


































































































































































































5.4.21 Block 21 • Decode Status Words 
Block 21 of the flowchart assumes that the error log report is decoded as an SDI error format type. (Format 
code equals 03.) SDr error format reports contain useful information on the UDA and disk drive in the SDI 
status message. 

For VMS error log reports, the SDI status word information is found on the MSLG$ZSDI line. It is reported 
as three lines of hexadecimal data. 

For RSTS/E error log reports, the SDI status word information is given in words 22 through 27 of the MSCP 
packet. This information is given in an octal word format. 

5.4.22 Block 22 • Run SPEAR, If Available 
Run the SPEAR (Standard Package for Error Analysis and Reporting) program if it is available on your oper­
ating system. SPEAR goes beyond the typical error log capabilties. It not only accumulates data, but has the 
capability of analyzing and predicting which FRU is at fault. SPEAR is a library of functions that sorts, eval­
uates, and reports on events recorded in the local system event file. 

SPEAR is currently used on TOPS-IO, TOPS-20, and VMS operating systems. Plans are underway to incor­
porate the RA60 and other RA drives under its diagnostic analysis though it is uncertain when this added tool 
will become available. 

A SPEAR Reference Card can be ordered from Printing and Circulation Services under part number EK­
SPEAR-RC-002. This reference card summarizes the SPEAR function codes, system event codes, and pro­
vides other useful information. 

If SPEAR is unavailable, consult the operating system manager for permission to run the subsystem diagnos­
tics. This will involve a temporary timeout in customer system use. 

5.4.23 Block 23 . Did SPEAR Pick Out A Bad FRU? 
If the SPEAR program did not pick out a failing FRU, consult with the operating system manager to see if the 
suspect disk drive can be taken off-line to run the drive-resident diagnostics with the hand held terminal. It is 
important to consult with the system manager before taking the drive off-line since the operating system may 
depend on the disk pack for a system image or back-up file. 

After approval is received, place the suspect disk off-line by releasing the two port switches on the front of 
the drive. Then run the drive-resident diagnostics described in block 7. 

If the SPEAR program suggests a faulty FRU, go to block 24. 

5.4.24 Block 24 • Replace The FRU Suggested By SPEAR 
Again, consult the system manager before placing the disk drive off-line. If the drive is already off-line, then 
there is no danger of bringing down the customer's operating system. The disk drive is placed off-line by 
releasing the two front panel port switches. Use the RA60 Service Manual to see how to replace the FRU. 

5.4.25 Block 25 • Obtain System Manager Approval 
It is strongly recommended to consult the system manager before you remove the disk drive off-line in case 
the operating system depends on the disk drive in question for a system image or back-up file. 

The customer must relinquish the system before you can run the host-resident subsystem diagnostics. Go to 
block 10 to see how to run the subsystem level diagnostics. 
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5.5 THE STATUS MESSAGE 
The last line of the sample error message printout shown below gives the status message. The status message is a 
result of the controller issuing a get status command to the drive. 

CZUDC SFT ERR 00008 ON UNIT 00 TST ooa UB 000 pc: 0210aa 
DISK EXERCISER DM PC:532a UDA AT 172150 DRIVE 032 RUNTIME 0:00:37 
TIMEOUT OF DRIVE DURING WRITE ATTEMPT 
WRITE ATTEMPT RETRIES: 0 
L/DBN NUMBER 5252 
ACTUAL L/R/DBN ) 
TRK 1 GRP 0 CYL 8 
ORIGIN OF LAST SEEK WAS CYL 5 GROUP 1 
REAL TIME DRIVE STATE 8001 
STATUS: SCOl 1100 0000 OAOO 0000 0813 1020 

5.5.1 LAYOUT OF THE STATUS MESSAGE 
The status message consists of 28 numbers arranged into seven groups of four hexadecimal digits. Each group of 
four hexadecimal digits can be decoded into two status bytes as shown in Figure 5-6. Only bytes 2 through 15 are 
printed in the status message error printout. Status bytes 2 through 8 give some general status information about 
the drive and the controller. Status bytes 9 through 15 give drive specific information about the RA60 drive under 
test. 

STATUS: 9Clo1 111°0 °°1°0 0:r: °T: 
06

1
13 

1°1
20 

BYTE: 15 1 a 13 12 11 10 5 a 3 2 
CZ-0937 

Figure 5-6 Separating the Status Message into Bytes 

After separating the two hexadecimal digits in each status byte, use the bit map chart in Figure 5-7 to decode the 
bit mnemonics (letter abbreviations). Since each hexadecimal digit is represented by four binary bits, you will 
find a total of eight binary bits in each status byte of Figure 5-6. 

Decode the bit mnemonics present in the drive status message and use Table 5-4 to look up the meaning of the 
mnemonics. 
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BYTE 1 

BYTE 2 

BYTE 3 

BYTE 4 

BYTE 5 

BYTE 6 

BYTE 7 

BYTE 8 

BYTE 9 

BYTE 10 

BYTE 11 

BYTE 12 

BYTE 13 

BYTE 14 

BYTE 15 

MSB LSB 

RESPONSE CODE 

UNIT 

SUBUNIT MASK HI UNIT 

OA RR DR SR EL PS RU 

W4 W3 W2 W1 DD FO DB S7 

DE RE PE DF WE 

S4 S3 S2 S1 C1 C2 C3 C4 

RETRY COUNT/FAILURE CODE 

PREVIOUS LOW PHYSICAL CYLINDER ADDRESS 

PREVIOUS HIGH PHYSICAL CYLINDER ADDRESS 

PREVIOUS HEAD ADDRESS 

CURRENT LOW PHYSICAL CYLINDER ADDRESS 

CURRENT HIGH PHYSICAL CYLINDER ADDRESS 

CURRENT HEAD ADDRESS 

DRIVE ERROR CODE 

CZ-0938 

Figure 5-7 Bit Map of the Drive Status Message Bytes 
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Table 5-4 Bit Description of Status Message Bytes 

STATUS 
BYTE DESCRIPTION 

Byte 1 Response Code Field - Byte 1 is the response code to a controller command. Byte 1 is not printed 
out in the status message. 

Byte 2 Unit Number - The unit number consists of two hexadecimal digits representing the unit number 
of the selected disk drive returning the status (0-254). On RA drives, the unit address is set by the 
front panel READY plug. 

Byte 3 Subunit Mask - The subunit mask is a four-bit representation of the subunit that is returning the 
status message. The right-most bit position represents subunit o. The left-most bit position 
represents subunit 3. Only one bit can be set at a time. UDA50 subsystems can handle only drives 
with up to two subunits (mutiple packs or software groups). Therefore, the valid numbers in this 
status byte can only be a hexadecimal 1 or 2. For drives that contain no subunits (e.g. the RA80, 
RA81, and RA60), the right-most bit position is always set indicating subunit o. 

Byte 3 High Unit Number - Byte 3 contains the upper four bits to a 12-bit (three hexadecimal digits) unit 
number. For example, if the drive unit number were 136, the hexadecimal 1 would be present in 
byte 3. 

Byte 4 OA - A logical 1 in this position indicates the drive is unavailable to the UDA50. A logical 0 
indicates the drive is available to the UDA50. 

Byte 4 RR - A logical 1 in this position indicates that the drive requires an internal readjustment. Some 
drives do not use this bit. 

Byte 4 DR - A logical 1 in this position indicates that there is a request for a diagnostic to be loaded in 
the drive microprocessor memory. A logical 0 indicates that no diagnostic is being requested of the 
host system. 

Byte 4 SR - A logical 1 in this position indicates that the drive spindle is up to speed. A logical 0 
indicates the drive spindle is not up to speed. 

Byte 4 EL - A logical 1 in this bit position indicates that there is drive specific information available in 
the extended status area of drive memory. This extended status area information is found in bytes 9 
through 15 in the VAX/VMS error report SDI message. In the RSTS/E error report, the extended 
status area information is found in words 24 through 27 of the MSCP packet message field. A 
logical 0 indicates that no information is available in the extended status area. 

Byte 4 PS - A logical 1 in this bit position indicates that the drive port select switch for this controller is 
pushed in (selected). A logical 0 indicates that the port switch is out. 

Byte 4 RU - A logical 1 in this position indicates that the RUN/STOP switch is pushed in (RUN). A 
logical 0 indicates the switch is out (STOP). 

Byte 5 W4-Wl - Logical Is in any of these four bit positions represent the write-protect status for the 
sub-unit represented. (e.g., a 000 1 indicates that sub-unit 0 within the selected drive is 
write-protected.) RSTS/E does not support sub-units. 

