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Removal and Replacement Procedures

RA90/RA92
DISK DRIVE
CHASSIS

BASEPLATE

LATCH
ASSEMBLY
RIBBON
CABLE HDA HDA
CARRIER
CX0-21778

Figure 6-10 HDA Removal

9. If resistance is encountered, attempt to carefully reinsert the HDA and try this procedure again.

It may be necessary to apply a small amount of back pressure before the HDA can be removed
from the chassis.

10. Place the HDA on a grounded, anti-static work surface.

6.11.2 HDA Thermal Stabilization Procedure
The replacement HDA must be thermally stabilized before its moisture barrier bag is opened.

Prior to installation, a replacement HDA must be stored at a temperature of 16°C (60°F) or higher
for a minimum of 24 hours. The HDA may be stored in the computer room or in another storage
room under controlled temperature conditions. If stored in another storage room, the HDA must sit
for an additional hour in the computer room in which it will be installed.

CAUTION

Under no circumstances should the HDA be left overnight in an uncontrolled
temperature environment where cold temperatures could occur (for example, in a car)
and then opened/installed without a 24-hour thermal stabilization period.
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6.11.3 Replacing the HDA

After the thermal stabilization criteria has been met, open the HDA box and carefully cut the
heat-sealed end of the moisture barrier bag. Remove the desiccant from the moisture barrier bag
and the HDA from the foam bag. Save all HDA packing material to repackage the failing HDA.

Use the following procedure to install the replacement HDA:
¢ Slide the HDA into the chassis until the spring-loaded latch locks into place.
WARNING

When reinserting the HDA into the drive chassis, take care not to pinch your fingers.
There is limited clearance between the HDA handle and chassis edges.

¢ Turn the baseplate latch assembly until the latch drops into place and the HDA is secure. To
ensure the HDA is secure, try sliding the drive in and out of the chassis.

¢ Reconnect the ECM-to-PCM ribbon cable.
¢ Run tests T53 and T54 to clear stored (replaced) HDA-related information.

Return the defective HDA in the replacement HDA’s shipping package. Place desiccant inside the
moisture barrier bag before folding and sealing the package. Tape the red tag to the outside of the
sealed HDA package.

6.11.4 Separating the HDA and Carrier

A number of repairs require separating the HDA and carrier. Use the following procedure to
accomplish this:

1. Remove the HDA from the chassis and set it carrier-side up on a grounded, anti-static work
surface (Section 6.11.1).

2. Locate the rear HDA connector and remove the retaining C clips shown in Figure 6-11.
NOTE
Remove the C clips by pressing against the spring-loaded rear HDA connector and,

at the same time, using a small, flat-bladed screwdriver or small needlenose phers to
loosen and remove the clips.

3. Remove the rear HDA connector.

Use a Phillips screwdriver to remove the two screws securing the HDA carrier to the damper
bracket assembly.

5. Completely loosen but do not remove the four Torx-head screws with a Torx T-15 screwdriver.
Refer to Figure 6-11 for the location of the Torz-head screws.

Réverse this procedure to reassemble the HDA and the carrier.
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Figure 6-11 HDA Carrier Separation
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6-16 Removal and Replacement Procedures

6.11.5 Removing the Spindle Ground Brush

This section documents the procedure for removing and replacing the RA90/RA92 spindle ground
brush. Because handling the HDA is necessary, extreme caution must be used.

Refer to Figure 6-12 during this procedure.

HEX-HEAD S oND
SCREWS < BRUSH
COVER

SPINDLE
GROUND
BRUSH

ASSEMBLY

CX0-2180B

Figure 6-12 Spindle Ground Brush Removal
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Remove power from the drive.

Remove the OCP (refer to Section 6.7).

Remove the blower motor assembly (refer to Section 6.8).
Disconnect the ribbon cable from the PCM.

Remove the HDA from the chassis (Section 6.11.1) and set it on a grounded, anti-static work
surface, carrier-side up.

6. Locate the rear HDA connector and remove the retaining C clips shown in Figure 6-11.

w N

o e

NCTE

Remove the C clips by pressing against the spring-loaded rear HDA connector and,
at the same time, using a small, flat-bladed screwdriver or small needlenose pliers to
loosen and remove the clips.

Remove the rear HDA connector.

. Use a Phillips screwdriver to remove the two screws securing the HDA carrier to the damper
bracket assembly (refer to Figure 6-11).

9. Loosen the four Torx-head screws with a Torx T-15 screwdriver. Refer to Figure 6-11 for the
location of the Torx-head screws.

10. Separate the HDA and carrier (refer to Section 6.11.4).

. Locate and remove the sgpindle ground brush cover shown in Figure 6-12.

pd
[

Y]

. Locate and remove the spindle ground brush by removing the two hex-head screws that hold it
in place.

Replace the ground brush then reassemble the HDA and drive assemblies.

6.11.6 Removing the Brake Assembly

This section documents the procedures for removing and replacing the RA90/RA92 brake assembly.
Because handling the HDA is necessary, extreme caution must be used.

You will need a contact extraction tool (Digital Part Number 29-26655—-00) to perform this
procedure. Refer to Figures 6-12, 6-13, and 6-14 while performing this procedure.
CAUTION

Never rotate the actuator or positioner shaft counterclockwise. HDA damage could
occur.

1. Remove power from the drive.

Remove the OCP (refer to Section 6.7).

Remove the blower motor assembly (refer to Section 6.8).
Disconnect the ribbon cable from the PCM.

Remove the HDA from the chassis (Section 6.11.1) and set it on a grounded, anti-static work
surface, carrier side up.

6. Locate the rear HDA connector and remove the retaining C clips shown in Figure 6-11.

AN A

NOTE

Remove the C clips by pressing against the spring-loaded rear HDA connector and,
at the same time, using a small, flat-bladed screwdriver or small needlenose pliers to
loosen and remove the clips.
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Figure 6-13 Contact Extraction Tool
7. Remove the rear HDA connector.

8. Use a Phillips screwdriver to remove the two screws securing the HDA carrier to the damper
- bracket assembly (refer to Figure 6-11).

9. Loosen the four Torx-head screws with a Torxz T-15 screwdriver. Refer to Figure 6-11 for the
location of the Torx-head screws.

10. Separate the HDA and carrier (refer to Section 6.11.4).
11. Locate and trace the brake electrical contacts to the rear HDA connector.

12. Extract the brake electrical contacts (contacts 4 and 5) from the rear HDA connector using the
contact extraction tool from the kit.

13. Align the contact extraction tool with the front of the connector. Align the lance release tip

with the lance release slot, making sure to align the tip with the contact cavity. Refer to
Figure 6-13.
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Figure 6-14 RA90/RA92 Brake Assembly Removal/Replacement

14.

15.

16.
17.
18.
19.
20.

Push the lance release tip in until the locking lance (metal tip inside contact pin) is released
from the slot.

Hold the connector firm and push the handle of the contact extraction tool forward. The contact
should back out of the rear of the connector.

Remove the contact extraction tool and pull the brake contact from the back of the connector.
Locate and remove the spindle ground brush cover (refer to Figure 6-12).

Locate and remove the spindle ground brush.

Use a 5/32 Allen wrench to remove brake hold-down screws (refer to Figure 6-14).

Note the hex shape of the spindle and matching hex shape of the brake hub.
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21. Orient the brake hub to the spindle and fit them together. Do not rotate spindle
counterclockwise.

22. Secure the brake to the baseplate with the brake hold-down screws. Refer to Figure 6-14.
23. Replace the spindle ground brush.
24. Reinstall the spindle ground brush cover.

25. Insert brake electrical contacts into slots 5 and 6 in the connector. (Ensure a secure fit by
tugging on leads.)

26. Reassemble the HDA to the HDA carrier.
27. Attach the rear HDA connector and C clips.
28. Reassemble the drive.

29. Install the HDA into the drive chassis.

6.11.7 Spindle Lock Solenoid Failure

This section covers solenoid failures. The solenocid is not a replaceable FRU; however, its failure
prevents the heads from loading and data from being recovered.

To preclude the loss of data because of a solenoid failure, this procedure allows you to bypass the
solenoid long enough to recover the data and back it up onto another disk drive or tape unit.

CAUTION

Attempt this procedure only under the worst possible situations; that is, if customer
backup data is not current or work in progress must be recovered. After performing this
procedure and recovering the data, replace the HDA according to Section 6.11.3.

Refer to Figure 6-15 while performing this procedure.
Remove power from the drive.

Remove the OCP (refer to Section 6.7).

Remove the blower motor assembly (refer to Section 6.8).

