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TITLE OF THE INVENTION -

- #Method and Apparatus for Measuring Parameters for Sled

Mechanism

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a device for measuring parameters of a sed mechanism
of an optical disc drive.
Description of the Related Art

An optical disc drive for driving an optical disc, such as a compact disc (CD),
a CD-ROM or a DVD, includes an optical pickup, referred to below as OP, and an
electrical controller for controlling the movement of an objective lens provided in the
OP, and is configured for correctly illuminating the laser light emitted from the OP
on a track on the opticél disc. With such OP, since it is necessary to set mechanical
and electro-optical parameters required for stable tracking and track jump under many
different conditions, a lot of time and labor are required in newly studying and testing
an OP.

It is therefore contemplated to effect computer simulation for an OP to study
and test the OP.

For such computer simulation for an OP, parameters of a sled mechanism for
causing radial movement of a main body unit of the OP along the radius of the optical
disc are required.

Such sled mechanism generally includes a shaft provided radially of the optical
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disc, a sled motor for driving the OP provided on the shaft and plural gears for
transmitting the sled motor rotation to the OP.

However, it is extremely difficult to find a motor constant Km, a viscosity
coefficient ¥ and a Coulomb friction F, in the sled mechanism, such that these
parameters cannot be reflected in the Op simulation. The result is that the Op
simulation on the computer cannot be accurate.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a method and
apparatus for finding a motor constant Kimn, a viscosity coefficient ¥ and a Coulomb
friction F, in a sled mechanism for an optical disc drive.

In one aspect, the present invention provides a parameter measurement device
for a sled mechanism of an optical disc drive including means for detecting the back-
electromotive force of a sled motor, means for detectihg the velocity of the movement
velocity of an optical pickup, means for causing movement of the optical pickup and
means for calculating a motor constant of the sled mechanism based on the back-
electromotive force of the sled motor and on the movement velocity of the optical
pickup when the movement means causes the movement of the optical pickup.

In the present parameter measurement device for a sled mechanism, the
calculating means finds the motor constant Km based on E, =K_R .v,, where E, is the
back-electromotive force of the sled motor when the movement means causes the

movement of the optical pickup, v, is the movement velocity of the optical pickup
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when the movement means causes the movement of the optical pickup and Rm is the
resistance of the sled motor.

In another aspect, the present invention provides a parameter measurement
device for a sled mechanism of an optical disc drive including means for supplying a
rectangular electrical voltage of a voltage magnitude V,, and the time t1 to a sled
motor, means for detecting the maximum velocity v, of the pickup when the
rectangular electrical voltage is supplied to the sled motor, the deceleration time t; of
the optical pickup, and the distance x, traversed by the optical pickup during
deceleration thereof, and means for calculating the viscous coefficient and/or the
Coulomb coefficient of the sled mechanism of the optical disc drive based on the
voltage magnitude V,,, the above time t,, maximum velocity of the pickup vy,

deceleration time t; of the optical pickup, the distance x, traversed by the optical

- pickup during deceleration thereof and the motor constant Km.

In the present parameter measurement device for the sled mechanism, y* and
F’ are found using
Fc=2y"v,/[exp( 27Y’ty) — 1]
(A)
and
F =(v,-2x3")Mt;
~(B)

while the mass m of the sled mechanism in its entirety is found using



m = K /[(vo't) + F'c + ¥’ v)/(V,, - KR, ve/2)] )

~(©)
and the mass m, ¥’ and F’¢ thus found are substituted into
F,=mF’,
(D)
and
Yy =my’
~(B)

to find the viscosity coefficient ¥ and the Coulomb friction Fc.

In still another aspect, the present invention provides a method for detecting
parameters in a sled mechanism of an optical disc drive, including causing movement
of an optical pickup, detecting the back-electromotive force of a sléd motor and the
movement velocity of the optical pickup on causing movement of the optical pickup,
and finding the motor constant of the sled mechanism based on the detected back-
electromotive force of the sled motor and the detected movement velocity of the
optical pickup.

