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RK05/RK05J 
Preventive Maintenance 

NOTE 
Quarterly PM (750 hours) consists of 
Steps 1 through 6, and Steps 13 and 20. 

Annual PM (3000 hours) consists of Steps 
1 through 8, and Steps 11 through 20. 

Five year PM (15000 hours) consists of 
all the steps. 

1. PREPARE DRIVE FOR INSPECTION. 

• Remove cartridge. 
• Remove power from drive. 
• Extend drive on its chassis tracks. 
• Remove top cover. 

2. INSPECT EACH HEAD USING AN INSPECTION MIRROR. CHECK FOR 
DAMAGE OR THE FOLLOWING TYPES OF CONTAMINATION. 

• Hydrocarbon (tar-like substance) deposits on leading edge 
of head. These deposits may be removable by cleaning. 

• Light brown streaks (oxide deposits) on the surface of 
the head. This indicates that the user' s disk cartr idge 
should be cleaned and the air filters checked. The heads 
should be cleaned as well. 

• Stains, film, residue or cracks. Replace the head if 
cracked; stains, film or other residue may be removable 
by cleaning. 

• Scratches, 
succession 
on a disk 
disk. A 
replaced. 

burns and nicks on the face of the head. A 
of tiny grooves indicate an imbedded particle 
surface which could still be present on the 
head with these characteristics should be 

• Damaged or missing foam seals from the head wires. 

3. CLEAN THE READ/WRITE HEADS. 

• Use an alcohol wipe and wand (cleaning kit 
22-0007) • 

DEC 

• Apply only light pressure to the head surface when 
cleaning. The heads are fragile and the gimbal 
mounts can be damaged. 

• Wipe off all alcohol residue. 
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• Use a clean, dry, lint-free cloth wrapped around the 
wand. 

• If stains or deposits cannot be removed, replace 
head(s). 

4. INSPECT AND CLEAN THE SPINDLE AND SURROUNDING AREA. 

• Check for dirt and other types of foreign matter. 

• If found, isolate the source of the particles 
(cartridge plastic, etc.). 

• Correct the cause to prevent further deposits. 

• Clean the spindle using an alcohol wipe. 

• Wipe off all al~ohol residue with a clean, dry wipe. 

• The spindle and 
cartridge cone) 
wobble (runout). 

spindle cone 
must be clean 

(as well as 
to prevent 

the disk 
cartridge 

5. INSPECT DISK CARTRIDGE(S) USED ON SYSTEM 

• Ensure all customer' s cartr idges are DIGITAL packs as 
others may not meet specifications. 

• Check for a warped cartridge door on all cartridges used. 
The door should close upon removal from the drive. 
Warped doors will cause the center bearing to wear. 

• Check the cartridge for plastic particles. 

• Examine the center bearing button on the cartridge 
case. 

• The bearing may be seen by viewing the cartridge 
hub cone. Inside the cone is a round plastic 
centering device. 

• Excessive wear or misuse may cause this plastic 
bear ing to grind down, leav ing part icles on the 
disk surface or spindle area, or both. 

• Examine the disk surface. 

• Open the cartridge "door" and view the surface 
using a good light. 

• Rotate the cartridge and check for contamination 
(lumps, scratches, plastic particles, burn marks, 
etc.) • 
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• Ensure that the customer is aware that 
being used on the system should be 
cleaned at least every six months. 
should not attempt to hand-clean a 
disassembling the cartridge case. 

NOTE 

the cartridges 
professionally 
Field Service 
cartridge by 

Shiny spots on outside edge of disk, or 
dull rub marks on top surface (from edge 
to approximately 3/4 inch in), are 
caused by the cartridge hitting the 
duckbill when cartridge is inserted into 
drive. These normally do not affect the 
operation of the cartridge. 

Check for divots (holes, dings, etc.) in 
the disk surface approximately 3/4 inch 
in from edge of disk. This is caused by 
a tilted head or a bent gimbal during a 
head load operation. If divots are 
found, change the head. 

6. CLEAN THE PREFILTER (ON A 750 HOUR PM) OR REPLACE IT (3000 
HOUR PM). REFER TO FIGURE PM-I. 

• Vacuum clean or wash with soap and water. 

• Dry thoroughly before reinstallation. 

SCREWS 

• 

• • 

MA-3807 

Figure PM-I Prefilter 
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CAUTION 
I n t e r face cab 1 e ( not shown) wi 11 be 
ins tall ed- a r 0 U n d the 0 U t sid e 0 f th e 
filter. Do not block air flow through 
the filter with the cable. Do not make 
loops in the cable so large that it is 
pinched when sl iding the chassis in or 
out of the cabinet. 

7. REPLACE THE ABSOLUTE FILTER (DEC PiN 12-12175-01 IF ECO #64 
HAS BEEN INSTALLED). 

• Extend the drive on its chassis tracks. 

• Remove the bottom cover. 

• Loosen the hose clamp and remove the filter (Figure 
PM-2). 

RECESS POSITIONER SCREWS 

AIR 
INTAKE 

AIR 
EXHAUST 

~_~J .... t-.... t""L_ II. ~III 

ABSOLUTE FILTER BLOWER OUTLET 

Figure PM-2 RK05J Disk Drive (Bottom View) 

• Clean any dusty areas of the filter housing. 

• Ensure that new filter is snapped into the port under the 
blower. 

• Ensure that the ai r flow di rect ion arrow is exposed and 
pointing in the proper direction. 

• Tighten the hose clamp. 
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8. CHECK THE INSIDE OF THE BOTTOM COVER OF THE DRIVE FOR EVIDENCE 
OF RUBBING OR SCRAPING. 

• Can be caused by distorted or weak shock mounts. 

• Replace shock mounts as needed. 

• Can also be caused by a slipped drive pulley. 

• Adjust if necessary. 

9. REPLACE THE SPINDLE BRUSH ASSEMBLY. 

• Remove the two screws holding the brush assembly (Figure 
PM-3). 

FOR 50 Hz OPERATION 
MOVE MOTOR MOUNTING 

SCREWS TO THESE HOLES (4) 

CARBON BRUSH ASSEMBLY 
MOUNTING SCREWS 

MOTOR MOUNTING SCREWS (4) CARBON BRUSH SPINDLE PULLEY 
(SHOWN FOR 60 Hz OPERATION) ASSEMBLY 

Figure PM-3 Carbon Brush Replacement 

MA-3788 

• Install the new brush assembly ensuring full contact of 
the brushes to the shaft. 

• Ensure that the curved area of the brushes are 
centered on the spindle hub. 

• Ensure that the brush assembly is not cocked or 
twisted. 
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10. REMOVE AND CLEAN THE BLOWER ASSEMBLY. 

• Remove the mounting screws from the blower shroud, being 
careful not to damage the foam seal (Figure PM-4). 

BLOWER LEADS 

BLOWER MOTOR SHROUD FOAM SEAL 

MA-3802 

Figure PM-4 Blower Motor Removal 

• Remove the blower motor wires from TB4. 

• Lift the blower assembly out of the drivee 

• Loosen the locking screws holding the impeller to the 
motor shaft. 

• Clean the impeller in warm soapy water and dry it 
completely. 

• Wipe the inside of the blower housing clean. 

• Reinstall the impeller end plate. 

• Ensure that the screws are tight and that the 
impeller is located on the shaft so that it will not 
make contact with the motor or the inlet ring 

• Reinstall the assembly on the baseplate and reconnect 
the wires on TB4 

11. CLEAN THE LOWER SPINDLE AREA AND DRIVE PULLEYS. 

• Remove spindle drive belt. 
• Use an alcohol wipe. 
• Wipe off any alcohol residue with a clean, dry cloth. 
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12. INSPECT THE SPINDLE DRIVE BELT. 

• If frayed or cracked, install a new belt. 

• Push spindle motor mounting plate toward the spindle. 

• Slip belt around pulleys. 

NOTE 
Never pull the ~elt into position. This 
could stretch the belt. 

13. CHECK THE LINEAR POSITIONER BEARINGS FOR WEAR. 

• Using a fresh alcohol wipe, clean the linear positioner 
bearing guides. 

• Disable drive to the linear positioner by pushing Sl (on 
the H604 module) to the OFF position. 

• Wring out an alcohol wipe so that it is almost dry. 

• Place wrung-out alcohol wipe between read/write heads. 

• Manually load heads, overcoming the initial force of the 
batteries holding the heads at the home position. 

• Clean as much of the linear positioner bearing guides as 
you can reach. 

• Move carriage back and forth observing the four carriage 
bearings. 'Each should turn smoothly. 

• If carriage does not roll smoothly in the bearing 
guides, one or more bearings may be worn or have a 
piece missing. 

• If one or more carriage bearings stop while moving 
the carriage, the carriage is not properly aligned 
within the housing. 

• If either problem listed above exists, then positioner 
replacement is recommended. 

• Re-enable positioner drive by pushing Sl to the ON 
position. 

NOTE 
The heads may have to be unloaded by 
using hand pressure. 
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14. CHECK POWER SUPPLY VOLTAGES. 

• +5Vdc 

• Reference point is A01A1 (red wire on backplane). 
• Nominal value is +5V + .15Vdc. 