Remove the HDA from the chassis (Section 6.11.1) and set it on a grounded, anti-static work
surface, carrier side up.

5. Locate the rear HDA connector and remove the retaining C clips shown in Figure 6-11.

LR .

NOTE

Remove the C clips by pressing against the spring-loaded rear HDA connector and,
at the same time, using a small, flat-bladed screwdriver or small needlenose pliers to
loosen and remove the clips.

Remove the rear HDA connector.

7. Use a Phillips screwdriver to remove the two screws securing the HDA carrier to the damper
bracket assembly.

8. Loosen the four Torx-head screws with a Torx T-15 screwdriver. Refer to Figure 611 for the
location of the Torx-head screws.

9. Separate the HDA and carrier (refer to Section 6.11.4).
10. Locate the solenocid (refer to Figure 6-15).
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Figure 6-15 Disabling the Solenoid for In-Field Data Recovery
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11.

12,
13.
14.
15.

16.

17.

18.

Disconnect the electrical leads from the solenoid and place electrical tape over the lead contacts
to prevent shorting.

Loosen and remove the positioner lock solenoid hold-down screws with a T-15 Torx wrench.
Remove the solenocid and set it aside.
Reinstall the solenoid hold-down screws to the baseplate and tighten slightly.

Loop a piece of 20-gauge wire (or equivalent) approximately 6 inches long through the solenoid
armature as shown in Figure 6-15.

Secure one end of the wire around one of the solenoid hold-down screws and tighten the screw
securely onto the wire.

After looping the wire through the solencid armature, gently pull the solenoid plunger away
from the positioner/actuator assembly until it stops (approximately a quarter inch).

Loop the loose end of wire around the second hold-down screw and tighten the screw securely
onto the looped wire.

CAUTION

Ensure both sides of the wire are secure and that the solenoid plunger is held back.
The aim of this procedure is to recover customer data. If the solenoid plunger slips
back, it will cause the solenoid armature to allow the positioner/actuator assembly to
lock. Data recovery will then be unsuccessful.

Reassemble the HDA, carrier, and drive.

After data has been recovered, replace the HDA according to the HDA replacement procedure in
Section 6.11.3. When returning the old HDA from the field, also return the failed solenoid.

6.12 Removing the Power Supply

This section documents the procedures for removing and replacing the RA90/RA92 power supply.

Ensure you have removed power from the correct drive. Proceed with caution whenever working
with high voltages. Refer to Figure 6-16 while performing this procedure.

WARNING :
When removing and replacing drive components, take care not to pinch your fingers.
There is limited clearance between the HDA handle and chassis edges.

Spin down the drive.

Turn off the drive circuit breaker to remove power from the drive.

Note port cable connector locations when removing the power supply.

Remove the power cord from the rear of the drive.

Remove other cables that may interfere with the power supply removal.

Loosen the bottom two quarter-turn fasteners by turning in a counterclockwise direction.
Support the bottom of the power supply with one hand.

Loosen the top two quarter-turn fasteners by turning in a counterclockwise direction.

© ® N o vk W N

Remove the power supply.
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Figure 6~16 Power Supply Removai

CAUTION
The power supply weighs approximately 6.8 kilograms (15 pounds). It must be supported
when being removed from the drive.

Reverse this process to replace the power supply. Check the line voltage selector switch to ensure
you have the correct voltage for your area.
6.13 Removing/Replacing the Rear Flex Cable Assembly

This section documents the procedures for removing and replacing the RA90 and RA92 rear flex
cable assembly. To facilitate the removal of the rear flex cable assembly, first remove the drive
HDA, power supply, and ECM. After these drive components have been removed, remove the drive
chassis from the cabinet and place it on a grounded, anti-static work surface.
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To remove the rear flex cable assembly (refer to Figure 6-17):

1.
2.
3.

Loosen the four Allen screws holding the rear panel assembly to the drive chassis.
Remove the 15 contact springs. Set the contact springs aside.

Remove the four Allen screws and set the rear panel assembly aside. (Set aside the drive serial
number label bracket.)

BLACK FEMALE

DIP SWITCH FLEX ECM CONNECTOR
PACKS (DIP CABLE ALLEN
SHUNTS) (2) ASSEMBLY SCREW

DRIVE S/N
ADHESIVE- LABEL BRACKET
BACKED

CABLE CLAMP

DIVIDER (REMOVE)

CONTACT
SPRINGS (15)

” ALLEN
SCREW (4)
D / HELICAL-SPLIT
WASHER (4)
' GREEN MALE

REAR CONNECTOR

DRIVE HARDWARE
REVISION SWITCH PACK
CXO-2990A

Figure 6-17 Rear Flex Cable Assembly Removal

The next step requires the removal of the rear flex cable assembly. There are a number of adhesive-
backed cable clamps used to secure the rear flex cable assembly in place. The cable clamps all
open toward the rear of the drive with one exception; locate and remove this "one" cable clamp to
facilitate removal of the rear flex cable assembly. (See Figure 6-17 for the location of this clamp.)

4.
5.
6.

Remove the two Allen-head screws that secure the green male rear connector to its bracket.
Remove the two C clips that secure the black ECM female connector to its bracket.

Remove the rear flex cable assembly.
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The next step requires the replacement of the rear flex cable assembly. Lay the replacement rear
flex cable assembly out next to the one being replaced. Set the dip switches on the new rear flex
cable assembly to the exact settings from the replaced one. By hand, bend the rear flex cable
assembly 90 degrees in the same places as the original assembly.

NOTE
Future flex cable assemblies may use dip shunt switch packs rather than dip switch
packs. A shunt open = switch open or off.

7.

9.

10.
11.
12.
13.
14.
15.

Place the rear flex cable assembly on the rear panel assembly with the two connectors on their
proper brackets.

Secure the green male rear connector to its bracket with the two (previously removed) Allen-
head screws.

Secure the black female ECM connector to its bracket with the two (previously removed) C clips.
Replace the previously removed adhesive-backed cable clamp.

Loosely attach the rear panel assembly to the rear of the drive chassis.

Replace the 15 contact springs.

Secure the rear panel assembly by tightening the Allen screws.

Return the drive chassis to the cabinet.

Return the drive components to the drive chassis.

6.14 Media Removal Service for Customers
The on-site media removal and disposal service is an exclusive Digital Customer Services offering.

The following tools are needed to remove drive media from the HDA. Digital part numbers for these
tools are listed in Table 6-1:

L

© ® N e ook W

1/16 Allen wrench

3/32 Allen wrench

5/32 Allen wrench

3/16 Allen wrench

Torx size T-15 wrench

Torx size T-15 socket wrench
Pliers

Diagonal cut pliers
Needlenose pliers

10. Medium Phillips screwdriver

11.

Flat-bladed screwdriver
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Table 6—1 Digital Part Numbers for Recommended Tools

Technical Description Part Number
Ballpoint hex screwdriver blade, 1/16" 29-26111-00
Ballpoint hex screwdriver blade, 3/32" 29-26113-00
Ballpoint hex screwdriver blade, 5/32" 29-26117-00
Ballpoint hex screwdriver blade, 3/16" 29-26118-00
Pliers, diagonal cutters, 4" 29-19328-00
Pliers, long needlenose 29--13461-00
Socket, Torx T-15 29-27275-01
Screwdriver, Torx T-15 29-22772-00
Screwdriver blade, Phillips # 1 29-11001-00
Screwdriver blade, slotted, 3/16" 29-10988-00
Screwdriver blade, Torx T-15 29-22772-00
Screwdriver blade, Torx T-10 29-26947-01

To remove the media from the HDA (refer to Figures 6-18 and 6-19):

1

2.

Remove the PCM from the HDA and store it in an ESD bag for return to Customer Services
Logistics. Use proper ESD procedures.

Remove the four Torx head screws, or three Torx head screws and one medium Phillips-head
screw that secure the PCM plug to the HDA chassis.

Remove the HDA from the drive chassis (refer to Section 6.11.1).
Separate the HDA and carrier (refer to Section 6.11.4).

Use a Phillips screwdriver to remove the actuator counterweight located at the end of the
positioner shaft.

Use a 3/8-inch open-end wrench or a pair of medium-sized needlenose pliers to hold the 3/8-inch
nut on the positioner motor assembly located near the center of the shaft. This is a locking
nut for an expander bolt holding the positioner coil assembly to the positioner shaft. Hold

the nut and, at the same time, loosen the 3/32 Allen screw with a 3/32 Allen wrench. Turn
counterclockwise until the 3/32 Allen screw, the 3/8-inch nut, and expander bolt assembly can
be removed.

Use a medium-sized Phillips screwdriver to remove the three retaining screws holding the

. positioner motor assembly to the HDA baseplate.

