Zero Irack Alignment
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The symptoms

* You just got a new vintage Mac,

and you soon realize that the

floppy drive can’t read “known
good” floppies...
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The symptoms
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* S0, you try to format the disk, =
bUt |t fa||S L. Disk initialization failed!
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The root cause
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 Most of the times, it’s just a
matter of readjusting the “zero
track alignment”.
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Some Numbers...

e 3.5”7 = 80.89 mm Diameter of the
disk, Radius = 40.445 mm




Some Numbers...

* All Apple 3.5 floppy disks are
formatted in 80 tracks (from
track O to track 79, track O Is the
outermost one).
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Some Numbers...

e Each track is 0.1875 mm wide.

* [rack position is given by this
simple formula:

RN =395 -0.1875* N [mm]

* Positioning tolerance is 0.035
mm, so approximately +/- 10%
of the width of the track.

2.11 Alignment Accuracy

Track position is defined by:

RN = 39.5 ~ 0.1875 x N <—

Where RN: Absolute track position from disk center

N: Track number from O to 79

Alignment Accuracy at track 40 shall be:

+/-0.020 mm

Alignment Accuracy at all other tracks shall be: +/-0.035 mm

2.12 Azimuth Angle

Azimuth Angle shall be;

Angle = arcsin (0.35 / (X « ¥N)) +/~ O degrees 307

where : X = 39.5

Y = 0.1875

N = Track number (0 to 79)

Azimuth angle is defined in Figure 2.4.
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The floppy drive
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The stepper motor

* [his motor controls the position
of the read/write head.

 Rotation is not continuous, but
happens in steps.

 Each revolution is split into 10
steps (36 deg each).

Each rotational step
corresponds to 1 track




How 1t works

e When a disk Is inserted, the
read-write head moves back
(step by step) till the ZTS gets
triggered and sends a signal
halting the stepper motor.

« At that point, if the head is not
aligned with the 0O track as
formatted in the magnetic media,
the Mac cannot read any
consistent data and throws an
error.




How 1t works

e (O track center line should be at 5 |
39.5 mm +/- 0.035 mm from the DACK CR
disc center. |

* As the disk platter is 40.445 mm, / '
in theory there’s space for 3 . .
more tracks (let’s call them “faux \

tracks” -3, -2 and -1) W\ [T ]



The Issue

e The movement of the head is
controlled by the stepper motor

. Track -3
and the whole mechanism has a 40.0625
positioning accuracy of +/- 1 Track 2
track 39.8750 s
Track -1
39.6875
* S0, you can only have an integer —
number of tracks misalignment_ 39.5000 - .
Track | Vil
39.3[25 |
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The Issue

 The track at which the head stops
when a disk is inserted depends
on the position of the ZTS.

Due to aging (or other reasons), it
might be that the head is no
longer stopping at the 0O track, but
(most likely) at track 1 or -1.

* This issue can be easily
addressed by adjusting the ZTS
position.
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The Issue

e But... Wait... How about this
situation?

 What if the head stops within the
right track, but outside the
mandated tolerance about the
center line?

* You would need to compensate
this positioning error by rotating
the stator and the rotor (together)
of the stepper motor...

40.0625

39.8750

39.6875

39.5000

39.3125

39.1250




The Issue

* One revolution of the stepper
motor is split into 10 steps of 36
deg each, so 1 degree rotation of 40.0625
stator and rotor together would
correspond to 0.0052 mm.
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The Issue

e However, such a situation is
extremely unlikely, since the
stepper assembly was factory
calibrated and sealed against
accidental rotational drifting.

e S0, unless someone has messed
It up, you just don’t want to

touch it!
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The fix

* All you want to do is to adjust
the position of the ZTS in such a
way the head stops again at the
O track of a reference disk.

* [he sensor assembly allows an
adjustment of approx 0.5 mm,
exactly for this purpose.




The fix

 These are very tiny numbers,
which can only be appreciated
by precision tools.

* Workshop calipers usually have
+/- 0.01 mm precision,
micrometers +/- 0.001 mm.

e S0, how to control such small
adjustments?
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The fix

* The point is that you don’t want to
measure the position of the sensor,
you just want to be able to check if
and by how many tracks the head is
changing its initial position as a
conseqguence of the sensor
adjustment.

 As 1 track corresponds to 1 rotational
step, the moment you mark the initial
position of the shaft with a tiny dot,
you can have a direct, visual
feedback of the direction the
adjustment is taking.
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Zero track adjustment
Suggested Procedure

Clean up and oll / grease the mechanical bits.
Make a reference disk with a good drive.

Loosen up the screw and move the ZTS all
the way to the back.

Now insert the disk and let the head move all
the way back, too (it will probably stop at
track -3).

Mark the reference position of the rotor with a
tiny dot (fine tip permanent marker). If it’s
difficult to reach, you can first (software) eject
the disk, since the stepper responds with an
exact number of revolutions (4) to the eject
command.

Now, with the drive unloaded, slightly move
the ZTS forward.

Insert again the disk and check if at the end of
the loading, the mark is now in a different
angular position. If so, it means the
adjustment to the ZTS has sorted some
effect.

You will need some practice for stepping
exactly one track at a time.

Proceed until the reference disk can be
mounted: my experience is that just 4
rotational steps from the very back are
sufficient (i.e. skipping the “faux tracks” -3 to
-1 for landing on track 0).
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Zero track adjustment

* Eventually, you will be able to
mount a reference floppy, format
It and exchange floppies with
other good drives.
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