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A study on the Evaluation for the Static and Dynamic stiffness of a Machining Center

Choon Man Lee*, Dong Gun Park” Sang Heon Lim"™

{ Abstract lr

A machining center is a complex dynamic system whose behavior influences the machining stability and
machined surface quality. This paper focused on establishment of a measurement system and experimental
study on static, dynamic, and modal analysis of a machining center. The dynamic stiffness result by the
analysis showed the weak part of the machining center. The results provided structure modification data for
getting better dynamic behaviors.
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Fig. 1 System for dynamic and static test of
machining center.
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Table 1 Specification of exciter system

No. I AF
7Y (3-9)
4,450 [N]
Stroke 25 mm
1 Lot 71A7) Rod 18
Load cell 11.125 [N]
Load cell sensitivity 250
[lbs/V]
167] 98 Adz
s FFT 174 29 A4
(& Feof ME7)| * 1J9F T s
10 [khz]
3 A& Klstler. Ao 8774A50
Piezoelectric
4 2233 Fig 2 &3
5 239 B Fig 3 &=

Fig. 3 Jig drawing of exciter
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Fig. 4 Method of selective on head of exciter into
position of machine tool table
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Fig. 5 Compliance curve on machine tool KV-25,
excite point 1Y, response point 1y
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Fig. 6 Compliance curve on machine tool KV-25,
excite point 1Y, response point 1y

Table 2 The static stiffness and dynamic stiffness on
machining center KV-25

Static | Dynamic

. Dynamic stiffness
Direction | Stiffness | stiffness n

at Frequency(Hz)

(N/mm) | (N/mm)
x-x 6575 5400 490
y-y 12127 4847 498
2z 12769 66171 575

Position 1. Static force = 1,000 [N],
Dynamic force = 300 [N]

Static | Dynamic

. Dynamic stiffness
Direction | Stiffness | stiffness n

at Frequency(Hz)

(N/mm) | (N/mm)
x-x 7853 5138 508
-y 16430 | 5323 514
7z 11416 | 104527 559

Position 2. Static force = 1,000 [N],

Dynamic force = 300 [N]
Static | Dynamic

Direction | Stiffness | stiffness

Dynamic stiffness
at Frequency(Hz)

(N'mm) | (N/mm)
x-x 5137 4673 510
z-z 15651 207952 561

Position 3. Static force = 1,000 [N],

Dynamic force = 300 [N]
Static Dynamic

Direction | Stiffness | stiffness

Dynamic stiffness
at Frequency(Hz)

(N/mm) | (N/mm)
xx 8198 5963 510
Yy 13347 | 4918 498
2z 23707 | 105002 563

Position 4. Static force = 1,000 [N],
Dynamic force = 300 [N]
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Table 3 Modal parameters of machine tool A under
x-direction excitation point 1x.

Nhﬁ;c::r Frequency(Hz) | Damping Ratio(%)
1 38.464 6.943
2 69.398 3.951
3 93.911 7.131
4 109.244 2.765
5 124.331 3.456
6 155.75 6.859
7 223.132 1.738
8 325.882 2.494
9 361.255 1.064
10 506.975 3.585
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Fig. 8 Dynamic compliance by FEM modeling

Table 3 Result of dynamic compliance by FEM

[TView SISz 3]

Fig. 7 Modal Shape, machine tool A,
excitation point 1x

Dynamic
Frequency .
[Hz] compliance Note
[mm/N]

¥ Maximum value of
502 3.11E-04 |experimental result at 498

[Hz] : 2.06E-04 [mm/N]

Fig. 9 Modal shape by FEM
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