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Suppression of Machine Tool Spindle Vibration by using TiC-SKH51
Metal Matrix Composite

Wonjun Bae*, Sungtae Kim*, Yangjin Kim*’, Sang-Kwan Lee**

ABSTRACT: With increasing demands for high-speed machining and lightweight design of machine tools, increasing
likeliness of generation of machine tool spindle vibrations has become an important issue. Spindle vibration has a
significant impact on the surface finish of the workpiece in ultra-precision machining. It is necessary to resolve the
machine tool spindle vibration in various machining processes to improve machining accuracy. In this paper, a TiC-
SKH51 metal-matrix composite was used to suppress the vibration of the machine tool spindle. To confirm the
dynamic characteristic of the TiC-SKH51 composite, impact hammer tests were conducted. After verifying the
reliability of a finite element analysis (FEA) by comparing the results of the impact hammer test with the modal
analysis using FEA, the analysis of the machine tool spindle model was performed. The FEA results show that the
TiC-SKH51 composite applied machine tool spindle can be utilized to suppress the vibration generation.
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Fig. 1. Configuration of the impact hammer test
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Table 1. Mechanical properties of testing materials

Elastic modulus| ~ Densitiy Poisson’s
[GPa] [g/cm’] ratio
$45C 205 7.85 0.29
§S400 206 7.80 0.27
SKD11 210 7.70 0.28
SKH51 207 8.14 0.27
SKD61 215 7.81 0.27
SUS304 193 8.00 0.29
SUS420 205 7.75 0.27
TiC-SKH51 317 6.27 0.23
GC250 110 7.25 0.28
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Fig. 2. (a) First natural frequency and (b) damping ratio of mate-
rials as a function of specific modulus
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Table 2. First natural frequency of the impact hammer test and
modal analysis

Impta;cst ?Iizl]mer Mode}l;;alyms Error (%)

$45C 1168 1140.6 2.35
55400 1166 1154.9 0.95
SKD11 1179 1169.6 0.80
SKH51 1010 966.7 4.29
SKD61 1181 1179.1 0.16
SUS304 1112 1096.3 141
SUS420 1183 1155.8 2.30
TiC-SKH51 1282 1382.5 7.84
GC250 936 871.0 6.94

Aol Al A AHIR TSR] el 73 8
34 AZEO(APDL 17.1)9A = -4 271 §lo] &
= BAg AT 97FA] A|EE Solid brick 8node 278,
0.0052] mesh 7|2 AP35t A3}, 671 AF-GE= 2] FL&50] ¢l
ong 7Hz WGAELHE Put AJHe] Ay 1GNNS
4 32 UEhdo] o] Table 29} .

BT BAul AR 22 w2 A|Ye] it Algk BB o
2= AL ¢F 2= Qi) 7 2 921 TiC-SKH512] 7.84%

o, o] & A|Qlgt < A= vlal A= 5% ool &
242 7pAck 9ke] e Yele AlH A T 7hges
oA Seld F AN f A Fokdy] R R B
Tt o2 Hlgo 2 TIC-Fe 34 BaAE B4 34

7NA F59] AE A 58 #ANsy] Yo 3A7NA

b

% e Bgstel 93 o 4L Aastarh
4. 2% 2o RF 24 A

41 7% 2y
o] Aol A= TiC-Fe 55 B3 E &85 3274 =
Ho) A% U A S4L wolal] el UE 54 Algel
AgE AR E BEsto] MEEAS Wasl At AR5
/3 A= Table 19] gt} FYstet. sfjAof] AME-H Fig. 3(a)
O] FA|A F5 Hd9] Zoli= 200 mm, o 2742 56 mm
ojth. 1ol EAIH Hl o] w1} & Atelofl 1 mm

o 713g 7.

g B2 53 84 4 AZEO|(APDL 17.1)F ©|
310 A4S Y5t Fig. 3(b)2} 7o) Solid brick
8node 278, 0.005 =7|2] mesh& %] 91, noded] ~=
60750]t}. wj o] &) 2 E1} Yol #A8t= s A= 6 A
$EE 710 Ang o giA = e ofu) 2xee] 24
& Aol 2281 A7 O] T AIGol 488k FE(N/mm) 2
2 AAskelch

Bearing

Fig. 3. (a) 3D model and (b) FEA model of machine tool spindle
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Table 3. Harmonic and static analysis results of the machine tool
spindle model

First natural | Damping ratio Maximu.m

frequency [Hz] (%) deformation
(m]
S45C 642 0.65 17.1
$S400 708 0.56 16.7
SKD11 720 0.35 16.4
SKH51 632 0.32 16.6
SKD61 658 0.58 16.0
SUS304 678 0.44 17.8
SUS420 709 0.28 16.8
TiC-SKH51 976 0.82 10.8
GC250 537 0.65 31.3
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model
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