In the present method, the motor constant K, of a sled motor is found based
on E, =K R v,, where E, is the back-electromotive force of the led motor on causing
movement of the optical pickup, v, is the movement velocity of the optical pickup on
causing movement of the optical pickup, and Rm is the resistance of the sled motor.

1n yet another aspect, the present invention provides a method for detecting
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parameters in a sled mechanism of an optical disc drive including the steps of
supplying a rectangular electrical voltage of a voltage magnitude V,, and the time t, to
a sled motor, detecting the maximum velocity v, of the pickup when the rectangular
electrical voltage is supplied to the sled motor, the deceleration time t; of the optical
pickup, and the distance X traversed by the optical pickup during deceleration thereof;
and calculating the viscous coefficient and/or the Coulomb coefficient of the sled
mechanism based on the voltage magnitude V,, the above time t,, maximum velocity .
of the pickup v,, deceleration time t; of the optical pickup, the distance x; traversed
by the optical pickup during deceleration thereof and the motor constant K.
In the present method, ¥’ and F’c are found using
Fe=2y"vy/[exp(-2Y’t;) - 1]
(A)
and
Fc= (vo = 2%ty
()
while the mass m of the sled mechanism in its entirety is found using
m =K. /[(vo/t; + F'c + ¥ Vo)A V5 — KuRie/2)]
+(C)
and the mass m, ¥’ and F’c thus found are substituted into
Fc=mFc



and -

Yy =my’

«(E)
to find the viscosity coefficient ¥ and the Coulomb friction Fe.

With the parameter measurement method and device of the present invention,
the motor constant Km, viscous coefficient ¥ and the Coulomb friction Fc in the sled
mechanism of the optical disc drive can be measured accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 shows a device for measuring parameters of a sled mechanism according
to a first embodiment of the present invention.

Fig.2 illustrates a typical sled mechanism.

Fig.3 shows a device for measuring parameters of a sled mechanism according

to a first embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the present invention will
be explained in detail.

First, a device for measuring parameters for a sled mechanism of the first
embodiment of the present invention is explained.

The sled mechanism is used for an optical pickup drive for causing movement
of the optical pickup radially of the optical disc. | The parameter measurement device

for the sled mechanism according to this first embodiment measures the motor
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constant Km of the sled mechanism configured for causing ovement of the optical
pickup radially of the optical disc.

Fig.1 shows the configuration of a parameter measurement device for a sled
mechanism 2 according to a first embodiment of the present invention.

A sled mechanism 2, as an object of measurement by the parameter
measurement device 1, includes an arbor 3, mounted radially of the optical disc, a
pickup 4 moved linearly on this arbor 2, a sled motor 5 for causing linear movement
of the pickup 4, and a gear train 6 for transmitting the rotational movement of the sled
motor 5 to the pickup 4.

If, in this a sled mechanism 2, the sled motor 5 is run in rotation, the motor
power is transmitted through the gear train 6 to the pickup 4, which then performs
linear movement on the arbor 3 responsive to the transmitted power.

The parameter measurement device 1, configured for measuring the parameters
of the a sled mechanism 2, includes a laser Doppler meter 7 for detecting the velocity
of the linear movement of the pickup 4, an oscilloscope 8 for detecting the linear
movement velocity as detected by the laser Doppler meter 7 and the back-
electromotive force of the sled motor 5, and a computer 9 for computing a motor
constant Km of the sled mechanism 2 based on the results of detection by the
oscilloscope 8.

The parameter measurement device 1 for the sled mechanism measures the

motor constant Kin in the following manner.



With no voltage applied across the sied motor 5, the pickup 4 is forced into
linear movement, such as by rotating the gear train 6 with finger end or by a separate
driving system, not shown. The velocity of linear movement of the pickup 4 at this
time is measured by the laser Doppler meter 7, at the same time as the back-
electromotive force of the sled motor 5 generated due to the movement of the pickup
4 is measured with the oscilloscope 8.