Byte 5 DD - A logical 1 in this bit position indicates that the drive has been disabled by a controller error 
routine or diagnostic. The FA UL T light is on when this bit is set. A logical 0 indicates that the drive 
was enabled by a controller error routine or diagnostic . 

Byte 5 FO - A logical 1 in this position indicates that the drive can be formatted. 
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Table 5-4 Bit Description of Status Message Bytes (Cont.) 

STATUS 
BYTE BIT DESCRIPTION 

Byte 5 DB - A logical 1 in this position indicates that the diagnostic cylinders on the drive can be 
accessed. 

Byte 5 S7 - A logical 1 in this bit position indicates that the 576 byte sector format (18 bit words) is 
selected. A logical zero indicates that the 512 byte sector format (16 bit words) is selected. RSTS/E 
and VMS have 512 bytes per sector. 

Byte 6 DE - A logical 1 in this position indicates that a drive error has occurred and the drive FAULT 
light may be on. 

Byte 6 RE - A logical 1 in this position indicates that an error occurred in the transmission of a command 
between the drive and the UDA50. The error could be a checksum error or an incorrectly formatted 
command string. 

Byte 6 PE - A logical 1 in this position indicates that improper command codes or parameters were 
issued to the drive. 

Byte 6 DF - A logical 1 in this postion indicates a failure in the initialization routine of the drive. 

Byte 6 WE - A logical 1 in this position indicates a write lock error has occurred. 

Byte 7 S4-S1 - This is a four:-bit representation of the subunits have their attention-available messages 
suppressed in the UDA50. The right-most bit position represents subunit o. The left-most bit 
position represents subunit 3. RSTS/E does not support subunits. 

If one of the (S4-S 1) bits is set, it indicates that the controller is not to interrupt the host CPU with 
an attention available message when the specified subunit raises its available real-time drive status 
line to the UDA50. The S4-S 1 bits reflect the results of a change controller flags command in 
which attention-available messages are not desired for certain subunits. 

Byte 7 CI-C4 - This is a four-bit drive status code indicating various states of drive operation. At the 
present time, only three codes are valid. A code of 0000 = drive normal operation. A code of 1000 
= the drive is off-line due to being under control of a diagnostic. A code of 1001 = the drive is 
off-line due to another drive having the same unit identifier (e.g. serial number, drive type, ciass 
etc.). 

Byte 8 RETRY COUNT/FAILURE CODE - This 8-bit byte contains one of two types of information 
depending upon the status of the DF bit (byte 6). The DF bit monitors the drive initialization 
process. The DF bit remains a 0 if initialization is successful. Byte 8 contains the retry count from 
the previous operation. For example, if a seek operation required fourteen retries to be successful, 
byte 8 would contain the number 14. 

Byte 9 
to Byte 15 

When the DF bit is set, it indicates that the drive initialization failed and therefore byte 8 now 
contains a specific drive error code. This error code can be looked up in the appropriate drive 
service manual. 

Byte 9 through Byte 15 are self-explanatory, and are related to drive specific information about the 
RA60 under test. 
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6.1 INTRODUCfION 

CHAPTER 6 
INSTALLATION 

This chapter describes the procedures necessary for RA60 installations. It includes safety precautions, site 
preparation and planning, joining disk cabinets, cabling, and checkout. 

Warning 
Hazardous voltages are present inside this equip­
ment. Installation and servicing should be performed 
by a qualified and trained service person. Bodily in­
jury or equipment damage may result from incorrect 
servicing. 

6.2 SITE PREPARATION AND PLANNING 
Some site preparation and planning is necessary before installing an RA60 disk subsystem. The paragraphs 
that follow discuss some of the things to consider. 

6.2.1 Cleanliness 
Cleanliness is always an important consideration when working with disk drives. The close tolerances be­
tween the read/write heads and the media make disk drives very sensitive to dust and other particulates. 
The RA60 is designed to operate in an office or light industrial environment. The air particulates should . 
not exceed five million particles of 0.05 micron per cubic foot of air. 

6.2.2 Floor Loading 
The weight of one RA60 in a cabinet is 159.64 kg (352 lbs). The weight of each additional disk drive is 
approximately 68.95 kg (152 lbs). This should not place any abnormal stress on a raised computer room 
floor. However, the weight of existing equipment should be considered before installing additional drives. 

6.2.3 Heat Dissipation 
The heat dissipation of each RA60 is approximately 2730 Btu/hour. To calculate the total heat dissipation 
of each drive cabinet, multiply the above Btu/hour by the number of drives it contains. 

6.2.4 Temperature and Humidity 
The operating temperature range for the RA60 is between 100 C (500 F) and 400 C (1040 F). The relative 
humidity range is between 10% and 90% with a wet bulb temperature of 280 C (820 F). 

6.3 EQUIPMENT UNPACKING AND EXTERNAL INSPECTION 
Before unpacking a carton, inspect it for external damage. Report any damage to the DIGITAL field ser­
vice or sales office and the local carrier. If no external damage exists, the disk drive may be unpacked using 
the following procedure. 

1. Remove the external packing material shown in Figure 6-1. 
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LAG SCREW AND NAILS 
STAPLED TO RAMP 

~ RAMP SUPPORT 
BLOCK 

Figure 6-1 Unpacking the Disk Subsystem 
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2. Remove the four shipping bolts that fasten the drive cabinet to the pallet. See insert in Figure 
6-1. 

3. Build the ramp to roll the disk cabinet off the pallet. Use the lag screw and nails in the plastic 
bag stapled to the ramp. Figure 6-2 shows how the ramp is assembled. 

Warning 
At least two persons will be needed to perform the 
next step of this procedure. 

4. Remove the four wooden blocks from under the disk cabinet. 

5. Carefully roll the drive cabinet down the ramp. 

PALLET 

NAILS 

LAG SCREW 

Figure 6-2 Ramp Construction 

6.4 RA60 INSTALLATION CHECKLIST 
The installation procedure for the RA60 requires the placement of leveler feet and SDI cables. The head 
locking pin must be removed and the drive must be set up for the right voltage and frequency ranges. The 
drive unit address plug must also be programmed and a shipping retainer bracket must be released. If 
cabinets are to be joined, this should be done first. If only one cabinet is being installed, go to Paragraph 
6.6. 

Use the following installation checklist to perform the RA60 installation. The list indicates the Paragraph 
number where each procedure is described. 
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• Joining cabinets (6.5) 

• Installing the leveler feet (6.6) 

• Installing the SDI cable (6.7) 

• Setting the voltage and frequency (6.9) 

• Removing the locking pin (6.10) 

• Programming the unit address plug (6.11) 

• Removing the retaining bracket screw (6.12) 

• Plugging in the power cable (6.13) 

• Installing add-on drives (6.14) 

• Performing drive checkout procedures (6.15) 

6.5 JOINING CABINETS 
The H9642 AP/AR (l20/240 volt) cabinet will hold up to three disk drives. It comes equipped with two 
side panels for standalone use. If more than three drives are required, a second drive cabinet may be joined 
to the first. The H9642 BP /BR (l20/240 volt) expansion cabinet comes with a joiner panel and no side 
panels. This expansion cabinet may be joined to the first cabinet by removing one of the side panels on the 
first cabinet and placing it on the outer side of the expansion cabinet. Figure 6-3 shows the side panel and 
joiner panel locations. 

JOINER PANEL 

SIDE PANELS CZ-0763 

Figure 6-3 Side Panels and Joiner Panels 
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Use the following procedure to join disk cabinets. 

1. Open the rear door on the cabinet by turning the hex lock counterclockwise. Refer to Figure 6-4. 

Figure 6-4 Opening the Rear Door 

2. Remove the rear door by unscrewing the ground wire from the door and then pulling down on 
the top door latch. The door should now be free to lift off of the bottom end panel lock. Refer to 
Figure 6-5. 
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PULL DOWN ON DOOR LATCH 

CZ-0761 

Figure 6-5 Rear Door and Side Panel Lock Removal 

3. Loosen the two hex screws that secure the end panel lock to the base of the disk cabinet. Then 
lift the end panel lock off. Refer to Figure 6-5. 

