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ERRATUM

The following errors are present in this first draft:

4 3 3 Signal CIP* and CIEx should
’ be .C1P¥ and ClE®

9 2 3 'energies should be energises

16 4 4 'hte' should be the

18 3 (c) 2 insert word'to' between'through'
and 'the'.

20 7 1 'cantridge'should be cartridge.

22 5 2 change IV to 1V.

29 3 5 change ov to OV.

30 ] 4 change 'positive' to negative.

30 1 5 insert the word negative between
words 'the' and 'voltage'.

40 5 7 change 'ninth' to eighth.

44 2 7 change 'move' to more.

49 5 2 change '16' to 15.

59 4 2 add an 's' to word prevent

ILLUSTRATIONS

It is intended that figs 3.29 and 3.30 be made into'facing pages'
in order that the circuit and waveforms of a greater than 16
steps seek can be viewed simultaneously. Thus in the 2nd draft,
fig. 3.30 will be made into a left hand page and re~numbered

fig. 3.29. Fig. 3.29 will be re-numbered 3.30 accordingly.
Annotation on retract micro-switch on Fig. 3.15

'held on by positioner'should be held open by positioner.

Fig. 3.35 arrow leaders from PMEP 'and H¢D' to R' should go to RTRP'
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INT2CDUCTION

The principle Tunctions performed by the logic are discussed briefly as

follcws:

Safety Control — Cperator actions associated with the cartridge loading

]

equence are checked by the logic. If an incorrect step

C

is implemented during this sequence, the logic prevents
the 1210 from starting. Purthermore, safety logic inhe-
rent in the machine ensures that the operational conditicns
necessary to maintain the integrity of this disc memory

are satisfied during all instants of operation.

Cleaning Control - The logic commands complete control of the cleaning cycle.

Position Control - Address instructions issued by the control unit are inter-

preted by the logic in order to guide the positioning me-

chanism to the required track of the magnetic disk.

Head Selection — The head select instructions issued by the control unit are

interpreted in order that either the upper or the lower

read-write head is energised.

TH& POSITICNING MECHANTSM

Brief Description

The positioning mechanicm comprises an celectrical stepping motor coupled by a
rack and pinion to & carriage mounted on two parallel guide rails. The front

of the carriage supports the two read-write heads,

Tully Track Track
Hetracted D00 200
| | l
r ! !
190 Steps 200 Steps
TMigs 341 = The Limits of Travel



The limits of travel of the positioning mechanism are illustrated in Fige. 3.1.
When the X1210 has been stopped, the logic automatically moves the positioning
mechanism to the fully retracted position. In this position, the read-write
heads are completely withdrawn from the cartridge thus permitting cartridge

exchange.

The fully retracted position is defined by a micro-switch.

When it is in this position it maintains the switch open. The 'retracted’
micro-switch thus serves as a sensor informing the logic when the positioner

is fully retracted.

When the X1210 is started, the logic guides the positioning mechanism forward

and inserts the read-write heads into the cartridge. During this forward stroke
the nylon cleaning brushes in the heads are held in contact with the magnetic

disk whilst the read-write assemblies are kept retracted within the heads.

At the end of this forward stroke, the positioning mechanism opens a micro-switch
stationed at track 200. When this occurs, the logic reverses the positioning
mechanism back towards track 000. And at the same time, it terminates the cleaning
cycle by lifting the brushes from the magnetic disc and loads the read-write

heads into the flying position.

Each of the tracks on the magnetic disk are radially spaced at 26%p meters. When
all the relevant production tolerances and dimensional changes due to temperature
variation are accounted for, the alignment tolerance of the positioning mecha-
nism about each track has been conservatively estimated to be about 4%# metres.
Each discrete step movement performed by the positioning mechanism egquals. the
track-to-track distance. Thus the distance from track 000 to track 200 can be

expressed as 200 steps.

CONTROL OF THE POSITIONING MECHANISM

To appreciate the relationship between the condition of the logic and the
physical position of the positioning mechanism, it is necessary to have a clear

understanding of their interface -~ the stepping motor.

The Steoping Motor Basic Principle

Fige 3.2 illustrates the principle diagrammatically. The motor illustrated is a

simpler version than that used on the X1210.



It is a four phase, two pole type; this means that the stator has four windings

and the rotor two poles (one pole pair).

_1r}>7 P o X
[ STATOR PQ '**\73-_ STATOR PQ

STATOR RS STATOR RS

Fige 342 - Diagrammatic Representation of a 4 phase, 2 pcle Motor.

With windings P and R energised, the four stator poles take the polarity shownv
in (a) and the rotor turns to step position 1. If winding Q is now emergised in-
stead of P, the rotor will turn 90o anti~clockwise to step position 2 shown

in (b). Steps 3 and 4 can be obtained in a similar fashion. Fig. 3.2 (c)

shows the effect cf completely de-energising the windings R and S. The rotor
turns by only half a step to step position 2%. Similarly, if winding P and Q
had been completely de~energiced, the rotor would have turned anti-clockwise

to position 1%

Clearly then, by energising and de—energising the windings of this motor in a

2 : 1 : 2 sequence, double the number of discrete rotor positions are available.



The X1210 Stepping Motor

The stepping motor used on the X1210 is an 4 phase, 24 pole type. The same principle
of sequentially energising the windings is applied to this motor in order to in-
‘crease its angular resolution - and thus also the linear resolution of the posi-

tioning mechanism.

The construction of the motor is best described in relation to fig. 3.3 which
shows exactly half of the rotor and stator and all of the control windings.

The eight windings are grouped into four groups of two: A, B, C and D. Each pair
of coils forming a winding - say for example pair A - are wound around twelve
equally distributed stator pole pieces. It can also be seen in the diagram each
of the twelve pole pieces form one of a group of four pole pieces. The other pole
pieces in the group being controlled similarly by control windings B, C and D.

Each group of four pole pieces corresponds to a span of one rotor pole pair.

Each pole piece can be set to three distinct states - along with its eleven other

associated pole pieces. Consider for example all those controlled by winding A.

Energising coil CIP %, CIE ¥ would set the twelve associated pole pieces to iden-
tical polarities. If now this coil is de-enmergised and coil C2P =, C2E = is
energised instead, the polarity of each of these pole pieces would be reversed.
The third state is achieved by completely de-energising both coils of winding A.
In this condition each of the associated pole pieces can be considered to possess

no polarity whatsoever, ie they have negligible residual magnetisme.

The angular resolution of the stepping motor is increased by energising the

four pairs of control windings A, By C and D in a 4 ¢ 3 ¢ 4 sequence. This is
illustrated in fig. 3.4. The diagram shows the polarity of each stator pole tip

as set by the condition of its control winding. The state of each winding is shown
in the 'Energised'colum. The absence of the winding reference indicates that

both coils forming the winding are de-energised.
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Fig. 3.4 Pole Polarities Set by Control Windings.

In line 1, assume one coil in each of the four control windings A, B, C and

D is energised giving the stator poles the polarity shown. The rotor pole pair
will thus align itself as shown. The rotor south polarity aligning itself at

a point, midway between the pole tips of B and C.

If winding A is now completely de-energised the pole tips controlled by A will
lose their polarity. This will cause the resultant point of the stator magnetic
field to shift to the right - as is shown in line 2. The rotor poles will thus
shift to the right by 1 step and align themselves with the pole tips controlled
by winding C. In line 3, the first coil is maintained de-energised. Instead the
other coil of A is energised. This is indicated by placing a bar over the letter.
Hence A. In this condition, the polarity of the poles controlled by A is now
reversed in relation to its original condition in line 1. This again has the
same effect. The resultant point of the stator magnetic field is shifted to the
right by the same amount as before. The rotor thus rotates 1 step to the right
aligning itself midway between the pole tips of C and D.



If this process were continued until the energised condition of the coils is
that shown in line 9 (4,3,C,D), the rotor south pole will have moved by a total
of eight steps until it is aligned midway between the tips of B and C.

The energising sequence of 4 ¢ 3 : 4 is clearly shown in the 'Energised' column

of Fig 3.4.

Control of The Stevping Motor

Control of the stepping motor is effected by the decoding logic on card 8.

This logic consists essentially of a reversible 4-bit counter termed the binary
up/down counter and two binary—-to-octal decoders. The function of this circuit
is to transform a stream of clock pulses into a parallel octal code that will
enable the stepping motor control windings to be energised in the required

4

3 ¢ 4 sequence.

This logic is almost completely described by its truth table which has been com—

bined with the essential section of the decoding logic on Fige 3¢5

The decoding logic can be considered to have three inputs. These are the variable
clock input SMCCP., Signal SNMCUP which controlles the cyclic rotation of the
counter. And signal SKCF. This latter signal controls the outputs gates of the

decoding logic.

When a seek mission is initiated, the logic selects a particular clock source of
fixed frequency and feeds it on the variable clock input, SMCCP, to the trigger
input of the binary up/down counter. The frequency selected by the logic is
dependant upon the size of the seek mission. If SMCUP i logic 1, the up/down
counter proceeds through the binary progression states in the direction 0000 to

1111 at a counting rate equivalent to the variable clock frequency.

Each of the up/down counters 1-2-4-8 columms are fed to the inputs of the binary-

to-octal decoders. Column 1 is fed on line SMCA; column 2 on SMCB and so on.

The effects of feeding the contents of each of the counters four columns to the
binary-to-octal decoders is shown in the truth table. When the counter is at
state 0000, the output pin O of both decoders H and I are set to logic O. After
one variable clock pulse is fed into the counter its state (0001) causes pin

0 of decoder I to become logic 1




Pin O of decoder H remains at logic O however. As the count proceeds towards
1111, logic 0 is moved in turn from pin 1 towards pin 7 on the outputs of

each decoder. When after fifteen variable clock pulseg have been fed into the
counter its state becomes 1111. It can be seen from the truth table that pins'1
to 7 of decoder I are all at logic 1 under these conditions. But pin 7 of de-
coder H is at logic 0. On the sixteenth variable clock pulse the up/down counter
resets to the zero state (0000) and commences counting again towards the state
1111. This cycling of the counter continues until the variable clock frequency

is stopped.

As the logic O prcgresses from pin O to pin 7 on the outputs of each decoder
during the count cycle, its effect on the outputs to the stepping motor control

windings can be established by examination of the circuit and its truth table.

When the condition of the up/down counter is 0000 pin O on each decoder is at
logic O. Thus both 1500 and 250001 are set to logic O. 1S00 sets CD8P to logic 1.
And 250001 sets CD6P to logic 1. When a seek mission has been initiated signal

SKCF is set to logic 1 and enables the output gates of the decoding logic.
SKCF (=1) and CP8P (=1) sets CD3E to logic O, Whilst SKCF (=1) and CD6P (=1)
sets CD6E %o logic O, Signal EEBEEE is also set to logic O by the state of the
up/down counter. This signal sets both CD2P and CD4P to logic 1 causing CD2E
and CD4E to be set to zero. Thus signals CD2E, CD4E, CDAE and CD8E have all

been set to zero by the cleared state of the counter. Each of these signals is

applied via a coil driver amplifier to one of the eight coils of the stepping

motor. The operation of each coil driver amplifier is identical.

.

If for example CD1E becomes 0O, the base of transistor TS1 of the coil driver is
forward biased driving TS1 into the conduction region. The base of TS2 is there-
fore forward biased by the collector current voltage drop across resistor R4.

This causes TS52 to be bottomed, completing a circuit from the 24v dc supply via

R5 and the relevant stepping motor coil. Thus since four of the coil driver inputs

have been set to logic 0, four of the stepping motor coils will be energised.

If this whole procedure is repeated one variable clock pulse later, the state
of the counter will be 0001, Line 2 of the truth table shows the logical condi-
tions at the input to the coil driver amplifiers for this condition. And it can
be seen that 5555, CDAE and CDGE are at logic 0. Thus one of the four coils ori-
ginally energised has now been de-energised leaving only three in the energised

state.



Line 3 of the truth table shows the logical condition at the input to the coil
drivers when iwo variable clock pulses have been fed into the counter (0010).

And it can be seen that CD2E, CDAE, CDAE and CDTE are at logic 0. Once again

four of the stepping motor coils are in the energised state.

If this procedure is continued throughout one complete binary count cycle of
the up/down counter, it is clear by inspection of the truth table that the de-
coding logic energies and de-energises the stepping motor coils in the required .

4 : 3 ¢ 4 sequence discussed earlier.

When SMCUP is logic 1 -~ as has been assumed in this discussion - the direction of
rotation of the stepping motor is in the forward direction. Conversely, when
SMCUP is logic 0, the cyclic rotation of the counter is reversed it counts
down from 1111 to 0000, Under these conditions the stepping motor rotation is
reversed. This drives the positioning mechanism in the reverse direction (towards

track 000).

At the appropriate instant at the end of a seek mission SKCF is set to logic O.
This causes the inputs to the coil driver amplifiers to be set to 1, switching

off the transistors and resuliting in all the stepping motor coils being de~cnergised.

THE LOGIC-POSITIONING MECHANTSM RELATIONSHIP

The positioning mechanism is set up such that when the read-write heads are

aligned over track 000, the condition of the binary up/down counter is 0000.

If the positioner is at track 00C and a seek misgion is initiated, when sixteen
variable clock pulses have been fed into the up/down counter. It will have counted
from 0000 to 1111 and reset to 0000 again. At the same time, the positioning
mechanism will have moved by sixteen tracks of the disk. Thus the cleared condi-
tion (0000) of the up/down counter will be repeated at track sixteen and at all
positions that are multiples of sixteen steps from track 000. This will apply

whether the positicning mechanism moves either forward or reverse.

The Fully Retracted Position

If the dc supply is removed from the up/down counter and then re-applied, there
is only a 1 in 16 chance that its logical condition will correspond to that con-

dition prior to removal of the supplies.



Despite this fact, the relationship between the logic and the physical position

of the positioning mechanism remains unaffected.

This is particularly relevant when the positioning mechanism is fully retracted.

Since it is normally in this position when the power supplies are switched off.

