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Fig.3-1 Relationship between the backlash and
the frictional force in the lead screw
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(a) Backlash generation and coarse
motion control of the table

(b) Backlash elimination

(¢) Fine motion control of the table

- Fig.3-2 Principle of the active lead screw

mechanism (ALSM)
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Fig.3-3 Another location of the table and nuts

for the ALSM

Table 3-1 Conparison of the ALSM with positioning
mechanisms with conventional lead screws
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" Photo.3-1 Overview of the ALSM

- Table 3-2 Profile of the lead screw

Trapezoidal lead screw

Thread angle
Major diameter
Minor diameter

30°
16mm
=13.5mm

Mean diameter
Moment of inertia

Lead

4mm
15mm

3.32X10° kgm?

Table 3-3 Properties of the motor

Rated torque
Moment of inertia

Motor damping coefficient
Motor frictional torque

Voltage constant
Torque constant
Motor resistance

4.02x 107 kgm
3.87 X 10° kgm?

1.872x10* Nms/rad

1

4.17 X10% Nm
194 x10"'Vs/rad
1.196 X 10'Nm/A

1.320)
1.0x10°H

Motor inductance
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Fig.3-7 Structure of table positioning system
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Fig.3-8 Control system
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Fig. 3-14 The relation between8,and backlash (II)

Table 3-4 System constants (I)

Jm | 3.87 x 10°kgm? Js | 3.32x10°kgm?
Cm |1.872x10"Nms/rad| C. |9.39 x10*Nms/rad
K. | 2.01x10Nm/rad M | 8.15kg

- dp {15mm L | 4mm

Rn| 1.32Q Lm|1.0x10°H
Ki]1.194 x10'Vs/rad K2|1.196 x10"Nm/A
Tmax | 4.17 ><10"2Nm fmax | 9.63N

Kvc| 3.0
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Fig.3-15 Static characteristics of the PEAs
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Fig.3-17 Dynamic characteristics of PEA (l)
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Table 3-5 System constants (ll)

M:
K
Kt

7.00kg

9.98 x 10°N/m
2.45 x10°N/m

va
Co

6.80x 107" m/V
5.95 x 10°Ns/m
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Fig.3-21 Static deviation after coarse positioning

Table 3-6 Parameters for coarse positioning

P-D controller
P | pic | Proportional gain | 2.81X10* V/m
D| a2 _Derivative time | 8.89X10 Vs/m
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Fig.3-23 Positioning resolution (20nm)

Table 3-7 Parameters for fine positioning

| PI-D controller
Pl | pir | Proportional gain | 2.47 X10* V/m

Pis 1.975 % 10° V/ms
Integral time

D | az | Derivativetime | 9.87X10Vs/m

Yif
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Fig.4-9 Motor current control system

Table 4-1 Parameters for current control
Pl controller |
S | Proportional gain | 8.06x107'V/A

» Pi_ 2.22x10° V/As
Integral time '
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Fig.4-13 Control system (coarse positioning)

Table 4-2 Parameters for coarse positioning
P-D controller
P |B..|Proportional gain| 1.481x10*V/m
Bi.:|Proportional gain| 1.679x10° V/m
D | a;| Derivative time | 1.086x102 Vs/m
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Fig.4-14 Coarse positioning
Table 4-3 System constants |
Fmax | 1138x10'N | Cs [1170x107* Nms/rad

Rm 2.32 Q
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Fig.4-16 Dynamic model including the surface plate

Table 4-4 Parameters for fine positiohing

PI-D controller

Pl | B,-| Proportional gain| 2.47x10*V/m
Py 8
4.94 x10° V
7| Integral time o4 x 0 s/m
D | ay| Derivativetime | 1.975x10%2Vs/m
T,| Time constant 2.00x10*s
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Table 4-5 Comparison of positioning time

Chapter 3 | Chapter 4
1st step 213ms 174ms
2nd step 10ms 20ms
3rd step 147ms 81ms