Cut the flex leads from the positioner motor to the HDA electrical socket with diagonal cutters.

Firmly grasp the positioner motor assembly at the end of the positioner shaft and lift up. If you
have difficulty sliding the positioner motor assembly off the end of the positioner shaft:

¢ Loosen the four crash stop Allen screws using a 5/32 and 1/16 Allen wrench. Turn screws in
a counterclockwise direction.

* Reattempt to remove the positioner motor assembly from the positioner shaft.

DIGITAL INTERNAL USE ONLY



TOP COVER
TORX-HEAD

Removal and Replacement Procedures 6-27

CXO-2991A

m.
z <
o
iy L = (9
[1 4 u.ﬂ < >
[¢) . - =
» (V) o
o >
= 2
Y 2=
<0 w W
O«
En
7}
8
axT

AN

AT
..

Ve ———

POSITIONER/HEAD ASSEMBLY)

SCREWS (TO SECURE

(0]
o
s
w
X

AIR FILTER
ASSEMBLY

DIGITAL INTERNAL USE ONLY

Figure 6-18 HDA Media Removal — Top View
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Figure 619 HDA Media Removal — Bottom View

10. Use a flat-bladed screwdriver to detach the spring clip that secures the positioner lock pin into
the positioner collar.

11. Remove the solenoid armature that connects the lock pin to the solenoid from the lock pin.
Using a pair of needlenose pliers, remove the lock pin from the positioner shaft.

12. Use a Torx T-15 wrench to remove the three screws used to secure the positioner/head assembly
to the baseplate.
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13.

14.
15.

16.
17.
18.

19.

20.
21.
. Use a Torx T-15 internal socket wrench to remove the six (6) male Torx-head screws securing

R 8

Removal and Replacement Procedures 6-29

Use a Torx T-15 wrench to remove the two (in some cases three) screws that secure the internal
airfoil. All Torx screws should now be removed from the bottom of the baseplate.

Turn the HDA over to access top cover Torx-head screws.

Use a Torx T-15 head wrench to remove the 13 top cover Torx-head screws (refer to
Figure 6-18).

Remove the top cover of the HDA.
Remove the internal air filter assembly from the HDA.

Remove the HDA filter fence from the HDA assembly. It may be necessary to rotate the
positioner/head assembly so the heads are toward the inner guardband area of the media.

Push the loose PCM plug out of the chassis and maneuver the PCM plug and its attached cable
assembly so the positioner/head assembly can be removed from the chassis.

Rotate the positioner out of the way as you manually unload the heads from the media.
Lift the entire positioner/head assembly out of the HDA chassis.

the top clamp ring on the media stack, and lift clamp rings, media, and spacer rings from the
spindle hub.

. Give the media to the customer.
. Collect all loose pieces of hardware and remove from the site. Return hardware to Customer

Services Logistics for proper disposal.
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Microcode Update Procedure

7.1 Introduction

This chapter describes the procedure for updating RA90/RA92 disk drive microcode when a new
version of the microcode is released.

7.2 Microcode Update Cartridge Description

The microcode update cartridge is a ROM assembly that contains updated microcode for the
RA90/RA92 disk drive microprocessor. Figure 7-1 shows the microcode update cartridge.

To update the RAS0/RA92 microcode, insert the cartridge in the microcode update port and run
T40.

MICROCODE
UPDATE
CARTRIDGE

CX0-2164A

Figure 7-1  Microcode Update Cartridge
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7.3 Microcode Update Port Description

The microcode update port is a cutout in the operator control panel (OCP). It is located below and
to the left of the Run switch. Figure 7-2 shows the location of the RAS0/RA92 microcode update

port.
To access the microcode update port, it is necessary to remove the cabinet front access panel.

ocP

MICROCODE
UPDATE
PORT

MICROCODE
UPDATE

/ CARTRIDGE

CX0-2165C

Figure 7-2 Microcode Update Port
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7.4 Running Test 40 (T40)

T40 is a microcode subroutine used to load the new microcode from the microcode update cartridge
into the master processor. The new microcode may be intended as a servo microcode update, a
diagnostic update, or a functional microcode update.

During update, the new microcode is downloaded to its destination EEPROM in three separate
passes. Each pass takes approximately 20 seconds. The pass count is displayed in the OCP
alphanumeric display during the update procedure.

Pass one reads the cartridge, calculates and verifies the checksum in the cartridge, and verifies the
microcode consistency codes. If pass one fails, the update is aborted and an appropriate error code
is generated. ‘

Pass two writes the even pages in EEPROM (16 bytes). An even page is defined as BIT04 of the
EEPROM address equal to zero.

Pass three writes the odd pages in EEPROM. An odd page is defined as BIT04 of the EEPROM
address equal to one.

After the microcode is fully loaded (indicated by [C 40]), the drive performs a reset and goes
through its normal power-up sequence of internal diagnostics. The OCP performs a reset, returns
the drive to its normal operating state, and displays the unit address.

7.5 Updating the Microcode

Remove the cabinet front access panel before beginning the microcode update procedure. Refer to
Section 6.6 for the front access panel removal procedure.

Use the following procedure when updating drive microcode:

1. Load the microcode update cartridge in the microcode update port.

2. Load test T40 (drive must be spun down).

3. Start test T40.

The following occurs in the OCP display (where S = start, P = pass, C = completed):
[S 491 (2 seconds).

[P 1] (20 seconds) Pass one checks PROM to be loaded.

[P 2] (20 seconds) Pass two writes the new code into the even pages in EEPROM.
[P 3] (20 seconds) Pass three writes the new code into the odd pages in EEPROM.
[C 40] (1 second) Update is complete.

[WAIT] (10 seconds) Exits test mode and goes through power-up hardcore sequence.
[0000] Returns to display the drive unit address.

Remove the microcode update cartridge from the OCP and replace the cabinet front access panel.
Select the appropriate port switches to return the drive to the available state.

[y

N o ok N

7.5.1 Error Codes/Common Problems During Microcode Update

The most common problems encountered during a microcode update are as listed by error code in
Table 7-1.
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Table 7-1 Common Error Codes/Problems During Microcode Update

Solution

Error Code  Reason

BD The microcode cartridge was not
detected.

BC The cartridge checksum was incorrect.

BE Cartridge and EPROM consistency
check failed.

FD An EEPROM checksum error
occurred.

Reseat the microcode update cartridge.

Reseat the cartridge and retry the update. If

it still fails, either replace the OCP or try

the cartridge in another drive. Acquire a new
microcode cartridge if necessary.

Reseat the cartridge and try again. If the same
error occurs, replace the cartridge with one
containing compatible code.

Attempt to reload the cartridge code. If the failure

occurs again, electronic control module (ECM)
replacement may be necessary.
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Capturing Information for LARS and CHAMPS

This appendix contains sample LARS for installation and general troubleshooting of field
replaceable units (FRUs) in the field.
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LINE ACT REPAIR DEC OPTION VAR DEC OPT. 8/N TvYP

[l (1 Oel] FIEEITIA BIAEREE] [

ECM WITH VAXeimPLUS THEORY CODE:

LINE ACT  REPAIR DEC OPTION VAR
TIME CAL

[ (0 (o] FIEEITIAT] AR [

DEC OPT. 8/N TYP

TESTS

iﬁ [ole]s]«]tfo]e]efo] -Trfols[t[r] fo]n]elo] T T [2]
] [T [ [a [ [ T T T TP Iels P T TTTTTTT] [2]
[ [IITAl T[T TT TP TTTTTTTT] [2]
] (DMl [ALT P TT T Tels [T TTTTTTT] [
] [IM e[ Al P T T TIelsFI TTTTTTT] [2]

?2!1(. FAIL AREA - MODULE - FCO - COMMENTS

o} [lcIo] Telefe] Te[eT T T T Tele"TeloT [2[oeTs] [

AUTHORIZED
T

ACT FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED
TAK TESTS

E] EER T L PP ERFEEIERRR [

WHERE XX AND YY ARE VAXsimPLUS SUPPLIED NUMBERS

CXO0-21698
Sheet 1 of 3
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FOR HDA REPLACEMENT:
LINE ACT REPAIR DEC OPTION VAR DEC OPT. 8/N
TIME

TYP
CAL

[ [ [T EREETTTA] A1 O

FOR HDA WITH VAXsimPLUS THEORY CODE:

LINE ACT REMPEAIR DEC OPTION VAR DEC OPT. /N

[ (0 CIoTe] FIaTefeT TT [cIx]a]e]e]e]e]

FOR PCM REPLACEMENT:

REPAIR DEC OPTION VAR
TIME

LINE ACT DEC OPT. S/N

TYp
CAL

0

TYP
CAL

[ (10 [l FLELTTI] KeIelIT1] (I

FOR PCM REPLACEMENT WITH VAXsimPLUS THEORY CODE:

LINE ACT REPAIR DEC OPTION VAR DEC OPT. S/N
TIME

TYP
CAL

[ (1 [TeI] FIABTTIAT] [<IeleleIe[:Te] [

FOR BLOWER REPLACEMENT:
LINE ACT REPAIR DEC OPTION VAR DEC OPT. 8/N
TIME

(] (L0 CIeTe] [rIaTefeT I-TaT [eIx]etTe]1o]

FOR BLOWER REPLACEMENT WITH VAXsimPLUS THEORY CODE:

LINE ACT REPAIR DEC OPTION VAR DEC OPT. /N

A [T [TH FREETED EREFERE

TYP
CAL

[e]

TYP
CAL

[e]

ACT
TAK

O

ACT
TAK

0

ACT
TAK

O

ACT
TAK

O

ACT

TAK

[e]

ACT

TAK
[o] EIcWRD T T Is [ I DI le s Te[eJe [e [ ToTo] []

FAIL AREA - MODULE - FCO - COMMENTS

AUTHORIZED
TESTS

[#Jo[alz] Tefele] T+IoT+ T T Tefel7TeTe] TeToTe]s] [

Z= L AND R FOR LEFT AND RIGKT MOUNTED DR. (FRONT VIEW)
HDAZ HEAD ONE ECC ERRORS

FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED
TESTS

(+lofalz[ [T Js T <] IvT T [elxJe]s [eJeTe o]7Te] [

WHERE X AND Y ARE VAXsimPLUS SUPPLIED NUMBER

FAIL AREA - MODULE - FCO - COMMIENTS AUTHORIZED

TESTS

(rle[w] le[nfr]eTe] T T 1T [eTe]rTeTeTe]eleT=T] (]

FAIL AREA - MODULE - FGO - COMMENTS

AUTHORIZED

TESTS
lleful [+].Jvfe] [x[x] [v]v][s[afr]e]e]e]e]o]e]1] []

FAIL AREA - MODULE - FCO - COMMENTS

WHERE XX AND YY ARE VAXsimPLUS SUPPLIED NUMBERS

AUTHORIZED
TESTS

2]elwln] Infofr[o]v] [ T T Jelx[7]e]eTs]2] Jo o] []

OR THE APPARENT CAUSE: FROZEN WON'T TURN

FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED

TESTS

WHERE XX AND YY ARE VAXeimPLUS SUPPLIED NUMBERS
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FOR POWER SUPPLY REPLACEMENT:

LINE ACT REPAIR DEC OPTION VAR DEC OPT. S/N
TIME

(] 1 CIele] (FIATeTeT TIAT] [elxfelel ]12]

FOR POWER SUPPLY WITH VAXsimPLUS THEORY CODE:

LINE ACT REPAIR DEC OPTION VAR DEC OPT. 8/N
TIME

[ (10 CIele] (FIATTTT-IAT T [exIz]el T2]2]

FOR OCP REPLACEMENT:

LNE  ACT  REPAIR DECOPTION VAR DEC OPT. 8/N
[l (1] [Jele] [pIATTeT T-TaT T [cIx]e]e] T21:]
FOR MISCELLANEOUS PARTS:
LUNE  ACT  REPAR DECOPTION VAR DEG OPT. 8/N
TIME
[l (1 CLIe] [r]alelel T-TaT ] [elxfzle]]z1z]
FOR §A800 REPAIRS:
UNE  ACT  REPAIR DECOPTION VAR DEC OPT. 8/N

[\ 1 (TeIe] [e]alelelel-To~] [eIxTe]ele]=]-]

TYP
CAL

a

TYP
CAL

[e]

TYP
CAL

[e]

TYP
CAL

[c]

TYP
CAL

(=]

ACT FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED
TAK TESTS

(] [Pe] Telrfowlefaln]sT T T Telxe[* [ [e[eT:Te]e] []

NO VOLTAQGE; NO POS 24V ERR 22

#2; FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED
TS

€] PRI T R EEEER [

WHERE XX AND YY ARE VAXsimPLUS SUPPLIED NUMBER

ACT FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED
TAK TESTS
[o] [efelr[ [-Telo] Jolo [ [ TT TolxTe T e =]+ T=[+]

SEQMENT OUT OR SWITCH I8 BROKEN

#2;{ FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED

BIﬂﬁﬂlddﬁdﬂlﬂﬂﬂﬂIlllllllTW??

ITEM REPAIRED

AcT FAIL AREA - MODULE - FCO - COMMENTS AUTHORIZED

TAK TESTS

[] [T IrlelTal T Telrele o] oo\ T TTT 1] [OJ
‘ CXO-21608

Sheet3 01 3
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RAS0/RA92 Error Recovery Levels

RA90 and RA92 disk drives incorporate hardware error recovery as part of the RA90/RA92 circuitry.
Read data circuitry is altered any time the controller issues error recovery commands.

Generally, error recovery is used to assist the controller during unrecoverable or uncorrectable
errors. The intent is to enhance the controller/disk interaction to recover data that might otherwise

be lost.

The RAS0/RA92 hardware recovery circuitry is divided into six functional areas, as shown in

Table B-1.

Table B-1 RA90/RAS82 Hardware Error Recovery Circuits

Circuit

Description

READ THRESHOLD GAIN

HOLD-OVER ONE-SHOT

SKEW READ GATE

FAST LOCK DELAY

OFFSET OF HEADS

WRITE DIAGNOSTICS

There are two ways to increase the chances of reading data from a potentially
bad spot on a disk: increase read threshold or decrease read threshold. The
drive determines whether information coming off the disk is either too weak
or too strong and consequently increases or decreases the read circuitry
amplitude in an attempt to recover information.

VCO control voltage is held stable to prevent large phase errors during a
momentary loss of read pulses from the disk.

A delay of one or two byte times is introduced between the moment the SDI
gate array {on the VO-R/W module) receives the READ GATE signal from the
SDI controller and the time the I’'O-R/'W moduie acis upon the READ GATE
signal. The amount of delay (skew) changes for each revolution of the disk
when the index pulse is received. The skew time is one byte time for odd
revolutions of the disk and two byte times for even revolutions of the disk.

Fast lock delay is accomplished by the R/'W ENDEC chip. The drive software
enables fast lock delay through Misc. /O Port O (bit <4> ) with a 2.24-
microsecond delay in addition to the delayed gate gignal.

Positive and negative offsets can be applied to the servo circuitry during
attempted reads. Six combinations of offsets are utilized in the RA90. These
include plus or minus offsets of 5%, 10%, 12.4%, or 20% of the track width.

Thin-film heads can sometimes take on the characteristics of the magnetic
media. The buildup of this magnetic field in the heads interferes with the
drive’s ability to read the surface of the disk. Running write current through
the heads usually breaks up the magnetic alignment of the thin-film heads
substrata layers. This level of error recovery writes internal diagnostics
within the dedicated inner guardband to eliminate this problem. With normal
drive operations, this should rarely be a problem.

DIGITAL INTERNAL USE ONLY B-1



B-2 RAS0/RA92 Error Recovery Levels

The RA90/RA92 error recovery circuits are activated when the SDI controller issues an SDI ERROR
RECOVERY command to the drive. This occurs after the controller has exhausted its read retry
count (five for the RA90/RA92). An error recovery level is specified by the controller in the SDI
ERROR RECOVERY command. The level number specifies which combination of error recovery
circuits the drive is to employ. There is no controller intervention in the actual drive error recovery
process.

RA90 and RA92 disk drives employ 14 levels of error recovery, as shown in Table B-2.

Table B-2 RA90/RA92 Error Recovery Levels
Level Description

Diagnostic writes (to clear head domain cluttering).

14 Offset of heads by dedicated servo to +5% (offset is towards outer guardband).
13 Offset of heads by dedicated servo to -5% (offset is towards inner guardband).
12 Offzet of heads by dedicated servo to +10%.

11 Offset of heads by dedicated servo to -10%.

10 Offset of heads by dedicated servo to +12.4%.

9 Offset of heads by dedicated servo to -12.4%.

8 Offset of heads by dedicated servo to +20%.

7 Offset of heads by dedicated servo to -20%.

6 Enable hold-over one shot.

5 Fast lock delay level.

4 Turn on low threshold.

3 Turn on high threshold.

2 Turn on read gate delay.

1

0

NOP: This is the normal default state of the drive. No error recovery circuits are activated.

