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CHAPTER 1
GENERAL INFORMATION

.1 INTHMN TN

The RPO5/RPO6 Disk Drive (Figure 1-1] is a high-performance, divecl-aecess, single-head-per-surfaze
deive desszned te enable o data-processing system to store and reteieve blocks of duly wt wny location
om q rotting disk. The RPOSRPM consists of 2 §77-31 (RPO3) or 677-01 {EP0&Y disk drive, which is
manufactured by Memorex, and o deviee control logic ([3C1) unit, whizh is manufaciured by 1pital

Cquipment Carparation. The DCL unil contains the control electranics required to supervise Lhe
R P05/ E P uperations,

OHI™

0wt — esmkMiLy

LLFaIL LR LI
WELWELY

Figure 1-1  Drive and DCL Assemblies



The optional dual-acosss logic puckage may be aceessed by cither ar hoth of the central processing
umits (CPUs) on o time-sharing hasis. A ywitch on the contral panel of the drive permits the contral
Ieerie Loy select etther r hoth CPLs.

MOTE

The pricmary Tonctlosal differeoee between an RIS
and an RFUG Idisk Drive 1= i thelr storage copaci-
ties. An RP)5 can address up fo $11 cylinders, an
RFM vcun address up to 815 cvlinders. Except for
Lhis dilference, the BRP0S and RP06 are yuite similar
it their functioos and interfuces. In this meanoal,
whet descrlptions are appllcable fo buili the RIMYS
and the RPM, they will be referred 1o ebher as the
EPU5 ' RPIM THsk Idrive, or simply a5 disk drives.
Where deseriptiona differ For the twa drives, those
differences wilt he noted and the individual drives will
be referred to as the RPES or RFPG6 Disk Drive.

1.2 MANUAL MUBOSE AND ORGANIZATION

Thiz manual provides information on wnscalling ihe RS B.P06 Disk Drive into a computer system.
Ta accomplish this purpose, the manval is organized in 13 ¢chapiers and is supported by the related
documents histed in Paragraph 12,2,

1.2.1 Chapier Cootents

Chaprer | contains the pengral information necessary to introduee the RPOS; RPOG and ta present ics
characteristios and specifications,

{’hapter 2 diseosses the planning required to make the instatbalion sile compatible with operadion of
the B POS R POR, with particular attention to such considetations 4§ space, cabling, power, floot 1oad-
ing, and fire and safety precoulions.

Chapler 3 vivers Lhe specific environmenmal characteristics of the RPOS /R POR with respect to temper-
alure, relative humidey, air-conditioning and/or heat dissipation, acousticy, and cleanliness.

Cliaprer 4 deseribes the actual step-hy-siep process of instelling lhe whil, from unpacking through
preliminary checks and power verifigation,

{"hapter 5 desveibes hew e instal] the RPOS/RPDE Disk Dirive as a part af the RIPOS/RIPH sub-
syslem. Chapler & lista Lhe field acceprance procedurss and diagnosties appropriate tw such an
imaladlalion.

Chapicr 7 deseribes haw i install the RPOS/RP Disk Drive 25 a part of the RHPIS/RHPOG sub-
svstorn, Chaprer 8 listy the Meld acceplance procedures and diagnostics appropriste lo sueh an
installution.

Chupter ¥ describes how o install the RPDS/RPO6 Disk [rive as 1 part of the RTPOS/RTHIG sub-
system. Chaprer 10 lists the field acceptance procedures und diagnostics appropriste ta such an
areslallatiozs,

Chapter 11 deseribes how o imslull the RPO3/RP06 Disk 1dnve ay a parl of the R:'r"-"I’Uﬁ_.-'R"-'r'Pﬂﬁ
suhsystemn. Chupter 12 lists the Held woceptance procedures and diapnostics appropriace to such an
instaliation.



Chupler 13 deals with the oprional dual-port conflgurcation and discusses the potential upzrading of
RPOD5 /KPR aperation.

1.2.2  Related 1ncomentstion
This manual and Lhe lollowing documents comprise a complele dovumentation package for the
R PO5/RPIE Disk Dirive. When the drive is used with the PDP-11, appliceble documenls include:

RIS RIPOG Moving Head Disk Subsystern Muineenance Manual [EK-RIPOS-MM-001)
RWPRRW MK Moving Head Drsk Subsystem Maintenance Manual { EK-RW P56 MM-01)
R PSR PR Device Contrel Logie Maintenance Manual { EX-RPDSSMM-001)

RPO5/RPOG 121 Prine Set {MPO036).

M anuals related to the disk drive inclode:

hemures RPOS/REDG 67701 /31 DEC Disk Slurage Drives Technical Manual (ER-M012)
Memores RPOS /RPN 677401/677.5]1 Disk Storages Drive Tostrated Parts Catalog (ER-D00! L)
hemocex RPOS/RPOH 677-10 1ogic Manual (EK-R PO M-TM- V02,

1.2.3  Omprion Designadons

The single-access version of the RPOS/RPOR Dhigk [drive is designated as the BPOS/RPI6-A 4 (&) Hz)
or RPOS RPOG-AH (51t Hzk the dual-access version is designated as the RPOS/RPOSBA (60 Hz) or
REPOS/RIDG-BR (50 Hr).

The disk pack vsed wilh RPOS Tyisk [¥rive, which i3 an IBM 3336 Lype, is desipnared as the RPO47

Drsk Pack, ‘The disk pack used with the RPOG 13isk Dirive, which is un IBM 1336-11 type, is designated
as Lhe B PF Tisk Pack,

WARNINIG
The disk packs uged on the RIS and those used on
the RP gre WOT interchangesble. Attemprs to
force the wrong pack ople a drive cun dumage the
puack or the drive, ot boty, and cun lead to subscquent
fdamage 1o vilier packs or drives.

1.3 RPUS/RPO6 DISK DRIVE SFECIFICATIONS

The RFXS/RPIK Mgk Dive is u high-performance, dicect-acvess, single-head-per-surface drive thal
endbles a dala processing system Lo state or retricve information al any lncation on a rotating disk
pack.

151 Pentures

The HFO5/RFPD fealures error detection and correction eapubility hardware that is peTroanently
malalled. Two scoror formals ate avaitable:

20 sectors per data frack (256 15-bit words per data field of euch sector)
279 ws (burst rars)
323 we (uverage rate for muliiple sector transfers)

22 secprars per dula track (256 16-bit words per data feld of each sector)
248 as (bumsl cate)
2.90 ws (avecage rale for multiple sector teunylers),

The R REPOS also oflers remote standby operation and optional dual-contealler capahility.



1.3.1  Mechanical Specifications

Mounling

Weight
1.3  Flectricat Specifications
Standard Power Beguiremenls
Do
AL

Oher Power Cptions

Mon-Operuling

Temperature Ranpee
Dirrve Cooling (Inlernall

Maximum Wet Bulh
Temperature

Heat Duassipation

Relulive Humidicy

Vibeation

Mounted 10 a free-standing cabinet, spproximately 11% cm b
Fdeomw X 8l emd (47 in h x 33 i w 2 12 in db. The width
includes w 25.4-cm (10-in) chassis sttached to the side aof the
basic cubinel.

273 Kg {6H) 1b)

Mote

208 Vac + 10%, DELTA, 60 Hz £ 1%. 3-phase
380 Vac £ 0%, Star W Neurral, 3 Hz £ [%, -phase

23 Vae £ 10%, DELTA, 60 Hz + 1%, 3-phase
240 Vue £ 10%, DELTA, 30 He = 1%, 3-phase
408 Vac £ 10%, Star W /Neutral. 30 Hz £ 1%. 3-phasc
420 Yac + 10%, Star W/ Meowtral. 50 Hz & 1%. 3-phase
220 Yac £ 10%, DELTA. 50 Hz £ 1%, 3-phase
23} vac £ 10%, DELTA, 50 Hx £ 1%, 3-phase

Surwee (sturtine) currenl does nol exceed five times maning cur-
rent which shall notl exceed & A per phase (excluding 12C1),
Maximum phase current unbalance on two drives {excludieg
DCL) shall not exceed 70 percent. A mueximum af Lwe 60 Hz
drives may be connected an uny one 60 Hr ae cable sieing, Only
ane 30 Hz drive muy be conneclsd on any one 50 Hz cable
gtTing.

102 minimum, 43° C masinum
(50° F minitmum, 110 F maximum)

Forced air

26° C (T8 F)y

2100 W {700 Btu/hry maximum

16580 W {5500 Btu/hr} nominal

0% minimum, 80% makimum (1o condensation]

l3gfrom 2o 5 He
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Shuck
Cperaling
Shipping

Fead /" Wrile

MNumber of Bead: Write
Heads

Cylinders Per Disk Pack

Tracks Per Cwlinder
Total SNoumber of Tragks
Dt Bits Mer Track,

Al axinuum

Duta Bits Per Cylinder,
Muximum

Drata Bils Per Disk Pack,
Maxinmin

[Jata Ratc {Mominal)

Data Words Per Thsk Puck
(Formafed Capacity)

Dala Compalibility

3 g for 10 ms, 3 pulses in vertigal direction gnly

f g for 30 ms, 3 pulses in vertica] direction aanly

19 [(plus 1 read head for the scrvo)
441 om an RPOS pack

£1% on un RPOS pack

)

T80 per RPOS disk pack
15485 per RPOG disk pack

107,520 {unlormulied)
2 042 380 (wnformaked)

840,000,000 {unformutted) on an RPOS pack
1663, 000,000 (unformarted) on an RPD6 pack

&.448 000 bits faecond

43 980,288 (22-sectar pack. é-bit words) on an RPO3 pack
38,952 0B0 (20-sector puck, 18-bit words} on an HP05 pack
%7, 211.520 {22-scctor pack, 19-bit words) on an RPOS pack
T8, 283,200 {20-sector pack, 18-bit waords) on an EPO pack

The dreive allows for disk pack interchengesbibty between PDP-
[O/FDP-L1 /PDP-15 system throuph seftwaere-controlled for-
mat and data word width settings.

MOTE

RP05 and RP disk packs are notinterchangeable.

1.A4  Access Thnes
One Cylinder Scck
Averape Seek
haximum Seck

Avarage Boiational Latency
Titne

f Hi
R4 ms
53 ms

8.33 ms
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1.A3  Operation

Start-Lip Time 15 seconds

tHead Load und First Seek)

Drisk BEovativoul Speed 3600 rev/nun £ 2.5% {counterclockwise)
Stop Time 15 seconds

(Retract Heads and Siop Disk

Roration)

sk drowve bator 1 hp induction, 208,230 Vag, single-phase
Bit-Cell Tinte 155 us

1.36 IMsk Fack

Type RPOIP puck (TBM 3336 type) for an RIS
EPSE pack (TBM 333611 type} for an B P

Dhsk Diameier 35,56 cm (14 in)

MNumber of Dhisks 10 magneeic disks (not incluthng upper and lowar protective
digks)

Magnetic Recording Surfaces 19 {uppermost surlace s numbered fero)
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CHAPTER 2
SITE PREPARATIOM

2.1 SPACE

Pravision stould be made for service cleursnces of 71 cm (28 in) at the fonl end rear of Lhe
F B0 R P Thisk 1drive, and 51 ¢m (30 in) at either side of o drive string (Fipures 2-1 and 2-2). Space
showld also be made availshle in the svstem environment for storage of disk packs, cach of which has a
diameter of upproximately 36 cm (14 in} when covered, and a height of spproximately 18 om (7 in) to
the handie of the top wssembly. Disk packs should never be stacked on tap of ane snother; a desip-
nated shelf arca is recormmended for each pack.

L= e - L

Figure 2-1  RPH/RPM Service Clearances [Front)



£ ERET T

Figure 22 KPO5/FP0 Service Clearances (Rear)

22 CABLING
Mo mare than Lwa &) Hz BB/ R M6 Disk Drives and only one 50 He RPOS /R P06 Disk Drve showld

be supplicd fromt vne ac power saurce, {Refer 1o Paragraph 4.2.2, step 5.3 The ac power cable used to
conngel the drive to Lthe luchly power spurge most not exceed 4.6 m (15 ft) in length,

I'he maximum Masshus interface cable length available (round cahble) is 12.2 m {40 fi); thus, the [
drive must ke mounted no more than tiatl distance feom the controller. M ulliple drives installed in (he
errig comfguration (side-by-side) will be connected by a standerd 76-cm {30-in) cable provided wilh
euch KPD3/RPOG. Figure 2-1 shows 3 modified ACO6S cable (T0-]12068) configuration for drive-end
EPQ3/POG wse.

An optioaal Z-m 101 cable cad be provided Tor these situalions where the siring conlgucalion
cannot be utdized.

22.1 RHI1L/RH7 Systems
The aggregate length of all round cakies in an RHI11/RHT sysiem, regardless of the canfiguratinn
selected, must not exceed 14,3 m {#1 &) per controlter.

1.1.2 RHII/RHM Sysicms
The agerepale length of abl round cables in an RH10/EHID sysiem. regardless of the configuration
gelected, must not excecd 43,8 m (160 (1) minus 3.8 m {12.5 ft) for eagh K POG/E P an the syatem.

b
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CAMIHAF1

y NOTE
kY CABLE

-~ ENTRY
s PFEATION
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e

FLUL HUSING ACF ——— - r— A

ETRaiy RELIEF HO'WEINL _,."'r
HIGHT HANO

LF 203

Figure 2-3  Special T6-cm (30-iny BCOES Cable Configuration for Drive End

2.3 POWER REQUIREMEMTS
Standard power requirements {ag) for RPDS/RPM Dvisk Drives are;

208 Ve £ 10%, DELTA, &0 1z £ 1'%, }-phase
W0 Vag £ 10, Star W/ Neutral, 50 Hz £ 1%, 3-phase.

Other power options include the following:

Surge (starting) current does not excead five times the running current, which should not exceed & A
per phase. cxcluding DL, The maximum phase current unbalance on two drives (excluding DT

230 Yac £ 10%, DELTA, 60 Hz + 1%, 3-phase
240 Vac £ 109, DELTA. 50 Hz + 1%, 3-phasec
408 Vac & 109, Star W/ MNentral. 50 He £ 1%, 3-phase
420 Vac £ 104, Star W MNceutral, 50 Hr £ 1%, 3-phase
220 Yac £ 10%, DDELTA, 30 Hz £ 1%, 3-phuse
230 Vae £ 10%, DELTA, 50 Hx £ 1%, J-phase

shonld nat execed 70 porcent.

Receptacles that will accept the 120 V208 W, 60-Hz plugs are designated wanously by DEC (13-
F1210, NEMA (T21-20R), Hubbell (2500}, and Bryant {72120-FR). Recepracles thae will accept
2407418 ¥, 5-Hr plugs bear a DEC designation (12-11259) bul ne NEM A or matufactuters’ simmbers

are preseolly available.

Il 15 aler necessary (o have 20 A citcuit breakers.,
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Dugilal Bywipment Corporation should be notificd well v advance aof shipment regarding the input
prower requirernents so that the kits necessary for eeoversion 1o availabic facility power can be avails
able al the time of imslallateon.

24 FLOOR LOADING

The weight of the RPUS/E P06 Disk Dirive (272 kg /6800 1B alone is nat sulficient ta place enusual siress
v st affice building ar industejal plant floors. However, the added weighl should be sonsidered in
relation 1o the weight of the existing computer systern and possible fulure expansion.

2.5 [NSTALLATION CONSTHAINTS

The reuce e equipment will travel from the regeiving area to the instatiation site shouwld be studied in
adwance e ensule problem-free delivery. Among the factars 1o be tiken into consideration are the
height and location of loading doors; the siee, cupaeity, und weailubility of elevatory; the number and
give nf the qisles and doors en coute, and any restrictions, such 1s bends or obstrucions, in 1he hall-
wuys. Any qonstraints shonld be reporred to Digital Equipment Corporation as soon 48 possible so
thal the requirements of the individual installation sice may be considered when ihe unit is packed for
shiprient. The width of the B PO3/ REOG, #3,1% cm {32-3/4 m), can he redvuced to 79,8 cm {311-378 in) by
removing Lhe side punels.

False Mooring shieuld nal be necessary il the drives o the syseem are to be instalied side-by-side in the
string configuration, as the To-ciut {30ein) cibles provided wilh the units are just logg enough 1o be run
inzicde the drive cabingts to connect the units, Howewver, if geographical or other considerations neceasis
tate some ather configuration, or iFthe first KPS RPO6 in che string configuration 15 not adjacent 1o
lhe controller, Talse Moorng may be required to avpid exposed cables. [t mav be necessary ta remove
end panels.

24 FIRE AND SAFLETY PRECALUTIONS

The REMAEPDa Dnsk Drive presents no unusual eddilional bice of salely hazards to an existing oom-
purer svsem, Wiring shovld be caretully checked. however, to ensure that the capacity is adequate for
the added load and for any coneemplated cxpansion.

24



CHAPTER 3
ENVIRONMENTAL CONSIDERATIONS

11 CENERAL
The RPO5EPOG Disk Drive s capuble of elficienl operation even in marginal environments, The
paramiers of e opeeating covirannienl are determemed by (he most eesteictive facets of the svstom,

31 TEMPERATUERE

The apprating temperaturs cange of the RIS/ RPMG is from 167 L to 327 O (607 F 1o 90° F), with a
masimuym gradient of 8% 2 [3* F] per hour, The nonaperating ¢emperature ranpe i from 10° C 1o
447 C{0° I Lo [10° I, with a maximom gradient of 5.6° C{10° T) per howr, The shipping lemper-
ulure rihige s Toom =567 oo 6807 O (=307 T Lo 1407 F), with w maaimuce cradient of 847 £ (15 F)
pee howg,

A3 HELATIVE HLUMITNTY

Humidity cencrol is imporeant in any aystem. as static clectricity can cawse ecrors in any CPL wdth
memory. The RPOS /R M6 is designed to operate efficiently within a relative humidity ranpe of 20
percenl Lo 80 percent, wilh 4 muximum wet hulb temperature of 26° C (78 T and & mimimuem Jdew
paint ef 27 C{36° Fl. The avooperating relative humidicy canges is froom & pedcent w85 percent, with

nn gondeonsatian, The shipping relative humidity cange is from 3 percent 1o ) percent. with no
EIZ'ITH.‘I-I:TIF.I-]T]('ITI.

34 HEAT DISSIPATION

Heat dissipation for the RPO3;RP6 Divk Drive is 3300 Bro/hour, nemenal snd 7000 Bl hoeur, mua-
imum. Hy adding this fipure 1o the teral heat dissipation for the elher syseen componenls. and then
ucljusting the result o compensace for such facters as Lhe number of persennet, heatl tadiation from

adjmming sreas, sun exposere through windows, system efficiency. efc. the approximate cooling
roquiremenls Jur the syvitem van be delermined. [t i advisable to sllow o safety margin of ot least 25
pereent above 1he masinum estimated reyuirements.

A3 ACDUSTICS
Most enmpucer sices require at ieast some degree of acoustic reatment: however, Lhe R P05 RPO6 Diisk

Dirive should not contribuce unduly to the averall acoustic problem, Acoustic materials should neither
prasducs nor hacbor dust.

Jh ALTITUNDE

Clomputer sysiem aperation at hieh altilndes can resull in beat dizsipation problems. The maximum
ultilude specified tor che RIS RPOG is 1980 m (6500 f). I epecation ol high allitudes is anliviputed,
DEC showld be notified when the equipment is ordered.
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AT RADIATED EMISSIONS

somrccs af radiation such as W, vehicle ignitions, and rader trensmitlens localed in close proximity (o
the campurer system may affect the performance af the RPOS/RPO6 Disk Drive becavse of the pos-
sihle gdverse effcor magnetic fields can have on disk packs. A mupnetic feld with an intensity of 5¢
aersteds might destrov all of the mformation on an indsvidual disk pack.

The affecls of cadiared emigaions can be reduced by

Oroundiag window screens and other latge metal surfaces

Shielding interconnection cabies with grounded shields

Verifying existing grounds for common-mode clerents

[n extreme tadidtinn enviconments, proeviding a grounded cage for the svstem,

Pt pa—

3.8 AIR CIRCULATION _
The air circulativn svslem of the RPOS/RI'M Disk Drive {Figure 3-11 is designed Lo supply clean air
for:

n Disk emparatuse conorod

v PFressusization of the shrowd arsa

* Logic cage caoling,
Tn engure that intuke wir moves Teeely inle the drive, loor access must not be reatricesd by cobles, elc,
39 (LEANLINLESS o _ )
Alhough cleanliness is impartaat in all facees of a computer system, il s particularly crucl_al to the
RPD5/RPD6 Disk Dejve, Disk packs are not seuled units and are exwemely vulnerable to dirt. Even
stch minuce absiructions as smoke particles, fingerprint smudges, or dust specks can cause head
crashes and carastraphie destruction of hewds and/or disk surfaces. as illustreted m Figore 3.2
I}uring site preparation, there ure a aumber of steps that may he taken Lo enhance cleanliness,

a Beal all windews i the vicinity of the KPR SR PG Jocatiens.

s+ [Tpurtilivons are 10 b2 installed, consider floor-to-ceiling walls, which minimize the fow of dust,

s Chack that e flow of ait from the gir-condilioning system will tend ta LHITY lire, &0, WAy
From the RS/ R PG location. Provide filikation to inhibit dust and otheér particulate matter.

v |f pumting is to be done in advance of installution, select paint for walls, ceilings, and floars
that will et tend 1o fake or powder excessively. (Waterbound distemper s generally unsatis-
Eactucy in Lhis respect.}

« Select acoustic material that will neither produce nor harbor dost.

v Avoid piass fiber tiles thul could produce abrasive particles. and floor coverings that lend to
crack or crumhle.

v Provide closs cabinets for disk storege.
s Cleun and wacuum subfloor stess uad air-conditioning systems just befare matullation,

s Pluce impragpated mats at such entraace to reduce the amount of dust tracked in from other
Arcus.
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CHAPTER 4
INSTALLATION

This chaptcr includes the procedures required to unpack and install the R POS R PO Dask Drive. The
RPO3 R P0G is designed to be installed as a remote deyice with control logic cenlaimed in an atiached
drive conttol e {DCLY unid (Figure 1-3].

