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The Stress Distribution Characteristics of HSK Tooling System
According to Spindle Speed

Minsu Ku*, Jeongsuk Kim', Iksoo Kang'', Jinhyo Park™, Jonghwan Lee™, Kitae Kim ™~

7‘ Abstract J[

Recently, the high-tech industries, such as acrospace industry, auto industry, and 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, stress distribution characteristics of the HSK tooling System is analyzed according to the spindle speed.
In order that, the mechanism and the force amplification principle of HSK tooling system are analyzed. The HSK
tooling system is modelled by using a 3D modeling/design program. Then stress distribution characteristics of HSK
tooling system are analyzed according to spindle speed by using the finite element analysis.

Key Wonds : HSK tooling system(HSK &3 A2 H), Finite element analysis(-3-3FR 43}|4)), Stress distribution dharacteristics(-3-8|&3E
£4)), High speed machining center(21<7+37])
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(a) Unclamping (b) Clamping

Fig. 1 The states of HSK tool clamping unit
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Spacer Drawbar

Spindle Shaft
Gripper

Clamping Cone

Fr: Reaction force Fe: Clamping force
Fs: Spring force n: The number of grippers
Fr=Fo/n- Sin(B1/2))

Fig. 3 Wedge principle
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Table 1] LHehSlct.
F.= Fy/(n'sin(6:/2)) )
= Fs/(6SlI’1 100)
= 0.96 F,

F1 = cos 10*F,
cos 10°:0.96 F
0.95 F,

@

F. = Ficos 62
0.95 Fycos 60°
0.48 F;

G)

M F. = n'F.
= 6-F¢
2.88 Fs

)

Table 1 Clamping force of HSK clamping unit

HSK-E50 HSK-E40

Spring force (N) 3,850 2,400

Clamping force (N) 11,088 6,912
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3. 3|ITAEo| M| w2 S29 TS 9] ANSYS WorkBench V11& o] &3t $3lasn
dsalgc. weh 4o S|4 AE A7) 9la) SAAIe
250 d7ggel HSK 272UU4Ye foes ol 205X 8448 Solk dgor fResud
A4S SHa) e S 2 HES SHARAYS 2y AS S Seushe) B ofd ol
kAL, 11 RES o] gete] {ota A S Ao, A
NEZ0) AASE vl WE SeRER Y 274
i;}:i—j C s ;jo ijtﬂm_r © . Og})f fjg Table 2 Generation conditions and results of Finite
2UEE HEHY g WSl i3t s skt element models
3.1 3XIY P Generation condition
SREES EERE L EXELE S EE N Method Hex dominant
B, FHRE, Aol A, Hlojd, 28, 12T E2onE Elemental size (mm)| 1> 0m /40 mm
32 AA/mdE Ag22 789 Pro/Engineer Wildfire (rotor, bearing)
3.0 olgsto] RdYalnh 4 $ES HAYY F 47 Sonc clement 2nd order (Kept)
Evlo] 2wl ujeh Aol 94347, YA 2 midside nodes
A5 2o AP YehS 7Hstel HEES AR Relevance 199
Fig. 40l £ =89 7049 HSK 373UR RS Relevance center Fine
EY5D Qs 2BE A 2GRS ehel
Results
3.2 |3tesnu Nodes O18.420
349 299 ¥ 2909 ANES fBR2HY dgrs Elements 245,894
Rotor
Drawbar 5" T
(a) FE model - outside
Spacer
Bearing Gripper
Spindle Shaft
Clamping Cone
Too! Shank
i (b) FE model - inside
Fig. 4 3D model of HSK tooling system Fig. 5 Finite element model of spindle
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Table 3 Contact conditions of Finite element model

Contact surface
Gripper and Clamping cone
No Gripper and Tool shank Gripper and
separation Spindle shaft, Gripper and Spacer Drawbar
P and Spindle shaft, Drawbar and Spacer
Tool shank and Spindle shaft
Bearing and Spindle shaft
Bonded Rotor and Spindle shaft
Drawbar and Clamping cone
Table 4 Material property
SNCM 8 |SCM 415] SUJ 2 | Copper
Young's
modulus 205 205 210 110
(GPa)
Poisson's |59 | 029 0.3 0.34
ratio
Density 6 6 6 -6
7.85x107 | 7.85%107 | 7.81x10™ | 8.96x10
(kg/mm3)
Yield
strength 1,165 740 2,034 333
(MPa)
Ultimate
strength 1,255 1,160 2,241 210
(MPa)
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P BEo] E3] AHgshe AAMEA TejH et S
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E50| AAAHY W9 Hd-3-E 391.5MPaoH,

B

c

2S5 ST 10,000pmd W T2
404.8MPa, 20,000pm% wo] HThSHS 4559MPa,

30,000rpm¥ wjo] 2222 632.8MPa, 40,000rpm¥
9 A& 880.4MPa, 50,000rpmy wjo] Hcf-g2l2

o3 0

o

=~ No separation
- Bonded

== Cylindrical Support

Spring force

Fig. 6 Boundary condition and Contact condition
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932.12MPa thebiet. Slof ftaas AT v 8 e Telsirh AAeel e Wi oR Y o olf
A%E A2 oS ol §3h FHY HHAS b WS meRd 4 YT, |2 A 1w} 374, 1e)
Table 5of elzto] Lhehsict. sioh ~24s] gl Wise gol B2

A7 A3 "4 22 50,0000pmo) A AAFE QPR A=
1252 vepyith SbaAS ol A7 a1 AlEAo] g &4

A7 E20] FEH| A< wﬂv’mﬂ qiowz-‘f’— a3k

o}, Aol HalA 9L, 815 U SHe) A% A o AnSe HA4E 7RIS AEuneel S

8 & S Qi Aol 1250407 shojof g, 2 3holet 4= 9190, 11 ATE Table 60 Aesto] e}
$1¢] %ﬁm H A ARE B BHLETL Z7Ho) uf W elet.

(a) At the stop state (d) At 30,006rpm

(b) At 10,000rpm (¢) At 40,000rpm

(c) At 20,000rpm ) At 50,000rpm

Fig. 7 The stress distribution according to the spindle speed
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Table 5 The maximum stress and the safety factor
according to spindle speed

Spmgi)e ms)peed Maxxgﬁmzl )stress Safety factor
0 3915 2.98
10,000 404.8 2.88
20,000 4559 2.56
30,000 632.8 1.84
40,000 880.4 132
50,000 932.1 1.25

Table 6 The reaction force according to spindle speed

Spindle speed (rpm) Reaction force (N)
0 12,805
10,000 13222
20,000 14,569
30,000 16,773
40,000 19,859
50,000 22,960
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