The drive supplies the controller with the number of error recovery levels it has at its command.
This is done by the drive in response to a GET COMMON CHARACTERISTICS command from the
controller. The actual mechanism is transparent to the user, but works as follows:

During a read data operation, the controller reads a block of data from the disk. If there are no
ECC errors, data is passed to the host operating system. However, if the controller detects an ECC
error, it compares the number of ECC symbols in error to the drive’s ECC error symbol threshold.
The RA90/RA92 disk drive has an error symbol threshold of six.

As long as the error symbol threshold has not been reached, the controller can correct the data. If
the error symbol threshold is equaled or exceeded, the drive then sends an error to the host error

log and sets the BBR (bad block replacement) flag. The BBR process is actually implemented at a
later time.

The controller then determines if it can correct the data. If the data is uncorrectable, the controller
examines the drive’s common characteristics to determine the drive’s read retry count parameter.
The RA90/RA92 disk drive has a read retry count of five.

If, after exhausting the read retry count on a block of data, the data is still uncorrectable, the
controller determines if the drive has error recovery capabilities. The RA90/RA92 disk drive has 14
error recovery levels (see Table B—2). The controller issues an ERROR RECOVERY command to the
drive. The drive then initiates the first level of error recovery. In the case of the RA90/RA92, level
14 is used first and the drive decrements down to zero. The RA90/RA92 activates the appropriate
hardware circuits corresponding to a level 14 error recovery. The controller repeats the entire read
data block process including, if necessary, the read retry process.
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RAS0/RAS2 Error Recovery Levels B-3

If the data has still not been recovered, the controller issues another ERROR RECOVERY
command, this time specifying level 13. Again, the drive error recovery process starts and continues
until the data has been recovered or all the error recovery levels have been tried. If the read retry
operation fails and the error recovery levels fail, the controller returns an error to the host and

BBR is implemented on that biock of data.
The error recovery mechanism is not restricted to ECC errors encountered during reads. Header-
related errors may also cause the hardware error recovery levels to be implemented.
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Customer Equipment Maintenance

This appendix will assist customers in maintaining their equipment to ensure the highest level of
equipment performance and reliability. Specifically, this appendix addresses the mainienance of
60-inch storage array cabinet systems.

C.1 Customer Responsibilities

The customer is directly responsible for:

* Supplying accessories, including storage racks, cabinetry, tables and chairs, as required.

¢ Making the appropriate documentation available in a location convenient to the system.

¢ Obtaining cleaning supplies specified in this appendix.

* Performing the specific equipment maintenance described in this appendix.

C.1.1 Cleaning Supplies
To properly maintain the equipment, the customer must acquire the following items and supplies:
e Vacuum cleaner with flexible hose and nonmetallic, soft-bristle brush attachment
* Isopropyl alcohol (at least 91%) (Digital P/N 29-19665)
¢ Lint-free tissues or cloths
¢ All-purpose spray cleaner
CAUTION

When using spray cleaner, do not spray cleaner directly into computer equipment.
This could adversely affect equipment reliability or damage electrical components.

C.1.2 Ongoing Equipment Care
The following should be performed on an ongoing basis:
* Keep the immediate area in front of the storage array cabinets free of obstructions.

* Keep the exterior of the cabinets and the surrounding area clean. Use a lint-free cloth and
isopropyl alcohol to remove sticky residue left on painted surfaces by customer cabinet number
labels, and so forth.

* Maintain the site temperature/humidity to comply with Digital’s recommended environmental

range (reference product-specific documentation). This will ensure the highest product
reliability and product life goals are achieved.
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C-2 Customer Equipment Maintenance

C.1.3 Monthly Equipment Maintenance
The following tasks should be performed on a monthly basis, or more often if environment warrants:
CAUTION

Avoid touching the operator control panel switches during cleaning operations. The
state of the drives could change and affect the operation of the subsystem.

¢ Vacuum and/or wipe top of storage array cabinet with a lint-free cloth.

¢ With a soft-bristle brush attachment, vacuum the air vent grill on the front door of the storage
array cabinet. Leave the front door assembly attached to the storage array cabinet while

vacuuming.

C.1.4 Maintenance Records

Digital suggests the customer keep an accurate log of all equipment maintenance. A maintenance
log form for 60-inch storage array cabinets is included in this appendix for customer use. This
form may be reproduced and inserted in the customer’s site management guide for record-keeping

purposes. Refer to Figure C-1.
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Customer Equipment Maintenance C-3

CUSTOMER EQUIPMENT MAINTENANCE LOG
FOR STORAGE ARRAY CABINETS

MATE »~
I a N UF

SERVICE [TYPE OF SERVICE PERFORMED | CABINET S/N |CABINET S/N | CABINET S/N [ CABINET S/N

CXO-2084A

Figure C-1 Customer Equipment Maintenance Log for Storage Array Cabinets
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D

Customer Services’ Preventative Maintenance

The information contained in this appendix will assist Digital Customer Services engineers in
performing and pianning preventative maintenance (PM) procedures for RASO/RAO2 disk drive
products.

D.1 PM Checklist for RA90/RA92 Disk Drives

The following preventative maintenance steps should be performed by Digital Customer Services on
a scheduled basis at specified intervals. The PM checklist is a per storage element checklist.

Due to the frequency of this activity, we suggest that you record this activity on the RAS0/RA92
Preventative Maintenance Activity Log provided in this section. This log sheet may be reproduced
and inserted in the site management guide, as appropriate.

One-Year Interval

Perform the following PM steps at 1-year intervals:

1. Utilize VAXsimPLUS to obtain the repair history of each disk drive. Examine the drive error
profile over various lengths of time to determine whether a proactive repair may be warranted.
Examination may include opening up the time window for the last week, last month, and last 3
months. Deeper examination of error logs may be necessary if there are any error rate trends
of concern. (Time: 10:00 minutes for basic error analysis with VAXsimPLUS)

2. Remove the drive(s) from service. (Time: 2:00 minutes)

3. Remove the cabinet front access panel or bezel assembly. Remove and clean each cabinet
pre-filter or air vent grill as necessary. (Time: 5:00 minutes)

4. Determine the drive microcode revision levels by examining subsystem printouts or running
drive test T45. Update microcode to the latest compatible functional revision as necessary.
(Time: 3:00 minutes)

5. From the rear of the cabinet at the I/O bulkhead panel, verify the SDI cables are dressed and
' routed in an orderly fashion to prevent the cables from being tripped over or stepped on.

6. Verify the SDI connectors are securely attached to the I/O bulkhead panel.
7. Return the drive(s) to service.

The yearly PM steps can be accomplished in approximately 20 minutes per drive. Servicing more
than one drive at a time will result in reduced time per drive.

DIGITAL INTERNAL USE ONLY D1



D-2 Customer Services' Preventative Maintenance

Two-Year Interval
Perform the following PM steps at 2-year intervals:

1.
2.
3.

4.

5.
6.

Remove the drive(s) from service. (Time: 2:00 minutes)
Remove drive power.

Remove the OCP and blower bezel assembly. Visually inspect the drive chassis interior for
debris. If considerable dirt/lint is present, remove the electronic control module (ECM) assembly
and heac)i disk assembly (HDA) then vacuum the chassis. Reassemble the drive. (Time: 10:00
minutes

Power up the drive and determine whether the blower motor quickly attains its speed and the
drive becomes ready. (Time: 2:00 minutes)

Execute drive internal test T0OO for one pass. (Time: 10:00 minutes)
Return the drive(s) to service.

The 2-year interval PM steps can be accomplished in approximately 24 minutes per drive. Servicing
more than one drive at a time will result in reduced time per drive.

Five-Year interval (for the HDA)

In addition to the 1- and 2-year interval PM steps prev:ously described, perfarm the following step
at 5-year intervals:

1

Remove and replace the spindle ground brush using procedures contained in this manual.

