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In this study, two finite element (FE) models were developed to evaluate

Received 21~ December 2012 the thermal characteristics of a feeding axis of a CNC lathe. One was used
Revised 26 April 2013 for analysis of heat transfer to identify the temperature distribution of the
Accepted 23 May 2013 feeding axis and then, the other was used for analysis of thermal deformation
Kevwords: to evaluate its structural behavior based on the temperature distribution. The
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Test standard coefficient were calculated for each velocity and applied to the thermal FE
Ees s.an arl . model. The convection coefficient for the ball screw rotation was based on
Xperimental. equation an experimental equation. The result of the analytical thermal displacement
was compared with that of the experimental displacement to verify the finite
element models.
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(a) Frontal CNC lathe (LF2100)

Slide Turret slide

<

Bearing
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Ball-screw

Bearing
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(b) Saddle and its feeding system
Fig. 1 A machine tool and its feeding system“o]

Table 1 Information on the feeding in X axis

Item (Unit) Value
Mass of turret assembly (kg) 513
Feeding stroke (mm) 125
Max. feeding velocity (V) (mm/s) 400
Acceleration (Deceleration) time (s) 0.1125
Acceleration (Deceleration) distance (mm) 22.5
Time for the constant velocity (s) 0.2
Distance for the constant velocity (mm) 80
Gravity (m/s’) 9.807
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Table 2 Design details for heat generation

Part Item (Unit) Value
Model 25TAC62B!""!
Inner diameter (mm) 25
Outer diameter (mm) 62
Pitch diameter (d.) (mm) 43.5
Lubricant Grease

Support Lubrication viscosity (Vo)
. 2 21
bearing (mm?/s)
Friction coefficient for 0,002
the preload (fi) )
Friction coefficient for the 0,701
viscosity (fo) )
Preload (Pi) (N) 2150
Diameter (D) (mm) 32
Lead (L) (mm) 10
Efficiency (1) 0.95
Ball-screw | Nut preload (F,) (N) 1300

Mean revolution for the 1200
accel. or decel. (RPM)
Mean revolutu')n for the 2400
constant velocity (RPM)

Siid Friction coefficient (1) 0.05""

ide

Area (mm®) 50,000
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Table 3 Quantity of the heat generated

Table 4 Design details for convection coefficient

Heat Velocity condition Item (Unit) Value
W)
Part Accelerat- ion Constant | Decelerat- ion Ball-screw diameter (mm) 32
(Ha) velocity (He,) (Hav) Air Prandtl Number (Prair) 0.7131"
Bearing (Horg)
" 241 49:0 241 Air conductivity coefficient (k) (W/mT) 0.0258
Nut (Hnw)
. t 174.9 2112 1558 Air viscosity (v,,,) (mm ’/s) 1.35x10
Slide (Hy) 50.4 100.8 50.4
Table 5 Average convection coefficients
Ball-screw
H Velocity Accel. | Constant | Decel. Pause
15 Hay o Hav O condition (he) |vel (he)| (ha) | (o)
P ><— >0 Conveg;’/;fféefﬁ centl as0 | 397 | 250 | 120
225 mm 80 mm 22.5 mm
(0.11s) (0.2s) (0.11s)
Bearing
ANM D, Praw k v, = A4 & 23%F A4, 3719 A
Fig. 2 Heat distribution on the ball screw Prandtl =, 37]9 gt SAT A, 3719 tet SHE ASS
Uehdth, 247ke] B4 A E = Table 490 Ve ¢loH, matbA,
3.4 U 3 UHT AL U5 A4 (h)e Table 5olA 2 AAF 2 &5 77kl ths|A
AU 3719} & 2359 A tife} 3719 725 A ARME Table 491 3719 tha E4A= it tf7] £5+= 20T
W77k 9Tk & 23%= 3719k ASE0] 9lon, W o 37] of e Zojw, & ~2AF L& WS} 44 o, e 3
oo} A fréeol WASHA HEE 2 tii7h EA st %7‘ g AHdA FEZ ACE AL,
£°] %ﬂ%ﬂ}[m. 2 AFdAE & 2379 A dF As T3 A F2E AE T 0 IAFY B 2359} 2ol
+ 4 3 AAY F7) Aole) 94X AP4MS Fga)e] 74] 37190 tell A A £=7t dAekA e FEel daA Ad
Abstsit. U Al(hu)E AHESIOH, Table 59 Ueht Slck
719 U & 235 A4 A £x(up)= A (10) el
A TelAH, A l nrebA et golE2 F(Re)E 4 4. 78t Q4 mH Jfdt

(1Dl <A Ak 4 (1) (12)0l 2J3)H Nusselt F(Nu)
SO AS7h FAAE. 4 (12)% £% 93 D24 B
AGAMo 24 Re 471 10°~ 10744 fr-gatmall 1 a7
2 2374 87l & A0 AR 2HEE, o] YF AL

£ ¥ 2359 5ol mA WaA A
X DXn
utg - T (10)
Uy, X D
Re B V{u','r (11)
Nu=0.133 X Re?® x Pr,,\/? (12)
_ NuxXk
h= D (13)
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FE9 Az 4%
AT F27F SCM4A200] AHEEA o, EY AEe
T GC250, HolF e WEH 2lFl= SUI2 Zol AHH A
t}. Table 691= AHLH B4 A% AHdto] Yeht 9t}

Table 6 Material properties of Ball screw system

Item SCM420 GC250 SuJ2
Conductivity coefficient
o 42. 0 41.9
(W/mT) 8 >
Thermal capacity (J/kg:C) 480 56.5 473
Thermal expansion 5 5 5
o 1.15x1 1.1x10 1.25x1
coefficient (1/°C) 5x10 - 5x10
Density (kg/m’) 7,850 7,250 7,860
Elastic modulus (GPa) 205 110 205.8
Poisson's ratio 0.29 0.28 0.3
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Table 7 Heating and cooling for different velocities

Feeding section (convection coefficient)

Time (s) Accel. Const. vel. Decel.
Accel. Heating Convection Convection
(0.11) (Hay) (hw) (hay)

Const. vel. Convection Heating Convection
02) (hey) (Hev) (hey)
Decel. Convection Convection Heating
(0.11) (hav) (hav) (Hav)
Pause Convection Convection Convection
(5.0) (Do) () (howr)
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Fig. 4 Thermal test of feed drive system
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