If the number of steps between track 000 and the retracted micro-switch were

an exact multiple of 16, the condition of the up/down counter at the instant of
opening the retract micro-switch would be 0000. And since the positioning me-
chanism stops the instant this switch is opened, the final condition of the coun-
ter would be 0000, And the positioning mechanism would be stationed  at an

exact multiple of 16 steps from track 000C.

Suppose now that the X1210 power supplies were switched off and then switched on-
again. The new condition of the up/down counter could be anywhere from 0000 to
1111. If the new condition were 1111, the position of the rotor poles would

only be 1 step from the new position of the stator poles. The positioning me-
chanism would thus shift by by 1 step to the new position. The direction of this

step would be towards the retracted position.

If however the new condition of the counter were eight steps from condition 00CO
(1000) the stator poles would shift by eight steps. The rotor poles would thus

be adjacent stator poles of the same polarity as is shoyn below.
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Mig. 3.6 The Rotor Stable States.
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This diagram illustrates the pole polarities for the conditions 0000, 1111 and
1000 of the Up/down counter. In the condition 1000, there are thres possible
stable states of the rotor., It could remain locked opposite the stator poles

of the same polarity, midway between the two attacting stator poles of opposite
polarity. It is highly unlikely though that a state ¢f equilibrium in this posi-
tion would be maintained if the positioner accelerated from rest due to friction
and inertia. And thus it will be dis-regarded. The two other stable states are
obtainable if the rotor shifts either to the right and aligns midway between

the four poles of opposite polarity or similarly to the left. Each of these stable
positions are exactly & steps from the position of the rotor as shown in Fig. 3.6.

The two stable positions are thus 16 steps apart.

If the rotor aligned at the stable position eight steps to the left (in Fig. 3.6)
and movement to the left is towards track 000, the retract micro-switch would

be opened, when this occurs, the logic feeds 125 Hz clock pulses to the up/down
counter until the positioner has reversed back and opened the micro-switch again.
Clearly, since the initial condition of the counter is 1000, its final condition
when eight clock pulses have been fed into the counter and the positioner has
reversed the eight steps back to the micro-—switch again will be 0000. In other
words, the rotor S pole in Fig. 3.6 would have initially moved to a position
midway between the four stator N poles to the left. And the logic alters the
up/down counter condition until these four norths have been shifted to the

right by eight steps and replaced the four gtator S polarities.
By inspection of Fig. 3.6 this stator condition corresponds to line 1 when

the up/down counter condition is 0000. The positioner is thus stationed at

an exact multiple of 16 gsteps from track 000 with the up/down counter condition
at 0000C. . . _ B ST

The retract micro-cwitch is designed to permit the positioning wechanism to

retract a further 8 steps after having opened the switch. Thus if the rotor

4

moves to the alternative stable state 8 steps to the right in Fig. 3.6. when
the power supplies are re-applied, the positioning mechanism will have moved

to the absoclute limit of the retracted position.

If the start button is pressed, the logic feeds 125 Hz pulses into the up/down
counter causing the positioning mechanism to be driven forward. When eight varia~
ble clock pulges have been fed into the counter, the retracted micro-switch is
just on the pointl of being closed. At the same instant the condition of the
counter is again COCO. This condition is repeated every 16 steps of the forward
stroke until it reaches track 000. The positioning mechanism has to move a

total of 400 steps before it is stopped at track 000. It has to move forward

&

2

by 200 steps during the cleaning cycle, reverse and move the 200 steps back

1o track 000 again,
11



Thus since 400 steps is a multiple of 16 (25 x 16), the up/down counter cycles
25 times until once again the positioning mechanism reaches track 000. Its
condition on reaching this point is clearly 000C. The X1210 informs the control
unit that the read-write heads are aligned over track 000. This informaticn
serves as a reference for the control unit. Hereon, all seek missions initiated
by the control unit up~datem the information within the control unit relating

over which track the positioning mechanism is stationed.

The assumption made in this discussion that the retracted micro-switch is an
exact multiple of 16 steps away from track 000 is untrue (prokably). Nor is it
necessary to be an exact multiple of 16 steps away from track 000. It could be

12 multiples of 16 steps plus 3 steps distant. It is of no consequence.

If for example the distance was 12 multiples of 16 steps plus 3 steps (a total of
195 steps), then 3 steps away from the retracted switch the condition of the
up/down counter would be 0000. Three steps later, the retract micro-switch would

be opened and the condition of the counter would be 1101.

If the supplies are removed and then re-applied and the new condition of the
counter were say 1001 (4 steps distant from 1101), the rotor would shift by four
steps, retracting the positioner (within the 8 steps tolerance of the micro-
switch) by four steps. If the start button-is now pressed, the positioner would
have to move forward four steps before the micro-switch was closed. Its condi-
tion at that instant would be 1101. Three steps from the micro-switch toward
track 000, the condition of the counter would be 0000 araine. And after moving
the 12 multiples of 16 steps would arrive at track 000 with the condition of the

counter being 0000,

THE DETENT MECHANISWM

When the positioning mechanism reaches its required track destination, it is
locked into position and held steady by a detent mechanism. This maintains the
read-write heads free from mechanical oscillation thus ensuring the integrity

of the data whilst performing read, write or eraze instructions.

The detent mechanism forms an integral part of the positioning mechanism. It
comprises a rack which is attached to the side of the positioning mechanism and

two electro-magnetically controlled detent pawls.

12



These pawls are pivot mounted along side cf the positioning mechanism with

the centres of the pivots parallel to its line of travel. Whilst the posi-
tioner is in motion, an electro-magnet associated with each pawl maintains

the pawls clear of the rack. To lock the positioning mechanism steady one of
the magnets is de-energised releasing its associated pawl to engage with the
rack. The positioning mechanism is so set up, that whenever the heads are
aligned over an even track, the pawl nearest the cartridge engages with the
rack. This pawl is refered toc as the even pawl. Conversely, whenever the heads
are aligned over an odd numbered track (001, 003 etc.), the pawl farthest from

the cartridge engages with the rack. This pawl will be refered to as the odd pawl.

The rack teeth are precision machined to a pitch of twice the track-to-track
distance. Alternatively, the pitch may be considered to be equivalent to two

steps.

PART OF POSITIONING MECHANISM

/
| /
\ DETENT RACK

| e
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2 STEPS
Fige. 37 = Detent Mechanism,

Consider in the above diagram that the positioning mechanism is stationary

at track 000.
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The even pawl electro-magnet would thus be de-energised and the even pawl .
engaged with the rack. Now consider that this pawl is retracted and the po-
sitioning mechanism moved forward by one step to track 001. Since the rack piteh
is two steps wide the rack would move to the position shown dotted. The odd
pawl magnet would then be de-energised and would engage with the rack. The
fine adjustments required to achieve this setting is effected by movement of
the pawl pivot points along the axis indicated. This adjustment however is
not undertaken in the field.

The Pawl / Logic Relationshipe

The detent pawls are controlled by three signals. They are SMCA, DTCZO and DETF.

SMCA monitors the logical state of the up/down counters first colum. Whenever
the positioning mechanism is stationed over an even track, SMCA is at logic O.
Conversely, whenever it is over an odd track SMCA is logic 1. This is utilized
by the detent logic to define whether either the odd or the even pawl should

be released onto the rack.

The signals DTCZ0 and DETF are used by the detent logic to define whether either

one or both pawls should be retracted from ther rack,

A detailed discussion of the detent logic operation is given in the relevant

part of the off-line section of this book.

The following table however summarises the relationship between the state of

the logic and the pawl poesitionse
L

PAWL PAWL RETRACTED
CONTROL
STGNALS oDD EVEN ROTH
LOGIC SMCA 1 0 -
STATES DTCZO 0 0 either
one or both
must be
logic 1
DETF 0 0 g
] K
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OFF-LINE OPERATION

Turn-On Clear. (Fig. 3.9 and 3,10)

When the power supplies are applied to the X1210 a 'turn on clear' circuit
on the start/stop/safety logic of card 9 ensures that all X1210 circuits
reach their required initial dc conditions before permitting the X1210 to
be started. This circuit consists of an RC time delay network; R1 and C1
connected to a transistor switch TS1. The time constant of this circuit

is the longest in the electronics unit and is equal to 214 ms. At the in-
stant the dc supplies are connected to the X1210, C1 is in the fully dis-
charged state. Whilst C1 is charging up, its potential maintains TS1 off.
Thus the turn on clear signal (T¢C) is held at logic 1 for 214 mS after
energising the X1210, T¢C is inverted and T¢C (= 0) causes the signal STZFO
to be held O until the end of the turn on clear period. STZFO (= 0) sets

" the Start flip flop to the zero state (STF=0, STF=1), which in turn maintains
the Pack motor not Energised signal PIE in the 1 state. While this logical

condition exists the disk drive motor cannot’ be started.

The logic circuits are sfeered to their required initial de condiiions during
the 'turn on clear' period by maintaining the master clear signal C zero
throughout the 214 mS. This is effected by the Start-FF signal STF and the
signal SSDF. Since STF is in the one state and SSDF is also set to the one
state by TPC (=0) then IC is set to O.

The dominant zero on the master clear line during the'turn on clear' period

sets the following flip flops to the condition indicated (see fig 3.10):

Flip flop Card Condition
Detent 8 DETP=0,  DETF=1
Seek Complete 8 SKCP=0, SKCPF=1
Clean 9 CLT =0, CLF =1
Start Sequence Control 9 SSCF=0, S5CI=1
Unsafe 9 Usrk =1,
Direction Loaded 11 DLF =0, DLF =1
11 SKF =0,

Seek
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At the end of the 'turn on clear' period, TS1 is turned on by the potentiéi
aquired by the charging capacitor C1. j
TPC is therefore set to O setting TPC to the one state. The instant THC be—
comes 1 all the inputs to the nand gate producing signal SSDF are 'ones'.

SSDF is thus set to O which in turn sets the master clear signal IC . to 1.

Start/Safety Logic (Pige 3.11)

To ensure that the X1210 cannot be started when no cartridge has been fitted

or when the cartridge loading sequence has been incorrectly - dmplemented,

three micro-switches, one on the cartridge holder locking ring, another on

the rear of the X1210 and the other checking that the cartridge is fully seated

in its holder are all connected in series to effectively form an 'and gate. The.éafe—
ty logic. on card 9 checks that these three switches are all closed before
permitting the X1210 to be started.

When one or more of these-switches are open the not ready to operate signal
RTJ % is set to logic 1, RIP ® is inverted and the signal BT¢ (= 0) causes.

the signal STFZO on the reset input of the start-FF to be held at O._This‘main—
tains the Start-FF in the zero state (STF=0, STF=1) which in turn holds the . i
signal PMEP at logic 1. And PMEP (=1) together with HfD (=1) sets PME to logic 1.
All the time the reset input of the Start-FF is held at 1ogi¢,0,nthe}10gic‘8téte
on its trigger input is ineffective, regardless of itz level., Thus since the 7
trigger input is controlled by the start/stop circuit, the start circuit is

effectively inhibited while STFZC is a zero.

If the cartridge is correctly lcaded and the %1210 is pushed fully into the

rack unit all the micro-switches will be closed and signal RIE % s set to

logic O. ﬁ%ﬁui is inverted to set RTP to 1 which together with ihe signal

TPC (=1) sets STFZO to the zero state. STFZO thus bécomes logic 1 at hte Start-FF

reset input removing the inhibit from the start circuit.

Starting the X1210 (Fige 3¢11)

When the start/atop button is pressed signals SSU x and SSD % are inverted for
the duration of pressing the button. §§61; momentarily becomes logic 1 and

SSD % logic 0. These signals in turn momentarily change the state of SSDF and )
SSDF, SSDF going to O and SSDF to 1.
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SSDF is applied to the Start-FF trigger input setting the flip flop to the

one state on the positive going edge of the negative pulse. The start-FF
is thus set to STF=1, STF=0

If the positioning mechanism . is fully retracted, the opened retract po~
sition,micro-switch maintains the signal R % at logic 1,

R % is inverted and-ﬁg( = 0 ) holds PMSP at logic 1. PMSP (= 1) together
with STF (= 1) sets the signal PME to O. DM is fed to the relay driver

on card 3 causing transistors TS7 and TS8 to be turned on, and its output

PMRA % to go to zeroe. A circuit is thus completed from the + 24V dc sup-
ply through the switching unit relay and TS8 to the OV line. When the
contacts of this relay close, a 220V single phase .ac supply is connected

to the disk drive motor, running the motor up to speed.

Also at the same instant the start/stop button is pressed, the master clear
line is set to logic O. This ensures as a double-check that the logical
states of all circuits set during the *turn on clear' period is correct.
When SSDF is held at logic 1 (for the duration of pressing the start button)
it combines with STF ( = 1) to set MC to logic O. At the instant the start
button is released, SSDF returnsback to the logic O condition, SSDF resets
the Start-FF, setting STF to logic Oy and the master clear line is returned
tc logic 1.

Speed OK (Fig. 3.42)

As the disk drive motor accelerates, its speed is optically monitored by
the Index and Sector Unit. 16 sector slotsand an index slot in the index
and sector ring (coupled to the magnetic disk) are sensed by this unit
which generates a pulse for each slot sensed. The output of this unit is
thus a series of 17 pulses per revolution,y of the magnetic disk; 16 of the

pulses being sector pulses and one being the index pulse.

The output of the Tndex and Sector unit is fed to the Speed OK circuit on
card 9. This circuit measures the speed of the magnetic disk by measuring
the ceparation between consecutive index pulses. When the magnetic disk reaches

full speed, the circuit sets the speed OK signal SPKF to logic 1.
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THE CLEANING CYCLE

Initiating the Cleaning Cycle ‘ (Figs 3.12)

When the disk drive motor reaches full speed, the speed (K signal SPKF
goes to logic 1 causing the cleaning signal CLCY to be set to 0. At this

instant the cleaning cycle commences.

CLCY is set to zero by CLF, HfD and SPK® all being in the 1 state. HPD is

held in the 1 state indirectly by CLF being 1. CLF is inverted setting CLFZA

to O which in turn sets HVE to 1. HVE (=1) is applied tc the head valve dri-
ver and level shifter circuit on card 3, maintaining its input transistor TS9

in the off condition. This results in TS10 being held off. The output transistor
TS11 however is held in the on state setting the head on disk signal H@D to O-
Thus ﬁaﬁ is set to logic 1.

