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ERRATUM 

The following errors are present in this first draft: 

Page Para Line Error 

4 3 3 --* --Signa t __ CIP and CIE* should 
be ·C 1 P-ll"· and CJE* 

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 1 • 

20 7 'cantridge 'should be cartridge. 

22 5 2 change IV to IV. 

29 3 5 change ov to ov. 
30 4 change 'positive' to negative. 

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

40 5 7 change · ' ninth' to eighth. 

44 2 7 change 'move' to more, 

49 5 2 change I ] 6 I to I 5. 

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 
step s, 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-number ed 3.30 accordingly. 
Annota tion on r et r act micro-switch on Fi g. 3. 15 
'held on by positioner'should be held open by positioner. 

Fig. 3.35 arrow leaders from PMEP'and HP-D' -t o R' should go to RTRP'. 
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INT;{ODUCTIOH 

The principle f unctions perforraed. by the logi c .:1re discussed briefly as 

follow3: 

Safet;y Control 

Cleaning Control 

Position Control 

Head Selection 

Operator ac tions associated with the cartridge loading 

s ecp.1.ence are checked by the logic. If an incorrect step 

i s implemented during thi s sequence, the logic prevents 

the :X:1210 from starting . Furthermore, safety logic inhe­

rent in the machine ensures that the operational conditions 

necessary to maintain the integrity of this disc memory 

are sa tisf ied during all instants of operation. 

The logic commands complete control of the cleaning cycle. 

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. 

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. 

THE POSITIO:r nJG T-IBCHANISM 

Brief Des cription 

The position i ng mechanism compri s es nn electrical stepping raotor coupled by a 

rack and pinion t o c'- car::·iage I!lounted on two parallel guide rails. The front 

of the carri age supporti.; the t wo read-write heads. 

Fully 
netracted 

190 Steps 

Ji'ig . 3.1 

Track 
-'.)00 

200 Steps 

The Limits of Tr avel 

Track 
200 
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The limits of travel of the positioning mechanism are illustrated in Fig. 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~ 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 abo'\lt each track has been con:Servatively estimated to be about 40f metres. 

Each discrete step movement performed by the positioning mechanism equals , 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 Stenping Motor Basic Principle 

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

simpler version than that used on the X1210. 
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It is a four phase, two pole type; this means that the stator has four windings 

and the rotor two poles (one pole pair). 

. ' . ,· 

Fig. 3.2 - Diagrammatic Representation of a 4 phase, 2 pole Motor. 

With windings P and R energised, the four stator poles take the polarity shown 

in (a) and the rotor turns to step position 1. If winding Q is now energised in­

stead of P, the rotor will turn 90 ° 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 of completely de-energising the windings Rand S. The rotor 

turns by only half a step to step position 2½. Similarly, if winding P and Q 

had been completely de-energiced, the rotor would have turned anti-clockwise 

to position 1-tt• 

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. 
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The X1210 Stepping l\Iotor 

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 - sa:y 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 oa.n be set to three distinct states - along with its eleven other 

associ~ted pole pieces. Consider for example all those controlled by winding A. 

Energising coil CIP ~, CIE :E would set the twelve associated pole pieces to iden­

tical polarities.. If now this coil is de-energised and coil C2P :E, 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 magnetism. 

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

four pairs of control windings A, B, C and Din 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'column. 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 

Dis 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, midwaJ' between the pole tips of Band 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 midwey between the pole tips of C and D. 



If this process were cont j_nued until the energised condition of the coils is 

that shown in line 9 (A, B,C,D), the rotor south pole will have moved by a total 

of eight steps until it is aligned midway between the tips of Band C. 

The energi sing s equence of 4: 3: 4 is clearly shown in the 'Energised' column 

of Fig 3.4. 

Control of The Steriping 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 t wo binary-to-octal decoder s . The funct i on 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 ess ential section of the decoding logic on Fig. 3.5. 

The decoding logic can be considered to have three inputs . These are the variable 

clock input SMCCP. Signal SMCUP which controlles the cyclic rotation of the 

counter • .And signal SKCF. This lat ter 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 i nput, SMCCP, to the trigger 

input of the binary up/down c01mter. The frequency selected by the logic is 
---dependant upon the size of the seek mission& If SliCUP is 1ogic 1, the up/down 

counter proceeds through the b inary progression s t a·tes in the direction 0000 to 

1111 at a. count ing rate equival ent to the variable clock f r equency. 

Each of the up/down counters 1-2-4-8 colunms are f ed to the i nputs of the binary­

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

The effects of feedi ng the contents of each of the counters four columns to the 

binary- to-oc t al decoders is shown in the truth table. When the counter is at 

s tate 0000, the output pin 0 of both decoders Hand I are set to logic 0. After 

one variabl e clock puls e is fed into the counter its state (0001) causes pin 

0 of decoder I to become logic 1 
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Pin O of decoder H remains at l og i c O however . As the count proceeds towards 

1111, logi c O is moved in turn f r om pin 1 t owards pin 7 on the outputs of 

each decoder . When after fifteen variable clock pulse s have been fed i nto the 

counter its state becomes 1111. I t can be seen :from the t r uth t able that pins · 1 

to 7 of decoder I are all at logic 1 1mder t hes e condi tions . But pin 7 of de­

coder His a t logic O. On the s i xteenth variable clock pulse the up/down counter 

resets to t he zero state (0000 ) and commences coun t ing again towards the state 

1111. Thi s cycl ing of the counter continues until the vari ab l e clock f requency 

is stopped. 

As the logic O progresses from pin Oto pin 7 on t he ou tputs of ea ch decoder 

during the count cycl e, i ts effec t on t he outputs to t he stepping motor control 

windings can be established by examinat i on of t he circuit and its trutn table. 

When the condi tion of t he up/down counter is 0000 pi n O on each decoder is at 

logic O. Thus both 1S00 a..~d 2S0001 are set to log i c o. 1S00 sets CD8P to logic 1. 

And 2S0001 s ets CD6P to logic 1. When a seek mission has been initiated signal 

SKCF i s set t o logic 1 and enables the output gates of the decoding logic. 

SKCF (=1) and CP8P (=1 ) sets CJJ8E to logi c o. Whil s t SKCF (=1) and CD6P (=1) 

sets CD6E to logic O. Signal 4S0003 is als o set t o l ogic Oby the state of the 

up/down counter . This s ignal se t s both CD2P and CD4P to l ogic 1 causing CD2E 
- - -- -and CD4E t o be set to zero . Thus signal s CD2E, CD4E, CD6E and CD8E have all 

been set t o zer o by the cleared state of the counter. Each of thez-e signals is 

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

motor . The operation of each coil driver ampl ifier is identica l . 

If for example CD1E bec omes 0 7 t he base of trans i stor TS1 of the coil driver is 

forward bias ed driv i ng TS1 i nto the conduct i on regi.on. The base of TS2 is there­

for e f orward bias ed by the collector current voltage dr op acros s resistor R4. 

This caus es TS2 to be bo t tomed , completing a circuit f r om t he 24v de supply via 

R5 and the rel evant s tepping mo t or coil . Thus since four of the coil driver inputs 

have been set to l ogi c O, four of t he s t epping motor coil s will be energised. 

If this whole procedure i s repeated one variable clock pulse later, the state 

of the counter wi ll be 0001. Line 2 of th e trut h t able shows the logical condi­

tions a t the i nput to t he coi l dr iver amplifiers for thi s condition. And it can 

be s een that CD2E 7 CD4E and CD6E are a t logic O. 'Ynus one of the four coils ori­

ginally energised has now been de-energised leaving only three i n the energised 

state. 
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Line 3 of the truth table shows the logical condition at the input to the coil 

drivers when two variable clock pulses have been fed into the counter (0010). 

And it can be seen that CD2E , CD4E , CD6E and CD7E are at logic o. Once again 

four of the s tepping 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 s equence di s cus sed 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 o, the cyclic rotation of the counter is reversed it counts 

cown 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 resulting in . all .the stepping motor coils being de-energised. 

THE LOGIC-POSITIONING MECHANISM 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 t he posi tioner i s a t track 000 and a seek mi ss i on is ini t iated, when sixteen 

variable clock pulses have been f ed 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 wil l have moved by s ixteen tracks of the di sk. Thus the cleared condi­

tion (0000) of t h e 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 pos iti oning mechanism moves either forward or reverse. 

The Fully Retracted Position 

If the de supply i s 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 . 
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De spite t hi s fact , the r elat i onship between t he l ogic and t he phys i ca l position 

of the positioning mechanism remains unaffected. 

Thi s i s particularly relevant when the positioning mechani sm j_s fully r etr acted. 

Since i t is normally in this posi tion when t he power supplies are swi tched off. 

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

an exac t multiple of 16 , t he condi tion of the up/down count er at the instant of 

open ing t he r etract micro-switch would be 0000. And since the pos itioning me­

chanism s t ops the instant this swi t ch i s opened, t he f inal condi tion of the coun­

ter would be 0000. And the posi t ion ing mechanism would be s t ationw ·. at an 

exa ct mul tiple of 16 steps f r om track 000. 

Suppose now that the X1210 power suppl i es were switched off and t hen swi tched on 

again. The new condition of the up/down counter could be anywher e f rom 0000 to 

1111. I f the new condition were 111 1, the pos iti on of t he rotor poles would 

only be 1 step from the new pos ition of the s t a tor poles . The pos iti oni ng me­

chanism would t hus s hift by by 1 s tep to the n ew posi t ion. The direction of this 

step would be towards the r etracted position. 

If however t he new condition of the counter wer e eight steps f rom condi tion 0000 

( 1000) the stator poles woul d shift by eight s t eps . The rotor pol e s would thus 

be adj acent stator poles of the same polarity as is shown below. 

A B C 
C D A 

. J ~ _ I_ B 

fu --

~ 
/ 

?;:lo 
N N s s s 

s N N s N couN owN 
s N N coNo r~R 

s s tr,oN 
~I N N s s s 0 0 0 0 0 0 s 0 N N 0 

s s s N N s N N s 7 s s 
~ 

N s 
7 0 0 0 

N 

li'ig . 3. 6 The Rot or St abl e Stat es. 
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This diagrrun illus trat es the po le polarities for the conditions 0000, 1111 and 

1000 of the up/down counter. In the condition 1000, there are three possible 

stable states of the r otor. I t could remain locked opposite the stator poles 

of the same polari t y , midway between the two attacting stator poles of opposite 

polarity. It i s highly unl i kely though that a state c f equilibrium in this posi­

tion woul d. be maintained if the positioner accelerated from rest due to friction 

and inertia. And thus it will be dis-regardecl. The two other stable states are 

obtainable if the r otor shifts either to the right and aligns midway between 

the four poles of opposite polarity or similarly t o the left. Each of these stable 

positions are exactly 8 steps f rom the position of the rotor as shown in Fig. 3.6. 
The two stable positions are t hus 16 steps apart. 

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

be opened, when this occurs , t he 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 i n itial condition of the counter is 1000, its final condition 

when eight c lock pulses have been fed into the counter and t he positioner has 

reversed the eight steps back t o 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 f our stator N poles to the left . And the logic alters the 

up/down counter condition unti l these four norths have been shifted to the 

right by eight steps and replaced the four stator S polarities. 

By inspection of Fig. 3.6 this stator condition corresponds to line 1 when 

the up/down cm.mter condi tion is 0000. The posi tioner is t hus stationed at 

an exact mult i ple of 16 steps from track 000 wi t h t he up/down counter condition 

at 0000. 

The retract micr o- sN i t ch i s designed to permi t the posit i on i ng mechanism to 

retract 2, further 8 s teJ)S af ter having opened the switch. Thus if the rotor 

moves t o the al t ernat ive stabl e state 8 steps to the right i n Fie; . 3.6. when 

the po~ofer suppl i es are re-•applied, the positioni ng mechanism will have moved 

to t he absolute l i mit of t he r etracted position. 

If the start button i s pressed , the logic feeds 125 Hz pulses into the up/down 

counter causing tho positioning mechanism to be driven forward. When eight varia..­

ble clock pulses have been fed into the com1ter, the retracted micro-switch is 

just on t he po int of being closed. At the scune i nstant the condition of the 

counter i s again 0000 . rrhi s condition is repeated every 16 steps of the forward 

stroke unti l it reaches track 000. The positioning mecha.'llism has to move a 

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

by 200 steps dur ing the cleaning cycle, reverse and move the 200 steps back 

to track 000 again. 
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Thus since 400 steps i s n. mul tiple of 16 (25 x 16), the up/down counter cycles 

25 times until once aga i n the positioning mechanism reaches track 000. Its 

condition on reaching this point is clearly 0000. The X121 0 :informs the control 

unit that the read-write heads are aligned over track 000. This informaticn 

serves as a reference for t he control unit. Hereon, all seek missions initiated 

by the control unit up-dates the i nformation within t he control unit relating 

over which track the positioning mechanism i s s tationed. 

The assumption made in this discussion that the retracted micro-switch is an 

exact multiple of 16 steps away from track 000 is untrue (probably). Nor is it 

necessary to be an exact multiple of 16 s teps away from track 000. It could be 

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

If for example t he distance was 12 multiples of 16 steps plus 3 steps (a total of 

195 steps), then 3 s teps away f rom the r etracted switch the condition of the 

up/down counter would be 0000. Three steps later, the retract micro-switch would 

be opened and the condi tion of the counter would be 1101. 

If the suppl ies are removed and then re-applied and the new condition of the 

counter were say 1001 (4 steps distant from 1101), the r otor would shift by four 

steps, retracting the pos itioner (wi thin the 8 steps t olerance of the micro­

switch) by four steps. If the s tart button·· is now pressed, the posi tioner would 

have to move f orward f our steps before the micro-switch was closed. Its condi­

tion at that i n s ta11t would be 1 ·101 o Three steps from the micro-switch toward 

track 000, the condition of the counter would be 0000 a,,zai n. And after moving 

the 12 multiples of 16 steps 1-~oul · a rrive at t!'ack 000 r.~ith the condition of the 

counter be ing 0000. 

THE D:STENT MECRANIS 1 

When the posi tion i ng mechan ism reaches its required track destination, it is 

locked into pos ition and held steady by a detent mechanism. This maintains the 

read-write heads free from mechanical oscillation thus ensuring the integrity 

of the data whils t performing r ead, write or eraze instructions. 

The detent mechan ism f orms an i ntegral part of the positioning mechanism. It 

compri s es a r ack which i s attached to the s ide of the positioning mechanism and 

two elect ro-magnetically controlled detent pawls. 
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These pawls are pivot mounted along side cf the posi tioning mechanism with 

the centres of the pivot s parallel to its line of travel. Whilst the posi­

tioner is in motion, an el ectro-m8t,"'!let associated with each pawl maintains 

the pawls clear of the rack~ To lock the positioning mechanism steady one of 

the magnets is de-energised releas ing its assoc iated pawl to engage with the 

rack. The positioning mechanism is so set up 1 that whenever the heads are 

aligned over an even track, the pawl nearest the cartridge engages with the 

rack. Thi s pawl is refered to 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 i;-ri11 be r efered to as the odd pawl. 

The rack teeth are precision machined to a pitch of twice the track-to-track 

distance. Alternativ ely , the pitch may be considered to be equivalent to two 

steps. 

PART OF POSITIONING MECHANISM 

/ 

EVEN PAWL 

Detent Mechanism. 

Consider in the above d i%crram 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 t hat this pawl is re.tracted and the po-
si tioning mechanism moved forward by one step to track 001. Since the rack pitch 

is two steps wide the rack would move to the posi tion shown dotted. The odd 

pawl magnet would then be de-energised and would engage wi th the rack. The 

fine adjus t ments required to achieve this set ting 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 Relationship. 