The 5-year interval PM steps should be accomplished within 40 minutes per drive.
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Customer Services' Preventative Maintenance D-3

RA90/RA92 PREVENTATIVE MAINTENANCE ACTIVITY LOG
FOR EACH RAS0/RA92 STORAGE ELEMENT

DRIVE TYPE (circie one) RASO / RAS2

DRIVE SERIAL NUMBER
CABINET CABINET S/N
ECM HDA
DATE OF MICROCODE
SERVICE MAINTENANCE ACTIVITY REV LEVEL S/N REV S/N REV

CXO-2083A
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Index

Acceptance testing, 2-13

drive spun down, 2-18
drive spun up, 2-19

Add-on installation, 2-22
Address selection, 2-20

BBR algorithms, 5-48
BBR packet, 548
Blower/bezel motor assembly removal,

6-7

Blower motor, dual outlet, 3-12
Brake assembly removal, 6-17

Cluster installation note, 2-20
Controller byte, 5-5
Correctable ECC errors, 5-48

=

Cylinder address bytes, 5-8

Data rates, 1-6
Data storage capacity

RA90 disk drive, 1-1
RA92 disk drive, 1-1

Deskidding cabinets, 2-5
Diagnostics

host-level, 5-37
HSC-based, 5-37
KDM-based, 5-37

off-line, 5-37

power-up, 2-16
standalone, 5-37

XDA controller-based, 5-38

Diagnostics and utilities

Average Seek Timing test (T38), 4-14
Clear DD Bit utility (T55), 4-21
Clear Seeks utility (T53), 4-21

Clear Spinups utility (T54), 4-21

Diagnostics and utilities (cont'd.)

Display Drive Serial Number utility
(T47), 4-20

Display Error Log Errors utility (T41),
4-16

Display Seeks utility (T43), 4-17

Display Spinups utility (T44), 4-18

Display Time utility (T24), 4-17

Drive Revision Level utility (T45),
4-18

Drive S/N Bus test (T04), 4-7

Drive-Sensed Temperature Display
utility (T29), 4-12

Error Log Checkpoint utility (T50),
4-21

Gray Code (Track Counter) test (T29),
4-12

Guardband test (T30), 4-12

Hardcore Sequence Test (T18), 4-11

HDA Revision utility (T46), 4-20

Head Select and One Seek test
sequence (T24), 4-12

Head Select test (T06), 4-8

Head Select utility (T63), 4-22

Head Switch Timing test (T39), 4-15

idle loop tests (spun down), 4-2

idle loop tests (spun up), 4-2

Incremental Seek test (T31), 4-13

individual descriptions, 4-5

Loop-Off utility (T62), 4-22

Loop-On-Error utility (T61), 4-22

Loop-On-Test utility (T60), 4-21

Master CPU test, 4-5

Master RAM test, 4-5

Master ROM test (T01), 46

Master Timer test (T02), 4-6

Minimum Seek Timing test (T36),
4-14

One Seek utility (T64), 4-23

power-up, 4-1 '

problem OCP displays, 4-3

Random Seek test (T33), 4-13

Read/Write Force Fault test (T16),
411

Index 1



2 Index

Diagnostics and utilities (cont’d.)
Read/Write Sequence test (T'19), 4-11
Read-Only Cylinder Formatter test
(T17), 411

Read-Only test (T14), 4-9

SDI Loopback test (external) (T09),
4-9

SDI Loopback test (internal) (T08),
49

Sector/Byte Counter test (T07), 4-8

Seek Parameter Input utility (T65),
4-23

sequence tests, 4-2

Serial Communications Interface test,
4-6

Servo Data Bus Loopback test (T03),
4-6

Servo RAM test, 4-6

Servo Spinup Sequence test (T20),
4-11

Tapered Seek test (T34), 4-13

Toggle Seek test (T32), 4-13

Total Drive Sequence test (spinning)
(T22), 4-12

Total Drive Sequence test (spun down)
(T23), 4-12

Total Servo Sequence test (T21), 4-11

Update Cartridge utility (spun down)
(T40), 4-15,7-3

Variable Average Seek Timing test
(Te6), 4-25

Write/Read test (T15), 4-9

Documentation
related, xiii
troubleshooting, 5-1
Drive unit address
alternate display mode, 3-21
programming, 3-19

ECM
description, 3-3
I/O-R/W module, 3-3
module types, compatibility, 3-3
removal, 6-10
servo module, 3-5
Electrical specifications, 1-7
Electronic control module
See ECM
Electrostatic protection
See ESD protection
Environmental limits, 1-7
Error byte, 54
Error code byte, 5-9
Error codes
during acceptance testing, 2-20

Error codes (cont’d.)
OCP, 2-18
Error descriptions

A0 Unable to Clear SDI Array Safety
Status Register, 5-93

A1l Unable to Force Encoder Error,
5-93

A2 Unable to Force Multiple Head
Select While Reading, 5-93

A3 Unable to Force Write Gate and
Write Unsafe, 5-94

A4 Unable to Force Write Current and
No Write Gate, 5-94

A5 Unable to Force Write Gate and No
Write Current, 5-94

A6 Unable to Force Read Gate and Off
Track Error, 5-94

A7 Unable to Force Write Gate and Off
Track Error, 5-94

A8 Unable to Force Read and Write
Fault While Writing, 5-95

A9 Servo Fault/Force Fault Test, 5-95

AB Forced Read and Write Fault While
Reading, 5-95

4A Drive Disabled by Controller (DD
Bit Set), 5-75

AD UART Overrun or Framing Error,
5-95

5A Embedded Head Gain Calibration,
5-78

7A Embedded Offset/Gain Calibration
Timeout, 5-84

AE OCP Data Packet Checksum Error,
5-95

AF OCP Start Byte is Not a Sync
Character, 5-96

9A Positioner Corrected Event During
Data Transfer, 5-91

0A SDI Incorrect Command Opcode
Parity Error, 5-56

1A SDI Invalid Cylinder Address,
5-63

2A SDI Invalid Subunit Specified,
5-68

8A Servo Processor Inside of
Destination Track During Settle
State, 5-88

33 Attempt to Write Through Bursts,
5-70

6A Unable to Force No-Sync Error,
5-81

3A Write Gate and Write-Protected,
5-72

BO OCP Invalid Response, 5-96

B2 OCP Retransmit Failure, 5-96

B3 OCP Command Unsuccessful, 5-96

B4 OCP Command Timeout, 5-97



Error descriptions (cont’d.)

B6 Master Processor UART Loopback
Test Failure, 5-97

B8 Master Processor UART
Transmitter/Receiver Error, 5-97

B9 OCP-to-Master Processor
Communications Timeout Failure,
5-97

BA OCP NMI Timeout Failure, 5-97

5B Bias Calibration Error, 5-78

BB OCP Processor ROM Checksum
Failure, 5-98

BC Cartridge Checksum Failure, 5-98

BD Microcode Update Cartridge
Detection Failure, 5-98

BE Cartridge/EEPROM/Master
Processor Consistency Check,
5-98

BF Error Log Write Compare Error,
5-99

8B Gray Code Error After Settling With

Fine Track, 5-88

3B Hard INIT Occwurred to Drive, 5-72

4B Index Error, 5-75
1B Inner Guardband Error, 5-64

7B Invalid Test While Spindie Running,

5-84

6B R/W Write/Read Test Overall
Failure (Three or More Bad
Heads), 5-81

2B SDI Invalid Diagnose Memory
Region Location, 5-68

0B SDI Invalid Opcode, 5-56

9B Write and Positioner Corrected
Event, 5-91

CO Hardware Revigion and Microcode
Incompatibility, 5-99

C1 Outer Guardband Detected After
HEAD LOAD Command, 5-100

C2 Inner Guardband Detected After
HEAD LOAD Command, 5-100

C3 Seek to Outer Guardband Failed,
5-100

C4 Seek to Outer Guardband Not
Detected, 5-101

C5 HDA and ECM Incompatibility,
5-101

C6 PLO Failure, 5-101

C7 Seek to Inner Guardband Failed,
5-101

C8 Inner Guardband Not Detected
After Seek to Inner Guardband,
5-102

C9 Analog Loop Test Failure, 5-102

CA Media Not Spinning, 5-102

98 Can’t Execute Diagnostic/Jumper,
5-91

Error descriptions (cont'd.)

64 Cannot Clear IID Error Bits, 5-80

67 Cannot Execute Write Test (Read-
Only Test Failed or Not Run First),
5-80

CC Servo Processor Recalibrate Failed,
5-102

CD Track Counter (Gray Code), 5-103

CE EEPROM Write Cycle Timeout,
5-103

CF Invalid Data in EEPROM, 5-103

7C Gray Code Match Error After
Settling, 5-85

5C Incorrect Diagnostic Index or Sector
Pulse, 5-78

1C Outer Guardband Error, 5-64

6C R/'W Write/Read Test Partial Failure
(One or Two Bad Heads), 5-81

9C Read Gate and Positioner Corrected
Event, 5-92

0C SDI Command Length Error
(IVL2), 5-57

4C SDI Invalid Write Memory Region
Error, 5-75

2C SDI Spindle Not Ready with
Seek/Recalibration Command,
5-68

8C Uncalibrated and PLO Error, 5-88

58 Dedicated Head Gain Calibration
Error, 5-77

79 Dedicated Servo Calibration
Timeout Error, 5-84

7D Embedded Interrupt Timeout,
5-85

9D Error Log Header Corrupted, 5-92

3D HDA Read/Write Interlock Broken,
5-72

65 Diagnostic Index or Sector Not
Detected, 5-80

61 Diagnostic Index Sync Timeout
Error, 5-79

1D Illegal Servo Fault, 5-64

8D Polarity Error on Velocity Command
During a Multi-Track Seek, 5-88

2D Power Supply Over-Temperature,
5-69

42 Drive Not On Line/SEEK Command
Issued, 5-73

0D SDI Invalid Command with Drive
Error, 5-57

55 DSP Sanity Timeout After Load,
5-77

6D Unable to Force Read Gate and
Write Gate Together, 5-82

4D Write Gate and Bad Embedded
Servo Information, 5-76

EO Spindle Rotation Not Detected,
5-103

Index



index

Error descriptions (cont'd.)