4. Remove the side panel by lifting it vertically to disengage it from the four key buttons on the 
side of the cabinet frame. Unscrew the ground wire attached to the side panel. Refer to Figure 
6-6. 
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TOP KEY BUnONS 

REMOVE CENTER SCREW CZ-0774 

Figure 6-6 Side Panel and Bottom Key Button Removal 

5. Install the side panel just removed from the first cabinet on the open side of the expansion cabi­
net. Begin by removing the back end panel lock from the expansion cabinet. Next, attach the 
ground wire just removed from the first cabinet to the exposed side frame of the expansion 
cabinet. Attach the other end of the ground wire to the side panel being installed. Then lower the 
side panel over the keyhole buttons on the cabinet. Secure the side panel by replacing the end 
panel lock. Refer to Figure 6-6. 

6. Disconnect the two lower key buttons from the open side of the first drive cabinet by removing 
the screws in the center of the key buttons. Refer to Figure 6-6. 
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7. Join the two cabinets together as shown in Figure 6-7. Engage the top two key buttons on the 
first drive cabinet into the keyhole slots on the expansion cabinet joiner panel. Adjust the cabi­
nets until their fronts are flush. 

TOP VIEWS: 

DRIVE 
CABINET 

DRIVE 
CABINET 

DRIVE 
CABINET 

JOINER PANEL 

EXPANSION 
CABINET 

KEY BUnONS 

EXPANSION 
CABINET 

EXPANSION 
CABINET 

CZ-0744 

Figure 6-7 Joining the Cabinets 
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8. Disconnect the bottom trim panels from the front of the cabinets by removing the two screws at 
the base of each. Refer to Figure 6-8. 

o 

BOTTOM 
TRIM PANEL ./" 

!jf?/ 
CZ-0745 

Figure 6-8 Bottom Trim Panel Removal 
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9. Remove the screws that hold the two retainer trim brackets at the point where the two cabinets 
are joined. Refer to Figure 6-9. 

RETAINER TRIM BRACKET 

FRONT LOCKING BRACKET 

FRONT LEFT 
END-PANEL LOCK 

Figure 6-9 Installing the Front Locking Bracket 

CZ-0760 

10. Place the front locking bracket over the retainer trim brackets and bolt the two cabinets to­
gether with the existing hardware. 

11. Replace the two bottom trim panels previously removed from the front of the cabinets. 
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12. Open the back doors of the cabinets and loosen the screws that hold the two back end panel locks 
at the point where the two cabinets are joined. Slide the locking bracket over the end panel locks 
and tighten the four screws. Refer to Figure 6-10. 

'"1" III/II 1111'1. 
111111 111111 11111 

111111 111111 11111 

1/1 'Ii 
111111, 

111111 
111111 

111111 '1111 1 

11111 ::::::; 111111 

1111111 

=---
"11/ 1/111 11111 
111,1/11/ 111111 

/1/1' 

1111' 'III' 

111111 
111111 

'11111
111111 

,1111 11111 

11111 "III .",1 
lilli' 

11111 
IIIf 

BACK LOCKING BRACKET 

Figure 6-10 Installing the Back Locking Brackets 

CZ-0746 

13. Replace the back door and any end panel locks removed in this procedure. 

6.6 INSTALLING LEVELER FEET 
Use the following procedure to install the leveler feet. 

1. Remove the four red shipping brackets and leveler nuts shown in Figure 6-11. 
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....... .AIlI~-- LEVELER NUT 

CZ-0566 

Figure 6-11 Shipping Bracket Removal 

2. Assemble the four leveler feet as shown in Figure 6-12. Screw the leveler foot into the leveler nut 
far enough that the nut may be slid into place without raising the drive cabinet. 

~LEVELER NUT 

@ FLAT WASHER 

@ LOCK WASHER 

® HEX NUT 

Figure 6-12 Leveler Feet Installation 
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3. Slide the leveler nut into the slots in the cabinet as shown in Figure 6-13. Wheel the disk cabinet 
to its final location before making the final leveler feet adjustments. 

4. Screw the leveler feet down until they make firm contact with the floor. Adjust the four leveler 
feet until the drive cabinet is level. 

LEVELER 
FOOT 

---~ 

CZ-0607 

Figure 6-13 Leveler Feet Adjustments 

6.7 INSTALLING SDI CABLES 
Both the internal and external SDI cables are mounted in the I/O bulkhead. Internal SDI cables connect to 
the top of the bulkhead and external SDI cables connect to the bottom. 

6.7.1 Installing the External SDI Cables 
The external SDI cables coming from the central processing unit (CPU) are connected to the bottom of the 
I/O bulkhead. Refer to Figure 6-14. Use the following procedure to install the external SDI cables: 

1. Loosen the two screws holding the I/O bulkhead connector to the bracket. 

2. Plug the external SDI cable from the disk controller into the Port A connector on the bottom of 
the I/O bulkhead. Note the orientation key on the SDI cable. 

3. Install the two screws that hold the SDI cable shield terminator in place. Refer to Figure 6-14. 

4. Clamp the external SDI cable to the cable entry retainers below the I/O bulkhead with either a 
hose clamp or tie wrap. 
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EXTERNAL 
SDI CABLES 

Figure 6-14 External SDI Cable Installation 

CZ·081S 

5. If a second disk controller is used, mount its SDI cable into the Port B connector on the bottom 
of the I/O bulkhead. Note the orientation key. 

6. Repeat Steps 2, 3, and 4 for the Port B SDI cable. 

7. Reconnect the I/O bulkhead connector to the bracket. 
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6.7.2 Internal SDI Cable Installation 
The two internal SOl cables that exit from the back of the drive connect to the top of the I/O bulkhead. 
Refer to Figure 6-15. Use the following procedure to install the internal SOl cables: 

1. Locate the Port A SOl cable where it exits the back of the disk drive. Plug the end of the Port A 
connector on the top of the I/O bulkhead. Note the orientation key on the SOl cable. 

2. Install the two screws that hold the SOl cable shield terminator in place. Refer to Figure 6-15. 

3. Repeat Steps 1 and 2 for the Port B SOl cable. 

I/O BULKHEAD 
ASSEMBLY BRACKET 

Figure 6-15 Internal SOl Cable Installation 

INTERNAL 
SOl CABLES 
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6.8 RA60 SAFETY LABELS 
There are three safety labels on the back of the RA60. Be sure to read these safety labels before installing 
an RA60. Refer to Figure 6-16 for their location. 

r-------- ---------. 
CAUTION: EXTEND STABILIZER FOOT .. 

FAN HOUSING 

(l)qoop 
(0) - . 

• •• 
CZ-0812 

Figure 6-16 RA60 Safety Labels 

6.8.1 Safety Label Information 
Each of the safety labels located on the back of the RA60 is printed in four languages. 

1. Label # 1 gives voltage and frequency settings for the drive. 

2. Label #2 is a CAUTION reminder to extend the stablizer foot before pulling the drive out to the 
full service position. 

3. Label #3 is a CAUTION reminder to use the correct voltage and frequency settings. Refer to 
Paragraph 6.9. 

6.9 SETTING THE VOLTAGE AND FREQUENCY 
The RA60 contains a universal power supply that may be used for 120/240 volt ac and 50/60 Hz oper­
ations. Use the following procedure to set the voltage and frequency to the desired range. 

1. Remove the rear cover and shield from the disk drive. Refer to Figure 6-17. 
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Figure 6-17 Removing the Rear Covers 
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? Locate the vo1tage switch and frequency p1ugs located on top of the transformer assembly. See 
Figures 6-18A and 6-18B. 

WHITE 
FREQUENCY 
PLUG 

RED 
FREQUENCY 
PLUG 

CZ-0814 

Figure 6-18A 120V /60Hz Voltage/Frequency Configuration 
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RED 
FREQUENCY 
PLUG 

WHITE 
FREQUENCY 
PLUG 

CZ-0814 

Figure 6-1SB 240V / 50Hz Voltage/Frequency Configuration 

3. Place the voltage switch into the needed 120- or 240-volt position. The 120-volt position will 
handle an ac voltage range of 90 to 12S volts. The 240-volt position will handle an ac voltage 
range of ISO to 254 volts. 

4. Select either 50- or 60-cyc1e drive operation by installing the red and white frequency plugs in 
one of the configurations shown in Figure 6-1SA or Figure 6-1SB. 

5. Leave the back cover and shield off the drive to remove the head locking pin described in the 
next paragragh. 
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6.10 REMOVING THE HEAD LOCKING PIN 
The head locking pin is used to lock the head assembly in place during shipment. It must be removed 
before the read/write heads can move. Assuming that the back cover and shield have been removed to 
perform the voltage settings above, pull the head locking pin out of its locking hole on the positioner assem­
bly and store it in the storage hole. Refer to Figure 6-19. Replace the back cover and shield when this 
operation is completed. 