The back-electromotive force of the sled motor 5 detected at this time is E,,
with the velocity of the pickup 4 being v,.

The computer 9 computes the motor constant Kin from E, and v,. Specifically,
the motor constant Km is found by the following equation (*)

E, =K.Ryv,
where

E, = back-electromotive force of the motor;

R, = motor resistance; and

v, = sled velocity (pickup movement velocity).

The sled motor resistance R, can be found by measuring the resistance value
of the sled motor 5 at the outset.

With the parameter measurement device 1 for the sled mechanism, the motor
constant K, in the sled mechanism of the optical disc drive can be found as described
above, so that the motor constant Km can be reflected in pickup simulation.

The laser Doppler meter 7 can be replaced by other devices that can detect the



movement velocity of the pickup 4.  Although the velocity of the pickup 4 can
desirably be detected in a non-contact system, the contact system may also be used if
it has only negligible effects on the pickup movement.

The proof for the above equation (*), used for finding the motor constant K,
is as follows:

The movement of the sled mechanism in the optical disc system is now
scrutinized from phenomenal aspects.

First, in the sled mechanism, if the sled motor is run in rotation, a voltage V,,
is produced from the sled motor. For example, if a manual force is applied to the sled
motor, such as with a finger, a voltage V,, is generated from the sled motor.

Second, the sled mechanism has inertia.

Third, the sled mechanism has viscosity and the Coulomb friction.

Fourth, in the sled mechanism, rotational movement by the sled motor and
linear pickup movement are performed, with the change of the movement directions
being performed by a gear.

Based on the abc;ve phenomenal considerations, the following can be
postulated in connection with the movement of the sled mechanism:

(a) in the absence of friction, the pickup acceleration is proportionate to the force of
the sled motor;
(b) for a constant intensity of the supplied current, the power of the sled motor is

proportionate to the voltage applied to the sled motor; and
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(c) the viscous friction is proportiohate to the pickup velocity.
From the above hypotheses (a) to (c), if the sled position (pickup movement
position) for the current Im supplied to the sled motor is X, the constant K__ is given

from the Newton’s second law indicated by the following equation (**):

d’x, dx,
mg = k,R, 1, -2y ” - F,
(**)
where

m = mass of the entire sled n;echanism;

KV =KuR,, I, = power of the sled motor , with I, and R_ being the sled motor
current and the resistance of the sled motor, respectively;

2yv, = viscous friction of the entire sled mechanism; and

F, = Coulomb friction of the entire sled mechanism.,

Based on this equation (**), proof is now given as follows:

It is noted that a model of the sled mechanism shown in Fig.2 is used for the
proof. The model for the sled mechanism, shown in Fig.2, includes a sled motor 11,
having a gear on its rotary shaft, a pickup 12 having a rack gear to enable linear
movement, a first gear 13 provided for meshing with the sled motor, and a second gear
14 provided for meshing with the pickup 12. With this model of the sled mechanism,
the first gear 13 meshes with the second gear 14. Therefore, with this model of the sled

mechanism, the rotational force of the sled motor 11 is transmitted to the pickup 12

10
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to cause linear movement of the pickup 12.
It is first shown that the motor constant is equal to the back-electromotive force
constant,
Letl,= motor constant,

T,, = motor torque. Then,

T, =KL,
(1)
where K, is a motor constant.
Then let wm = motor angular velocity and
E, = back-electromotive force. Then,
E, =K,»,
(2)

where K, = back-electromotive force constant.

The motor resistance of the sled motor 11 under a stable rotational state and
non-rotational state is assumed to be R,

Then, the work done against friction during one complete revolution is
expressed by the following equation (3):

work done against friction = Kyl X2 7

w(3)

while the work done against the back-electromotive force during one complete

revolution is expressed by the following equation (4):
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work done against the back-electromotive force = E,I; x t=K,0,$,, X 27/0,
=K1, X2%

...(4)'

From the law of energy conservation and Lenz’s law, the motor constant
coincides with the back-electromotive force constant, as indicated by the following
equation (5):

Ko=X,;

e (5).