The detent pawl s are contr olled by three signal s . They are SMCA, DTCZO and DErF. · 

SMCA monitors the logical state of the up/down counter s first colunm. Whenever 

the positioning mechanism is stationed over an even track, SMCA is at lo.gic ·o. , .. 
Conversely, whenever it is over an odd track SMCA is l ogic 1. This is utilized ,. 

by the detent logic to define whe:ther ei ther t he odd or the even pawl ·should 

be released onto t he rack. , · .. ,., .. 
: ), .. 

The signals DTCZO and DETF are used by the detent logic to define whether either::, 
one or both pawls should be retracted from the•• rack. 

A detailed discussion of the detent logic operation is given i n the relevant · 

part of the off-line section of this book. 

The fol lowing table however su..'!lIDarises the r e lationship between the state of 

the logic a.l'ld the pawl pos itions. 

PAWL PA'1L RETRACTED ' 
CONTROL ' 

SIGNALS ODD EVEN BOTH - ---
\'• LOGIC SMCA 1 0 -

STATES DTCZO 0 0 either . 
one or botl 
must be 

0 
logic 1 

DE'IF 0 

--· 
'. tt:J'.,:' i_.-·,. '·; ~ :·. 

': \: ,, 



OFF-LINE OPERATION 

Turn-On Clear. 

When the power supplies are applied. to the X1210 a 'turn on clear' circuit 

on the start/s top/safety logic of card 9 ensures that all X121 0 circuits 

reach their required initial de conditions before permitting the X1210 to 
be started. This circuit consists of an RC time delay network; R1 and cf 
connected to a trai.'1.sistor 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 de 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 X1 210. 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. srrzFO (= 0) sets 

the £3tart flip fl op to the zero state (STF=O, STF=1), which in turn maintains 

the Pack motor not Energised signal PME in the 1 state. While this logical ,t:· 
· condition exists the dl:sk drive motor CanlfOt '." be started. . ·. \ .. 

' ;\." ' 

The logic circuits are steered to .their required initial de conditioris, d~r.;i.ng ·- . the 'turn on clear' period by maintaining the master clear signal · MC '. Z'ero ·, · 

throughout the 214 ms. T'nis is effected by the Start'-FF signal STF ·. ~d tlie 
signal SSDF'. Since STF is in the one state and SSDF is also set to the one 

state by T~C (=0) t hen MC is set too. 

The dominant zero on the master clear line during the'tur n on clear' period 

sets the foll owing flip fl ops to the condition indi cated (see fig 3;10): 

Flip flop ~ Condi tion 

Detent 8 DETF=O, DETF=1 

Seek Comple t e 8 SKCF=O, SKCF=1 

Clean 9 CLF =0, CLF =1 

Start Sequence Control 9 SSCF=O, SSCF=1 

Unsafe 9 USF =1, 

Direction Loaded 11 DLF ==-0, DLTi' =1 

Seek 11 SKF :cO. 
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At the end of the 'turn on clear' period, TS1 i s turned on by the potential · 

aquired by the charging capacitor C1. 

T¢c is therefore set to O setting T¢c to the one state. The instant 1jCbe~~ 
comes 1 all the inputs to the nand gate producing signal SS:OF are 'ones'. · 

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

Start/Safety Logi c (Fig. 3.11) 

To ensure tha t the X1210 cannot be started when no cartr idge has been fitted 

or when the cartridge load i ng s equence has been incorrectly · d.mplemented, 

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

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

in its holder are all connected in series to effective:l:y f:.o!'m an 'and gate • . The: safe­

ty logic·_ on card 9 checks that these three switche s 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 •· 

RT¢;;; is set to logic 1, RT¢~ _is inverted ~d the signal ~er.¢ (= .O) , 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=O, STF=1) which in turn holds<th~ :. •· .. 

signal PMifp' at logic 1. And PMEP° (=1) together ' ~i th izy3'D ( ==1) sets 00 t~ lo~icL: _1 .. 
All the time the reset input of the Start-FF is held .at logii$-J ~~:;;tJ,i€ _:~ogf'c.:stat,e :, 

on its trigger i nput i s ineffective, regardless of i ts level. Thus since the . · 
trigger input is con trolled by the start/stop circuit, the s t art circuit is 

effectively inb.ib i ted while STFZO is a zero. 

If the cartridge i.s correc tly loaded and the X1210 is pus hed fully i nto the 

rack unit al l the micro-switches will be closed and signal RT;ri 1 s set to 

logic o. RT~ :JC i s i nverted to set RT.¢ to ·1 which together with t ho s ignal 

~ (=1) set s S'rFZO to the zero state. STFZO thus becomes logic 1 at hte Stari:..FF · 

reset input removing the inhibi t from the start circui t. 

Starting the X12 10 (Fig. 3.11) 

When the s tart/stop button is pressed signals SSU ;r. and SSD ~ are inverted fo·r 

the duration of pr essing the button. SSU ~ momentarily becomes logic . 1 and 

SSD • logic O. These s ignals in turn momentarily change the state o:f SSDF a.nd. 

SSDF, SSDF g oing to O and SSDF to 1. 
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s's.nF 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=O 

If the positioning mechanism . is fully retracted, the opened retract po­

sition,micro-switch maintains the signal RE at logic 1. 

R ~ is inverted and R( = 0) holds PMSP at logic 1. PMSP (: 1) together . 
with STF (= 1) sets the signal PME to o. PME 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 zero. A circuit is thus completed from the + 24V d.c · sup­

ply through the switching unit relay and TS8 to the OV line. When the 

contacts of this relay close, a 220V single phase .a c supply is connected 

to the disk drive motor, rti."llling 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. 'rhis ensu;res as a double-check that the logical 

states of all circuits set during the •turn an 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 re:rurns back to the logic O condition, SSDF resets · 

the Start-FF, setting STF to logic o, and the master clear line is returned 

to logic 1. 

Speed OK (Fig. 3.42) 

As the disk drive motor accelerates, its speed i s opt i cally moni tored by 

the Index and Sector Unit. 16 s ector slots and an index s lot in the index 

and sector ring (coupled to the magnetic di sk) are sensed by this unit 

which generates a pul se for each slot sensed. The output of this unit is 

thus a seri es of 17 pul s es per revolution, of the magnetic di sk; 16 of the 

pulses being s ector pulses and one being the index pul s e. 

The output of the Index and Sector unit is feel to t he Speed OK circuit on 

· card 9. Thi::: c i r cuit measures the speed of the magnetic d:irik by measuring 

the s eparation between consecutive index pulses. When the magnetic disk reaches 

full speed, t he ci rcui t sets the speed OK signal SPKF to logic 1. 
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THE CLEANlliG CYCLE 

Initiating the Cleaning Cycle (Fig . 3.12) 

When the disk drive motor reaches full speed, the speed OK signal SPKF 

goes to logic 1 causing the cleaning signal CLCY to be set t o O. At this 

instant the cleaning cycle commences. 

CLCY i s set to zero by CLF, H¢D and SPKF all being in the 1 s tate. H¢D is 

held in the 1 state indirectly by CLF being 1. CLF i s inverted se tting CLFZA 

to O ~-rhich in turn sets HVE to 1. ~ ( =1) is applied t o 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 of f . The output transistor 

TS11 however is held in the on state setting t h e head on disk signal H¢D to 0-

Thus H¢D is s et to logic 1. 

The instant CLCY becomes O, three significant changes occur in the state of 

the logic. These are 

(a) The Seek complete-FF is reset. 

Its output signal SKCF is set to 1 removi ng the inhibit from the 

stepmotor drive circui ts. 

(b) The De tent-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 tr igger 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 re s ets 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 o, all the 

gate outputs are se t to 1 irrespective of the logical conditions applied to 

them from the encoding logic . Under these conditi ons the step motor control 

windings are all de-energised, a complete inhibit on t he 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 De tent flip-flop outputs to DErF ..-o, DErF =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 DET2E 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 DET1 E becomes a O, it forward biases the base~i tter diode of transistor 

TS9 in its associated detent driver circuit. TS9 is therefore TIL.""'lled Ott cau­

sing the de level at the base of TS10 to rise. TS10 is bottomed, so providing 

a circuit from the t 24 v de supply via R25 the pawl m13t,CJ'fl.et coil and TS10 to 

the OV line. The electro-magnet is thus energised and the pawl retracted from 

the rack. 

Moving into the Cartridge (Fig. 3.15) 

Simultaneous with enabling the step motor drive circuits and lifting both 

detent pawls, CLCY (=0 ) e~ables 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 iria 

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 90th clock 

gates and the 125 Hz clock is fed into the counter. This initiates operation 

of the encoi-ing logic causing the stepping motor to rotate and move the poei­

sioner foreward into the cartridge. 
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The direction of motion is defined by the logical condition at the U./D 
input to the up/dovm counter. When U/D is set to a -~ne (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 to 0000 and commences counting 

through to 1111 again. This process continues ad infinitum whilst clock pul­

ses are be i ng fed into counter, the cyclic rotation driving the positioner 

forward . at a r ate of 125 steps/sec. 

The logical condition at UjD; - SMCUP =1, is defined by the Return to Zero-FF 

signal RTZF and signals RTRP and SKnm. These three signals are all in the 

1 state. 

nrrzF i s set to 1 by the retract position micro- switch. Since the posi tioner 

is fully retracted (before and at th~ instant CLCY goes to 0) its output sig­

nal R ~ i s at logic 1. R :1. is inverted ~d R ( ;Q) s ets SKI1IB to o. SKINH (=0) 
is applied to the Return to Zero-FF setting its out put RTZF to 1 

RTRP i s se t to 1 by the speed=O signal SPZ. Short ly after the disk drive mo·tor 

has been started SPZ i s set to O s etting PMSP to 1 .. PMSP ( =1) and STF " ( =1) · 
together set PMEP to the zero state which in turn sets RTRP to 1. 

SKFWD is set to logic 1 by the Olean-FF signaJ. CLF es·ee fi.:,g_:_?i:;J~) CLF;., set. to-·'. . 

1 by the master clear pulse, is inverted to set CLFZA to O. This sets HVE 

to 1 and thus HVE to O. HVE (=0) caµses the seek inhibit signal ~~JI.if' to 

be set to O which in turn sets SKFWD to 1. 

When the posi tioner mov~ foreward from the ful l y retracted position , the re­

tract micro-switch closes s etting R1.': to O and R t o 1. RTRP is maintained in the:· 

1 state under these conditions by the speed=O signal SPZ, whi.ch 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 * is maintained at logic 1 by the 

condition of the Clean-FF signal CLF (=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 whilst the read~ite heads remain re­

tracted within the head assemblies. 

Completion of the Cleaning Cycle 

When the read-write heads reach track 2d4 the logic instructs the positioning 

mechanism to revers e and to simultaneously energise the head valve. The pneu-

matic supply is fed through the head valve to the head assemblies and pressurizes · 1 

the pneumatic actuators causing them to load the heads into the flying position 

and to lift the nylon cleaning brushes from the disk - so ending the cleaning 

cycle. 

Positioning Mechanism Reversal at '!P.rack 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 m12. When the track 200 micro-switch · is - opened .·· 
" ' . 

by the positioning mechanism and, ( shortly afterwards) IS:t4 becomes a O; ,. . .' 

the U/D input of the binarJ up/down counter is changed f~om a ,1 to· ()·/ This ; 

reverses the cyn!'.,i .c rotation of the counter outputs and of the encodin,g logic,:' · · 

and thus also of the stepping motor. The 125 Hz clock continues howev~r·, thus 

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

When the track 200 micro-switch is opened by the posi tioner, H¢2<Xl :a: is set 

to 1 setting H¢200 to a O. After the posi ti oner has moved foreward by (say) 3 · 

more steps (subjest. to variation by adjustment) the signal 1S12 also becomes 

a O. Both H¢200 and ISj2 are applied to a nor gate. And since they are both 

0 the gate output s i gnal T204 becomes 1. 

T204 ( =1) is applied together with the Start ·Sequence Control-FF signal 

SCSF (=1) to a na.nd 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 

Q.1TZF=1, RTZF=O). 

RTZF ( ==1) is inverted setting RTZFZA to O which in turn resets the Clean-FF · 

to the zero state ( CLF=O, CLF=1). When the Clean-FF is reset it simultaneous­

ly ends the cleaning cycle by setting the Cleaning signal CLCY to 1. 
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RTZF (=0) resets the wfi 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 t he 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 (Fig. 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. HVE(~O)Eapplied to the valve driver ap,d level 

shifter circuit on card 3 and initiates two functions. 

HVE (=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 · biases the base-emitter diode of TS10, bottoming the transis­

tor. Thus the head valve activated signal HVA ;i;:becomes logic•~:G. Tb.is com­

pletes a circuit from the 24V de supply, through the head valve solenoid and 

TS10 to the OV line, energising the solenoid and causing the head valve to open. 

The pne~atic _supply . is thus fed _througJ?. the head valve to the head assemblies. 

When TS10 is bottomed,: GR1 is forHard biased. , 
1 
the pot ential at t!:-e commori anode · 

point of GR1 and GR2 f~i ii~g to approximately IV. Thus the potential ·at the base 

of TS11 falls accordingly turning off the transistor. Its collector paten.:.:. ·· ·· ·--· 

tials thus rises to+ 5 V (almost) setting the head on disk signal H¢D to logic 1. 

H¢D (=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 disk. 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 thi s 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¢200 

to O. H¢200 is thus set to 1 which together with IS12, which is also in the 

1 state, sets T204 too. When this occurs the dominant zero is removed from 

the input of the Return to Zero-FF. The fl•;tp-flop retains its state however 

until track 000 is reached, when the logical conditions of the circuits are 

altered by the track 000 signal TOCO. 

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 (ISOO) 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 u.~it 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. Thus the 

output signal from this unit OPZ. 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 operabon of the decoding logic, it also becomes active at every 16 

steps of the variable clock. Thus ISOO =0 at track 000, 016, 032, 048 etc. 

However,both OPZ~, and ISOO must be active simultaneously for recognition of 

track 000 to occur. 
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· When the heads a.re six steps from track 000 OP~ becomes 1 and remains in t ,_;, _'.;;\ 
~ ' ,' .:. 

the 1 state while the flag is within f 6 steps of track 000. OP~. is inv_;'t.ed ;i ·\/;. 

setting OPZ to o. OPZ is applied together with ISOO to a nor gate to ·g•n•rate '_ the· · 
· .. track 000 signal TOOO. Thus the instant track 000 is reached and ISOO beoo~; -, 

o, rrooo becomes 1 TOOO ( =1) is inverted and WOO ( =0) is fed to th~ Start . •i .. ' 

Sequence Control-FF and the Return to Zero-FF resetting them both to the . zero .· 

state (RTZF = O, RTZF = 1: SCSF = o, SCSF = 1). 

', ', . ·:. •'•; -~ -

Inhibiting the Variable Clock at Track 000 · .. · . (Fig. 3 ~ 1 8 J"' '. 
,','. .: 

The instant the Return to Zero-FF is reset to the zero state, its output _sigr;a:1 

RTZF ( =1) causes the 125 Hz clock gate to be inhibited, so preventing any ~ 7 

: ·,, .. 

further 125 Hz clock pulses being fed to the bin:ary up/down count.er. · 

Since both CLCY and RTRP are 1, the instant RTZF becomes 1 , · RELJCP is set ·. to .. , · 

O. REL3CP is fed to the _125 Hz clo~k gate . (3CP) setting its output SKCpP Pel"."' 
manently to 1. When the clock input to the up/down co~te; is ' stopped -~th-e.:::o)i~{'; .. , 1 ': 

puts from the decoding logic also stop, · simultaneously ~toppi~g thttitepj,irig·>•, "_>; ::.-
.. , ·• .•• .. , . . · .. ~>·;;. ,:_" '.i ;·: ... _, /. ,; ~~-11t-:':~:., 

motor and thus also the positioning mechanism~ -However t due .to tlie ''momentmi:(j'. ?.:r.f(l,:;. 

of the moving parts the positioning:me.chanism ov~rshoots . the re~ir·ed ·'po~it.iptr~.'.'}. 
' . . , . . . ' : . , ~ _:-___ .... ' : ~.-' . . : _; -~I.: . .' 

