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Abstract

Lathe bed acts as the base on which the
different fixed and movable parts of the Lathe are
mounted. Lathe beds are usually manufactured with
Cast iron or Mild steel. In case of extremely large
machines, the bed may be in two or more pieces,
bolted together to from the desired length. Lathe Bed
is heavy rigid structure which is having high
damping capacity for the vibrations generated by
machines during machining.

In this project, static structural and modal
analyses are carried out on lathe bed at maximum
load conditions. These simulation results are used to
reduce the weight of the lathe bed without
deteriorating its structural strength and damping
capacity by adding ribs and removing mass where
less deformation and stresses are induced. FEA
analysis of modified lathe bed is carried out with
Gray cast iron and Epoxy-granite which is a mixture
of granite and epoxy resin-hardener as an alternative
material.  Effectiveness of both materials are
compared in terms of induced stresses, deformation
and weight reduction. Lathe bed CAD models have
been generated with Creo modeling software. The FE
model has been generated by ANSYS APDL. The
analyses are carried out using ANSYS APDL. The
results are shown in the form of contour plots and
also tabulated, to analyse the effect of weight
reduction on the structural integrity of the machine
bed before and after the weight reduction and
conclusions are drawn about the optimized design.

Keywords — Weight optimization, Lathe bed, FE
Analysis, Epoxy-granite.

I. INTRODUCTION

The bed of Lathe acts as the base on which the
different fixed and operations parts of the Lathe are
mounted. Lathe beds are usually made as single piece
casting of semi-steel (i.e., toughened cast iron), with
the addition of small quantity of steel scrap to the cast
iron during melting; the material ‘cast iron’
facilitating an easy sliding action. In case of
extremely large machines, the bed may be in two or
more pieces, bolted together to from the desired
length. Lathe Bed are heavy rigid structure which is
having high damping capacity for the vibrations
generated by machines during machining. The rigid

structure will helps to avoid deflections. The guides
and ways which are present on the top of the bed will
act as rails and supports other parts like tail stock. The
bed will be designed in such a way that easily bolted
to the floor of the machine shop.

II.PROBLEM STATEMENT

Fig 1. shows the extra duty lathe machine
manufactured by M/s Honest lathe, this lathe bed is
selected for the complete analysis for both static and
natural frequencies. Then investigation is carried out
to reduce the weight of the machine bed without
deteriorating its structural rigidity and the accuracy of
the machine tool by reducing the material where lathe
bed under goes less stress and deformation region also
FE analysis will be carried out with Epoxy-granite by
applying on modified lathe bed. In this work, the 3D
CAD model for the base model and the optimized
design has been created by using commercial 3D
modelling software Creo. The 3D FE model has been
generated using ANSYS APDL. The analyses were
carried out using ANSYS APDL. The results were
shown in tabular form to analyze the effect of weight
reduction on the structural integrity of the machine
bed before and after the weight reduction and
conclusions were drawn about the optimized design.

Fig 1: Heavy duty lathe machine
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Fig 2: Solid model of lathe bed

Length 1420 mm
Width 174.5 mm
Height 215.7 mm

I11. MATERIAL PROPERTIES

A. Gray Cast Iron

Cast iron is one of the oldest ferrous metals
used in construction and outdoor ornament. It is
primarily composed of iron (Fe) carbon (C) and
silicon (Si), but may also contain traces of sulphur (S),
manganese (Mn) and phosphorus (P). It has a
relatively high carbon content of 2% to 5%. It is hard,
brittle, nonmalleable (i.e. it cannot be bent, stretched
or hammered into shape) and more fusible than steel.
Its structure is crystalline and relatively brittle and
weak in tension. Cast-iron members fracture under
excessive tensile loading with little prior distortion.
Cast iron is, however, very good in compression. The
composition of cast iron and the method of

manufacture are critical in determining its
characteristics.
Property Value
Young’s Modulus | 140e9 N/m?
Poisson’s Ratio 0.3
Density 7200 kg/m®

B. Epoxy Granite

Epoxy granite, also known as synthetic granite, is
a mixture of epoxy and granite commonly used as an
alternative material for machine tools bases. Epoxy
granite is used instead of cast iron and steel for better
vibration damping, longer tool life, and lower
assembly cost.

Precision granite castings are produced by mixing
granite aggregates (which are crushed, washed, and
dried) with an epoxy resin system at ambient

temperature (i.e., cold curing process). Quartz
aggregate filler can also be used in the composition.
Vibratory compaction during the moulding process
tightly packs the aggregate together.