The relation between the motion of the pickup 12 and the sled motor current of
the sled motor 11 is now shown.

First, an equation of motion for the sled motor 11, pickup 12, first gear 13 and
the second gear 14 is set.

The equation of motion (6) for the sled motor is:

d*e de
Jo dtzo = KOIm - F;)rOI - 270#_ RO

...(6)
where J, = motor moment of inertia
0, = angle of motor
Yo = viscous torque coefficient
Ry = Coulomb torque friction
F, =reaction from first gear on the motor

ro; = distance from the center of the motor of the first gear.

12



The equation of motion (7) of the first gear 13 is:

a6, de,

Nz = FRn-Fng-2n— at - R,

1 d 2
()

where J, = moment of inertia of the first gear

@, = angle of the first gear
¥, = viscous torque coefficient
R, = Coulomb torque friction
F, = reaction time from the second gear on the first gear
= distance from the center of the first gear to the motor
1,, = distance from the center of the first gear to the second gear.

The equation of motion (8) of the second gear 14 is:

a, dé,
27 g2 = Bty — B3ty =2y, — dt - R,
+(8).
The equation of motion (9) of the pickup is:
d*x, dx,
]71‘ dt2 =F2—2}’s dt—Rs
...(9)

where m, = mass of the pickup

F, = force of the second gear on the pickup
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¥, = viscous coefficient of the pickup
R, = Coulomb friction of the pickup.

Based on the equation (**), the equation of motion (10)of the entire pickup is:

A
nidtz— m i mtm 7dt ¢

(10}

where m = equivalent mass of pickup/gear/motor system

K, = system motor constant

y = overall viscous coefficient

F, = overall Coulomb friction.

These equations (6) to (10), representing the equations of motion of the
respective constituent elements, are modified to give a proof.

If the equation (6) is modified into an equation for F0, the following equation

(11):
d*é, de,
Fyry = Ko, = Jy dtzo - 2707:'“ R,
- (11),
If the equation (7) is modified into an equation for F1, the following equation
(12):
d*6 dé

Finp = Fynp - J1E'2L‘271’;k_1‘ R

(12)

14
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is obtained.
If the equation (8) is modified into an equation for F2, the following equation
(13):

d*6,
dt?

de,

Fr, = Fry-J, ‘2727‘

R,
~(13)
is obtained.
If the equation (11) is substituted into the equation (12), the equation (12) is
substituted into the equation (13), the equation (13) is substituted into the equation
(11) and the relation with a downstream side gear is expressed using 6; for vs, the

following equations (14):

dd, dé,
Rl

dé, dé,
"2 '};‘ =y ';1;'

deo,
7’25 E—- = Vs

- (14)

is obtained.

Also, if the equation (13) is substituted into the equation (9), the following

equation {(15):
d*x r, J,d6, 2y,d8, R dx
e AP
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is obtained.

If the equation (12) is substituted into the equation (15), the following equation

(16):
d’x, ho Jidb 2r,d6, R.r J d*¢, 2y,d8, R,
m,~— = [(F - T T - ), T 2 T -—]
dt Tz Ty dt B, At hy'hy, B, dt B, dat Iy
5 dx, R
yb‘ dt. §
~(16)
is obtained.
If the equation (11) is substituted into the equation (16), the following equation
(17):
dzx,_{[(g_o_l Jodby 27048, Ry no J, d*6, 2y, db, E,_]_@_
At T Ty " Ry At my At Tn, hy > n, dt nym,
S i R
r, dt Ty dt 1y dt

~(17)
is obtained.