4.1 UNFACKING AND INSPECTION

The BIMERPD6 Disk Drive weighs approximately 272 kg (61 0], and can he moved or lifted by a
farklift ar similar handling cquipment, Table 4-1 lists special topls and eguipment that coold be
reguired duting an B POS S R PG inseallation (Figure 4-1).

CATITION
When moting or lifklag e RPGS R Digk Dicive,
alwavs grasp the frame sructure, Do NOGT hold any
part of the top or side covers.
The procedure lor unpackinge the RPOSRPOG 15 as follows.

[. The RPO3/ P 15 shipped un a shipping skid, covered by v cardboard carton. Bemove the
rw plastic sieaps that hotd the disk pack on 1op of the carlon, then remove Lhe disk pack.

2. Remove the slaples thal fasten the Jour wooden slets wo cthe bottom Qunges of the cardboard-
overlapped carton.

3. Remove the cardboard-overlapped cartom,

4. Allec removing Lhe hold-dewn balls from the skid. install the Jeveling Neet before remoaving
lite drive from the skid,

3. Remowve the skid fFrom under the drive,

6. Roll the EPIS/RPIE to ity desipnated |ocation. Level it by lowering the gight levelers,
removing all weighl frem the cuslers.

Eemove the polvethvlens bag thar covers the RPOS 'REPOS.
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Tuble 41 Teols Required For BRPOS/RTI'06 Instullation

Ttem Fart M.

Field Service Tool Kit
Tekeronix 333 oseillscope, or eguayalent

NOTE
Dscilloscopes or mefers used
im the field should ha cali-
hrated [frequently. Meter
readings muost be sccurate
within =1 percent,
oscillescope wlibin +£3
PUreeiil.

B3/ RI)6 Disk Storage
Subsystemn Tester

Absplute Qller paupe 3921290
C.E. Pack 3330
Far REP0S 29-31292
Far RPOA 2932193
Daty puck
For RPOS EPM-P
For RPOG RPMig-P
NOTE

The ¥lechanical Alignment Eir {Capital Fquipment)
may he required if problens arise during installation
of RPOS/RP}o Disk Drives.
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RPOG/OE DISK STORAQE
OFF-LINE TESTER

ABROLUTE FILTER GUAGE {23-21280)
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Figure 4-1 Special Tools for RPO5/RPOS Installation (Sheer | of 2)
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LIR

11.

12

L4,

Remove the package eastinge vn top of the RIS S RPO8; verity that o contains the following:

Leetn Part Mo,
Skirta (7] 7411193
Rorews {4} NH0a418-1
Lock washers (i) H06SR0

Fial wushery {4 aGa1
Tower sequence cuhle TIg91-0-1
Mazsbhus cable? TN 2006
Crround wire strap T41282T403-0

=ne euch for single-access onil; two each for duel-wcoess unit.
Remowe the tape frum the door end panegls,

Yisuably inspeer the exterior of the RS /R PO6 far evidence of shipping damage. Relain the
vrifinal paeking materials and receipis in case yny claims are filed for shipping damage, All
damage claims shauld he prompily filed with the transportation company involved, and
Digirtal Equipment Corporation should be notiled wnmedistely of apy such ¢laim,

Remave all service covers for inapection,

NOTFE
Side covers arc oot used hetween drives that ore to be
instalied slde-by=side in the string configurarion,
Only expnsed sides should be covercd.

Locate the doar lock override meckanism (Figure 4-2), which is an arm that protrudes from
Lhe door [ock selenoid. While pressing this mechanism dowaward, push the daar and scart
shiding il toward the rear, Relewss the mechanism, and push the aceess door all the wav back,

Manually furn the spindle in a counterelockwise divection 1o verily that it spins freely, 13ep1-
tei Lhe cone-shaped pack-lock wetuatar at the right front of the spindle, manually turn the
spindle in 4 clockwise directivn. The spindle should lock o verify that it will hald the pack
and permil disk pack top cover removal.

MOTE
The drive is transported with a shipping hracker
installed to prevent cavringe assembly motion during
transil. Do NOT remgve this shipping bracket yet.

Vizually mspect the RPO3/RPOE; tighten all subassembly mounling hardware and all termi-
il connevtivny. Acegss 1o the DWCL unil backplane is zained by removing the rear cover, To
then gain aweeess Lo the logic modules, loosen the two thumbscrews at the wop, pivat the
assembly farward and down, and lossen Lwo screws ta remave che inside cover. To gain
aveesy b sthe DCL unid power supply, remove Lhe front cover,

4-5



TB&0D

Figure 4-2 Daor Lock Overtide Mechanism

4ot

.1
2
[
!
T
X
¥
1
]
1
oF
14

R1-OG21T



b,

L.

A1,

Check the drive power requiremenls on the nameplate {Tigure 4-3) ta verify thal they agres
wilh Tavitiey power, if @ discrepuncy exists, change the we inpur power eanlgueation of the
KPS/ RD06 to canfarm to aveilable Facility power {Puragraph 4.6). Yerily that the power
cenversion plug is properly coafiguresd [Paragraph 4.6},

IEF® Py - 3B GDE KT SE HE JuaL FORTS
APQE S AFQE-BA (LOMT (Kir HL Oud . PORT! | .
JFeR/ RRIE-aR 'LEMT 45 H2 SIMOLE POATI | -
AFS R3PS A4 DENT JED HE SINGLE PORTY GRGQL MO STUD
]
SERAIAL
MUKWHER TaG

-2

Figure 4-3  Location of Nameplate
and Serial Mumber Tag

Check that matrix meedules und head plugs are properly seated (Figure 4.4],

visually check the cam-foltower surfaces of wll head/cam asscmblics ta versfy that arms uce
prupecly engaged with cama on tower sssert blies,

CAUTION
Mever push the corrigge Torvard ao that the cam fol-
lowers legve the cam onless the hewd separaoor tool i3
Installed.

£ heck the four 40-pin ribbon cables (marked &, B, O, and IF) that cannect the drive to the
I}, unit; ensure thet the cognectors are secucely seated in the corresponding (A, B, C, or
17 receptacle on module DO or 1202 {Figure 4-5).

Measure the elzetramagnetic actustor codl ussermbly (bobbin) resistance acrass the coil leads
ta determineg that the resistence i 1.6 0 (rypical) and that no shorts or openg exist,

Remave shipping bruckets from rear of deck plute snd frame (Figure 4-6), provide room for
acemssine vlher shipping hardware by remosving the ubsalute fileer (Figure 4-T). (To remave
the flter, reach throogh the left side of the drive with a screwdriver and remove the hoge
clamp at the rear of the flter, then slide the flter put}
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21, Remoeve tweo bolt washer spacer sets from the arca between the frame and deck plate (Figure
4-4y, remnave the heawy suppart har by pushing cut from the side,

DELH
PLRTE
GRS TING
IREFI

SHIPPING SPACEH

SUPFMIFRT EAR
3 RING
{REMDOYE BEEFORE INSTALLING 1M OWIVE BT 2l SFACER

12 REQD

SUPRORT
BAR

LOCK WASHER, %

|2 REQ"DH

PLEH OUT EaR

THIS IRECTIDN

- HEX BOLT, 4200 &
2 REQ"Dv

ARzl

Figure 4-B  Shipping Spacers and Support Bac
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14,

25,

Henlage the ahsalute filter and clamp the hose to che rear of the filter,

Remave the tape (i any) wrapped around cthe disk pack locking rod and the slotted post
(Figure 4-Th; remove twa strips of tape (iF any) securing the wind tonnel (plastic deflzeior) to
the deck plate. {Ti acesss the wind tunpel, swing open the rear cover of the drive,)

Remewe skipping bleck on linear motoe.

Renluce all service covers removed in step 11, unless aff=line checkout {5 to be performed at
this Lime.

4.2 INSTALLING TIIE RPOS/REPOG

The ficsl BPO3/TPD6 Disk Drive must be mounled within 12 m (40 A of the cantrallar and within 4.4
m {15 ft) of a facilicy ac power source, The satety precamtions should be abserved while following the
installagion procedurs in Paragraph 4 2.3,

4.2.1  Safety Frecaotions
Clhserve the Tallawing precaolions te avmd injury 1o personnel or damage 1o the equipment.

1.

Keep fineers and lands ool of the ares between Lhe carcdage and the disk pack while the
deive is an.

Abways remove se power cahlee when it is necessury Lo work inside the diive sequeacer
assemhly or on the trunsfotmer assemhbly lerminals when the deive s nor operating; high
palentials vl up Lo 2340 Vue /60 TTe of 400 Vac/50 112 are present.

Lize anly nonmagnetic tools near the linear maotar, which ingludes an extremely powerfil
magnet. Lise care when working in the linear motor area with mapnetic materials. evan
though flux leakzge is low in the pack ares and nutside the drive. Keep read /write heads
wway Ffrom the linesr motor.

Aveid touching or Mowing brearh on read fwrite heads; skin aeids can etch and ruin heads.
and breath ean cause condensation deposits that could disfigure the ehding surface.

Mever mamually move the carriags assemhly forwerd wilhoul g spinning disk in place ar the
head separatar tool inastalled.

Mever remawe or change modules withow shutiing down all inceenal deve power. Alluw
aboat 30 seconds for power supplies to bleed off,

4.2,  Insiallotlon Procedurs

L.

-

-

Cheek that CBI0O is OFF {Figure 4%); then conncet the power cable o the RPO5/ RI06.
Ihe cuble wr use Jor Lhis purpose s

054644 HiH=
T0-64064-3 S0 Hz

It is posmble to duisy-chein two 60 Hz drives ta a single ac power source by plugging the
power cahle af Lhe first directly into the souree and connecling the fiest diive ta t]'llr: secimd
by means of a 2.4-m {8-ft) power cable jumper {Part N, TO0S600-1). Do pat daisy-chain
paveer Lo 50 Hx drives.
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3. Coaonect a 7.6-m (25-[1) pround wire (Parl o, T41827.25) Trom the prownd stud o the
haotrom of the THCL wnit 1o the soud arche bottom of the eabine: containing the eontroller.

4. Check that the pnwer sequence jumper [(Part Mo, WIEREGD) G5 installed in 112 of the DO
unit. [Refer o drawing 13- 4-RTPD3-A-0 or T-UIA-RIPOG-A-00)

5. Connest the cound 7.6-m (23-11) Massbus cuble (BOOSS-23) from the DCL unit conneclor
marked "Controller A Input™ (Figure 4-100 10 the conneclor panel i the controller cabiner.
Ensure that the deive end of chis cable is bent ar an angle of 90 degrees 10 (he cable gare
{Figurg 2-3),

...... —_—

_LOMTE
LUKT E auTPUT
TNFLIT
CUNT A
CAnD A& CRITPUT
INPUT
SHOD
DamlE
=CEH-1

Fipure 4.1 RP0E/EPO6 Connector Ianel

& If the installation iz multidrive, proceed to siep 7; olberwise, proceed to step 11,
7. Connect a round 76-cm {30-ind Massbus cable (TOLMIGE) from the DCL woit connectaor

marked “Controlier A Ouolput’ o0 the conneetor in the sewand deive marked "Contrelter A
Input.” Inslall cable clamps as shown in Figure 4-11.
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2.

13

L1.

PR HHITCRE-0a1

CLANF MCURTING Saunalte
11 RET FER GL WP, P SORE 11
HUOTART- K]
Er el Ru

Figure 4-11 Masshus Connestor Prior to Mounting

Foepeat step 7 tor cach additional drive in the configuration.

aAroH:N

haldLe

HUHS o

[Xaisy-chain all drives by conngcting 0.49-m {3-ft) ground wives from one DOCL unit stud 1o

the next,

Igisyv-chain Al drives by connecting 0.%m {3-ft] power sequence cables (TO08421-17 {tom
13 of the preceding drive to M2 of the next, For the fiest drive, a power sequence jumper
should he connected to 112,

Fur the lasl drve, connect s Mussbus terminator pack assembly (09938 to the DCT. unit
connector marked “Contraller A Ouwipud”’ {Figure 4-10).

NOTE

For a dual-controller eonfiguration [drawing F-1. 4-
RIFOS-B-0 wr B-UA-RIPM-B-0), install the second
Maxsbus per the abore pattern. Use the DCL onit
cotinectors marked “Coatroller B Inpuil”™ and “Con-
troller B Oniput.™ A second Dlassbus ferminalur
must be used in the last drive. The second controller
fivay be civunted in the same cabinet 23 the first, or in
a differeot one. I the same hnx is used, a secnnd
receptacle housing i mounted in the conneetor panel
o accormmodate the seeond Masshus; iF different
cabiners are wsed for the controllers, Do connectsr
panels are necessary.
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=0dH 1

Figure 4-12  Muassbus Connectur Mounted

Lusoer the [ogic oest assembly in DCL umit and remeve Lhe rear cover,
¥erify chat the drive wnit pember switches nn the MTPA7 module are all in the OFF position.
NOTLE

Any switch left in the ON posilicn will Torce (e cor-
responding bl position 1o the ualt oamber (o zera.
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14, ¥erify that the drive-type jumpers on the M7776 module are configured to retlect the proper

type of drive. as follows:

Dirve wil Y2
RFDA [ QuT
EFa ouT )

[T the zerial number aption is required. check board MT776 and configure jumpers accord-
mg Lo Lhe drnive secial number.

43 INSTALLATION CHECKS AN ADJLUSTMENTS

Ta verify performance and adjust the RPOS/RP0S, perform the varicows installation checks and adjust-
menls deseribed in the following paragraphs.

4.3.1 DCL Unit Power Sppply Voltage Checks

The IYCL noir power supply develops three de output voltages [+5 Vde, —15 ¥de, and + 15 ¥de), and is
canstantly monitored By a power monitor unit, Turning QN the CB circuit breaker at the base of the
deive and the circuit breaker at the rear of the DCL unit activates the DOCL wnit power supply, The
heavy dolled line tn Figure 4-13a indicates the chassis oulline; 1he lighter dotted lings ingdicate the twan
regulator board modules, Al and A2 A1 45 acoessible from the frone of the DCL unil; A2 is scoessible

frum the rear, Figurc 4-13b and the foliowing puragraphs deseribe the functions of the two regulator
Baard enodules.

4.3.1.1

k.

4.

Kegulator Board Module A1 - Regulatar board Al issues the following.

AC LO and DO LO (o the power monilor - IT these voltages should fail, the power monitor
will et errar flags,

+5 ¥dc to the power monilor and tu the DCL unit backplane — This voltage should be
viewed on the DICL unit backplane {AA2 slot 1Y und adjusted on the power supply.

-13 ¥de o the DUL vnit backplane - This volisgs should be viewed at the backplane (A B2
slor 1} and adjusted on the power suppiy.

+15 v is not used and nat monitored,

4.5.1.2 Repuluter Board Module A2 - Regulator bouard A2 issues the following.

L.

AC LO and 1Y LO 1o the power manitar - IT these voltages should fail, the power manitar
will set error faps.

+5 ¥ie to the power monitor and o the DCL unit backplane — This valtage should be
viewed on the DCL unit backplane {AA2 slat 99 #nd adjusted on the power supply.

+ 1.1 Ve to the power monitor - This voltage should be viewed on the power monitor (plug
10 min 5] and adjusted on the power supply,

=13 Vidi is nut used and not monitored.
CAUTION
To avoid possible damage to the equipment or 6o the

electrical svsrem, do not adjust voltages beyvond on
the limirs shown in Table 4-2.
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Tahle 4-1 DC Voltages

Bl inimom Mominnt Maximum

+4.0 =+ 3 +5.2

=53 o .- =51

+14.7 +15 153

-153 =15 ] -14.7

+19.0 +24 +125.0 } Naot Adjustable
+435.0 +30 ' +55.0

w4 TASIA teomioal Mo, 3, not marked as -5.2.

d.3.2 Drdve Power Supply Yoltage Check
CAUTIOMN
Eusuta that CB1 s OFF before chapging the position
of any other circuit hreaker.
Perlorm ac and dc power checks for Lhe drive(s) as described in the following parugraphs.
4.3.2.1 AL Power Checks - Perform ac power checka an follows.
[. Set CBLOD on the RPOS/RPO6 power distribution wnit (PDU} to OM. (5= Figure 4-0a.)

2. Verify that three fans tocated under the logic gate and two fans in power supply are oper-
ating (Figure 4-9h),

3. Veruy that door intetlock lutch i relensed by sliding open the glass door,
4. Hepeat steps 1, 2, and 3, above, for each drive in the installaten.
43.2.1 DC Power Checks — Perform de power checks as follows.

. Momentarity press LAMP TEST on the operator panel; verify that all indicators are
illuminaied.

2. Set ORI on the power supply to OM. (Sce Figure 4-90),
3. Using a digital voltmeter, measure voltages at the buck punel and compare them fo the
specificatinna in Tuble 4-2. With the one esception noted in the table, the measurement

locations ace etched ante Lthe back panel itsell, vsing their nominal valtage values. IT wdjus-
trent 18 necessary. adjust these volfages a3 near the nominel vatues us posuible.

4.  Repeat steps | through 3, above, for each drive in the installation.

433 Readloess Tears
Test the driveis) for rcadiness as follows,

1. [Tnspect and clesn (us required) all heads in the drive, a3 described in Paragruphs 4.5.1 and
4512
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Mount a scratch pack oa the drive. Remove the logical address plug from the pperutor
panet.

NOTE
The logical addvess plags an the RPUS and R can
be resioved simply by pulling them ont.

Press the START /STOP awitch to START, START and DOOR LOCUKED should lighe,
and the spindle shoutd start spinning. Allow the drive vo come up to speed and purge far 5
minates, With the logical address plug removed and withowt & fitat launch, hand lnad heads
very carefully, Check for binding or uousual noise that might indigate head-to-disk inler-
ference {HDI). (For clues on HDI detection, refer to Paragraph 4.3 .5 B3 IT FIDI iz abserved,
retract the heads, twurn the drive QFF, and investigate the problem.

Install the any-numbered logical address plug; this will allow the heads o lauach 1o track
MN), Remove and reinatall the logical address plug; the drive should do o re-zera,

Verily the capabificy of the drive to execute a seck operation by using the off-line tester and
running routines 01 through 03,

Perfarm the head alignment propcedure described in Parugraph 4.5.3, using the off-ling te5t-
er. Before starting head alignment, be sure that the drive is in the Write Proteet mode and
allow 30 minules for thermal stabilization of drive and CE pack,

Repeat steps | through 6, above, for cach drive in the instailation.

NOTE
At this stage in the installation procedure, rhe follow-
ing activities shopld be perforneed.

1. ¥Yerify corvect system cabling and sigmal tormi-
nation ip the DCL umit.

2. Use system diagnostics to verify the prescnce of an
operational condition in each drive.

A Use system disgnastics to perform the system
head alipnmen verification procedure.

d.3.4 Dnre Cyele Lp/Down Checks . .
T check the starting and stopping of the spindle motor, ensure that a logieed address plug iz installed,
a# ¢livk puck is installed, and the glass access doot is closed, then proceed as fallows.

L.

Yerify that alt lamps light by pushing the Lamp Test switch. This 2ls0 indicates thut main
power is applied Lo the drive. If UNSAFE lighis, indicating an vnsafe condition, prouesd to
Paragraph 4.3.5.1 o clear this condition. When it is cleared, proceed to step 1, Delow,

Press the START/STOP switch to the START position, teiggering the following series of

events: START lluminates, DODR LOCKED illuminates, und the pack begins to rotate. 1f
DOOR LOCKED doss not iluminate, close the deot fully.
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Wil approximately 20 seconds until the word READY illuminates, indicating that the drive
i srarted and ready to execute commands, START and DOOR LOCKED should remaiin
illuminated.

3. Xiop the drive spindle motor by pressing the START/STOP swilch 1o STOP, This extin-
ruishes the READY and START lights, end causes the drive to retrace heads, The DOOR
LOCKELD light is extingnished approximarcely 20 seconds later, when the motor-down
sequence has been completed,

MNOTE
The svster can stop the drive moror by issning a
command o place the drive in Standby mode.
¥hether atopped hy the aystem ar the operator, the
resulting atatus of indicators is the same, exeept that
a stop by the sysiem causces STAMDBY o
Muminare,

435 Hesponse to Abnormal Conditions

4.3.5.1 Clearing sn Unsafe Coodilion - A sequence maltunciion during o start operation causes
UNSAFE Lo illuminate and iniliales an abnormal stop sequence in the drive. At the end af that
sequence, the spindle should come to 4 complets stop, Pressing the START/STOFP switch tu START
clears the unaafe condition and restarts the drive; if UNSAFE does nol disappesr or if il reoccurs
during the nornal slartinge seguence, coTrective AT LIERNANCE 15 TSCSsSHTY.

CAUTION
Any malfuaciion of the stop sequence [ e.g., failure nf
the spindle to stop af the end of the sequence)
requires corrective maintenaoce; do NOT attempt
other eporatioos. IT it is nocessary to remove ac pow-
or from the delve, frst onload (be besds manually.

4.3.52 Bemoving o Pack Wilth Mo Drive Power - To cemove & puck from a deive with no ac pawer
applied. proceed as fallows,

1. Verify that the spindle is stopped and the heads are retracted,
2. Pull apen the drive™s front caver. Relerrng to Figure 4-2, locale the doee Tock overeide
ttechanism; i1 8 an arm peoteeding feom the dooe lock soleneid. Press the mechanism
downward, and white holding down, push the door and start sliding it toward the rear.
Release the mechanism and push the access doaor aft the way back,

1 Luwer the lep cover slraight down aver Lhe pack, carefully svoiding contact with the edpees
of the disks, Tuen the handle an the wop cover two Tufl turns countecchockwize,

4. llwing the handle, remove the pack from the drive.