The instant CLCY becomes 0, three significant changes cccur in the state of
the logic. These are
(a) The Seek complete~-FF is reset.
Its output signal SKCF is set to 1 removing the inhibit from the

stepmotor drive circuitse.

(b) The Detent-FF is reset causing both detent pawls to be lifted from

the rack - thus freeing the positioning mechanism.

(c) The inhibit is removed from the gating circuits at the input to
the binary up/down counter, enabling the 125 Hz clock to be fed through
the trigger input (CP) of the counter.

Enabling the Step Motor Drive Circuits. (Fig. 3.13)

CLCY (=0) causes DTCZO to be set to O. This signal resets both the Seek Complete-FF
and the Detent-FF to the zero state.

The Seek Complete-FF output SKCF becomes logic 1. This signal is applied to
all the output gates of the step motor drive circuit. When SKCF is 0, all the
gate outputs are set to 1 irrespective of the logical conditions applied to
them from the encoding logice. Under these conditions the step motor control
windings are all de-energised, a complete inhibit on the control of the motor

existing.
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The instant SKCF becomes a 1, the output gates of the step motor drive

circuit are no longer under the influence of the dominant zero from SKCP

the motor aligning itself with the state of the decoding logic.

Lifting Both Detent Pawls (Fig. 3.13)

DTCZO (=0) resets the Detent flip-flop outputs to DEIF =0, DEIF =1. The signals
DETF and DTCZO at the input to the detent nor logic are thus both in the 1
state, setting DETP to logic O. DETP (=0) sets DETP to 1. Thus irrespective of
the state of binary up/down counter output SMCA, both DETDIE and DETZE be-
come O. These signals control the state of the detent pawl electro-magnets.
And when they are O their associated electro-magnets are energised lifting

the detent pawls clear of the rack.

Both pawl magnet driver circuits are identical, so only the operation of

one of them is described.

When DEME becomes a 0, it forward biases the base-emitter diode of transistor
TS9 in its associated detent driver circuit. TS9 is therefore turned on cau-
sing the dc level at the base of TS10 to rise. TS10 is bottomed, so providing
a circuit from the t 24 v dc supply via R25 the pawl magnet coil and TS10 to
the OV line. The electro-magnet is thus energised and the pawl retracted from

the racke.

Moving into the Cartridge (Fige 3.15)

Simultaneous with enabling the step motor drive circuits and lifting both
detent pawls, CLCY (=0) enables the 125 Hz clock on card 9 to be fed through

to the input of the binary up/down counter.,

The 125 Hz clock (3CP) is fed to the input of the binary up/down counter via
two gates — one gate is controlled by REL3CP and the other by 3CPP. When both
these signals are set to 1 by CLCY becoming O, the 125 Hz passes through both

gates to the counter input.

When CLCY is set to O, REL3CP is set to 1. This signal is inverted and REL3CP
(=0) sets the signal 3CPP to 1. Thus the inhibit is removed from both clock
-gates and the 125 Hz clock is fed into the counter. This initiates operation

of the encofing logic causing the stepping motor to rotate and move the posi-~

gioner foreward into the cartridge.
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The direction of motion is defined by the logical condition at the G/ﬁ

input to the up/down counter. When U/B is set to a one (as in this case),
the cyclic rotation of the counter outputs Q1 to Q 4 is from 0000 to 1111.
Each time 1111 is reached the counter resets tc 0000 and commences counting
through to 1111 again. This process continues ad infinitum whilst clock pul-
ses are being fed into counter, the cyclic rotation driving the positioner
forward = at a rate of 125 steps/sec.

The logical condition at U/ﬁ; - SMCUP =1, is defined by tke Return to Zero-FF
signal RTZF and signals RTRP and SKFWD. These three signals are all in the
1 state.

RTZF is set tc 1 by the retract position micro-switch. Since the positioner
is fully retracted (before and at the instant CLCY goes to 0) its output sig-
nal R ¥ is at logic 1. R % is inverted ¥hd ) (=0) sets SKINH to O. SKINH (=Q)

is applied to the Return to Zero-IF setting its output RTZF to 1

RTRP is set to 1 by the speed=0 signal SPZ. Shorily after the disk drive motor
has been started SPZ is set to O setting PMSP to 1. PMSP (=1) and STF (=1)
together set PMEP to the zero state which in turm sets RTRP to 1.

SKFWD is set to logic 1 by the Clean~FF signal CLF (cee fig 3.75)CLF set to
1 by the master clear pulse, is inverted to set CLFZA to 0. This sets HVE
to 1 and thus HVE to O. HVE (=0) camses the seek inhibit signal SKIMI +to
be set to O which in turn sets SKFWD to 1.

When the positioner moves foreward from the fully retracted position, the re-
tract micro-switch closes setting R to O and R to 1. RTRP is maintained in the
1 state under these conditions by the speed=0 signal S5PZ, which is in the zero

state.

Thus the positioner moves foreward into the cantridge at a rate of 125 steps/sec.
The logical conditions of the circuits remaining unchanged throughout the fore-

ward stroke until the innermost track of the magnetic disk is reached.

During this foreward stroke the signal HVA z is maintained at logic 1 by the
condition of the Clean-FF signal CILI (=0). The solenoid in the head valve is
therefore in the de-energised state throughout the foreward stroke. This main-
tains the head valve shut and prevents the pressurized air supply being applied

to the head assembly pneumatic actuators.
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Thus during the foreward stroke of the positioner, the nylon cleaning brushes
are held down on to the magnetic disk whilest the read=write heads remain re—

tracted within the head assemblies,

Completion of the Cleaning Cycle

When the read-write heads reach track 204 the logic instructs the positioning
mechanism to reverse and to simultaneocusly energise the head valve. The pneu-
matic supply is fed through the head valve to the head assemblies and pressurizes
the pneumatic actuators causing them to load the heads into the flying position
and to 1ift the nylon cleaning brushes from the disk - so ending the cleaning

cycle.

Positioning Mechanism Reversal at Track 204 ' (Fig. 3.16)

The instant of reversal of the positioning mechanism is defined by two varia-
bles. These are the state of the track 200 micro-switch and the logical state

of the encoding logic signal EETE‘ When the track 200 micro-switch is opened

by the positioning mechanism and, (shortly afterwards) IS12 becomes a 0,

the U/ﬁ input of the binary up/down counter is changed from a 1 to O. This
reverses the cyclicrotation of the counter oufputs and of the encoding logic,
and thus also of the stepping motor. The 125 Hz clock continues however, thus -

moving the positioning mechanism back towards track 000 at 125 steps/sec.

When the track 200 micro-switch is opened by the positioner, H5200 ¥ is set
to 1 setting HP200 to a 0. After the positioner has moved foreward by (say) 3

more steps (subjest to variation by adjustment) the signal IS12 also becomes

a 0. Both H¢200 and IS12 are applied to a nor gate. And since they are both
0 the gate output signal T204 becomes 1.

7204 (=1) is applied together with the Start Sequence Control-FF signal
SCSF (=1) to a nand gate setting the output of the gate to a O. This O is
applied to the Return to Zero-FF, resetting the flip-flop to the 1 state
(TZF=1, RTZF=0).

RTZF (=1) is inverted setting RTZFZA to O which in turn resets the Clean-FF
to the zero state {(CLF=0, CLF=1). Wken the Clean-FF is reset it simultaneous-

ly ends tkhe cleaning cycle by setting the Cleaning signal CLCY to 1.
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RTZF (=0) resets the UD input (SMCUP) to the binary up/down counter to O,
resulting in reversal of the counter operation - and thus also of the posi-

tioning mechanism.

RTZF (=0) also holds both REL3CP and 3CPP in the 1 state when CLCY becomes

a 1 at the end of the cleaning cycle. This maintains the 125 Hz gates at the
input to the up/down counter enabled during the reverse stroke of the positioning
mechanism from track 203 to track 000.

Energising the Head Valve (Fige. 3.17)

At the instant of reversal of the positioner, when the Clean-FF is reset and
CLF becomes O, CLFZA becomes 1. CLFZA along with the signals SPKF (=1), STF
(=1) and HUOOO (=1) completes the logical requirements to set the head valve
energised signal HVE to O. ﬁiﬁ(ﬁO)isapplied to the valve driver and level

shifter circuit on card 3 and initiates two functions.

HUE (=0) forward biases the base-emitter diode of transistor TS9, driving

TS9 into the conduction region. The resultant voltage developed across R22

in turn fomard Tbiases the base-emitter diode of TS10, bottoming the transis-
tor. Thus the head valve activated signal HVA ¥becomes logicQ. This com-
pletes a circuit from the 24V dc supply, through the head valve solenoid and
TS10 to the OV line, energising the solenoid and causing the head valve to open.
The pneumatic supply is thus fed through the head valve to the head assemblies.

When TS10 is bottomed; GR1 is forward biased, the potential at tye common anode
point of GR1 and GR2f%llihg to approximately IV. Thus the potential‘at the base
of TS11 falls acoordingly turning off the transistor. Its collector poten-— ‘
tials thus rises to+5V (almost) setting the head on disk signal H@D to logic 1.
HPD (=1) is inverted and H@DZA = (=0) is fed from the X1210 to the computer
system. This informs the system that the heads have been loaded into the flying
position and the cleaning brushes retracted from the diske. It is an essential
part of the system security logic that the computer system receives and
interprets this signal. If the heads were not loaded into the flying position
and this was ignored by the system, valuable write-data sent to the X1210 while

on-line would not be recorded on the disk and would thus be permanently lost.
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With the cleaning cycle completed and the heads loaded, the positioning mecha-
nism moves towards the outermost track of the disk (track 000) at a velocity
of 125 steps/sec..

Shortly after reversal, the track 200 micro-switch is released by the posi-
tioner allowing the switch to revert to the closed position setting H¢2OO
to 0. HP200 is thus set to 1 which together with IS12, which is also in the
1 state, sets T204 to O. When this occurs the dominant zero is removed from
the input of the Return to Zero-FF. The flip-flop retains its state however
until track COO is reached, when the logical conditions of the circuits are
altered by the track 000 signal TOO0O.

STOPPING AT TRACK 000

Sensing Track 000. (Fig. 3.18)

To sense the position of track 000 a signal from the variable clock decoding
logic (E§66) is combined with an optically-generated signal OPZ %, This is
necessary due to the difficulty of sensing track 000 with only a mechanical
sensor. The small track-to-track distances make this impractical. An approach:™
to solving this problem by using only the logical conditions of the variable
clock decoding logic is equally impractical due to the cyclic operation of the

decoding logic circuits.

The optical signal OPZ % is generated by the index unit. This unit optically
monitors a flag tooth attached to the underside of the positioning mechanism.
The width of this flag is equivalent to 12 steps of the positioning mecha~
nism. The positioning mechanism is so set up that the leading edge of the flag
enters the index unit when the heads are six steps from track 000. Thtis the
output signal from this unit OPZx becomes active six steps before track 000

is reached and would remain active for a further six steps if it passed on through °
track 000.

The positioning mechanism is also set up so that the variable clock decoding

logic signal ISOO is synchronized to become active at track 000. Due to the
cyclic operation of the decoding logic, it also becomes active at every 16
steps of the variable clock. Thus IS00 =0 at track 000, 016, 032, 048 etc.
However,both OPZx, and IS00 must be active simul taneously for recognition of

track 000 to occur.



When the heads are six steps from track 000 OPZx becomes 1 and remains in

the 1 state while the flag is within 4 6 steps of track 000. OPZz is inverted
setting OPZ to O. OPZ is applied together with IS00 to a nor gate to gcneratc the
track 000 signal TOOO. Thus the instant track 000 is reached and ISOO becomes

0, TOOO becomes 1 TOOO (=1) is inverted and TOOO (=0) is fed to the Start - 5
Sequence Control-FF and the Return to Zero-FF resetting them both to the zerc l o
state (RTZF = O, RTZF = 1: SCSF = o, SCSF = 1). o

Inhibiting the Variable Clock at Track 000 (Fig. 3.18)

The instant the Return to Zero-FF is reset to the zero state, its output signal
RTZF (=1) causes the 125 Hz clock gate to be inhibited, so preventing any :
further 125 Hz clock pulses being fed to the blnary up/down counter.

Since both Eiaifénd RTRP are 1, the instant RTZF becomes 1, REL3CP is set to

0. REL3CP is fed to the 125 Hz clock gate (3CP) setting its output SKCPP per—
manently to 1. When the clock input to the up/down counter is stopped ‘the out—
puts from the decoding logic also sfop, simultaneocusly stopping 1zhe.‘xiala_'!:epping”'i
motor and thus also the positioning mechanism. However, due to the'mdmenfém“*' 
of the mdving parts the positioning mebhanism overshoots the reqﬁired'poaitiqhQ_'
But since the motor control coils are held energised for the track 000 poSitidhﬁ;'
a magnetic restoring force is generated by the control windings pulling tﬁe‘“ﬁ“
rotor back towards track 000. Overshoot again occurs, the rotor and thus also .
the positioning mechanism performing damped oscillations about the final.positioﬁ"
(track 000). The worst case condition that this occurs mmler is at the end of
an on-line seek mission whose terminal velocity is 500 steps/seo. This

is fully discussed later at the relevant point,

To ensure that these oscillations have completely decayed before releasing
a detent pawl onto the rack and locking the positioning mechanism into posi-
tion, a 24 ms delay circuit is initiated by the reset state of the Return to
Zero-FF. '

24ms Delay | 1  (Fig. 3.19) .