If the equation (17) is re-arranged, the following equation (18):

16



mo—3 +t T T TSt T Tt T T3
dt Top g Ty Gt I 1y, dt r,, dt
_Koreta,  MaleTudh 280 2,40, By
Too g Tas Ty T Tas At 1y Ty, dt oy, dt T dt
Fio V. R 7 R
Fo fia s T2 Fos Ty
...(18)
is obtained.
If the equation (14) is modified, the following equation (19):
dg, v,
dt o,
do, r,db, r v
dr n, dt - Ty Tas
by nedb 1o Iy Vs
dt " ry At oty na
...(19)
1s obtained.
Let
_hery 1
Eo= 7 1
01 712 "2
ry 1
&=
12 "2
g = 1
= —
rZS
~+(20)

17
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Combining the equations (18) to (20), we obtain:
d’x, ,d%x, , d’x, ,d%x,
Ms ™ 342 +Jogo ar2 —= + g e —5 4 J,8, ai?
, O, , dxg , dx, dx,
o8oln = (27:8,° =5+ 2118° — 54 21,8, —
~(Rogy + Rig' + R,g" + R,)
«(21)
where we have used
@,
a =
«(22).
Therefore, the equation (21) can be expressed by the following equation (23):
d*x, dx,
m—a = K, R.I, -2y o Fe
...(23)
where
m =1ms + Jog,’ + J,g,% + J.8,°
Y= Yo2 + Y18+ Y28 H,
F.=Rog + Rig; tRy8, TR,
(24)
and
KuRp = Koo
«(25).

18



If the equation (25) is multiplied by v,, we obtain:

KoRnvs = KogoVe
-++(26).

From the equations (19) and (20), the following equation (27):

_ 49,
gO Vs - dt
‘..(27)
is derived.

Substituting the equation (26) into the equation (27), we obtain the following

equation (28):
K Rv =K 4y
m mVs - &0 dt
-+(28).
We now recall the equations (2) and (5):
Eb = Kiwm
...(2)
and
K,=K,
...(5)‘
On the other hand, w, may be expressed by:
db,
On =g
~(29).

19



Combining the equations (2), (5) and (29) into the equation (28), we obtain:
E, =KuRqvs
(%),

The above is the proof of the equation (*) used to find the motor constant XK.

A parameter measurement device of a sled mechanism, according to a second
embodiment of the present invention, is now explained. In the following description
of the second embodiment, the sled mechanism to be measured is the same as that of
the above-described first embodiment and hence the same reference numerals are used
to depict the same components to omit the corresponding explanation,

In the parameter measurement device of the sled mechanism of the second
embodiment, the viscous coefficient y and the Coulomb coefficient F, of the sled
mechanism configured for causing movement of the optical pickup radially of the
optical disc are measured.

Fig.3 shows a configuration of the parameter measurement device of the sled
mechanism according to the second embodiment of the present invention.

A parameter measurement device 21 for measuring parameters of the sléd
mechanism 2 includes a laser Doppler meter 22, for detecting the linear movement
velocity of the pickup 4, a function generator 23 for supplying a pre-set rectangular
electrical voltage to the sled motor 5, an oscilloscope 24 for detecting the movement
velocity as detected by the laser Doppler meter 22 and the rectangular electrical

voltage generated by the function generator 23, and a computer 25 for calculating the
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viscous coefficient ¥ and the Coulomb coefficient F, based on the results detected by
the oscilloscope.

The parameter measurement device 21 of the sled mechanism measures the
viscous coefficient ¥ and the Coulomb coefficient Fc in the following manner.

First, the motor constant K, is measured. This motor constant Km is measured
by the parameter measurement device 1 of the sled mechanism shown in the above-
described first embodiment. If the parameter measurement device 21 of the sled
mechanism of the present second embodiment is to be used, measurement similar to
that performed in the first embodiment can be made with the function of the function
generator 23 turned off.

