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Dynamic Analysis on Belt-Drive System of Machine Tools

S.G.Kim*, S.Y.Lee**, J. M. Lee**”

ABSTRACT

The needs of ultraprecision machine tools, which manufacture and machine the high
precision parts used in computers, semiconductors and other precise machines, have been
increased recently, So it is imoportant to design the driving parts of the ultraprecision machine
tools which affect significantly on the performance of them. In this paper, the dynamic
analyses on the belt-drive system were studied. The correlational equations between the
acoustic natural frequency and the tension of belt were derived by experiments. The dynamic
deflections while the dynamic loads on the motor system changed were analyzed by the f{inite
element analysis. The nonlinear characteristics of the bearings on the dynamic performance
was studied and the belt connecting the motor to the spindle of a machine tool was modeled
by the truss element and the beam element.

Key words : ultraprecision machine tools(&8E F&71A), driving parts(7&%), belt drive
system (E P5A), acoustic natural frequency (8 L5455, F.EM, (Fda4s
A), nonlinear characteristics(®14% £4)
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Photo 1 Measurement of tension by using
microphone

105

Fig. 1 Schematic diagram of experimental set-up

7] 98 48 FA ARojr},

Fig. 1& dEe L& FHsK AT, 7
A9 BAL =AU 4¥ e ddEH
4'9-34 Zvh AR, dEE »23% ZHewa gd#
I $HAEE nlo|lARECR E3dlm, vielaR
I F.P.T. 24718 d4std, Azt 994 o
o &% 438 ¥A Ao the, F8 (Fourier)
?c}'% st Fg ddoa &8 NTE P3|
Ag¢E 290, B4, A (D Aede
%‘E&‘(m)c 15.9, 20,9, 25,9, 30.9, 35 9kgoZ W
& A71EA ads) 17 1) As5S 23 2H AF
TE SHYL, d¥M AEF V HES] Zo) (L)L
475 0mno] L, WESL P4 FA 8 5m, 9F
12.0m, W& Z 6, 5me Alrhe)E FAolth

zﬁrﬂ.r&r}njaa

4 tfe

(2) 2% A%
BEe HFHAN FE 14 £F 2RAFSE
Table 1o A Alsgict,

Tahle 1 Correlations between mass of plumb and 1st
natural frequency -

mikg) 1st Natural Frequency(Hz)
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Photo 2 Tensile test set-up of V-belt
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a. Flat belt : T=A4A,+Ad+AN (3)
b. V-belt : T=A,+Ad+Ad
+A,0° + A8 *
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Table 2 Correlations between tension and
displacement of flat belts

Shape of Func. T=Ay+AD+AB
Coeff
A
Length of Belt & A :
300(mm) -0.952 264 0.783
400(mm) 2.247 24 0.445
P
450(mm) -2.648 19.0 035 |

Table 3 Correlations between tension and
displacement of V-belts

Shape of Func. TaA + A8+ A8 + A8 +4,5°
Coeff
Lengih A A 4, Ay A,
of Belt
300(mm) -5.838 | 154.8 11293 | -3.906 | 0.2348
400(rnm) -11.07 | 1374 ri?il -2.456 | 0.1327
450(mm) -19.73 | 7557 | 15.02 | -2.277 | 0.0865
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T=A+Ad+AY

T/8=(kp), =4 +Ad+A0")/8=EA/L (5)
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Table 4 Equivalent stiffnesses and elastic moduli of
belts (T=300N)

[ Type V-Belt Flat Bel
Length of Belt | Equiv. Siff.| Flast Modulus | Equiv Siff | Flastic Modubus
rm) | G N | RV | N |
30 1637 6246 23 017
4 w1 | 74 %07 | s
® wo | 2 nx | nm

T=A)+ADd+AD +AD + A
(k). = (Ag +AD + 40" + AD* + A,5%)/d

=EA/L (6)
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Fig. 2 Modeling of motor part
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Table 5 Physical propert1es of motor part

| Section 1 Section? |
Diameter (D) (mm) 19.0 200
Sectional Area (A) (mm?) 28353 31416
Moment of Inetia (mm) 6397.1 7854.0
Polar Moment of Inertia ~ (mm?*) 127942 15708.0
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Table 6 Physical properties of spindle system