E1 Spindle Speed Out Of Range,
5-104

E2 A/D or D/A Converter Insane,
5-104

E3 Excessive Positioner Current
During Test, 5-104

E4 Open Circuit Detected During
Power Amp Toggle Test, 5-104

E5 Overcurrent Detected During
Actuator Test, 5-105

E6 Track Counter Clear Failure,
5-105 -

E7 Illegal Zone Detected, 5-105

E8 Outer Guardband Timeout, 5-106

E9 Gray Code Timeout During the
Turnaround State, 5-106

EA Gray Code Timeout During Outer
Guardband State, 5-107

EB Sector Pulse Timeout During Sync-
Up State, 5-107

EC Servo Fault and PLO Fault Bit Set
in GASP, 5-107

OE Drive Faulted, Test Cannot Run,
5-93

ED Servo Watchdog Timeout, 5-107

EE Servo Digital Signal Processor
Reset, 5-107

EF Head Unload Failed, 5-108

7E Fine Track Lost After Settling,
5-85

22 Electronic Control Module Over-
Temperature Error, 5-66

8E Master Processor ROM/EEPROM
Consistency Code Mismatch, 5-89

59 Embedded Servo Offset Calibration
Error, 5-78

34 ENDEC Encoder Error, 5-70

3E OCP Interlock Broken, 5-73

. 1E Power-Up After AC Power Loss,
5-64

OE SDI Lvl 1 Invalid Select Group
Number, 5-57

2E SDI Spinup Inhibited by Controller
Flags, 5-69

6E Unable to Force Write Gate and
Write Protect Error, 5-82

FO Servo Microcode Update Failed,
5-108

F1 Command to Servo Processor Timed
Out, 5-108

F3 Servo Spinup Failed, 5-108

F4 Servo Spindown Failed, 5-109

F5 Seek Failed, 5-109

F6 Head Switch Failed, 5-109

F7 RTZ Failed, 5-109

F8 Head Load Failed, 5-109

Error descriptions (cont’d.)

F9 Diagnostic Command Failed, 5-110

FA Servo Processor Failed Seek to DGN
Write Cylinder, 5-110

FB Servo Processor Failed Seek to
DGN Read Cylinder, 5-110

FD EEPROM Checksum Error, 5-111

6F Diagnostic Write Attempted While
Write-Protected, 5-82

8F EEPROM Checksum Failure, 5-89

9F Error Log Check Point Code, 5-93

4F Invalid Select Group (Level 1
Command) - Not Read/Write
Ready, 5-76

44 Format Command and Format Not
Enabled, 5-74

2F SDI RUN Command with Run
Switch in Stop Position, 5-69

OF SDI Write Enable on a Write-
Protected Drive, 5-57

1F Sector Overrun Error, 5-65

7F Servo Settling Timer Expired, 5-85

77 Head Load Timeout Error, 5-84

14 Head Offset Margin Event, 5-62

15 Head Offset Out-of-Band Error,
5-62

54 Head Select Register Loopback
Error, 5-77

93 Inner Guardband/Servo Fault: No
Interrupt Detected, 5-89

92 Inner Guardband Without a Servo
Fault Set, 5-89

49 Invalid Command During
TOPOLOGY Command, 5-75

47 Invalid Disconnect Command/TT Bit
Error, 5-74

05 Invalid Drive Serial Number Code,
5-55

46 Invalid Hardware Fault, 5-74

48 Invalid Write Memory Byte
Counter/Offset Error, 5-75

24 Loss of Fine Track During Data
Transfer, 5-66 -

88 Master Processor EEPROM Write
Violation Error, 5-87

85 Master Processor RAM Test Failure,
5-87

87 Master Processor ROM Checksum
Failure, 5-87

80 Master Processor ROM Consistency
Code Mismatch, 5-86

57 Master Processor Timer Failure,
5-77

11 Microcode Cartridge Load Occurred,
5-58

06 Microcode Fault, 5-55



Error descriptions (cont’d.)

91 No Interrupt Detected During R'W
Force Fault, 5-89

74 Offset Timeout Error, 5-83

80 Read/Write Head Select Failure,
5-79

38 Read Gate and Multiple Head Chips
Selected, 5-71

45 Read Gate and Off Track Both
Asserted, 5-74

31 Read Gate and Write Gate Both
Asserted, 5-70

32 Read or Write While Faulted, 5-70

62 Read Test Overall Read Failure
(Three or More Bad Heads), 5-79

63 Read Test Partial Failure (One or
Two Bad Heads), 5-79

86 Read Test Servo Failure, 5-80

71 Recalibrate Timeout Error, 5-82

10 SDI Command Length Error (LVL2),
5-58

96 SDI Failure: Port B, 5-90

07 SDI Frame Sequence Error, 5-55

29 SDI Invalid Error Recovery Level
Specified, 5-68

19 SDI Invaiid Format Request, 5-83

16 SDI Invalid Group Select LVL2,
5-62

40 SDI Invalid Read Memory Region
Error, 5-73

94 SDI Loopback Test Failure on Both
Ports, 5-90

09 SDI Lvl 1 Framing Error, 5-56

08 SDI Lvl 2 Checksum Error, 5-56

17 SDI Port A Command/Response
Timeout, 5-83

18 SDI Port B Command/Response
Timeout, 5-63

20 SDI RTCS Parity Error, 5-65

95 SDI Test Failure: Port A, 5-90

21 SDI Transfer (Pulse) Error, 5-65

51 Sector/Byte Counter Error, 5-76

89 Seek Speed Out of Range, 5-87

50 Servo Data Bus Failure, 5-76

25 Servo Fault Error, 5-66

27 Servo Over-Temperature Error at
S1, 5-67

Error descriptions (cont’d.)

53 Servo Processor Offset Error, 5-77

76 Servo Processor Sanity Timeout,
5-83

84 Servo Processor Seek Direction
Error, 5-87

72 Servo Processor Seek Timeout,
5-83

81 Servo Processor Settle State
Timeout, 5-86

70 Servo Processor Spinup Timeout,
5-82

75 Servo Processor Unload Timeout,
5-83

56 Servo RAM Test Failure (High Byte
of Address), 5-77

52 Servo RAM Test Failure (Low Byte
of Address), 5-76

13 Spindle Motor Control Fault, 5-59

01 Spindle Motor Transducer Timeout,
5-54

01 @ Spindle Motor Transducer
Timeout @, 5-53

03 Spindle Not Accelerating During
Spinup, 5-54

26 Spindle Speed Error (Serve
Processor), 5-67

12 Spindle Speed Unsafe Error, 5-58

04 Spinup Too Long to Lock on Speed,
5-54

02 Spinup Too Slow, 5-54

86 Static RAM Failure, 5--87

43 TCR and Not Read/Write Ready
Fault, 5-74

68 This Diagnostic Cannot Execute
Without Software Jumper, 5-81

69 Unabie to Force Compare Error,
5-81

90 Unable to Force Index Error, 5-89

36 Write and Servo Uncalibrated,
5-71

35 Write and Write Unsafe, 5-71

30 Write Current and No Write Gate,
5-69

37 Write Gate and No Write Current,
5-71

39 Write Gate and Off Track, 5-72

index

28 Servo Over-Temperature Error at Error logs, 14
S2, 587 Error recovery level byte, 5-9

78 Servo Processor Bias Force Error recovery levels, B-1
Calibration Timeout, 5-84 Error recovery Levels

82 Servo Processor Coarse Velocity NOP: no operation., B-2
State Timeout, 5-86 Errors related to media

83 Servo Processor Fine Velocity State See media errors

Timeout, 5-86
73 Servo Processor Head Switch
Timeout, 5-83

ESD protection, 1-8
wrist strap use, 1-8



6 Index

F

Fault display mode setup, 3-16
Floor loading, 2-3
Front access panel, removal, 2-7