5. Ieemedialely arlash the botlam cover 1o the pack, and siore,
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4#.3.53 Derecting Head-ta-1)isk Interference — Head-to-disk interference {HDI) cesulls from head
vonlael with o disk surfece, usually the resull of o Toredpn perticke in the air slream ar a prolewsion
from the disk surface causing the head te break through the air bearing and abrade the disk surface.
This problem, il not corrected, can be propapaed from pack to pack and. ultimately, from drive to
drive, HDI symptoms include:

Foldbm =

Sudden hard resd scrars

Blick conlaminalion o Nying surface of any head

UNEAFE illuminating during a write aperation

Cneommon noise from the disk, such as audible tinkling, #inging. or seratching, which
hegome graduvally lowder toward & sereech,

ITany of the uhove symptoms are detected, stop the dnve immedialely,

CAUTION
1. f the apapected pack ia replaced with another
pack and the drive is operated. or il the suspecied
puck Iy used in adoiber drive, damnage to elihier the
second drive or the substituted pack may well
QCCUr.

2. All packs und drives in use when [TD] symploms
are deleched must be cheched forr HIY by service
personnel.

44 TESTER HOOQKUP, ROLTINES, AND RUN OPTTONS

44.1 Tester Hankop

Hook up the RPOS/RPDé Disk Storape Subsystem Tester {Figure 4-14) ua follows.

-4

Caonnect the tester to [ 1% Vag, 5060 Hz wall power, anid run Weap Test for tester checkout.
If ng errar agcurs, provesd to step 2.

Turn off ac power (o the drive and DL and place the START/STOP switch in the 5TOP
pesilion.

[D¥isconnest the drive from DCL 100 cablas A. B, C, and I,

Connect tester 170 cubles A, B, C, and D to the drive, Cables shauld be inslalled s0 that the
“rih'" sides af cables A and C face each other and B and D Fuce each other,

Connest the tester's head alignment cable to the deive in slot B4 {Figure 4-15).

Cannest the drive ke ac wall power and set all a¢/de cirquit breakers to on. STANDBY,
REA DY, DOOR CLOSED, CTEL A, B, and UNSAFE should aor be lit.

Press RESET in tester; all tester LED (Light-emitling diode)y displays should illuminzte.
Retease RESET, all LED displavs should extinguish.
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Figurs 4-15  Tester Cable Hook-Lp

8. Tura drive a¢ power QO FE, then OM, Ghaerve thul the [mllowing indicators are lit,

Tester Dirire

Display = FF CIEL A B

Error Cade LUNSAFE
ETAMIIBY

This step demanstrates the expected results when the drive is powered down and up with the

Lester comnnested.



9. Topele Resel on tester and observe that all indiculors go off excepl STAKDEBY

10, Drepress START/STOP awitch on the drive (o START position, Observe that STaNDRY
wndicator goes ol

11. Press Resct oo tester. START indicator will lighe, If door is closed, DOOR LOCKED will
light und spindle will now start spinning.

L2, Ifeads will nuwt lowd until o lest couling 15 executed, Pressing tesel on the esler will canse
heads to retract and unload.

13, Perform the rautines listed in Table 4-3 to verify aperation of the drive. Details of these tests
are centaimed in Appendia B of the Memarex BRI 8770030 DEC Disk Sterape
freives Technice! Mameal (ERAQ00 12, Table 4-4 descreibes functlion swiltcl operatlions, Some
af the routings are expressed in hexadecimal form (base 16} Tahle 4-5 contains a conversion
procedure hetween decimal, octal, and hexadecimal numbers.

Table 4-3  Tester Routine ™ umbers and Buno () ptions

Eun
Koutine et Tl {5 )™ Error Contral /! Eun Cptlons
00 Wrap <1 01 =[.pop on pass.
02 = Loup on error.
1 Incremental Seek <1 01 = Run continuously and
stop oo ervor (defaulcl,
{2 = Locp on error
02 A lternmate Seck ] {0l = Allernale seek stop on
ETTOT.
02 = Loop an erruc.
{1 Random Seek L | 0l = Run continucusly and
stop on serar (defanlt),
{2 = Laap on error,
(k4 Tachometer Ciain <1 0 = Veruly tuchometer gain
Adjustment [ link].
01 = Adjustment mode
02 =l.aap on etror,
80 =¥ crify tachometer gain
and link (default).

*Time required For one loap throogh che rowtine,
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Table 4-3  Tester Routine Mumbers and Eun Optons {Cont}

Eon
Routine Test Time (seci® Errar Control/Run Options
K] Head Alignimentl | ( = Run contituously and
stop on etror (defaule),
I =1Loop amn error.
L] Head Alipnment =10 0 = Vetily mode (defauil}.
Verilicilion
(2w [oop onercor.,
! Heud Alignment <1 M=Run anee and stap
Track Seek (defaulty.
02 = Loop on erfar,
(14 Write Head <2 00 =%Write all heads of cyl-
Yerification inder and setop
{default).
02 =Lopp on error.
ng lnceemental <32 0= Rend once and stop
Oifset Read {default),
Bl=Read continvausly
and stop on eTor,
(12 = Loap on etror.
LE Read Continuausly = 20 min 01 = Read 65,535 times und
{Ercors Monitared) stop (default),
02 = Loop on error.
OB Read Write Safety <] 00 = Check latches ance {no
link}.
002 = |_aap on eTrar.
D =Check latches ange
and link (defaul].

*Time required fot vt lovp through che rautine.
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Tuble &3 Tester Rontine Numbers and Bun Optivas (Cont)

Run
Routine Test Time (8ec)* Error Control /Run Optivas
aD Offset <1 0 = Run once and stap (na
link].
{11 = Run continuousky and
F.tll_'lp Tl SITOT.
02 = Loop an ertor,
)= Run once and link
(defzult).
161 Index <1 00 =Run once (no link).
Ol = Run continuously and
§tOp 0N ECrar.
{2 =l.oop on error.
B0=Kun ance wmd link
(defauli}).
11 Diisplay Brive <1 ) = Display one drive out-
Cutput Byte put hyte,
Byte number OO0
(defaull]).
1z Hecalibrate <1 0= Run onee {delault).
02 = Loufr on error.
13 Write <1 00 =YWride ull heads ol ovl-
inder and srop.
(1] mWrite gontinwously
and stap on ermar,
02 =Loop on érror.

NOTE
Frror code dictionaries and flowcharts Tor tester rou-
tinea are cantained in Appesdix B. An error code of
HFT™ indicdates suecessiul completion of the test.

*I'ime required Tor one Leop theowgh the routne,

Link Oplions Routines (73, 10, 0d, OB, and 08 can be lioked sogether wpravide uulomuolic consecuiive sxecation
af these eoucinea. To ean, load Boutine 0T into fungtion 1, Swiwch 1o function 9 and cxecuta, An orrar sode of
"FF" indicatea suceeasful completion. Exscuating function F will display the fast routine run il awcceaalul com-
pleticn did not ocger,
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Tahle &4  Functign Switch (perations

Tunction | Fuoction Mata Switch
Positlon | Operativg Entry Comitienls

il Execcute routine WA Execules the rouline defined by fune-
tion L.

| Finter routime to XM X¥ = the number of the mautine te he

he run Tim.

2 Enter parameter XX Enters parameter data XX in the hyte

dats defned by Tunction 3. Aulomarically
ifcrements W the next bvie aumber at
execution of this foetion,

] Enler parametet XX XX = Parameter byte number ta be

byte pperated an.

4 Display parameter MA Displays parameter data of by

byte defincd by function 3. Automatically
ingrements the next byte number aller
execution of this [uncticn.

3 Errar contral frun XX XX = Option code [or routine e be

aptians run.

h Advanee head N/A May be sclected anly where head
alignment feature m installed in the
tester and the head alignment routing
15 runmning.

F [¥isplay rowtine N/A Displavs the number of the rowtine

number

just executed,

4-28



Table 4-5 Hexadecimal-Octal Conversion

Decimal Binary Octal Hexadecimal
i {KHK 0 I
1 LI ! 1
2 L I}]4] 2 2
k| LY 3 k)
4 QLA 4 4
5 mm L3 L
] oLl 6 B
T oL T 7
L] 100} 10 L
g 10631 11 Y
1d 1004 12 A
Il Lot 13 B
12 1100 L4 C
13 1101 L5 D

14 1110 16 E
15 11 17 F

4.5 HEAI CLEANING

4.3.1 Head Inspection Prowvedece

Remove the disk pack and inspect the hewds [or evidence of brown streaks ar residus on the white-
colared sliders. Liac of the denral inspection mirrof permils an unobstructed view of each head surlace.
I & hewd faces upward, A better view of the head surface may be obiained by pushing the cam surface
ol the head arm down slightly with one finger, The downward-facing head directly above can also be

mzpecled al this line via a dental mirror, which will also provide an unobstrucred view of the upper
Iicad sleder.

CALTIOM
Do not touch the face of read/write heads with fin-
gers or dental mirror. il from the skin can capse
deposits of Toreiygn materisls to build op. Do oot
leave any residue or linl on the head. Do not blew on

the head, A% moiature from breath canscs
contamination.
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.51 Possible Head € ondifions

Head inapection should categorize the head slider in one of the three condilions described in the
lodlowing parapruphs.

4521 (lean Head - 1fthe head shider is clean and white, with no visible indieations ol linl oe foreign
maleriul, no eleuaning 15 Teguired.

4.52.2 Dirty Head - If there s brown residue on the trailing edges of the slider, the head is dirty and
needs cleaning.

4,523 [ead/Dnisk [nterforenee - I there ars Lighl brown or dack brown streaks aceoss the face of the

shder, Iead/disk intecTerence (HDI). oc fewel crash i3 indicated. 1o this case the headds) should be
retaved and eeplaced.

CALITION

I evidenwe of IID s deiecred. all packs thal have
run ob the affecred drive should be {solared. T'hese
packs will reqoire surface cleaning and inspection, or
poasibly a refurhishing by the vendor, before they can
he run again vn ANY drive. Failure bo obserye these
precautions oould result in further bead crashes and
damape to addifivonl pucks, Do NOT arfempt to
clean puck suclaces vourself:

4.5 Head Cleanlog (Flgure 4-161
The need far cleaning heads should he determined by inspection and deive usage, Cleaning a clean

head serves no useful purpose and exposes the hewd 1o possible contamination; therefare, frequency of
cleaning must be based an the abserved condilion of the heads.

1.  Clean and palish the heads, wsing & clean Kimwipe weapped tightly and smoathly around
the plastic paddle. Hold the paddle fiemly apgainst the head surface, keeping the paddle flat
agninat the head at all ticles, and clean with a gjdo=to=side motian,

MEXTE
A clean Kimwipe should he used for euch bead. The
top of the wrapped paddle may be used for the upper
head and the hottom for the lower head. Howerer,
the wipe should then be ceplaced with a dean one
beforre bepinning on the nexo head.

2. Dme e Lhree drops of aleohol may be used; hawever, Lhis wrawt be followed by 3 polishme or
bufling wilh 4 clean, dey Kimwipg-wrapped paddle. Use of a greater amaount is permissible il
the heads are extremely dirty, but must be followed by a cleaning with one to three dreps of
alcahal and then a dry bufling.

[ ]

Reinspect the heads after cleaning to cnsure that the residue has becn completely removed,
and nu linl or paper fragments were left.
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W anza

Figure 4-16  Cleaning Heads in Drive

df PFOWER
d.0.1  Power Coaversion

NOUTE
Following any frequency conversion, be sure to check
power supply voltages hoth at the transformer prima-
ry and secondary windings and at regulator outpugs.

4.6.1.1 ."s_dl-H T tofl-Hz Conversion — Materials needed are included in the $0-Ha Didve Molor Assem-
hly Kit. The conversion procedurs is 25 folfows,

I, Replawe lhe drive motor as described in Paragraph 4.6,6.2 of the P05/ RPN Technical
M e,

¥ Heplage the drive belt as described in Paragraph 4.6.6.4 of the RPOX/RPM Technicol
& g,

3. Yerify that the Power Convecsion Plug Assemhly (Figurs 4-6) has the phase-Lao-phase con-
nector inslalled.



4. Determjpe the phase-to-phase voltage of the power source, and move power supply leads to
appropriate terminals of TB319 on the tranaformer. (Refer te Figure 4-17.)

5. Reler to Figure 4-17 und move the fallowing wites:

From TB317-1 to THI18-1
From TR3L7-3 to THII8-3
From TR3LT-4 to THI18-4
From TBILT7-5 10 THI18-8
From TB317-T o THB3}18-7
Fram THR3[7-% to TBI1£-%
From FRII7-10 to THBA18-10
Froen TEIIT-12 to TE318-12.

d.60.1.}  a0-11x to 50-Hz Conversion - Materials needed are ingluded in the 50-Hx Drive Motor Assem-
bly Kil. The conversion procedurs 15 a5 Tollows.

I, Replags abe drive motor as desceibed in Paragraph 4.6.6.2 of the RPOT /RPN Techmice
Manym.

2. Replace the drive belt as deseribed in Parugraph 4.6.6.4 of the REOSRAE Techmical
Mesrnert.

3, Derermine if the power sourcs is WYE or DELTA configured, Locate the Power Con-
version Flug, Lf the source is DELTA, install the phase-to-phase plug. If the source is WYE,
mstall the phase-to.nevtral plug,

4. Determine the phase-to-phase voltage of power source i DELTA confipured, or the phusge-
t-neulral vollage iF WYE conligured, and move pavwer supply leads o appropHare termi-
mals of TBI9 on the rensformet. {Refer 1o Figure 4-17.}

%, Refer ro Figure 4-17 and maove the following wires:

From TR3I1E-1 to TRITT-1
From TH3I8-1to THI1T-2
Froan TH318-4 o TRI1TA
Froan TBI{E-6 1o TR31T-A
From TBIIE-7 to TB317-Y
From TBIJHE-9 to TB317-4
From TBI1G-10 1o TEINT-10
From TB318-12 to TH3i17-12,

4.6.2 Power Configuration Check
4.6.2.1 ¥LHz Drive - The procedure for checking the power configuration ia as ollows.
I. Werilv Lhut the Power Conversion Plug Assemhbly (Part Mo 215768, shown in Figure 4-6)
has Lhe phase-1o-phase conneetor instailed (P10 in the Memorex BRPOT/RP06 67707 Lagic
AManua!. EK-RPDAM-TM-VIN, page LA 104
I, Detorming the phave-to-phase voltupe of the power source, and move power supply leads to

appropriule terminals of TB319 on the ransformer. (Reler 1o the above logic manual, page
13900,
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4.6..2 5-Hz Drve - The procedure for checking the power confipuration is as follows.

1. Determine if pevwer source 15 WYE or DELTA coofigured, Locace che Power Conversion
Plug Assembly (Part No. 215766, shown in Figure $6), If the source is DELT A, install the

phase-to-phase plug. I the saurce is WYF, install the phase-to-neutral plug (110 in the
ahove logic manual, page ZA 100).

4. Duterimne the phase-to-phase voltage of power source if DELTA conhguced, of the phise-

lo-neutta] voltage 1T WYE gonfigored, and move the power supply leads 1o appropriole
tecminals of TB319 on the transformer, (Refer to the above Jogic manual. page ZD 10H.
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CHAPTER 5

INSTALLING THE RF05/RP06 INTO
AN RIFOS/RIPD6 SUBSYSTEM

51 INTRODUCTION

When onc or more RFDS {or R PG} is combined with ong or more RH11 cantraoller, the combitiubon is
designated as an KIPDS (or R IPOO) subsystem. Syatem disgrum B-SD-RPO4-0u1 shows aysiem inter-
conneclion, module locations, powsr wirng, and single-port and dual-port option data, More com-
plete details regarding this type of installation can be found in the RSP0 RS PG Maviag Head Dirk
Subrpatem Maintenanee Mo (EK-RIPOS-MM-A001) und the RPOS/R PG Device Conrral [ogic
Mamintenaace Manual [(EX -RPDS6-MM-001),

521 ELECTRICAL

Power cable conneclions, Unibus cable connections, and Magabus cable connections arc described in
the following paragraphs.

5.1 PFawer (Cable Cosnectinns

Pawer 15 distrtbuted to the two hea-height RHI11 modokes via two power cables that attach o the
prinled circuil buckpline assembly by quick-disconnect tabs. (Refer (o the RHI1 wired assembly
drawing, D-AD-TO0R387.0-0.) The powar cables have Mate-MN-Lok connectors on ane end to connsct
tor the power distribation panel located above the backplane, and guick-discannest tabs an the other
end to connect to the RH11 hagkplane aggembly, The color codes associated with the power hamess
connzclhony swre us follows.

Hamess Mo. 1 Hamess Ma. 2
Kows 1-4 Bows 5-9

+5V Red ACLOH+IY o +3 Y) Yellow

+5¥ Red DCLO{+3Vio+3 V) Viaolet

Ond Black LTC {8 ¥ pexk-to-peak ac) Brown

Gnd Bluck +i5Y Cirey
-15 Blue
+3Y Eed
+5V Red
Gind Black
Ond Black
CAUTEON

Emsere that backplane wires are snt damaged when
power cables ire (omnecied to the backplune. Do not
et AC LO amd DC L0 wires out af the power har-
ness, as they are ised far power fall condldons on tee
Maashis and on both Unibus A aud Unlbuz B poris.
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Aller power connections have besn made, check far power shorts with an chmmeter. Engure that zll
modiles are ficmiy saated in the proper slows (Figure 5-1). Power up the CPU ot expunder boa and

messure ¥oltages in accordanes with valves listed for the preceding color codes. Afier thiz is done, tum
the power OFT-.
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Figure 3-1 RH1 Module Linlization
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522 1llnihus Cahle Connections

The RIIIL is 4 lwo-porl Unibus device capable of accepting twa Lonibus cable syslems, designated
[Tmbios A ancd Tlaibus B.

51.2.1 Unibus A Connectdons - The Umbus & cahle slots caonnect the RHIL 1o the processor con-
trolling ic, The Unihus A cable enters the RHIL via slot ATB1 and connects 1o the next device via slot
ATHY. (Refer ta the modole wlilization drawing, DM U-RHL-001.) Conncctions ta alat ATBI ure
made via lhe BC1 1A Tnibus cable if the RHI1 is the first Unibus A devige in the maunting bos.
Oeherwise. connection to AlBL from the preceding device is made by wn M920 Unibos Jumper mod-
nle, 1f the next deviee an the Tlnibus is adjacent, connection is also made by an M920 module; if it is
nat sdjacent, connection is made by u BC 1A cable

NOTE
IF the RHIT is the last device an Unibus A, an M230
Terminator module is installied io slot ATB9.

5.2.2.2 Unibes B Connections - Unibus B connections are generally made in systems with mulupurt
memariss. YWhen the Tinihus B port of the RHI1 18 not wsed, an M9300 Terminatoer tadule (with
jumper W1 cut) shoold be instulled in slol ABBE G lerminale Unibus B signals into the KHIL The
second M9300 Terminator modale should sor be used in ATBT in order to conserve poweer, |f the
Unibus B port of the EHIL is used, connections are determined on the hasis of whether a processar is
cannecied 1o Unibus B, These connoctions are described helow,

Processnr an Unibus B - 1T 3 proesssor is connected to 1inibus B, it iy electrically connecied at the
berinning of the bus. In Lhis cuse, the M930 Teeminater todules supplied with the processar ave used
for bus teemination. and the cwo M9300 modoles supplied with the RH1L are not vsed.

MOTE
The MIWH} Terminator oedule may be wsed ax 5
substitute For the W93 Terminator module if the
Jjumipers are seleeted correctly,

The Unibus B cable connection to the BEHI1 a5 sl via slol ABBS with o BOLLA cable, Conncction
feom the RHIL ta the next devieo is made via a BOEIA cable cannested to slaot ATBT. 1f the RHI] is

ihe last devies an the bus, the M930 or M3 madule is installed 10 slot ATET instead of the BCT14
cuble.

Mo Provesser on Unibus B - T no processor s conmecred 1o Linbus B, an M9300 Unibus B Terminalor
moduls must be selected as an NPRE arbiteator. If one BHLI is connecied te Onibus B, the BRI i
cleetrically connected at the beginning of the bus with the MB300 selected 1o act as an NPR arbireator,
COng MY30L Linihus B Terminator modele is placed in slor A3B8 of the RHLL, Jumper W1 of that
maodule must be cut to enghle the arbitration logic. Connection to other devices on Unabus B, such as
mieinary, s made via a BCLLA cable connected Lo slel ATEY. The secead MO300 iz inscalled i the Jage
devicee on Unibus B, Jumper W2 i3 ramoved to rerminate the Unibus with no processor conneclad.

NOTE
To this cusc. wn M3 Tecminater module can he
substlivied for the M930]0 Unibus B Terminalor in
the last derice slot. IF more than one RHIL §s
installed, the user may have extra MM modules as
a result of a pardeular configuration, Figures 52, 5-
3, and 54 show typical LUloihua configuratinns.

33



Er i1

L L

JAHIA JHCE UHZa
LM ST [H T
aRE1 LET WASED =3
TESM
ro WIFLILE 1
: o thasa
FOF-'1 MEMOTT 200 Rwru I
UHLA JHla LHLA 1 | He-
[EMTE ot LAy 1 | 1N
! i 3EE
1 i MAOTE 1
h'. L J I
LY :.
N B >
k JHIOLG JHIELS A
i
ODGINY kG
UKIELE &
HZTE I

Tmuinl W3%] -arminagks=

* ozl deyice o1 UKIBJS 4,

Figure 5-2  Single-Port Unihos Configuration

LKIBIS B
Edlx Ii
A § '
" | '.
a0 I|
Wl=[H g
wl-gni
wh Ik R-11 BEGIRY N3
_.I—E"hELIE
URIE r e
K] P ou
e ULLE 5 1
IrIT Lh AE 01 AEDT WATEa LEQR
LALID STATE WMEMORT ABCH E
POR-I1/4% MEMORY wi-0JdT
UNZE IHEA UkIA it Il
wuin AuT il us wi-IN '|
SEE
NITE 1
LNIE Lk:d
X oT T
*,
BEGINK NG UHIBLE & LHIBLE A
NS A
HOTE !
atail WHIO germinaler iF laal dev-se an JRIBUS @
Figure 5-1 Duwal-Port Confguration — Memocey on Unibus B

54

10
Ed
Lhlaus
L]

ERE-H

| .
EML 0F
un .8y
L

1 =Xl



POP-I1 WEMORY
LMIP UNZA LkLA
W430 =T Ik 1T
_KE
AFGIE H NG " MG L
s & UW BUS B UNIDIz B I HUS B
4
UNTH UNLE :
M (1R}
BT WINDOW
RH'1
UNI InLe
= cil JHGE E'r}':-'a.js UNTA
| ] g B ouT
i
] I [ BT TER AE0D AR
TEFK,
WODULE
FOF-11 M EMCST W=k
wI-JUT
LN LUkl N
ER EUT 1h 1 LE 1]
[ ZEE ZIE
\ AETE 0 i KROTE 2
UNLE UMLE
hk T =H
" TO
JED HMIAE - ; 3 :|I> ERO <F
UM ALE G S IS i AHIOLE 4 UK: BU3 4 Uk 3G
A
MATL .