PIN STORAGE 
HOLE 

HEAD LOCK PIN SHOWN 
IN SHIPPING AND LOCKING 
HOLE 

Figure 6-19 Head Locking Pin Removal 
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6.11 PROGRAMMING THE UNIT ADDRESS PLUG 
The READY switch cap on the operator control panel is also the drive unit address plug. A drive unit 
number from 0 to 654 can be programmed into this plug. To set the drive unit number, remove the 
READY switch cap from the control panel and cut off the tabs that add up to the required number. Figure 
6-20 shows the binary value represented by each tab. 

-----B 

READY INDICATOR LAMP 
AND MICROSWITCH CONTACTS -

--------

16 

REAR PIN CONFIGURATION 

Figure 6-20 Drive Ready Switch and Unit Address Plug 

CZ-0576 

If you wish to set a specific drive to a unit number of 7, for example, cut tabs 1, 2, and 4 off of the switch 
cap. 

After the drive unit number has been selected, place the gummed label with the corresponding number 
onto the recessed area of the READY switch cap and replace the cap on the drive. 
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6.12 REMOVING THE RETAINING BRACKET SCREW 
A retaining bracket will be found on the back of all disk drives shipped in a cabinet. This retaining bracket 
serves to keep the drives from sliding out of the cabinets during shipment. Once at the customer site, the 
screws securing the drive to this retaining bracket must be removed as follows. 

1. Open the back door of the disk cabinet by turning the hex lock clockwise. 

2. Loosen the retaining bracket captive screws shown in Figure 6-21. 
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Figure 6-21 Removing the Retaining Bracket Screws 
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6.13 PLUGGING IN THE POWER CABLE 
The power cables from each disk drive are already plugged into the power controller at the base of the drive 
cabinet. Only the ac power cord from the power controller needs to be plugged into an external power 
source. Figure 6-22 shows the power plugs and receptacle types that are used in this power controller. 
Access to the power cord is gained through the back door of the disk cabinet. Do not switch on the circuit 
breaker on the power controller until you reach the drive checkout procedure. 

SOURCE 

120V 
30A 
1-PHASE 

240V 
20A 
1-PHASE 

POWER CONTROLLER 
AT BASE OF CABINET 

o 

o 

\... POWER CONTROLLER 

~PLUG 

PLUG 

W 

HUBBEl@ 
2611 

G 
NEMA L5-30P 
DEC 12-11193 

I x G I 
HUBBEL ~~, 
2321 ~ 

y 

NEMA L6-20P 
DEC 12-11192 

RECEPTACLE 

2610 
L5-30R 
12-11194 

2320 
L6-20R 
12-11191 

@} 
G 

G(gX/ 
e~ 

y 

CZ-0823 

Figure 6-22 Power Controller Plugs and Receptacles 
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6.14 INSTALLING ADD-ON DRIVES 
In its basic configuration, the RA60 subsystem comes with only one disk drive in a cabinet. Use the follow­
ing procedure to install a second or third drive in a cabinet. 

Caution 
Because of the weight of the disk drives, do not try 
to complete the add-on installation without the help 
of a lifting device. 

6.14.1 Removing the Front FiDer Panel 
The first add-on drive should be placed in the center bay of the cabinet and the second in the bottom bay. 
Remove the filler panel at the proper location by unscrewing the four 10-32 hex nuts that hold it to the 
cabinet frame. These nuts can be reached through the back of the cabinet. Refer to Figure 6-23. 

FILLER 
PANEL 

,/ 

HEX NUT 
10-32 
(4 PL) 

/if 

Figure 6-23 Removing Cabinet Filler Panels 
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6.14.2 Installing the Slide Assembly 
Each RA60 add-on must be mounted in the drive cabinet on a slide assembly. Use the following procedure 
to install the slides on the drive cabinet. 

1. Find the left and right chassis slides. Slide brackets are already attached. 

2. Set aside the following hardware: 

• Eight Phillips head sems screws-l0-32 x 1f2 inch 

• Four nut bars 

3. Mount the chassis slides to the front vertical upright as shown in Figure 6-24. If this is a first 
add-on drive (middle drive), use mounting holes 26 and 29, counting from the bottom. If this is a 
second add-on drive (bottom drive), use mounting holes 8 and 11, counting from the bottom. 

VIEWED FROM FRONT OF CABINET 

CABINET FRONT 
LEFT UPRIGHT 

LOCK ~' 

w~~/ 
< PHILUPS HEAD SCREWS 

10-32 X 5/8" 

NOTE 

SLIDE MOUNT 
SPACER 

1. REPEAT FOR FRONT RIGHT UPRIGHT. 

NUT 
BAR 

CHASSIS SLIDE 
BRACKET 
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Figure 6-24 Mounting Chassis Slide to Front Upright 
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4. Mount the chassis slides to the back vertical uprights as shown in Figure 6-25. Use the same 
mounting holes as specified in step 3 above. 

VIEWED FROM FRONT OF CABINET 

NOTE 

CHASSIS 
SLIDE 

PHILLIPS HEAD 
SEM SCREWS 
10-32 X 112" 

1. REPEAT FOR RIGHT BACK VERTICAL UPRIGHT. 
CZ-0749 

Figure 6-25 Mounting Chassis Slide to Back Upright 

6.14.3 Mounting the RA60 Drive on the Slides 
Use the following procedure to mount the drive on its slides. 

1. Extend the stabilizer foot as shown in Figure 6-26. 

Caution 
Failure to pull out the stabilizer foot can cause the 
drive cabinet to tip over when the disk drive is fully 
extended to its service position. 

2. Extend each chassis slide all the way forward until it locks (Figure 6-27.) 

Warning 
Because of the weight of the disk drive, a lifting de­
vice will be needed to place the drive on the chassis 
slides. 

3. With the help of a lifting device, place the drive on top of the chassis slides as shown in Figure 
6-27. Push the drive toward the back of the slides until the mounting rails touch the stop. 

4. Fasten the drive to the chassis slides using five 8-32 x 1/4 inch Phillips pan head screws as shown 
in Figure 6-27. 
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Figure 6-26 Extending Cabinet Stabilizer Foot 

Figure 6-27 Mounting the Chassis Slides 
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6.14.4 Extending the Drive on the Slide 
The slides on the RA60 have a restraint mechanism which prevents the drive from being fully extended 
inadvertently. To slide the drive all the way forward use the following procedure. 

1. Extend the stabilizer foot as show in Figure 6-26. 

2. Extend the drive until the restraint mechanism engages. Refer to Figure 6-28. 

Figure 6-28 Extending the Drive 

DRIVE IN 
OPERATOR 
POSTION 

• 

-_..... PUSH LOCK 

STABILIZER FOOT 
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3. Insert a flat-bladed screwdriver under the restraint lever lock and push the lock toward the back 
of the slide. Refer to Figure 6-28. 

4. Push down on the restraint lever and extend the drive to the service position. Refer to Figure 
6-28. 

5. After completing service on the drive, be sure to re-engage (lock) the slide restraint mechanism. 

Caution 
Make certain that the restraint locks are fully en­
gaged so the drive cannot be pulled to the full service 
position inadvertently. 

6.14.5 Set Drive AC Voltage and Frequency 
The RA60 Disk Drive contains a universal power supply that may be used for 120/240 volt ac and 50/60 
Hz operations. The only requirement is that you preset the voltage and frequency to the desired range. 
Refer to Paragraph 6.9 and to Figures 6-17, 6-18A and 6-18B to perform this procedure. 

6.14.6 Remove the Head Locking Pin 
The head locking pin is used to lock the head assembly in place during shipment. Refer to Paragraph 6.10 
and Figure 6-19 to perform this procedure. 

6.14.7 Program the Drive Unit Address Plug 
The READY switch cap on the operator control panel is also the drive unit address plug. A drive unit 
number from 0 to 254 can be programmed into this plug. To properly program the drive unit address plug, 
refer to Paragraph 6.11 and to Figure 6-21. 

6.15 RA60 CHECKOUT PROCEDURE 
Use the following checkout procedure after installing each RA60. 

6.15.1 Applying Power 
1. Verify that the ac circuit breaker on the power control unit is off. Also verify that the circuit 

breaker on each disk drive is off. 

2. If this is an add-on drive, plug the RA60 power cord into the ac power outlet on the power 
control unit at the bottom of the cabinet. 

3. Plug the ac power cord from the power control unit into an external ac receptacle. 

4. Switch on the ac circuit breaker on the power control unit. 

6.15.2 Drive Checkout Procedure 
The following procedure is used to check out each RA60. 

Caution 
This checkout procedure should be used only by 
trained maintenance personnel. 