A pre-set rectangular electrical voltage then is applied from the function
generator 23 to the sled motor 5. Simultaneously, the movement velocity of the pickup
4 and the waveform of the rectangular electrical voltage are detected by the
oscilloscope 24. The detection items for detection by the oscilloscope are as follows:
Voltage value V,, of the rectangular electrical voltage;
application time duration t, of the rectangular electrical voltage;
maximum velocity v, of the pickup 5;
deceleration time t; of the pickup $; and
distance x, traversed by the pickup 5 during its deceleration.

Meanwhile, the deceleration time t, of the pickup 5 is the time which elapses

since the pickup 5 has acquired the maximum velocity until its velocity is reduced to
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zero. On the other hand, the distance x, traversed by the pickup 5 during its
deceleration is the distance traversed by the pickup 5 since the time it has acquired the
maximum velocity until its velocity is reduced to zero.

Then, based on V,, t,, v, t3, X; and K, as measured, the computer 25 computes
the viscous coefficient vy and the Coulomb coefficient F,.

Specifically, the computer 25 finds the viscous coefficient y and the Coulomb
coefficient Fc By the following steps 1to 4. It is noted that the equations referred to
in the respective steps are those used subsequently for proving.

(step 1)

The respective values, found by measurement, are substituted into the following
equations (37) and (38)":

F. =2y v/[exp(-2y’t;) - 1]

w(37)

F o= (v —2x37" M5

~(38)’
which are then solved to find F’(c) and y’.
(step 2)

The respective values, found on measurement, and the motor constant K, are
substituted into the following equation (44):

K=ot + F' .+ ¥ v )/(V, - K R,v0/2)

~(44)

22



to find K’m.
(step 3)

The motor constant Km and the value of K’,, found at step 2 are substituted
into the following equation (46):

m=K /K

«(46)
to find the mass m of the entire sled mechanism.
(step 4)

The values of F; and y°, found at step 1, and the value of m, found at step S3,
are substituted into the following equation (43):

F.=F/m

Y=Y/m

+-(43)
to find the viscous coefficient y and the Coulomb coefficient Fe.

With the parameter measurement device 21 of the sled mechanism, as
described above, it is possible to find the viscous coefﬁﬁient ¥ and the Coulomb
coefficient Fc in the sled mechanism of the optical disc drive. Thus, the viscous
coefficient ¥ and the Coulomb coefficient Fc can now be reflected in the pickup
simulation.

The above equations, used to find the viscous coefficient ¥ and the Coulomb

coefficient Fc, are now proved,
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We now recall the equation (23):

A S/
mdtz‘ mimtm },dt e

...(23)

It is assumed that the parameter measurement device 21 of the sled mechanism
of the present second embodiment performs measurement under the following
conditions:
condition (a): The rectangular pulsed voltage is supplied to the sled motor 5; and
condition (b): The rise time (L/R) of the coil of the sled motor 5 is shorter than the
deceleration time of the pickup 5 following the supply of the rectangular pulse.

It is noted that the above-mentioned condition (b) holds for the routine optical
disc system because the sled motor coil current I, abruptly is reduce to zero after the
rectangular pulse is supplied. Therefore, by applying the conditions (a) and (b} to the

above equation (23), the following equation (30):

d,x, dx,
ma = g ke
~+(30)
is derived.

First, this equation (30) is proved.

This equation (30) is modified to the following equation (31):
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~(30).

From the above equation (31), the sled position (movement position of the
pickup) x, and the sled velocity (velocity of the pickup 4) are given by the following
equations (32) and (33):

x,= A exp(-2yt/m) + B — F t2y

~(32)
v, =-2vA/m exp( -2yt/m) — F /2y
~(33).

For the peak velocity v,, deceleration time t, and the deceleration distance x, of
the pickup 4, measured results by the laser Doppler meter 7 and the oscilloscope 8 are
used.

First, at time t =0, the sled velocity v,=v,. Substituting tﬁese into the equation
(33), we obtain the following equation (34):

vy =-2YA/m -F /2y

A =(~v,—-F/2y)m/2y

+(34).