The 24ms delay circuit is initiated when REL3CP is set to O by the Rsturn

to Zero-FF., REL3CP (=0) is inverted setting ﬁﬁfﬁ&? to 1 which together with the
bDirection Loaded-FF s1gna1 DEF (=1) sets the delay time counter reset signal
DTCZO to O. 3



This sets 55625 to 1. DTCZO (=1) performs three functions. It sets the reset
input of the 24/40 ms delay 4-bit couniter to 1. This enables the counter to
accept and respond to clock pulses on its C1 input. Also DICZO (=1) resets

the 500Hz divider flip-flop. When input S2 of this flip-flop is set to O its
outputs are permanently set %6 the zero state (2CP = 0, 2CP = 1). However, the
instant DTCZO becomes 1 the flip—flop commences operating and feeds 250 Hz clock
pulses (2CP) to the input of the 4-bit counter.

The four outputs DTCA, DTCB, DTCC and DTCD of this four columm counter are illusira
ted in the waveform diagram of fig3.19. DTCA is half the input frequency and

this equal 125 Hz. DTCB is one quarter the input frequency whilst DTCC is one
eighth the input frequency

The 24 ms delay is effected by applying signals DTCB and DTCC to the input of
an nard gate. Thus when both these signals are in the 1 state, the gate output
signal, DETFZ1 is set to O. For DTCB and DTCC to both be in the 1 state, six
250 Hz clock pulses must be fed into the counter input. On the negative going
edge of the sixth clock pulse DTCB is set to 1. And since DTCC is already 1,
DETFZ1 is set to O.

DETFZ1 (=0) is applied to the detent nor logic, causing the appropriate pawl
to be released onto the detent rack. THus the total time taken between recog-
nition of track 000 (resetting the return to zero-FF) and releasing the detent

pawl is equivalent to six 250 Hz pulses. This period is 24 ms.

Releasing a Detent Pawl onto the Rack (Fig. 3.19)

The third function performed by DTCZO when it is set to 1 is to remove the
dominant O from the input of the Detent-FF. Thus when DETFZ1 becomes O at

the end of the 24 ms delay period, it resets the Detent-FF to DETF = 1, DETF =0,
Both signals DTCZO and. DETF at the input to the detent pawls logic are therefore
in the 0 state, causing DETP to be set to O.

Since the positioner is set up so that the outputs on Q1,Q2,Q3 and Q4 of the
binary up/down counter are all O when the positioner is at track 000, the

signal SMCA (on Q1) is O.



SMCA and DETP both in the O state sets signal DETDIE to 1. This signal is ap~
plied to the detent driver circuit on card 2, causing its input transistor

TS9 to be turned off. As a result, the junction of resistors R23 and R24 falls
almost to OV, reverse biasing the base-emitter diode of transistor TS10 and
turning it off. The collector of transistor TS10 rises to almost 24V, de-ener-
gising the even detent pawl electro-magnet and causing the even pawl to be

released ontc the detent racke.

16 mg Delay (Fig. 3.19)

To allow for the time required for the pawl to move from the fully retracted
position to the detent rack. And also to ensure that the néturalzfrequency
of oscillation of the carriage due to the pawl striking the rack has fully
decayed before initiating a read, write or eraze instruction (when on-line),
a further 16 ms delay is effected before inhibiting the step motor and in-

forming the computer system that the heads are at the required track position.

The further 16 ms delay is effected by applying outputs DTCB and DICD of the

4-pit counter to a nand gate. Thus when both these signals are in the 1 state,

the gate output, SKCTZ1 is set to O. For both these signals te be 1 simultaneocus—
ly, ten 250 Hz clock pulses must be fed into the counter input. Thus on the :
negative going edge of the tenth input clock pulse; four pulses after resétting the
Detent-IF, SKCFZ1 becomes O and resets the Seek Complete-FF to the 1 state

(SKCF =1, SKCF =0)e
The reset outputs of the seek complete-FI perfeorms two functions,

SKCF (=0) is applied to each output gate of the step motor decoding logic
setting the outputs tc 1. This causes all the step motor coil drive ampli~
fiers to be switched off (CD1E = CDZE = CD3E 2 95040008 TROON G CDBE = 24V)o

SKCF (=1) is fed to a gate on card 9 together with signals HVE (=1) and T204

(=1) causing the head on track signal (H@T) to be set to 1. HPT (=1) &s fed to
the X1210 output circuits on card 12 and inverted setting ﬁﬁEZE; to O. Thus

40 ms after sensing track 000, ﬁﬁﬁiﬁi (=0) is fed out of the X1210 to the control
wmit, informing the computer system that the X1210 is ready for on*line

operation,
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X1210 CONTROL SICGNALS

Input Sigmals

Control of the X1210 is effected by eight parallel instrucion lines (bit
0 to bit 7) together with one of three tag signals. An instruction from the

computer system is only accepted by the X1210 while one of these tag signals is

active. Moreover, the instructions implemented depend upon which tag signal -
is present. Thus when the difference select tag signal (tag 1) is active, -
difference select instructions (in bed form) are fed via the relevant instruc~
tion lines into the X1210, Similarly, when the head select or control select
tag signals (tag 2 and tag 3) are active, head selection or control selection

instructions are fed into the X1210 logic circuits and implemented accordingé

1ly.

Difference Select Instructions

The difference select instructions inform the X1210 of the aifferenCe'bétween £hé

actual track position and the required track position. These ihstrﬁétidnsfare;

supplied via the bit O to bit 7 Dbus-lines when the tag 1 signai.is abtiv¢;>-‘

Head Select Instruction

The head select instruction informs the X1210 which head should be selected.
The instruction is supplied via the bit O hms-line when the ftag 2 signal is acs
tive., If bit O is active, the upper head is selecieds Conversely if bit O is

inactive, the lower head is selected.

Control Select Tnstructions

The control select instructions comprise six separate commands which are
supplied via the respective bus-lines indicated below when the tag 3 signal is

active. Nots however that all these commands cannot be conveyed simul taneously.

The six commands are:

(ay Write Enable (bus 0): switches on the write drivers.
(b) Read Enable (bus 1)3 switches on the read amplifier.
(¢) Seek Foreward (bus 2): This instructs the positioning mechanism-to .

move towards the centre of the disk,
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(d) Eraze Enable

(e) Seek Reverse

(f) Return to Zero(bus 6):

X1210 Cutput Signals

The X1210 supplies the following

(a) Index Pulse :

(b) Sector Pulses :

(c) Unsafe :

(d) Head on Disk:

(e) Head on Track :

Switches on the eraze amplifier
This instructs the positioning mechanism to move
towards the outer track of the disk.

The heads return to track 000

status signals to the control unit:

This is a pulse generated once per revolution
of the disk. It serves as a reference point for

the sector pulses.

These pulses are generated 16 or 24 times per
revolution of the disk - dependant on the type of
cartridge useds In conjunction with the index pulse
these pulses define the precise sector of the track

passing between the heads.

This signal informs the control unit that a fault
condition due either to a wrong input command or to
failure within the X1210 existse.

Thig signal informs the control unit that the
heads have been loaded into the flying position
and the cleaning brushes are retracted from the

diske

This signal informs the control unit that the po-
sitioning mechanism has reached the required track
position and has been locked into position by the

detent mechanisme.

It ig an inherent part of the control unit logic that it receives the head on

disk signal before the head cn track signal. This is necessary to ensure the in-

tegrity of the write datae.
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The Input Circuits (Fige 3.20 and 3.44)

Each input circuit to the X1210 is as shown in Fig.

005
RN
GRhJ]E: |
TEST INPUT
g
O—
FROM
CONTROL———en
UNIT
L {RM
000

Fige 3.20 X1210 Input Circuit.

The circuit has two inputs. One input is for test purposes only and is con-

nected to the test module edge connector in the electronics rack. To hold the

test input to the nand gate at logic 1, it 1z permanently comnected to the
+5V dc¢ line via vesistor Bn. The other input is connected by the transmission

line to the conirol unit.

When the control unit output line is inactive, the voltage level at the input
to the nand gate is approximately +5V. Thus both inputs to the nand gate are
high under these conditions setting the output of the gate to logic 0.

A negative command pulse issued by the control unit momentarily sets the input

of the gate to almost ov. This sets the gate output to logic 1 for the duration
of the pulse. This logical state is interpreted by the X1210 as either difference

select, control select or head select instructions accordingly - dependant on

which channel ig activated.
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The diode GRN serves to clamp the overshoot on ﬁhe positive going edge of

the input pulse. If the overshoot exceeds +5V, the diode is forward biased and
conducts limiting the voltage at the gate input to +5-3V. The resistor capacitor
combination Em Cn slows the positive going trailing edge of the input pulse |

thus also minimising the voltage overshoot amplitude.

The Output Circuits. (Fig. 3.21 and 3.44)

Each output circuit is as shown below.

STATUS v [:::::] TO CONTROL
SIGNAL UNIT

Fig. 3.21 X1210 Output Circuit.

When the status signal is inactive, the dc lével at the gate input is apbroximately ;
ove. This is inverted setting the gate output to logic 1 (4+5V). Damping of high oo
frequency ripples or spikes is effected by the series filter formed of Rm Ini. :



ON-LINE OPERATION

- Decoding the Difference Select Instructions

 The difference select insiructions are interpreted by the decremental counters

This counter comprises twc four column counters J and Q connected in series as

 shown in fig. 3.22

<}
‘ BUS LINES s
0
1
J
2
" DIFFERENCE
SELECT ., idvne B g T
' DECODING & '
e LOGHC " G s WRmm&.
- ' _-"cn.ocx
CP
L ; t
5
e Q
7

Fige3.22 Difference Select Dscoding

"_I‘he contents of the counters J and Q are indicated by the logical state of‘ 'bhe"/
-éi"gﬁ%‘ outputs which are menitored by the decoding logic. When these counters =
are both full, the state of these outputs are all at logic 1. While this logical :

condition of "all ones" is sensed by the decoding logic the variable clock gate g
is inhibited.,

" The four inputs to J and Q connected to the bus lines serves to pre-fill the

counters during the event of the tag 1 pulse. The instant the tag 1 line 'becomes'w
active (logic 0), the difference select instructions on the bus lines . (logio 0)
pre~fill the two counters.




When the tag 1 pulse becomes inactive the decoding logic szenses that the

contents of J and Q are not all at Yogic 1 and enables the variable clock gate.
The variable clock pulses are fed simultaneously to both the stepping motor

and to the input of the decremental counter. Each pulse fed to the stepping motor
causes the positioning mechanism to be moved radially by one track of the
magnetic disk. Meanwhile, each pulse fed to the decrementzl counter decreases

the difference select data stored in counters J and Q by one pulse. Since the
number of pulses required to completely Fill the counters tc a state of

"all ones" equals the number of pulses required to move the positioning mechanicsn
by the required number of tracks, the instant a state of "all cnes" is reached,
the required track position is also reached. At this instant the difference
select decoding logic recognises that both J and Q are full and simultaneously
inhibits the variable clock gate. Thus no further clock pulses are fed to either
the stepping motor or to the counters. The positioning machenism therefore

reaches the required irack position-—~ as defined by the differsnce select data ~

and then stops.

The decremental counter (J and @) thus functions as a comparator; it contents
dynamically changing throughout a seek " mission, defining at all instants how
many variable clock pulses must be fed to the stepping motor to reacnh the re-

quired track positione

The relationship between the bus lines made active when the tag 1 signal is

active and the size of the seek mission is expressed in the following table:

Bus line No. of Tracks
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128

With respect to the table, 2 ceek mission of say 10 steps weuld be initiated

by activating bus lines 1 ard 3 during the tag 1 signal.



Alternatively, for a seek mission of say 171 tracks, bus lines 0, 1, 3,
5 #nd 7 would have to be activated.

Since counter J is filled every 15 pulses of the variable clock and is cléared :
1o O by the 16th pulse, this counter handles difference select instructions '_
associated with seek missions of less than 16 steps (as indicated by the table){
The difference select instructions associated with seek missions of greater than
16 steps requires pre-filling both counters J and Q (exept for missions of 16,

32, 64, 128 and their sum combinations).
Clearly then, by monitoring the contents of the greater than 16 steps counter (Q),
the difference select decoding logic can differentiate between a seek mission of

less than 16 steps and one of greater than 16 steps.

Variable Clock Selection

The variable clock frequency selected by the logic can either be 125 Hz, 500 Hz
or 1000 Hz. The frequency selected is dependant upon the size of the seek mission.

For a seek mission of less than 16 steps - when the outputs of coﬁnter;Q{aré Qf‘
all high - the decoding logic selects the 125 Hz clock. Thus for seek missions
of less than 16 steps, the positioning mechanism is driven at a constant velocity

of 125 steps /sec.

Maintaining the velocity of the positioning mechanism constant throughout a long
seek mission is %ime consumings To minimige this time, long seek missions are
divided into three sectionse. For the first 9 steps, and also for the last 6 steps
of the seek the variable clock freguency is 500 Hz. For the intermediate steps

the frequency is switchel to 1000 Hz.

This motion is illustrated in fig. 3.23.
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Fig. 3.23 GreaterV@ﬁéh:16'Steps Seek Mission.

If for example the positioner had to move by 100 steps. The first 9 steps would
be at a velocity of 500 steps/sec. The next 85 steps would be at 1000 steps/sec.

And the final six steps would again be at 500 afeps/sec,

Dynamics of the Positiconing Mechanism

To appreciate the reason for switching the variable clock frequency at the end
of the first 9 steps and at the beginning of the last 6 steps, it is necessary

to examine the distance-time characteristics of the positioning mechanism.

When a step function is applied to the stepping motor control windings, the rotor
initially lags behind the stator magnetic field. This lag is due to friction and
the inertia of the rotor and positioner. It causes the control windings to generate
a magnetic restoring torque, which in turn causec the rotor to accelerate and over-
shoot the magnetic ficld. At the instant of overshoot, the torque on the rotor re-

verses, causing it to decelerate, overschoot and to lag again.