1. Verify that the head locking pin has been removed (Paragraph 6.10). 

2. Verify that the voltage and frequency has been properly set (Paragraph 6.9). 

3. Switch on the ac circuit breaker on the RA60. 
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4. Open the front cover on the RA60 by pushing in the latch release on the front of the drive. 

5. Load the disk pack on the RA60. Refer to Paragraph 3.4.1. 

6. Press the RUN/STOP switch on the front of the RA60. 

6.15.3 Internal Diagnostics 
Run the six internal diagnostics to check-out the status, recalibrate, and seek capability of the RA60. Refer 
to Chapter 3 of the RA60 Service Manual or the RA60 Maintenance Guide for instructions on running 
these diagnostics. 

6.15.4 Subsystem Diagnostics 
Run the following diagnostics when the RA60 is connected to a PDP-II system. 

CZUDCCO (UDA and disk drive diagnostic) 

Run the following diagnostics when the RA60 is connected to a V AX system. 

ZZ-EVLRA (UDA50 disk subsystem diagnostic) 
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CHAPTER 4 



Replace pages 4-16, 4-17, 4-18 and Figures 4-15, 4-16 and 4-17 in 
the existing RA60 Disk Drive Service Manual ( EK-ORA60-SV-001,) 
with the following paragraphs and figures. 

4.9.6 RA60 Physical Disk Layout 
The RA60 disk pack (RA60-P) contains five disk platters. The 
three middle platters are used for data storage, while the two 
outer ones are used for protection. The three data storage 
platters provide a total of six read/write data surfaces, each 
containing 1600 physical data tracks. Each track contains 39 
sectors on 18-bit data packs or 43 sectors on 16-bit data packs. 
The last sector on each track in the host operating systems area 
is always reserved for revector control information. The data 
field within each sector contains 256 data words regardless of 
whether the information is written in l6-bit or l8-bit words. 

4.9.7 DIGITAL Standard Disk Format 
The RA60 disk pack logical format meets the criteria set forth in 
the DIGITAL Standard Disk Format (DSDF) specification, which is 
DEC Standard 166. This standard describes how a physical disk is 
constructed into the logical format for Standard Disk 
Interconnect (SOl) devices. It also describes the host view of 
mass storage device formats. This specification redefines many 
of the classical disk terms, such as sector, track, and cylinder, 
as a function of their access characteristics. It also 
introduces the concept of groups as a fixed number of tracks. 
The following terms will help you to understand the Digital 
Standard Disk Format. 

1. Sector - A sector is the smallest unit by which data is 
physically addressed. It is available for reading or 
writing once per disk revolution. 

2. Track - A track is a logical entity that represents sets 
of sectors occupying contiguous physical disk locations 
and relates sectors to each other as a function of their 
access characteristics. 
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3. Group - The DSDF Specification defines a group as a 
logical entity that contains a set of tracks. The 
sectors with the same physical address are 
simultaneously available for reading and writing. 
Groups also have the property to select any track within 
the group during the inter-sector rotation time. This 
definition of groups is independent of the physical 
construction of the device and relates tracks to each 
other as a function of their access characteristics. In 
the case of the RA60, there is only one track per group. 

4. Cylinder A cylinder is a logical entity that 
represents a collection of groups. Cylinders have the 
property of allowing access to individual groups on the 
same cylinder in less than the minimum seek time. The 
selection of a new cylinder has the longest average 
positioning time. In the RA60, one logical cylinder 
equals four groups. 

5. Physical Block Number (PBN) - A PBN is a 28-bit number 
identifying a physical sector's position within a set of 
sectors on a subunit. 

6. Logical Block Number (LBN) - An LBN is a 28-bit number 
identifying a physical sector's position within a set of 
sectors directly accessible to the host. LBN's are used 
for host data storage and revector control information. 

7. Replacement Block Number (RBN) -
number identifying a physical 
position. 

An RBN is a 28-bit 
sector's replacement 

8. Bad Block - A bad block is a sector that contains a 
defect which exceeds the error correction capability of 
the subsystem. 

9. Bad Block Replacement - Bad block replacement is the 
substitution of a spare sector (replacement block) for a 
bad sector. 

10. Bad Block Revectoring - The replacement block is located 
as a result of attempting to access a bad sector. 

11. Primary Replacement Block - A primary replacement block 
with the lowest track RBN is used to replace a bad block 
on the same track. 
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12. Secondary Replacement 
block replaces a bad 
block is in use. The 
located on another 
revectoring table. 

Block - A secondary replacement 
block when the primary replacement 
secondary replacement block may be 
track as defined by the bad block 

13. External Block Number (XBN) - An external block number 
is a 28-bit number identifying a physical sector's 
position within a set of sectors in the external format 
area of the subunit. 

14. Diagnostic Block Number (DBN) - Diagnostic block number 
is a 28-bit number identifying a physical sector's 
position within the set of sectors in the diagnostic 
area of the subunit. 

4.9.8 RA60 Logical Disk Format 
This section describes how the RA60 disks are organized into the 
new Digital Standard Disk Format. This disk organization is at 
times referred to as the RA60 disk topology. Figure 4-15 
provides an overview of the RA6~logical disk format. Note that 
the X axis shows the physical sectors for both the 16 and 18-bit 
data formats. Note, also, the last sector is always reserved for 
replacement information. This is similar to the skip sector 
concept used in the RM80 Disk Drive to replace bad blocks. The Y 
axis gives the physical cylinder numbers defining the boundaries 
of the maj or log ica.l areas on the disk. These physical cyl inders 
are defined as six vertical tracks, one on each of the six disk 
data sur faces. 

Note that the 1600 physical cylinders on an RA60 disk surface are 
divided into the following four logical areas. 

a Host applications area (cylinder 0 - 1587) 

o Replacement/caching tables (cylinder 1588 - 1591) 

o Format area (cylinder 1592 - 1595) 

o Diagnostic area (cylinder 1596 - 1599) 

4-18 



18 16 
BIT BIT 

1 (3 
1 

PHYSICAL 
SECTORS 

1 
1 
I 37 
1 

41 

1<---- PHYSICAL CYLINDERS ---------------------->1 

1587 1588 1591 1592 1595 1596 1599 

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

1 1 
HOST 1 REPLACEMENT 1 FORMAT 
APPLICATION 1 AND 1 AREA 
AREA 1 CACHING 1 
(LBNs) 1 TABLES 1 (XBNs) 

1 (LBNs) 1 
1 1 

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

DIAGNOSTIC 
AREA 

(DBNs) 

V 38 42 REPLACEMENT AREA (RBNs) 1 

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

1 VISIBLE 1 1 
1<-- TO ----->1 1 
1 HOST 1 1 
IAPPLICATIONS 1 
1 1 
1<--- VISIBLE TO HOST --->1 
1 OPERATING SYSTEM 1 
1 
1<----- VISIBLE TO THE CONTROLLER 
1 

1 
I 
1 
I 
I 
I 
1 
I 

--------------->1 
I 

Disk format protected by (c) Digital Equipment Corporation 1983 

Figure 4-15 RA60 Overview of the Logical Disk Format 

4-18A 



4.9.9 Host Applications Area 
The host applications area is the space available to normal 
customer host activities. Each sector in this area is assigned a 
logical block number (LBN). The only exception is the last 
sector on each track, which is assigned a replacement block 
number (RBN). If the controller encounters a bad block, (a block 
header that cannot be read), it skips that block and stores the 
information in the last sector on the track, the RBN. 

Bad blocks are detected when a disk pack is manufactured. These 
blocks are always replaced when the disk packs are formatted. 
Other blocks become bad during normal use and must be replaced 
dynamically. During dynamic bad block replacement, the host 
accesses and updates the replacement and caching tables and 
informs the disk controller. This allows the controller to 
reformat the disk to reflect the bad block replacement. 

4.9.19 Replacement/Caching Tables 
The replacement and caching area of the disk also contains LBNs 
and RBNs. This area is used to store the revector addresses for 
the RBNs in the host applications area. It contains a reference 
table for the controller to locate revectored information. 

The revectored information may be stored in the RBN at the end of 
the track if it has not been used to replace a bad block. If it 
has been used, then the bad blocks may be stored in RBNs on 
adjacent tracks. 

4.9.11 Format Area 
The format area is only visible to the controller and has 
addresses known as external block numbers (XBNs). The format 
tables store manufacturing format control information and media 
error lists. This area is inaccessible to the host. It is 
always written in 512 byte format and is used when formatting the 
disk in either 512 or 576 bytes. 
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4.9.12 Diagnostic Area 
The diagnostic area contains blocks used for controller-resident 
diagnostics. These blocks have addresses known as diagnostic 
block numbers (DBNs). The DBNs are visible only to the disk 
controller. 