Property Value

Young’s Modulus 70e9 N/m?

Poisson’s Ratio 0.25

Density 2900 kg/m®
IV. MESHING

Meshing of solid model is done by the
Element chosen, element edge length have been
adjusted to 0.02 m in order to obtain a regular uniform
mesh. Automatic sizing creates elements of wide
range of dimensions. Therefore manual sizing is done.

V. BOUNDARY CONDITIONS

1. The base of the lathe machine bed is fixed to the
floor. Therefore base of lathe bed is constrained in all
directions (Ux=Uy=U2=0).

2. Gravitational force is applied, to add stress
distribution and deformation due to self weight.
Below figure shows the boundary conditions applied
on the FE model

AN

MAR 27 2017
11:38:38

Fig 3: Fixed boundary conditions and gravitational
acceleration applied on lathe bed

VI. FORCE APPLIED ON LATHE BED

To design a lathe bed, initially we have to
analyse, the stresses and deformations inducing in
lathe bed due to cutting forces generated by cutting
tool and work piece interaction. The design of lathe
bed is preceded by analysis of forces that are acting
on the system due to tool work piece interaction. In
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current analysis we considered the maximum torque
which is supplied by electric motor of lathe machine.

Cutting forces will be transferred to lathe bed
at carriage region. So we applied force at carriage
region (while in machining process, carriage slides
over lathe bed. We simplified analysis by fixing its
location. we considered its location near to the head
stock because in most manufacturing cases we don't
slide carriage beyond middle portion lathe bed) as
shown in fig :4. The following forces are applied on
lathe bed.

1. Maximum torque which can be generated by prime
mover is converted into force and applied on carriage
region. as shown in calculation.

2. Weight Of Head Stock - 246 — 105.8 = 140.2 kg /
1375 N (Carriage and tailstock weights are not
subtracted due to unavailability of individual weights.
It does not affect FEA results because we are not
reducing loads and as compared to lathe bed weight
these weight are very less in magnitude)

3. Self weight of the lathe bed due to gravitational
force

4. Maximum Weight Between Centres - 36.2 kg /
355 N. This force is divided into 2 equal parts (i.e.,
177.5 N). This force is applied on headstock and
tailstock. All forces applied on lathe bed are shown in
fig. 4.

Spindle bore
. 34.5 mm (r =17.25 mm)
(Diameter)

Spindle speed range | 55 - 2200 rpm (N)

2 Hpor 1.5 kW (P)

Electric motor

NODES AN

MAR 27 2017
11:40:19

ACEL

Fig 4: Force applied on lathe bed

VII. STATIC AND MODAL ANALYSIS
RESULTS BEFORE WEIGHT OPTIMIZATION

NODAL SOLUTION AN

S MAR 27 2017
.2 11:44:14
TIME=1

UM (AVE)
RSYS=0

DMX =.286E-04
SMX =.286E-04

I
0 .635E-05 .1272-04 - 190E: .25
-3172-05 952E-05 -159E-04 -222E-04

4
.286E-04

Technical specifications of lathe machine

b 2XTXNXT
B 60

1500 = (2 X T X 55 XT) / 60

T =260.33 N-m
T=FXr
260.33 =F X 0.01725
F=15092 N

This force applied at region of carriage for
simulating actual locations from where cutting forces
transferred to lathe bed. since number of nodes are
700 at this region, hence force is divided into 700
parts (21.6 N). The forces applied as shown in below
figure: 4.

Fig 5: Deformation of lathe bed before weight
optimization

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
sY (aVG)
RSYS=0
DMX =.286E-04

MAR 27 2017
11:48:18

SMN =-.134E+08
SMX =.223E+07

457857

~-985E+07 = = ZssE+07
-.117+08 -.821E+07 -.473E+07 -.125E+07 23E+07

Fig 6: Stress Distribution of lathe bed in Y direction
before modification
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NODAL SOLUTION AN

MAR 27 2017
11:50:19

STEP=1
SUB =1
TIME=1
SEQV (ave!
DMK =.286E-04
SMN =4924.07
SMX =.159E+08

e ——— |
4924.07 .354E+07 .708E+07 .106E+08 .142E+08
-1772+07 _531E+07 .885E+07 .124+08 _159E+08

NODAL SOLUTION AN

e HAR 27 2017
X 11:58:06
FREQ=595.134

USUM (ave

RSYS=0

DMX =.322561

SMX =.322561

T
0 .07168 .14336 215041 286721
.03584 .10752 .1792 .250881

.322561

Fig 7: Von-mises stress Distribution of lathe bed before
modification

Fig 10: Natural Frequency mode — 3 Deformation

NODAL SOLUTION AN

STEP=1 MER 27 2017
SUB =1 11:56:32
FREQ=211.243

USIM (ave)