Total 369ms 275ms
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= 2B: Amount of backlash
;é\ x : Table displacement

5 0s 0Os: Rotation angle of the

| ~ | lead screw
| I L: Lead |

Fig.5-1 Relationship between table displacement and
rotation angle of the lead screw with backlash

-105-



BHEERLIA Y QU OERR T, BEEAN LRV TERET>TN5,

°. 3 BHEHREFTOLOOBMETIL

5. 3. 1 ®BMET NV

RO R UHEMOEDIE, KRNI, RUHKINOT —7 L OWEES), 2 CHiE
Y O3 DEEAEE) O AU [RE S v, MOEBIIERAICHIES LS. F -
B & EESERNY, Ny T v UREETAIRE Ty METERANS. 22 TK
i, ME—-20k51r, WEEEFR (K5 -2 () ) LEEHEER (K5 — 2
(b) ) IZHFILT, BIMETNVERRT D, T A—FOEKIE, £5—10
wmyThs.

R UHH I EER T 5 R E LT, =Tk Ty FRHBH, 16— 2
(a) THEHMHEDD, T—TNVeFy b, BEMO 1HEORAELE LTW5, 7=
RETIE, BEMOREIAER TS p 2, AL «F v MIOEET { .0
Bork, RUBTy P2 MBI HLYR5LEL, VT a1 ROBER
FNIERA 5.

X5 —2 (b)) OEISEMAROETNTCIX, Ho 7)o 7E2iThKE L, T—& &
RUDEMEE—RA N Ju, T8, HERKENMLTERESNLTWS EE2 5. BliE
TR T, B8 OFE MV ITME, E— X OB IS © o B £olk
W5 b, NpaRETHEDO M 2ZETS. [5-20) O,
i, BT EGCEIRT S by, Np #RETHLOO MV OMTH 5.

9. 3. 2 MV o BB, J1p & DOBG

RCIEHmDOIEHTHBNE, RTIC MY c AMERL, Ty bET—T AR
EEETOMEL, K5-30L918, AARPHEZ LA35RBICER L TRRT
DIERTEDO. W5 -3 T, BEHIEAp, AUHMERLE L, HO%
dpZEHELIHHE LO 1 RIEALTWH AR LTEBLTVWS. K5—3 &
D, BEN LI, Mo s, HpEAVT R (5—-1) okdILTRkDBEo L
MWTED., 2B ¢=tan'(L/(n d,)) Th 3.

=21, cosg— psing (5-1)
dp

-106-



=

.pe. M

(a) Dynamic model of the nut and table

(b) Dynamic model of the lead screw

Fig.5-2 Dynamic model of the lead screw mechanism
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Fig.5-3 Forces and torque between the screw and nut
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- Table 5-1 Model parameters

Os

’Js

Cs

Ts

fm

Table displacement
Rotation angle of the
lead screw

Table mass

Lead screw moment of
inertia

Lead screw damping
coeff.

Mean diameter
Disturbance torque
Motor frictional torque

Im

Om

Motor current

Rotation angle of the
motor

Motor moment of inertia
Motor damping coeff.
Stiffness of the coupling
Voltage constant
Torque constant

Lead

Table driving force
Frictional force
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Fig.5-4 Block diagram of the observer
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Fig.5-5 Positioning characteristics

Table 5-2 Control parameters(l)

P-D controller

/31c0
Pici

Proportional gain
Proportional gain

2.47 X104 V/m
1.679 X105 V/m

d2c

Derivative time

6.91 X101 Vs/m
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Fig. 5-14 States of a screw and a nut in lead
screw mechanism
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Fig.5-15 Coarse and fine positioning with backlash
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Table 5-3 Control parameters(ll)

P-D controller

P |B1co |Proportional gain [1.975x 104 V/m
Pici |Proportional gain {1.679Xx10%° V/m

D |a2c |Derivative time 6.91 X101 Vs/m
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