Sectionl Section?2

Diameter (D) (mm) 200 300
Sectional Avea (A) {rm?) 314.16 706.86
Moment of Inetia (mm) 7854.0 39760.8
Polar Moment of Inertia ~ (mm*) 15708.0 79521.6
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Fig. 3 Modeling of spindle system
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Table 7 Equivalent stiffnesses and elastic module of
belts (T=300N)

Type Velelt Flat Belt
Length of Belt | Equiv. Stff. | Elastic Modulus | Equiv. Stift | Elastic Modulus
(mm} (kN/m) (MN/1n) (N/m) | (MN/m)

300 1637 624.6 34 69.17

400 1421 7234 2607 74.86
450 97.0 5552 230 R 7|
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Photo 4 Results of dynamic analysis(T=300.0N,
L=400. Omm) for V-belts

Photo 5 Results of dynamic analysis(T=300.0N,
L~450, 0mm) for V-belts
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Photo 6 Results of dynamic analysis(T=300. 0N,
L=400, 0mm) for flat belts

Photo 7 Results of dynamic analysis(T=300.0N,
L=450, Omm)for flat belts
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Table 8 Analysis of dynamic displacement (F,=10.0N, Tension T=300.0N)

(a) V-belt (um)
°d‘-']f“5 Truss Element Beam Element
Dmp Left Side of Motor Right Side of Spindle Left Side of Motor Right Side of Spindle
Length(mmmmon X y z X y 2z X y z X y z
300 00 | 3663 | 1192 | 00 00 | 0025 | 0187 | 3663 | 244 | 0159 | 00029 | 0.0067
400 00 | 3664 | 123 0.0 00 | 00031 | 0131 | 3941 | 2243 | 0083 | 00025 | 00127
450 00 | 3664 | 1232 | 00 00 | 00021 | 0062 | 3663 | 2461 | 0.074 | 00091 | 0.004
(b) Flat belt (pam)
Modeling Truss Element Beam Element
"Difp ] Left Side of Motor Right Side of Spindle Left Side of Motor Right Side of Spindle
Length(mm "x y z X y z | x y z x ‘ y z
300 00 |3664 | 1234 | 00 00 [ 00009 | 0070 | 3664 | 2491 | 0.066 [ 00023 | 0.0019
400 00 | 3664 | 1238 | 00 00 | 00008 | 0077 | 3943 | 2289 | 0058 r0.0029 0.035
450 00 |3665 | 123 | 00 | 00 00008 | 0055 | 3665 | 2501 |o0g5 | 000l | 0016

Table 9 Analysizs of dynamic displacement by beam element modeling of belts(F,=10,50,100,400N, length of

belt (L)= 400mm, T=300N)
(um)
Belt T?'pe V-Belt Flat Belt
- . DI.SP‘ Left Side of Motor Right Side of Spindle Left Side of Motor Right Side of Spindle
E (N} Digecton X y z X Yy z X y z X vy z
10 0.131 3941 2.243 0.083 00025 | 0.0127 | 0.077 3.043 2.289 . 0.058 0.0029 | 0.0035
50 0,643 18.32 12.23 0.408 0.0081 | 0.029 0.379 18.32 1249 0.284 0.0092 | 0.0081
100 1.308 3942 »n43 0.835 00043 | 0.1266 | 0.765 3943 289 0.578 0.0289 | 0.0355
400 5.144 1465 97.81 3267 00653 | 0.232 3.028 146.6 99.9 2.276 0.074 0.0645
Table 10 Analysis of dynamic displacement by change of tension (F,;=10N, length of belt(1)=400mm) -
fm
Bl Type V-Belt Flat Belt
.'D'f'p' LeftSideofMotor | RightSide of Spindle Left Side of Motor Right Side of Spindle
Tension(N) Drection ™ ¥ z X y z X y z X y z
50 0,895 36.63 3b.72 07082 | 0.0173 | 0.463 | 0514 36.64 36.54 04903 | 0.018 0.1186
100 1.052 36.63 30.56 0.741 00168 | 02126 | 0578 36.64 31.26 05053 | 00182 | 00857
200 1.168 36.63 26.35 07628 | 0.0157 | 0.1127 | 0.658 36.64 26.94 05206 | 0.0184 | 0.0321
300 1.308 3942 2243 0.835 00043 | 01266 | 0765 3943 22.89 0578 00289 | 0.0355
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