But since·· the motor control coils are held energised for the traclc' OOQ,'-positiort:,-~~,-
.,, ' ~ ., .... _,-~.:,·",.'· ·:~-:~---1. •. 

a magnetic restoring force -is generated by the control windings pulling 'thef'. c,"'·t-5:' ·>-:: 
rotor back towards track 000. Overshoot again occurs, the rotor and thus also < . 
the positioning mechanism performing damped oscillations · about ;th~ final .. position :.:; 

( track 000). The worst case condition that this occurs .11m esr i s a t the end ·of,. _ ·. 

an on-line seek mission whose terminal velocity is 500 steps/sec. This 

is fully discussed later at the relevant point. 

·, 

To ensure that these oscillations have completely dec~ed before releastng , 

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 Re:turn ·to 

· Zero-FF. 

24ms Dela.y 

The 24ms delay circuit is initiated: when REL3CP is set to Oby the ileturn 
.... -

to ~ro-FF. REL3CP ( =0) is inverted setting REL3CP to 1 which together w_i th' the 1 < 
Direction Loaded-FF signal DLF (•1) sets the delay time counter. reset signal · 

DTCZO too. 
;>,, 
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This sets DTCZO to 1. DTCZO (=1) performs three functions. It sets the reset 

input of the 24/40 ms delay 4-bit cotll1ter to 1. This enables the counter to 

accept and respond t o clock pulses on its C1 input. Also n•rczo ( =1) resets 

the 500Rz divider flip-flop. When input S 2 of this flip-flop is s et to O its 

outputs are permanently set t6 the zero state (2CP = O, 2CP = 1). However~ the 

insta:rit 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 column counter are illustra 

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 nani 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 puls es 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 de tent nor logic, causing the appropriate pawl ·, 

to be released onto the detent rack. 'Uius the total time taken between recog­

nition of track 000 (resetting the return to zero-FF)and releasing the detent 

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

Releasing a Detent Pawl onto the Rack (Fi g. 3.19) 

The third functi on performed by DTCZO when it is set to 1 is t o remove the 

dominant O from the i nput of the Detent-FF. Thus when DETFZ1 becomes O at 

the end of the 24 ms delay period, it resets the Letent-FF to DETF = 1, DETF =0. 

Both signals DTCZO an<LDETF at the input to the detent pawls logic are therefore 

in the O state, causing DETP to be set too. 

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. 
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SMCA and DE.'TP both in the O state sets s i gnal DErrDIE to 1. This signal ta &p­

plied to the detent driver circuit on card 2,causing its input transistor 

TS9 to be t urned off. As a result,the junction of resistors R23 and R24 fal~s 

almost to OV , reverse biasing the base-emitter diode of transistor TS10 ~"'ld · 

turning i t 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 ont o t he detent rack. 

16 ms: Del%Y_ (F'ig. 3.19) . · 

To allow for the t i me required for the pawl to move from the f ul ly retracted 

positi on t o the detent rack . And also to ensure that the naturaL.frequency 

of oscillation of t he carriage due to the pawl striking the r ack has fully 

decayed before initiating a read, write or eraze instruction (when on-:-line), 

a furthe r 16 ms delay is effected before inhibiting the step motor and in­

forming t he computer sys tem that the heads a re at the required track position~ 

The further 16 ms delay is effected by applying putputs DTCB a...'1.d DTCD -0of: the';_ 

4-bi t counter to a nand gate . Thus when both these signals a..re in the ·-t 'state~ --the gate output, SKCFZ1 is set to o. For both these signals -~o be . 1 simul taneqili3-

ly, t en 250 Hz clock pulses must be fed into the counter input .. Thus ·'·on the ·. "_. ·1 
·: .. 

negative going ed.ge of the tenth input clock pulse; four pulses after resetting the 
----Detent - FF, SKCFZ1 becomes O and resets t he Seek Complete-FF t o the 1 state 

(SKCF =1, SKCF =O) e 

The reset outputs of the s eek complete-FF perfor ms two functi ons. 

SKCF ( =0) is applied to each output gate of the step mot or decoding logic 

sett ing the outputs to 1c This causes all the step motor coil drive ampli­

fie10s to be switched off (CD1E = CD2E = CD,3E "' ••••• •• •·• •• u CD8E = 24V) • 

SKCF ( =1) is f ed to a gate on :card 9 together with signals HVE ( =1) and · T204 

( =1) causing the hea.d on track signal (H¢T) to be set to 1. H¢T (=1) ts fed to 

the X1 210 output circu.i ts on card 12 and inverted setting H¢T~ to O. Thus • 

40 ms after sensing t r ack 000, H¢TZB~ (:::0) is fed out of the X1210 to .the control 

uni t, informing the computer system that the X1210 is ready for on.:l._l;'ine 

operation~ 

26 , 



6 

X1210 CONTROL SIGNALS 

Input Signals 

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 ins tructions ( in bed form) are fed via the relevant instruc~ .. 

tion lines i:nto the X1210., Similarly, when the head select or control select .. 

tag signals ( tag 2 and tag 3) are active, head s election or control select:ion · 

instructions are fed into the X1210 logic circui ts and implemented according­

ly. 

Difference Select Instructions 

The difference select instructions inform the X1210 of the 4iffere~ce :: between\°th~ 
. ' . . . ). -;·~. ., ·,. ,,, _ 't :·· -~ :·---' ':...:-' 

actual track position and the required track position. These instruc~ions\ ~e,, 

supplied via the bit O to b it ,:-l bus-lines when the tag 1 sign~l -is a.c~iv'e.,_;· . .::o. 

Head Select Instruction 

The head select instruction informs the X1210 which head should . be. selected. 

The instructi on is suppl ied via the b i t O r ~.1t,--1ine when the tag 2 signal is ac4; 

tive. If bit O is active , the upper head is -selected., Conversely if bii; Ois 

inactive, the lower head is selected,. 

Control Selec:Lmstr-~ 

The control select instructions comprise six separate commands which are 

sµpplied via t he respective bus-lines indicated below when the tag 3 $igna1 is 

active. Note however that all these commands cannot be conveyad simultaneou.&ly. 

The six commands 

(a~ Write Enable 

(b) Tiead Enable 

(c) Seek Foreward 

are: 

(bus 

(bus 

(l)US 

0): 

1): 

2): 

switches on the write drivers. 

switches on the r~ad amplifier. 

This instructs the positioning mech.anisirv,to 

move towards the centre of the disk. 



(d) Eraze Enable 

(e) Seek Reverse 

(bus 4) : 

(bus 5) : 

(f) Return to Zero(bus 6): 

X1210 Output Signals 

Swi t ches on the eraz e amplif ier 

This ins tructs the posit ioning mechanism to move 

towards the outer track of the di sk. 

The heads r et urn t o tra ck 000 

The X1210 supplies t he following s tatus s ignal s t o t he control u...-1i t: 

(a) Index Pulse: 

(b) Sector Pulses: 

(c) Unsafe 

(d) Head on Disk: 

(e) Head on Tra ck 

This i s a pul s e gener ated once per revolution 

of the di sk. It serves as a ref erence point for 

the sector pulses. 

The s e pul s es are gen erated 16 or 24 times per 

revolution of the di sk - dependa.Dt on the type of 

cartridge us ed. In con junction with the index pulse 

thes e pulses define the pr eci s e sector of the track 

pass ing between the heads. 

This s ignal informs t he c ont r ol unit that a fault 

condition due e ither t o a wrong input command or to 

fai lure withi n the X1210 exists. 

Thi s signal i nforms t he control unit that the · 

heads have been loaded into the flying position 

and t he cleaning brushes are retracted from the 

disk. 

This s ignal i.nfoH1s "i:.he control unit that the po­

si tioning mechanism has reached the required track 

position and has b een l ocked i nto position by . the 

detent mechanism. 

It is an inherent part of t he con t rol unit logic that it receives the head on 

disk signal before the head en track s ignal. T'ni s i s neces sary to ensure the in­

tegrity of t he write data. 
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The Input Circui t s (Fig . 3. 20 and 3.44) 

Each input c i rcui t to t he X1210 is as shown in Fig. 

005-.--------

RN 

GRN 

--------TEST INPUT 

FROM 
CO NT R OL-------1 

UNI T 
CN 

RM 

____ .___ 0 O 0 

Fig. 3.20 X121 0 Input Circuit. 

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

nected t o t he tes t modul e edge con._~ector in the electronics rack. To hold the 

test input to t he nard gate a t l ot;i c 1 , it i s n<:;rnansnt ly connected to the 

+5V de line via reE' istor Rn~ The other input i s connected. by the t :r>a.nsmission 

line to the control urli. t .. 

When the control uni t output line is inactive, the voltage level at the input ··: i . 

to the nand gate is approximately +5V. Thus both i nputs to the nand gate are 

high under t hese condi t ions setting the output of the gate to logic O. 

A negative command puls e i s sued by the control unit momentarily sets the input 

of the gate to almost ov& T'nis sets the gate output to logic 1 for the duration 

of the pulsew Thi s logica l s tate is interpreted by the X1210 as either difference 

select, control sel ect or head s elect instructi ons accordingly - dependant on 

which channel i s act i vatedo 
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The diode GRN serves to clamp t he overshoot on the positive going edge of 

the input pulse. If the ov er shoot exceeds +5V, t he diode is forward b i ased and 

conducts l imiting the voltage at the gate input t o +5° 3v. The resistor capacitor 

combinat i on Rm Cn slows the posi tive going trailing edge of the input pulse . 

thus al s o minimis ing the vol t age overshoot amplitude . 

The Output Circuits. 

Each output circuit is as sho~m below. 

STATUS 
SIGNAL 

(Fig. 3. 21 and 3.44) 

TO CONTROL 
UNIT 

Fig. 3.21 X1210 Output Circuit. 

When the status signal is inacti ve, the de l e:vel at t he gate input i s a,ppro:x:ima,tely :, 

ov. This i s i nverted setti ng the gate output t o logic 1 (+5V) •. Damping · of high,_+::.'/·"" .:: 

frequency ripples or spikes is effected by the seri es f il ter formed of Rm Ln~;i. . .... , 

' 30 ' ;. :' i 
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ON-LINE OPERATION 

Decoding the Difference Select Instructions 

The difference select instructions are interpreted by the decremental counter. -' . f- . ,· '• 

This counter comprises two four column counters J and Q connected in series as · ... · 

shown in fig. 3.22 

BUS LINES 

0 

." 1 . ----------1 

, __ : 2 

•·' ,·.' 

' CP 

J 

CP 

. ,·-' 
. ,. 

, .... ; 

.•. ,. ~;~i::;:~\· i:~f :lit;:1~~-:iit~;:~f: 
. . ... -~. .. ,•; 

•; 

5 

., : ,: 6 :-:•-::· _______ __, Q 

7 
! ! _ __ __, 

. ,,-: 

... •- -~ ; ,! r •> .· __ •~: ... •<-~·:/ •.••~! ,l ~J. 

Fig.3.22 Difference Select Decoding 

The contents of the counters J and Q are indicated by the logical state of the 

· eighf outputs which a.re monitored by the decoding logic. When these counters .. : · 

. are both · full, the sta te of these outputs are all at logic 1. While this logical _:· .. ' · • 

condition of "al l ones" is s ensed by the decoding logic the variable clo~k gate::,;•· 

is inhibited" 

.. · .The four inputs to J and Q connected to the bus l ines serves to · pr~:f'ill the · 

·.counters during the event of the tag 1 pulse. The instant the tag 1 line b;'°ome;: ' .. ·. 
active ( logic O), t he difference select instructions on the bus lines (ioJio . of . -: 

' .~. --; ~ :·. :1,,: 

•·•,.' I 

·- pre-fill the two counters. · . . //•: 

... . i/ttr -,! 
' ,., .,:: ·31:U"~;. 

~· .· .•.,'.. 
- - - ---- -



When the tag 1 pulse becomes inactive the decod-ing logic s enses tha:t the 

contents of J and. Q are not all a t logic 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 n:oto:..· 

causes the positi oning mechanism to be moved radia lly by one track of the 

magnetic disk. Meanwhil e , each pulse fed to the decremental cm.u1ter decreases 

the difference select data stored in counters.rand Q. by one pulse. Since the 

number of pul nes required. to completely filJ. the cou.ntern to a state of 

"all ones" equal s the number of pulses requ:l_red to move t he positioning mecha.."l.isr1 

by the required number of tracks, the instant a sta te of nall ones " is reached, 

the required track posi tion is also reached. At t his ins tant the difference 

select decoding logic recogni ses that both J and Q are full and simultaneously 

inhi bits the variable clock gate. Thus no f u rther clock pul s es are fed to either 

the stepping motor o:-c to t be counters. The position ing m~chanism therefore"· 

reaches the required track position-·-- as def:Lned b;r the o.iffer,~nce select data - · 

and then stops. 

The decremental counter (J and Q.) thus funct i ons a s a comparator; it contents 

dynamically changing throughout a seelc/-·· miss ion, defin ing at a,11 insta.'1ts how 

many variable clock pul s es must be fed to the step1)ing motor to reac':l the re­

quired track position. 

The relatiomihip betwe e::-i. the bus lines made active when the tag 1 si;plal is 

active and the size of the ;;eek mission is expressed i n the followin,; tabla: 

Bus 

0 

1 

2 

3 

4 

5 
6 

7 

irce 

2 

4 
8 

16 

32 

64 
128 

With respect to the t a.ble , a. s eek miss ion of say 10 steps would be initiated 

by activa ting bus lines 1 a.r:.cl 3 durj.ng the ta..; 1 signale 
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. Alternatively, for a seek mission of s;zy 171 tracks , bus lines o, 1, 3; · 
5 mid 7 would have t o be a ctivated. 

Since counter J i s filled every 15 pulses of the v a r i able clock and is cleared 

to Oby the 16
th 

pu l s e, thi s counter handles difference select instructions 

associated with seek miss ions of less than 16 steps ( as i ndicated by the table),i'­

The difference selec t ins tructions associated wi th seek missions o:f greater .than 

16 steps requires pre-filling both coi.m.ters J and Q ( exept for missions· o:f' ,16,'. 

32, 64, 128 and t he ir sum combinations). 

Clearly then, by mon itor ing the contents of t h e greater than 16 steps counter ,(Q); '>: 
the difference s elec t de coding logic can d i fferentia te between a seek mission ·of 

less than 16 steps and on e of greater than 16 steps . 

Variable Clock Selectiou 

The variable clock frequency selected by the logic can ei th.er be 125 rrz,;: :500 .Hz · 
. . .... -,,. ..... ' 

or 1000 Hz. The fre quency selected is dependant upon the size of the.•.seek ·iilss:i.012. 

For a seek miss ion of l ess than 16 s teps - when t he outputs of counter J{a.re · ,.; ·. -.--.. 
. -,· 

all high - the decoding logic sel e cts t he 125 Hz c lock. 111hus for seek missions:< 

of less than 16 s teps , the posi t i oning mechanism is driven at a constant velocity 

of 125 steps /sec. 

Maintaining the velocity of the position i ng mechani sm con stant th:roughout a long 

seek mission is time consuming. To minimi13e this time, long seek missions are 

divided into three sections . For t h e first 9 s teps , and a h 10 for the last 6 steps 

of the seek the variable c l ock frequency is 500 Hz . For the intermediate -steps 

the fr e quency i s switcb.ai t o 1000 Hz,. 

This motion is i l lustrated i n fig . 3. 23 . 
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VARIABLE 
CLOCK 

', FREQUENCY 

--------------------~ 

500 Hz i---------

L_ ______ -1-______________ --1. ____ ____.!_ ____ __,_.5tEPS 

~ FIRST9 4 ~LAST6-, 
' , ···--·- ----- -- .. -·--· -- -- • ---- ·---- - ------·-·-··-- -- - --- ----------·---· 

Fig. 3.23 Greater Than.1,16 ·steps Seek Mission. 