• Use a good meter to check amplitude. 

• If out of_ tolerance, adjust R13 on the +5V 
regulator (visible from bottom of drive). 

• Maximum allowed peak-to-peak ripple is .25V. 

• Use oscilloscope to check ripple. 
• If out of tolerance, replace the regulator. 

• +15 Vdc 

• Reference point is A01D2 (orange wire on the 
backplane). 

• Nominal value is +15V + .75Vdc. 

• Use a good meter to check amplitude. 

• If out of tolerance, adjust according to the 
procedures found in Appendix A. 

• Maximum allowed peak-to-peak ripple is .2SV. 

• Use oscilloscope to check ripple. 
• If out of tolerance, replace the regulator. 

• -1SVdc 

• Reference point is A01B2 (blue wire on backplane). 
• Nominal value is -1SV + .7SVdc. 

• Use a good meter to check amplitude. 

• If out of tolerance, adjust according to the 
procedures found in Appendix A. 

• Maximum allowed peak-to-peak ripple is .2SV. 

• Use oscilloscope to check ripple. 
• If out of tolerance, replace the regulator. 

IS. RETURN DRIVE TO OPERATIONAL STATUS. 
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16~ SERVO ADJUSTMENTS CHECK. 

• Full stroke profile 

• Connect oscilloscope as shown below. 

• Channel 1 probe to A05Hl 

• Sweep time = 10 msec/cm 

• Vertical sensitivity = 50 mV/cm (using x10 probe) 
dc 

• Trigger mode = normal 

• Trigger source = Channel 1 

• Trigger coupling = dc 

• Slope = + 

• Perform full-stroke oscillating seek. 

• If usi.ng RK05 tester, set switches as shown 
below. 

• Mode = OSC 
• Cylinder address = 202 
• Function = RUN 

NOTE 
See Appendix B for detailed tester 
operation information. 

• If using the oscillating seek program from 
Appendix C, perform the actions described below. 

• II-Family CPUs: LOAD ADDRESS 001000 
Set SWITCH REGISTER to 000312 
Press START 

• 8-Family CPUs: LOAD ADDRESS 7000 
Set SWITCH REGISTER to 3120 
Press START 

• If using the backplane jumper method, perform the 
steps listed below. 

• Set the drive select 
M7680/M7700 module (slot 
switch position. 

9 
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• Select the drive by connecting a jumper from 
A08Tl (ground) to A08T2 (switch position 
one) • 

• Connect a jumper from the STROBE signal 
(B08Hl) to the BUS SECTOR PULSE (B08N2). 

• Connect a jumper string from SECTOR ADDRESS 
(A08P2) to the points given below. 

A08Hl CYL ADD 7 
A08El CYL ADD 6 
A08C 1 CYL ADD 3 
A08Dl CYL ADD 1 

(128 ) 
(64) 

(8 ) 
(2) 

202 

• Install an M930 terminator in slot 7 or 9 of 
the RK05 logic chassis. 

• If using the RK05 utility program, run the 
oscillating seek routine (TYPE = 2). 

• Observe the full stroke waveform on the 
oscillscope (see Figure PM-5). 

• The duration of the waveform should be less 
than 90 milliseconds. If not, the servo 
system must be adjusted using the procedure 
in Appendix D. 

~ 

\ 
/ ~ '\ / 

PLATEAU 

-~ '-~ , .. -III I I 

, "(" "" I ' 'I~I~ 
III, 

-
t -

---
t 
t 

= 90 ms FOR RK05/RK05J 
= 70 ms FOR RK05F 

PI N 
WEEP S 

V ERT SENS 

A05Hl 
10ms/div 
0.5V/div 

MA-3852 

Figure PM-5 Full Stroke Profile Waveform 

• Full stroke position waveform 

• Change oscilloscope gain control to 2V/cm. 
• Change channell probe to A05Ml. 
• The waveform should change to that shown in 

Figure PM-6. 
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EQUAL 

!TTWITHIN 5% 
-I 

1 r - OVERSHOOT < 1V 
-~ 

.1 
~ 

f- PIN 
SWEEP 
VERT SENS 

A05M1 
10ms/div 
2V/div 

MA-2739 

Figure PM-6 Full Stroke Position Waveform 

• The waveform amp1i tude at the start of the 
seek should be wi thin .25 cm (. 5Vdc) of the 
waveform amplitude at the end of the seek. 

• The waveform overshoot (at the end of the 
waveform) should not exceed IV. 

• If either of the above checks to the pos it ion 
waveform show out of tolerance, the servo system 
must be adjusted using the procedure in Appendix 
D. 

• Restore the address select switch on the M7680/M7700 
module to its original position unless continuing 
with this PM procedure. 

17. SPINDLE RUNOUT CHECK 

• Load the RK05-AC alignment cartridge into the drive. 

• Write protect the drive.' 

• Load the heads and allow to run at least 30 minutes to 
allow temperature stabilization. 

• Seek to cylinder 105. 

• If using RK05 tester, set switches as shown below. 

• Cylinder address = 105 
• Mode = oscillate 
• Function = RUN 
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NOTE 
The tester will perform an oscillating 
seek from zero to cylinder 195. To stop 
at cylinder address 195, set the 
function switch to run and then off. 
The tester will perform the oscillating 
seek routine and then stop. The 
carriage will have stopped at cylinder 
195 or zero. Repeat, al ternating the 
run switch to on and then off until the 
heads stop at cylinder 195. 

• If using the oscillating seek program from Appendix 
C, perform the actions described below. 

• II-Family CPUs: Change location 1062 from 205 to 
000 (HALT). 
LOAD ADDRESS 001000. 
Set switch register to 000151. 
Press START. 

• 8-Family CPUs: Change location 7026 from 5200 to 
7402 (HALT). 
LOAD ADDRESS 7000. 
Set switch register to 1510. 
Press START. 

• If using the backplane jumper method, perform the 
steps listed below. 

• Connect a jumper from the STROBE signal (B08H1) 
to the BUS SECTOR PULSE (B08N2). 

• Connect a jumper string from an available ground 
pin ( i • e • A07Tl, A0 7C 2, B07Tl) to the points 
listed below. 

• A04Vl SEL ROY L 

• A08E 1 CYL ADD 6 (64) 

• A08J1 CYL ADD 5 (32) 

• A08Cl CYL ADD 3 (8 ) 

• A08Kl CYL ADD 0 (1) 
n;s 

• The drive address select switch on the 
M7680/M7700 module should be on the first switch 
position in order to select the drive. 

• An M930 terminator should be in slot 7 or 8 of 
the RK05 logic chassis. 
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• Connect oscilloscope as shown below. 

• Channel 1 = TP3 on G180 module 

• Sync = external 

• Sweep time = 10 msec/cm 

• Vertical sensitivity gain = .2V/cm tx10 probe) dc 

• Trigger mode = normal 

• Triggering = external, AC, level and slope controls 
to minus (-) 

• External trigger to A02R2 (INDEX PULSE) 

The RK05K-AC alignment cartridge is now displaying a complete 
revolution of alignment data using the INDEX pulse as a trigger. 
If spindle runout exists, the read/write heads may appear to be 
aligned at some sector locations and misaligned at others. Figure 
PM-7 shows a display with negligible runout and the heads in 
ali.gnment. 

MA-3848 

Figure PM-7 Negligible Runout 

Figure PM-8 shows a display with considerable runout. 
Note the amplitude variations from one end of the display to the 
other. Head misalignment with no runout would show as a 
consistent pattern of two distinct amplitudes (such as that of the 
middle four centimeters of Figure PM-8). 

• If spindle runout exists, the mating area of the spindle 
and disk should be cleaned, as dirt or other foreign 
matter can cause improper seating of the cartridge. 
Improper seating can give the appearance of spindle 
runout. 

13 



• Once the spindle and cartridge hub have been cleaned and 
the cartridge re-inserted, the runout should be checked 
again. If the runout pattern still exists, calculate the 
amount of runout using the formula below. 

MA-3640 

Figure PM-8 Considerable Runout 

x - y 
• % of runout = ------- x 100 

X + Y 

The maximum percentage of runout allowable is 14%. 

X - y 
• Runout in microinches = ------- x 100 x 135 

X + y 

The maximum amount of runout in microinches allowed 
is 500. 

Runout Example 

Using Figure PM-8 as an example: 

= x 100 = 15% 

x 35 = 525 microinches 
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• If runout is not acceptable, check again by removing the 
cartridge and rotating' the disk 90 degrees within the 
cartridge casing. Reinstall the cartridge and check the 
waveforms once more. If the runout shown on the 
oscilloscope waveform shifted 90 degrees, then the runout 
is in the spindle. If the runout shown on the 
osc i lloscope stays at the same relat i ve pos it ion on the 
oscilloscope trace, then the cartridge is the source of 
the runout. 

18. HEAD ALIGNMENT CHECK 

• Using the same oscilloscope hook-ups, change the sweep 
time to 0.5 msec/cm. This reduces the presentation from 
a whole revolution to approximately one and a half 
sectors. 