After a few overshcots have occured, each becoming progressively less than the
previous, the rotor finally stabilizes and rotates at the same speed ac the
magnetic field but with a small steady state error — due to viscous frictione

This characteristic is illustrated in fig. 3.24.
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Fig.3.24 Positioner Step Function Response

The important point occuring on this characteristic is at the first overshoot (P).
By experiment, it has been found an inherent characteristic of the positioning
mechanism that if the stepping motor command signal is at 500 Hz, the velocity
momentarily aquired at P ( %% )y is equivalent to the steady ~ state velocity
reached with a command signal of 1000 Hz. The number of steps required to reach this

first overshoot P is a constant and is always equal to nine,

This characterictic is utilized by switching the frequency from 500 Hz. to 1000 Hz.
when the positioner has moved by 9 steps. Since it momentarily accelerates to
1000 steps/sec, at this instant, the rotor immediately synchronizes with the magne-

tic field and thereon moves with a constant velocity of 1000 steps/sec.
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Two predominant factors affect how the positioning mechanism is brought'fo'” ‘*
rest at the end of a greater than 16 steps seek mission. They are the require-
ment to maintain the positioner velocity at 2 maximum (1000 steps/sec.) for as
long as possible whilst minimizing its final velocity. This latter requirement

is important, since the velocity of the positioning mechanism at the instant

the variable clock is stopped determines the damping time required before a read,

write or eraze instruction can be implemented.
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Fig. 3.25 1000/500 Hz Switching Response.

With reference to fig. 3.25. If at t1 the variable clock is switched from 1006 Hz
to 500 Hz, then due to the momentum of the moving parts, the positioner initially
tends to continue at 1000 steps/sec. Shortly after 41 however it commences to
decelerate and would after a number of overshoots finally move at a velocity of
500 steps/sec.
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To keep the final velocity of the positioner as low as possible, the variablé'
clock is stopped at the point of minimum velocity on the first overshoot. Thié 
point occurs at t2 where the velocity %% at Q is a minimum. It has been found
by experiment that point @ always occurs 6 steps after t1. The fihal velocity
at Q is sufficiently low to ensure that the positioner is damped within 24ms

of stopping the variable clock - as illustrated in fig. 3.26.
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Fig. 3.26 Damping
A Seek Mission of Greater Than 16 Steps (Fig. 3.29 and 3.30)

A seek mission of greater than 16 steps is best described by comsidering the
operation of a set example. The example described in this book is a seek of

20 steps forward.

Inout Signals

A seek mission of 20 gieps forward is initiated by:

(a) Activating the BUS 2% and Bus 4% channels simultanecus with the = ,
TAG 1% channel. This constitutes the instructions to move by 20 steps.
(b) Activating the BUS 2% and TAG 3% channels (when the TAG 1= channel has

been de-activated). This constitutes the instructions to move forward.



W EL O

When the difference select instructions are fed to the X1210, the BUS 2z, and
BUS 4% and TAG 1% chamnels are set to logic O. These signals are 1nvexted.by

.. the transmitter/& ceiver circuits on card 12, setting the signals BUS 2, BUS 4.

a—-----—.—.
and TAG 1 to logic 1. These three signals are in turn invexted setting BGS 2 ZA,
BUS 4 24, and TAG 1 Z& at the input to the decremental counter to logic Q.

Pre~filling the Decremental Counter (Figs 3.29 and 3.30)

The two four-bit counters J and @ forming the decremental counter can each be !
pre—filled via their input pins DA' DB, DC and DD' when a negative going e&ge;is
present on their strobe inputs. The logical state on pin DA during the eyent'on
the strobe pulse (TAG 1 ZA) is transferred to the ones colum of the counter.
Similarly, DB pre~fills the two's column whilst Déiéﬁ&xnﬁapre%filﬁithe fours and 
eights colums respectively. Thus for example if one assumes the 1~2-4~8 colums

of counter J tc be all at logic d.andthe inputs DA and DB are set to logid 0{ ,

‘a negative going edge on the strobe input will transfer these zero! 8 to-the flrsu"

and second columns of the Counter. The counter’ wnuld thereﬂ _Tl;~?g%%?f ?’}1$'

for have been effectively pre-filled with twelve.pulse since to reach a state

of 1111 again three pulses would have to be fed inte the counter tnlgger input.,_

Counters J and Q are connected in series to 1 ;ofm a 1-255 Mecrementul coanter. -
This is effected by connecting the fourth columm of J to the irigger input of ﬁ.-
Thus for every sixteen pulses fed to J, one cerry pulse is fed to Q. After J has ;
counted from COCO to 1111 sixteen times in succession, sixteen carry pulses. - :
would have been generated and fed to Q bringivg sach of the ?a2#4é81¢¢lﬁmdeijffv
to the 1 state. i

The effect of pre-filling both J and @ simmltarnecusly caan now he consideréd.
Assuming the initial condition of each counter to be 1111, If DA ort both J. and‘Q'~
are set to O while J and @ are strobed, both countars will be set 40 1110. This
is‘equivalent to pre-filling the decremental counter with 238 pulse since'for '

J and Q to reach a state of 1111, seventeen pulses must be fed into the‘trigger.‘

input of J,

When-ac in this example- the BUS 2 ZA and BUS 4 ZA signals become O,’the fourﬁb;;
column of counter J and the first columm of counter @ are set to O on.thé‘nagatiﬁeﬁ
going edge of the TAG 1 ZA pulse, This sets J to 1101 and Q to 1110, The,decref.jk
mental counter has effectively been filled with 235 pulses since for both;{\éndfé‘f




to reach a state of 1111, twenity pulses must be fed into the trigger input
of J.

Recognition of a greater than 156 steps seek (Pige 3.29 and 3.30)

A seek mission of greater than 16 steps is sensed by monitoring the contents

of counter Q on signal lines SCSRE, SCSRF, SCSRG and SCSRH. If the seek is

greater than 16 steps, ome or more of the 1-2-4-8 cclums of Q and thus of

these signals become O on the negative going edge of the TAG 1 pulse., When

this occurs L16S is set to 1 removing the dominant O from the "D" input of

the Less Than 16 Steps—FF. Since the reset input of this flip-flop is simul-
taneously set to 1 indirectly by 1163 being set to 1, a positive going edge
applied to its trigger input will change the state of the flip-flop. Thus singe
the TAG 1 pulse is connected its trigger input, the Less Than 16 Steps-FF is

set to the 1 state (L16F=1, EHEFEO) on the positive going edge of the TAG 1 pulse.

When this occurs a greater than 16 steps mission commences.

The arrangement of the logic monitoring the contents of J and § is such that
irrespective of the size of the seek mission, the effect of pre-~filling either
J or Qy or both, is to set the reset inputs of the last 6 Steps—fF, the

seek-FF ‘and the Less Than 16 Steps—FF to logic 1. This removes the inhibit from
these flip—flops enabling them to be set or reset accordingly.

If for example ouly colummns 2 or 4 of counter J were pre-{illed, then either
SCSRB or SCSRC would be set to O. This would cause SEX to become logic 1 and
thus DLFZO to be set to 1. And since DLFZ0 is connected to reset inputs of these
three flip—flops, their reset inputs would be held at logic 1.

Alternatively, if only columms 1 or 8 of counter J were pre-filled, SCSRA or
SCSRD would be set to O. This would set L6S to 1. And L63 (=0) would set SEX

to 1 giving the same result as hefore.

The logical state of the less Than 16 Steps-FF determines which variable clock
frequency is fed to the stepping motor. If it is still in the zero state after
the event of the TAG 1 pulse, it enables only the 125 Hz clock to be fed to
the stepping motor throughout the seek mission.
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This only occurs when counter J has been pre-filled - as on a less than
16 steps seek mission. When it is set to the 1 state however, it enables both
the 500 Hz and the 1000 Hz clocks to be used during the relevant periods of

the seek missione

Clearly for a seek forward of 20 steps the difference select data will cause
the less than 16 steps-FF to be set to the 1 state.

Inhibiting the 125 Hz Clock (Fige 3.29 and 3.30)

When the less than 16 steps—FF is set to the 1 state, its output L16F (=0)
is applied together with the 125 Hz clock to a nand gate setting its output
3CPZA to logic 1.

First Q Steps Counter Reset (Pig. 2.29 and 3.30)

Before the less Than 16 Steps-FF is set to the 1 state, its ocutput L16F (=0)
maintains the first 9 steps counter in the reset state by setting E§§E§6 on

its reset input t¢ logic O. The 1-2-4-8 colums of this 4~bit counter are all
held in the zero state under these conditions. Signals F9SCA and F9SCD monltorlng
the first and eighth colums of the counter are thus both O causing F9S to

be held at logic 1.

When the Less Than 16 Steps—FF is reset to the 1state, L16F (=1) removes the
dominant O from the.reset input of the couniter by setting §§§E§5 to logic 1e
The state of the counter remains the same however. And thus FI9SCA andFOSCD
remain logic O. This condition is maintained until the wvariable clock gate is
opened. When this occurs the variable clock pulses are fed into this counter
(and also the decremental counter and the stepping motor). The eighth column of

this counter remzins O until the ninth input clock pulse.

Tnhibiting the 1000 Hz Clock (Fig 3.29 and 3.30)

Whilst the first or eighth columns of the first 9 steps counter are at logic O,
FOSCA or IMO3CD remains O. Thus f§§ ig maintained at logic 1, holding F93 at O.
F9S (=0) is applied together with the 1000 Hz clock (OCP) to a nand gate. The
output of this gate (OCPZA) is therefore held in the 1 state.
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Enabling the 500 Hz Clock (Fige 3.29 and 3.30)

When the less Than 16 Steps-TF is set to the 1 state, its output L16F (=1)

is applied together with the 500 Hz clock (1CP) to a nand gate and enables

the clock pulses to pass through the gate. The gate output ICPZA is an in-
version of 1CP. ICPZA is applied together with 3CPZA and OCPZA to a further
nand gate. And since both of the latter signals have been set to the 1 state
(by inhibiting the 125 Hz and 1000 Hz clocks) the 500 Hz clock pulses pass
through this gate generating 500 Hz on its output SKCP. SKCP is inverted twice
to make SKCPZB active at 500 Hz on the trigger input of the Seek-FF and on the
input of the variable clock gate. The 500 Hz clock pulses cannot pass through
the variable clock gate until the Seek-FF has been set to the 1 state by the

control select instructions however,

Instructions to Move Forward (Fig. 3.29 and 3.30)

The instructions to move forward are received by the X1210 when the BUS 2%

and TAG 3% channels on the input circuits (card 12) are set to O. These signals
are inverted by the input circuits setiting the BUS 2 and TAG 3 lines to 1.
These two signals are fed to a nand gate setting its output TWDFZ1 to O
FWDFZ1 (=0) is fed to both the Forward-FF and the Directiocn Loaded-FF. The
Forward-FF is set to FWDF=1, TWDF=0 whilst the Direction Loaded-FF is set to
DLF=1,DLF =0,

FWDF (=0) is fed to card & setting SKFWD %o logic 1. SKFWD is applied together
with RTRP and RTZP to a nand gate whose output, SMCUP defines the logical condition

SMCUP on the U/Blinput of the binary np/down counters Since both RTRP and RTZP

were set to logic 1 at the end of the cleaning cycle at track 000 (see fige. 3.16)
all the inputs to the gate defining SMCUP are logic 1. SMCUP is therefore set '
to O, This is inverted to set SICUP on the q/5 input of the counter to logic 1.
And when U/B is a 1, the cyclic rotation of the up/aown counter is in such a

direction that the varizble clock pulses drive the positioning mechanism forwarde

Enabling the Variable Clock Gate (Pig. 3.29 and 3.30)

When the Direction Loaded-IF is reset to the 1 state by the seek forward in-
structions, its output DLF (=1) removes the dominant O from the "D" input of

the Scek-FF. Since the reset input of this flip-{lop has already been set to 1

by the difference selecct instructions (DLFZ0=1), its state will be altered by the
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first positive going edge on its trigger input. The 500 Hz clock pulses have
been present on the input to the variable clock gate and also on this trigger
input since the positive going edge of the TAG 1 pulse. Thus the first positive
going edge of the 500 Hz clock on the Seck-FF trigger input occuring after

the Direction Loaded-FF is set to the 1 state by the seek forward instructions,
resets the Seek-FT to the 1 state (SKF=1).

The Seek-FF output SKF (=1) is fed together with the 500 Hz clock to the nand
gate constituting the variable clock gate. And at the instant SKF goes toc 1,

the 500 Hz pulses pass through the gate on signal line SKCPZC and after inversion
on SKCPZC to the decremental counter, the first 9 steps counter and to the

binary up/down counter.

The variable clock pulses (500 Hz) have to pass through two nand gates before they
can be fed into the trigger input of the up/down counter. The first gate is
controlled by the seek inhibit signal SKINH and by signal REL3CP. Unless an

unsafe condition arises, SKINH remains at logic 1 throughout on-line operation
of the X1210. The other signal — REL3CP — is also in the 1 state. It is set

to 1 by RTZF, RTRP and CLCY all of which are at logic 1. Furthermore they - like
SKINH - remain in the 1 state throughout on-line operation. Thus since both
SKINH and §§E§5§ are both 1, the 500 Hz clock pulsespass through the gate on
signal line 3CPP to the input of the second nand gate. This gate is controlled
by SKCPP. And SKCPP is in turn contreclled by REL3CP. Since REL3CP is set to the
0 state by BTZF (=1), RIRP (=1) and CLCY (=1), then SKCPP is set to the 1 states
The 500 Hz clock pulses therefore pass through this second gate on signal line

SMCCP to the trigger input of the binary up/acwn counter., And since the U/S input

of the counter has been set to logic 1 by the Forward-FF, the positioning
mechanism commences to move foreward. Its velocity is a function of the variable

clock frequency (500 Hz) and is 500 steps/sec.

The First O Steps (Fig. 3.29 and 3.30)

At the same instant the variable clock gate opens and feeds the 500 Hz clock
to the up/ﬂown counter, it also feeds the 500 Hz clock to the decremental coun-

ter and to the first 9 steps counter.
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The 500 Hz has to pass through two gates before it can be appliea to the
trigger input of the first 9 steps counter. The first gate is controlled
by signals F9S and F9SCZ0, both of which are at logic 1. F95 is held at
logic 1 by the outputs FISCA and FISCD of the first 9 steps counter which
are initially both O. FOSCZO is set to 1 by the state of the Less Than 16
Steps-FF output L6SP (=1) and the signal REL3CP (=1).