If for example the positi oner 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 s t eps would again be at 500 steps/sec . 

Dynamics of the Positioajng_ Mechani sm 

To appreciate the reason for swi t ching the vari able clock frequency at the end 

of the first 9 steps and at the beginning of the last 6 s teps, it is necessary 

to examine the didance-time characteristics of the positioning mecha.--iism. 

When a s tep funct :Lon is applied to the stepping motor control windings, the rotor 

initially lags behind the s t ator magnetic fie l d .• 'I'his 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 causes the rotor to accelerate and over­

shoot the magneti c fie l d . At the instant of overshoot, the torque on the rotor re­

verses , caus ing it to decelerate, overshoot and to lag again. 
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After a few overshoots have occured, each becoming progressi vel y less than the 

previous, the rotor finally s tabilizes and rotates at the same speed as tlie 

magnetic field but with a small steady s tate error - due to viscous friction. 

This characteris tic i s illus trated in fig. 3.24. 

STEPS (sl 

. . ,.l 

TIME (t) 

Fig. J ... 24 Pos i tioner Step Ftmction Response 

The important point occuring on t his char ac t eristic is at the firs t overshoot (P). 
By experiment, ii 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 (~ ),is equivalent to the steady - state velocity 

reached with a command signal of 1000 Hz. The number of s teps required to reach this 

first overshoot Pis a constant and is always equal to nine. 

This characteristic is utilized by switching the frequency from 500 Hz. to 1000 Hz. 

when the positi oner has moved by 9 steps. Since it momentarily acceleretes to 

1000 s teps/ sec ~ at this instant , the rotor immediately synchronizes with the magne­

tic field and ther eon moves with a constant velocity of 1000 steps/sec. 
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'Two predomina._nt factors affect how the positioning mechanism is brought · to , :i_ ·· 

rest at the end of a greater than 16 steps seek mission. They are 'the requir,e­

ment to maintain the posi tioner velocity at a maximum ( 1000 steps/sec.) fo:f as 
long as poss ible whilst minimizing its final velocity. '!'his latter requirement 

is important I since the velocity of the positioning mecha.'l'li sm at the instan_t :,: 

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

write or eraze ins truction can be implemented. 

,,, STEPS (s) 

', , 
', 

I 
I 
I . 
I 
I 
I 

.. - I 
I 
I 
I 
! 
I , 
I : 
I 
I 
I 

Q 

... ·• 
,.· ... !, 

':'-, 

Fig. 3.25 1000/500 Hz Switchi ng Response. 

- ' 

With reference to f ig. 3.25 • . If at t1 the variable clock is switched from , 1000 Hz 

to 500 Hz, then due to the momentum of the moving parts , the posi tioner initially 

tends to continue at 1000 s teps/sec. Shortly after t1 however it commences to 

decelerate and would af ter a number of overshoots finally move at a velocity of . 

500 steps/sec. ; .~; 



To keep tho final velocity of the posi tioner as low as possible, the variable : ·· 
' .,, 

clock is stopped at the point of minimum velocity on the fi r s t overshoot. Thia .· 

point occurs at t2 where the velocity~ at Q is a minimum. It has been found 

by experiment -that point Q always occurs 6 steps after t1. The final velocity 

at Q is suffici ently low to ensure that the posit ioner is damped within 24me 

of stopping the v arj_able clock - as illustrated in fi g~ 3.26. 

STEPS(s) 

a FINAL 
POSITION -- - -.--------

6 STEPS 

---- .. ------
I 
I 
I 
I 
I 
I 

.1 
I 
I 
I 
I 

Fig. 3.26 Damping of the r 'cs ::. tioner ., 

A seek miss i.o:n of greater than 16 steps is best des cribed by considering the 

operation of a set example. '11he example described in this book is a seek of 

20 steps forward. 

Inout Signa l_s 

A seek miss ion of 20 steps forward is initiated by: 

(a) 

(b) 

.Activating the BUS 2:1< and Bus 4~ chaimels simultaneous with the . 
TAG 'I :£ channel. This constitutes the instruct i ons to move ?Y · 20 steps~ 

Activating the BUS 2. and TAG 3£ channel s (when the TAG 1:1: chann_el has 
been de--act i vated). This constitutes the instructions to move fo;Mfard • 

. : ' , ·3·1· . . ~ ·-. ·, . 



.· ..._ C .. d:ir ..• -- ~· . ·, ' ~-.'· 
When the difference select instructions are fed to the X1210, the ,BU.:> ~ , and.;,,::· . . 

BUS ~ and TAG 1':f channels are set to logic o. These signals are· ii1v~t·aci 'by :,.' ;_.~·; 
the transmitter/receiver circuits ON. card 12, setting the s i gnals Bus · 2, BUS ,4<;;> •. 

' ·" :.:·., . •·~•· i" , ~ 

and TAG 1 t o logic 1. These three signals are in turn inverted setting BUS .·2_ ,ZA; 

. BUS 4 ZA, and TAG 1 ZA a t the i nput to the decremental counter to logic ·o~ ; · . ..,_ · 

- Pre-filling the ]ecr~ental Counter (Fig. 3 •. 29 and 3.30) 

The two four-bit counters J and Q forming the decremental counter can ea.ch 9_e· · 
pre-filled via their i nput pins DA, DE, DC and DD, when a negative going ed:ge.·: J-~::: 

present on their s t robe i nputs. The logical state on pin DA during the e~en:t :· 6~ ( 

the strobe pulse (UG1 ZA) is tra."lsferred to the ones coJ.UJiin of the count~r.-: 5 · 

Similarly, DB p:re-fills the two's column whilst DfrU:Lnd :Dl)·c-: pt~fi:!lf.;. the · f ou:r~ and: ... 
eights. columns respectively. Thus for example if one assumes the 1-2"""4-8: -ool1.llll!l.s'.',· 

of counter J to be all at logic A:Jmcttheinputs DA and D:S are set t~ slogi4 ~•~<:_,.,.\/ 
: . a negative going edge on the strobe input will transfer these zei:-o•,.~: -;t'oiihe :t.if.s·f ' 

and second columns of :the Cmmter . .. The co¢l.ter '" would there- "-:,.;-:.'"'::\, );,,,i,-.:_(~:.>.>.,•,, :/;} .. ; ,, 
· · · • :,:. · ., :·,.. ' , ' l. ~ r. , ··· .•c:. •-~ /'./~ , · _:.\·;· .,~.~---:/~~ .. ~;/\-t .. ~ .~~~~;·:::~~ · ._f:-:.~ :i::,i' 

for have been effe c tively pre-:-filled :with twel.'v.e.,pulse~r _:since to :) :·eacb,; .- a;:- s.tate./r.~~:, : 
, , . . . .. ,_ . . ... • · .. -·~ •· ..... . , . · .· _,. . ~;' •~ /. •.:::: .• _·.,\;.~:,.~·, ·,_..i:::· _;;- _: •·:r;_,-.: ~: ;,...,: .. .-. 

' .of 111 '1 again three pulses would ' have . to be fed into the· 6ou..'1te:r) tnigger , iripu-t~/j'.: 

<· · · ·;·. · · -<; ·· . . . _.-,:_ \;:·!)·::r.};:.F\/~trt\/\-
Counters J and Q are connected in sei'ies . to for m a ,1--255 d.ecreroerital' .

1
:9o~ter:;;,:t/}/, 

:,i·· '' · , ,, : I • ·.-1-r.:·<.• ,'::: "::·.-} • ,, ':_,"··,·~ _ ~ 

This is effected. by connecting the fourth colunm. of J to the trigger ·· input'•: of;'fl .. . ' 
•.. , . .. ... _: •. t .· 

Thus for every sixteen pulses fed to ,T, one carry pulse is fed. t o Q.: A:fter ~J ha$: .. 

counted :from 0000 to 11 11 sixteen times in succession, sixteen .carry pulses:. 

would have been gerwrated.. a:nd fed to Q bringi:tu,<; f.i~cl:, of the :1 ~2~4,;~8 '.;oJJ~~o:f'./ Q/'. 
, , .. ;- . 

to the 1 state ,. 

The effect of pre-filling both J and Q simultaneousl y can now be ·considered.,,· 

Assuming the initi a l cond:Ltion of each counter to be 111 1. If D on·b~th· J ., aJid'.· Q •·; • A > . . -•··.·. ;_. :.- .. 
are s et t o O while J and Qare s trobed, both counters will be set to 1110 •. -This;,'. · 

' . i' . .. 

is equivalent to pre-filling the decremental counter with 238 pulse since fo; .'. · :_: , :: 

J and Q to reach a state o:f 1111, seventeen pul ses must be fed i nto the ,trlgger.: 
· input of J'. 

When-as in this example- the BUS 2 ZA and BUS 4 ZA signals become o',' 'th~- folll'th\ : 
column of counter J a:nd the firs t column of 001.1,."'l.ter Q are set to O on ~~ . n~gati.;,.ee; · 

going edge of the TAG.,1 ZA pulse . This sets J t o 1101 and Q to 1110. :The .decr,~ <., .·. 
: ' : :· >; ,,- ·.\-;t,:<;!'.,. . ., 

· mental coilllter has effe ctively been fil:l:ed with 235 pulses since f:q:r both ' .'.f :.~d.'. Q·· .. ' ':·,-·/~:J. ',. '," .~ . ::·_' / J • • -

:;{ ~it;)';'.1\'i 
·' . . . r. . 

' • ' i ,. 1i~ . ; . 



to reach a s tate of 1111, twenty pulses must be fed int o the trigger input 

of J. 

Recognition of a greater than 16 steps se ek 

A seek mission of gTeater than 16 s t eps 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 , one or mor e of the 1-2-4-8 colunms of Q and thus of 

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

this occurs L1 6S is set to 1 removi ng the dominant O from the "D" i nput of 

the Less Than 16 Steps-FF. Since t he reset input of this flip-flop is simul­

taneously set to 1 indirectly by 116S being set to 1, a posi tive go ing edge 

applied to its trigger input will change the s t ate of the flip-flop . Thus sinbe 

the TAG 1 pulse is connected its trigger input, the Less Than 16 Steps-FF' is 

set to the 1 state (L16F=1, 116F=O) on the positive go ing edge of the TAG 1 pulse. 

When this occurs a greater than 16 s teps miss±on c ommences. 

The arrangement of the logic monitoring the contents of J and Q is such that 

irrespective of the size of the s eek mission, the effect of pre-:f:i.lling either 

J or Q, or both, is t o set the res.et inputs of the last 6 Steps-FF, the 

seek-FF ·and the Less ']nan 16 Steps-FF to logic 1. 'I1his removes t he inhibit from · 

these fl ip-flops enabling them t o be s et or reset accordingly. 

If for example only columns 2 or 4 of counte::: J ~"'ere pre-:i. i1led:P the.n either 

SCSRJ:3 or SCSRC would be set to Oo Thi s would cause SEX to become logic 1 and 

thus DLFZO to be set to 1e And. sin ce DLFZO is connected to reset i nput s of these 

th:ree flip--f l ops, their reset inputs would be held at logic 1. 

Alternatively, if only columns 1 or 8 of counter J were pre-filled, SCSRA or 

SCSRD would be set t o O. This wou.ld set L6S to 1. And L6S ( =0) would set sFi' 
to 1 giving the same result as befor e. 

The logical state of the less 'n~an 16 Steps-FF determines which variable clock 

frequency is fed to the s tepping motor. If it i s still in the zero state after 

the event of the TAG 1 pul s e, it enables only the 125 Hz clock to be fed to 

the s tepping 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 clocJ::s to be used during the releva.'lt periods of 

the seek mission. 

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 'I state . 

Inhibiting the 125 Hz Clock (Fig . 3.29 and 3.30) 

When the less than 16 steps-FF is set to the 1 state, its output L16F (=O) 

is applied t ogether with the 125 Hz clock t o a nand gate setting i ts output 

3CPZA to logic 1. 

First 9 Steps Counter Reset (Fig . 3.29 and 3.30) 

Before the Less lfuan 16 Steps-FF is set to the 1 state, its output L16F (=O) 

maintains the fir s t 9 steps counter in the reset state by setting F9SCZO on 

its reset input to logic o. The 1-2-4-8 colurrms of this 4-'bit counter a.re. ·a11 

held in the zero state under these conditions • . Signals F9SCA a.~d F9SCD monitoring -the first and eighth · colurrm.s of the counter are thus both O causing F9S to 

be held at logic 1o 

When the Less Than 16 Steps-FF is reset·to the 1state , L16F (=1) removes the 

dominant O from the .reset input of the counter by setti ng F9SCZO to logic 1. 

The state of the counter r emains the same however • . And thus F9SCA a:ndF9SCD 

remain logic o. This condition is maintained until t he variable clock gate is 
opened. When this occurs the variable clock pulses are fed into thi s counter 

(and al so the d.ecremental counter and the stepping motor). The e ighth c.olumn ._of 

this counter remains O until the ninth input clock pulse. 

Inhibiting 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, 

F9SCA or F9SCD remains O. Thus F9S is rnain·t6.i.ned at logic 1, holding F9S at O. 

F9S ( =0) is app1iec1 tog:Sther with the 1000 Hz clock ( OCP) to a nand .gate. Th.e 

output of this gate (OCPZA) is -therefore held in the 1 state. 
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Enabling the 500 Hz Cloe~ (Fig. 3.29 and 3.30) 

When the Less Than 16 Steps-FF is set to the 1 Gtate, i t s output L16F (=1) 

i s 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 0CPZA to a further 

na.nd gate. And since both of the latter signals have been s et t o the 1 s tate 

(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 inve:rted 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 se t to the 1 state by the -

control select instructions however. 

Instructions to Move Forward (Fi g . 3. 29 and 3.30) 

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

and TAG 3=1: channels on the input circuits (card 12) are set to o. These si'gnals 

are inver ted by the input circuits setting the BUS 2 and TAG 3 lines to 1. 

These two signals are fed to a nand gate setting i ts output FWDFZ1 too. 

FWDFZ1 (=0) is fed to both the Forward-FF and the Direction Loaded-FF. The 

Forward-FF is set to FvIDF=1, FWDF=0 whilst the Direction Loaded-FF is set to 

DLF=1 ,DLF =-0 . 

FWDF ( =0) i s fed to card 8 setting SKFWD to logic 1. SKFWD is applied together 

with RTRP and RTZP to a na.nd gate whos e output, SMCUP defines the logical condition 

SMCUP on the u/5 input of the binary up/down counter. Since both RTRP and RTZP 
were set to logic 1 a t the end of t he cleaning cycle at track 000 (see fig. 3.1~) 

all the i nputs to the gate defining SMCUP are logic 1. SMCUP is therefore set 

to O. This i s inver ted t~ set SMCUP on the U/D input of ti,ia counter to logic 1. 

And when U/D is a 1, the cyclic rotation of the up/down counter is in such a 

direction that the var iable clock pulses drive the pos i tioni~g mechanism forward. 

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

vn1en the Direction Loo.ded-FF is reset to the 1 state by the seek forward in­

structions, its output DLF (=1) removes the dominant 0 from the "D" input of 

the Seek-FF. Since the reset input of this flip-flop has already been set to .1 

by the difference selec t instructions (DLFZ0=1), its state will be altered by the 
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first positive going edge on its trigger input. T'ne 500 Hz clock pulses have 

been present on the input to the variable clock gate and al so 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 Seok-FF trigger input occuring after 

the Directi on Loaded-FF i s set to the 1 state by the seek forward instructions, 

resets the reek-FF 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 to 1, 

the 500 Hz pulses pass through the gate on signal line SKCPZC and after inversi,on 

on SKCPZC to the decremental counter, the f irs t 9 s teps counter and to the 

binary up/down counter. 