I- 27 1his conlequndtiod odn be rdzlozed 3s S50,
2. Inspar W32 perminga *oast dewss 2p INIEJE &

R 1114
Figure 5.4 Dwal-Fort Configuration Memory and Processor ot Unibus B

3.23 Massbus Cable Connections

Masshus connections o the RHI11 are made via three 2.45-m {§-ft), d0-conductor ribbon cables
(BCO&H AR}, Thess cables plup inta three M3904 trangoeivers in the RH11, and are designated b asa-
Bus cubles A, B, and C. These cables should be inserted into the modules with the edpe-marking fucing
the module handles. The other ends of these cables mate to the inpul/ oucpul connector block assembly

on the conncctor panel with the edge-marking facing up {per D-UA-RIP04-A.0), The connections are
made as fallows,

1. Muassher Cabfe A4 - From slot C4D4 af the RHI1 g the righthand side of the connector
block {viewed from the male side, aprings at top). The edpe-marking should Face up.

2, Masshus Cadle 8 - From slot ©505 to the next connector slot, with the edge-marking facing
up.

1. Musehos Cable O - From slot CAD6 Lo the test conpector slot, with 1he edge-marking facing
up.
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To Lerttiinale the Muassbus, o TO0993R terminator peck assemhbly shauld be plugged inte the output
connectocls) of the lust deive (Figuce 5-5). The bMassbus cable connections to the RHIET are shown in
Figure 52 and 3-3 for single-port and dual-port sysiems, mespaclively.
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514 AC LO, DO LAY

AC LG and 130 LY magnals from the RHLT pawer supply must he connected ta the RH11. There
should he only one. AC Ly and vne OC LG power fail sonoection 1o esch Unibus [rom the paswer
supply of sach mueunting bes. (Oitherwise, power fail condilions would latch up due 1o positive feed-
Bock (o the power fail logic.) If a device already mounced in the mounting box (e be used for the RHI L
hs AC LO and DC LO connections to a Unibus, remove the Mods Power Fail Drive moduls for that

Uatbus froun the RHIL, The M6S8 for Unibus A is located in slot E3; the M348 for Unibus B is
located in sloi Hé.

The lullowing = a summary of power fail configuration rules,

I, Far each mounting bea, there is only one AC LO and DC LG power fail connection 1o a
TInibus [tom che power supply,

ka2

FPower supply AC LO and DO [ must always he wired w sach RH1I via the power
larness,

Power fual sipnals may only be disconnected from 2 Unibus in an RH11 by remowving the
appropriule k1682 Power Fail Driver madule,
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4, Powersupplv ACLO and DC LO should be disconnecied from all other options mounted im
the same box as the RHIL if they do not need those sipnals for internal operaton.

Figures 56, 5-7, and -8 show three typical power fail configurations that conform to these rules,
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a3 JUMPER CONFIGLRATIONS

The fnllnwing paragraphs describe the varinus jumper confipurstions cn the BCT, DBC, and CSR
il es.

231 BCT Mudule (M 7295

The BCT module centans jumpers [or mgister selection, BR lgvel interrupt, MPR latency, vector
address, and missed fransfer ereoe.

5011 Register Selection - The RHI] js capable of responding Lo 30 possible Unibus uddresses, with

lle exuvct number dependent on the Masshus device, For the RPOSfRPO6 Disk Drive, the following
Jumper condigdarution should be wsed {D-CS-M7H5-0-1, sheet 23,

Jumiper Address Bit Juniper [n/ Cul*

Wi 12 Chut
w2 11 Cut
Wi L Cul
W o In

WA 4 Chut
W 1 Chut
W 6 Chut
WE 5 In

=Tainper T = Binary

Tumpers W1-%W4 select the block of Tinibus sddresses o which Lhe RH11-RE1S /B P0G responds. The
standard addressing block assirned s TTe70-TTETHE,

The jumpers in E3 { D=5 % 7205001, sheet 2) are selected for the approprinte mumber of registers (20}
in the RJPOS,RIPIG subsystem,

Sl Jumper Jumper Iny Dut
E3 1-16 Ot
2-15 Out
3-14 In
4-13 In
-12(2) In
H=11(4] Qi
T-1I4] In
B-Ar 16} Chut

a4.3.1.2 BH Level [nterrupt — The priovity jumpear plug for the RITI is noemally set Bor the BRS lewed,
This plug 1= Jocated m ES7 [D-CS-M7205, sheet 71,

5A.1.3 NPR Latency - Special cireuitry is incorporated oo the BCT module Lo improve NPER latency
e Tor devices connected o the Unibus. This cirowitry s enabled via jumper WIS (D =C5-M 72950k,
shieet Th When the jumper is lelt in, the NPR latency [ealure is enabled, Not all PDP-11 progessors will
work with this special Tealure.

5.3.1.4 Bus Grant - 17 there are no smail peripheral controllers instailed in slos C7=F7, CR-F34, and

COo-F9. 3727 {3rant Concinuity modules must be mslalled in slot DT, DE. o 129, These modoles
merely cantinue the Bus Girant signals 1a Lhe next device on the Unibus.

510



5115 Yeetor Addvess Jumpers - The intertupt veclor transleered W the processos s jumper-selact-
able via jumpers WL I-W 17, eepeesentiag vecior bits 2-3_ respectively. The RIPO5 /06 subsystems are
assifoed 4 vector address of 000254, with the following jumper configuration.

Jumper Vector Bite  Jumper In; Owot*
W11 Vi In
W2 L] In
W3 LR Oul
Wld W In
Wl5 ki CQut
Wik L) In
W17 Vi Chat

*Jumper lo = Binicy |

5.3.0.6 DMXFE Jumper - Jumper ¥ 1% { D-CD-MT295-0-1, sheet 93 is used 10 disable detection of MXF
errars and is used during specid] maintenuace procedores, W% is normally eft in,

53.1 DARC Module [M7294)

The DBC module containg jumpers for MPR cycle selection, Unibus parity, snd stard counter
il praL el s,

8351 NPR Cyole Selection Jumpers - Two jumpers select the type of oycle to be implemented when
performing WPRs, Jumper E86 {3-14) (D-CS-MT284-0c1, sheet 2} selects the RH1 to perform ane
memary Teference for cach NPR request; this jumper is temoved in the RIPDSRIMK subsystem Lo
ablory back-ta-hack memory cveles to occur, Jumper BAS {2-15) tokes advanlape of dedivuled Tinibuy
B zyslems (Lhuse in which the RH11 is used exglugively as a Unibus B mascer) by allowing the RH1I to
transter complele consecutive hlocks of dats without giving up the Lnibus: 1o implement this feature,
hoth this jumper and E66 (3-14) must be cut (BUS HOG mode),

53.2.2 Unibma Parity Jumpers - The RHI1 aption can be selecled For | 6-duta-bil transfers {phos twa
parily bits) or |8-dula-hil transfers. Lnibus A and Linibus B can each be sebected individually vie
jumpers Wl and W2 (D=CS5-0M7294-0-1, sheer B). IF lefl in, jumper W1 allows parity crmor code derec-
lion it Tlnibus A when the RH11 iz performing DATI operations: if W1 iy removed, the PA and PR
parity lines of Unibus B wre vaed az dara bits 16 and 17, respectively. Jumper W2 serves Unibus Rin
the same manner as Wl secves Unibuy A Bath pampers are normally lefo in.

52.2.3 Start Coonter fumpers - Various Sile cepacities are jumper-sglectable beforc a write oper-
atien ila the disk deive is statted. The jumper selections are listed below (D-C5-M7204-0.1, sheet #).

Jumper E6f, Pios 1-16 Selects full capacity of 64 words
Jumper E&6, Pins 5-12 Sclects 32 wards
lumper Eét, Pins7-10 Selects 16 warda
Mo Jumper Selects | word
NOTE

Only the jumper representing the deslred Silo capaci-
v should Iv: connected. The afher jumpers should be
rempved. For RJPOS/RIPS subsystems, the Gd4-
word jumiper {E66, pins 1-16] shauld be connected.
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533 (SR Module (MT294)
The CSR medule contains a jumper (Wl on D-C5-M7296-0-1, sheet 23 to allow for Unibus A selection

only, This jumper vvertides the ability of the progeam to sefect Llnibus B data transfers, The jumper is
normally eemoved,

54 RHI1 INSTALLATION "ROCEDLUIRE
This peocedure should be pesformed twice when inslalling EIPOS "RIPDG-BA or -BB subsvsiems.

+d

.

10,
11.

Yisually check the RH!L backplane ussemhly For bent pins by sighting along the rows of
pins Fram two directions. Also check for pinched or broken wires,

{‘hegk the hackplans for the currgnt wire-wrep revision wnd remove and check all RHII
madules far current ECO) revisions.

Bount foe RH I backpiane assembly in the appropriate mounting box using four 8/ 12-inch
® L-inch Alleh-head screws,

Connect the twn power harnesses ta the RH L as deseribed in Purapraph 521 Ensure 1hat
Maute-M-Lok connectory are seated ficmly in the power distribution panel located on the
chussis abave Lhe buckplane.

Check the RHL] backplane again for bent ping and shorted wires.

Power-up the CPLY or expunder box und check oll vollapges, then power-down,

Check that the wires supplyving AC LO and DC LO signals from the power supply are
connected 1o (he RITLL, ag desceibed in Paragraph 3.2.4,

Vepify and/or sclect the jumper configurations in the RHI1 weeording wo Patageaph 3.3 and
drawing 13-0C8-MI295-0-1.

Verify that all modules are placed according to the RHI1 module ublzatien list (D-MU-
R L)-0-1).

Verify that Linibus zuhle connectiuns are made according to Paragraph 1.2.2,

Wount o inpul foulpul connector block assembly (TOEE61) to s connector panel (T412378)
with four 4/#-inch ¥ 5-inch scrows {(YINOA042-E).

Verify that two pressure-sensitive labels are applied ¢o the conagctar punel for esch
innput;ouiput commector black wssembly (E-UA-RIM3-A-0or E-LJA-RIPOS-A-0). Label 1 i3
applied ahave the input/ eutpul eeanector block assembly, and Label 2 is applied below it.

Cantroller
A B 1121 31 4

Label t
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ti.

14,

15,

4.

The second line of Lebel 1 most be murked 30 that cobly one letter and one numbet are
visihle. The single controller (RHI) used 1n an RIPOS /06-AA or -AB subystem, us well as
the Ayl contraller used 1m an RIPDS /06-BA or -BB subsystem, 18 ceferred (o 48 conleoller A,
If 1115 the ficsl subsysiem wang the conneclor panel, o is desighated contraller Al {ct., up
cantroller Ad), The second controller in an RJ P05/ 6-BA or -BB subsystem is designated as
contritler BX, where X is the same subsystem number as the associated contraller A.

Example: Two KA1 conlrollars are mownied in Lhe same cabinel, voe for each of 1wo
RIPOS/06-AA subsysiems, Each RHIL uses one input foutpil ceanector block on the con-
nectar panel: the first is called conwroller Al, the second is A2, Later, an RJPO5/06-AA
subsystemn is installed with irs rag BEH1E controllers mounced in the same cabinet. The
remaining ¢wo slocs on the connector panel are wsed, with one being labeled A3 and the
other H3.

CBA

Lubel 2
Thig lahel simply shows the relative positions of the flat Massbus cables A, B, and .
Muount the conneclor panel al the botom cear of the cabinet containing the RHE, using
four 10;32-inch Tinnerman nots (Part Mo 3006534) and four 10,/32-inch & 0.38-imch Truss-
head screws [Part Na, S0060T]-3), (Refer 10 D-UA-FEJP05-A-0 or D-UA-RIP6-A-0.)
Verify that Masshus cable connecrions are aceording to Paragraph 5.2.3,

Clean the wir flters at the top of the mounting cabinet, if necessary,

Check mounting cabinet fans for propet operation.
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CHAPIER 6

RIFOS/RIPDe FIELD ACCEPTAMNCE
FROCEDURES AND DIAGNOSTICS

6.1 INTRODL CTION

Ficld acceplance lesting s inlended to demonstrate performance of the RPDS/ R Disk Drive
and for the RIPDS SRIPOS subsyvsler o the customer prioT to his Acceptance,

4.2 ERROE DEFINITIONS/HATES

The EID5; RPO6 vonluins three registers 1o display the various error condiions possible, Ecror cepisler
1 (KHER 11 indicates the operutional error related to eammand and control: ercor registars 2 and 3
[RHER 2, RHER 3) indicate drive etror conditions. Twa bits of RHER 3 (SK1 and GCY L} indicare
seek errars and are wsed 1o calenlaie 1he seek error rate {Paragraph 6243 Fowr bits of RHEE 1
(IHCRC. HCLE, ECH, and DCK |, which may include DTE and FER) indicate duls errors; the remain-
ing bits of R11IER | indivele command and control errors, Table 61 lists indicalions of the varioos
crritr types and cheir explanations.

6.2.1 Fard Errors

Ay Failioce Lo read duts correstly after a complete recovery sequency with BOC enabled canstitutes an
irrecoverable, or hurd, error. (A complete recovery sequence consisls of 2K relries, 16 at the nominal
head position, and 2 each at selecled offsets; 10 pm, 203 am, and 30,4 pm (300, BO0, and 1200 micra-
inches] for the RPOS, and 5§ pm, L0 pin, wnd 152 am (200, 4040, and 600 microinches) for the RPD6.
Ecrors thel are not ECC-correctable include bursts gredter than 11 bits in length end isalated dropped
kits iseparated by more than 11 bits) withic w sector. The sllowable error rate for hard errars is one
errir per 10 7 bits read,
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Table 6-1 RPUSBEP Error Conditions

Bit Set
Bit Registor Error Type Explanative
HCE RHER 1 Soft | Seetor Count Field /Desived. Sector Compare fails due
HCRC RHEH 1 10 CRL failure,
HCRC RHER 1] Salt Sectar Count Field matches desited sectoe field But
there s CRC error.
HCRE FHER 1 Soft Format bit in first haader word incoreect,
FER KHER 1
NOTE
FER without HCRC durlng aa operaticn
that reads the bender ladlcates wrong for-
nat pack monoted.
K KHERK 1 Soft Hrear detected during read gperation by exarmnation of
ECC bytes; correctable by retey sequence,
I EHEE | Hard Errar detected which is ECC uncorreciable through 238
ECH RHER i relry sequence {16 relries al nominal head position and
|2 with head offset).
Sk [ RHER 2 Sesk . Seek operation Tuils w complete within 35 ms of
imtiubio.
2. Recalibration operation fails to complete within
SO0 ms of initiaeion,
3 Offset or return-to-centerline operations fail to
complete within 10 ms of initiation.
SKI RIIEE 3 Baek Positioner has drified off cylinder subssquenl 1o com-
OCYL EHER 3 pletion of pasitipning operation.
HCE RHER 1 Seek Sectlor Counr Field (RHLA) does not match Desired
Sector Field (RHDST) and thers s nol a CRC errar,
This error is not ceused by a positioner failure: It is due
ta a DHCL fuilure. Therefore, HCE alone mdicates an
REQS,RPDG seek error and not u 677-51 or 677-01 drive
seck failure.
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6.2.2 Soft Errors

Any Failure to road data correetly on the first try that is then read successfully dunng a recovery
sequence comstitutes A recoverahle, ar soft, errar, {Refer tn Parugraph 2.1 for definition af a8 com-
mlete recwvery seyuence.) The wllowable ervor cate foec sofl errars 15 ong error pec 107 bits read.

6.2.3 Mack-Atiribuiable Errors

An error cansed by imperfections in the recording surface is regarded as pack-attributahle, or medea-
dependent. IT ke imperlection iy less than 11 Bty Jang, il 1y ECC-correctable und will eppear as a soell
ercor; 0 muoce than 11 Bils long, i will appear a3 o hard erroc. On a given pack, pack-artributable ezrots
will always appear at 1 same evlinder. sector. and track addresses, with an ECC POS REG value
within 11 hita. The definitions of hard and soft errors in Paragraphs 6.2.1 and 622 apply only ta
randomniy distributed errors, and da not tuke into account errocs that ate pack -attnbutsble. Tmperfen-
tions i Lhe pack surlace may he found by mapping the puck wsinge the Jormaller prograts.

6,24 Seck Errors

Any posttioning aperation that is not completed within a specified time (35 ms for Seck commands,
500 my Jur Recalibrale commands, and [0 ma for Offset and Return o Centerline commands), ar thad
termickales with the pasitioner in an incorcect localion, constilules e seek errar. The allpwehle ecror
ratc far seck crroes is one creod por 108 sesk operations.

4.3 RITO5/BRIPGM TIDLD AC/C'EPTANCYE TEST
The RIPOS/RHPO6 Fiebd Acceplance Test s designed 4o demanstute the performance of the
R P05 PG ek Dirive when uged with an R controdler.

6.3.1 Operational Checks, Single Controtber

When all inslullation procedures have been completed, the tests described in the following parageaphs
should he pesformed. The rolal time requiced to ron these [ests, 50 Lhe ahsenee ol failures, 5 3.5 hours
per R ar RPO3, and 4.7 hours por RPO6, The diagnostics are defined in Paragraph 6.4).

RBP4 035/ 08 Dhskless Controller Test, Part 1 (Static 1A) - MAINDEC-T1-10FRIG

Kun Pragedure REun two passes, using default paramelers.

Erpors Allewed M one

Error Recavery Procedure Correct problem and restnrl aeceplance an failing drive.
Appraximate Run Time 5 minules,/drive

ET04:05/06 Diskless Contridler Test, Part 2 {Static TR) - MAINDEC-L1-1DFRIH

Kun Procedurc Fun wa passes, using defeull puramieters.

Error Allowed Mone

terar Keeover Procedurn Cotrect problem and reslacl veceplance on Tuiling drive.
Approgimace Bun Time |0 minutes/drive
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B /05 0 Functional Controller Test, Parl 1 (Static 241 - MAINDEC-I1-RZRIT

Fun Procedure Run two passes, using default parameters,

brrors Allowed Omly pack-attributable errocs

Errer Bevovery Procedure Correct problem und restart scceptance on failing drive.
Approximaie Run Timg 5 minules, drive

HPM A5 SN Fanedional Controller Test, Part 2 (Static 2R - MAIKDEC-11-DZRIT

Run Procedurs Run 1wa pesses, uung default parameters.

Ereees Allowel UOnly pack-atfributable errecs

Erruor Recovery Procedure Carrect problem and testurt weceptance an failing drive,
Approximate Run Time 5 minutes ‘drive

Forneat Propram - MATNDEC-11-DFARIB

Run Progedure Run aceording ta Table §-2,

Errors Allowed Pack-atteibutable ettors unly

Error Kecovery Procedurg Correct problem and resiarl wecepiance an fwhng drive.
Appraximate Ewn Time & minutes /RPQS; 16 minutes; RPO&.

BRI 055506 Muechapical aod Read  Write Test - MAINDEC-11-IZRJ A

Run Procedure One pass afl wll tests, wsing delault patameters, Ten passcs
af tesls 0 throush 6.

Ercors Adlowed Pack-attributable errors only, {Use same pack as Format
Program.)

Error Resovery Frocedurs Currect problem and cestart aceeptancs on failing drive.

Appraxemate Run Time | howr, 15 minwtes, RPD5: 2 hours, 30 minutes! RPG

RP 056 Mullidrive Excreiser - MAINDREC-11-DARID

Run Procedurs Runs ail drives, wsing default parameters until 6.25 =« 0
words have been tradsfeered on all drives

Errues Allewed DOoe solt erroc thel is ool peck-alteibutable, [(Use same
pack a= Formar Frogram.}

Error Heeovery Procedore [Irop failing drive from test. Cantinue test on remuining
drives. Carrect problem snd resturt acceptance on Tuiling
drive.

Approximate Ran Time 1 houe, 30 minutes/drive
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DEC/X11

Run Procedure Run canfigured for system with default paramelers for one
hour,
Crrocs Allowed Two system soft errors that ave not pack-attributable, (Use
game pack as Format Program.) Data late erroes {DLT)
are 1o be expecred an heavily-loaded sysiems and, a8 such,

Crrioc Kecovery Procedure

should not be considered gy ecrors.

Drop failing drive and guntinue test on remaiting drives.
Correct prablem and restart acceplance on failing drive.