• Use the same formula as used in the runout check to 
complete the amount of head misalignment. The maximum 
percentage of head misalignment allowable is 15%. (See 
Figure PM-9 for head alignment waveform examples.) 

a. Extreme misalignment. 

b. 

Head close to CYL 104. 
(Further misalignment 
only reduces amplitude 
of signal on right 
side of screen until 
it disappears.) 

Head slightly mis­
aligned. Smaller left 
amplitude indicates 
head position less 

MA-2750 ................... _"""""-------"'_ ........... _"----'-_~___'_ _ _'_____' 

than CYL 105. 

Error = -15% 

BRIGHT LINE 
SHOULD APPEAR 
HERE 

Figure PM-9 RK05K-AC Head Alignment Waveform (Sheet 1 of 3) 
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c. Head correctly aligned 
at CYL 105. Ampl i-
tudes are equal. 

BRIGHT LINE 
SHOU LD APPEAR 
HERE 

d. Head slightly mis­
aligned. Larger left 
amplitude indicates 
head position more 
than CYL 105. 

Error = +15% BRIGHT LINE 
SHOU LD APPEAR 
HERE 

e. Head considerably mis­
aligned. Larger left 
amplitude indicates 
head position more 
than CYL 105. 

Error = +72% BRIGHT LINE 
SHOULD APPEAR 
HERE 

MA·3850 

X1 

MA·3643 

X1 X2 

MA·3849 

Figure PM-9 RK05K-AC Head Alignment Waveform (Sheet 2 of 3) 
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f. Extreme misalignment. 
Head close to CYL 106. 
(Further misalignment 
only reduces amplitude 
of signal on left side 
of screen until it 
d i sappea r s • ) BRIGHT LINE 

SHOULD APPEAR 
HERE 

MA3810 

Figure PM-9 RK05K-AC Head Alignment Waveform (Sheet 3 of 3) 

To calculate percent of error, use the 
formula given below. 

% error = x 100 
Xl + X2 

Xl and X2 = amplitudes. The resultant 
slgn denotes the direction of error; a 
negative (-) sign indicates that the 
head is back too far. 

• Repeat procedure for the upper read/write head. 

• Using a jumper, connect 807T2 (ground) to 808M2 (head 
select) • 

• If either read/write head is out of alignment, follow the 
procedure found in Appendix E to correct the 
misalignment. 

19. INDEX/SECTOR TIMING DELAY CHECK 

• Using same oscilloscope hook-ups as used 
alignment procedure, change the sweep 
microseconds/ cent imeter. Th is changes the 
display from a whole sector and a half to 
very beginning of one sector. 

in the head 
time to 10 
oscilloscope 
that of the 

• Measure the time di fference between the start of the 
sweep (triggered on index pulse) and the first recorded 
pulse on the oscilloscope trace. Figure PM-10 shows this 
difference to be 70 microseconds. 
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EXTERNAL TRIGGER 
INDEX PULSE 

(A02R2) 

.. 

FIRST RECORDED 
DATA PULSE 

READ FROM DISK 

r- -I- -1-.. - -r- -~ -I- - -,.- -~ -

--------- ---- ---- --- ----1---- --- -

.. ... ........... 
.... '. 

---- ---- ---- --- --- -------- --- -
r- +. - -1-.. r- -I""" -r- -r- -I""" - -

70±12J,1S-----+l .. 1 

INDEX/SECTOR WAVEFORM 

PIN = TP3 AND TP4 
SWEEP = 10J,lS/DIV 
VERT SENS = 2V/DIV 

CZ .. 0293 

Figure PM-l0 Index/Sector Waveform 

NOTE 
The first recorded data pulse may be 
ei ther a posi ti ve-going or a negati ve­
going pulse. 

• The tolerance of the time difference is 70 + 12 
microseconds. If the time difference is within 
tolerance, continue wi th the remainder of the check. If 
the time difference is out of tolerance, measure the time 
difference using the upper head to determine the amount 
of misalignment. 

• Select the upper head by installing a jumper between 
ground and 808M2. 

• Again, measure the time difference between the start of 
the oscilloscope sweep and the first recorded data pulse. 

• The tolerance of the time measurement is 70 + 12 
microseconds. If the tim~ difference is within 
tolerance, continue with the remainder of this check. If 
the time difference is out of tolerance, compute the 
average of the two measurements. 

To compute the average, add the measurement taken from 
the upper head to the measurement taken from the lower 
head, and divide by two. 
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• The average of the two measurements must be 70 + 10 
microseconds. If the average rs-within this 
specification, go on to the next check. If the average 
is out of this specification, go to Appendix F, Step 10, 
for the procedures to correct the misalignment. 

• Both heads should be within the individual specification 
while meeting the average of two heads specification. 

• If check is out of 
refer to Appendix 
misalignment. 

tolerance for either specification, 
F for procedures to correct the 

• Return the drive address select swi tch to its orig inal 
position. 

20. READ DATA SEPARATOR CHECK 

• Remove the al ignment cartr idge and insert a known good 
formatted scratch cartridge. 

• Using the maintenance switch (Sl on the H604 module), 
manually position the heads at any recorded cylinder past 
zero. 

NOTE 
Allow the heads to load under logic 
control, then place a finger on the 
carriage while opening switch 51. This 
will preclude the possibility of 
carriage motion caused by transient 
switch noise. 

• Set up the oscilloscope as shown below. 

• Mode = channel A 

• Vertical sensitivity = 1V/div 

• Trigger source = Channel A 

• Trigger coupling = dc 

• Sweep time = 100 ns/div 

• Trigger mode = normal 

• Coupling = ac 

• Slope = positive 

• Connect channel A probe to TPl of the G180 module 
(slot 1) 
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• The oscilloscope waveform should be a positive-going 
pulse 440 (+ 10) nanoseconds in length. 

• If the pulse length is not within this specification, go 
to Appendix G and start with Step 4 of that procedure. 

21. RUN DZRKL-E RK11/RK05 DYNAMIC TEST OR DHRKB-G-D RK8-E DRIVE 
CONTROL TEST TO VERIFY THE ELECTROMECHANICAL INTEGRITY OF THE 
DRIVE. 
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APPENDIX A 
8 TO 29 V (+15 V) REGULATOR ADJUSTMENT PROCEDURE 

CAUTION 
Care should be taken not to short the 
regulators to the chassis or to each 
other during this procedure. 

NOTE 
Use this adjustment only if RK95 FCO 
99964 (5499484-99995) has been installed 
or regulators are of CS REV H or higher. 
While performing this adjustment, the 
regulators you are adjust1ng should be 
connected while all other regulators 
should be disconnected. Keep all 
modules installed to provide normal 
loading conditions. 

+15 V REGULATOR ADJUSTMENT 

1. Locate the +15 V regulator, remove it from the drive and 
separate it as shown in Figure A-l, so R2 can be adjusted. 

R2 
7911-1 

Figure A-I 8-2 o Vol t Regulator 

2. Turn R 2 full y coun terclockwi se and appl y power to the dr ive 
unit. 

3. While observing +15 V on pin A01D2 (pin with large orange 
wire), adjust R17 for 17.0 V + 0.5 Vdc. Do NOT exceed 17.5 V. 
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4. Oscilloscope Settings 

Ga in (dc) 
AC coupled 
Sweeptime 

= ~.l V/cm 

= 20u slcm 

"A" triggering mode 
"A" sweep mode 
Mode tr igger 

= NORMAL 
= NORMAL 
= CHI 

Place the probe on the (+) side of C4 and the probe ground on 
the (-) side. Refer to Figure A-2. 

300MV 
±150MV 

--

J \ /'\ 

20p.s/DIV 

.1 V IDIV 

I \ / \ 
r---- r---..... ~ 

---........ ..... J -r-----.. ~ ~- ... -- - - - - - -

20 40 60 80 100 120 140 160 180 

(US) 

Figure A-2 C4 Waveform 

, 

CP-2:326 

5. Adj ust R2 clockwise until the signal jumps ()ff the screen. 
This is the condi tion for which you are adj usting R2, as the 
second overvoltage regulator (El) begins to operate. 

NOTE 
DO NOT adjust the potentiometer any 
further than necessary because of 
excessive peak to peak ripple. Replace 
any vol tage regulator that exceeds 250 
millivolt tipple (p-p). 

6. Reduce the gain of the oscilloscope, and thE~ signal should 
resemble Figure A-3. 

7. Adj ust R17 for a +15 V signal on the scope. Power down the 
drive, assemble the regulator and mount it back on the drive. 
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2V 
±1V 

l 

" 
---

~ 

" ~ 

" -- - - - -

, 
" ~ " 

~ 

------

~ 

" 

f----

" 

1MS/DIV 
,5VI DIV 

2 3 4 5 6 7 8 9 

( MS) 
CP-2327 

Figure A-3 Gain Waveform 

-15 V REGULATOR ADJUSTMENT 

1. Locate the -15 V regulator, remove it from the drive and 
separate it as shown in Figure A-I so R2 can be adjusted. 

2. Turn R2 fully clockwise and apply power to the drive. 

3. While observing -15 V on pin A0lB2 (pin with large blue wire), 
adjust R17 for -17.0 V + 0.5 Vdc. DO NOT exceed 17.5 V. 

