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OO000O000OoooooOooooOoOoooooooo3spooooboooboDbDOonALD
0000000000000 00000000000000000 A6000 (experiment)
goobg

O0A6()DD0O0OO00100mm/s000000 100000000000 O0O0O0O0DODOO
OOo0ooboobobobooobooAedDD0O0OO0AODODODODOOODOOOOODOD
0000 126 NOOOOOOOO 021 Ns/mmO 0000000000000 O0O0OOOO
00 (180N)ODO07%000000000000000000O000O0O0O0OO0O0O A6(b)O
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0 A4 0DODOOOOOOO
table position [mm| —100 0 100

direction + — + — + —
18.6 | —18.8 | 18.3 | —18.3 | 18.3 | —19.5
17.7 | -174 | 21.0 | —=18.0 | 17.1 | —20.1
thrust [N] 17.7 | —17.7 | 17.1 | —18.0 | 18.0 | —18.0
1771 —-16.5| 19.2 | —20.4 | 18.3 | —18.0
17.7| -16.2 | 180 | —17.4 | 18.3 | —18.0
average [N] 17.7| —17.3 | 18.7 | —18.4 | 18.0 | —18.7
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O AL J00O0D000D0O0DO0ODOO000O00

velocity [mm/s] | data 1 [N] | data 2 [N] | data 3 [N] | average [N]
—500 —67.8 —67.2 —67.8 —67.6
—400 —63.6 —63.0 —62.4 —63.0
—300 —56.4 —55.8 —55.2 —55.8
—200 —46.8 —46.8 —46.8 —46.8
—100 —-324 —-324 —-324 —-324
—80 —28.8 —28.8 —28.8 —28.8
—60 —25.2 —25.2 —25.2 —25.2
—50 —-234 —-234 —-234 —-234
—40 —21.0 —21.6 —21.6 —21.6
—30 —19.8 —19.8 —19.8 —19.8
—-20 —18.0 —174 —-174 —17.6
-17 —16.8 —16.8 —16.8 —16.8
—13 —16.2 —16.2 —16.2 —16.2
—10 —15.6 —15.6 —15.6 —15.6

-7 —15.6 —15.6 —15.6 —15.6
-3 —-14.4 —14.4 —13.8 —14.2
—4 —14.4 —14.4 —14.4 —14.4
-3 —-14.4 —14.4 —14.4 —14.4
3 13.8 13.2 13.2 13.4
4 13.8 13.2 13.2 13.4
) 14.4 14.4 14.4 14.4
7 13.8 14.4 14.4 14.2
10 15.6 15.6 15.6 15.6
13 16.2 16.2 16.2 16.2
17 16.8 16.8 16.8 16.8
20 17.4 17.4 17.4 17.4
30 19.8 19.8 19.8 19.8
40 21.6 21.6 21.0 214
20 23.4 23.4 23.4 23.4
60 25.2 25.2 25.2 25.2
80 28.8 28.8 28.8 28.8
100 32.4 32.4 31.8 32.2
200 474 48.0 474 47.6
300 57.6 57.0 56.4 57.0
400 65.4 64.2 63.6 64.4
500 69.6 68.4 69.0 69.0
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e experiment
static friction model (starting)
“““ static friction model (reversal)
30 L L L L T T T
-20 -15 -10 -5 0 5 10 15 20
velocity [mm/s]

(b) micro velocity region

O A6 OD0OOODDOOODOOODDOOODOOO

O A6 OODOOOOOO0ODOOOOOO
direction | Coulomb friction [N] | viscous friction coefficient [Ns/mm)]

+ 12.6 0.22
— 12.6 0.20
average 12.6 0.21
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OA7 O0D0D0DO0O0O00O00O0O0DOOOOO0O0
maximum stiction force Ty | 181N

Coulomb friction force Ty | 12.6 N

viscous friction coefficient D, | 0.21 Ns/mm

Stribeck velocity vs | 4.0 mm/s

micro velocity region Av | 0.1 mm/s
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table position [mm]
O A7 OD0O0OO0OODOOOODOOO
friction

. Coulomb friction
: region 1 :
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gain [dB]

10"

10

frequency [Hz]

SLB0 v

phase [deg.]

experiment (macro)
—27011 — experiment (micro)

-360

10

10"

10

frequency [Hz]

0O Al10: OOOODOOOOO

A42 0O0O0OOOOODOOO

A4100000000000000D0(B4)00@B)O000DOOOO0ODOODOOOOOO
ooogbobobooboobobbobooboboboobobobobooboboboon
O NODOregion l1OOODO0OOOO0ODOOOOO0ODOOOOO  N=60002,;,00 A80O
obooobobDo0K;,OD,0F,, 00340000 NNOODOOOOOooOoooOoooDOOoo
OOooobooboboooooobooooboboboboboooDA9DUODODO

O A8 0DO00DO00oooogoogoon

0| T [pm] | @ | @ [pm]
1 0.3 4 8.0
2 0.6 5 25.0
3 1.0 6 80.0

O A9 O00ODO0O0DOOOO0OO0O0DOOOO00O0O0O0

i | Fi [N] | K; [N/mm] | D; [Ns/mm]|
1 0.6 2000 0.0
2 0.6 1000 0.0
3 24 2400 0.0
4 24 300 0.0
Y 3.6 144 0.0
6 3.0 38 24
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frequency = 0.64 Hz

frequency = 0.06 Hz
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