H

HDA
brake assembly removal, 6-17
carrier separation, 6-14
description, 3-10
hardware compatibility, 3-12
installation, 6-14
removal, 6-12
spindle ground brush removal, 6-16
HDA preventative maintenance, D-2
HDA revision bits byte, 5-6
Host error logs, 5-2

1/0-R/W module

description, 3-3

hardware revision matrix, 3-5
Idle loop testing, 2-16
Input current (amps), 1-7
Inrush current, 1-6
Installation note, cluster, 2-20

L

Labeling, OCP, 2-13
Lamp test, OCP, 2-16
LARS examples, A-1
Latency, 1-6

Level A Retry, 549
Level B Retry, 5-49
Leveling cabinets, 2-6
Logical media layout, 1-3

Maintenance activity log, C-3, D-2
Maintenance strategy, 1-3, 1-4
Manufacturing fault code, 5-9
Media errors, 5-32
drive or controller port not defined
(random R/W errors), 5-35
excessive number of blocks replaced
because of R’W path problems,
5-33
isolating random R/W transfer errors,
5-35
LBN correlated to a physical cylinder,
5-34
LBN correlation to a single group
(head), 5-33

Media errors (cont'd.)
LBN correlation to multiple groups
(heads), 5-34
LBNs correlated to zone write
boundaries, 5-34
multiple controllers report same errors,
5-35
repeating LBNs/RBNs, 5-33
single controller port affected, 5-35
Media removal service, 6-25
Microcode
compatibility with drive FRUs, 3-13
Microcode update procedure, 7-3
microcode update cartridge description,
7-1
running T40, 7-3
update port description, 7-2
Mode byte, 5-4
MSCP status/event
6B, 5-49
MSLG$_LEVEL, 5-46
MSLG$_RETRY, 5-46

N
Normal mode setup, 3-15

o

oCP

functions, 3-14

removal, 6-6
OCP error codes, 2-18
OCP labeling, international, 2-13
OCP lamp test, 2-16
On line

placing drive on line, 2-20
Operating temperature and humidity,

2-3

Operator Control Panel
See OCP

P

Part numbers, ECM components, 3-3
Parts removal sequence, 6-3
PCM

description, 3-7

removal, 6-11

switch pack settings, 3-9
Phase requirements, 2-1
Physical characteristics, 1-6
Physical media layout, 1-3
Positioner errors, 5-49
Power, applying to drive, 2-14
Power and safety precautions, 2-1
Power cord connections, 2-11



Power dissipation, 1-7
Power supply

available voltages, 3-12

removal, 6-22
Power supply location, drive, 2-12
Power-up

resident diagnostics, 2-16
Preamp control module

See PCM
Preventative maintenance

customer responsibilities, C-1

Customer Services’ responsibilities,

D-1

maintenance activity log, D-2
Previous command opcode byte, 56
Programming the unit address, 2-20

Rear access panel, removal, 2-9

Rear flex cable removal, 6-23

Removal/replacement procedures
bezel and blower motor assembly

separation, 6-9

blower/bezel motor assembly removal,

6-7

brake assembly removal, 6-17
contact extraction tool, 6-20
ECM removal, 6-10
front access panel removal, 6—4
FRUEs, sequence for removal, 6-3
HDA and carrier separation, 6-14
HDA installation, 6-14
HDA removal, 6-12
media removal service, 6-25
OCP removal, -8
PCM removal, 6-11
power supply removal, 6-22
rear access panel removal, 6-4
rear flex cable removal, 6-23
solenoid removal, 6-22
spindle ground brush removal, 6-16
spindle lock solenoid failure, 6-20
tools checklist, 6-3

Request byte, 5-3

Response opcode byte, 5-3

Retry count byte, 5-5

S

SDI cable connections, 2-10
Sector format, 1-1
Seek times, 1-5, 4-5
Sequence diagnostics, 4-2
Service delivery strategy, 1-4
Servo module

description, 3-5

index

Servo module (cont’d.)

hardware revision matrix, 3-7
Site preparation and planning, 2-1
Software jumper, 44
Specifications, RA90/RA92, 1-§
Spindle ground brush removal, 6-16
Spindle lock solenoid failure, 6-20
Start/stop time, 1-6
Status/event codes

14, 5-48

34, 5-46, 5-48,5-49

54, 5-48

74, 5-48

94, 548

2A, 5-32

1A8, 5-48

1AB, 5-31

AB, 5-31

14B, 5-29

4B, 5-29

10B, 5-29

8B, 5-30

16B, 5-31

18B, 5-31

2B, 5-32

6B, 5-49

B4, 5-48

1C8, 548

CB, 5-30

D4, 548

E8, 5-44,5-49

1E8, 5-48
Status bytes

extended, 5-2

generic, 54
Subunit mask byts, 5-3

T

Temperature, affect on drive performance,
4-5
Test selection from OCP, 2-16
Theory
drive operations and theory, 3-1
Thermal stabilization, 2-3
Tools checklist, 6-3
Training, 5-1
Troubleshooting
bad block replacement (BBR), 5-24
controller byte, 5-5
controiler-detected communication
events and faults, 5-30
controller-detected drive clock dropout,
5-31
controller-detected drive failed
initialization, 5-31



Index

Troubleshooting (cont’d.)

controller-detected drive ignored
initialization, 5-31

controller-detected EDC errors, 5-28

controller-detected loss of read/write
ready, 5-30

controller-detected lost receiver ready,
5-30

controller-detected protocol and
transmission errors without
communications errors, 5-29

controller-detected pulse or state parity
errors, 5-29

controller-detected receiver ready
collision, 5-31

controller-detected SERDES error,
5-32

correctable ECC errors, 5-48

cylinder address bytes, 5-6

data collection steps, 5-26

DBN conversion, RA90, 5-6

DBN conversion, RA92, 5-8

drive-detected drive errors and
diagnostic faults (DDDE), 5-27

drive-detected protocol errors without
communication errors (DDPE),
5-27

drive-detected pulse or state parity
errors, 5-27

drive internal error log, 5-9, 5-27

drive-resident utility dump (T41),
5-14

error byte, 54

error code byte, 5-9

error recovery level byte, 5-9

error reporting mechanisms, 5-1, 5-15

exiting data collection/action list
process, 5-39

extended status bytes, 5-2

FRU replacement stage, 5-40

general information, 5-16

HDA revision bits byte, 5-6

host console/user terminal trails, 5-24

. host error log, 5-25

host error logs, 5-2, 5-23

host-level diagnostics, 5-37

host-level diagnostics and utilities,
5-16

HSC-based diagnostics, 5-37

HSC console log, 5-24, 5-26

HSC console utility: DKUTIL, 5-12

Troubleshooting (cont'd.)

miscellaneous checks, 5-36

mode byte, 5-4

OCP fault indicator/error codes, 5-14,
5-25

off-line diagnostics, 5-37

other means (to identify problem drive),
5-24

performance issues when no errors are
being logged, 5-41

post-verification testing, 540

Power OK indicator, 5-14

pre-verifying drive symptoms, 5-25

previous command opcode byte, 5-6

priority order of DSA errors, 5-27

RBN conversion, RA90, 5-6

RBN conversion, RA92, 5-8

receiver ready collisions: acceptable
rates, 5-31

receiver ready collisions: unacceptable
rates, 5-31

recommended training, 5-1

reference material, 5-1

request byte, 5-3

resident diagnostics limitations, 5-16

response opcode byte, 5-3

retry count byte, 5-5

returning disk to customer, 541

SDI drive command timeout, 5-32

standalone diagnostics, 5-37

status/event 6B, 5-52

step-by-step procedure, 5-16

subunit mask byte, 5-3

uncorrectable ECC errors, 5-44

unit number low byte, 5-3

unusual problems, 5-38

VAXsimPLUS, 5-2,5-23, 5-25

VMS mount verification, 5-42

worksheet, 5-23

XBN conversion, RA90, 5-6

XBN conversion, RA92, 5-8

XDA controller-based diagnostics,
5-38

Uncorrectable ECC errors, 5—44

hard, 5-44
soft, 5-46

Unit address

see drive unit address

identifying the problem drive, 5-23
identifying the problem FRU, 5-24
KDM-based diagnostics, 5-37

LBN conversion, RA90, 5-6

LBN conversion, RA92, 5-8
manufacturing fault code, 5-9

Unit number low byte, 5-3
Unpacking, 60-inch cabinets, 2-3
Updating microcode

See microcode update procedure
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VAXsimPLUS, 5-2

Voltage (frequency) selection
power supply, 2-13