The variable clock pulses (500 Hz) have to pass through two nand gates be:fore 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 REL,3CP. Unless an 

unsafe condition ar.is.-es, SKINH remains at logic 1 throughout · on-line operation 

of the X1210. The other signal - REL3CP - is also in the 1 s tate. 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 REL3CP are both 1, the 500 Hz clock puI.ses pass through the gate on 

signal line 3CPP to the input of the second nap.d gate. This gate is controlled 

by SKCPP. And SKCPP is in turn controlled by REL3CP. Since REL3CP is set to the 

0 state by RTZF (=1), RTRP (=1) and CLCY (=1), then SKCPP is set to the 1 state. 

The 500 Hz clock pul ses therefore pass through this second gate on s ignal line 

SMCCP to the trigger input of the binary up/dmm counter. And since the ujn 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 9 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/dowh 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 pas s through two gates before it can be applied to the 

trigger input of the first 9 steps counter. The first gate is controlled 

by signals F9S and F9SCZO, both of which are at logic 1. F9S i s held at 

logic 1 by the outputs F9SCA and F9SCD of the first 9 steps counter which 

are initially both 0. F9SCZO is set to 1 by the state of the Less Than 16 

Steps-FF output L6SF (=1) and the signal REL3CP (=1). 

The 500 Hz clock pulses can therefore pass through the fir s t gate a.'ld after 

inversion by the second gate are fed into the first 9 steps counter trigger 

input on .F9SCCP. Since the reset input F9SCZO 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 s teps counter with a nand gate, the instant both columns reach the 

1 state, the output of this gate, F9S, 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 F9SCA and 

F9SCD are in the 1 state simultaneously for the first time, setting F9S to 0. 

This simultaneously stops any further variable . clock pulses being fed into the 

first 9 step counter, since F9S (=0) sets the trigger input of the counter 

F9SCCP to 0. 

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 O, F9S prevents any further 

500 Hz clock pulses pass ing through the variable clock gate by setting ICPZA 

to logic 1. 

F9S 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 s ignal line OCPZA. 

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

to the input cf a nand gate. Both these latter s igne,ls have been set to the 1 state; 

3CPZA by the Le s s Than 16 Steps-FF output L16S = 0 and ICPZA by F9S ~ 0). The 

1000 Hz clock is thu2 fed through thi s eate making SKCP active at 1000 Hz. After 

two invers ions, the 1000 Hz i s applied to the input of the variable clock gate. 

And s i nce the ga te is open, the 1000 Ez i s fed on SKCPZC to the 
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trigger input of the binary up/down 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 (Fig. 3.29 and 3.30) 

Meanwhile, the 1000 Hz clock is also fed into the decremental co1mter. The 

·counter responds to the negative going edges of the variable clock. And when 

the fifth 1000 Hz cloclc 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 decr:emerital 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 colunms to reach the 1 state. The logical state of the 1-2-4-8 columns of 

counters J and Q f,orming the decremental counter would at that instant be J: 

1 001 ; 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 --ar,i, true 
- ··- ····· ····~·-

the logic changes the state of the tast 6 Steps-FF. 

This is achieved by monitoring the 1-2-4-8 columns of counter Q and the first 

and eighth columns of counter J. When all the columns 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 simultaneously set to 1 by I.i16S. Since the 

reset input of this flip-flop is held at logic 1 by DLFZO, the first nega­

tive going edge applied to its trigger input while it is in this state will 

change the state of the flip-flop-.-

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 cotm-

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 column 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 16S in the 1 state. The instant .J reaches binary 9 ( 1001), 

both SMSRA and SMSRD become logic 1 which together with the signal 116S (=1) 

sets 16S too. 

On the negative going edge of 16S as it is set too, the last 6 steps-FF is 

set to the 1 state. Its output L6SF (=0) sets F9SCZO on the reset input of 

the first 9 steps counter too, clearing the colunms of the counter to the zero 

state. F9SCA and F9SCD a.re therefore set to O which in turn sets F9S to 1 and 

thus F9S too. 

F9S (=1) enables the 500 Hz clock pulses (1CP) to pass through the gate on 

signal line ICPZA whilst simultaneously F9S (=0) prevents a;ny_ 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 Rz 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 decelera~es to 

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

A point of interest occuring during the transitionary period when switclµng 

from 1000 Hz to 500 Hz is the time delay td shown in the waveform diagrams 

of fig. 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 t~is 20 step seek, it effectively 

initiates the chain of events leading to F9S 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 F9S 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 i~ 

going negative. 
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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 to -- -

& 
...... F9S 
~ & 

OCPZA ..... 
~ 

OCP 
(1000Hzl 

& -- & 

L16F (=1l 
,.... ICPZA -...,, .., 

ICP 
(500Hz) 

3CPZA (=1) 

Fig. 3.31 Las t 6 Steps Delay Initiati on. 

When F9S goes to logic 1 at time tD after the fourteenth negative edge of 

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 (=O). Later, when the 500 Hz clock (ICP) 

goes to O again, ICPZA is returned to the 1 state which together with OCPZA 

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

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

gram. The delay tD has been exagerated in the diagram for descriptive purposes. 
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F9S 
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Fig. 3.32 Delay Effect When 1CP is Going Positive 

If the 500 Hz clock is going negative on the 

clock pulse negative edge, the delay time "t:n is ineffective. 

in the following waveform diagram. 
I. 
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Fig. 3.32 Delay Effect When 1CP is Goiog Negative 
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Stopping a t the End of the Seek Mission (Fig. 3.29 and 3.30) 

On the nineteenth s t ep of this 20 step seek, the poEitioning mechan ism has 

t o move a di s t ance of only one tr.::.ck to reach the required t r ack pos i tion. 

And s ince the decrement al counter has been fed with n i neteen varin,ble clock 

pulses , it require s only one more pulse to bring all columns of t he counter 

to t he 1 s t a te. Thus on the negative going edge of the twentieth variable 

clock pulse SCSRA becomes 1 along with SCSRB, SCSRC and SCSRD. All inpu t s 

to the nand 0 a te generating SEX are therefore logic 1 setting SEX t o O. The in­

s t ant this occurs SEX (=0) causes DLFZO to become O. Due t o the cummulative 

effects of the delays around the circuit, the negative going edge of DLFZO 

l ags t he negative going edge of the twentieth v ariable clock pul se. This delay 

i s exagerated in the waveform diagram (Fig. 3.30) for descriptive p-e.:r.poses. 

When DLFZO becomes 0 1 it s imultaneously sets the following f lip-flops to the 

condit i ons indica ted: 

(a) Les s than 16 s t eps-FF (L16F=O, L16F=1) 

(b) Seek- FF ( SKF=O) 

(C) Directi on Loaded (DLF=O, ~1) 

When the Less Than 16 Steps-FF is reset to the zero state , its out put L1 6F 

(=0) i nhi bits any fur t her 500 Hz clock puls es being f ed to the variable clock 

gate by s ett ing ICPZA to logic 1. 

L16F ( =1 ) hm·reve:r , c:ubles the 125 Hz cl ock pulses t o ;''J.3P tr.r011 ~h -thE:• ,S"?.te 

generating 125 Hz at t l10 vari able clock gate . E:.it siY1 cC; DTCZC' r =0 ) ha s also 

res et t he Seek-FF t o t l1e ze r o s tate, SKF ( =0) inhibi t s t he variable cl ock 

ga te by setting SKCPZC t o logic 1. Thus although the 125 Hz clock pul s e s are 

present at the i nput to the variable clock gate, they canno t pass through it . 

Since the vari able cl ock gate i s shut, the condition of the bin Ct.ry up/down 

counter, remai ns that set by t he twentieth variable clock puls e. Thus the con­

d i tion of the s t epping 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 thi s final track position occurs - as has already been dis­

cuss ed for a rrival a t track 000. 



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 circui t is initiated. This is effected by the Direction Loaded-FF. 

?4ms Delay (Fig. 3.19) 

When DLFZO ( =0) sets the Direction Loaded-FF to the zero s tate, its output 

DLF (=1 ) along with DTT (=1) and REL3CP (=1) sets DTCZO to logic O. DTT is a 

test input and i s normally held in the 1 state. 

DTCZO (=0 ) is inverted setting DTCZO to 1. The state of DTCZO prior t o 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; defi ned by DTCZO (=0, 

and t he Detent-FF output DErF (-1), is thus maintained logic 1. vfuilst thi s s i g­

nal is in the 1 state, both pawls remain r,etracted. 

DTCZO (=1 ) initiates the 24ms delay circuit. The operation of this delay has 

already been discussed - see the OFF-LINE section of t his book. At the end of the 

24ms del ay, the Detent-FF is reset to the 1 state. Its output DETF (=0) a l ong 

with DTCZO (=0) sets DETP to O. 

The instant DETP is set to the O state, one of the detent pawls i s released onto 

the rack . The binary up/down counter output SMCA defines whi ch pawl i s released. 

If SMCA is O DETDIE becomes logic 1 and the even pawl is releas ed onto t he rack. 

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 posit ioning meshw.i~::rn i s 

at track 000 is 0000 . And after 16 steps forward its condi t ion become3 11 1. 

Tbus after a total of 20 steps forward, the counter goes t hrough one complete 

count cycle from 0000 t o 1111, resets to 0000 again, and then counts a further 

four steps to the condition 0100.The condition of its first colunm is thus 

a O. And clearly will always become O whenever the s eek mission is an even number 

of steps forward or reverse. Since SMCA monitors the first column of the 

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

40ms after DTCZO has been set to O, outputs DTCB and DTCD of the 24/40 ms delay 

counter become 1 causing the Seek Complete-FF to be reset to the 1 state. Out­

put SKCF (=0) of thi s flip-flop, is fed to the stepmotor drive circuits, inhibi­

ting t he output gates and results in the stepmotor control winding being de-ener­

g ised. 
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SKCF (=1) causes the Head on Track signal (Seek Complete) H¢TZB ~ to be set 

to O informing the control unit that the X1210 is available to implemen t the 

read, wr i te or er az e instructions. 

A Seek Mission of Less than 16 Steps 

For a seek of l es s than 16 steps, the variable clock fre quency is held cons t ant 

at 125 Hz throughout the complete mission. The pos it i oning mechanism t herefore 

moves at a constant 125 step/sec d.~i·ng the seek. 

Consider as an example a seek reverse of 2 steps. 

Input Signals (Fig . 3.27 and 3.28) 

A seek mission of t wo steps reverse would be initiated by: 

(a) Activating the BUS1 ~ channels simultaneous with the TAG1 £ channel.Th i s 

contains the instructions to move by 2 steps. 

(b) Activating the BUS5 ~ an4 TAG3 ~ c~annels (when t he TAG1 ¥ channel has 

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

When the difference select instructions are received, the BUS1 ~ and TAG1 £ 

channels are s et to logic o. These signals are inverted by the transmitter/ 

receiver circui ts on card 12, setting the signals BUS1 and TAG1 to l ogic 1. 

These two signal s are in turn inverted setting BUS1ZA and TAG1ZA at the i nput 

t o t he de8r emental cou,.~ter to logic O. 

When the negative going edge of the TAG1 pulse is applied to the s t robe input 

of counter J , t h e zero present on its BUS1ZA input is transfered to the s econd 

column of the counter. The state of the counter has thus been set t o 11 01. 

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

The signal SMSRB monitoring the second column of counter J t hus becomes 0 

setting SEX to logic 1. And since the signals TSKINH , MC and USFZA controlling 

the state of DLFZO along with SEX are also logic 1, DLFZO is s et to O causing 

DLFZO 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 t he Seek-FF. Th i s removes 

the i nhibit fr om thes e flip-flops p11d enables them to be set or reset accordinc l y . 
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Recognition of a Less 'Than 16 Steps Seek (Fig. 3-34) 

When no difference select data is supplied on the BUS4, BU~5, EUS6 and BUS7 lines 

all columns of counter Q 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 l ogic 1. This maintains 116S on the 'D! input of the 

Less Than 16 Steps-FF at logic O. Thus when the positive going edge of the TAG1 

pulse is applied to the trigger input of this flip-flop, it remains in the zero 

state (L1 6F=O, L16F=1). 

Inhibiting The 500 Hz Clock (Fig . 3.34) 

The Less Than 16 Steps-FF output signal L16F (=0) is appl i ed along with the 

500 Hz clock pulses to a nand gate, setting the gate out put s i gnal ICPZA t o l ogi c 1. 

Inhibi ting the 1000 Hz Clock (Fig. 3.34) 

L16F (=0) also sets the reset input of the first nine steps counter to O. · The 

columns of the counter are thus cleared to O. Signals F9SCA and F9SCD moni t ori ng 

the first and eighth col1.l11llls of this counter are theref ore both in the zero s tate . 

Thi s sets F9S to logic 1 causing F9S to become O. F9S ( =0 ) is applied toget her 

wi th the 1000 Hz clock to a nand gate, setting its out put signal OCPZA to 1. 

Enabling the 122 Hz Clock (Fig. 3. 34 ) 

L16F (=1) is app:u , .. , ,J6et er with the 125 Hz cloc~ pu.1.s&s r J]f) --'- o • c:w.7.d gate 

enabling the clock pt~.u : s to pas s through the gate on s ign.al line 3CPZA. This 

signal is applied toge t her t·ri th OCPZA ( =1) a...""l.d 3CPZA ( ==1 ) to a further na.""l.d gate 

enabling the 125 Hz pulses to pass through t he gate on signal line SKCP. After 

two inversions the 125 Hz cJ.cck (SKCZB) is applied to t he input of the variable 

clock gate and also t o the trigger input of the Seek- FF. This flip-flop is in 

the zero state however . Its output SKF (=O) prevents the t he 125 Hz clock passing 

through the gate. The Seek-FF is maintained in this condit i on until the control 

select instr uctions are received by the X1210. 

Instructions To Reverse (Fig. 3.28 and 3.34) 

The instructions t o move i n the rev.erse direction are received when the J3US5 ~ 

and TAG3 :£ channels on card 12 are set to 0. 
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These signals a.re inverted by the transmitter/receiver circuits setting the 

BUS5 and TAG3 signals to 1, BUS5 (=1) and TAG3 (=1) are applied to a nand gate 

causing its output F\fDFZO to become logic O. 

FWDFZO (=0) performs two funct ions. It resets the Forward-FF to the zero s tate. 

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

The Forward-FF output }TwDF (=1) together with SKilrrI (=1) sets SKFWD to logic 0 

caus ing the ufo input signal (SMCUP) to the up/down counter to become O. The 

cyclic rotation of the binary up/down counter is thus s et to count dovm in the 

direction 1111 to 0000. And when the counter is cycled in this direction, the 

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

Enabling the Variable Clock Gate (Fig. 3-34) 

The Direction Loaded-FF output DLF (=1) removes the dominant 0 from the 'D' in­

put of the Seek-FF. And since the reset input of this fl i p-flip has already/ 

been set to 1 by the difference select instructions (DLFZ0=1), its state will 

be altered by the first positive going edge on its t r igger input. The 125 Hz 

clock pulses SKCZB have l:::ccn present on the i nput to the variable clo ck gate and 

also on this trigger input since the positive going edge of the TAG1 puls e o Th~s 

t he firs t positive going edge of t he 125 Hz clock on t he Seek--FF' t rigger input 

occuring after the Direct ion Loadecl-PF is s et to the 1 state causes the Seek-FF 

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

tal counter and P-lso via 

up/do\'m counter. 