4. Set the oscilloscope as shown below. 

• Gain (dc) = 0.1 V/cm 
• Coupling = ac 
• Sweep = 1 msec/cm 
• A triggering mode = normal 
• A sweep mode = normal 
• Mode trigger = CHI 

Place the probe on the negative (-) side of C4 and probe 
ground on the positive (+) side. Refer to Figure A-2. 

NOTE 
Figure A-2 represents the +15 V 
regulator waveform. Thus, the -15 V 
regulator waveform will be inverted. 
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5. Adj ust R2 counterclockwise until the signal jumps off the 
screen. This is the condition for which you are adjusting R2, 
as the second overvoltage regulator (EI) begins to operate. 

NOTE 
DO NOT adjust the potentiometer any 
further than necessary because of 
exces~ive peak to peak ripple. Replace 
any vol tage regulator that exceeds 259 
millivolts of ripple (p-p). 

6. Reduce the gain of the oscilloscope, and the signal should 
resemble an inverted form of Figure A-3. 

7,. Ad just Rl7 f or a -15 V signal on the osc i lloscope • Power down 
the dr ive, assemble the regulator and mount it back in the 
drive. 
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APPENDIX B 
THE RK~5-TA OFF-LINE TESTER 

MOVE FUNCTIONS 

1. STEP incrementing cylinder seek to limit and a 
high-speed return. 

2. ALT (al te rna te) - an inc remen ting seek from the cyl inder 
address selected. 

3. OSC oscillate between 0 and the cylinder address 
selected (not affected by FOR/REV). 

4. RAND - random cylinder seek. 

5. DRIVE SELECTOR - selects the drive number selected on the 
M7700/M7680 module in the RK05. 

6. RUN - enables all move functions. 

7. RTZ'- forces a zero recalibrate. 

8. FWD/REV - selects the initial drive motion in step and 
alternate. 

9. CYLINDER ADDRESS - selects any cylinder address from 0 to 
202 10 • 

INDICATORS 

1. ADDR INV - drive has detected that address swi tches are 
set to an address greater than 202. 

2. SEE K INC fa i 1 ure to move 
cyl i nders in a seek opera t ion. 
the seek. 

the correct 
Excess time 

number 0 f 
to perform 

3. POWER ON - ind ica tes power is appl ied to the dr i ve. 

WRITE FUNCTIONS 

1. *WRITE SECTOR - selects a sector (0-7) to write on. ALL 
writes all sectors. The unit cannot read to check 
headers. 

2. HEAD SELECT - selects or enables the upper or lower head. 

3. *WRITE button - causes a write one-shot to write or erase 
on sector selected. 

*After the RK05-TA has been used to perform write or erase 
operations, the disk will have to be reformatted. 
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4. *CONSTANT WRITE - when set, writes continuously on the 
sector selected; the WRITE button need not be pressed. 

5. *DC ERASE on - enables erase on a sector when the WRITE 
button is pressed. 

6. DATA BITS - sets a 4-bit data pattern to be written on 
the sector selected.-

CONNECTING THE RK95-TA OFF-LINE TESTER TO THE RK95 DISK DRIVE 

1. Disconnect the ac line cord. 

2. Remove the interface cable from the RK05. 

3. Check the RK05 and the tester to ensure that an M930 
terminator module is present in slot 7 or 8 of the RK05, 
and slot 1 or 2 of the tester. 

4. Connect a BCll-A cable from slot 1 or 2 of the tester to 
slot 7 or 8 in the RK05. 

5. Disconnect connector Jl in the RK05 (logic voltage 
connector) • 

6. PI ug one end of the tester power cable into the tester. 

7. Check for proper keying of the pins and pI ug the male 
connector of the power cable into the female connector of 
J 1. 

8. Connect the remaining connector to the plug leading to 
the logic block of the RK05. 

9. Reconnect the ac line cord. 

10. Toggle RTZ to ini tial i ze and clear all error condi tions 
and proceed with testing. 

*After the RK05-TA has been used to perform write or erase 
operations, the disk will have to be reformatted. 
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APP:ENDIX C 
RK05 MAINTENANCE PROGRAMS 

PDp·-ll FAMILY 
The following program may be used in place of the jumper 

method or tester method while performing RK05 maintenance. 

Decimal 
o 
4 

64 
85 

105 
125 
202 

Track Address 

PDP-II Oscillating Seek Program 

Octal 
o 
4 

100 
125 
151 
175 
312 

The PDP-II program listed later in this appendix is a handy 
aid when checking the servo signals or performing head alignment. 
After toggling in the program and patching the drive unit number, 
the program will cause the drive to seek back and forth between 
the cylinder addresses set in the left and right bytes of the 
switch register. Setting the same cylinder address in both bytes 
will make the drive stay on that cylinder. 

General Operating Instructions 

1. Toggle program instructions into switch register starting 
at location 1000. 

2. Toggle registers R0-R6 with values shown in program. 

3. Toggle the drive unit number into bits 15-13 of location 
1032; XX0000 will select drive XX, surface 0; XX0020 will 
select drive XX, surface 1. 

4. If error checking or other changes are to be added, 
change the NOPs in location 1050 and 1052 to jump to 
(ADDITIONAL) code address. Jump back to location 1054 at 
the end of added code. 

5. Load address 1000; start. 

6. Set desired cylinder addresses (0-312) into the left and 
right bytes of the switch register. 

7. Leave zeros in the left byte of the swi tch reg ister 
(switches 9-17) while performing servo adjustments. 
Seeks of 2, 4, 64, and 202 (decimal) cylinders may then 
be accomplished by setting octal 2, 4, 100, and 312 into 
the right byte of the switch register. 
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NOTE 
Exceeding octal 312 in either switch 
register byte will require a program 
restart unless error code has been added 
(see Step 4). 

8. Setting the same cylinder address in both bytes will 
result in continuous seeks to that address~ 

9. This program may be modified using the CORE and MOD 
commands of the UPDATE program. UPDATE may also be used 
to output the modified version of any program to DECtage, 
DECpack or DEC papertape. 

10. Repetitive RESTORES may be accomplished by changing 
location 1060 from 011 to 015. 
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RK05 OSCILLATING SEEK PROGRAM 

STARTING ADDRESS 1000 

DISK ADDRESS (15-13) 
CHANGE LOCATION 1032 IF 
DISK IS OTHER THAN DRIVE 
ZEHO 

GENERAL REGISTER USE 

0 
177570 (SR) 

R0 
R1 
R2 
R3 
R4 
R5 
R6 

1014 (SUBROUTINE) 

1000 

1012 

1014 

1030 

1034 

1046 

1050 
1052 

1054 

1062 

177404 RKCS 
177412 RKDA 
JSR 0 
4000 STACK POINTER 

11100 MOV SR, R0 
300 SWAB, R0 

4512 JSR, (R2 ) 
11100 MOV SR, R0 

4512 JSR, (R2 ) 
772 BR, START 

241 CLC 
42700 BIC 

377 * 
6000 ROR 
6000 ROR 
6000 ROR 

62700 ADD DA, R0 
XX0000 * 
105713 TSTB 
100376 BPL 

32737 BIT 
100 * 

177400 * 
1774 BEQ 

240 NOP 
240 NOP 

10014 MOV R0, RKDA 
12713 MOV 11, RKCS 

11 OR 15, RKCS 

205 RTS 

C-3 

START 

SUBROUTINE 
MASK OUT LOWER BYTE 
MASK OUT LOWER BYTE 
ROTATE SR DATA INTO CYLINDER 
ADDRESS SLOT 

xx = DISK ADD (15-13) 

RKCS 
BRANCH IF CONTROLLER IS BUSY 

MASK (ACCESS READY) 
RKDS 

BRANCH IF NOT READY 

JUMP MAY BE INSERTED FOR 
MODIFICATION 

(S EEK AND GO) 
(RESTORE AND GO) 



PDP-8 FAMILY 
The following program may be used in place of the jumper 

method or tester method while performing RK05 maintenance. 

This simple manual-entry program can be used when performing 
servo adjustments or head alignment. The program is continuously 
running, so changes to the operation of the drive can be made 
simply by changing the switches. 

ALIGNMENT PROGRAM LISTING 

Location Code 
0004 7604 
0005 7430 
0006 0006 
0007 0007 
0010 1025 
0011 6746 
0012 7420 
0013 7604 
0014 6743 
0015 6741 
0016 5015 
0017 7604 
0020 0026 
0021 7450 
0022 7120 
0023 7020 
0024 5004 
0025 3200 

0026 0010 

Mnemonic 
LAS 
SZL 
ANDK6 
ANDK7 
TAD COMMAND 
DLDC 
SNL 
LAS 
DLAG 
DSKP 
JMP-1 
LAS 
ANDK10 
SNA 
STL 
CML 
J~P 0004 
COMMAND = SEEK AND SET DONE 
ON SEEK DONE 
K10 

SWITCH REGISTER BIT FUNCTION 
The list that follows shows the swi tch reg ister bi ts that 

control the above program. 