The diagnostic area occupies the last four cylinders in the pack. 
They are used by the drive-resident diagnostic tests to verify 
the drive's ability to read and write data. They are also used 
in test four of the UDA50 subsystem diagnostics to exercise the 
disk without endangering customer data. 

4.9.13 RA60 Disk Topology 
The RA60 disk topology defines how the physical cylinders, 
tracks, and sectors of the disk pack are organized into logical 
addressable units to be accessed in the most efficient manner. 
These logical units are: 

o Groups 

o Logical cylinders 

o Logical block numbers 

o Replacement block numbers 

4.9.14 RA60 Groups 
In the RA60 Disk Drive, a group is defined as one track. 
drives may have more tracks per group. 
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4.9.15 Logical Cylinders 
In the RA60 Disk Drive, a logical cylinder is defined as four 
groups. The number four is chosen on the basis of most efficient 
access times for the RA60 drive characteristics. Several other 
logical cylinder sizes were tested. The final choice was 
affected by the fact that it takes longer to do a head switch 
than a one-track seek in the RA60. A head switch requires a 
level one SOl command from the disk controller. 

The way that the logical cylinders are organized in the RA60 disk 
pack is somewhat determined by how the RA60 disk drives will be 
used. When first developed, it was thought the drives would be 
used mostly as a backup disk for the RA80 and RA81. For this 
reason, the old topology used in the pre-production RA60 disk 
drives aligned the logical cylinders sequentially along one disk 
surface (from 0 to 396), and then dropped vertically to 397 on 
the next disk surface and so on. The entire disk was arranged as 
one long sequential file. However, this disk topology prevented 
the use of seek optimization by the SOl disk controllers, which 
operates most efficiently with randomized data. When it became 
obvious that the RA60 would also be used in system operations as 
well as for data backup, a new RA60 disk topology became 
imperative for greater data access speeds. 

The new RA60 disk topology is shown in Figures 4-16 (16-bit 
format), and 4-17 (18-bit format). Notice the logical cylinders, 
shown inside parentheses, are arranged in vertical order from top 
to bottom disk. After the bottom disk is reached, the next 
sequential logical cylinder starts at the top again. This 
arrangement allows for seek optimization by the disk controller 
and can increase system throughput by 10 to 20% depending on the 
systems application. 
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Figure 4-16 RA60 Disk Topology for 16-Bit Format 
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Figure 4-17 RA60 Disk Topology for 18-Bit Format 
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4.9.16 Logical Block Numbers 
Logical block numbers (LBNs) are the smallest addressable units. 
Each physical sector in the host applications and replacement 
area of the disk is assigned an LBN. These LBNs are arranged 
sequentially over the four groups (tracks) in each logical 
cylinder. After the last LBN in logical cylinder zero is 
reached, the next LBN begins in logical cylinder one. In Figures 
4-16 and 4-17, the LBNs are given in the middle positions with no 
parentheses or brackets. In 16-bit formatted packs, the LBNs run 
from 0 to 401183. In 18- bit formatted packs, the LBNs runs from 
o to 362975. 

In 16-bit formatted packs, there are 168 LBNs per logical 
cylinder. This is the product or four tracks times 42 sectors 
per track. In 18-bit formatted packs, there are only 152 LBNs 
per logical cylinder. This is the product of four tracks times 
38 sectors. 

4.9.17 Replacement Block Numbers 
The replacement block occupies the last sector on each track. 
This replacement block is assigned a replacement block number 
(RBN). Since there are four tracks in each logical cylinder, 
there are also four RBNs per logical cylinder. Figures 4-16 and 
4-17 show these RBN numbers in square brackets. There are a 
total of 9551 RBNs in an RA60 disk pack. 
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4.9.18 Converting RA6~ LBNs To Head Numbers 
It may be necessary sometimes to correlate an LBN number with a 
read/write head number to determine which head is bad. This 
conversion is done by a two step process. First, find the 
logical cylinder number where the LBN is located. Divide the LBN 
number by the number of LBNs in a logical cylinder. For l6-bit 
formatted packs, divide the LBN by 168. For 18-bit formatted 
packs, divide the LBN by 152. 

EXAMPLE: FIND LOGICAL CYLINDER FOR l6-BIT FORMATTED RA6~ PACKS: 

LBN NO. 361470 / 168 = LOGICAL CYLINDER 2151.6071 

EXAMPLE: FIND LOGICAL CYLINDER FOR l8-BIT FORMATTED RA6~ PACKS: 

LBN NO. 361470 / 152 = LOGICAL CYLINDER 2378.~92l 

In the above divisions, only the whole number part of the answer 
is important. The whole number gives you the logical cylinder 
address in which the LBN is located. The results show that in 
l6-bit formatted packs, an LBN of 361470 is located in logical 
cylinder 2151. For l8-bit formatted packs, it is located in 
logical cylinder 2378. 

The second step of the process involves converting the logical 
cylinder address to a disk surface. Divide the logical cylinder 
adress by the number of read/write heads. Since the RA6~ has six 
read/write heads, you divide by six. In this division, the 
decimal part of the answer is more important. 

EXAMPLE: FIND HEAD SURFACE FOR l6-BIT FORMATTED RA60 PACKS: 

LOGICAL CYLINDER 2151 / 6 = 358.5 

EXAMPLE: FIND HEAD SURFACE FOR l8-BIT FORMATTED RA6~ PACKS: 

LOGICAL CYLINDER 2378 / 6 = 396.3333 
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In the above divisions, the decimal part of the answer is the 
disk surface (or head) the logical cylinder is on. Ignore the 
whole number and convert the decimal part of the answer to a 
fractional part of a sixth and obtain the disk surface number. 
For example, .5 = 1/2 = 3/6, or head surface 3. For example the 
decimal .3333 yields 1/3 = 2/6 or a head surface of 2. 

4.19 RA60 SERVO SYSTEM 
The RA60 Disk Drive does not have a dedicated servo module. 
Instead, the servo circuits are distributed over most of the 
electronic modules. The servo system has two modes of operation. 
These are the linear (or track centering) mode and the seek (or 
track crossing) mode. The major functional blocks in the control 
system are shown in Figure 4-18. 
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Replace Tables 5-1 and 5-2 in the existing RA60 Disk Drive 
Service Manual (EK-ORA60-SV-00l), with the following tables. 

Front 
Panel 
Codes 

01 

02 

03 

05 

Table 5-1 RA60 Front Panel Fault Codes 

Desc r ipt ion 

Microcode error (not 
sent to front panel) 

Heads home switch 
faul t 

Front panel fault 

Long spin-up time 
faul t 

Bad servo samples fault 

5-3 

Most Li kely 
FRU Failure 

1. No ne 

1. Push heads home 
2. Check P803 
3. Heads home 

swi tch 
assembly 

1. Front panel 
modul e 

2. Dr ive log ic 
module 

3. Front panel 
ribbon cable 

1. Check spindle 
motor 
connections 

2. Heat sink 
module 

3. Spindle motor 
4 • Dr i vel og i c 

modul e 

1. Pack 
2. Post amp/ 

data separ ato r 
module 

3. R/W preamplifier 
module 

4. Heads 



Front 
Panel 
Codes 

06 

07 

08 

09 

0A 

TABLE 5-1 RA6~ Front panel Fault Codes (cont) 

Desc r ipt ion 

Bad velocity fault 

Linear mode fault 

Retry on seek fault 

Lost servo samples fault 

Heads home switch 
wo uld no t open 

5-4 

Most Li kely 
FRU Failure 

1. Pack 
2. Post amp/ 

data separato r 
module 

3. R/W preamplifier 
module 

4 • Dr i vel og i c 
module 

5. Positioner 
assembly 

1. Pack 
2. Po st amp 

/data separator 
modul e 

3 • Dr i vel og i c 
module 

1. Pack 
2. Po st amp/ 

data separ ato r 
modul e 

3. R/W preamplifier 
module 

4 • Dr i vel og i c 
module 

1. Pack 
2. Heads 
3. Po st amp/ 

data separ ato r 
module 

1. Shipping pin 
not removed 

2. Check P8~3 
3. Heads home 

switch assembly 
4. He at sin k mod ul e 



TABLE 5-1 RA6~ Front panel Faul t Codes ( cont) 