· !f::: oulse ::.. pass througr.. t he n,,te on signal 

• ':: · 0:-:1 1 on S!{CPZC t o the trigger i nput of t he decremen­

' gating ci rcuits to the t r:;.gger input of the binary 

The 125 Hz variable clock pu:s : ave to pass through two nand gates before they 

can be fed into th.e t:!.'igger ir:r .. ,. ~ of the up/down count er. The first gate is 

controlled by the seek inhibit :-;:·.gnal SKINH and the signal REL3CP. Unless an 

unsafe condition arises SKI1'.1{ remains i n the 1 state throughout on-line operation -of the X1210. RELJCP is also a t logic 1. It is set to this cnndition by RTZF, 

RTRP and CLCY all of' whi ch are a t logi c 1. Fc1rthermore, they like SKI1'1I remain 

in the 1 state throughout on-line op·erat ion. Thus since both SKINH and REL3CP 

are 1, the 125 Hz pulses pass t hrough the gate on signal line 3CPP to the input 

of the second nand gate. 
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This ga te is controll ed by SKCCP. And SKCCP is in turn controlled by REL3CP. 

Since REL3CP is set to t he O s tat e by RTZF (=1) 1 RTRP (=1) and CLCY (=1f~ th~ 

SKCCP i s s e t t o the 1 s tate . The 125 Hz pulses therefore pass tli..rough this second 

nand gate on line SMCCP to t he trigger input of the binary up/dorm counter. 

And s ince t h e U/D i nput of the c ounter has already been set to logic Oby t he 

Forward-FF , t h e positioning me chanism steps backwards on each negative ¢dge of. · 

the 125 Hz cl ock .. At the same t i me the 125 Hz c lock is also fed into the decremen­

tal counter. The initial s t a t e of the de cremental counter has been set to 1101. 

The counter r es ponds to the n egati v e going edges of the variable clock. Thus, · 

on t he s e cond. n egative go i ng edge of the 125 Hz the state of the decremental_. 

becomes 111 1, whilst the posi tioning me chanism makes its s e c ond step . backwards 

and r eaches the required t rack posi tion. 

Completion of Se ek Miss i on (Pig. 3.34) 

When signal s SCSRA, SCSRB, SGSRC a...--1d SCSRD moni taring the 1-2-4-8 columns of c mmtcr 

Q all become 1, SEX is s e t to logic O. SEX (=0) causes DLFZO to become O. And 

DLFZO (=0) res ets t he Di rection Loaded-FF to the 1 state. The . Direction Loaded-F'J? 

output DLF ( ==0) and DLF (=1) initiates two functions~ 

DLF ( =0) sets t he ' D' inpu.t of the Seek- FF to J.ogic O caus i ng the f lip--f' l op to 

be reset tQ t he zero s t ate . The Seek- FF output SKF ( "'-0) t .. ,--.is .,e-i;r.; t he C',.:rt p-,1.t c:i:' 

the variable cl ock gate SKCPZC to l ogic 1, preventing any f urther 125 Hz pulses 

passing through it. Since t h e variable clock gate is shut, the condition of the 

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

s t epp i ng mote .. 

by t he up/down coun , 

backwards by two tracks 

track pos ition. 

· ·~e mc1.gne t i. c disk and is t hus a 1 igned. over the required 

Ini tiatinp- the 2 . Oms and. r·,e1 ?ing a Pawl (Fig. 3 .. 19) 

Due to the momen t um of the mov .:. :r, par ts overshoot a.11d oscillation about the final 

track pos ition occurs -- as has r l r eady been discussed for arrival at track 000 •. 

To ensure t hat these oscillation s hav e decayed to zero before releasing a detent 

pawl onto the r n ck and. locking t he pos itioning mechanism into position, . the . 

24/40ms delay circui t is :i.ni tiated . This is effected by the Direction Loaded..:.FF 

output DLF ( ==1 ). 
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' The subsequent operation of the delay ci rcuit and the release of a detent 

pawl has already been diccussed f or the end of a greater than 16 steps seek 

mission - which is identical - and thus will not be repeated here. 

H~AD SELEC1I'ION (Fig. 3.28) 

To select the upper head, the Control unit momentarily sets the TAG 2 .¥ and 

BU$ 0 * chaimels to zero. Both the se signals are inverted causing the TAG 2 

and BUS O s i gnals to the wri te--eraze amplifier on card 6 to be momentarily 

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

is set to logic O. The head sel ect signals to c ard 6 1L~der these condit i ons ar.e 

thus: TAG 2 = logic 1; BUS O == logic 0~ 

Further details concerning how these two signals implement head selection is 

discussed in the Electronics section Volume 5. 

READ, WRITE OR ERAZE ENABL1f (Fig. 3.28) 

The read, write or eraze enable instructions are ini tiatE!d by the .-::0.1.trol uni t 

when it has rece ived the Read on r.rrack si.q'Tlal ( Cn C"-r-lindf11~) frorr_ t he X1210. t ;....... \ el , 

Read Enabl e 

The read enable instruction is effected when the control ur..it momentarily sets 

both the TAG 3 ~ and BUS 1 ::l[ cha.n."'1.els t o l ogic o. Both these signals are inver-

ad bl · n-r-,~ '' r.T · ., ('"·"··,i·~T i ._., ' -1 'h t t · the re ena e s10 ncl, •u;Jc.,1~ ,, J.1~.::.s S'.l.g:n.aJ. ;.u.,t,f •• J s ·,,.nuJ.' ,,;e·t ~ ·-c e :;:; ~:r-o e: a e a.no. 

applied to the clock/s:rn,.J. J circuits on car · 7,, Th.::- e ..: ::::"e cts of thi s are fully 

di·scussed in the Electro: .. -'·· -=: section in Volmne 5 .. 

Write Ena~ 

The write enable instruction :i.r: ef f ected when the control unit momentarily sets ,-· 

both the TAG 3 -K and BUS O -K c·_a;mel s to logic O. Both these signals a.re .inverted 

setting BUS O and TAG 3 to logic 1 a.t the input to the nand .gate generating · 

the wrl te enabl e s ignal WREN. This .signal is thus set to the zero state an.d 

applied to the clock/speed O c ircui ts on card 7 and to the write-era.ze ,amplirier on 

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

Volume 5. 
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Eraze Enable 

The era,ze enable i nstruction is effected when t he control unit momentarily aets . 
··-- ··--·-···!:_~~? the TAG 3 ~--~J1~-B.US 4 '3( _ ch annels ~o logi? ~~--- ---· 

Both these signal s a.re i nverted setting TAG 3 and BUS 4 to logic 1 at the 

input to the nand gat e generating the eraze ena-bl e signal ERD.:w. Thi s s i gnal i s 

thus set to the zero stat e an.d applied to the cl ock/spee·d O circu its on card 7 

and to the write-eraze ampl ifier on card 6. The e ffects of this a r e ful l y dis­

cussed in the Electroni cs s ection in Volume 5. 

RETURN 'rO ZERO (Fig. 3.16) 

If due to some tran s ient f ault condition incorrect data should be read from t he 

magnetic disk , the computer sy s tem will recognise that it has rec e ived t he 

wrong data and will inform t he control unit to instruct the posi ·tion i ng mechr-1ni cc. 

to return to track 000. Wh en i t has been returned to track 000 , the control \i:.:.i i; 

can be up-dat e d to this ref erence po~i tion ('.0000). The s eek mi s s i on can then .-:.e 

repeated to gain a c c ess t o the relevant data. 

The instructions to r eturn t o z ero are i n itiat ed. - y momentarfiy set U~ 

TAG 3 -K and BUS 6 -K cha:ri.;:-:cels to log ic 0 0 This c aus es t he :i:·etu:r·n to z er o -• . ;:nal ·(;c 
----be set to log ic O. RTZii'Z 1 (=0) s ets tb.e Retu..-rn t o Zero---F F' -t · t.b.c 1 ,;-ta:~ -- .~3.U.S .~-- g 

the positioni ng mechani sm to r e t r act back towards t rack C10 a t 125 s t e -;is/ Gee . 

The circuit operat ion is i den t i cal to that sho.m in Fig . 3. 16 . 

STOPPING THE : .1? 1 Q. 

While the X1 2 10 is on-liN , ·;he Start-F'F is i n t he 1 f;·~at0 .. linrnr.. t h e sta r t/s t op button 

is pressed to s t op the X1 ~- :c signal s SSU ~ and SSD :1: a r e inverted for the dura-

·-tion of pres s ing t he bu tton ~ ;..,' _T :£ momen tarily becomes log ic 1 and SSD ~ logic 0. 

SSD ~ ( =0) i n t urn momen t a.r i l · ,.,.:1a,n ges the sta te of SSDF and SSDF; SSDF going 

to logic O and SSDF to J.og i c 1. :'"i:rlc e the signal STFZO on the reset input of the 

Start-FF is log :i,c 1 , t h e state of -f;hib f lip-flop will be changed by the first 

positive going edg e on i t s trigger i n put. Thus when the start/stop button is released 

and SSDF goes b a ck to logic. 1 again, its pos itive going edge changes the Start-FFr 

to the z ero s tate (STF=O , STF= 'l ) . The in s tan t this occurs, signal STF (=0) initiates 

three fun c t i ons . It caus es the heads t o be retracted fr om the disk, the disk drive 

motor to b e s topped and t he posi t i oner to move to the fully retracted position. 
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Retracting the Read--\-Trite Heads (Fig. 3-35) 

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

(=1) is applied to the v a lve driver and level shifter circuit on card 3 causing 

the basc-emi tter d i ode of t r ansistor 'rs9 to be revers e biased. 'l'hi s turns TS9 

off. The base voltage of tran sistor TS10 thus falls to OV causing TS1 0 to turn off . 

The collector of TS10 t hus r ises t o a positive voltag e level, sett i n g t he s ignal 

h"VA :£ to logic 1. HVJ\. ~ (= 1) de-energises the head valve solenoid causing the 

valve to shut. The pneuma t i c s upply to the head assemblie s is thus removed, ca.r,-­

sing the read-write heads to b e r e tracted from the d isk surface and. the ny:lon 

cleaning brushe s t o be lowered into positi on. 

The collector voltage level of TS10 cau s es the common anode poir1t of d i odes GR1 

and GR2 to rise. This f orward b i a ses GR2, causing it to conduct a The r e s ,1l t a!l t ?-: 

,.,-01 tage developed across RZ4 f orward biase s the bas e-emi tter diode of . trans i s to: · 

TS11, driving it into the conduction region. The output signal H¢D or. t he col l e:v 

tor of TS11 thus f alls to logi c 0 s etting H¢D to 1. 

Stopping the Disk Dr i v e Mo t or (Fig. 3-35) 

When the Start-:b"'F output STF becomes l ogic O i t s e t s PMEP to 1 • .And Pr~P ( = 1) 

together with the s ignal H9)D ( =1 ) sets Piv1E t o O. PME: is t hus se t to 1 . P3~lE ( =1 ; 

causes transistors TS7 and TS8 i n the relay driv er c:irc~i t o be t u:rned of f . Th~ 

output signal H'VA :£ on t he c ol l e ctor of TS8 thus becomes logic 1 caus ing t he 

switching unit relay to be de-energised. Thus, s ince t h e d isk dr i ve motor 220v ., 
ac supplies are fed to t h e mo tor v ia the con t a c t s of t his relay p .h e motor is 

de-energ i s ed, decE· . erates anc:. =,.topE , 

Complete Retraction of -C:1:£. Posit ioning 1'1,~~ism 

STF (=0) sets PMEP t o log ic 1. And PMEP ( =1) along with H¢D ( =1) and R (=1) 

causes the return to r etract R.' gnal RTRP to become logic O. RTRP ( ,:Q) sets SMCUP 

to logic O and REL3CP t o log ::i .. : 1 ~ REL3 CP enables the 125 Hz clock pulses to pass 

through the nand gate generating SKCPP to a further gate controlled by signal 

3CPP. This l a tt er signa l i s se t t o the 1 state indirectly by STF (=0). Since STF 

(=0) sets HVE to 1. And HVE (=0) s e ts SKINH to logic O. SKINH in turn sets 3CPP 

to logic 1. The 125 Hz pu1ses thus pass t hrough the .second gate on SMCPP to the 

trigger input of the binary up/d own coun ter. Since the signal SMCUP has set the 

U/D input of the up/down c ounter to l og ic O the counter commences counting through 

the binar;y progress ion s t a tes in direc t i on 1111 to 0000. This causes the stepping 

motor to drive the posi tioner at a veloc i ty of 125 steps/sec out of the cartridge 

towards the r etracted pos i tion. 
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When the posi ti oner reaches the ret.rac ted posi tion, it opens t he retract micro- • 

switch caus ing R ~ to be set to logic 1. R Jc (=1) sets R t o o. And. R (•O) sets the 

return to retract signal RTRP to 1. 'I'he three inputs t o the gate generating REL3CP , - -namely RTRP, RTZF and CLCY are thus all logic 1 setting RE13CP to the zero state. 

REL3CP (=0 ) prevents any fur ther 125 Hz clock pul Ges being fed to the up/down. co 

ter by setting SKCCP t o logic 1. Thus , the instant the pos i t ioner opens t he re­

tract micro-switch the 125 Hz clock to the counter is stopped a..."'ld the condi tion of 

the counter remains set t o that condition as defined by l as t 125 Hz puls e to be 

fed into the counter. The s t epping motor windir>...gstherefor e remain energised in th,~ 

condition corresponding t o that of the up/dmm counter , locking t he rotor and t hus 

the positioner into pos iti on and holding the micro-switch open . 

" SPECIAL CONDITIONS 

TEE UNSAFE CONDITIONS 

The X1210 safety logic i s initiated when e:i.tl-e.- o:ne or mo::-e cf t~1 , :fol l ;:1 -.: .;.~ 

incompatible conditions occur : 

(a) Both read-write he ads are selected ~ 

(b) Write current without write enable . 

( c) Read, write o:r er.aze em ,:hl e simul truLo,rnl y~. 

(d) Write data but - ac wr ite cur rent .. 

( e) 

(f) 

Era.ze current but :1,~ wri t e enable 

Write enable but no ~~ ze current. 

(g) Write or eraze d.:river er. ·,bled before Head on track (On Cylinder) signal 

has been generated. 

(h) 

(i) 

Disk drive motor stopped or speed incorrect. 

Overshoot of track 000 towards the retracted position or overshoot of 

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

-
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.. , 
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Read-Write OK (Fig. 3.36) 

Conditions ( a ) to (g) inclus ive are monitored by the Safety/supply/clock/speed 

0 card 7. Complete det ails concerning how these conditions ure checked is dis­

cussed in the Electronics section Volume 5. Whenever one of the fault conditions 

(a) to (g) occurs, card 7 sets the read-write OK signal signal F.DWRK to logic 

0 and · .initiates the safety l ogic a 

Disk Drive Motor Slow or qtopJ,2~.d (Fig. 3. 36) 

Condition (h) is checked by monitoring the speed OK signal SP1.1:t,. When the d i sk 

drive motor is running a t the correct speed SPKF is at logic 1. The instant the 

disk speed slows or stops however SPKF becomes logic 0 

Track-1 (Fig. 3.5 and 3.36) 

Overshoot of track 000 t owards the retracted position is checked by monitorins 

signal HUOOO. Overshoot of the track 000 position is defined by signaJ.s SMCA; 

2S1415 (see Fig. 3. 5 ) and OPZ. These signals control the logical state of HUOOO • 

With ren,rence to the tru~.:h table on Fig 3. 5 ind. the c i :rcui t of F -:.g 3. 36 : ·• ~an 

be seen that if the posi tioner moves by one t r ack towards t b.e 1··et :;:-a c·=t;'en. :t ;;,;; i tio'!l 

the condition of the b i nary up/down counter is 1111 ~ SMC.A :; s there:fore i , I t 

can also be seen :from the truth table that 2S141 5 for t h i ;::: c cncii tion is a t logic o •. --Thus since OPZ i s at l ogic O the output of the nor gate generating HUOOOP becomes 

1 . ~ ,:,-rT"'OO.,:: ( ' og:i. , I " ,.~uv r \ -

i ts output signal E'C 

log ic i s i nit i ateda 

Track 204. 

The position of track 204- is ·:: 

..: 1., .. 

t'. 