Switch 
Register Bits 

0-6 
'7 
8 
9-10 
11 

Description 

Contain cylinder address 
1 = upper surface, 0 = lower surface 
o = seek to cylinder 
Select the drive (0 - 3) 
Most significant cylinder address bit 
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PROGRAM OPERATION 

1. Load address 0004. 

2. Set SWITCH REGISTER to desired binary cylinder address in 
bits 0 - 6; desired surface in bit 7, drive unit number 
i n bit s 9 -1 0 , and mo s t s i 9 n i f i can t c y 1 i n d era d d res s bit 
in bit 11. 

3. Press the CLEAR, then the CONT switches. 
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APPENDIX D 
RK05 SERVO ADJUSTMENTS 

STATIC ADJUSTMENTS 
The following procedures should be performed when the 

posi tioner or a major servo system component has been replaced. 
These procedures should also be followed as an aid when the 
positioning system is so unstable that the dynamic alignments of 
the servo cannot be performed. 

In general, to make the static adjustments, the cartridge is 
removed and the posi t ioner moved back and forth by hand. The 
osc i lloscope sho uld be on automatic sweep whi 1 e observ ing the 
selected signal. Wi th some practice, the most convenient sweep 
speed setting and the type of hand motion required will quickly be 
discovered. 

NOTE 
Table D-l shows the physical location of 
the adjustment potentiometers on the 
G938 module. They are 1 isted in the 
order that they appear on the module, 
i.e., VO is the bottom-most potentio­
meter. Access to the potentiometers may 
be gained by removing the prefilter on 
the back of the drive. 

'rable D-l Location of Servo System Adjustment Potentiometers 

G938 Module 

CA 
CO 
SA 
SO 
LSA 
LSO 
VA 
VO 

1. Sine Amplitude (SA) and Offset (SO) 

• Set the oscilloscope vertical sensitivity to 2 V/div 
and adjust the ground reference to the center of the 
screen. 

• Connect channel A probe to A05Ml (SIN POSITION) 

• While holding the carriage assembly steady, place the 
red maintenance switch (Sl) on the H604 module down 
(off) • The H604 module is located in the left rear 
corner of the drive directly opposite the relay 
mod ule • 
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CAUTION 
Before performing the following steps, 
place a wrung-out alcohol wipe between 
the heads to protect them. 

• Manually move the positioner back and forth. 

• Adjust SA for a 10 volt peak-to-peak amplitude 
display. 

• Adj ust SO for a peak-to-peak display that is centered 
about the ground reference of the oscilloscope 
display. 

2. Cosine Amplitude (CA) and Offset (CO) 

• Connect channel A probe to A05S1 (COS position) • 

• Manually move positioner back and forth. 

• Adjust CA for a 10 volt peak-to-peak amplitude 
display. 

• Adj ust CO for a peak-to-peak display that is centered 
about the ground reference of the oscilloscope 
display. 

3. Limit Signal Amplitude (LSA) and Offset (LSO) 

• Change the oscilloscope vertical sensitivity to 
1 V/div and adjust the ground reference to the center 
of the sc reen. 

• Connect channel A probe to A05Jl. 

• Move the positioner to the approximate center of 
travel. 

• Adj ust LSO for a ground signal at the center of the 
screen. 

• Move the 
observ ing 
display. 

positioner to the inner limit while 
the maximum amplitude of the oscilloscope 

Will be a negative voltage. 

• Move the positioner to the outer limit while 
observing the maximum amplitude of the oscilloscope 
display. Will be a positive voltage. 

• Adjust LSA until the smaller of the two voltage 
levels noted is a 3.0 volt potential. 

• Return the posi tioner to the center of travel and 
readjust LSO for 0 volt. 
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• Again move the positioner to the inner limit while 
observing the change to the oscilloscope display. 

• Again move the positioner to the outer limit while 
observing the change to the oscilloscope display. 

• Readjust LSA until the smaller voltage level noted 
is 3.0 volt potential. 

• Return the maintenance switch to the up (on) 
position. 

Performing these static adjustments should enable the drive 
to operate well enough to p~rform the dynamic servo adjustments. 

DYNAMIC ADJUSTMENTS 
In performing this series of adjustments, either the off-line 

tester or the RK05 utility program can be used to perform the 
various oscillating seeks required to perform the adjustments. If 
neither are available, Appendix C contains a manual-entry program 
that can be utilized to perform the seeks on-line. 

If the drive cannot be used on-line, and a tester is not 
available, then the backplane jumper method must be used. 

With this method, backplane jumpers are used to initiate the 
seeks. SECTOR pulses are jumpered to simulate STROBE pulses, and 
a SECTOR ADDRESS line is jumpered to the required CYLINDER ADDRESS 
1 ines. Wi th the se jumper s in place, osc i llating see ks may be 
performed between cylinder 00 and the jumpered cylinder address. 

1. Preliminary drive set-up 

• Unplug the AC line cord. 

• Install an M930 terminator in slot 7 or 8 of the 
RK05. 

• Set the address select swi tch on the M7680/M7700 
module to the first switch-position. 

• Connect a jumper from A08T1 (ground) to A08J2 (switch 
position 1) selecting the drive. 

• Reconnect the AC line cord. 

• Cycle the drive up to operating status. 

• Load a scratch cartridge into the drive. 

• Press the RUN switch, loading the heads. 

• Connect a jumper from B08H1 (STROBE) to B08N2 (BUS 
SECTOR PULSE). 
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2. Sine Amplitude (SA) and Offset (SO) 

• Enable the drive to perform a four cylinder 
oscillating seek. If using the jumper method, 
connect a jumper from A08P2 (SECTOR ADDRESS) to A08LI 
[CYLINDER ADDRESS 2 (4)]. 

• Connect channel A probe to A05MI (SIN POSITION). 

• Connect ex ternal tr igger probe to 805 j 2. Leave thi s 
probe in reach for all servo adjustments. 

• Observe a waveform similar to that shown in Figure 
0-1 (a) • 

• Adjust SA for a display amplitude of 10 volt +1 volt 
peak-to-peak. 

• Adjust SO for a display signal that is centered about 
the ground reference of the scope (symmetrical about 
ground) • When correct, the waveform peaks should 
look like those in Figure O-l(a) and (b). 

A05M1 

10 ms/div 

2V/div 

(a) Correct Waveform (Symmetrical Signal) 
SIGNAL RETURNS TO GROUND 

(b) Incorrect Waveform (Signal Not Symmetrical About Ground) 

Figure D-1 Sine Amplitude/Offset and Velocity Offset Waveform 
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NOTE 
At this time, disregard those portions 
of the waveform between the four 
sinusoidal peak bursts. The next 
adjustment corrects this misalignment. 

3. Ve 10 cit y 0 f f set (VO ) 

• Using the same jumpers and osc i11oscope hook-ups, 
adj ust VO to center the vol tage minimums about a 
ground reference. (See the circled areas on Figure 
D-l (a) and (b).) 

4. Cosine Ampl i tude (CA) and Offset (CO) 

• Change channel A probe to A05Sl (COS POSITION). 

• Observe a waveform similar to that shown in Figure 
D-2. 

OV I II. IIII II I 

FOUR CYLINDER OSCILLATING SEEK 

l AMPL/TUDE 
ADJUSTED BY CA 

10V 

JWAVEFORM 
CENTERED ON 
SCREEN BY CO 

PIN A05S1 
SWEEP 10ms/div 
VE RT SENS 2V Idiv 

MA-2740 

Figure D-2 Cosine Amplitude/Offset Waveform 

• Adjust CA for a 10 volt +1 volt peak-to-peak 
amplitude signal. 

• Adjust CO for a waveform that is centered about the 
ground reference of the scope (symmetrical about 
ground) • 

5. Velocity Amplitude (VA) 

• Enable the drive to perform a two cylinder 
oscillating seek. If using the jumper method, 
connect a jumper from A08P2 (SECTOR ADDRESS) to A08Dl 
[CYLINDER ADDRESS 1 (2)]. 

• Change the oscilloscope sweep time to 1 mi11isecond/ 
division. 
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• Connect channel A probe to A05Ml. 

• Observe a waveform similar to that shown in Figure 
D-3. 

ADJUSTED 
BY VA 

t = 3.2 ms for R KOS/R KOSJ 
I-~~~~ t = 2.3 ms for R KOSF 

TWO CYLINDER OSCILLATING SEEK PIN 
SWEEP 
VERT SENS 

AOSM1 
1 ms/div 
2V/div 

MA-3864 

Figure D-3 Velocity Amplitude Waveform 

• Adjust VA for a one-cycle time period of 3.2 +.05 
milliseconds (2.3 +.01 milliseconds if adjusting an 
RK05F). -

NOTE 
This measurement must be taken from the 
center cycle of the waveform as shown in 
Figure D-3. 

6. Positioner Acceleration (Current) 

• Enable the drive to perform a 64 cylinder oscillating 
seek (128 cylinder seek if adjusting an RK05F). If 
using the jumper method, connect a jumper from A08P2 
(SECTOR ADDRESS) to A08El [CYLINDER ADDRESS 6 (64)]. 

• Change the oscilloscope sweep to 5 milliseconds/ 
division. 

• Change the oscilloscope vertical sensitivity to 
0.5 V/division .. 