Table -2  Formar M AINDEC-11-DZRIB) Bun Frocedure

DEY (O DRY 1 DRY 2 DEY 1 DEY 4 DRV & IIRY 6 IRy 17
[ yer sl Wrife Write Wrile Write Wrile Write FTite
Optian (13 | Check (11 | Cheek (1) | Check (1) | Check (1) | Check {171 | Check (1) | Chexk (L}
Wrile Drelaull Write Wit Write Write Write "ﬁ:"t'il:-ﬁ
Check (11 | Option (2] Cheek (20 | Cheek (2 | Check (23 | Cheek (33 | Check {21 | Check (2)
Write [3eTanlt Write Wrile Write Writle Write
Check (27 | Gption (33 ] Check (3] | Check (3) Chesk (3 | Check (37 | Cheek (3]
Wil Defaull Write Write Wrire Write
Check {1] | Option () | Cheek ¢4) | Check {4) | Check (4) | Check 4}
Write Diefault Write Write Wit
Check {4} | Oprion (51| Check {5} | Check {51 | Check (5)
Wrile Default Wiite Wile
Check (3} | Option (61| Check (/) Check: {6)
Write Defaull Write
Cheek (6) | Oplion (7 | Check {7
Write Delaull
Check {T} | Optian (B}
Wrte
Check {8}

To avoid compatibilicy problams:

l.
X
1

A

Llse the sume CL pack for all drives that will have pachs,
Format all seratch packs on the same drive,
[splale compulibality prohlems using Tuhle §-2,



6312 Operadonal Checks, Dual Controller

YWhen all installation proceduces have bean compleled, the 1es1s described in the following paragraphs
should be performed. The total time required (o run these tests, in the absence of failures, is 4.5 hours
per KPS and 55 hours per RiPO6G, The diagnostics are defined in Paragraph .4,

RPO4/05,/06 IYiskless Controller Lest, Purl 1 (Stutic 1A} - MAINDEC-11-DZRIG

Fun Procedure Eun two passes, usicg defaull perameters {both poris)
Ervars Allowed Mone

Error Recavery Procedure Cotrect problem and reslace woceplance on failing drive.
Approximate Bun Time 5 minutes,/drive/part

REUE 05,/ Diskless Controtler Test, Part 2 (Seatic 1B} - MATNDEC-11-DEZRIH

Fun Procedure Run two passes, using default parameters (both ports).
Lrrors Allowed Mone

Error Recovery Procedure Carrect prohlem and reustart ageeptance an failing drive.
Approximare Run Time 10 minutes/ drive,; port

KPP BEPUS5/BP Funcdonal Controller Test, Part 1 {Static 24) - MAINDEC-11-1D7R1]

Run Procedure Run two passes. using default parameters (both ports).
Ecror Allowed Only puck-attributlable errocs

Errar Recovery Procedure Correct problem and restart acceptance on [ailing drive.
Appreaimats BEun Tune 5 manutes fdeve, port

RPO4,/0%5' M Functivmal Controller Teat, Part 2 (Static 2B} - MAINDEC-11-DYZR)

Run Procedure Kun two pusses, using defaull parameters (both ports),
Erroms Allowed Only pack-atrributable errors

Eerar Recovery Pracedure Correct problem and restart acoeptunce on fajling drive,
Approximare Run Time 3 minutes  drive,/port

Dual Controller Logle Test, Part 1 - MAINDEC-11-DARIE

Run Pracedure Instail dual contraller opplion tesi cable (Part Na, 7010507-
02y, Run two pusses, using default parameters.

Frrors Allowed Fack-artributable errors only

Ercor Recovery Proccdures {prrect problem and restarl acceptance on failing drive.

Approximate Run Time 5 minutes fdrive
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Dusl Controller Logic Teat, Part 2 MAINDEC-11-10ZRJF

Run Procedure

Errors AHowed

Error Recovery Procedure

Approximate Run Time

Format Program - MAINDEC-11-DZR)B

Kun Proveducs
Errars Allmaed
Error Hocowery Procsdurs

Approximate Run Time

Lnstall dual contraller option Lest cable {Parc Mo, TH10507-
021, Run ane pass, using defaull parameters.

MNome
Carrect praoblems and restart acceptance on [3iling drive.

5 minutes drive

Run accarding to Table 6-2 {one pore only).
Puck-artributuhle ecrars anly
Correct problem end restarl soceplance on failing drive.

15 minutes/drive

Mechanieal B/W Test - MAINDEC-11-IMEJA

Eun Procedure

Errars Allowed

Crroe Recovery Procedure

Approximate Hun Time

One pass of wll cests, usig default parameters {one porct
only). Ten passes of tests O through & (one port only),

Puck-aptributabie errors only. (LTee gutne pack as Format
Program.)

Correct problem and restart acceptance on failing drive.

1 howr, 1% minuces/drive/porl/KP05, 2 hours. 30
minutes /drive//port FRP0A,

RPO4,/05,/06 Mullidrive Exerciser - MAINDEC-11-DZRID

Run Procedwre

Errors Allowed

Error Recovery Procedure

Approzimale Run Time

Runs all drives, using defuult parameters until 625 » 107
words have been transferred on all drives, (Run hoth ports
simultaneously.)

Cnpe soft error that is not pack-attributable, (Lise same
pack as Farmat Prograin. )

Drop failing drive from test, Continue test on remaining
drives, Correct problem and restart scceptance on failing
drive.

Z hours/drive
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DLC/X11

Eun Prucedure Run vanfgucsd for systerm with defaull paramters for one
tboth poris).

Lrrors Allowed Twro system soft errars that are nat pack-attributable. [Lse

yurne pack sy Formet Program ) Data lule errors (DLT)

are to be expected on heavily=-loaded systems snd, ag such,
should nel be considersd uws etrors.

Ercor Recovery Procedures Drop foiling drive and contitue test on remaining I.'|[:'l1-'l25.
Correct problem and restart acceprance on failing drive,

t.4 DIAGNOSTIC MAINTENANCE

The dingroslic progra e described herein are employed with the BIT05 /06 subsystems, The fallowing

diagnostics arg hricfly deseribed. Refer to the applicable diagnostic operating procedures for detailed
infoemeacinn.

Test Programs

MAINDEC-11-12£R MG R 05 06 Thskless Controller Test

P AT TR 1-TDFRIH (Parts 1 and 2)

WA ML 1-1AR ]I R B /05 /06 Functiona] Contrlier Test
MATNDEC-1 -DERIT [Patts | und 3}

MAIMDEC-TT-BIARIE R P /05 /06 Dual-Contraller Logic Test
MAINDTC-11-DFRIF (Par1s | and 2)

MAINDEC-1I-DDEFFJA R4 /03,006 Mechanical and Read SWrite Test

System Exerciser Frogram

MAINDEC-11-[D7RID R P04 /05,06 Muoltidrive Bxerciset
Likility Programs

MaAINDEC-11-DDZETJB EPO4/03,/06 Farmatter Frogram

MAINDEC-11-DZRIC RP/0506 Head Alignment Verification Frogeam
G40 MAINDEC-HI-DZARMNG and MAINDEC-11-DZRJH - RPN _Eﬁﬂkleai lf:.'drmrullrr Test
This pragram tesis the BIT1L and the DCL portion of the drive. The DCL s the devies contral logic
used Lo make the RPO5706 Magsbus compatible and must be plugged into the MIXL1, or appropralely
terminated. The program does not use the disk surface or any signals from the MDLI The MDLL i3
the mass deviee level interface which connects the DCL fo the drive aasembly.
If Lhe disk is prwered up, it must be in the Heads Unleaded position. After a suceessful run (with no
errarst of this divgnustic, it can be aseertained that the DCL logic that processes Lhe dute is working

properly. The logic that handles the mechanical commands is not tested in this diagnostic, All dala
votttmands use the Mainlenance register in the Wraparaound mude.
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6.4.2 MAINDLEC-11-DERINT and MAINDEC-11-DEARI] - RPO4/05 /06 Funetional Coadeoller Test
The dingnostic Lests 1the DCL poection of he drive. 1L exercises the disk surface and the mechanical uf
the drive 10 prove proper operalion of the subsystem. To run the diagnostic, a disk pack with no vital
nlarmalion written on it is eszential, The disk pack need not be formarted,

Afer a succesalul run af this diagnostic (with no errors), it can be concluded that the RIME /(4 sub-
sv8rem is functionil. Talended deive testing, timing and subsystem interactiom is lelt Lo ather dingmoes-

rigs, ‘The RPO4 03 7060 Diskless Conteoller Test (MAINDEC-11-DZRIC and MAINDEC-L1.DZRII}
musl huve besn ron succesafully hefore the Fonctional Contraller Test dingnostics can he run.

43 MAINDEC-T-IARIE and MAINDEC-LL-DZRIF—RI0 A5 Dual-Controller Logic 'Test
(Farts 1 and 23

This program chechs the dual-contealler logic in the DCL portion of the RP05 /06 and reguices a
special adapter cable,

644 MAIMNDEC-11-I0FRIA - BP4/0506 Mechandeol and Read,/Wrlte Tesl

Thig program contains 19 lesls numbered O theoogh 23y, % FTests & throogh & ose 3 Resd Heasder und
Draly vommand to read the cvlinder, track, and scoree information from the header: the tesis Lhen
cheek the infonmation for valedidy, ensaring that the seck operaton functions properly, Tests 7
throwgh 12 mensurg the ratational speed, the one-cyclinder seek, the average seek, snd the maximum
seek Gmes 1o ensure that they are all within the specified tolerances. Tests 13 and U4 ensure that the
soctor and trick addressing cireaitry is working properhy, Tesi 15 ensures that the data storage and
retreval capabilities are operative. Test 16 is used 1o siress arnd check the read write and serve systeims.
Tesl 17 performs all nossible seok combinations and verifies that the cvlinder difference calculation is
corrgst for all possible cembinalions of cvlinders. Tese 20 verifies that the drive’s positioner 18 nat
drilting off cylinder alter the an ¢ylinder indication has been s21. Tesl 21 pecforis a series of random
serks with the posilion verified immediately after the seck has completed.

The progrumm starls by identilying itself and determining that all deives are available for testing. All
drives are then tested beginning wilh the Jowest sumercal drive and proceding in sequential order,
One pues (lesls O throoeh 15, 20, and 21} i8 performed on each deave belore moving we the aea drive in

stqlgnve. The drive Lo be tested will be typed at the beginning of each pass. Al the complalion of each
puss, an cnd-af-pass message will be 1yped. Afier testing ull doives, an end-of-lest message will he
typed.

4.5 MAINDEC-11-DZRIT - RP04;05: {6 Multdrive Exerciser

I he Multidrive Bxgrciser Progran exercises one Lo eight disk drives attached 1o the same RHL, 1 two
ur more disk drives are heing exercised, operations on the drives are overlapped. (Other drives are
perfarming scek /search wperalions while one drive is performing o date transfer or wrile-check oper-

atinn.} Operations amang the drives ace oplimized sa that g high subsystem dara transfer rate or 2 high
pPOLLIUMILIE OTeTELion rate 18 maintained.

The performanscg aof cach drive is monitored by the program. I & drive cxeceds a reset number of errors
i any of several valegories, thay doive is automaticaliy deassigned. (The operutor may override the
wutematic deassignment feature) The progpram reports perdformance statisics for each drive being
exercisod oo reguesl Trem Lhe nperatar ot gutomatically at an interval determioed hy the nperalor.

All dana transfer comrtands are used (ig,, Write ala, Wreite Header and Dhata, Resd Thata, and Read

Hcader and Dxaia) as well us Wrile-Check Drata and Write-Checle Header and Dala vomunands. Recali-

brate and Kesd-In Preset commands are wsed sl startup and drive inicialization. Recalibeate, (0fset,
and Heturn ta Certeriine comlnands are used during errar processing,.

Tlest 22; 35 an RIPDS Soiswstem Test and i nol applicible to the RIPDSA06 aubayarems.
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Program/uperalor communicalivns are through the Teletype® progran options are selested |1I]-'
Switch register settings and errors are normally reparted on the Teletype. Hawever, i 2 line printer is
available, the program will vse the printer for error message display.

All commagnds, data pagterns. and data baffer sizes age sclested randomly by the propram, The
addresses {e.g., cylinder, tragk, and seetor) for cach operation are also selected randamly.

Al the comnplelion of eacl epeculion, the prograrm checks the EF11. The program rquires data packs
greated by the Formarter Program (MAINDEC-11-IXZRJB), by the Read /Write and Mechanioul Tedl
(MATNDEC-11-DZRIAL, or by Lhe Date Puck Ceneration commuand af the Exerciser Proeram.

6448 MAINDEC-11-DZRJE - EP9405,06 Formaticr Frogram

The Formatier Program is dexigned to wiite and verify hesder and daea inlormatan on all possible
disk pack addresses with the intention: of testing the reeention of the recording surfucees. The format is
muinlained on s basis of 411 cylinders (for un RPOS; 815 cylinders [or un RPOAY, 19 tracks per eylinder,
and 22 sectors per frack,

This program Cormals the disk pack on the assigned drive cne track ol o time, The data field= qre
writtcn with the sclected pattern. Kew wards are written with s, Each track 15 werified with a Write-
Cheek commund imediately aller il s writlen.

The portion of e pack (o be formelied is determined by the Lirst and last evlinder and track address-
s, inglusively. A single track is the smallest element thet muy be lormatisd.

Write-check errory are renotled when they are detecled. T an error is detected, the sector muast He
rewrllen and verified correclly Pwo sloesssive tmes (o be considered nsable, Sectors thut cunmol be
wrillen cocecctly twice atier an error will be deglared unaceeptsble by the program.

After the bast truck hus been formalled and veeified, an additional check is performed, The header of
track Dund sectec O of each cyiinder is read and compared by the saftwure, This check is performed to
isolate @ possihle pasitioner error that may have occurred during the format operation, Two such cases
of positivner mallunction ave: failure of the positioner to zdvance to the next cvlinder, and advance-
ment af the positioner past the celinder desived.

f.d.T MAINDEC-11-DZRIC - RPU405/ Head Alignment Verfication Program

This program checks head alignment af the RPO5:06 disk drives. For the RPOS drive. the program
checks alignment of heads {0 through 18 at cylinder 245 and heads 2 and 13 at eylinders 4 and 400. For
the RPOE drive, thie prieram checks alignimtent of heads 0 theough L8 ot evlinder 4% wnd heads @, 1, 11,
17, wnd L8 al cvlinders & and 80, Alignment is then reverified at the hasic alignment cytinder (245 far
the RPMS: 446 for the R P08). The operatar will be notified i any head iz out of alignment by more that
the spegified value.

The progeam requires that the hesd wlignmet 125t box (Perch} be gonnected ta the drve under test and
thal e alignment desk puck to be mounted. The propram provides opfions which sblow the operator

to nse the head ulipnment wst box to perform head alignment und to exercise the posidener o veoly
that the hesds weee tightened properiy after whignment.

LTelelvpe is a regestersd tradenark of Teletype Corporutaon.
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7.1 INTRODLUICTION

CHAPTER 7

INSTALLING THE RPO05/RP06 INTO

AN RHPOS /RHPDG

IBSYSTEM

YWhen ooe o more EP0S is combined wilth one or mare R HI10 controller, the combination s desig-
natcd as An RHPOS subsystem. When ooe or more BEPU6 is combined with one or more RH1O con-
trodler, the combinalion is designsted as un RHPDG subsystern. The Massbus interface and all channel
hus, 176 hus, and Masshus operations that aﬁaply to the RHIO/E5M are described in detail in the

BN Massbus Contraller Mairienaree Mo

and also apply to the RFQS5; RPD6, The drives have 16

Masssbus recistérs; Frgure 7-1 shows the formatz for all RPOS/RPDG Massbus repisters in an
REIIPOS/RITPOG subsyslem. Refer wo drewing D-FD-RHI0-0-IMNST for DATAQ wnd CONO /CONI

formags.

P05 R.IMG Masshus commands are as follows,

Grotal Code

Command
Mo Dp

T nload

Seek

Recahibrate

Firive Clear

Release

OifTaet

Return to Centerline
Read-in Peeset

Pick Acknowledps
Reurch

Wrile Data

Write Header and Detn
Read Data

Bead Header ard Dala

These comiond codes may be s=1 in the lust 1wo octal digits of the switch panel, and are displayed in
the CR FUNCTION CODE [ights, Figure 7-2 represents o simplified block diagram showing typical
RHPQ5;RHPDE subsysiem cable types and conncctions.

7.1 ELECTRICAL

Power cubie connestions and bMassbus cable connections are described in the following paragraphs.
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Power Cable Connectinns

Pawer s disinihuled within an RHPDS/06 subsystem by means of Lhe self-contzined RITIO power
supplty and a DEC 1¥pe-337 power conteal. The +3 Vde and -15 Vde reguirements of the sysitem are
provided by DEC type-T42 power supplies; the +15 ¥de requirement js provided by a DEC 1ype-753
power sipply. Power o applied to the subsystem as follows,

L.
2

Insert the drive power plug inte the unswilched side of the 581 power control,

Connert the incoming remote power cable (3-wire) into 11 of the drive, and the outpus
remole power cahle into I3, f applicable,

{innneet the power sequence into J3 i thiv s the firse drive; otherwise, connect the incoming
d-wire power sequence cable to 13,

Il Lhis 15 the last drive, or the only drive, no connection need be made t J4; otheewise, a 4-
wire sequence cuhle s putput from M o I3 of the next drive, Part numbers are:

RLIR ¥ I1, I2 cable, 3-wire
TLH- a9 13 jumper plug, 150 devics
T-0249 1 I3, M cable, §-wrirc

Turn 5W] t0 REMOTE and turn the circuit breaker OM. When the CPU i turned OM, all
drives (il multidrive) will power sequence up, one at a Hme,

Ensure that phasing is correct by noting that the puck spins in a comtterciockwise direction,
If not, reverse the phases in the power hox,

When preseding steps have been completed, the drive is physically mounted. Refer to the
acceptance nrocedures i Chapter 8,
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T.2.2  Musshus Cable Cunnections

The KPS RPLM connests to the RHIO by means of 3 round Masshus cable assembly (BCOGS), Flat
cable is wsed within the TDCL from the round cuble transition connector up to the MEMI stundard
M asehns transceivar modules in the DCL. Two round cable connection pathy exist; gne for mpul [rom
the previoug RH10 ar RM5/EP06 and ane for outpul o the next devics, IT anather dove is to lollow,
toute 1 BCOSS round Masshus cable asserb! ¥ cut through the rear of the drive through the right cable
clamp and inlo the next drive. Terminate the last drive in the subsvitam by a termination block (70-
O0G3K), whizh is installed via o 2eco-inderlien-Torce rennectar to the final roend cable conneetor block.
Be sure that W2 of terminator boaed “C™ is Lhe only jumper cut, a5 this enahles Massfail,

NOTE
CHL may be QFF in the ferminating drlve, yet the
Mussbus will nperate.

73 RIND} MAINTENANCE PANEL

The RHLD conlains v mumtenanes pune] that can be peeful for off-line troubleshooting of ar inital
installation before ranning dedicsled disgnostic programs, Most cable and DCL problems gan be
found and repaired in this manner. The Tollowing ex pmples show how the myintenange punel can be

used 1 check Lhe RPOS/E™6 configuration, if the B H 13 but not the CPL, is avallable, Bun MD-11-
IR PE (R or Mh-llJ-DDRF? (RPD3) for a thorough check of vables and deive sysiem, if the
- PL)is available,

Example 1 - Initiat Hookup
I Place the LOCAL/REMOTE switch to LOCAL, with all other ywitches OFF.

X Start drive(s) and ascertain that the CONTROLLER SELECT switch points to the coreect
porl. Wil for REATY to onme O,

3 Deposit QUEKINCOM in the switches {with N the number af the drive W be lesied). Read
Registee 1 (IDRSE). which 18 the Dirive Status register.

4. Press CLEAR, then press START,

5. The DIB register data should be 010600 [starling wilh bic O as the fiest and tatal octal digit
(Figure 7=11). 1f the DIB register data is nol corvect, check the DIR CBTO light, [f this is N,
the drive did not recagaize fhe command, 10 any case, the cabics and drives in the chain wre
5uq11:|:l If ]'rmhll:mq EXist, power dawn the drives I:h'l. aetting T BL to OFF) to eliminaie DCL
faults and investigate -:;at:h ‘transceiver prohlems wsing ane drive.

NOTE
The erdindtors do nof require power Lo operace.

. If the response wus correet. deposil O0400NOM02 | in the swilches, This is o Eead-1n Preaset
cottimand.

T. Press CLEAR, then press START.

8. Repeatf steps 3 and 4,
4, The DIB Register Data should be 010700, The VOLUME YALLD bt is now sel.

b, IFf the duta is oot cocreet, set the RECYCLE switeh to O and repeag steps 6 and 7. {Dynam-
1w Jogie cannot be wbserved with the oscilloscope. )



Example I - RHead Daty

e

4,

Exccute steps 1-4 of Example 1.
Deposit SO400MHENT ] {read data command) in the switches.
Press CLEAR, Lhen press START.

The indicater pansl should show both DONE and NOT BUSY o be ON_ DR EXC should
be OFF, and DBTO should not be set, RUN should be OFF, and FIN EN should be ON,
[2HT14} indicates ¢hat the DCL failed to respond to the command. Il DBTO is set, go to
Example 3 (Recyele Read) to set wp an ascitloscope loop, TR CBTH should he OFF.

I DR EXC 14 set, proceed with the subsequent steps,
Deposic D2HKHIN OO in the switch panel.
Press START; do nat press CLEAR.,

The contents of Error Register | are now dinplayed. Analyze this duta, referring to Figure 7-
I.

Repear sieps 6-K, using 14 and then 15 as the first two digits, to read Error Registers 2 and 3,

Example 3 - Recyele Read

2.

1o,

Place the LOCAL /REMOTE switch in LOCAL, with all ather switches OFF.
Deposit QOGO o the swilches.

Prews CLEAK, then press START.

Deposit 48 HNO0MMH 10 the switches.

Press START,

Check the DIB Register Data for D070, {Steps 4, 3, and & are for continwity only.)

Dreprosit 05400NOOMAMY in the switches. This is a set to zero of the track and sector address,
When recycling, this DB command is tegxcented following every read.

Press START,; da mor press CLEAR.
Deposit J040BNIODT T in the switches
i RECYCLE w OMN, and press START, The drive willi now continually read cylinder,

truck, sector 0, and can be examined with an oscilloscope. 1 the entire disk i3 to be read,
omil sieps T and 8, and the RH10 will automatically move through the entire dink.
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Example 4 - Write Data

p=

Fluce the LOCAL/REMOTE switgh in LOCAL, with gll other switches OFF.

Depasit AKIHI0N0H021 in the switches,

Press CLEAR, then presy START.

Deposil 40400NBH0G1 10 1the switches.

