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Abstract

The performance of the feed servo system has an important effect on CNC machine tools, including
the tracking and position accuracy as well as the surface quality of the machined part. The nonlinear
factors such as friction and backlash can induce unstable behaviors such as stick-slip and oscillation of the
feed servo system. The mechanical and mathematical models containing friction and backlash were
established for the motor direct-connected feed servo system with close loop controller. The effects of
friction and backlash on the worktable under low feeding velocity were studied. A few of possible
conditions for the stick-slip occurrence of the worktable were obtained. And some means for cancelling
the stick-slip behavior of the feed servo system were presented at last. The research results provided a
theoretical support for the optimum design and performance forecast of the feed servo system.
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Fig. 1 Mechanical schematic of the feed servo system
I mfids 2. mapl 3 B 4 HESH 5. THER
6. B 7. HR 8 MUK G 9. BREE 10, TRIRZAT

2 FEZRMRmEER

PEARATAE T HAT A 12 2l (10 45 b 2 PR 1) | g
PRI ARZAEAT Sy 22Ok IR T/ s BE 52 ) 2 [B) 1 22
S, DA RS T AT IR T B R A G DX 0K
Stribeck Rz HLIR g R 52— i S 2R i £k 40 A 2
B PECEESED) f, S AR T MBI, T R
IBEN R RO R ) Sk m s i e, Sz shJr
AR B, 1055 SR B A IR B TC OC . WP EEEE ) f, SR AR 1l
PIUR N (T 7 A AR B B T e 1 0 . W EE
BRTIEECEEEF], Stribeck BEHEE R Fa 25 8 4 1Y PR
B, TEREXT I B B R Y R P, B R X R
MBS SN T R, i 2 i it 4 SR 3R R
i

6] B 22 1h TAZ s rh iy ROT 8 22 23R 22
KH BB G R R R 8, e 22T FR B R AT — B

AFTE] i, Fi TP = A LB

H T 22 AT AR B R 22 18] B B T, 2R 8 il 1) 9K B
T3 F g 57 Ak ARse i 1) W RE K, 75 1] B DX TR] Py
N AGEN B R E R 3 s,

K £ Ry
fin ,A{

’ , ~ K,
/Ax
0 Wy Bl B
1
-~
/\ —J
&2 PR S

ESLE

Fig.2 Relation curve of

3 [EBRARZE:
Fig.3 Nonlinear backlash

friction force vs velocity

3 REFPHFER

3.1 HAFRRRSGEHFRR

HEL A i 2 B0 8k B A 40 R L S B
(OURREAY [T 12 A0 X F T AR /5 0 2 &t 0] 200 ATt
Q% B3] R 50 A A 0 NI BE 5 P T 8B T Ak
TAEL & A O, R R, TAE A B AR LA
M M A AR Ak DIRAHAT R MIPEIREE . Z Mg Il 2%
Z ] BRI 3 AL Ry R BUR SR 22 K1 AR A2 TR 1Y
R 2 P A Al i AL ) A B LR T P A 1, (DB
Z AN (B PR VR IR 22 AT 5 Sl 7k 22 [ 1 [ B A %
AR B 1] B S 1) A TR BR 22 4T 5 MR R 2 [ ) () it
Ro OVERITFER S il R F IR RS 2 (] 6 BE 48 L —
SR EEIEAE e B s LA b, AR IR B S5 L
EESEIA A TAE R EREZ

ST IEAS R R R G WG A Eh B T Ak T 2 AR
Kl 4 PR RGP HIHERI WAL 5 Fos

Xy

CC

g

B
T I _b‘“ﬁlk/_ M,
S —h pa
K.

K4 RERML 2
Fig.4 Mechanical model of the feed system
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Fig.5 Control schematic of the feed servo system
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Tab.1 Parameters of the feed servo system
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