• Connect channel A probe to A05Hl (VELOCITY). 

• Observe a waveform similar to that shown in Figure 
D-4. 

• Adjust R15 on the H604 module to obtain a time period 
of 14 +1 milliseconds (13 +1 milliseconds if 
adjusting an RK05F). 
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64 CYLINDER OSCILLATING SEEK 

ADJUSTED 
BY R15 

t = 14 ms FOR RK05/RK05J 
t= 13 ms FOR RK05F 

PIN 
SWEEP 
VERT SENS 

A05H1 
5 ms/div 
O.5V/div 

MA-3865 

Figure D-4 Acceleration Waveform 

7. Full Stroke Profile Check 

• Enable the drive to perform a 
oscillating seek. If using the 
connect a jumper str ing from A08P2 
to the poin~s listed below. 

• A08H1 [CYLINDER ADDRESS 7 (128)] 
• A08E1 [CYLINDER ADDRESS 6 ( 64)] 
• A08C 1 [CYLINDER ADDRESS 3 ( 8)] 
• A08D1 [CYLINDER ADDRESS 1 ( 2)] 

202 

202 cylinder 
jumper method, 

(SECTOR ADDRESS) 

• Change the oscilloscope sweep to 10 milliseconds/ 
division. 

• Change the oscilloscope vertical sensitivity to 
0.5 V/division. 

• Connect channel A probe to A05H1 (VELOCITY). 

• Observe a waveform similar to Figure D-5. 

• The full-stroke signal must conform to the 
specifications listed below. 

• The time period (from the start of the waveform 
until it reaches 0 vol t must be less than 90 
milliseconds (70 milliseconds if adjusting an 
RK0 SF) • 

• The plateau must be smooth (without ripple). 
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PLATEAU 

h_-+-_+---+-____
I 1 1-' t = 90 ms FOR R K05/ R K05J 

ill i ~=:~~:-_-~_I i~;;p:::~R RK05F A05H1 
10ms/div 
0.5V/div 

MA·3852 

Figure D-5 Full Stroke Waveform 

• If either condition listed above cannot be met, then 
the VA and R15 (posi tioner cur rent) adj ustments must 
be re-checked. If, after readjusting the velocity 
amplitude and positioner current, the specifications 
cannot be met, then something is probably wrong wi th 
the positioner assembly, i.e., flat-spotted bearings, 
dirt in the guides, etc. 

8. Full Stroke position Waveform Check 

• Perform the full stroke profile check. 

• Change -the oscilloscope vertical sensitivity to 2 
V/division. 

• Change channel A probe to A05MI (SIN POSITION). 

• Observe a waveform similar to Figure D-6. 

EQUAL 
I WITHIN 5%---1 

rl l ~ 
I 

I 

-t -t 

r 
I 

"\ 

~~ 

- OVERSHOOT < 1V 

PIN 
SWEEP 
VERT SENS 

Figure D-6 Full Stroke Position Waveform 
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• The full-stroke position signal must conform to the 
specifications listed below. 

• The waveform amplitudes at the start and end of 
the seek display must be equal, +5%. 

• The waveform overshoot at the end of the seek 
display must not exceed I volt. 

• If either condition listed above cannot be met, then 
the VA and Rl5 (positioner current) adjustments must 
be re-checked. If, after readj usting the veloc i ty 
amplitude and positioner current, the specifications 
still cannot be met, then something is probably wrong 
with the positioner assembly, i.e., flat-spotted 
bearings, dirt in the guides, etc. 

9. Outer Limi t Signal Check 

• Remove all jumpers except A08Jl to A08J2. 

• Enable the drive to perform a repetitive restore 
operation. If using the jumper method, connect a 
jumper from AQJ8Ml (RESTORE) to A07TI (or any 
available ground). Connect another jumper from B08HI 
(STROBE) to 808Ml (INDEX). 

• Connect an oscilloscope external trigger to B05K2 
(REV H) • 

• Change the oscilloscope vertical sensitivity to one 
volt/division. 

• Connect channel A probe to A05Jl (LIMIT). 

• Observe a waveform similar to Figure D-7. 
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Figure D-7 Outer Limit Waveform 
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• The limit signal must conform to the specifications 
1 is ted below. 

• The pul se ampl i tude must be in the range of 3 to 
3.5 volt. 

• The waveform minimum amplitude must drop to 0 
volt. 

• The plateau on the trail ing edge must not exceed 
0.3 volt. 

• If the above specifications cannot be met, the static 
limit adjustment must be performed. 

10. Inner Limit Signal Check 

• Perform the outer limit signal check. 

• Di sconnect the jumper on B08H 1 (STROBE) to hal t the 
repetitive restore operation. 

• Using switch Sl on the H604 module, manually move the 
posi t ioner toward the spindle unt il inner 1 imi tis 
sensed. If the inner limit signal is operative, a 
restore operation will be initiated. 

• If no restore operation was initiated, perform the 
static limit adjustment procedure. 
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APPENDIX E 
RKQJ5 HEAD ALIGNMENT PROCEDURES 

INTRODUCTION 
This procedure is divided into the five stages described 

below. 

1. The preliminary drive set-up describes initial drive and 
oscilloscope preparation and assumes that the backplane 
jumper method is to be used to perform the seeks. 

2. The pos i t ioner track scale al ignment sect ion descr i bes 
checking that the track scale can be read accurately by 
the person perform ing the head al ignment • If the scale 
is out of alignment, procedures are given to correct it. 
This procedure can be performed while waiting for the 
drive to warm up. 

3. The seek to the alignment cylinder section describes the 
procedures required to make a drive move the heads to the 
alignment cylinder. This procedure covers only the 
backplane jumper method of seeking. 

4. The head waveform check shows sample head alignment 
waveforms and describes how to determine the amount of 
misalignment by viewing an oscilloscope trace. 

5. The head alignment procedures describe what to do once it 
has been determined that one or both of the heads require 
al ignment. 

GENERAL INFORMATION 

• Before attempting head alignment, ensure that the drive 
operates correctly, and that the heads are not contam i­
nated. 

• The RK05-AC alignment cartr idge replaces the older IBM 
2315 al ignment cartr idge as the ca rtr idge wi th which to 
perform the alignment. 

• Align heads only if they are off by 15% or more. 

• The positioner may be moved to the alignment cylinder by 
any of four different methods. 

• Manual-entry program routines (Appendix C) 

• RK05 utility program (DZRKI) 

• RK05-TA Tester 

• Backplane jumper method 
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DRIVE PRELIMINARY SET-UP 

• Unplug the ac line cord. 

• Disconnect the drive interface cable from the drive 
log ic • 

• Install an M930 terminator in its place. 

• Reconnect the ac line cord. 

• Load an RK05-AC alignment cartridge. 

• Press the RUN switch to load the heads. 

• Allow the cartridge and drive to thermally stablize for 
at least 30 minutes before attempting alignment. 

NOTE 
Thermal stabilization is extremely 
important to the accuracy of the 
al ignment. Do not bypass or shortcut 
this step. 

• press the WRITE PROTECT swi tch to ensure that the 
alignment cartridge cannot be accidently written on. 

• Set-up oscilloscpe as shown below. 

• Vertical mode = channel A 

• Vertical sensitivity = 20 millivolts/division 

• Vertical coupling = dc 

• sweep time = 0.5 milliseconds/division 

• Trigger source = external 

• Trigger mode = normal 

• Trigger coupling = ac 

• Connect a x10 probe from channel A to TP3 of the G180 
mod ule 

• Connect a x10 probe from the external trigger to 
A02R2 
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POSITIONER TRACK SCALE ALI,GNMENT 
While the cartridge and drive are achieving stabilization, the 

track scale can be checked for accuracy and aligned if necessary. 

• 

• Read the track scale. 
should be at 00. 

Wi th the heads loaded, the scale 

• If the track scale does not read 00, perform the 
steps listed below. 

• Loosen the scale retaining screws (see Figure E-l). 

Figure E-l Location of Scale Retaining Screws 

• Adjust the position track scale to 00. 

• Ensure that the 
posi tioner scale 
each other. 

vernier 
do not 

scale 
touch 

• Tighten the retaining screws. 

(Fig ure E-l) and the 
and are parallel to 

• Push the maintenance switch (Sl) on the H604 module 
down (off). 

• Move the positioner gently through its entire range 
of travel ensur ing that the two scales do not touch 
at any point. 

If the scale reads 00, 
stabilization period. 
following. 

continue wi th the thi rty minute 
When completed, proceed wi th the 
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SEEK TO THE ALIGNMENT CYLINDER (RK05/RK05J) 

• Using the backplane jumper 
string from A07Tl (or any 
points listed below. 

method, connect a jumper 
available ground) to the 

• A08El [CYLINDER ADDRESS 6 (64)] 
• A08Jl [CYLINDER ADDRESS 5 (32)] 
• A08Cl [CYLINDER ADDRESS 3 ( 8)] 
• A08Kl [CYLINDER ADDRESS 0 ( 1)] 

105 

• Ensure that the drive address select switch on the 
M7680/M7700 module is set to the first switch position. 

• Connect a jumper from A08Tl to A08J2, selecting the 
drive. 