.1ed by two i.rar iables ~ 'rhese are the state of 

the track 200 micro-switch a.vid · ' ,:e l ogical state of the encoding logic si~ -IS12. Uh.en the track 200 mi cro-s hi t ch i s opened and shortly afterwards IS12 be-,, ' 
,:~ 'I 

comes a o, 1812 (=-0) and. 1Ef203 (=0) combine to set the track 204 signal T204 

to log ic 1. This signal i s inverted. s e ·ting T204 to zero at the input to the safety 

logic., 



Operation of the Safety Logic (Fig. 3.36) 

The input to the sRf ety l ogic can be considered to be at the input of the nand 

gate generating signal US. Thi s is because the input signals to this gate; RDtffiKr 

SPIG', HU000 and T204 define each of the unsafe conditions discussed. 

Hhen all conditions are safe, each of the input signa,ls to this gate at'e at 

logic 1 setting signal US to o. US (=0) causes USFZ1 at the input to the Unsafe-:F1F 

to be held at logic 1. Whilst this condit ion exists the state of the unsafe-FF 

remains in the zero state (USF =0, USF =1), as defined by the ma:ster clear-puTs-,~-.- --' --

If an unsafe condition developed - say for example the di sk drive motor r a.n slow -

SPKF wo'U.ld become logic 0 setting US to logic 1. When the machine b.a r-::: 1)een s tar ., '-'d 

both STF and SCSFZA are at logic 1. Thus US (=1) STF (=1) and SCSFZA (=1 ) com­

bine t o set USFZ1 t o zero at the input to the Unsafe-FF. This resets the fl i p-:t'l o __ 

to the one state (USF=1; USF=O). The instant this occurs USF {=1) initiates 

two functions. USF (=1) is fed to the transmitter/receiver ca.rd 12 and after 

inversion is applied to the control unit informing it that an unsafe condition 

exists wi thin.~the X121 0. This prevents the con;rputer system sending; f\u- t ner wri t e 

data to the X1210 thus preserving the integrity o:f the inf ormation .. 

The second function initiated by the reset state cf the Unsafe-FF (USF == 1) is 

to set the seek i nhibit signal SKThTR to logic O. SKINR (=0) prevent any further 

variable clock pulses being fed to the up/down counter a.nd thus stops the posi-

if the posi tione.r we1. _ "lr;t. s topped d.wn2.ge ·'.~o t h e r ea o_--·1"t-1ri te heads would inevi ta­

bly result .. 
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Turn On Clear Period - Pos itioner Not F11l1y Retracted (Fig. 3.14) 

If the positioning mechani sm were not fully retracted and the power supplies 

to the X1210 were switched on, the logic automatically guides the positioning 

mechanism back t o the fully retracted position. 

The instruction to retract is initiated by the retract micro-mv'i. t ch . When the 

positioner is not fully retracted the micro-switch is closed setting R to logic 1. 

During the TOC period the Start-FF is set to the zero state. Its output STF (=0) 

sets PMEP to logic 1. The head on disc signal H¢D during this period is also 

in the 1 state. R ( = 1), PMEP ( = 1) a:ad H¢D . ( = 1) combine to set the return retract 

signal RTRP to log ic o. 

RTRP (=0) is fed to the stepmotor/detent control card 8 setting the U/D input of 

the up/doim counter to logic o. RT5.P (=0) 2,l so sets REL3CP to logic 1. REI3c? 
(=1) enables the 125 Hz clock pulses to pass to the trigger input of' the up/down 

counter. And since the U/D has been set to logic O, the cyclic rotation of the 

counter is in the direction 1111 to 0000. The positioner thus retracts at a 

velocity of 125 steps/ sec. 

The insta.~t the posi tioner reaches the ful l y ret racted position and opens t he 

micro-switch R is set to logic O causing the r e t urn t o retract signal RTRP t o 

become logic 1. The posit i oner t hus stops. 

If the power sup:r:: " -i.es w-er e t o fai l while t ::ic pos itioner :i. s i n the ca.rtridge 9 

the cartricJge can b e r 0::1.oved. from the X1210 as discussed in tlie Operators Bool . 

Volume 2. If the power f ailure is due to some minor f ault condition however 

and the power suppl i es can be r e- applied within a relatively short period of 

time the emergen cy removal proceclu:re is un-necessar:r. 

If the supplies a.re r e- appliea. 1.-Jhile the cartridge is still in the pa,ck 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 posi ti oner simul taneousl;y r ~ ver ;:es and cormnenCE)S the cleaning cycle from the 

point of r eversal ie if the button is presseo. whilst the posi tioner is retracting 

and at that precise instant it is moving over track 100, the cleaning cycle 

commences from track 100 
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IDENTIFICATION 

All inter-connections between the logic card.s discussed in this book and 

between the cards and wiring loom a.re shovm in Fig. 3.37. 

SIGNAL NAMES 

The logic s ignal names used on the cards described i n thi s book are as foll ows : 

000 IlJTEB..NAL GROUND 

005 + 5V 
006 6V 
012 +12V 
012 -12V 
024 +24V 

OCP 1000Hz CLOCY..PULSE 
OCPZA II " 
tCP 500Hz CLOCKPULSE 
1CPZA " ti 

1S00 ONES GROUP STATE 00 
1S02 " It " 02 
1S04 II ti " 04 
1S06 " II II 06 
1S08 II II ti 08. 
1S10 11 II II 10 
1S12 II II " 12 
1S14 II ti " 14 
2CP 250Hz CLOCKPULSE 

2S0001 T~•JO;:; GROUP SI1.1VrES 00 Alill 01 
2S0203 II " II 02 " 03 
2S0405 II " It 04 " 05 
2S0607 Tl !! ti 06 " 07 
2s0809 " II " 08 " 09 
2S1011 II " II 10 ti 11 

2S1213 II " " 12 II 13 
2S1415 II II ,, 14 " 15 

3CP 125Hz CLOCKPULSE 
3CPP II II - PREPARATION 
3CPZA 125Hz CLOCKPULSE 

4-sooo3 FCURS GROUP FRQI.>I STATE 00 TO 03 
4s0407 II II II II 04 " 07 
4so81 1 " " " ft 0·3 It 11 

\ 

481215 !I II " II 12 II 15 
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SDU 20 SICFAlr-IT/u.ICS 

BUS 0 BUSLIN~ 0 
BUS OZ.A " C 
" 1 ft 1 

" 1ZA " 1 

" 2 II 2 

" 2ZA " 2 
It 3 " 3 
" 32.."i. II 3 
" 4 " 4 
" 4ZA " 4 
" 5 " 5 
" 5ZA II 5 
It 6 " 6 

" 6ZA " 6 

" 7 " 7 
" 7ZA " 7 

C1E COIL 1 ENERGISED 
C2E " 2 " 
C3E " 3 " 
C4E ti 4 ,: 
C5E ti 5 " 
C6E " 6 " 
C7E " 7 It 

C8E II 8 " 

C1P COIL 1 E!IBRGISED 
C2P " 2 " 
C3P " 3 " 
C4P " 4 " 
CSP " 5 " 
C6P " 6 fl 

C7P " 7 • 
CSP " 8 " 

CD1E COit:DTII\':~'2 1 El'IETI CI SED 
CD2E " 2 " 
CD3E " 3 " 
CD4E II 4 " 
CDSE II 5 " 
CD6E " 6 " 
CD7E II 7 " 
CD8E " 8 " 
CD1P COILDRIVET-1 1 PF.:3FAP.ATION 
CD2P " 2 II 

CD3P " 3 " 
CD4P " 4 " 
CDSP " 5 II 

CD6P " 6 " 
CD7P II 7 " 
CD8P " 8 " 
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SDU 20 SIGNAL-WAMES 

CLCY 
CLF 
CLFZA 
CP 
CPDS5 
CPSB 

DET1E 
DET1P 
DET2E 
DET2P 
DETD1E 
DEI'D2E 
DEI'F 
DE.'TFZ1 
DETP 
DLF 
DLFZO 
DTCA 
DTCB 
DTCC 
DTCD 
DTCSB 
DTCZO 
DTT 

EREN 
EX]) 

EXDL¢N 

F9S 
F9SCA 
F9SCCP 
F9SCD 
F9SCSB 
F9SCZC 
YwDF 
FWDFZO 
FWDFZ1 

H¢.200 
H¢.D 
H¢DZA 
H¢T 
H¢.TZA 
H¢TZB 
HUOOO 
HUOOOP 
HVA 
EVE 
1005 

CLEA..WING CYCLE 
CLEANTIJG-FF 

,, tt 

CLOCK- PULSE FROM TEST OSCILLATOR 
CLOCK--PULSE DIVIDER STRODE 
CLOCK-PULSE GENERATOR STROBE 

DETENT 1 ENERGISED 
" 1 POHER 
" 2 ENERGISED 
II 2 POWJ.!."'R 
II -DRIVER 1 ENEHGISED 
II It 2 " 
" -FF 
tr -FB, SET 
11 PREPARATION 

DIRECTION-LOADED-FF 
II ti FF-RESEI' 

DELAY- TIMFr-COUNTER A 
II " " B 
II II II C 
11 n n D 

" " " STROBE 
n II 11 

DELAY-THIE-TEST 

ERASE-El'-JABLE 
EXCHANGE-DISK 

RESEr 

It I! -LA.lm' on 

FIRST-NT NE-STEPS 
n n " 
" " n 

II " II 

n " ti 

It " n 

FORWLR:D--FF 
7! II RESET 
" n SEI' 

HEAD O\"~~R 200 
HEAD 01,J DI SK 

ti " II 

HEAD m: TRACK 
It II ,, 
II " 

COUNTER A 
n CLOCK PULSE 
ti B 

" 
I! 

STROBE 
"f"I T,"1 C;"f.'Trl 

_.j l,_. J,:.i.1. 

EF.J1.Il UNDEE TB.ACK 000 
" . " II 11 PREPARATION 

HF . .AD-V A LITS- A CT IV ATED 
II tf EN:2TIGISED 

INPUT OVEB P.ESI STOI?. CONNECTED 'rO + 5V 
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SDU 20 SIGNAL-l~AMES 

IP 
IPDF 
IPZA 
ISI 
I S!il 
rs¢ 
ISP 

L1 6F 
L16S 
16S 
L6SF 

MC 

_¢Pz 

PME 
PMEP 
P1<'.lF.A 
PM:SP 

R 
RDDA 
PJ)EN 
RDWRK 
REL3CP 
RT,¢ 
RT¢ZA 
RT¢ZB 
RTRP 
RTZ 
R TZF 
RTZFZA 
RTZFZ1 
HTZFZ2 

SCSRA 
SCSRB 
SCSRC 
SCSRD 
SCSRE 
SCSRF 
SCSRG 
SCSRH 
SCSRZO 
SEX 
SKCF 
SKCFZO 
SKCFZ1 
SKCP 
SKCPP 
SKCPZA 
SKCPZB 
SKCPZC 
SKCPZD 
SKF 

INDEX-PULSE 
nmE:X-PULSE -DIVIDER-FF 
INDEX-PULSE 
nmzx: SECTOR- INPUT 
I NDEX SECTO~-iJCN OST AJ3 LE 
ThTDEX SECTOR-OUTPUT 
" 

LESS 
LESS 
LAST 
" 

II -PULSE 

THAN 16 STEPS-FF 
THAN 16 STEPS 
6 STEPS 
" II -FF 

MASTER CLE.AR 

OPTI CAL ZERO 

PACKl'JOTOR ENERGISED 
" 
II 

ENERGISING PREPAI?.AT ION 
RELAY ACTIVATED 
START PREPARATION 

RETRACTED 
READ DATA 
READ ENABLE 

READ-WRITE-OK 
RELEASE 125 Hz 
READY TO OPERATE 
READY TO OPERATE 

!t n II 

RETlJRN TO HETR.1',.CT 
RETURN TO ZERO 

" It " -FF 
" II II " 

POS 

" II " " -SE,"'T 
II I ) 1: -Z3T 

TICN 

1 
2 

S'I . _,0 -COUNTER-· STOH.AGE-BEG ISTER 
ft II " II 

II " " II 

It " II " 
II !I " II 

" ii " " 
II !1 " II 

" It . " II 

II II " II 

STEPS EXECITTED 
SE."'EK COMPLETFr-FF 
" 
It 

SEEI{ 
SE}~ 

II 

ti 

ti 

" 

It 

" 
CLOCKPUL'.3E 
CLOCKFULSE 

" 

" 
II 

SEEK-FF 

"-RESET 
" -SET 

PTIEPAR.!'1.TION 

" 
" 
It 

II 

A 
B 
(' 
V 

D 
E 
F 
G 
H 
"-RESET 

., , .. 
'•· 
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SDU- 20 SIGNAL-NAllZS 

SKFWD 
SKFZ1 
SKIN~I 
s:.1cA 
S:11:CB 
sM:cc 
SMCCP 
Sri.CD 
SMCEN 
SIJCUP 
Sri1CZO 
SP 
SPKP 
SFKFZO 
SPKFZ1 
SPKM 
SPKMT1 
SPZ 
SPZA 
SSD 
SSDF 
ssu 
STF 
STFZO 
STL¢N 
STPF 
STPFZO 
STPFZ1 

TOOO 
T204 
TAG1 
TAG1ZA 
TAG2 
TAG3 
TBUSO 
TJ3US1 
TBUS2 
TBUS3 
TBUS4 
TBUS5 
TBUS6 
TBUS7 
TCP 
TFF 
TFWD 
TREW 
TSKDJI-I 
TS'.·7 
TTAGDI 

SEEK DIRECTION FORWAim 
ti 

It 

-FF-SET 
IlJHIBIT 

STEPHOTCTI-COUN1rER 2 EXP. 0 
" "2" 1 
II II 2" 2 
II 

II 

II 

" 
ti 

SECTOR PULSE 
SPEED OK-FF 

ti 

II 

II 

II 

" 

II II "-RESEr 
It II "-SET 

-CLOCKPULSE 
2 EXP. 3 
ENABLE 
UP 
RESEr 

SPEED OK-MONOSTABLE 
ti 

It 

ti 

ZERO 
" -TRIGGER 1 

SECTOR PULSE 
START-STOP-BUTTON DOWN 

" 
ti 

II 

" 
START-FF 

" 
II 

" 
11-RESEI' 

START-LAMP ON 
STOP-FF 

II 

" 
t1_RESE1' 
"-SET 

TRACK 000 
TRACK 204 
TAGLil'TE 1 

" 1 
" 2 
" 3 

TSST BUSLIEE 0 
II II 

II 

II II 

n 91 

II I! 

" " 

:1 
2 
3 
4 
5 
6 
7 

TEST-C LOCI::?ULSE 
TEST-FAST--PF 
TEST FORWATID 
TEST REVERSE 
'rEST SEEK IlJHIBIT 
TEST SWITCHES 

II -FF 
UP 

'.r:cST TEGT-TAGLUTE 1 MONOSTABLE 
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SDU 20 SIGNAI.r-!T!ir:IE8 

us lJH3AB'2: 
USF " -Ii1F 
USFL¢N " L:ll:P ON 
US:'.:i'Z1 UNS.'\.FE-FF--f;:::;T 
USFZA lJlJS.'J.F:S F-:-i' 
USFZB II II 

WRDA lffiITE DATA 
HRDAZA ~-!RIT~ D.'\TA 
1·ffiEN " ENA3LE 
\TRER II OR ERAS:Z ENABLE 
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,- - -------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SMCB 1 A I 0 12 

, 11 
SMCC 13 B 2 10 

0:: 3 9 
UJ - 0 L. B 

SMCD 2 C 
0 

5 L. u 
UJ 

6 5 0 
SMCA 3 D 7 6 

SMCD 13 
& 11 4S0811' 

12 G 

SMCC 3 
4 & 6 SMCC' 
s M 

-

C 
01 

4 SMCA L. 
& 6 t.S0003' SMCUP ' 6 u,5 

s SMCB 
02 s G 

z 0:: 0 9 SMCC 
3: UJ 3 

SMCCP 8 01- 10 SMCD CP oz 0 4 
(VARIABLE - ::::> 

SMCD' 0.. 0 - 11 SMCD' 9 
CLOCK) ::::> u 04 

101 
& B 4S0407' 

SMCC G 

1311l=t SMCZ0 ' 

.., 

r - - - - 7 
I I 
I I 
I RS 2 
I 

I 

1I 

& 3 L.S121S 1 

I I SMCC G 
•- - _11_:_H ...J 

SMCB 1 A H 0 12 

1 
11 

005 SMCC 13 B 2 
10 

0:: 3 9 UJ 
0 L. 8 

SMCD 2 C 
0 

5 4 u 
UJ 6 5 

3 D 
0 

.l 
7,§. 