Substituting this equation (34) into the equation (33), we obtain the following
equation (35):

v, = (v, + F/2vy) exp(-2yt/m) - F /2y

25



+(35).
If time t =0, the sled velocity vs =v0. Substituting these into the equation (33),
we obtain the following equation (34):
Vo =-2YA/m - F /2y
A=(~v,-F/2y)m/2y
«+(34).
Substituting the equation (34) into the equation (33), we obtain:
v, = (v, + F/2v) exp(-2yt/m) — F /2y
' ~(35).
If time t =t,, the sled velocity v, = 0. Substituting these into the equation (35),
we obtain the following equation (36):
0= (v, + F/2y) exp(-2yt;/m) - F /2y
+(36).
Solving this equation (36) for Fc, we obtain:
F, = 2yvy/[exp(-2yt,/m) — 1}
(37)
Iftime t =0, the sled position x,=0. Substituting these into the equation (32),
and combining with the equation (34), we obtain the following equation (38):
0=A+B
B=-A+ (v, t+F/2y)m/2y
++(38).
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Therefore, the equation (32) becomes
x, = Alexp(-2yt/m}) - 1] - Ft/2y
= (vp + F/2y)m/2y[1 — exp(-2¥yt,/m)] — Fet,/2y
X3 = (vy + F/29)m/2y[1 — exp(-2yt,/m)] — Fet;/2y
-+(39).
From the equation (36), the following equation (40):
exp(-2yts/m) = F /2y/(v, + F/2¥y)
+(40)
is derived.
Substituting this equation (40) into the equation (39), we obtain the following
formula (41):
X3 = (Vo + F/27)m/2y[1 - F2y/(v, + F/27)] — Fety/2y
=m/2y[(v, + Fc/2y) — Fc/2y] - F t,/2y
=mv,y/2y — Ft;/2y
«(41).
From this equation (41), we obtain:
F, = (mv, — 2x;Y)/t;
+(42).
The equations (37) and (42), derived as described above, are required to
determine y and Fc.

These equations (37) and (42) are modified into equations devoid of the mass
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m of the entire sled mechanism. Thus, we obtain the following equations (37)’ and
42y

Fo=2y'v/lexp(=27'ty) - 1]

~(37)
F'.=(vo— 2%3Y)/3
~(42)
where F’, and y’ are as shown in the following equation (43):
F’c=F/m
¥’ =v/m
~(43).

Therefore, by finding the mass m of the entire sled mechanism, the viscosity
coefficient y and the Coulomb friction F, can be found by the above equations (37)’
and (42)’.

The mass m of the entire sled mechanism is now explained.

‘We again recall the equation (23):

d*x dx

m dtzs =K, R I -2y

- F
dt ¢
-(23).
It is assumed that the parameter measurement device 21 of the sled mechanism
of the second embodiment performs measurements under the following condition(c):

condition (c)
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By supplying the rectangular pulsed voltage, acceleration of the pickup 4 is
changed relatively linearly.

The reason is that the rise time (L/R) of the coil of the sled motor 5 is rather
short such that V. =R I, — E,, where E, = K, R,,v, from the above equation (*), with
the average value being K, R v, /2.

If this average value and the rectangular voltage applying time t, are substituted
into the equation (23), we obtain: |

m(vy/t;) = Ku(Viy ~ KuReVo/2) - 27(vo/2) - F,
where

v,/t, = average acceleration and

v,/2 = average velocity.

Accordingly, the following equation (44):

K'n= W/t + Fo+ YV (Vo KoReo2)

e (44)
where K’ =K /m

(45)
is derived.