• Connect another jumper from B08B1 (STROBE) to B08N2 
(SECTOR PULSE). The positioner should move to the main 
alignment cylinder of 105. The spare cylinders (85 and 
125) should only be used if the main al ignment cy1 inder 
is not usable. 

• Figure E-2 shows how to read the position track scale to 
verify the movement of the positioner to cylinder 105. 

POSITIONER TRACK SCALE 

50 200 50 lOa 50 

I I I I I I I 

Es 4 2 

,- PERFECTLY ALIGNED 

~VERNIER SCALE Cp·0845 

Figure E-2 How to Read a Vernier 

• If you are unsure of how to read the scale, read the text 
given below. 

• Take the whole number value of the nearest positioner 
track scale marking that is opposite the vernier 
scale triangle. 

• Take the value of the 
aligns perfectly with 
mark ing. 
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• Add the two values (see Figure E-2). The nearest 
positioner track scale marking to the right of the 
triangle is 100. The number on the vernier scale 
that aligns perfectly with a positioner track scale 
marking is 5. Therefore, the scale reads cylinder 
105. 

SEEK TO THE ALIGNMENT CYLINDER (RK05F) 
The RK05-AC alignment cartridge is the same for any RK05 Disk 

Drive. The primary alignment cylinder for an RK05 or an RK05J is 
10S. Due to the doubling of the track density for the RK05F, 
cylinder 105 translates into cylinder 5 of the odd-numbered RK05F 
drive. Space cylinders 85 and 125 cannot be used by an RK05F. 

• S e 1 e c t th e od d - n um be red d r i v e by con n e c tin g a j um pe r 
string from A07Tl (or any available ground pin) to the 
points listed below. 

• A04V1 (SELECT READY) 

• A08K2 (SELEoCT 1) 
ODD DRIVE SELECTION 

• A08M2 (SELECT 3) 

• A08L1 (CYLINDER ADDRESS 2 (4) ] 

• A08K1 (CYLINDER ADDRESS 0 (1) ] 
-5-

• Ensure the drive address select switch on the M7680/M7700 
module is set to the first switch position. 

• Connect a jumper from A08T1 and A08J2, selecting the 
drive. 

• Connect another jumper from B08HI (STROBE) to B08N2 
(SECTOR PULSE). The positioner should move to the main 
alignment cylinder. The positioner track scale will read 
cylinder 105 when the drive is positioned properly. The 
track scale in an RK05F is identical to the track scale 
in an RK05 or RK05J. 

HEAD WAVEFORM CHECK 
The drive and cartridge should be thermally stablized, the 

track scale aligned, the oscilloscope set up and the drive 
positioned to the alignment cylinder, with the lower head 
selected. Observe an oscilloscope display similar to one of those 
shown in Fig ure E-3. 
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NOTE 
The bright horizontal line on the left 
side of the oscilloscope trace indicates 
proper pos it i on ing of the al ignmen t 
sectors on the screen. All odd-numbered 
sectors are represented by Xl (at the 
left side of each display). All even­
numbered sectors are represented by X2 
(at the right side of each display). 

If the line does not appear, adjust the 
oscilloscope level control until it 
doe~. 

a. Extreme misalignment. 
Head close to CYL 104. 
(Further misalignment 
only reduces amplitude 
of signal on right 
side of screen until 
it disappears.) 

b. Head slightly mis­
aligned. Smaller left 
am pI i t ud e i nd i cat e s 
head position less 
than CYL 105. 

Error = -15% 
BRIGHT LINE 
SHOU LD APPEAR 
HERE 

X1 

MA-2750 

X2 

MA-3851 

Figure E-3 RK05K-AC Head Alignment Waveform (Sheet 1 of 3) 
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c. Head correctly aligned 
at CYL 105. Ampl i-
tudes are equal. 

BRIGHT LINE 
SHOULD APPEAR 
HERE 

d. Head slightly mis­
aligned. Larger left 
amplitude indicates 
head position more 
than CYL 105. 

Error = +15% BRIGHT LINE 
SHOU LD APPEAR 
HERE 

e. Head considerably mis­
aligned. Larger left 
amplitude indicates 
head position more 
than CYL 105. 

Error = +72% 
BRIGHT LINE 
SHOULD APPEAR 
HERE 

~----r-_""----'-----"T X 1-.----.---.---.- X 2 

MA-3850 

MA-3643 

Xl X2 

MA-3849 

Figure E-3 RK05K-AC Head Alignment Waveform (Sheet 2 of 3) 
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f. Extreme misalignment. 
Head close to CYL 106. 
(Further misalignment 
only reduces amplitude 
of signal on left side 
of screen until it 
di sappears.) BRIGHT LINE 

SHOU LD APPEAR 
HERE 

MA3810 

Figure E-3 RK05K-AC Head Alignment Waveform (Sheet 3 of 3) 

To calculate percent of error, use the 
formula given below. 

% error = x 100 
Xl + X2 

Xl and X
2 

= amplitudes. The resultant 
sign denotes the direction of error; a 
negative (-) sign indicates that the 
head is back too far. 

• If none of the waveforms appear, the head is misaligned 
so badly that manual movement of the positioner is 
required to find the alignment cylinder. If this is the 
case, proceed directly to the head alignment procedures 
after verifying that the carriage has moved to the 
alignment cylinder. 

• If one of the waveforms is present, note the direction in 
which the head must be adjusted (see Figure E-3) to 
obtain correct alignment. 

NOTE 
Use the formula found with Figure £-3 to 
determine the amount of misalignment. 
Views band d in Figure £-3 illustrate 
the maximum allowable misalignment. No 
head alignment should be performed if 
the amount of misalignment is less than 
15%. 



HEAD ALIGNMENT PROCEDURE 

• Loosen the head clamping and adj ustment screws (Fig ure 
E-4) • 

MOTOR HOUSING 
(PERMANENT MAGNET INSIDE) 

Fig ure E-4 

(a) Older style 

LOWER HEAD 

CLAMP SCREW 7854-2 

(b) Newer Style 

Read/Write Head Adjustments 
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NOTE 
The jumper method of positioning the 
heads has selected the lower read/write 
head for oscilloscope display. Which­
ever method you have used to seek to the 
alignment cylinder, ensure that the 
correct screws are loosened. 

• The RK05 heads generally .. stick" in place and are not 
easily moved. To ensure that no damage will be done to 
the head ta i 1 pi eces, use the proced ure given below to 
adjust the heads. 

• Push the maintenance switch (51) on the H604 module 
down (of f) • 

• Move the positioner in reverse until the rearmost 
stop is reached. 

• Free the sticking head by sliding it to the rear of 
the carriage assembly until the head reaches its 
stop. 

• Move the positioner forward until the inner limit is 
reached. 

• Push the maintenance switch up (on). The positioner 
will automatically perform a restore operation 
followed by a seek to the alignment cylinder. 

• Head is now out of alignment in the negative 
(reverse) direction. The adjustment screw can now be 
used to sl ide the head forward unti 1 the al ignmen t 
data pattern is correct. 

CAUTION 
If you have not freed the sticking head 
before using the adjustment screw, then 
the screw will gouge the adjustment ramp 
on the tailpiece of the head, making 
alignment almost impossible. 

• Snug the head clamp screw with the appropriate 
hex-wrench. 

• Lo 0 sen the ad jus tm e n t s c r e w s 1 i g h t 1 y tor eli eve 
pressure on the adjustment ramp of the head. 

• Observe the oscilloscope waveform while tightening 
the head clamping screw wi th the appropriate torque 
wrench. 
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CAUTION 
Ensure the proper torque wrench is being 
used to tighten the head clamping screw. 
Older carriages use conical-tipped 
screws that apply pressure to the sides 
of the head support arms holding them in 
place. These screws are to be torqued 
down at 55 ounce-inches. 

Newer carriages use brass-tipped screws 
that apply pressure directly on the head 
support arms. These screws are to be 
torqued down at 128 ounce-inches. 

• The alignment waveform may move while you are tightening 
the screws. Observe the amount of movement during the 
tightening process, then loosen the head screws and 
readj ust. Yo u may find that in order to obtain perfect 
alignment after tightening, the adjustment should be made 
such that the tightening process completes the alignment. 
This proced ure will take some amount of practice before 
you feel comfortable with it. 

• Connect a jumper from A07C2 (or any available ground pin) 
to B08M2 selecting the upper head. 

• Repeat the entire alignment procedure (from head waveform 
check) to adj ust the upper head. 

• Upon completion, go to Appendix F and perform the index/ 
sector timing adjustment. 
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APPENDIX F 
INDEX/SECTOR TIMING ADJUSTMENT 

This adj ustment normally follows the head al ignment to check 
and compensate for slight amounts of head skew. If this 
ad jus tm e n tis follow i ng a head ali g nm e nt, s tar t the s e pro c ed u res 
from Step 2. If not, proceed with the steps listed below. 

1. Preliminary Drive Set-Up 

• Unpl ug the ac 1 ine cord. 

• Disconnect the drive interface cable from the drive 
log ic • 

• Install an M930 terminator in its place. 

• Reconnect the ac line cord. 