Press START,

The indicalar panel should show both DGNE and NOT BUSY as being ON, DR EXC
shauld be OFF, and 13HT should not be ser. Debug in accardance with Exumples 2 und 3,

but use the Write Function code (61] where applicable. R UN shauld be QFT, and FIN EN
should he €.

The dara in the Drata Butfer lights was written onte the deive {zeros, in this gase).

To set a datw paltern inlo Lthe Date Bulfer for whiling, set the switches to S000DNEPPPFEP
(where P is the patearn).

Press START, and repeat steps 4 and 5,

NOTE
Do ner press CLEAR; this will erase the error.

T4 ¥ISUAL INSPECTION :
Befare the accepiance testing is performed, the following visual inspections showld be made.

Verify Lhal ull modoles are confipured according o the RPOS EPO6 Module Utihzation
List.

Ensure hat all modules uee firmly seated in the system backplane assembiby.
Inspect the backplane wiring for broken wires or damaged pins, repuir oc replace 25 needed.

Ensuzc that the power cable iz firmly attached to the ayslem backplane assembly
{ P03 7 R PO,

Clean Lhe wir fGlers al the top of the cabinet, if nectssary,

Easure that all round Musshus cubles are properly termineted and fiemly seated, and thal
the bus js teeininared. Inspect the DCL to verify that all flat cables ure firmly seated.

Checke the cahinet fans [ proper operauon.
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CHAFTER 8

RHP#5/RHPD6 FIELD ACCEPTANCE
PROCEDURES AND DIAGMNOSTICS

8.1 INTRODULCTIONM

Field acceptance testing is intended to demonstrate performance of the RPOS/REFO6 Disk Drive
and,/ar the RHEPQS /R HPOG subsyatem ta the customer prior (o his dccepltandes,

3.} EREROR DEFINITIONS/RATES

The RIS/ RPD6 contains three registers to display the various errur conditions possible, Error register
| (RHER 1] indicates the aperational errar related do command wnd control: error register 2 and 3
(RHER 2, RHER ) indicate drive error conditions. Twa bils of RHER 3 (SK1 and OCY Ly indicatle
seek errors and are wsed 1o caleulale he seek erroc rate {Pacagraph %,.2.3). Six hits of RHER 1 {OT'5,
DTE, [CK. [ICRC, IICE, and ECH) indicate data crrors; the remaining bis of RHER | indicate
cormunand and coateol ervors, Table 6« lists indications of the varicus ercor ivpes and thewr
cxplanatians,

If all ECOh are installed, MAINDEC-10-DOEP] and MAINDEC- 1D DRPK should run with nao
errirs deteeted. Frrar definitions for MATWDEC-1:-DDRPI are listed in the following paragraphs.

§.21.1 Sult Errurs
Any ecror recoverable by the retry sequence (including retry, offact, and ECC) constitutes o soft error,

$.2.1 Mard Errors _
Ay oo not sccoverable the rewry seguence constitutes 3 hard error. Mo hard errors are permitted.

B2 Seek Frrors

Seek errors include SKT, OCYL, or HCE {header comparce errors) where the printout shows tha the
drive 15 on Lhe wrong cvlinder. ITICE logic faults and miscompares of scctar and track are not sesk
errurs. The allewable error rate for seck errors i8 1 crror per i0® secks,

%.2.4 Pack-Arributable Krrors

Pack-attrihutahle grroes include any errors {DCK, ECIT, OPI, DTE, eic.) that ocour on the same
cylinder and head {track) more than vnee, even theoogh they may not ocgur every time, & record af the
rrack locativn wl every error shouwld be kepr so thae pack errors can be identified, a3 they may occur on
woceTtain arey @s farely wg one time in ten, The pack specification allows a total of 20 puck errors
muimurd, no more Hal 5 of which may be hard pack errors,

82.5 Renad Errors

Errars such as MK, DCKSECH, DTE, HCRC, or HCE where poe of more bits are picked nr
deopped in the header field an the correet cylinder constituee read errors, The allowahle error rule fue
tead crrars in @ per 10° bty reud, nol cowalidg pack errors.
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8.3 RHFO5/RHPM ACCEPTANCE TESTING

The RITPOS/RIIPMG TField Acceplance Test is desipned 1o demonsirawe the performance of the
REPO5: R4 Digk Drive when used with an B0 canlrollee.

. HKun MAINDEC.IhDDRHA for one pass [controller diagnostic).

1. Run nne pass of;

MAINDEC-10-DDRF] for RM)S an gach port
MATNDEC-10-DDERPK [or REOG on zach port.

3. Bun one pass of MAINDEC-J{-DDRP], selecting “ACCEPT " (Al drives may be selecred
at unce )

4. For dusl-porl systems, also run the special dual-port tests in MATNDEC-11-DDRPI and -
DDEPK according Lo e inslruclions i the diapnoslic. A special test eable (TOI0307-02) is
Fequiced.

B4 DMAGKNOSTIC DESCRIPITONS _ _
Far complete deseriptions of sperific diagnostics, refer to the dizgnastics themselves.

MAINDEC-10-DDREHA Deviceless Diagnastic

This proveram exervises the mujor portion of RAED logic; no Masshus device necessarily has to be
connected Lo the svstemn. The I/ bus and DF 10 DF 100 channel bus paths are thoraughly exercised.

MAIMNDEC-I-DDEPL (RPOS): MAINDEC-1G-DIRXREPK (BPS)

This program s & gatg-hy-gate check ol the DCL, and atlempls to excrcise all of the disk lagic lune-
tionally, It provides module cullout capability upon error. When mn, this diagnostic verifies the Mag-
chus cahles, drive, and DCL subsysiems.

[t starls with simple conleol bos transfers. moves on to seck exercising, wnd [nally checks thf:'f gats
muth. A loop-on-eeror capability is pravided, A sepuarete swilch-geteclable feature allows testing af
dual-port systems, The head-alignment program iy 4130 ineloded.

MAINDEC-10-DDRPT Reliabilily Dlagaostic

This is a reliabilily diupnostic for an RHPOS /R HPO& syatem consisting of any number of controllers
wilk up to eipht drives of gicher tvpe, mixed, Hasic und complex seek paclerns and dara transfers are
execuled. This program can be vsed to format ar read packs, check the mechanical timing, estublish
the eead ercor celiability. cte. [¢ may also be run under time-sharing.
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CHAI'TER 9

INSTALLING THE RPO5/RP
INTO AN RTPOS/RTP6 SUBSYSTEM

9.1 INTRODUCTION —

When one or moce RP05/RMG Disk Drive is eotihined with en RH20 contreller, the combination is
desipnated as an RTPOS, RTPG subsystem. Refer ta the REFAP Lt D.es.;-npun.-: (EE-RH2G-LID-001 )
for details on che -:v::untmll:.tr and a description of the Massbus, Refer to drawing D-FD-RH20-0-INST
for DATACH and CONOMCON] formats in the RHD,

E P05 RF06 Mussbus cominundy are as follaws,

{ctal Code Command
Qi Mo Op
LIK] Unboad
05 Sk
oy Recalibrate
[1 Dirive Clear
| Release
L5 Cffac,
17 Return to Centerline
21 Read-in Preset
21 Pack Acknowledge
i3 Search
fi Write Thata
3 Wrile Header and Duta
71 Bead Data
73 Read Header and Data

Figure 9-1 15 an interconnectian diggram for the RTPRS/RTF0G subsystem.

2.2 EIECTRICAL
Fower cable connections and Massbus cable connections are deseribed in the fallowing paragraphs.

9.2.1 Puwer Cahle {nnnectiony

92.1.1.1 ERHID - Power in the RRM comigs from HT744 power supplics mounted in the KL1DI1/0 bay,
Drrawing DU A-KL [0 describes in detail the de wiring from the power supplics wo the RH20.
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Figure 4-1  RHZIOF1G/RPO: S RPOS B POG Interconnection Diagram

U212 RPISRPOG - Drives are plugped inta s phase power autlel through 4.6 o (15 H) or less of

ac cahle supplied with the drive. One drive may be power-daizsy-chained 1o another, bul a third drive
may Tl be wdded.

NOTE
o L When the drive is started, the pack should sply in a
) o counterclockwise directioo. IE W does nof. the phases
muxsl be réversed. or else the drive will not perform
properly.

0.2.2 Mnsshus Cable Cnnnections

Round Masshns cable (BCORS) is used to conaect e RH20 10 the drive, and to connget the drives to
cach ather, Shart cables {-12066-00) 31,28 cm (32 in) lotg are nsed to connest the RPOS R PG drives
together, Skins must be retoved from the drives before these cahles can be used.

T'he last drive in the system must be ferminated by a termination block (70089938) for the Masshus to
pperate corcectly. Jumper W2 of the € terminator bodrd must be the only jumper cut, as this enubles
Mussiudl.
NOTE
The terminator does not reguire power o work; s,
the last drive o the chain miay be powered down.

Anv misture of RMK, RPO5, and RPO& drives mway be supported an the sysiem provided that the
proper software is run. Also, any drive ctay be dvat-ported to the REILL front end. This 1 accom-
plistied via the same BOMW cebles and wnother termination block. For software purposes, this drive
showld be lopical rera.

NOTE
Unused porls do not require terminators.

Il there are RH20s present wilthout any drives connected to them, o tecminator should be put on the
RN plug to avoid spunews problems.

-2



CHAPTER 10
RTPUS/RTPD6 FIELD ACCEPTANCE
PROCEDURES AND DIAGNOSTICS

.1 INTRODLUCTION
Field awceplunce lesting s intended to demobsicate performance of the BPO5/RPW Disk Dirve
and for the RTPOS RTPOG subsystem to the customer prior to his acoeptanee.

1L EREOR DEFINITIONS/RATES

The RS /K P0G conlains three registers to display the various errot condilions possible. Error register
| (RHER ) imdicates the aperationdl ereor related (o command and control; error registers 2 and 3
(RMER 2. RHER 1) indicate drive error conditions. Two bits of RHER 3 (SKI and OCY L) indicate
scel errors and are used to calcutate the seek error rate {Paragraph 10,2.3), Six bits of RHER 1 {OPF5,
NTE, DK, HCORC, HCE, and ECH) indicate data crrors; the remaining bits of RHER 1 indicate
command and control emrors, Table 61 lists indications of the varous ermor types and their
explunalions.

It all BCOs are installed. MAINDEC-10-DFRF] and MAINDEC-10DFRPK should run with no
errors devected, Error definitions for MAINDEC-10-DEDEPL are listed in the following paragraphs.

121 Saoft Errors
Amny error recaverahle by the retry sequence (including retry, offset, and EOC) sonstitotes a soft error.

T1iL2.2  Hard Errors
Any errur nivt recoverable by the retry sequence constitutes 3 hard grrar. ™o hard errors are permitted.

10.2.3 Seck Ervors

Scek errors include SK1, OCYL, or HCE (head compare errors) where the printout shows that the
drive is an the wrong cylinder, HCE logic fawlts and miscompares of sector and track are not seck
errary. The ellowable error rate for seek srrora ia | error per 10F seeka.

10.24 Pack-Atrriburable Ervors

Fack-attrihutable crrors inelude any errors (DCK, ECH, OFI, DTE. etc) that occur on rhe same
eyltinder and head {track) more than once, ever though they may not oceur every time. A record of the
nack location of every error should be kept so that pack errors can he identified, 23 they may oeour on
woerlain aren us racely vs one lime in ten. The pack specifcetion allows 3 total of 200 pack errars
maklnem, no more han fve of which may be hard pack errors,

1025 Head Frrors

Errors such a5 DUK, K ECH, DTE, HCRC, or HCE where ane or more bits are picked wp or
dropped in cthe header field on the correct eylinder constituze read errors. The allowable creor race for
read errors in 1 per 10% nita read, nat counting pack crrars.
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.3 RTPOS/RTPME ACCEFTANCE TESTING
The RTPOS/RTHMIG Field Acceptance Test is designed to demonstruie the performunce of the
EFDECRPOS sk Drive when wsed with go K H20 conteoller.

[.  Run anv applicable CPU and/or memory dizgnostics.

2. HRun one pass of MAINDEC-10-1IESXA, Svstern Exerciser, to verify interaction between
disk drive, controller, chunnel, and memary.

1. Rud MATNDEC-I-DFRHE [ur ode puss with ao ercors {conteoller didgnostic).

4. Run one pass of

MAINDREC-10-1YFRPI for RS on sach port
MAINDEC-10-13FRPK for RPOS on esch port.

5. Run one pass of MAINDEC- I0-DDRPL, selecting “A CCEPT.” {All drives may he selected
il ange. )

&, Far dual-part systems, alse run the special dual-port tests in MAINDEC-11-DFRRET and -
[IFRPK accarding to the instrogtions in the disgmoatic. A specie] test coble (TOI0307-L} is
requited.

10.4 DIAGNOSTIC DESCRIFTIONS
For compicte descriptions of specific diagnosties, refer to the disgnostios themsslves,

MAINDEC1I-DEFRITR

This is an RII20 conceoller diagnoslic 1hat checks the 3-board KH20 option ux it interacts with Lhe
chunnel. TL allows Toe esling of the Bassbus dataand control buses through a hardware wrap [ealure,
A lerminater sl be uged either on the end drive or on the RH20 plog itsel§ if no drives are cabled to
ir. IF drives are on the svstem, setect @ drive numher not on the system, so that only the RH20 s tested,

MAINDEC-10-1FRPT [HPIS ) MATNDEC-10-DFRPK (RPO6)

This pragram is 3 gate-by-gate check of the DCL, and atternpts to cxerciac all af the disk logic func-
tionally. It provides module cullout capability upon error, When run, this diagnostic verifies the 3as-
shus cables, deive, and DCL subsysten,

[t stares with gsimple contral hus trunsfers, moves on Lo seek exetcising, and tinally checks the datw
path. A loap-an-grror capahility is provided. A separate switch-gelectable feature allows testing of
dual-port avstems. The head alipnmenl program is also included,

MAINDEC-10-DDRT'L

This is a reliahility diagnostic far an R TP RTPOG syseem consisting of any number wl controllers
witl up 1o cight drives of either 1vpe, mined. Basic and complex seck patterns and deta wansters arc
excouied. This program can be used 1o formar or read packs, check the mechanical tming, establish
the read error rebiabalicy, ele. Tt may also be ran wnder time-sharng.



CHAPTER 11
INSTALLING THE RP05/RP0G
INTO AN RWHPIS/RW PO SUBSYSTEM

11.1 INTRODUCTION

When one or mote RPDS is combined with one or more RHTD conteoller, the combination is desig-
nared asan RWPDHS subsystem, When one or weore RPOA (8 combined with one or more EHTD cot-
troller, the combinatinn 15 designated a5 an RW P0G subsystem, More complete details regarding this
type of mstullation can be found in the 8 W A5 R WAV Moving Head Dick Suboesren Mpintenanee
Manual (CE-RWP03-MM-001] and the BRPOS RAN Davice Cantral Lagic Maintenanca Mamneg! (BK-
RPO36-BABI-001].

1.2 ELECTRICAL
Power cahble connecuans, T nihus cable connections, and Muasshus cuble connections are deserihed in

the Jullowing paragraphs.

11.2.1 Power Cable Connectlons

The PRIP-117 CPU mounting hox contains a wired backplane that runs che full depth of the box.
The Unihug signals are prewired on the backplane. Power to the RHTR s provided by the cabinet
mHvwer supply us follows,

w5 Y 4+ JES A max-1a v = 0.5 A max

11.2.2 Modole Locutions

The PDF-11 /70 CPL mountige bis conteins the Ouating point unil, central processar, memory man-
apretient, Tmbus muap, cache, [ve small petipheral conteoller (SPC) slods, the KW L-L line frequency
clock, and up w four BEHYO conrrollers, Figute |L<1 shows the location of the respective modules.
Ensure that all modules are firmly seated in the proper slots when instafling the device,

11.2.3 Masshus Cable Comections

Massbus cennections to the RITTD are made via three 40-conductor ribbon cables. These cables plug
it theee MAO0S (ransceivers in the RIIT, and are desighated Massbus Cuble A, Massbus Cable B,
and Massbus Cahle C, These cables should be ingerted into the moedules with the edge marking facing
the module handles, The other ends of these cables mate to the input foutput connector block assembly
on the comnector panel with the edge marking faging up, The connections are made as indicated in

Tipure 11-2.

To terminate the Massbus. a TOOYS3E terminator pack assembly should be plugped inlo the output
conncgior(s) of the tast RPOS, R PG drive attached to the Masabus,

110 JUMPER CONFIGURATIONS
The fallowing paragraiphs desceibe the various jumper configurations on 1he BCT and MOP modules,
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ILAL BCT Module {MEBE15Y)
The BCT module contuing jurapers for recister selection. BR level intermupt, and vectar address.

11.2.1.1 Repister Selection — The RH70 is capabie of responding to 32 possible Tnihus addresses,
witl the ¢xact number dependent of the Massbus device, Jumpers Wi-W 1% aelect the hlock of Unibus
addresags to which the RW PS5 RWPM subsyatem will respomd. The standard addeessing block
pesipned 14 TTETHI-TIEISL. For the RWEPN5/RWP subsysiem, the fellowing jumper configuration
should be used. (Reler to D-CS-ME153-0-1, sheet 2 of 6.)

Jumper In = Rinary I

Address Bit Jumper Jutiper Lo/ Jumper Dt
12 Wild OUT
It WL IN
14 W ouUT
v WS TN
L Wil ™
7 Wiz [N
B Wis M
3 Wil QT
ADDR
BIT IT 1o 15 14 13 12 nn 1o 9 § 7 & 4 3 2 1 0
1 I L 1 1 L 1T 0 o o0 0 1 X X X X X
" _r 1‘_____“‘_ r e A v A LN - - [ - A
7 7 2 1) 417 Q1o

The jumpers in E41 {1-C%-M8153-0-1, sheet 2 of ) are selecied [or the appropeiate number of regis-
tees im the subsystemn minus 2. For exurople, there are 22 regizters in the BW P05/ BW P subaystem, so
the jumpers are selectsd Tor o weighled value of 22 - 2, or 20, as shown below.

Jumper In = Hinar_vl}

ot Jomper Junper InS Jumper Ot
E41 1-1a OLT
2=13 ouT
=14 IM
4-13 I
=12 [ I~
| T h|
i h-110(4) 1 QLUT
L 7-I0(8 TN
L —mnamm =
B {16 oUT

11.0.1.2 BR Level Interrupt - The prierity jurnper plug for the RHMH normally set for the BRI level,
This plug is located in ED22 (refer 1o D-CS-MEL53-0-1. shect 4 of &)
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113.1.3 Yevtor Address Jumpers — The interrupl vector (cansferced o the processor 15 jumper-selest-
able vin jumpers WI-W7T, representing vector bils 2-8. The RWPOS/RW P06 subsystem has begn
assigned o vector address of 000254, The jumper configuration for this address is shown below,

Jumper In = Binary 1

¥ector Bits Jumper Jumper Lo/ Jumper £t
V2 L IN
¥3 Wi [N
V4 Wn OuUT
Vi w2 ™
Vi WS ouT
L Wl IN
vi W4 auT
Y3 V7 ¥ Lk ¥ ¥3 Vi ¥l ¥
0 l 0 ] N n __1 4] 0,
L ."_'f__—_." i
2 b &

11.32 MDF Module { M8150

The MDP module contains jurdpers that allow maintenance peraonngl to disconnest wired-0OR corree-
Tions fram the Eaclusive-OR network wsed to detecl write-check etrors.

These pumpers are designated W1-W4, and are shown on D-CS-M81500-1, sheet & of 9, The jumpers
provide maintenance persannel with 3 method of iselating 2 faulty ovtput (stuck low) of the wired-OR
Brus to ofne of four inleprated circuit (107 chips, which perform the sxclusive-0OR function during wrike-
n:h-:ck aperations, For example, if che cutpul of the E2] and E23 open—vollector line is stuck law when
seoping of inputs indicates that it should be high, the faully IC {E21 or L23) can be ascertained by
temoving jumpers W2 and W1, 1f, after the jumpers are removed, the aulputs of the exclusive-OR

gates o £23 are still low, the B2 3 chip is probably defective, lf E23 cutputs are high. the E21 chip is
probably defeclive {l.'ill.l‘ll:ll]lh stuck Jow'.

114 LIGHT-EMITTING IMODES (LEDs)

The [ollowing Light-emitting diedes are ingorporated into the RH70 Massbus controller logic BCT
todule (Figure 11-37 on the MEL53.

55¥M [Slave Synch D-C5-MB153-0-1, sheet 3 of &

TRA {Transfer) D-C5-M4$153-0-1, sheet 3 of 6

BG IN (Bus Grant In) D-CS-MEL33-I1, sheet 4 of &

SACK (Seleclion Acknowledged) 0-CS-M#153-0-1, sheet 4 of 6
BBSY {Bus Busy} D-C5-ME153-0-1, sheet 4 of 6

L I I I I

These LLEL2s aid maintenanes personnel in isolating certain systemn Faules, as described in the Tollowing
paragraphs.

System Fanlt No. 1 - Unibus on PDP-11/7 i3 in “hung" condition. (Noe operations can be performed
an Linihus )

11-5%
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Figure 11-3 LEIY Physical Locations

I¥iagoosis ~ This condition may be caused by:

1. Stuck SACK
2. Sluck BBSY
1 Sluck S5 N

The LEIY assaciated with the fault condition witl be contmuausly ilumimuetled. (LEDw may flicker
intgrmittently during mormal operation, )

System Fault Mo. 2 - Unibus device interrupl sgequence dol funetioning properly. (Processor contin-
uously leons inoservice rounne and fails Lo execute instructions. )

Disgnosis — Thia candition is cavsed by discontinuity af the Bus Grant signal on the Unibus from the
processar to the deviee interrupting, and may he caused by missing Qrant continuity cards or defective
cirenitry, which normally passes Grunt signals from device to device, These will cause the BG TN LED
to become illuminated, indicating that the Unibus BG IN signal coming to the deviee is sluck high.

