140 0.08 0.09 0.50 051 0.70 071 068 | 0.70 0.49 049 | 071 ["o0s0
9 200 /160 0.09 0.09 0.57 0.57 0.80 0 80 0.77 0.77 0.56 0.56 0.85 0.85
1
0,9 —+— Rotating center -
0,3 headstock
—a—x=170
0,7
——%=340
0,6
E
E 0,5 *=510
=
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Fig. 8. Graph of load elastic deformations for different processing system components for 1C45,
force Py [daN] applied to x=170 mm.
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Table 2. Elastic deformation read in various points on the part for various Py force values applied
at x = 340 mm.

Exp l};ml: By Elastic deformation
v
o, | 1831 ¥ [mm]
applicd
at
=340
i, Rotating center - | x=170 x=340 x=510 x=680 Rotating
headstock cenbr
) ) tailstock
c D G D 2 D c D c D c D
1 0o 0.0 0.01 00 0.01 00 001 0 0.02 00 001 00 001
2 25120 01 02 0.09 0.1 o011 0.14 0.16 0.19 011 0.13 0.08 017
3 5040 02 | 03 019 | 021 026 0.30 033 034 022 024 030 045
4 75/60 035 04 029 03 041 044 0.49 0.52 038 039 0.52 061
| 10080 058 06 039 041 087 0.60 0.65% 0.68 0.50 054 0.72 089
1257100 0.6 0.7 048 0.51 0.74 0.77 0.83 0.87 0.63 0.66 0.94 1.08
7 150120 | 075 | 08 059 | 0.60 039 092 .00 1.03 076 0.79 120 132
8 1757140 0.9 | 0.95 0.67 0.70 1.04 109 1.18 | 120 0.89 091 1.50 1.59
9 200/160 0.1 0.1 0.8 0.80 1.20 1.20 1.35 1.35 1.05 1.05 1.86 1.86

Table 3. Elastic deformation read in various points on the part for various Py force values applied
atx =510 mm.

Exp. Force Py Elastic deformation
No. [div])/[daN] v [mm]
applied at
x=510 mm Rotating x=170 x=340 x=510 x=680 Rotating
center - center -
headstock tailstock
€ D [ D C D C D 3 D C
1 0/0 0.0 001 0.0 0.005 00 | 001 00 0.01 00 0.01 00
2 28720 o.10 015 0.09 014 0.13 0.19 017 022 013 0.17 0.26
3 5040 020 025 0.19 0.22 0.29 0.34 036 048 027 028 0.57
4 7560 035 04 029 033 045 050 058 0.60 037 039 086
s 100'80 040 045 038 0.40 0.61 0.65 075 083 058 0.63 122
6 1257100 03 055 0.48 031 078 | 084 094 110 073 0.81 158
7 0.65 07 057 0.60 094 095 113 120 0.89 0.97 204
8 07 | o7 0.66 0.69 113 116 133 137 107 L10 264

Table 4. Elastic deformation read in various points on the part for various Py force values applied
at x = 680 mm.

Exp. Force P, Elastic deformation
No. [div]/[daN] y [mm]
a})zggd - Rotating center x=170 x=340 x=310 x=680 Rotating
= AR, - headstock center -
’ tailstock
C D [ D C D C D C D c D
1 0/0 0 0.0 0 0.01 0 0.01 [ 0.02 0 0.01 0 0.2
2 2520 0.05 01 07 | oa1 012 017 017 031 0.16 0.19 032 042
3 5040 01 0.15 0.14 018 024 027 026 036 0.2 027 064 069
] 5/60 ol 02 021 0.22 0.36 040 042 0.45 0.35 0.39 1.08 L11
5 10080 028 03 0.28 0.30 0.50 0.54 0.58 0.60 0.49 0.55 153 1.83
[ 125/100 033 04 036 | 041 0.63 0.69 075 0.79 0.6% 0.60 226 248
7 150/120 04 0.45 044 049 077 080 093 097 0.82 0.85 28 290
8 1757140 0. 0.55 052 0.55 0.92 094 111 114 101 1.03 39 408
9 200/160 038 038 0.61 0.61 110 110 133 133 121 121 128 428

Table 5. Elastic deformation read in various points on the part for various Py force values applied
atx = 850 mm.

Hip. | fenely Elastic deformation
No. | [div][daN] {mm]
applied at ylmm
x=850 mm . =
Rotating x=170 x=340 x=510 x=680 Rotating
center - center -
headstock tailstock
C D c D C D [ D c D € D
1 0/0 0 0 0 0.03 0 0.01 0 0.01 0 0.01 0 0.2
2 25120 0.01 0.05 04 0.55 0009 | 010 0.08 0.11 0.0 0.10 031 [ 0.50
3 50/40 0.02 0.08 0.7 0 0.18 021 0.17 020 | 016 | 019 0.81 1.00
4 75/60 0.03 0.01 0.1l 0.12 026 | 028 0.25 026 | 022 0.28 120 1.34
5 100/80 0.1 0.15 0.15 0.17 0.33 0.39 0.35 038 | 031 0.33 188 | 200
6 125/100 0.15 0.2 0.21 0.22 045 047 | 0465 047 | 041 0.44 2.78 3.00
7 150/120 0.2 0.25 0.24 0.23 056 | 057 0.59 0.63 0.51 0.53 3.68 3.98
8 175/140 0.3 035 0.39 0.42 0.68 0.70 0.74 078 | 065 0.67 408 | 416
9 200/160 0.4 0.4 0.56 0.56 036 | 086 0.96 096 | 091 0.01 5.3 5.30
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Fig. 9. The graph of the elastic deformations at discharge for different components of the
processing system for 1C45, force Py [daN] applied to x=170 mm.

4 Conclusions

Further to the analysis of the tables containing the experimental values and of the graphical
representations in Figures 8 and 9, we may conclude that:

* A cutting force of P, = 160 daN applied at the x=850 mm distance from the left end of the
work piece causes a maximum deformation value in the tailstock area of y = 5.30 mm.

* In Table 4, the unloading curve read in the tailstock area for the P, force applied at the
x=680 mm distance leads of a maximum plastic deformation value of y=0.2 mm,; this value
proves that the technological system components shifted to resist the friction forces occurring
in the system and to absorb the system clearances;

* Our research confirmed that, among the components in direct contact with the work piece,
the universal support had the highest static rigidity;

» The elastic deviation of the work piece is one of the factors that may impede upon the
accuracy of the processing during the turning process. The extent of this deviation
significantly depends on the static rigidity of the components of the processing systems;

* Our research fully confirms the mathematical model, when the blank is fastened between
centers.
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