• Load an RK05-AC alignment cartridge. 

• Press the RUN switch to load the heads. 

• Allow the cartridge to thermally stabilize for at 
least 30 minutes before attempting alignment. 

NOTE 
Thermal stabilization is extremely 
important to the accuracy of the 
al ignment. Do not bypass or shortcut 
this step. 

• Press the WRITE PROTECT swi tch, ensur ing tha t the 
alignment cartridge cannot be accidently written on. 

2. Oscilloscope Set-Up Procedures 

• Vertical mode = channel A 

• Vertical sensitivity = 20 millivolts/division 

• Vertical coupling = dc 

• Sweep time = 10 microseconds/division 

• Trigger mode = normal 

• Trigger source = external 

• Trigger coupling = ac 

• Connect a Xl probe from the external trigger to A02R2 
(INDEX) 
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• Connect a X10 probe from channel A to TP3 of the G180 
module 

3. Read the track scale. With the heads loaded, the scale 
should be at 00. 

4a • Seek to the Al ignment Cyl inder (RK05/0 5J) 

• Using the backplane jumper method, connect a jumper 
string from A07Tl (or any available ground) to the 
points listed belowe 

• 
• • 
• 

A08El [Cylinder address 6 
A08Jl [Cylinder address 5 
A08Cl [Cylinder address 3 
A08Kl [Cylinder address 0 

(64) ] 
(32) ] 
( 8)] 
( 1)] 
105 

• Ensure that the drive address select switch is set to 
the first switch position. 

• Connect a jumper from A08Tl to A08J2, selecting the 
drive. 

• Connect another jumper from B08Hl (S'I'ROBE) to B08N2 
(SECTOR PULSE) '. The positioner should move to the 
main al ignment cyl inder of 105. The spare cylinders 
(85 and 125) should only be used if the main 
alignment cylinder is not usable. 

• Figure F-l shows how to read the position track scale 
to verify the movement of the positioner to cylinder 
105. 

:S:OSITIONER
20

:RACK SCAL:
o 

100 

ALIGNED 

VERNIER SCALE 
CP-0845 

Figure F-l How to Read a Vernier 

• If you are uns ure of how to read the scale, read the 
steps given below. 

• Take the whole number value of the nearest positioner 
track scale marking that is opposite the vernier 
scale triangle. 
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• Take the value of the 
aligns perfectly with 
marking. 

vernier scale 
any positioner 

marking that 
track scale 

• Add the two val ues (see Fig ure F-1). The nearest 
posi tioner track scale marking to the right of the 
triangle is 100. The number on the vernier scale 
tha t a1 igns per fect1y wi th a po si t ioner track sca1 e 
marking is 5. Therefore, the scale reads cy1 inder 
105. 

4b. Seek to the Alignment Cylinder (RK05F) 
The RK05-AC alignment cartridge is the same for any RK05 
Disk Drive. The primary alignment cylinder for an 
RK05/05J is cylinder 105. Due to the doubling of the 
track density for the RK05F, cylinder 105 translates into 
cylinder 5 of the odd-numbered RK05F. Spare cylinders 85 
and 125 cannot be used by an RK05F. 

• Select the odd-numbered drive by connecting a jumper 
string from A07T1 (or any available ground pin) to 
the points listed below. 

• 
• 
• 
• 
• 

• 

A04V1 (SELECT READY) 

A08K2 (SELECT 1) 

A08M2 (SELECT 3) 

A08L1 [Cyl inder 

A08K1 [Cylinder 

Ensure that the 
the M7680/M7700 
posi t ion. 

ODD DRIVE SELECTION 

address 2 (4 ) ] 

address 0 ( 1 ) ] 
-5-

dr ive address 
module is in 

select swi tch on 
the first switch 

• Connect a jumper from A08T1 to A08J2, selecting 
the drive. 

• Connect another jumper from B08H1 (STROBE) to 
B08N2 (SECTOR PULSE). The positioner should move 
to the main al ignment cyl inder. The posi tioner 
track scale will read cylinder 105 when the drive 
i s po sit ion e d pr 0 pe r 1 y • Th e t r a c k s cal e ina n 
RK05F is identical to the track scale in an RK05 
or an RK05J. 

5. The oscilloscope should display a waveform of the lower 
head similar to that shown in Figure F-2. 
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EXTERNAL TRIGGER, 
INDEX PULSE 

(A02R2) 

FIRST RECORDED 
DATA PULSE 

READ FROM DISK 

I- - ~ - -to- -... -... -I- -I- - f- -

- -- ---- - - ---- - - -- - -- -- --'- - - - - - - -

.. ........ 
." 

- - - - - -- - - -- - - - - - - - - -- - - -- - - - -- -
I- - -I- -- - - - - - f- -I- r -

70.±12J1S ·-----+1 .. 1 

INDEX/SECTOR WAVEFORM 

PIN = TP3 AND TP4 
SWEEP = 10JlS/DIV 
VERT SENS = 2V /DIV 

CZ-0293 

Figure F-2 Index/Sector Waveform 

The oscilloscope is triggered on the index pulse of the 
alignment cartridge. The alignment cartridge is designed 
such that, 70 microseconds after the index marker, a 
single data pulse is recorded followed by a stream of 
data. This single pulse may be posi tive- or negative­
go ing. 

6. Measure the time difference between the start of the 
sweep (triggered on the index pulse) and the first 
recorded data pulse on the oscilloscope trace. 

• The tolerance of the time di fference is 70 + 12 
microseconds. If the time difference is not wi thin 
this tolerance, the upper head must next be checked 
to determine the exact amount of misalignment. 

7. To check the upper head, ground 808M2. 

8. Measure the time difference between the start of the 
sweep and the first recorded pulse. 

• The tolerance of the time difference is 70 + 12 
microseconds. 

9. Compute the average of the two measurements. The upper 
head time difference plus the lower head time difference, 
divided by two, equals the average. 

• The average of the two measurem~nts must be 70 
microseconds. 
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10. If the lower head, upper head or average measurements are 
out of specification, adjust R6 on the M7680/M7700 module 
(slot 2) until the average time for the two pulses is 70 
microseconds. The individual pulse requirement of 70 + 
12 microseconds must also be maintained. If these 
requirements cannot be achieved, perform one of the two 
corrective measures listed below. 

• If the time difference of the two timing pulses 
exceeds 24 microseconds, replace the upper head and 
recheck the adjustment. If the difference is now 
within specifications, readjust R6 to achieve the 
average of 70 microseconds between the pulse peaks. 
If, after replacing the upper head, the difference 
between the two pulse peaks is still out of toler­
ance, then the lower head must be replaced, and the 
adjustment rechecked with two new heads. Once the 
difference is within tolerable limits, readjust R6 to 
meet the specification. 

• If the average of the pulse peaks cannot be adjusted 
to 70 microseconds, the sector transducer block must 
be adj usted. 

• If the average is too high, loosen the screws on 
the sector transd ucer and move the transd ucer to 
the right. 

• If the average is too low, loosen the screws on 
the transducer and move the transducer to the 
left. 

• In ei ther case, R6 must be readj usted to achieve an 
average of 70 microseconds between the peaks. 

• If one or both of the read/write heads were replaced, 
then the head al ig nmen t must be per fo rmed (see 
Append ix E). 

• Upon completion of a head alignment and an index/ 
sector timing adjustment, the read data separator 
should be checked and adjusted if necessary. 
Appendix G contains the directions to perform this 
adjustment/check. 
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APPENDIX G 
READ DATA SEPARATOR ADJUSTMENT 

1. Place a scratch cartridge into the drive. 

2. Using the maintenance' switch (Sl on the H604 module), 
manually position the heads at any recorded cylinder past 
zero. 

NOTE 
Allow the heads to load under logic 
control, then place a finger on the 
carriage while opening switch 51. This 
will preclude the possibility of 
carriage motion caused by transient 
switch noise. 

3. Set-Up Oscilloscope 

• vertical mode = channel A 

• Vertical sensitivity = 1 volt/division 

• Trigger source = channel A 

• Vertical coupling = dc 

• Sweep time = 0.1 microseconds/division 

• Trigger mode = normal 

• Trigger coupling = ac 

• Slope = positive 

• Connect channel A probe to TPI of the G180 module 
(slot 1) 

4. Adjust CL (R55; lower pot) on the G180 module fully 
counterclockwise. 

5. Adjust OL (R54; upper pot) on the G180 module fully 
clockwi se • 

6. Adjust R54 upper pot counterclockwise to obtain a 500 +40 
nanosecond pulse. This is measured from the start of the 
rise to the start of the fall. 

NOTE 
Oscilloscope sweep synchronization is 
possible at the sweep start only. 
Disregard the unsynchronized pulses that 
follow. 
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7. Adjust CL (R55; lower pot) clockwise until the 500 
nanosecond pulse decreases in width to 440 + 10 
nanoseconds. This is also measured from the start of the 
rise to the start of the fall. 

NOTE 
A pack with an all-zero data pattern 
will be easier to adjust, although any 
data pattern will suffice. 

NOTE 
Moving the posi tioner to 
cylinder may also aid the 
yielding a clearer 
presentation. 
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