Front Oesc r ipt ion Most Likely 
Panel FRU Failure 
Codes 

l~ Ma ster processor faul t 1. Orive logic 
modul e 

2. sor module 
3. post amp/ 

data separato r 
module 

4. Backplane module 

11 sor Faul ts 1. sor Modul e 
2. Dr ive logic 

module 
3. sor cable 
4. Backplane module 

13 rnvalid sor level 1 1. sor module 
command 

2. Post amp/ 
data separ ato r 
modul e 

3. R/W preamplifier 
module 

4. Backplane module 

3F Master processor 
faul t 1. Drive logic 

module 
2. sor module 
"\ Post amp/ ~. 

data separato r 
module 

4. Backplane module 

5-5 



5.2.2 RA60 Error Messages 
Refer to Table 5-2 for the RA60 error messages. They are 
displayed on the hand held terminal when internal diagnostics are 
run or are printed out on the system console when running host 
diagnostics. Table 5-2 shows the error code, description of the 
error, and the most likely failing FRU. 
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ERROR 
CODE 

~8 

~9 

~C 

1~ 

11 

12 

13 

18 
19 

24 

Table 5-2 RA69 Error Messages 

DISCRIPTION 

Heads not home when 
run command is issued 
Heads no t home 
during spin-up 
Heads home switch will 
not open during unload 

Spin-up L high 
dur ing spin-up 
Lid lock open during 
spin-up 
Cover open during 
spin-up 
Cover or lid lock 
open dur ing head 
load 
Lid unlocked when 
run command is 
issued 

Spin-up too lengthy 
Motor sample will not change 
during spin-up 
Too long to acquire spindle 
speed control on head load 

5-7 

MOST LIKELY 
FRU FAILURE 

1. Push heads home 
2. Check P8~3 
3. Heads home switch 

assembly 

1. Front panel module 
2. Drive logic module 
3. Front panel ribbon 

cable 

1. Check spindle motor 
2. Heat sink module 
3. Spindle motor 
4. Drive logic module 



ERROR 
CODE 

26 

27 

28 

29 

2C 

2D 

2E 

2F 

30 

Table 5-2 RA60 Error Messages(cont.) 

DISCRIPTION 

More than 32 sectors to 
settle on track 
More than 32 sectors to 
settle on track retry 
fa il ure 
Too many bad servo samples 
dur ing RTZ 
Too long to aquire good 
samples on head load 
Bad servo samples during RTZ 
on head load 
Bad samples during linear 
mode 
Off speed when in linear mode 

Off track in linear state 

Spin-up too brief 

5-8 

MOST LIKELY 
FRU FAILURE 

1. Pack 
2. Post amp/data 

separator module 
3. R/W preamplifier 
4. Heads 

1. Pack 
2. Post amp/data 

separator module 
3. R/W preamplifier 

module 
4. Drive logic module 
5. Positioner assembly 

1. No pac k install ed 



ERROR 
CODE 

40 

41 

42 

43 

44 

45 

46 

47 

48 

50 

Table 5-2 RA6~ Error Messages (cont.) 

DISCRIPTION 

Retry on seek due to bad 
servo samples 
Retry on seek due to bad 
servo sampl es failed 
Retry on see k due to bad 
guard band flags 
Retry on seek due to bad 
guard band fl ag s, retry 
failed 
Retry on seek due to wrong 
polarity entering linear mode 
Re tr yon see k due to wrong 
polarity entering seek mode, 
retry failed 

Retry on seek due to wrong 
grey code 
Retry on seek failing due 
to wrong grey code 
Lost servo samples 

Too long for heads home 
switch to open on head load 

5-8A 

MOST LIKELY 
FRU FAILURE 

1. Pack 
2. Post amp/data 

separato r modul e 
3. R/W preamplifier 

module 
4. Drive logic module 

1. Pack 
2. Heads 
3. Post amp/data 

separato r modul e 

1. Shipping pin not 
removed 

2. Check P803 
3. Heads home switch 

assembly 
4. Heatsink module 



Table 5-2 RA60 Error Messages (cant.) 

ERROR 
CODE 

61 

62 

63 

64 

DISCRIPTION 

Command cannot be executed 
with the drive in its current 
state 
Nonexistent head or cylinder 
requested with seek 
Opcode is not one of six 
val id opcodes 
Cover open when run command 
is issued 

65 Program error during 
head load 

81 

82 
83 
84 
85 
86 
87 
88 

89 

8A 

8B 
8C 
80 
8E 
8F 
90 

91 

Initializes and tests control 
panel 
Checks processor register 
Tests RAM 40 
Tests ROM 40 
Tests ROM 11 
Tests ROM 42 
Verify ROM version numbers 
Tests the SOl clear interface 
bit 

Tests the SOl control/status 
register 
Tests front panel and serial 
number ROM 
Initializes the UART 
Tests the error registers 
Tests the 8155 timer 
Tests the slave control port 
Slave Diagnostics 
Command available or slave 
done already set when issuing 
a new slave command 
Slave command receiver 
timeout on opcode 

5-8B 

MOST LIKELY 
FRU FAILURE 

1. Drive logic module 
2. Cover open 

1. Drive logic module 
2. SOl modul e 
3. Post amp/data 

separator module 
4. Backplane module 

1. Drive logic module 
2. SOl modul e 
3. Post amp/data 

separator module 
4. Backplane module 



Table 5-2 RA6~ Error Messages (cont.) 

ERROR 
COOE 

92 
93 

94 

95 
96 

97 
98 

99 

9A 

9B 

9C 
90 

9E 

9F 

A~ 

OISCRIPTION 

Slave attention timeout 
Slave done timeout to slave 
stop 
Slave done timeout to status 
(1 ms) 
Slave done timeout 
Slave attention timeout 

Solenoid release timeout 
Watchdog timer detects 
master insane 
Watchdog timer detects 
sl ave insane 
Run switch or cover 
invalid at spin-up 
Spindle not ready during 
recalibrate command 

SDr transfer error from OC7~3 
Write or format when write 
protected 
Format when format disabled 

Transfer command during drive 
error 
Sector read/write overrun 
error 

Al Transfer command when 
read/write error 

A2 
A3 
A4 
AS 
A6 
A7 

SDr command checksum error 
sor frame error 
SDr command parity error 
sor command out of range 
SDr command length error 
SDr error status byte is 
non-zero 

5-8C 

MOST LIKELY 
FRU FAILURE 

1. Drive logic module 
2. sor module 
3. Post amp/data 

separator module 
4. Backplane module 

1. Drive logic module 
2. Post amp/data 

separator module 
3. SDr module 
4. Backplane module 

1. sor modul e 
2. Post amp/data 

separator module 
3. R/W preamplifier 

module 
4. Backplane module 

1. SDr module 
2. Drive logic module 
3. Post amp/data 

separator module 
4. Backplane module 



ERROR 
CODE 

AS 

A9 

AA 

AB 

AC 

Table 5-2 RA6~ Error Messages (cant.) 

DISCRIPTION 

Slave done timeout to seek 
command 
Slave done timeout to RTZ 
command 
Slave respone error to RTZ 
command 
Slave done timeout during 
fi r st pass 
Command receiver timeout 
during diagnostic stop or 
ASCII port command time = 
TODGN 2 

MOST LIKELY 
FRU FAILURE 

1. Dr ive log ic modul e 
2. SOl modul e 
3. Post amp/data 

separator module 
4. Backplane module 

AD Slave done timeout during 
diagnostic stop or ASCII port 
time = IMS 

AE 
AF 

BQJ 
Bl 
B2 
B3 

B4 
B5 
B6 
B7 
BS 
CQJ 

Cl 
C2 
C3 
C4 
C5 
C6 

C7 

Orive off-line 1. 
Command byte 4 & 5 are 2. 
no t zero 
Invalid group number 3. 
Invalid head select number 4. 
Invalid cylinder range 
Spindle not ready 

Controller timeout = QJ 1. 
Spindle not ready 2. 
Illegal memory region 3. 
DO bit set 
Tried to clear a hard fault 4. 
Slave done timeout (1 MS) to 
get status 
Error response to GET STATUS 
Invalid group number 
Microcode fault errors 
No watchdog interrupt 
Slaved 0 net i m eo u t ( ASC I I Po r t) 
Slave command received error 
(ASCII port) 
Invalid 'TT' bit 

5-SD 

Drive logic module 
Post amp/data 
separato r modul e 
SOl modul e 
Backplane module 

Drive logic module 
SOl module 
Po st amp/data 
separator module 
Backplane module 



Table 5-2 RA6~ Error Messages (cont.) 