The 500 Hz clock pulses can therefore pass through the first gate and after
inversion by the second gate are fed into the first 9 steps counter trigger
input on F93CCP. Since the reset input FI9SCZO is logic 1, the counter res-

ponds to the negative going edge of the 500 Hz clock pulses.

By monitoring the logical condition on the first and eighth columns of the
first 9 steps counter with a nand gate, the instant both columns reach the

1 state, the output of this gate, §§§, is set to logic O. For the first and
eighth column to both reach the 1 state; nine pulses must be fed into the
counter. Thus on the ninth 500 Hz clock pulse negative edge, both FISCA and
F9SCD are in the 1 state simultaneously for the first time, setting 93 to O.
Thig simultaneously stops any further variable clock pulses being fed into the
first 9 step counter, since F§§ (=0) sets the trigger input of the counter

F9SCCP to O.

Changing the Variable Clock from 500 Hz to 1000 Hz (Fig. 3.29 and 3.30)

The instant the first 9 steps counter sets F9S to 0, FOS prevents any further
500 Hz clock pulses passing through the variable clock gate by setting ICPZA
to logic 1.

FOS is inverted setting F9S to 1. And since F9S has been inhibiting the 1000 Hz
clock (OCP) while in its zero state, the instant it becomes logic 1 it enables

the 1000 Hz clock pulses to pass through the gate on signal line OCPZA.

The 1000 Hz clock (OCPZLA) is fed together with the signals 3CPZA and ICPZA

to the input cf a nand gate. Both these latter signals have been set to the 1 state;
3CPZA by the Less Than 16 Steps—FF output L16S = O and ICPZA by FOS & 0). The

1000 Ez clock is thus fed through this gate making SXCP active at 1000 Hz. After
two inversions, the 1000 Iz igs applied to the input of the variable clock gate.

And since the gate is open, the 1000 Iz is fed on SKCPZC to the
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trigger input of the binary up/aown counter. The 1000 Hz clock takes the same
route as the preceeding 500 Hz clock pulses. The positioning mechanism ve-

locity therefore increases accordingly to 1000 steps/sec.

The last 6 Steps (Fige 329 and 3.30)

Meanwhile, the 1000 Hz clock is also fed into the decremental counter. The
counter responds to the negative going edges of the variable clock. And when
the fifth 1000 Hz clock pulse is fed into the counter, it has been fed with

a total of 14 pulses; 9 of them at 500 Hz and 5 of them at 1000 Hz. Thus, since
the decremental counter was initially pre-filled with 238 pulses (for a seek
of 20 steps), then on the negative going edge of the fifth 1000 Hz pulse, the
contents of the counter must be such that it requires only six move pulses for
all colums to reach the 1 state. The logical state of the 1~2-4-8 columns of
counters J and Q forming the decremental counter would at that instant be J:
1001; Q: 1111,

The arrangement of the logic monitoring the contents of the decremental coun-
ter is such that when the logical condition for J and Q stated above are true ‘
the logic changes the state of the Last 6 Steps-FF.

This is achieved by monitoring the 1-2-4-8 columns of counter Q and the first
and eighth columms of counter Je. When 2ll the columms of counter Q reach the
1 state. L16S becomes O setting the "K" input of the Last 6 Steps-FF to O.
The "J" input of this flip—~flop is simultaneocusly set to 1 by L16S. Since the
reset input of this flip—flop is held at logic 1 by BEEEB, the first nega-
tive going edge applied to its trigger input while it is in this state will

change the state of the flip-flopy

The logical condition of the signal L6S on the trigger input of the last 6
steps—-FF is determined by the state of the first and eighth columns of coun-

ter J and the signal L16S. As counter J progresses through the final binary
count cycle towards the state 1111, a O is present in its eighth colum up to
binary 8 (1000). SMSRD monitoring this column will thus be a O up to this point

in the final cycle of the counter.
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This zero will hold L6S in the 1 state. The instant J reaches binary 9 (1001),
both SMSRA and SMSRD become logic 1 which together with the signal L16S (=1)
sets L6S to O.

On the negative going edge of L6S as it is set to 0, the last 6 steps-FF is

set to the 1 state. Its output L6SF (=0) sets F9SCZ0O on the reset input of

the first 9 steps counter to O, clearing the colums of the counter to the zero
state. F9SCA and FI9SCD are therefore set to O which in turn sets §§§ to 1 and
thus F9S to O.

F9S (=1) enables the 500 Hz clock pulses (1CP) to pass through the gate on
signal line ICPZA whilst simultaneously F9S (=0) prevents any further 1000 Hz
clock pulses passing through to the variable clock gate by setting OCPZA to 1
ICPZA ( 500 Hz) is applied together with OCPZA (=1) and 3CPZA (=1) to a further
gate through which the 500 Hz pulses pass. The output of this gate SKCP thus
becomes active at 500 Hz. After two inversions, the 500 Hz clock pulses are fed
via the variable clock gate on signal line SKCPZC to the binary up/down coun-
ter and the decremental counter. The positioning mechanism thus decelerates to

a velocity of 500 steps/sec for the final six steps.

A point of interest occuring during the transitionary period when switching
from 1000 Hz to 500 Hz is the time delay td shown in the waveform diagrams
of fige The point of interest in the circuit is at the gate generating
SKCP since it is at this point that the effect of the delay becomes relevant.

As SKCP goes negative on the fourteenth step of this 20 step seek, it effectively
initiates the chain of events leading to §§§ being set to 1 - as just described.
Due to the cummulative effect of the time delays in this chain of events, there
is a finite time delay (td) between the negative going edge of SKCP and the
leading edge of §§§ as it is set to 1.

The effect of this time delay is dependant upon the phase of the 500 Hz clock
with respect to the 1000 Hz clock when the fourteenth variable clock pulse is

going negative.



The 500 Hz clock could be going either positive or negative. This is an
arbitrary condition and depends upon when the seek is initiated and ‘"on the
size of the seek. The effect of this time delay when the 500 Hz clock is
going positive is to effectively advance the negative going edge of the first
500 Hz variable clock pulse during the last 6 steps. This is illustrated in
the following diagrams.

F9s SKCP
- Delay tp
& F
= & OCPZA
by R
OCP
(1000H2z)
8 &
"L16F (=1) —— TERL S S
ICP
(S00HzZ)
3CPZA(=1)

Fig. 3.31 Last 6 Steps Delay Initiation.

When F9S goes to logic 1 at time tD

SKCP, all the inputs to the nand gate generating 1CPZA are 1. Thus tD after
the fourteenth negative edge of SKCP, ICPZA becomes O. SKCP is therefore set
back to the 1 state again by ICPZA (=0). Later, when the 500 Hz clock (ICP)
goes to O again, ICPZA is returned to the 1 state which together with OCPZA

(=1) and 3CP2A (=1) sets SKCP to O, generating the fifteenth negative edge of

after the fourteenth negative edge of

the variable clock. This edge is clearly advanced as shown in the waveform dia-

gram. The delay t., has been exagerated in the diagram for descriptive purposes.

D
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Fige 3.32 Delay Effect When 1CP is Going Positive

If the 500 Hz clock is going negative on the event of the fourteenth variabl»e‘

clock pulse negative edge, the delay time tD is ineffective. This is illust:a‘ﬁed._ i

in the following waveform diagram.

OCP

1CP

SKCP " 12 13 14 15 16

OCPZA

ICPZA

Fig. 3.32 Delay Effect When 1CP is Going Negative
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Stopping at the Ind of the Seek Mission (Figs 3.29 and 3.30)

On the nineteenth step of this 20 step seek, the poeitioning mechanism has

to move a distance of only one track to reach the required track position.

And since the decremental counter has been fed with nineteen variable clock
pulses, it requires only one more pulse to bring all columns of the counter

to the 1 state. Thus on the negative going edge of the twentieth variable

clock pulse SCSRA becomes 1 along with SCSRB, SCSRC and SCSRD. All inputs

to the nand gate generating SEX are therefore logic 1 cetting SEX to O. The in-
stant this occurs SEX (=0) causes DLFZO to become O. Due to the cummulative
effects of the delays around the circuit, the negative going edge of DLFZO

lags the negative going edge of the twentieth variable clock pulse. This delay

is exagerated in the waveform diagram (Fig. 3.30) for descriptive purpcses.

When DLFZO becomes O, it simultaneously sets the following flip-fleops to the

conditions indicated:

(a) Less than 16 steps-FF (L16F=0, L16F=1)
(b) Seek-FF (SKF=0)
(C) Direction Loaded (DLF=0, DLF=1)

When the Less Than 16 Steps~IF is reset to the zero state, its ocutput L16F
(=0) inhibits any further 500 Hz clock pulses being fed to the variable clock
gate by setting ICPZA to logic 1.

-

ck

( ) S . x - +)
L16F (=1) however, ecnables the 125 Hz clock pulses to tass through the gate

generating 125 Hz at the variable clock gate. But since DTCZC (=0) has also
reset the Seek-FF to the zero state, SKF (=O) inhibits the variable clock
gate by setting SKCPZC to logic 1. Thus although the 125 Hz clock pulses are

present at the input to the variable clock gate, they cannot pass through it.

Since the variable clock gate is shut, the conditicn of the binary up/down
counter, remains that set by the twentieth variable clock pulse. Thus the con-
dition of the stepping motor control windings also remain the same - as set by the
binary up/down counter. The positioning mechanism is therefore aligned over the
required track position. But due to the momentum of the moving parts overshoot
and oscillation about this final track position occurs - as has already been dis-

cussed for arrival at track 000.
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To ensure that these oscillations have decayed to zero before releasing a
detent pawl onto the rack and locking the positioning mechanism in position

the 24ms delay circuit is initiated. This is effected by the Direction Loaded-FF.

24ms Delay (Fige 3.19)

when DLFZO (=0) sets the Direction Loaded-FF to the zero state, its output

DIF (=1) along with DIT (=1) and REL3CP (=1) sets DTCZO to logic O. DIT is a
test input and is normally held in the 1 state.

DTCZO (=0) is inverted setting DTCZO to 1. The state of DTCZO prior to reset

of the Direction Loaded-FF was logic O. The Detent-FF has therefore been held
_in the zero state by this signal (DTCZO = 0). Signal DETP; defined by DTCZO (=0)
and the Detent-FF output DETF (=1), is thus maintained logic 1. Whilst this sig-

nal is in the 1 state, both pawls remain retracted.

DTCZO (=1) initiates the 24ms delay circuit. The operation of this delay has
already been discussed - see the OFF-LINE section of this booke. At the end of the
24ms delay, the Detent-FF is reset to the 1 state. Its output DETF (=0) along
with DTCZ0 (=0) sets DETP to O.

The instant DETP is set to the O state, one of the detent pawls is released onto
the rack. The binary up/down counter output SMCA defines which pawl is released.
If SMCA is O DETDIE becomes logic 1 and the even pawl is released onto the racke.

Conversely when SMCA is 1, DETDZE becomes logic 1 and the odd pawl is released.

The condition of the binary up/down counter when the positioning mechanicsm is

at track 000 is 0000. And after 16 steps forward its condifion becomes T111.

Tous after a total of 20 steps forward, the counter goes through one complete
count cycle from 0000 to 1111, resets to 0000 again, and then counts a further
four steps to the condition 0100.The condition of its first columm is thus

a 0. And clearly will always become O whenever the seek mission is an even number
of steps forward or reverse. Since SMCA monitors the first column of the

counter it will be in the O state. The even pawl will therefore be released.

A0ms after DTCZO has been set to 0, outputs DTCB and DTCD of the 24/40 ms delay
counter become 1 causing the Seek Complete-FI' to be reset to the 1 state. Out-
put SKCF (=0) of this flip-flop, is fed to the stepmotor drive circuits, inhibi-
ting the output gates and results in the stepmotor control winding being de-ener—

gised.
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SKCF (=1) causes the Head on Track signal (Seek Complete) HPTZB % to be set
to 0 informing the control unit that the X1210 is available to implement the

read, write or eraze instructions.

A Seek Mission of Less than 16 Steps

For a seek of less than 16 steps, the variable clock frequency is held constant
at 125 Hz throughout the complete mission. The positioning mechanism therefore

moves at a constant 125 step/sec during the seek.

Consider as an example a seek reverse of 2 steps.

Input Signals (Fige 3.27 and 3.28)

A seek mission of two steps reverse would be initiated by:

(a) Activating the BUS1 ¥ channels simultaneous with the TAG1 = channel. This

contains the instructions to move by 2 steps.

(b) Activating the BUS5 % and TAG3 ¥ channels (when the TAG1 % channel has

been de-activated). This constitutes the instructions to move reverse.

When the difference select instructions are received, the BUST %= and TAGT =
channels are set to logic O. These signals are inverted by the transmitter/

receiver circuits on card 12, setting the signals BUS1 and TAG1 to logic 1.

These two signals are in turn inverted setting BUS1ZA and TAG1ZA at the input

to the cecremental counter to logic O.

When the negative going edge of the TAG1 pulse is gpplied to the strobe input
of counter J, the zero present on its BUS1ZA input is transfered +to the second
column of the counter. The state of the counter has thus heen set to 1101.

Since all inputs to counter Q are 1 the state of counter Q remains at 1111.

The signal SMSREB monitoring the second column of counter J thus becomes O
setting SEX to logic 1. And since the signals Egifﬁg, MC and USFZA contrelling
the state of DLFZ0 along with SEX are also logic 1, DLFZ0 is set to O causing
DILFZO to become logic 1. DLFZO (=1) removes the dominant O from the reset inputs
of the Less Than 16 Steps-FF, the Last 6 Steps—FF and the Seek~FF. This removes

the inhibit from these flip-flops and enables them to be set or reset accordingly.
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Recosnition of a Less Than 16 Steps Seek (Fig. 3.34)

When no difference select data is supplied on the BUS4, BUSS5, BUS6 and BUST lines
all columns of counter @ remain in the 1 state after the event of the TAG1 pulse.
The signals SCSRE, SCSRF, SCSRG and SCSRH monitoring the four columns of coun-
ter Q thus remain at logic 1. This maintains 116S on the 'D! input of the

Less Than 16 Steps-FI" at logic O. Thus when the positive going edge of the TAG1
pulse is applied to the trigger input of this flip-flop, it remzins in the zero
state (L16F=0, L16F=1).