Systern Fault No. 3 - Processor aitempts {0 read or write a remtole register in the RWPO5 /RW P0G
swhsystem and receives an address error indication an the console (CPU traps to location 4}

Diggnogia ~ This condition muy be caused by a stuck TRA signal on the Massbus that prevents the

SSY N respanse fram the RAT. This condition can be determined if local regisiers in the RHTD can be
successFully seeessed. T no repister responds, the addeess jumpers may he selected improperly.
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CHAFPTER 12
RWP05/RWPG6 FIELD ACCEPTANCE
PROCEDURES AND DIAGNOSTICS

12.1 INTRODULCTION
Field accoptance resting is itended to demonsteate performance of the RPOSSRPOG sk Dirive
and/or the RW O3 RW PIM subsyatemn ta the customer prior to his acceptunce.

1.2 ERROR DEFINTTIONS/RATES

The RPO3/RPOG conlaing thres repiglers o display Lhe various error conditions possible, Brror register
L {RHER 1} indicates the operational error reloted to command and control; error registers 2 and 3
{RHER . RHER 1) indicate drive error conditions, Two bits of RHER 3 (3K1 and QOCYL) indicate
seek eerors and are used to calenlake the seek error rate (Paragraph 12.2.4), Four hitz of RHER 1
[HCRC, HCE, ECH, and DCK, which may include DTE and FER) indicate data errors; the remuin-
ing hity af KHEK | indicate command wnd control arrocs, Table 12-1 listy indications af the varioeus
error types and Lheir explanatioos.

12.2.1 Hard Errors :

Any frilure to read data correctly after a complets recovery sequence with ECC enabled conutitules an
irrecaverable, or hurd, error. (A complete recovery requence consists of 28 retries. 16 at the naminul
head position, und 2 each st selected offsets; 1001 pm, 203 pm, and 348 um (400, EOD, and [200
miacroinchesy for the BMS, and 5 pm, 1002 g, and 15,2 pm (MK, 400, and 600 microunchesh Tor the
BTG, (The fiest celease af the DEQITAL PDP-1] operaiing sysiem does nol inckede offgat capahility.]
Erroms that are not ECC-commectable include bursts greater than 11 bits in length and isplated dropped
bits (separaied by more then 11 bis) withio & séctoc. The allowable erroe cate Tor hard errecs 15 one
error per 102 bis read.

1222 Soft Errwrs

Any failure to read data corcectly oo the first try that is then read successfully during & recovery
sequenps conafitutes 5 regoverahle, ot soft, error. [Refer to Paragraph 12.2.] for definition of 4 com-
plete recovery sequence.} The allowable error rate for soft errocs in ane ereor per 10° bits read.

12.23 Pack-Artribatable Errors

An error cansed by imperfections in the recording surface is regarded as pack-attributable, or media-
dependent, 1 the imperfection is less than 11 bits long, it is ECC-correctable and wilt appear ua o soft
trror; if more than 11 bita long, itwill appear as a hard grror. On a given pack, peck-ateributable ecrors
will wlwuys appear vl the sume cylinder, sector, and track addresses, with an EOC POS REG valee
within 11 bits, The definitions of hard and aoft errors in Paragraphs 12.2.1 and 12.2.2 apply only to
randomly distributed errors, and de not take into ageount errors that are pack-attributable, Imperfec-
tions in the pack surface may be found by mapping the pack vsing the formatter program,
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Table 12-1 RPIS/EFMW Error Conditions

Bit Set
Bil Ruegister Error Type Explanatinn
HLE RHER ] Soft Baclar Count Field/ Desired. Sector Compare ails due
HCRC RHER i to CRC failure,
HCRC RHER ] Salt Bectar Counl Field muetches desired sector field but
Lhere is CRC ercor,
HUKEC EHER] Boft Format bir in first header word incorrect,
FI-R EHER 1
NOTE
FERE withowt HTRC durioy so eperailon
that reads the hender fndicates wrong for-
mat pack mounted.
DK RHER | Soft Error detected during read operation hy examination of
ECC hytes: correctahle by retry sequence,
K EHEE L Hurd Error detecied which is BCC uncorrectable throogh 23
ECH RHER | retry sequence (16 retries at nominal head position and
12 with head offset).
SKI EIICE 3 Sexk [.  Seek operation [ails to complete within 85 ms of
initiatiomn.
2,  Recalibration operation fails fo ¢omplete within
500 ms of mmibebico.
3. Offsst or return-io-centerline operation Fail to
complete within 10 ms of initiation.
SKI RHER 3 Seck Positioner has drified off cylinder subsequent ta com-
OCYL RHEER 2 pletion of positioning aperation.
Hi K FHEFR 1 Beek Seclor Count Field {(RHLA) does nat match Desited
Sector Field (RHDAT) and there is not a CRC error.
This ¢tror is not caused by g positionet faidure: It iz due
ta a DCL failure. Therelore, HCE alote indicatcs an
REOS;RPOG seek error and not a §77-531 ar 477411 drive
seek [ailure,




i2.2.4 Seek Errors

Any positioning operation thut is not completed within a specified time (35 ma for Seck commands,
K ms far Recalibrate commands, und 10 s for Offset and Return to Centerline commeands), or thar
terminates with Lhe posilioner in an incosrect location, constitutes 4 seek ervor. The allowable crrar
rule for seek ecrors is ane error per [P seck oporations.

1.3 RwWPNs/BEW P FIELD ACCEPTANCE TEST
The tests deseribed in Pacagruph 12,4 may be used, individually or in combination, lo demonsirate the
peclormance of the RPOS/RPOS Disk Drive when used with an RH70 conlroller,

124 DIAGNOSTIC MAINTENANCE )
The diagnastic programs deseribed herein ure employed with the RW P4/ RWPHS/RWPD sub-
sysiem. Reler to the applicuble diagnostic operating procedures far more detailed information.

Tesl Programs

MAINDEC-11-DERHA RHT0 Controller Test

MAINDEC-11-DZEJA Mechanical Read /Write Test

MAINDEC-11-D2ZRIE Dual-Port Logic Test, Part |

MAINDEC-11-DZRIF Duoal-Pore Lagic Test, Pare 2

MAINDEC-11-DZXRIG RPM/RPOSRPOS Diskless Controller Test
(Static I, Purt T}

MAINDEC-11-DZRJIN RBP4 /R.P05 /R P0G Diskless Controller Test
{Static I, Part 1I)

M4 ITNIEC-11-134R. 1 RP0d B P05 RPOS Functional Contraller Test

(Static H, Part 1)

VAITNMDEC-L1-1DARLL RPO4/RPDS RPDE Functicnal Controller Teu
[Sralic TT, Parl TI)

System Exerclser Program

MAINDEC-11-DF RN Multidrive Exerciser
Ltility Programs

MAINDEC-LI-DZRIB Formateer Program

MAINDEC-11-DZRIC Head Alignment Verification Program
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124.1 MAINDEC-11-DERHA - RHTF Controller Test

Thiz diagnostic veriles that the RHTD controller is operating cormectly, The diagnostic can test up to
fowr BIIT0 controtlers simoallansously; however, an operating Massbus peripheral muse be connected
(o ech B HYD controller, The major 18813 in the diaghostic arc:

I, Dotermining whether all registers in the controller can be pead from ar written inta

2. (Thecking error conditions i 1he controller by cuwsing an erroc ond absecving the results on
ikhe assuciated erroe b in the CS1, C82, or C83 registers

1. Chacking thar the dara buffer can aceuratcly store and transfer data,

12,42 MAINDEC-LI-DZRK:, MAINDEC-IT-DERIH - BPM/RIOS/ BT Diskless Confroller
Test

This program tests the B HTG und the DCL portion of the RP34RPUS /RS Bisk Drive. The DiCL
makes 1he drive compaelible with 1he hMassbus, and must be plugged into the MDLT er appropriately
terminaled. (The MDLD is the mass devies level interface thet conneets the DCL (o the drive agsem-
bl¥.} The program does not use the disk surface orany signals from che MDD

If the disk is prwered up, it musd be in the TTesds Univaded position, After a suceessful rua (¥ilh no
errors) of this diapnostic, it cun be pscertained that the DCL logic that processes lhe dala is working
propezly. The logic that hendles the mechanical commands is not tested 1n this diggrostic. All data
commands vse the Muinleance register in the Wraparaund mede.

1243 MAINDEC-11-DZ.RIL. MAINDEC-11-DERIT - RPM/RPO5/RP06 Functional Controller
Test

I'his diagnastic lests the DCL portion of the drive. Lt excreises the disk surface and the mechanics of
the drive Ly pruve peoger aperation of the subsystem. To run lhe diagnoslic, o disk pack with se il
imfrmalion weltien on §f i easential. The disk pack nesd not be formarted.

After a suecesstul run of this dingnostic (with nue ercors), it can be concluded that the DCL ciccuitey in
the RPO4/RPOS R P works successfully while not connected to the rest of the subsysien. System
interactinn and drive ticting are left 1o other diagnastics, (This diggnostic presupposes that Malh-
DEC-11-DZRIG and MAINDEC-11-D¢RJH hove been run successiully.)

12.4.4 MAINDEC-11-1YARJA - Mechanical Read "Write Tesi

This program containg 15 tesis, numbered 0-16s. Tests 0% use 4 Read Header and Duta command to
vead the evlinder, track, and sector information from the header, The testy then check the information
far walidity, enguring that the seek operation functions properly. Tests 7-12 measure the ratatianal
speed, the one-cylinder seek, the average seek, and the maximum sexk times o ensure that they ace ull
within the specilied tolerances, Tests 13 and |4 ensure that the sector and wrack addressing eircuiery s
working properly, Test 15 cnsures that the duts storage and retrieval capabilities are operalive. Test 16
% weed 10 sieess and check the rend!write and serva syarems,

The prageam starts by identifying ilself and determining that ull drives are available for testing, All
drives are then tested, bepinning with the lowest namercal drive and procecding in sequential order,
(ing pass (tests 1-131 is performed on each drive before moving to the next drive in seequence, The
number ol the drive to he tested is typed al the beginning of each pass. At the completion of Fach pass,
an end-of-pags message is typed. Afler wll drives have been teated, un end-of-iest message is typed.

1245 MAINDEC-}-DZRJE, MAINDEC-11-DZRIF - Dual-Port Logic Te.'.t_ [Parts 1 l!lld 2)
This program checks lite dual-part logic in the DCL poetion of the drive; it requices u special adapter
cable.
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12,46 MAINDEC-11-DZRJL - Multidrive Exerciner

The RPO4/RPOS/RPOS Multidrive Exerciser program exercises [rom one 1o eight drives attached to
(he somie RHTO, IF two or more of the drives are being execcised, operations on the drives are aver-
lapped. {One drive performs a data transfer or weite-check operation while others are perfurming
sexk fgearch operatians. ) Oplimizelion makes it possible to maintain a high subsystem dute teanster
tate or a high posibioning epecation vate,

The peclormance of each drive js monitored by the program. Tl a drive exceeds a preset numher of
ercors in any of several catcgorics, that drive i wutomatically dedssigned. (The operator may override
the automatic deassignment feature.) The program reports performance statistics for each drive heing
excrcised an fequest from the nperatar, or aulomatically at an interval determired by the operator.

All dalu transler commands are used (e, Write [Dara, Write Header and Drata, Read Data, snd Read
Header and Datal, as well as Write-Cheek Data and Write-Cheek Header and Data commands.
Recalhibrale and Read-ln Proget commands are vaed at startup apd drive inilialization, Recalibrate,
Odtset, and Return to Centerline commands ate used ducing ereor processing.,

Fragram;aperalor comiunications are through the console deviee; program aptions are selected by
Swilch register seitings and errors are normally reported on the teletypewriter. Howevet, it a line-
pricider iz available, the program will use the printer for error message display,

All commands, duts patierns, and deta buffer sizes are selecied randomly by the program. The
addresses (e, ovlinder. track, and secror) for esch operaton are also selected randomly.

Al the completion of each operation, the program checks the RHI0, The program reyuices dula packs
created by the Formacter program [(MAINDEC-11-DERPL}Y, the Read/Wrnle Mechanica]l Test
(MAINDEC-IT-DERFPK ), or the 135ta Pagk Generation cotimand of the Eaxercizer program.

1247 MAINDEC-11-DZRJIEB - Farmatter Propram

The RPOD5/RPM Formatier progearm i3 designed to write and verify header and data information on
all possible disk pack addresses with the intention of testing the retention of the recording surfaces.
The feemar is maintained on a basis of 311 evlinders, 14 tracks per cytinder, and 22 sectars per track.

This program Formats the disk pack on the assigned drive, one track at a time. The data ficlds arc
written with the sclected patrern, Key words are written with 05, Fach track 13 verified with o Write-
Check comnmand immediatcly after it is written.

The portion of the pack 1o be Tormatted is determined by the first and last evlinder and wrack address-
g5, inclusively. A single tzack is the smallest elcment that may be formatied.

Write-check crrors are reported when they are detested. IF un error is detected, the sector must be
rewritten and werified cotrectly iwo suocessive fiwees to he considered usable. Seclors that canool be
written correstly 1wice after an error will he declared unscespiable by Lhe progean.

After the lust track has been formatted and verified, an additional check is performed. The header of
teack 0 and sector O of each cyvlinder is read and compared by the software, This check is performed to
isglate 1 possible positioner error that may have occurred during the format operation. Two such cases
of positioner mallunction are: failuce of the positioner to advence ta the neat cylinder, and advance-
menl af the peesitivner past the desited cylinder.
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12.4.8 MAINDEC-11-DZRIC - Hrad Allpnment Verlfication Program

This program checks head alipnment at cylinder 245, heads 0-1%, and at cylindcrs 400 and 4, heads 0
and L §. and also roverifics alignment of ¢ylinder 245, heads 0=13, The operator ia notified if any head is
ot of alignmeng by more than the specified amount,

The procedure for checkinge head alignment is as follows.

2,

Cffsel (he positioner Lo +30 wim {41200 microinches)
Store the sign change bir,

Vove the positinner in the opposite diregtion in (.6d-pm {I5-micraineh) ingrementas until the
sipn chanpe it chanpes valoe. Store the olfset value.

Dffecr the positionst to =30 wm (~1200 microniches) and repest steps 2 and 3.
Average the twa sign change offset vulues and reporl 1F the selected head s masabigned by

mere than £3.% ym (£ 150 micronehes) Tor evlinder 245 or by more than 9 pm (2350
microinches] Mo cylinders 4 and 400,

Repeal the above sequence for all heads ot cylinder 245, and for heads dand L8 at cylinders 4 and 4.
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CHAPTER 13
OPTIONS

131 INTRODUCTION

The tollowing paragraphs describe some of the ways in which the RPOS/RP06 Disk Dirive cun he
optionally eonfigured.

13.2 DUAL-FORT OOPERATION

The REO5/RMW inlerface logic is designed to permit access by two differcnt controllers, with the
setting of the CONTROL switch an the drive front panegl determining which controller 1s Lo be granted
acesss, When the switch s set to the center position (A/B), the drive may be accessed by eilher con-
troller, and will be controlled by that contraller unti] it eperation 15 compleled.

1021 Conrerting bo Dual-Moci

Converting an RPOSRPD6 Disk Drive to dval-port operation takes approximately 2.3 manhowrs and
requires anly an 8.7 mm (11/32-inch) open or box wrenck and a 2.4-mm (3/32-inch) hex (Allen)
wrench. In order for the dval-port aptian to be operable, the M 7775 (dual-part) bowed muast be ul Elch
Rev. C or higher and C5 Rev. D or higher.

13.2.2 Conversion Procedure
To eonvert the RPOS /RP04 Disk Drive from single-port to dual-port aperation, procesd as Mfollows.

. Wilh power OFF, move the drive {if necessary) 3o that the side cover of the DCL is
accezsible,

2. Remove lhe side cover, revealing a metal plate.
1 Remove the six screws holding the metal plate, and remove the place,

4. Remove the rear eover of the [3CL,

3, Loosen the rweo fastener screws at the top of Lhe DICL assembly (Figure 13-10. Pivot the card
ncat down to the horizontal position (Figure 13.2).

fi. Laoosen the two fastener sorews (Figure 13-3) that are holding the air Now cover closed. Lift
1he air cever to the vertical position {Figure 13-4}

7. Eemove the three cable clamps {Ilwo oo the lefi-hand side, vne ul the bBoliom inside Lhe
frame}.

X lay the new harness (Port B) in position over che existing harness (Port A), with the red-
lined edge of the cabling wp along the side of the card nest, Pull the negw hamess until the top
cuble connectar s Mush with the front of the card nest (Figure 13-27.
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Figure 13-1  Drive and 1201 Assemblies Rear View, Rear Fanels Remloved
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11.

1%

14.

L5,

TH.

14,

0.

Twisil the Port B hamesa the way the Part A harness is twisted. so that the Port B harness is
ahove the P'ort A harness afler the twial

Replace che theee cable elamps temporarily to suppoct the Port B harness while proceeding
with subssquent steps,

Attach ihe vwe cables clozest in the '-II.I:|I: of the card nest tp an M 5913 an,r."ﬂen:-am:r
module as shown o Figare 13-5; this will be Module © of Pore B. =T

Attach the two cables in the middle of the Port B cable group to anather M3%03 Diiv-
er ! Receiver madule as shown in Figure 13-8; this will be Module B of Port B.

Allach the 1w o outside cables to another M3903 as shown in Figure 13-7; this will be Mod-
weAofPortB. - -1

Plup the M3903 madules into the card nest as shown in Figure 13- B wilh Module A in Sl
1. Madule H i Slot 2, and Module C io slot 3.

Eun (he other end of the Port B cables out through the top two Massbus connectar hales,
which should be empey.

Connect the cahles to Massbus connectors, as follows:

B [nput I Qutput
Cable A Top Cable C
Cable B Middle Cable B
Cahle C Hottom Cable A

The red-lined edge should be up with respect 1o Lhe relainer spring.

Install the two Magsbus conneclors inte the approprizte holes, wsing four hex screws on
each; check the reverse aide of the connector to ensure that no pins popped oot when the
cable was secured,

Tightem ull threz af the cable clamps, tuking cure not ta pinch the cable edges.

Eeturn the air flow cover to the horizontal position; remove the black-tape that covers the
Port B decal.

Lise the T6-cin {30-inch) Massbus cuble to connect the drive with the succeeding one; if this is
the Jast drive on (he steing, use 4 lerminator,

Remove the MTTT6 Error Coreection 1.ogie madule; cut Jumper W9,

Keplacs the MT776 module; when scoped, pin CU2 shovld now vepresent a logic 1 (+3 ¥,
necessury for duab-porl operation.

Faslen Lhe aie flow cower closed, vsing the two fastener screws (Figure 13-3).
{Close the card nest; fasten with two [astener seresws (Figure 13-1).

Heplace the rear cover, melal plawe, and side cover, and move the drive back inte pasition.
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132 UPGRADING THE REPRS TO AN EP

1051 Tninduction

Maicrials Requined

L.
2.
3

EMI6-U Upgrade Kil (kL inciudes RPOS-F data pack)
M- merabyte COF Pack (29-22193)
REPMIA/00 Pereh “lester

Belerence Macerial

Ja la b o—

A8 Muintenanee Mamuad (ER-00012)

RS0 Lopic Muarua! (EK-EPDISM-THL-¥02)

RPN Q0 DEL Mabrienance Mol {EE-RPE5d-M M-I
RPOS A [PR Mamua! (BRAXNLL)

Cstimuated Tume to Install - 8§ howrs

13.3.2 Mechantcal Converslon

1.

3
L

Kemove ahsolute filter hy remowing hose clamp under shraud per Paragraph 4.1.2.0.

Remove Lhe spundle geound from the spindie by remaving two mounting scraws and ane
wiasher spacer from deck plate. (Sec Figure 6, sheet 3 in the RPUS W 1PE Manual. )

Remove plasy door by ficst removieg door bumpersfanti-1i1 {2300 Trom gless dowe Lrucks,
then shde glass daar Toreuard ot of drive. (See Figuee 2 in Lhe BR300 TR Mouwual.)

Remove shroud cover by pamoving the four screws attaching the sheoud cover Lo the glass
door tracks {Jogic gare 1o be pushed forward 1o femove two sceews ar the rear of shrond
coverl

CAUTION
When removing or installing shroud, ke special

care not to damage the pack sensor and the pack
senqor seal.

Eemove the shroud by removing six serews. Firsr, rerove 1he pwo sorews located behind
shroud air baffle. then remove the four screws al bottom of shroud which attach the shroud
to the deck plate, (See Figure 6, sheet 1 in the RPOS /08 [PB Mamul)

Remove the [-megabyte apindle lock shalt from the spindle by removing the thres allen
gerews, the holding plate, and the sonical spring, Then, with one hand prepared to calch the
falling lock skaft, carefully tap the top of the lock shaft ta release it feom the spindle, {Ses
Figure 5, shest 3 in the RPUS M IR Maneal)

Pluce all brass shims cemaved with the 100-megahyte lock shaft an the 2060-megabvte lock
shalt pooe to installation imto the spindle (theee shimy muximam). Lightly coat lock shaft O-
rig with Andac C™ pr eguivalent. Wipe all excessive oil fram lock shail.

Mandos © s ow fcadeninrk of dhe Fsso OHl Coampany.
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11.

12.

13,

14
L5,

[,

1333
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Install Lhe 200-megabvte lock shatt {Memorex Part Mo, 215013 by inserting it through the
bottors of the spindle, Reinstall the conical spring, holding plate. and the threg alten screws
removed in step 4.

Head conversion: Remave all [(-megabyte heads {all hardwars will be re-used],

Remove the 1O00-mepabyie heud load carms (2 (Bluck) from cam twwvers by cemoving faur
gorcws in cack cam,

Install the 2Hk-megabyte head load cams (2:) (white, Memorex Part bo, 215087}, using
sereows remaved in step 100 (8ee Figure 6, sheet 1in the £AS AW P8 Manial

Inetall the shroud, by (rst engaging the shroud te the Jocaling pia in the com tower, uzing
serews remaved in step 5.

tnstall shroud cover, using serews removed in step 4. (Inspect shroud cover seal for dumage.
Il dumape 15 present, replace shroud cover.)