RSYS=0

DMK =.204898

SMX =.204898

NODAL SOLUTION AN

STED=1 MAR 27 2017
SOB =4 11:58:50
FREQ=634.894

USTM (VG

RSYS=0

DMX =.22661

SMX =.22661

| — — [ E— =
L] .045533 .091066 -136599 .182132 ] .050358 .100715 .151073 .201431
.022766 .068299 . 832 .159365 .204898 .025179 .075537 .125894 .176252 .22661
Fig 8: Natural Frequency mode — 1 Deformation Fig 11: Natural Frequency mode — 4 Deformation
NODAL SOLUTION AN NODAL SOLUTION AN
STEP=1 MAR 27 2017 STEP=1 MAR 27 2017
SUB =2 11:57:14 11:59:40
FREQ=474.156
UstM (AVG)
RSYS=0
DMX =.20441
SMX =.20441

0o

.045424 .090849 .136273 .181697
.022712 .068137 .113561 .158985 .20441

el
0 048533 097065

o 194131
.024266 .072799 .121332

5598 19413
.169865 .218397

Fig 9: Natural Frequency mode — 2 Deformation
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NODAL SOLUTION AN

SrEp MAR 27 2017
A 12:00:47
FREQ=1031.78

USTM (2VE!

RSYS=0

DMX =.334217

SMX =.334217

I,

e
.297082
.334217

0

.07427 .148541 .222811
.037135 .111406 .185676 2

Fig 13: Natural Frequency mode — 6 Deformation

socex CENTER OF MASS. MASS. AND MASS MOMENTS OF INERTIA soeex
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS = 165.82

MOM. OF INERTIA MOM. OF INERTIA

CENTER OF MASS ABOUT ORIGIN ABOUT CENTER OF MASS
XC 8.71598
¥

? . d 8.7853
8.11946 3 21.08
8.95600E-03 76.82 Z7 21.086

08.2921E-81

0.7817E-02

8.7284E-01 0.4071E-83

%% MASS SUMMARY BY ELEMENT TYPE seee
TYPE MASS
1 185.816

Fig 14: Mass of lathe bed before modification

VII1. STATIC AND MODAL ANALYSIS
RESULTS AFTER WEIGHT OPTIMIZATION

AN

NODAL SOLUTION

e AR 11 2017
=T 10:22:28
TIME=1

sy (ave)

RSYS=0

DMX =.302E-04
SMN =-.108E+08
SMX =.238E+07

 — —
-.108E+08 =.780E+07 . 49€E+07 =-202E%07 513456
-.937E+07 -.€43E+07

-.34sE+07 -554871 .238E+07

Fig 16: Stress Distribution of lathe bed in Y direction
before modification

NODAL SOLUTION AN
STEP=1 APR 11 2017
SUB =1 10:20:03
TIME=1
SEQV (AVG)
DMX =.302E-04
SMN =3851.6
SMX =.136E+08
=_— e
38s51.6 -302E+07 .605E+07 .907E+07 -121E+08
-151E+07 -454E+07 -756E+07 -106E+08 -136E+08
Fig 17: Von-mises stress Distribution of lathe bed before
modification

NODAL SOLUTION A-N

STEP=1 APR 11 2017
i 10:35:06
FREQ=230.395

USTM @ve

RSYS=0

DMX =.238068

SMX =.238068

T—

0 .052904 105808 .158712

e
.10580 .211616
.026452 .079356 .13226 .

.185164 238068

NODAL SOLUTION AN
STEP=1 APR 1? 2':717
SUB =1 10:15:24
TIME=1
TSTM (RVG)
RSYS=0
DMX =.302E-04
SMX =.302E-04

— e

0 L§70E-05 .134E-04 .201E-04

.335E-05 .101E-04 .168E-04 .235E-04 .302E-04
Fig 15: Deformation of lathe bed before weight
optimization
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NODAL SOLUTION AN

sTER=1 APR;i%gg?i;
sUB =2 2
FREQ=507.81

UsuM (AVG)