Inhibiting The 500 Hz Clock (Fig. 3.34)

The Less Than 16 Steps-FF output signal L16F (=0) is applied along with the
500 Hz clock pulses 1o a nand gate, setting the gate output signal ICPZA +to logic 1.

Inhibiting the 1000 Hz Clock (Fige 3434)

L16F (=0) also sets the reset input of the first nine steps counter to O. The
columns of the counter are thus cleared to 0. Signals F9SCA and FI9SCD monitoring
the first and eighth columms of this counter are therefore both in the zero state.
This sets f§§ to logic 1 causing F9S to become O. F9S (=0) is applied together
with the 1000 Hz clock to a nand gate, setting its output signal OCPZA tc 1.

Enabling the 125 Hz Clock (Fige. 3.34)
L16F (=1) is appiic. “ogether with the 125 Hz clock pulses (3CF) to a nand gate
enabling the clock puic s to pass through the gate on sigral line 3CPZA. This

signal is applied together with OCPZA (=1) and 3CPZA (=1) to a further nand gate
enabling the 125 Hz pulses to pass through the gate on signal line SKCP. After
two inversions the 125 Hz clock (SKCZB) is applied to the input of the variable
clock gate and also ito the trigger input of the Seek-FF., This flip-flop is in

the zero state however. Its output SKF (=0) prevents the the 125 Hz clock passing
through the gate. The Seek—FF is maintained in this condifion until the control

select instructions arereceived by the X1210.

Instructions To Reverse (Fig. 3.28 and 3.34)

The instructions to move in the reverse direction are received when the BUSS5 =%

and TAG3 = channels on card 12 are set to O.
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These signals are inverted by the transmitter/receiver circuits setting the
BUS5 and TAG3 signals to 1, BUSS (=1) and TAG3 (=1) are applied to a nand gate

L5

causing its output FWDIZO to become logic O.
FWDFZO (=0) performs two functions. It resets the Forward-FF to the zero state.

And it also resets the Direction Loaded-FF to the 1 state.

The Forward-FI' output FWDF (=1) together with SKINH (=1) sets SKFWD to logic ©
causing the U/D input signal (SMCUP) to the up/down counter to become O. The
cyclic rotation of the binary up/down counter is thus set to count down in the
direction 11171 to 0000. /nd when the counter is cycled in this direcfion, the

direction of rotation of the positioning mechanism is towards track 000.

Enabling the Variable Clock Gate (Fige. 3.34)

The Direction Loaded-IF output DLF (=1) removes the dominant O from the 'D' in-
put of the Seek-FF. And since the reset input of this flip-flip has already.:
been set to 1 by the difference select instructions (DLFZ0=1), its state will

be altered by the firsi positive going edge on its trigger input. The 125 Hz
clock pulses SKCZE have be¢on present on the input to the variable clock gate and
also on this trigger input since the positive going edge of the TAG!1 pulse. Thus
the first positive going edge of the 125 Hz clock on the Seek-FF trigger input
occuring after the Direction Loaded-FP is set to the 1 state causes the Seek-FF

to be set to the 1 state (SKF=1).

The instant 5l ¢ Hr pulses pass through the gate on signal

line SK o, on SXCPZC to the trigger input of the decremen-—
tal counter and also via gating circuits to the trigger input of the binary

up/down counter.

The 125 Hz variable clock puls: have to pass through two nand gates before they
can be fed into the trigger inpot of the up/down counter. The first gate is
controlled by the seel inhibit « gnal SKINH and the signal REL3CP. Unless an

unsafe condition arises SKINH remains in the 1 state throughout on-line operation

of the X1210. REL3CP is also at logic 1. It is set to this condition by RTZF,

RTRP and CLCY 211 of which are at logic 1. Purthermore, they like SKINH remain
in the 1 state throughout on-~line operation. Thus since both SKINH and REL3CP

>

are 1, the 129 Hz pulses pass through the gate on signal line 3CPP to the input

of the second nand ga
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This gate is controlled by SKCCP. And SKCCP is in turn controlled by REL3C?.
Since REL3CP is set to the O state by RIZF (=1), RTRP (=1) and CLCY (=1), then
SKCCP is set to the 1 state. The 125 Hz pulses therefore pass through this second
nand gate on line SMUCCP to the trigger input of the binary up/ﬂown counter.

And since the U/D input of the counter has already been set to logic O by the
Forward-FF, the positicning mechanism steps backwards on each negative edge of
the 125 Hz clock. At the same time the 125 Hz clock is also fed into the decremen-
tal counter. The initial state of the decremental counter has been set to 11017
The counter responds to the negative going edges of the variable clock. Thus,

on the second negative going edge of the 125 Hz the state of the decremental
becomes 1111, whilst the positioning mechanism makes its second step backwards

and reaches the required track position.

Completion of Seek Missicn (Figs 3.34)

When signals SCSRA, SCSRB, SCSRC and SCSRD monitoring the 1-2~4-8 columns of counter
Q all become 1, SEX is set to logic O. SEX (=0) causes DLFZO to become O. And
DIFZO (=0) resets the Direction Lozded-FF to the 1 states The Directlon Loaned—¢¢

output DIF (=0) and DLF (=1) initiates two functions.

DLF (=0) sets the 'D' input of the Seek-FF to logic O causing the flip-fiop to
be reset to the zero state. The Seek-FF output SKF (=0) thus sets the cuipat cf
the variable clock gate | SKCPZC to logic 1, preventing any further 125 Hz pulses
passing through it. Since the variable clock gate is shut, the condition of the

e

binary up/down counter remaing that set by the second 125 Hz clock pulse. The

3

stepping motor col Ui rersin enargised in uvie condition as set
by the up/down coun oe rostiloning mechanism has ticrelore been moved
backwards by two tracks he magnetic dislk and is thus aligned over the required
track position.

Tnitiating the 24/40ms end el sing a Pawl (Fige 3.19)

Due to the momentum of the mov’ 1 parts overshoot and oscillation about the final

track position occurs -~ as has zlready been discussed for arrival at track 000.
To ensure that these oscillaticns have decayed ito zero before releasing a detent
pawl onto the rack and locking the positioning mechanism into position, . the
24/40ms delay circuit is initiated. This is effected by the Direction Loaded-FF
output DLF (=1).
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The subsequent operation of the delay circuit and the relcase of a detent ‘
pawl has already been discussed for the end of a gfeater than 16 steps seek
mission - which is identical ~ and thus will not be repeated here.

HTAD SELECTION (Fig. 3.28)

To select the upper head, the Control unit momentarily sets the TAG 2 ¥ and
BUE 0 % channels to zero. Both these signals are inverted causing the TAG 2
and BUS O signals to the write—eraze amplifier on card 6 to be momentarily

set to logic 1. Conversely, to select the lower head, only the TAG 2 chanrsel

is set to logic O. The head select signals to card 6 under these conditions arc
thus: TAG 2 = logic 1; BUS O = logic O.

Further details concerning how these two signals implement head selection is

discussed in the Electronics section Volume 5,

RFAD, WRITE OR ERAZE ENABLE (Fig. 3.28)

The read, write or eraze enable instructions are initisted by the contrel wunit

when it has received the Head on Track signal {(Cp Cylinder) fror the X7210,

/

Read Fnable

The read enable instruction is effected when the control unit momentarily sets

both the TAG 3 = and BUS 1 x channels to logic O. Both these signals are inver—

ted setting BUS 1 3 TAG coie 1 a0 she inowt o tue amnd gave genarating
the read enable gigne hig HDEN) is thus set to the zero state and
applied to the clock/s;v 1 2 circuits on card 7. The effects of thiz are fully
discussed in the Electror .« 3 section in Volume 5.

Write Enable

The write enable instruction :¢ effected when the control unit momentarily sets’

both the TAG 3 x and BUS O % channe's to logic 0. Both these signals are inverted
setting BUS 0 and TAG 3 to logic 1 at the input to the nand gate generating

the write enable signal WREN., This signal is thus set to the zero state and
applied to the clock/speed O circui%s on card T and to the write-eraze amplifier on

card 6, The effects of this are fully discussed in the Electronics section in

Volume 5.
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Eraze Fnable

The eraze enable instruction is effected when the control unit momentarily sets

both the TAG 3 # and BUS 4 = ch nnels to logic 0.

Both these signals are inverted setting TAG 3 and. BUS 4 to loglc 1 ab the

input to the nand gate generating the eraze enable signal LREN. Thig signal .3
thus set to the zerc state and applied to the clock/speed 0 circuitsg on card 7
and to the write-eraze amplifier on card 6. The effects of this are fully dis-

cussed in the ¥lectronics section in Volume 5.

RETURN TO ZERO (Fig. 3.16)

If due to some transient fault condition incorrect data should be read from +he
magnetic disk, the computer system will recognise that it has received the

wrong data and will inform the control unit to instruct the positioning mechenier
to return to track 000. When it has been returned tc track 000, the comtrol vuit
can be up-dated to this reference position (TO00). The seek mission can themn -=

repeated to gain access to the relevant data.

The instructions to return to zero are initiated by momentarily getbtine Tha

TAG 3 # and BUS 6 % chaunels to logic 0. This causes the return %o zero - ;mal Te

be set to logic 0. RIZFZ1 (=0) sets the Return to Zero-FF tc the 1 stai: causing
NI f = e e :4“‘1 -

the positioning mechanism to retract back towards track CUO at 125 stenz/sec.

3
The circuit operation is identical to that shown in Fig. 32.,16.

STOPPING THE ¥X1210

While the X1210 is on-line the Start-FF is in the 1 state. Whan the sﬁért/stop button
is pressed to stop the X1.'0, signals SSU % and S5D % are inverted for the durg-—

tion of pressing the button. T E momentarily becomes logic 1 and SSD = logic Q.

SSD * (=0) in turn momentaril, ~ ranges the state of SSDF and 5555; SSDF going

to logic O and SSDF to logic 1. Since the signal STFZO on the reset input of the
Start-FF is logic 1, the state of this flip-flop will be changed by the first
positive going edge on its trigger input. Thus when the start/stop button is released
and SSDF goes back to logic 1 again, itz positive going edge changes the Start-FF

to the zero state (STF=0, STF=1). The instan® this occurs, signal STF (=0) initiates
three functions. It causes the heads 1o be retracted from the disk, the disk drive

motor to be stopped and the positioner to move to the fully retracted position.
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Retracting the Read-lrite Heads ‘ (Fig. 3.35)

STF (=0) causes the head valve energised signal HVE to become logic 1. HVE

(=1) is applied to the valve driver and level shifter circuit on card 3 causing
the basec—~emitter diode of transistor TS9 to be reverse biased. This turng TS9O

off. The base voltage of transistor TS10 thus falls to OV causing TS10 {to turn ofli
The collector of TS10 thus rises to a positive voltage level, setting the signal
HVA %= to logic 1. EVA % (=1) de-energises the head valve solencid caucing the
valve 1o shut. The pneumatic supply to the head assemblies is thus removed, cau-
sing the read-write heads to be retracted from the disk surface and the nylon

cleaning brushes to be lowered into position.

The collector voltage level of TS10 causes the common anode point of diodes CRI
and GR2 to rise. This forward biases GR2, causing it to conduct. The resultant
voltage developed across R24 forward biases the base-emitter diode of itransistor
TS11, driving it into the conduction region. The output signal H¢D orr the collex
tor of TS11 thus falls to logic O setting H¢D to 1.

Stopping the Disk Drive Motor (Fig. 3.35)

When the Start-FF output STF becomes logic O it gets PMEP to 1. And FITTP (=1]

together with the signal HBD (=1) sets PME to O. PME is thus set to 1. °N%

causes transistors TS7 and TS8 in the relay driver circuit to be turned off. Theo

=1

Pt

output signal HVA x on the collector of TSS thus becomes logic 1 causing the
switching unit relay to be de-energised. Thus, gince the disk drive motor 220v
ac supplies are fed to the motor via the contacts of this relay, the motor is

de—energised, dece. arates and Lops.

Complete Retraction of tie Positioning Mechanism (FMige 3.35)

STF (=0) sets PUEP to logic 1. And PMEP (=1) along with HZD (=1) and R (=1)
causes the return to retract signal RTRP to become logic Q. RTRP (=0) sets SMCUP
to logic O and REL3CP to logi.: 1. REL3CP enables the 125 Hz clock pulses to pass
through the nand gate generating SKCPP to a further gate controlled by signal
3CPP. This latter signal is set to the 1 state indirectly by STF (=0). Since STF
(=0) sets HVE to 1. And HVE (=0) sets SKINH to logic O. SKINH in turn sets 3CPP
to logic 1. The 125 Hz pulses thus pass through the second gate on SMCPP to the
trigger input of the binary up/down counter. Since the signal SMCUF has set the
U/D input of the up/down counter to logic O the counter commences counting through
the binary progression states in direction 1111 to 0000. This causes the stepping
motor to drive the positioner at a velocity of 125 steps/seo out of the cartridge

towards the retracted positione.
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When the positioner reaches the retracted position, it opens the retract micro-
switch causing R ¥ to be set to logic 1. R % (=1) sets R to O. And R («=0) sets the
return to retract signal BTRP to 1. The three inputs to the gate generating REL3CF,
namely RTRP, RTZF and CLCY are thus all logic 1 setting REL3ICP to the zero state.
REL3CP (=O) prevents any further 125 Hz clock pulses being fed to the up/down coun-

ter by setting SKCCP to logic 1. Thus, the instant the positioner opens the re-
tract micro-switch the 125 Hz clock to the counter is stopped and the condition of
the counter remains set to that condition as defined by last 125 Hz pulse to be
fed into the counter. The stepping motor windingstherefore remain energised in the
condition corresponding to that of the up/down counter, locking the rotor and thus

the positioner into position and holding the micro-switch open.