ERROR 
CODE 

C8 

BA 
BB 
BC 

BD 

BE 

BF 

DISCRIPTION 

Read/Write error - multi-head 
selec t 

Non-zero level 
Wrong subunit error 
Diagnostic command, memory 
region high not zero 
Diagnostic command, invalid 
parameters 
Write enable a write 
protect drive 
Setting S7 = 1 

5.3 POWER REGULATOR MODULE LEDS 

MOST LIKELY 
FRU FAILURE 

1. R/W preamplier 
module 

2. Post amp/data 
separator module 

3. SDr module 

1. Drive logic module 
2. SDr module 
3. Post amp/data 

separator module 
4. Backplane module 

The regulator module has seven LEDs on the top to help in fault 
isolation. Five of the LEDs are green and the remaining two LEDs 
are red. The green LEDs indicate normal operation and the red 
LEDs indicate an abnormal condition. The location of these LEDs 
is shown in Figure 5-2. Use the chart in Table 5-3 to help 
isolate power supply problems. 

5-8E 

• 



'A'f"-~-+-----':::::::"'±11 V 
15 AMP 

t20V 
6 AMP 

TRANSFORMER 
ASSEMBLY 

CZ-0850 

Figure 4-9 Location of Circuit Breakers (Old Style Transformer) 
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REGULATOR MODULE 
WRITE INHIBIT J PREAMP I 

"- ON BOARD 

rh/ POWER ~ 
SUPPLY 

20V ----+ 
VOLTAGE r---AC REFERENCE XFMRlJ +5.2V 

-15V 

~ 
AC +15V 
FAIL ~ +5V 
n~TI=(~T ~r .... ... 

I\1.-U"-

~ P LATOR HEAT 

l FAULT CONTROL SINK 
CONTROL CKTS MODULE 
LOGIC 

POWER ON 
AND RESET f---+ 
TIMERS 

! RETRACT HEADS 

~ 
DC VOLTAGE 

~ 
OVER/UNDER 
DETECT DC SENSE AND OVER VOLTAGE SCRS 

CZ-0851 

Figure 4-11 Regulator Module Block Diagram 

4.8.5 Heat Sink Module 
The heat sink module contains all the series pass transistors used for voltage regulation and the power 
transistors used for the motor control logic. All these power transistors share a common heat sink. The heat 
sink module supplies the backplane with the following dc regulated voltages: +5 volts, -5.2 volts and ±15 
volts. -

The heat sink module also supplies the motor control module with ±15 volts and ±27.5 volts. Power to the 
dc fans is also supplied from the heat sink module. Refer to Figure 4-12 for a block diagram of the heat 
sink module. 
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DRIVE 
LOGIC 
MODULE 

MOTOR COf\lTROL 

SPINDLE 
MOTOR 
CONTROL 
CIRCUIT 

POSITIONER 
MOTOR 
CONTROL 
CIRCUIT 

HEAT 
SINK 
MODULE 

Figure 4-6 Motor Control Module Block Diagram 

4.7.8 Spindle Motor 

SPINDLE 
MOTOR 

POSITIONER 
MOTOR 

CZ-0848 

The spindle motor is the de motor that rotates the disk spindle. In the RA60 Disk Drive, the spindle motor 
drives the disk spindle directly without any belt or pulley. The spindle motor also has a built-in encoder that 
converts the motor rotational speed into digital pulses. The output signals from this encoder are monitored 
by the slave microprocessor to determine disk speed. 

4.8 POWER SUPPLY ASSEMBLIES 
The RA60 PQwer supply includes five assemblies. These are the switchplate assembly, transformer assem­
bly, cap/rectifier assembly, regulator module, and heat sink module. Figure 4-7 shows a block diagram of 
the power supply. 

SWITCHPLATE 
ASSEMBLY XFMR 

Figure 4-7 Power Supply Block Diagram 

CAP/ 
RECTIFIER 
ASSEMBLY 

REGULATOR 
MODULE 

4-8 

HEAT 
SINK 
MODULE 

+5V J -5.2V BACKPLANE 
+15V ASSEMBLY 

-15V 

+27.5V] POSITIONER 
-27.5V MOTOR 

+27.5V] SPINDLE 
-27.5V MOTOR 

CZ-0849 

r 
~r 



4.7.4 Preamp Module 
The preamp module contains the head select logic, the write drivers, and low noise read preamplifiers. 
Refer to Figure 4-5 for a block diagram of the preamp module. 

PREAMPLIFIER 

WRT DATA WRITE 
DRIVER 

, R!W 
HEADS 

READ DATA 
PREAMP HEAD 2::r DISK 

SELECT ~ 

HEAD SELECT iT 

CZ-0869 

Figure 4-5 Preamplifier Module Block Diagram 

4.7.5 Front Panel Module 
The RA60 front panel consists of five switches and one switch cap (UNIT/READY). Under each indicator 
cap is a light that can be on or off regardless of the switch position. The state of each switch and light is 
periodically sampled and controlled by the master microprocessor. 

The front cover interlock switch is mounted on the cover latch assembly. This switch prevents the drive 
from spinning up whenever the front cover is open. The state of this switch is sampled periodically by the 
master microprocessor. 

4.7.6 Motor Control Module 
The motor control module contains a portion of the power amplifier circuits needed to drive the positioner 
motor voice coil. The power transistors for this function are located on the heat sink module. 

The motor control module also contains the circuitry to control the spindle motor. Refer to Figure 4-6 for 
an overview block diagram 

4.7.7 Positioner Motor 
The positioner motor is a linear dc motor actuated by a voice coil. Its function is to move the read/write 
heads in and out across the disk tracks. On the rear of the positioner motor is a tachometer that converts 
the carriage velocity into an analog signal. 

Also located on the positioner motor assembly is the home switch that informs the microprocessor and the 
power-down logic when the read/write heads are home (off the disk pack). 

4-7 



4.8.1 Switchplate Assembly 
The switchplate assembly contains the main drive circuit breaker and an ac line filter. The circuit breaker 
has three poles rated at 12 amps, 6 amps and 6 amps respectively. Switch capacity is 12 amps at the 120 
volt setting and 6 amps at the 240 volt setting. 

4.8.2 Transformer Assembly 
A ferro-resonant transformer is used in the RA60 to obtain good line voltage regulation. The raw output 
voltages from the transformer are fed to the cap/rectifier assembly for rectification. The transformer puts 
out raw ac voltages of 11 volts, 27.5 volts, and 20 volts. 

The ac voltage range switch and frequency range plugs mounted on top of the transformer permit easy 
voltage and frequency range selections. The location of the ac voltage range switch and the frequency range 
plugs is shown in Figure 4-8. 

FREQUENCY 
PLUG 

Figure 4-8 Voltage Range Switch and Frequency Plugs 

FREQUENCY 
PLUG 

CZ-0872 

Also located on the transformer assembly are six thermal circuit breakers that protect the output of the 
transformer from short circuits and overheating. The location of these circuit breakers for both the old and 
new style transformers are shown in Figures 4-9 and 4-10. 

In addition to the six thermal circuit breakers located on the transformer, two 5 amp fuses are located on 
the regulator module to fuse the on-board raw ac 20 volt lines. 

4·9 



FREQUENCY 
PLUG 

:: 20V :: 11V 
6 AMP 15 AMP 

THERMAL 
4-CIRCUIT 

BREAKERS 

FREQUENCY 
PLUG 

Figure 4-10 Location of Circuit Breakers (New Style Transformer) 

4.8.3 Cap/rectifier Assembly 
The cap/rectifier assembly rectifies the raw ac received from the transformer assembly. It puts out the 
following dc voltages: ±11 volts, ±20 volts, and ±27.5 volts. 

4.8.4 Regulator Module 
The regulator module contains the low level circuitry to regulate the rectified dc voltages on the heat sink 
module. The regulator module also senses the dc voltage levels and controls the series regulating transistors 
located on the heat sink module. 

The regulator module also contains all the ac and dc shutdown logic and the power resumption logic. See 
paragraph 4.13 for a description of the causes of power shutdown and the sequence of events that occur 
prior to shutdown. 

Figure 4-11 shows a block diagram of the functions provided by the regulator module. It has an on-board 
power supply to provide dc voltages for its own logic circuits and reference voltages. Also located here is 
the fault circuitry to detect ac failures, dc overvoltage, and dc under voltage conditions. There are also some 
timers to control power shutdown and resumption. Monitoring all these failure conditions is the fault con­
trollogic circuit. The regulator module also provides accurate voltage references for the regulator control 
circuits. 
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