RSYS=0

DMX =.24797
SMX =.24797

| —— —
0 055104 .110209 165313 .220418
.027552 .082657 .137761 .192866 .24797

NODAL SOLUTION AN

STEer APR 11 2017
s 10:41:58
FREQ=838.73

USUM (ave

RSYS=0

DMX =.346006

SMX =.346006

W R
) .07689 .15378 .23067 307561
.038445 .115335 .192225 .269116 .346006

Fig 19: Natural Frequency mode — 2 Deformation

NODAL SOLUTION AN

STER=1 Apkli%3:?§;
SUB =3 Rasd
FREQ=572.463

USUM (2VG)

RSYS=0

DMX =.336216

SMX =.336216

| —
0 .074715 149429 224144 .298859
.037357 112072 .186787 1261502 .336216

Fig 22: Natural Frequency mode — 5 Deformation

Fig 20: Natural Frequency mode — 3 Deformation

NODAL SOLUTION AN

sTER=1 AFRdL20
SUB =6 =
FREQ=938.13

UsmM RVG)

RSYS=0

DMX =.431994

S =.431994

e
) .095999 .191997 .287996
.047999 .143998 .239997

.383995
.335996 .431994

NODAL SOLUTION AN

Sl APR 11 2017
Sk 10:41:06
FREQ=649.254

| —
0 050065 .10013 .150195 .20026
025032 .075097 .125162 175227 .225292

Fig 21: Natural Frequency mode — 4 Deformation
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Fig 23: Natural Frequency mode — 6 Deformation

xxx¢ CENTER OF MASS, MASS, AND MASS MOMENTS OF INERTIA xsxxx
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS =  97.992

MOM. OF INERTIA
ABOUT ORIGIN

MOM. OF INERTIA
CENTER OF MASS ABOUT CENTER OF MASS
IX% 2.120 IRR 8.7496
65.42 1Y 19.%
66.88 122 19.84
-0.4538E-01
8.7952E-02
0.3887E-02

a. =
8.11824 I =
-0.10261E-02 IZZ =
IRY = -2.956 IRY

IYZ
IZX

8.1984E-61 1YZ
B8.7245E-61 17X

*ex MASS SUMMARY BY ELEMENT TYPE xxx

TYPE MASS
1 97.9920

Fig 24: Mass of lathe bed after modification
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IX. STATIC AND MODAL ANALYSIS
RESULTS AFTER WEIGHT OPTIMIZATION
WITH EPOXY-GRANITE

NODAL SOLUTION AN

MAY 8 2017
10:23:14

STEP=1

SUB =1
TIME=1
USUM (RVG)
RSYS=0
DMX =.609E-04

SMX =.609E-04

0 -135E-04
-677E-05 -2032-04

2712-04 _4062-04 3
-338E-04 -4745-04

5422-04
.609E-04

Fig 25: Deformation of lathe bed before weight
optimization

NODAL SOLUTION AN
STED=1 MAY & 2017
SO <1 10:26:37
TIME=1
sY (BVG)
RSYS=0
DMX =.609E-04
SMN =-.108E+08
SMX =.241E+07

—_— f—

~-108E+08 = 784E+07 = 481E+07 = 1seE707 547001

-.s31E%07 -.638E+07 -.2s5E%07 -sie248 2418407

Fig 26: Stress Distribution of lathe bed in Y direction
before modification

AN

MAY 8 2017
10:24:47

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SEQV (ave)
DMK =.609E-04
SMN =3734.77
SMX =.139E+08

3734.77 3032407
.1SSE+07

LEL7E+07
4632407

9262+07
.772E407 .108E+03

.123E408
.139E+08

Fig 27: Von-mises stress Distribution of lathe bed before
modification

ISSN: 2348 — 8360

www.internationaljournalssrg.org

NODAL SOLUTION AN

ey MAY & 2017
i 15:31:26
FREQ=256. 652

usTM (AVG)

RSYS=0

DMX =.37485

SMX =.37485

0

.0833 .1666 .2499 .3332
.04165 .12495 .20825 .29155 .37485

Fig 28: Natural Frequency mode — 1 Deformation

NODAL SOLUTION AN

ey MAY & 2017
SR 15:32:43
FREQ=566.325

USIM (ave)

RSYS=0

DX =.38827

SMX =.38827

] .08 . . 846 .345128
.043141 .129423 .215705 .301987 .38827

Fig 29: Natural Frequency mode — 2 Deformation

NODAL SOLUTION AN

g Wy & 217
o 15:33:41
FREQ=640.062

UM (AVG)

RSYS=0

DMX =.529341

SUX =.529341

I = =
0 .117631 .235263 .352894 .470526
.058816 .176447 .294079 L4171

.529341

Fig 30: Natural Frequency mode — 3 Deformation
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NODAL SOLUTION