SPECIAL CONDITIONS

THE UNSAFE CONDITIOCNS

The X1210 safety logic is initiated when either ome or more of the follaviag

s
=]
o

incompatible conditions occur:

(a) Both read-write heads are selected.

(v) Write current without write enable.

(e) Read, write or eraze enrle simultan20usly.

(a) Write data but . - ac write current. ‘
(e) Eraze current but i~ write enable

(£) Write enable but nc ~=ze current.

(g) Write or eraze driver er .bled before Head on track (On Cylinder) signal

has been generated.
(r) Digk drive motor stopped or speed incorrect.

(1) Overshoot of track 000 towards the retracted position or overshoot of

track 205 (towards disk centre) whilst on a seek mission.




Read-lrite OK (Fig. 3.36)

Conditions (a) to (g) inclusive are monitored by the Safety/supply/clock/speed
0 card 7. Complete details concerning how these conditions are checked is dis-~
cussed in the Ilectronics section Volume 5. Whenever one of the fault conditiong
(a) to (g) occurs, card 7 sets the read-write OK signal signal RDWRK to logic

0 and initiates the safety logic.

Digk Drive Motor Slow or Stopped (Fig. 3.36)

Condition (h) is checked by monitoring the speed CK signal SPKF. When the disgk
drive motor is running at the correct speed SPKF is at logic 1. The instant the

disk speed slows or stops however SPKF becomes logic ©

Track—1 (Fig. 3.5 and 3.36)

Overshoot of track 000 towards the retracted position is checked by monitoring
signal HUO00. Overshoot of the track 000 position is defined by signals SMCL,
251415 (see Fige. 3.5 ) and OPZ. These signals control the logical state of HUQOO .

With reference to the truth table on Fig 35 znd the circuit of Fig 3,36 - ¢ can
be seen that if the positicner moves by one track towards *the reiracted ;| sition
the condition of the binary up/down counter is 1111, SMCA s therefore 1. Tt

can zlsc be seen from the truth table that 281475 for this cendition is at logic 0.
Thus since OPZ is at logic O the output of the nor gate generating HUOOOP becomes
logi‘: "i- :‘—?’LT‘:W’\'\:T ¢ ' \ T * 3 3 X > T ey 4 ,e“ . ; ‘{; S A —~ ‘..Lv.': J(B.

ite output signal EU ; VLA . 3. Lomue D, % solety

logic is initiateda

Track 204 (Fig., 3.16 and 3.36)
The position of track 204 is 7 aed by two variables, These are the state of
the track 200 micro-switch and e logical state of the encoding logic sigmal

1812, When the ftrack 200 micro-guitch is opened and shortly afterwards IS12 be-
comes a 0, I1S12 (=0) anﬁ.§E§5g (=0) combine to set the track 204 signal T204
to logic 1. This signal is inverted setting T204 to zero at the input to the safety

logice



Operation of the Safety Logic (Fige 3.36)

The input to the safety logic can be considered to be at the input of the nand
gate generating signal US. This is because the input signals to this gate; RDWRK,

SPKF, HUOOO and T204 define each of the unsafe conditions discussed.

When all conditions are safe, each of the input signsls to this gate are at
logic 1 setting signal US to Q. US (=0) causes USFZ1 at the input to the Unsafe-¥F
to be held at logic 1. Whilst this condition exists the state of the unsafe-FF

remzins in the zero state (USF =0, USF =1), as defined by the master clear pulss.

if an unééfé conditibn developed — say for example the disk drive motor ran slow -
SPKF would become logic O setting US to logic 1. When the machine hasz been stari-d
both STF and SCSFZA are at logic 1. Thus US (=1) STF (=1) and SCSFZA (=1) com-
bine to set USFZ1 to zero at the input to the Unsafe-FF. This resets the flip—ilor
to the one state (USF=1; USF=0). The instant this occurs USF (=1) initiates

two functions. USF (=1) is fed to the transmitter/receiver card 12 and after
inversion is applied to the control unit informing it that an unsafe condition
exigts within. the X12710. This prevents the computer system sending further write

data to the X1210 thus preserving the integrity of the information. .

The second function initiated by the reset state of the Unsafe~F? (USH = 1) is

to set the seek inhibit signal SKINH to logic O. SKINH (=0) prevent any further
variable clock pulses being fed to the up/down counter and thus stops the posi-
tioning mechari . Thig ig parti relavant to the *two possible frack over-

o ~ T B ST - L9, . I P 2 L2 .
for either of these conditions,

shoot conditions ¢ ’track-i1¢ zma tracic 204. Since

if the positioner we: . 20t stopped damage <o the read-write heads weould inevite~

bly result.
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Turn On Clear Period — Positioner Not Fully Retracted (Fig. 3.14)

If the positioning mechanism were not fully retracted and the power supplies
to the X1210 were switched on, the logic automatically guides the positioning

mechanism back to the fully retracted position.

The instruction to retract is initiated by the retract micro-switch. When the
positioner is not fully retracted the mioro-s&itoh ig closed setting R to logic 1a
During the TOC period the Start-FF is set to the zero state. Its output STF (=0)
sets PILP to logic 1. The head on disc signal ﬁaﬁ during this period is also

in the 1 state. R (=1), PMuP (=1) and HPD (=1) combine %o set the return retract

signal RTRP to logic O

RTRP (=0) is fed to the stepmotor/detent control card 8 setting the U/B input of
the up/down counter tc logic O, RTRP (=0) also sets REL3CP to logic 1. EEESE?
(=1) enables the 125 Hz clock pulses to pass to the trigger input of the up/lown
counter. And since the U/E has been set to logic 0, the cyclic rotation of ike
counter is in the direction 1111 to 0000. The positioner thus retracts at a

velocity of 125 steps/seo.

The instant the positioner reaches the fully retracted position and opens the
micro-switch R is set to logic O cauging the return to retract signal RTRP to

become logic 1. The positiorer thus stops.

Power Supply Failure While in the Cortridze

If the power supr'ies were to fail while the posgitioner is ir the cariridge,
the cartridge can be remcoved from the 1210 as discussed in the Operators Book
Volume 2, If the power failure is due to some minor fault condition however
and the power supplies can be re-—gpplied within a relatively short period of

time the emergency removal procedure is un-necessarye.

If the supplies are re-—applied while the cartridge is still in the pack the
positioner will immediately commence moving towards the retracted position. But
if the start/stop button is pressed before the positioner is out of the cartridge.
the positioner simultaneously reverces and commences the cleaning cycle from the
point of reversal ie if the button is pressed whilst the positioner is retracting
and 2t that precige ingtant it is moving over track 100, the cleaning cycle

commences from track 100



IDENTIFICATION

A11 inter-connections between the logic cards discussed in this book and

between the cards and wiring loom are shown in Fig. 3.37.

SIGNAL NAVMES

The logic signal names used on the cards described in this book are as followss

-

000 INTERNAL GROUND

005 + 5V

006 - &V

012 +12V

012 -12v

024 +24V

OCP 100CHz CLOCKPULSE

OCPZA " "

1CP 500Hz CLOCKPULSE

1CPZA " t

1500 ONES GROUP STATE 00

1502 w oo w. 02

1504 ” " " 04

1506 L. "o 06

1508 W " 08,

1810 m o ow w40

1812 v S

1814 " 1" "n 14

2CP 2500z CLOCKPULSE

250001 TWOS GROUP STATES CC AND 01
250203 " o " 02 " 03
250405 " " " 04 " 05
250607 " e " 06 " 07
280809 " 1t " 08 » 09
251011 " " " 10 " N
251213 " 1] 1 12 n 13
231415 " " " 14 " 15

3CP 125Hz CLCCKPULSE

3CFP " " - PREPARATION
3CPZA 125Hz CLOCKPULSE

450003 FCURS GRCUF TROM STATE OO0 TO O3
480407 1 1] " 1" 04 " 07
43081 1 " " 1" tt 08 " 11
/ 31215 " " " ] 12 15
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CDTP
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"

N Oo0nNVMUIRSRBRWWMON =00
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1" "
] § "
" 4 "
" 5 1]
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SDU 20

SIGNAL-NAMES

CLCY
CLF
CLFZA
CP
CPDS5

CPZ!

DET1E
DET1P
DET2E
DET2P
DETD1E
DETD2E
DETF
DETFZ
DETP
DLF
DLFZO
DTCA
DTCB
DTCC
DTCD
DTCSB
DTCZO
DTT

EREN
EXD
EXDLIN

FOS
F9SCA
F9SCCP
F9SCD
FO3CSB
FOSCZC
FADF
FWDFZO
FWDFZ1

Eg200
HPD
HFDZA
HgT
HPTZA
Egrz3
HU00O
HUOOOP
HVA
IVE

I005

CLEANING CYCLE

CLEANTIG-TF
" iv

CLOCK-PUL3E FROM TEST OSCILLATOR
CLOCK--FULSE DIVIDER STROBE
CLOCK~PULSE GINERATOR STROBE

DETENT 1 ENERGISED
i 1 POUWER
" 2 ENERGISED
n 2 PCWER
"  -DRIVER 1 ENERGISED

1t - 1" 2 "

" ~F

" _FF SET

n PREPARATION
DIRECTION-LCADED-FF

" L FF-RESET
DELAY-TIVE~COUNTER A

it " " B

" " " C

" 1 " D

" 1} " STROBE

4] 1] 1] RESET

DELAY-TTME-TEST
ERASE-ENABLE
EXCHANGE-DISK
mo " _LAMP ON

FIRST-NINE-STEPS

moon " COUNTIR A
mooon " " CLOCK PULSE
11 7 " " B

" (4] " 1" STROBE

gt LA (3] 11 "‘".?Sm

FORWARD-FF

¥ 1A SEP

HEAD CVIR 200
HETAD ¢ DISK

\A T ?

v
‘T gnl
HEAD ON TRACK
" " 1
" " ]

EEAD UNDER THACK 000

moooom m " PREPARATION

HEAD-VALVE-ACTIVATED
" " ENTRCGISED

LTPUT COVER RESISTOR CONNICTED TO + 5V
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3DU 20 SIGNAL-NAMES

1P INDEX-PULSE
IPDF INDEX-PULST —~DIVIDER-FF

IPZA - INDEX--PULSE

ISI INDEX SECTOR-INPUT

ISH INDEX SECTCR-MCNOSTABLE

1s¢ INDEX SECTOR-OUTPUT

ISP " " _PULSE

L16F LESS THAY 16 STEZPS-FF

L1653 ESS THAN 16 STEPS

L6S AST 6 STEPS

Lécp " " " _FR

MC MASTER CLEAR

) OPTICAL ZERO

PME PACKMOTOR ENERGISED

PMEP t ENERCGISING PREPARATION
PMRA i RELAY ACTIVATED

PMSP " START PREPARATICN

R RETRACTED

RDDA READ DATA

RDEN READ ENABLE

RDWRK READ-WRITE-OK

REL3CP RELEASE 125 Hz

RT@ READY TO OPERATE

RTPZA READY TO OPERATE

RT¢ZB 1 i "

RTRP RETURN TO RETRACT POS TICN

RTZ RETURN TO ZERO

R TZF " it " __FF

RTZFZA 1" " " "

RTZFZ1 " R il

RTZFZ2 H " v -EET 2

SCSRA ST."P-COUNTER-STORAGE-REGISTER A
SCSRB " " 1 A1 B
SCSRC " n " i1 C
SCSRD it k] ” A1 D
SCSRE . " % " 11 E
SCSRF 1" (3 Ty 1" F
SCSRG " LE] tr " G
SCSRI’I " it " " H
SCSRZO " " ” 1] "_RESET
SEX STEPS EXECUTED

SKCF SEEK COMPLETE-FF

SKCFZO0 " “ "_RESET

SKCFZ1 " " "_SET

SKCP SEEK CLOCKPULSE

SKCPP SEWK CLOCKPULSE PREPARATION
SKCPZA " i "

SKCPZB " " "

SKCPZC ol " "

SKCPZD " it "

SKT SEEK-IE



SDU- 20 SIGNAL-NAMES

SKFVD SEEK DIRECTION FCRWARD
SKFZ1 " _FF-3ET
SKINTI "™ INHIBIT
SHCA STEPMOTCR~COUNTER 2 EXP. O
SNCB " " g = 1
SKCC " " g .3
SMCCP i " —~CLOCKPULSE
SMCD " n 2 EXP. 3
SMCEN " " ENABLE
SHCUP " " UP
SMCZO " " RESET
SP SECTOR FULSE
SPKR SPEED OK-FT
SPKFZO0 " " M_RESET
PKFZ1 # " N_SET
SPKI! SPEED OK-MONCSTABLE
SPKMT1 " " " ~TRIGGER 1
SPZ " ZERO
SPZA SECTOR PULSE
SSD START-STOP-BUTTON DOWN
SSDF " " n " __F'F
SSU n ” ” UP
STF START-FF
STFZO " "_RESET
STLEN START-LAMP ON
STPF STOP-FF
STPFZO " W_RESET
STPFZ1 " M_SET
TC00 TRACK €00
T204 TRACK 204
TAG1 TAGLINE 1
TAG1ZA " 1
TAG2 " 2
TAC3 " 3
TBUSO TEST BUSLINE O
TBUS1 " " 1
TBUS2 " 2
TBUS3 13} 11 3
TBUS4 " " 4
TBUS5 7" LH 5
TBUSS " " 6
TBUS7 " " 7
TCP TEST-CLOCLPULSE
TFF TbST—PA°W -TF
TFWD TEST FORWARD
TREY TEST REVERSE
TSKINT TEST SEEX INHIBIT
TEW TEST SWITCHES

TTAGIM TEST TECT-TAGLINE 1 MONOSTABLE
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SDU 20 SIGNAL-!

T A MYV
CAANALN

Us
USF
USFLZN
SEZ1
USFZA
USFZB

WRDA
WRDAZA
WREN

UNSATT
" T
" LAMP ON

UN SAFL-Fi-EET

TITO AT FY‘\
L,T‘_'.u' QA".F;J L
" ”

WRITE DATA
WRITE DATA
"' ENA3BLE
" OR ERAS

Z ENABLE
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FIG. 3:25 SEEK MISSION OF GREATER
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