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An Analysis of Static and Dynamic Behavior of the HSK Tooling System
According to Bearing Characteristics

Jin-Hyo Park*, Jeong-Suk Kim', Min-Su Ku™, Ik-Soo Kang ", Ki-Tae Kim ™"~

j| Abstract I

Recently, the high-tech industries, such as the aerospace industry, the auto industry, and the electronics industry,
are growing up considerably. Because of that, high machining accuracy and productivity of precision parts have been
required. The tooling system is important part in the machining center. HSK tooling system is more suitable than
BT tooling system for that of high speed machining center. It is because static stiffness and machining accuracy of
HSK tooling system are higher than those of BT tooling system.

In this paper, static and dynamic behavior of the HSK tooling System is analyzed according to bearing characteristics
and lightweight parts. In order that, three different models of the HSK tooling system are modelled by using a 3D
modeling/design program. More stable one in the models of HSK tooling system can be selected by using the FEA
(Finite Element Analysis)
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Rotor
Drawbar
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Bearing Gripper
Spindle Shaft
Clamping Cone
Jool Shank

F-: Reaction force
s Spring force
Fe= Fo/(n - Sin(By2)

F-: Clamping force
n: The rumber of grippers
Fc = F1- Cos 60°

Fig. 2 Wedge principle
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Fig. 3 3D model of HSK-E40 tooling system
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Table 1 Generation conditions and results of Finite
element models

Generation condition

Method Hex dominant

Elemental size (mm) | 1.5mm/4.0mm (rotor, bearing)

Solid element

midside nodes Kept (2nd order)

Relevance 100
Relevance center Fine
Results
Nodes 922,533
Elements 247,084

(a) FE model - outside

e
i —

(b) FE model - inside

Fig. 4 Finite element model of spindle
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No separation
— Bonded
o Spring(stiffness)

= Spring force

Fig. 5 Boundary condition and contact condition

Table 3 Material property

SNCM 8 |SCM 415; SUJ 2 | Copper
Young’s
modulus 205 205 210 110
(GPa)
Poisson’s | 559 | 029 03 034
ratio
Density 1 o5x106|7.85%10°| 7.81¥10°|8.96% 10
(kg/mm’)
Yield strength
1,165 | 740 | 2,034 | 333
(MPa)
Ultimate
strength | 1255 | L160 | 2241 | 210
(MPa)

Table 4 Radial stiffness of bearings

Front bearing Rear bearing
Table 2 Contact condition of Finite element model Model #1 100N/ 79.3N/sm
Contact surface Model #2 117N/pm 101N/

Gripper and Clamping cone,
Gripper and Tool shank
Gripper and Spindle shaft,
Gripper and Spacer

Drawbar and Spindle shaft,
Drawbar and Spacer

Tool shank and Spindle shaft

Bearing and Spindle shaft,
Rotor and Spindle shaft
Drawbar and Clamping cone

No separation

Bonded

7} Rl £3] AMgShe AR BA AUERT T
= SCM 415, 12 #H¢ SWPEof= SNCM 8, 18]
S 2o Wojg Rl SUJ 28 Agsl9.on, 29
a4 Tz Addsigdh d449 2459 B4Ae
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Fig. 6 An application point of force

Table 5 Results of static analysis

Deformation(mm) | Stiffness(kN/mmy)
Model #1 0.065 15.4
Model #2 0.062 16.1
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Fig. 7 Mode shapes of Model #1
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Fig. 8 Mode shapes of Model #2
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(a) 1,270Hz

(b) 1,505Hz

(¢) 2,217Hz

Fig. 9 Mode shapes of Model #3

Table 6 Material property of Ti-6Al-4V

. Young’s . Yield Ultimate
Density Poisson’s
& g/mmg) modulus ratio strength | strength
(GPa) (MPz) (MPa)
443%10°| 114 0.33 830 900
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