STEP=1
SUB =4
FREQ=724.329
USUM

(ave)

0 .078736

.1574 236209
.039368 .118104 2755

—_—
314945
77

72 2
.196841 .354313

NODAL SOLUTION

0 15071

.075356

13 -301425
.226069 .376782

_—
.452138 . 602851
2 527494 .678207

Fig 31: Natural Frequency mode — 4 Deformation

NODAL SOLUTION

SUB =5
FREQ=936.961
UsSIM (AVG)
R

3
0 .12028 .24056 .360841 .481121
.06014 18042 .300701

.420981 .541261

Fig 32: Natural Frequency mode — 5 Deformation

Fig 33: Natural Frequency mode — 6 Deformation

seex CENTER OF MASS, MASS, A
CALCULATIONS ASSUME ELEMENT MASS AT EL

TOTAL MASS =  39.469
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Fig 34: Mass of lathe bed after modification with Epoxy-

granite

X. TABLE 1
LATHE BED LATHE BED (AFTER MODIFIED LATHE
PARAMETER (BEFORE WEIGHT WEIGHT BED WITH EPOXY
OPTIMIZATION) OPTIMIZATION) GRANITE
STRESSINY 13.4 (Compressive) 10.8 (Compressive) 10.8 (Compressive)

DIRECTION (MPa) 2.23 (Tensile)

2.38 (Tensile)

2.41 (Tensile)

VON-MISES STRESS

(MP2) 15.9 13.6 13.9

DISPLACEMENT 0.0286 0.0302 0.0609
(mm)

MASS (kg) 105.816 97.992 39.469

Structural analysis results comparison
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XI. TABLE 2
L'(AB-II—EFI':E)EED LATHE BED WEIGHT OPTIMIZED
avavETeR | et | (CTERWEISHE | LATHE 82D CooxY
OPTIMIZATION)

Mode | Frequency (Hz) 211.24 230.40 256.652
1 Displacement (mm) 204.898 238.068 374.85
Mode | Frequency (Hz) 474.16 507.81 566.325
2 Displacement (mm) 204.41 247.97 388.27
Mode | Frequency (Hz) 595.13 572.46 640.062
3 Displacement (mm) 322.561 336.216 529.341
Mode | Frequency (Hz) 634.89 649.25 724.329
4 Displacement (mm) 226.61 225.292 354.313
Mode | Frequency (Hz) 794.16 838.73 936.961
5 Displacement (mm) 218.397 346.006 541.261
Mode | Frequency (Hz) 1031.8 938.13 1046.17
6 Displacement (mm) 334.217 431.994 678.207

Modal analysis results comparison

X. CONCLUSION

In this project, we have prepared Lathe bed
CAD model of M/s South Bend Lathe Co.

The weight of the lathe bed before
modification is 105.816 Kg, after modifying the
design weight of the bed has reduced to 97.992 kg.
This weight reduction is equal to 7.4% base model
weight. Also Structural and modal analyses are
carried out for modified lathe bed with Epoxy-
granite material. By changing lathe bed material bed
weight has reduced to 39.469 kg. This weight
reduction is equal to 62.7% base model weight.

We identified concentrated stress and low
stress zones in lathe bed by conducting structural
analysis. We achieved linear stress distribution at
concentrated stress zones after lathe bed design
modification.

We conformed that modified Lathe bed
CAD model is not deviating with base Lathe bed
CAD model in terms of vibrational damping
capacity by conducting modal analysis for 6 modes
(Natural Frequencies). We get higher natural
frequencies in case of modified model with Epoxy
granite material.

Through these structural and modal
analysis results, we can conclude that modified
model with Epoxy granite material is best in terms
of weight, stresses and damping capacity
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[4]

XII. FUTURE SCOPE

Accuracy of structural analysis result of lathe
bed can be increased by applying forces which
are measured by machine tool dynamometer
and strain gauges during maximum load
conditions of lathe machine.

We can extend this study to dynamic analysis
and thermo-structural analysis. FE analysis can
also be done with composite materials like
High Modulus Carbon Fiber Reinforced
Polymer.

Number of nodes and elements decides
simulation time and size of analysis (size of
global stiffness matrix). By reducing problem
dimensionality from 3D to 2D, we can reduce
number of elements and very fine mesh can be
attain which leads greater approximation and
interpolation of FEA results. But it needs lot of
surface modeling skills.
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