K’,, can be found from the back-electromotive force E,, as indicated in the
above-described first embodiment. From this, the mass m of the sled mechanism in its

entirety can be found by the following equafion (46):
m =K, /K’
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(46).
By substituting the equation (46) into the equations (37)’ and (42)’, the

viscosity coefficient ¥ and the Coulomb friction Fc can be derived.
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1. A parameter measurement device for a sled mechanism of an optical disc drive

WHAT IS CLAIMED IS:

comprising;

means for detecting the back-electromotive force of a sled motor;

means for detecting the velocity of the movement velocity of an optical pickup;

means for causing movement of the optical pickup; and

means for calculating a motor constant of the sled mechanism based on the
back-electromotive force of the sled motor and on the movement velocity of the
optical pickup when the movement means causes the movement of the optical pickup.
2. The parameter measurement device for a sled mechanism according to claim 1
wherein the calculating means finds the motor constant Km based on E, =K, R v,,
where E, is the back-electromotive force of the sled motor when the movement means
causes the movement of the optical pickup, v, is the movement velocity of the optical
pickup when the movement means causes the movement of the optical pickup and Rm
is the resistance of the sled motor.
3. A parameter measurement device for a sled mechanism of an optical disc drive
comprising:

means for supplying a rectangular electrical voltage of a voltage magnitude Vm
and the time t1 to a sled motor;

means for detecting the maximum velocity v, of the pickup when the

rectangular electrical voltage is supplied to the sled motor, the deceleration time t; of
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the optical pickup, and the distance x; traversed by the optical pickup during
deceleration thereof; and

means for calculating the viscous coefficient and/or the Coulomb coefficient of
the sled mechanism of the optical disc drive based on the voltage magnitude V,, the
above time t,, maximum velocity of the pickup v,, deceleration time t, of the optical
pickup, the distance x, traversed by the optical pickup during deceleration thereof and
the motor constant Km.
4. The parameter measurement device for the sled mechanism according to claim 3
wherein

v’ and F’c are found using

Fe=2yvy/[exp(-2Y’t;) - 1]

(&)
and
Fo=(vo—2x;¥y')t;
~(B)
the mass m of the sled mechanism in its entirety is found using
m = K /[(vy/t; + Fc + ¥ v)A(V,, — K R, vo/2)]
(C)
and wherein the mass m, ¥’ and F’c thus found are substituted into
Fc=mF’c
(D)
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..’(E)

to find the viscosity coefficient ¥ and the Coulomb friction Fec.
5. A method for detecting parameters in a sled mechanism of an optical disc drive
comprising:

causing movement of an optical pickup;

detecting the back-electromotive force of a sled motor and the movement
velocity of the optical pickup on causing movement of the optical pickup; and

finding the motor constant of the sled mechanism based on the detected back-
electromotive force of the sled motor and the detected movement velocity of the
optical pickup.
6. The method according to claim 5 wherein the motor constant K, of a sled motor
is found based on E, = KR, v,, where E, is the back-electromotive force of the led
motor on causing movement of the optical pickup, v, is the movement velocity of the
optical pickup on causing movement of the optical pickup, and Rm is the resistance
of the sled motor.
7. A method for detecting parameters in a sled mechanism of an optical disc drive
comprising the steps of: |

supplying a rectangular electrical voltage of a voltage magnitude V,, and the

time t, to a sled motor;
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detecting the maximum velocity v, of the pickup when the rectangular electrical
voltage is supplied to the sled motor, the deceleration time t, of the optical pickup, and
the distance x, traversed by the optical pickup during deceleration thereof: and

calculating the viscous coefficient and/or the Coulomb coefficient of the sled
mechanism based on the voltage magnitude V_, the above time t,, maximum velocity
of the pickup v,, deceleration time t; of the optical pickup, the distance x, traversed
by the optical pickup during deceleration thereof and the motor constant K_,
8. The method according to claim 7 wherein

¥’ and F’c are found using

F'c =2y vy/[exp( -27’t;) — 1]

~(A)
and
F'c = (v, - 2%,
~(B)
the mass m of the sled mechanism in its entirety is found using
m =K /[(ve/t, + F'c + v’ vo)(V,, — K R, vy/2)]
~(C)
and wherein the mass m, y* and F’c thus found are substituted into
Fe=mFc
(D)

and
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to find the viscosity coefficient ¥ and the Coulomb friction Fe.
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