- - - - - - - - - - - - - - - - - - - --- - ------- - - 7 

I 
I 

I 
I 
I 

I 

I 

I 
I~ lSll. 12 CD 1P 10 I 

2 S1213
1 

11 N & B CD 1E' I -g w ABB T 
5 I 

1S06' & 
2SOL.05 ° 

t.l 6 CD2P • 13 I 

3 1 0 
~11 CD2E' .l. 

w AB9 i" 
5 

& I 
31 6 CD3P 

~ 
1S12 ' I 

t.I N CD 3 E' .1.. 
2S0607' 

V ABS 1 g 
& B I 

1 SQ 4 I -----M-1 CD l.P 

~G 
CD4E' ~ 

2S1L. 15
1 10 N 

V AB6 T 
2 I 

1S10' & 12 CD 5P 13 10 & I 
2S0809' 1 M 

µli_JB 
CO SE' l 

AB3 1 
1 SO 2· '------,gf&l~ CD6P 

I 10 B 

~ 3 

2s0001' 
11I 0 CD6E' I 

AB1QT 
9 I 
11I & e C07P 13 I 1S08' 

101 ~l~_r CD 7E' 
2S0203' 

M l 

V AB L. I 
2 

nl & 12 CD8P l I 
1s00' 

- 2s1011' 11 0 
µLij6 

CD8E' J.. w AB11-
I 

I 

SKCF' _._ 
I 

I 

I 

I 

STEPMOTOR- DETEN T CO NTROL CARD B (PART OF) I 

r - - - --- -- - --- - , 

: R1 O 

005 

Q°'' 
I 
I 

R5 I 

I 
I 

1P .l 
I H' l AB 23T I 

C3 
1 

I 

ooo I , : I
R2 3 

I C1E .. , 
I Ts 2AB2t.l 
I I 

I I --Rt. I I A ~ GR1 
I 

TAB11 
000 I 

I 
I 

I C2 P ~ 
1 AB12 C> I AB2 11 
T C2E * ' • 
I 

AB 22 , 
I C3P .L 
1 AB13 [> 

l cJE " ' 
AB19 ~ 

~ 

I 

I AB 20 1 

I CL.P .l 
[> 1AB1l I AB25 1 

T Ct.E " ' .1. 
I
CARD 2 AB 2B T r - - - - - -------- -, 

CS P ~ 
1 AB11 [> I AB23 T 
1 CSE* ' '. 
I AB 21, T 
I C6P ~ 
1 AB12 [> 

l cG E " ' 
AB 21 1 

T .L 
I A B 22 T 
I C7 P I -[> I AB 19 T 1 AB13 
- C7F * ' l 
I 

AB 20 1 
I CBP .L 
I ABll. [> I AB 25 T 
l C8E "

0 

l 
I AB 28 T 
1· CARD 1 I 
L - - - ------ - - - ...J 

--"' 

--" 

--"' --"' --"' --------" -----" ----------

0:: 

0.. 
0.. 
LLI 
1-
Vl 

L--------- ------------------------------ ------ - -- - ------ ---------- ----- -- ------ ---- ~ 

UP/DOWN COUNTER OUTPUTS DECODER INPUTS DECODER OUTPUTS 

01 Q2 Q3 Ql. 04 A B C D 0 1 2 3 L. s 6 

0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 

1 0 0 0 1 0 0 0 0~ N_ 1 1 1 1 1 1 

0 1 0 0 1 1 0 0 0 1 0 1 1 1 1 1 

1 1 0 0 1 1 0 0 ~ 1 N 1 1 1 1 1 

0 0 1 0 1 0 1 0 0 1 1 0 1 1 1 1 

1 0 1 0 1 0 1 0 N 1 1 ·~ 1 1 1 1 

0 1 1 0 1 1 1 0 0 1 1 1 0 1 1 1 

1 1 1 0 1 1 1 0 ID'---.!. 1 1 1 . ~ 1 1 1 

0 0 0 1 0 0 0 1 0 1 1 1 1 0 1 1 

1 0 0 1 0 0 0 1 N 1 1 1 1 N 1 1 

0 1 0 1 0 1 0 1 0 1 1 1 1 1 0 1 

1 1 0 1 0 1 0 1 [N 1 1 1 1 1 N 1 

0 0 1 1 0 0 1 1 0 1 1 1 1 1 1 0 

1 0 1 1 0 0 1 1 N 1 1 1 1 1 1 ~ 
0 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 

1 1 1 1 0 1 1 1 ~ 1 1 1 1 1 1 1 

4 S121S ' 4S0811 ' 4S0407 ' 4S00 03 ' 
7 CD1E' CD2E' 

1 1 1 1 0 1 0 

1 1 1 1 0 1 0 

1 1 1 1 0 1 0 

1 1 1 1 0 1 0 

1 1 1 0 1 1 0 

1 1 1 0 1 1 0 

1 1 1 0 1 1 0 

1 1 1 0 1 1 1 

1 1 0 1 1 0 1 

1 1 0 1 1 0 1 

1 1 0 1 1 0 1 

1 1 0 1 1 0 1 

1 0 1 1 1 0 1 

1 0 1 1 1 0 1 

0 0 1 1 1 0 1 

Cl'--.1 0 1 1 1 1 1 

ST EPPI NG MOTOR 

CD3E' CDL.E ' 

1 0 

1 0 

1 0 

1 0 

1 0 

1 1 

0 1 

0 1 

0 1 

0 1 

0 1 

0 1 

0 1 

1 1 

1 0 

1 0 

COIL DRIVER INPUTS 

COSE ' CD6E' 

1 0 -
1 0 

1 0 -
1 1 

0 1 

CD7E ' 

1 

1 

0 

0 
~ 

0 

CDBE' 

0 

1 

I 

1 

1 

NOT 

TABLE SHOWS CONDIT ION 
FOR DECOD R H & I THUS· 

-- -
0 1 0 I 

0 1 0 I 
-

0 1 0 1 

0 1 0 1 
-

0 1 1 1 

0 1 1 0 
-

1 1 1 0 
-

1 1 1 0 

1 0 1 0 
---

1 0 1 0 -
1 0 1 0 

FIG. 3 · S- THE DECODING LOGIC 



I 
I 

-7AG 2 I ~- ---: 
r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 7 

.. TAG 2 

HEAD SELECT 

CONTROL 

UNIT 

I TAG 31 1 1 TAG 3 
~~~+----~~-=---_...!_ ____ ___j_---1,---i1---------------....!....---------------READ ENABLE 

BUS 0 

BUS1 

BUS2 

BUSI. 

CONTROL 

SELECT 

LOGIC 

1----------------------------------WRITE EN ABLE 

1----------------.:.._ ________________ ERASE ENABLE 

...__,.___ UNSAFE' 

I--_,.___ MC' 
,--------

TO 
ELECTRONICS 

BUSS FORWARD' FORWARD' 
STEPMOTOR / DETENT/ CONTROL 

TAG1 

BUFFER 

CIRCUITS 1 

CARD 12 

- - - - .J 

BUS6 

VARIABLE 
CLOCK 

BUSO 

BUS1 

DIRECTION LOADED' 

~----MC' 

POSITIONER 
DIFFERENCE 

BINARY 
UP/ DOWN .__ ______ ___, 

COUNTER..._ ______ ___, 

DECREMENTAL 

COUNTER 

SELECT VARIABLE CONTROL 
DECODING 1-C:.;..L.::.O.::.Cc..;.K==---'----,------''--~ LOGIC 1----------l~---~ 

BUSS LOGIC GATES 

BUS6 

BUS7 PAWLS RETRACTED IDTCZO) 

TAG 1 
1000/500/125 Hz 

125 Hz 
RESET 

1000 Hz ___ _, 

REGISTER/ VARIABLE SPEED 

CLOCK 
DIVIDER 

CIRCUITS 

CARD 11 (PART OF) L __ ______ _ _ __ _ _ 

250 Hz 250Hz 
24/1.0mS 
DELAY 

COUNTER 

r - - - - - I 
I I 

HEAD ON TRACK (ON CYLINDER) 

r-------, 

i f li o'.,__ ____________ __,---1 

I 

I START /STOP I FROM READ-WRITE OK 1 

BUTTON 1ELECTRONICS 
._ _____ .J 

CARTRIDGE LOCKING 
LOADED RING 

INDEX PULSE 

RETRACT 
POSITION 

OVER TRACK 200 

DRAWER 
CLOSED 

I ______ _, 

START 

STOP 

AND 

SAFETY 

LOGIC 

IRETURN TO RETRACT'I 
I I 
,CLEANING' 
I
RETURN TO ZERO' 1 

1INHIBIT' 

-~' M--'-A--'-S"'-T'--'ECCR-'---=C-=L-=E'-'A'-'-R"-I M-'-'C'---')'-------------1 DE TENT AND 
: STEPMOTOR 

ISEEK COMPLETE ' INHIBIT 
FLIP FLOPS 

I 

TRACK 0 

!EXCHANGE DISK 

I 
,OVER TRACK 203 
I 
I UNSAFE ' 

I
0VER TRACK 200 

'---

,- - - - - - - - - - - 7 

I 

DETENT 

PAWLS 

RETRACT 

LOGIC 

CARTRID GE 
EXCHAN GE 

FAULT LAMP 

CONTROL 
~---• SELECT LOGIC 

SECTOR PULSE I PACK MOTOR ON' 
1 RELAY 

DRIVE 
CIRCUIT 

PACKMOTOR RELAY ACTIVATED ' 

UNSAFE 

I 

CARD 8 I PART OF) 

EN CODIN G 

LOGIC 

STEPMOTOR 
OFF 

TRA CK 0 
SENSIN G 

- 7 L OG IC 

OVER TRACK 
203 

SE NSIN G 
LOGIC 

L - --- - -- - - -

INDEX 
AND 

SECTOR 
UNIT 

I 

SECTOR AND SPEED SPEED OK : HEAD VALVE HEAD VALVE 
DRIVE 

CIRCUIT 

1--~-------------- HEAD VALVE ACTI VAT ED 

OK 
INDEX PULSES CIRCUIT I ENERGISED 

I 

I START/STOP/ SAFETY 
~ ________ C!,~D J ~A£lT_O£:I_ -~ 

CARD 3 1 _____ _. 

HEAD ON DISK (READY) 

X1210 

8 

I 

STEPM OTOR/ 

DETENT 

DRIVER 

CAR DS 1 & 2 

8 

CO IL 

DR I VERS 

ODD 
PAWL 

MAG NET 

DR I VE R 

E VEN 
PAWL 

MAG NET 
D R IVER 

I 
.._ ____ __ __ __) 

8 

ODD 
PAW L 

MAGNET 

EVE N 

PAWL 

MAGNET 

I OPTI CAL IN DEX 

I 

I 

- - - J 

ZERO UN IT 

SWI TC HIN G D ISK 

U NI T 
DRIV E 

MOTOR 

FIG. 3 ·8~ BLOCK DIAGRAM OF 
X1210 LOGIC 



R1 

TURN ON CLEAR 
~-----~005 

T¢c 

C1 

.I 000 
R5 

I B19 ssu*' 
START /STOP ~--1------<-----~--~---' 

BUTTON C3 

Iooo 
R4 

A19 ssD*' 

C2 

Iooo 
I 

005 

GR3 

005 

GR2 

RT¢ 

T¢c' 
3 STFZO 3 

1005 5 

SSDF' 

SSDF 

START/STOP/SAFETY CONTROL CARD 9 I PART OF) 

L-------------------

RETRACT POSITION 
MICRO/SWITCH 

T20l 

t) 

r 
I 
I 

I 

I 

I 

I 

R7 

.AB13 

I 

I AB16 

~-~005 

GR5 

cs 

Jooo 
SCSF 

T201. = 0 

USFZ1' 

9 

UNSAFE 
FLIP-FLOP 

B SKINH 11 

I 
I 
I 

_______ .J 

RET URN 
TO ZERO 

FLIP-FLOP 

RTZF=O 9 

START/STOP/SAFETY CONTROL 

r- -
I 

I 

I 

I 
MASTER 830 MC' 
CLEAR------.;;..;;..;._-.:..:..=_ __ ~ 
(MC') TSKINH' 

SEX' 
USFZA' 

CARD 9 !PART OF) 

6 DLFZO = 1 

L-----------

l 

5 

GLEAN 
FLIP- FL OP 
5 

FWDF Z11 

FWDFZO' 
T DLM' 

- - 7 

ST F 

STF ' 

MA STER 
CLEAR 
IMC ' ) 

START SEQUENCE 
CONTROL F LI P- FLO P 

POW ER ON 

I 

' I 
◄- 2 1 l mS_.. 

I 

T ¢ C ·- -----' 

T(i'C'-- - -+--------' 

STFZO' - - --~-- -----' 

STF ' 0 ----__;_ ______ _______ _ 

STF ' 

SS DF ----+------

MC' - - ---'--------' 

FIG. 3 ·9 - TURN ON CLEAR PERIOD 

DTCZO' 

Mc' 
DTF Z l ' 

DT CZO' 
SKCF ZO ' 

SKCF Z1
1 

DETENT 
FLI P- LOP 

STEPMOTOR 
INHIBIT 
FLIP - FLOP 

1STEPMOTOR DETENT CONT ROL I 
_ _ _____ _J ~ __ _ __ ___ C~~ BJ_P~~O~ ) _ J 

E 

VAR IABLE 
Ci..OCK GATE 
CONTROL 
FLIP- FLOP 

SKCPZ B 

--- --- -- - -- -- -- - -- -, 

SKC PZC' 

VARIABLE CLOC K 

REGISTER/ VARIABLE SPEED CARD 11 (PART OF) 

FIG. 3 · 10 LOGIC CONDITIONS SET 
BY MASTER CLEAR 



r-

RETRACT 
POSITIONER IR7 GR5 

MICRO-SWITCH I 
1 R* 9 ~---.______,__..__ _____ -'-l 

(HELD OPEN I ABl7 
BY I C5 

POSIT IONER) I • -·- T 
--------~000 

I 

I 

I 

IR6 
DRAWER I 

GRt. 

CLOSED , RT({)* , 5 .----o--o--il~•A-B_1._5__,_.__--'-"-----'=--t 

··sEE NOTE 1•· 1 

I 
Ct. 

CARTRIDGE 
LOCKED 

PACK ON 

I 000 R5 

005 

GR3 

1 
SSU*' H•B-,-9-----r--~-~------'-'-1 

1 C3 

I 

I 

oooI 005 

\_J.A_1_9 ___ s---'s,...D_~_R_

4

__._ _ __,.__ __ ......;."-I 

GR2 

T¢c' 

C2 

SSDF' 

SSDF 

START/STOP CONTROL SAFETY 

PMSP 

STF20' 

1005 

STF
1 

I 

-----HAB26 

L- -- -
Iooo 

CARD 9 (PART OF) 

NOTE 1 :- " DRAWER CLOSED '"'CARTRIDGE LOCKED .. & " PACK ON" MICRO SWITCHES, ARE 
ALL CLOSED WHEN CARTRIDGE IS CORRECTLY LOADED AND X 1210 IS FULLY 
IN THE RACK. 
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