Tnstall the glass doot and door bumper anti-lift {2%). nsing screvws remoeved in step 3.
Install the spindle ground, spacer washer, and serews removed in atep 2.

Install whyotate e removed inosiep L.

Loge replacement: Raise indicacor panel. remove lamp matris PCB, then remave the five
nues retaining the teim strip to che indicator panel, Then, remoye the logo /dead ront by
gliding the logo, dead front free of the indicator panel; replace wilth loge/dead front (Metmo-

rex Part Mo, 215745}, in reverse of remueval procedurs, (See Figure 3 in the A0/ [PE
Manual.

Head ('wnversinn

CALTTION
Sirict adherence to the technical manual is maodato-
ry when installing heads. Improper installation of
heads may cawvae cataateaphic head-to-dish
aterference.

Tostall all 200 megabyte heads, using head inktallution tool {(Memorex Pact o, 210105],
L'sing tosgue tool (Memares Parg No. 210109, torque duta heads Lo initial torque values,
Toeque servo head to final torque. (Reler w Paragraph 4.6.2 in the RPRS/W Mainrenance
Manugl.]

a. DDats Heads Torgue

Mitial torque: 2.5 = L3 in-lb
Final tarque: 60 £ 1 in-1b

b, Bervo hesd wrgue: 6 £ 1 in<db

{hserving (mom e shroud, inspect all heads to ensure they are positioned properly on head
lnad cams.
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Lin

13.3.5

Flectrical {anversion

Heplape the [O0-megabyte W5ER PUB (locstion D14 with 200-megubyle YSER POCR
[(Memores Purt Mo, 0124760,

Replace Lthe 100-megabyie PSER PCB {location D15 with the 200-negabvic PSER PCH
(Memorex Fart Mo, 0124E1).

Replace the HK-megahyte WO PCH (location 1217 with the 200-mepabyte WLOG PCR
(Memarex Part Mo, 0112748).

Rewark the input PCHB by removing (he wire between pins B and 9 in locarion [-C or loca-
tion J1 on component, gide of PCB, Cut trace J1 i necesaary,

Eeploce the I00-mepabyie matax PCBy {2200 loculed an cam tower wilh the 200-merabyle
marrix PCBs (22X (Memorex Parl No. 312481% Then, plug the head connector inlo the
matrix B,

To OCL, inste]]l jurnper W3 on sesk and search controd bope MTTR6.

In DHCL. reconfigure deive 1ype aamber on ecfor correction logic M77T6 for one of the
fallowing drive types,

Drrive Type Mumber
(Cctaly Dirive Type

LRzt K BM-A {single cantrol)
(24022 REO6-B {dual cantral)

Test Procedure

Tnstull deuble-density scrawch pack, non-CE-pack.
Mawer deive up,

Adter drive disk pack has heen rotating at 3600 rev /min far 3 minutgs, carcfuliy perform
hand launch af heads as a precaution vo assure that all heads are installed and Aying cor-
rectly. Then, perform [irst seek with the lap plug instalfed. (Sece Paragraphs 4,330 to
4331

CAUTION
Doaring the baod faunch of beads or dorlng Tipst seek
with Lap installed, i there is any high pitch or abra-
sive sound nnticeshlc from the disk, retract tle heads
immediately and power drive dewo aod inspect all
lwuds fur possibic damuege,

Power drive down and remowve disk pack,

Install deuhle-density CE pack, start drive, and wllow drove lanperalure Lo slabilice lor one
hoar.

Alipn heads using model 800 tester and head alhgnment toal, After keady sme sligned, torgue
all dara heads to final torque, (Refer to Paragraph 463 in the AN Moistenanes
Mumual)

Install duts pack B PSP and perform digpnestic and sceeplance @sls per feld acceplance
precedure as deseribed i Chapter 6, 8. 10, ar 12,
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_ Reader’'s Comments
P05 'RPDG DISK IFRTVE

INSTALLATION MARNUAL
kR EG-13-0]

Your comments and suggestions will help us in nur eenbinuous effort o impeove the guality and vscfulness of

our putications.

What & your peoeca ceacfion to this mameal? Enoyour judament i it complete, accuraee, well orpanizel. well
wrilter. etc. T Ts of easy 1o wse”

What [eatures ame most use[ul?

What faults do vou Tlind with e manuad?

—arn

Dhoes s manuad salisfy the need vou think i ways inlended to satisly?

IMacs it satisly vour nesds? Why'!

Would you please indicate any factwal errors you Iave found.

Mease describe yaur pasition,

MName Organization

Street Papartment

Cirw Stute Zip or Country
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DIGITAL EQUIPMENT CORPORATION mﬂgﬂnan WORLDWIDE SALES AND SERVICE
MAIN OFFICE AND PLANT

Maynard, Massachusetts, U.S.A 01754 * Telephone. From Metropoiitan Buston 646-8600 « Eisewhere: (617)-897-5111
TWX: 710-347-0212 Cable: DIGITAL MAYN Telex 94-8457

NORTHEAST

REGIONAL OFFICE:
235 Wyman Street, Waltham, Mass 02154
Telephone: (617)-890-0330'0310 Dataphone: 617-890-3012 or 3013

CONNECTICUT

Meriden

240 Pomeroy Ave ., Meriden, Conn 06540

Telephone: {203)-237-8441/7466 Dataphone  203-237-8205

Fairfield
127% Post Road, Fairfield, Conn 06430
Telephone ([203)-255-5991

NEW YORK

Rochester

130 Allens Creek Road, Rochester. New York
Telephone (716)-461-1700 Dataphone 716-244-1680

Syracuse
6700 Thompsaon Road. Syracuse. New York 13211
Telephone: {315)-437-1593/ 7085 Dataphone: 315-454-4152

MASSACHUSETTS
Mariborgugh

One Iron Way
Marlborough, Mass. 01752
Telephone- {617)-481-7400

MID-ATLANTIC

REGIONAL OFFICE:
U.S. Route 1, Princeton, New lersey 08540
Telepnone: (609)-452-2940

FLORIDA

QOrlando

Suite 130, 7001 Lake Ellenor Drive. Orlando. Florida 32809
Telephone  [305)-851-4450 Dataphone: 305-859-2360

GEORGIA
Atlanta
2815 Clearview Place, Suite 100
Atlanta, Georgia 03040
Telephone: (404)-451-7411

NORTH CAROLINA

Durham/Chapel Hill

Executive Park

3700 Chapel Hill Blvd.

Durham, North Carolina 27707

Telephone: (919)-489-3347 Dataphone: 919-489-.7832

NEW JERSEY

Fairfiald

253 Passaic Ave. , Fairfield. New lersey 07006

Telephone: (201)-227-9280 Dataphone: 201-227-9280
Metuchen

95 Main Street. Metuchen. New Jersey 08840

Telephone- {201).549-4100/ 2000 Dataphone: 201-548-0144

Telex 710-347-0348

Dataphone: 305-859-2360

EUROPEAN HEADQUARTERS

Digital Equipment Corporation International Europe
B1 route de |'Aire

1211 Geneva 28, Switzerland

Telephone: 42 78 50 Telex: 22 883

FRANCE
Digital Equipment France

Centre Silic — Cidex L 225
94533 Runqgis, France
Telephone  B687-23-33

GRENOBLE

Digital Equipment France

Tour Mangin

16 Rue Du Gal Mangin

38100 Grenoble. France

Telephone- {76)-87-58-01 212-32882

GERMAN FEDERAL REPUBLIC
Digital Equipment GmbH

MUNICH

8 Muenchen 13, Wallensteinplatz 2

26840

Telex

Telex

Telephaone 0811-35031 Telex: 524-226
COLOGNE

5 Koeln 4! Aachener Strasse 311
Telephone 0221.44.40-95 Telex B88-2265
Telegram. Flip Chip Koeln

FRANKFURT

6078 Neu-lsenburg 2

Am Forstaus Gravebruch 5.7
Telephone- 0B102-5526 Telex
HANNOVER

3 Hannover, Podbielskistrasse 102
Telephone: 0511-69-70-95 Telex- 922.852
STUTTGART

D-7301 Kemnat. Stuttgart
Marco-Polo-Strasse 1

41-76-82

Telephone  [0771)-45-50-85 Telex B841.722-393
AUSTRIA

Digital Equipment Corporation Ges m b H.
VIENNA

Mariahilferstrasse 136 11580 Vienna 15 Ayustria
Telephone 85 51 86

UNITED KINGDOM
Diqital Equipment Co. Ltd
U K HEADQUARTERS
Fountain House, Butts Cantre
Reading RG! 70ON. England
Telephone (0734) 583555

BIRMINGHAM

Maney Buildings

29/31 Birmingham Rd . Sutton Coldfield
Warwickshire, Enaland
Telephone  021.355-5501
BRISTOL

Fish Poands Rnad Fish Pands
Bristo!l. England BS163H0D
Telephone Bristol 651-431

EFALING
Bilton House, Uxbridge Road. Ealing. London W §
Telephone 01-579-2334 Telex 223

FDINBURGH
Shiel House. Craigsh:!l | wvingston,
West Lothian., Seotland

Telephone 32705 Telex

LONDON

Management House

43 Parker 5t Halhorn London
WwWC 28 5PT. Enqgland
Telephone 01-405.2614/4067
MANCHESTER

Arndate House

Chester Road. Stretford Manchester M3? GRH
Telephane (081)-865-7011 Telex HRERER

Tﬂ e x ﬂ]d—ﬁ???ﬂ

337-060

Tolex

127113

27560

Telex

printed in U.S.A.

DOMESTIC
MID-ATLANTIC (cont.) CENTRAL (cont.)
Princeton MICHIGAN
U.S. Route 1, Princeton, New jersey 08540 Ann Arbor
Telephone {609)-452-2940 Dataphone . 609-452.2940 230 Huron View Boulevard, Ann Arbor, Michigan 48103
e ok Telephone: (313)-761-1150  Dataphone: 313-769-9883

Long Island

! Huntington Quadrangle

Suite 1507 Huntington Station. New York 11746
Telephone (516)-694-4131 (212)-895-8095
Dataphone 516-293-5603

Manhattan

810 7th Ave  22nd Floor
Mew York, NY. 10019
Telephone: (212)-582-1300

PENNSYLVANIA

Philadelphia

Digitat Hall

1740 Walton Road, Blue Bell, Pennsylvania 19422
Telephone: (215)-825-4200

TENNESSEE

Knoxville

6311 Kingston Pike, Suite 21E
Knoxville, Tennessee 37919

Telephone: (615)-588-6571 Dataphone: 615-584-0571

WASHINGTON D C.

Lanham 30 Office Building

4900 Princess Garden Parkway, Lanham, Maryland
Telephone: {301)-455-7900 Dataphone: 301-453-7900 X53

CENTRAL

REGIONAL OFFICE:

1850 Frontage Road. Northbrook, lllinois 60062

Telephone: ([312)-498-2500 Dataphone: 312-438-2500
Ex 78

INDIANA

Indianapolis

21 Beachway Drive, Suite G

indianapalis. Indiana 46224

Telephone: (317}-243-8341 Dataphone: 317-247-1212

ILLINOIS

Chicago

1850 Frontage Road

Northbrook, lliinois 60062 Dataphone: 312-438-2500

LOUISIANA

New Orleags

3100 Ridgelake Drive, Suite 108
Metairie, Louisiana 70002

Telephone: {504)-837-0257 Dataphone: 504-833-2800

Detroit

23777 Greenfield Road
Suite 189

Southfield, Michigan 48075

MINNESOTA

Minneapaolis

8030 Cedar Ave. South, Minneapolis, Minnesota 55420
Telephone  (612)-854-6562-3-4-5 Dataphone: 612-854-1410

MISSOURI
Kansas City
12401 East 43rd Street, Independence, Missouri 64055
Telephone (816)-252-2300 Dataphone: 816-461-3100

St. Lows

Suite 110, 115 Progress Parkway

Maryland Heights, Missouri 63043

Telephone: (314)-878-4310 Dataphone: B16-451-3100

OHIO
Cleveland
2500 Euclid Avenue, Euclid, Ohio 44117

Telephone: (216)-945-8484 Dataphone: 216-946-B477
Dayton

3101 Kettering Boulevard
Dayton, Qhio 45439
Telephone- (513)-294-3323

OKLAHOMA

Tulsa

3140 S. Winston

Winston Sq. Bldg.. Suite 4, Tulsa, Oklahoma 74135
Telephone: (918)-749-4476 Dataphone: 918-749-2714

PENNSYLVANIA

Pittshurgh

400 Penn. Center Boulevard, Pittsburgh, Pennsylvania 15235
Telephone: {412)-243-9404 Dataphone: 412-824-9730

TEXAS

Dallas

Plaza MNarth, Suite 513

2880 LB) Freeway, Dallas, Texas 75234

Telephone: {214)-620-205! Dataphone: 214-620-2061

HOUSTON

6656 Hornwood Drive

Monterey Park, Houston, Texas 77038

Telephone: (713)-777-3471 Dataphone: 713-777-107

WISCONSIN

Milwaukee

8531 West Capitol Drive, Milwaukee, Wisconsin 53222
Telephone: {414)-463-9110 Dataphone: 414-463-9115

Dataphone. 313-557-3063

Dataphone: 513-298-4724

INTERNATIONAL
UNITED KINGDOM (cont.) ISRAEL
READING DEC Systems Computers Ltd.
Fountain House, Butts Centre TEL AVIV

Reading RG1 7TON, England
Telephone: {0734)-583555

NETHERLANDS

Digital Equipment N .V

THE HAGUE

Sir Winston Churchillian 370
Rijswijk/The Hague, Netherlands
Telephone: 94 9220 Telex: 32533

BELGIUM
Digital Equipment NV /S A
BRUSSELS

108 Rue D Arion

1040 Brussels, Belgium
Telephone: 02-139256

SWEDEN

Digital Equipment AB

STOCKHOLM

Englundavagen 7. 171 41 Solna, Sweden
Telephone 98 13 90 Telex 173
Cable Digital Stockholm

NORWAY

Digital Equipment Corp. A/S
OSLO

Trondheimsveien 47

Oslo 5, Norway
Telephone 02/68 34 40

DENMARK

Digital Equipment Aktiebolag
COPENHAGEN

Hellerupveq 66

2900 Hellerup. Denmark

FINLAND

Digital Equipment AB
HELSINKI

Titismaantie 6

SF-D0710 Helsinki 71
Telephane {090} 370133
Cahbhle Diqgital! Helsinki

Telex 8483278

Telex 25297

Telex: 19079 DEC N

SWITZERLAND

Digita! Equipment Corporation S A

GENEVA

20, Qum Ernest Ansermet

Boite Postale 23, 1211 Geneva B, Switzerland
Telephone No 022 2C 4C 20 and 20 58 9% and 20 68 93
Telex 289201 =

ZURICH
Digital Equipment Corp AG
Schafhauserstr 315

CH-8050 Zurich

!.;:“.l'r‘u'i‘.';'"fg.-!--’“‘f!

Telenphone 01.45-41.9% Telex 56059

ITALY

Digital Equupment S p A

hLAN

Cuarsu Goarthald: 49 2012 Milano ftaly

Telephone (02)-879-051/2/3/4/5 Telex: B43-33615
SPAIN

Digital Equipment Corporation Ltd.

MADRID

Ataio Ingenieros S A . Enrigue Larreta 12 Madrid 16
Telephone 215 35 43 Telex 27249

BARCELONA

Atnin !nqr_‘-m#fﬂﬁ S A
Telephone 221 44 68

Granduxer 76. Barcelona B

Suite 103, Southern Habakuk Street
Tel Aviv. lsrael

Telephone: (03) 443114/440783 Telex: 922-33-3163

CANADA
Digital Equipment of Canada, Ltd
CANADIAN HEADQUARTERS
PO Box 11500

Ottawa, Ontario, Canada
K2H BKB

Telephone: (613)-592-511)

TORONTO
2550 Goldenridge Road, Mississauga, Ontario
Telephone: {416)-270-9400 TWX: 610-492-7118

MONTREAL

9045 Cote De Liesse

Dorval. Quebec. Canada HIP 2M9
Telephone [514}-636-9393 Telex

CALGARY JEdmonton
Suite 140, 6840 Fisher Road S E
Calgary, Alberta, Canada
Telephone: {403) 435-4881

VANCOUVER

Suite 202

644 S W Marine Dr  Vancouver

British Columbia. Canada VBP 5Y1

Telephaone (604)-325-3231 Telex 610-929-2006

GENERAL INTERNATIONAL SALES
REGIONAL OFFICE
146 Main Street. Maynard, Massachusetts 01754
Telephone - {617) 897-5111
From Metropolitan Boston, 646-8600
TWX: 710-347-0217/0212
Cable DIGITAL MAYN
Telex: 94.-8457

AUSTRALIA
Digital Equipment Australia Pty Ltd
ADELAIDE

& Montrose Avenue

Norwood South Australia 5067
Telephane (08)-42-1339 Telex

BRISBANE

133 Lewchhardt Street

Spring Hill

Brishane Queecnsland, Australia 4000
Telephone {072)-293088 Telex 790-40616

CANBERRA

27 Colhie 5

Fyshwick A CT. 26808 Australia
Telephone (062).959073

MELBOILIRNE
60 Park Street Sauth Melhourne. Victoria 3205
Australia

TWX: 610-562-8732

610-422-4124

TWX. 403-255-7408

790-82825

Telephone (03).630.2888 Teiex 790-30700
PERTH

643 Murray Street

West Perth, Western Australia 80005
Telephane (0921-21 4993 Telex 73092140
SYDMNEY

PO Box 491 Crows Nest

H S I'wj"ﬂr -‘ﬁ'-':l‘.:-%r:-!'r‘h'_! :‘{}El—l

Telephone {((2)-439-25963 Teles 76020740

NEW ZEALAND

Digital Equipment Corporation Ltd
AUCKLAND

Hilton House. 430 Queen Street, Box 2471
Auckland New Zealand

Telephone 75533

WEST

REGIONAL OFFICE:
310 Soquel Way, Sunnyvale, California 94086
Telephone: (408)-735-9200 Dataphone: 408-735-1820

ARIZONA

Phoenix

4358 East Broadway Road, Phoenix, Arizona 85040
Telephone (602)-268-3488 Dataphone 602-268-7371

CALIFORNIA

Santa Ana

2110 5. Anne Street, Santa Ana, California 92704
Telephone: {714)-979-2450 Dataphone: 714-979-7850

San Diego

6154 Mission Gorge Road

Suite 110, San Diego, California
Telephone: (714)-280-7880/7970

San Francisco
1400 Terra Bella, Mountain View, California 94040
Telephone: ([415)-964-6200 Oataphone: 415-964-1436

Qakland
7850 Edgewater Drive, Qakland, California 94621
Telephone: (415)-635-5453/7830 Dataphone: 415-562-2160

West Los Angeles
1510 Cotner Avenue, Los Angeles, California 90025
Telephone: {213)-479-3791 /4318 Dataphone: 213-478-5626

COLORADO

7901 E. Bellevue Avenue

Suite 5, Englewood, Colorado 80110

Telephone: (303)-770-6150 Dataphone: 303-770-6628

Dataphone:. 714-280-7825

NEW MEXICO

Albuquergue

10200 Menua! N.E . Albuguerque, New Mexico 87112
Telephone: {505)-296-5411/5428 Dataphone: 505-294-2330

OREGON

Portland

Suite 168

5319 S W. Westgate Drive, Portiand, Oregon 97221
Telephone: (503)-297-3761/3765

JTAH

Salt Lake City

429 Lawn Dale Drive, Salt Lake City, Utah B4115
Telephone- {B0O1)-487-4669 Dataphone: B801-467-0535

WASHINGTON
Bellevue
13401 N £. Bellevue, Redmaond Road, Suite 111
Bellevue, Washington 98005
Telephone: [206)-545-4058/455-5404

Dataphone: 206-747-3754

JAPAN

Digital Equipment Corporation International
Kowa Building No. 16 — Annex, First Floor
9-20 Axasaka 1-Chome

Minato-Ku, Tokyo 107, lapan

Telephone: 588.2771 Telex: |-26428

Rikei Trading Co . Ltd (sales only)
Korato-Kalkan Bldg.

No. 18-14 Nishishimhashi 1-Chome
Minato-Ku, Tokyo. Japan

Telephone: 5915246 Telex: 781-4208

PUERTO RICO
Digital Equipment Corporation De Puerto Rico
407 del Parque Street

Santurce. Puerto Rico 00912
Telephone. (B09)-723-8068/67

ARGENTINA

BUENOS AIRES

Coasin S. A

Virrey del Pino. 4071, Buenos Aires
Telephone 52-3185 Telex: 012-2284

BRAZIL

RIO DE IANEIRO — GB

Ambriex S A

Rua Ceara. 104, 2 ¢ 3 andares ZC - 29
Rin De laneiro — GB

Telephone: 264-7406/0461 /7625

SAQ PAULO

Ambriex S A

Rua Tupi, 535

Sao Paulo — SP

Telephone- 52-7806/1870. 51-0912

PORTO ALEGRE — RS

Rua Coronel Vicente 421/101
Porto Alegre — RS
Telephone: 24-7411

CHILE
SANTIAGO

Coasin Chile Ltda (sales only)
Casilla 14588, Correo 15,
Telephone: 396713 Cable: COACHIL

INDIA

BOMBAY

Hinditron Computers Pyt Ltd.
69/A. L. Jagmohandas Marg.
Bombay-6 (WB) India
Telephone 38.1615 35-5344
Cable TEKHIND

MEXICO

MEXICO CITY

Mexitek S A

Fugenia 408 Deptos. 1
Apdo F‘cas{:_ai 12-1012
Mexico 12D F.
Telephone  [905) 536-09-10

Telex 385-9056

Telex: 011-2594 Plenty

PHILIPPINES

MANILA

Stanford Computer Corporation

PO Box 16808

416 Dasmarinas St Manila
Telephone 49-68-96 Telex 742-0352

VENEZUELA

CARACAS

Coasin, C A

Apartado 50939

Sabana Grande No 1. Caracas 105
Telephone 72-8662 72-9637
Cable INSTRUVEN



