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Il INTRODUHLTION

Thiz manual prevides a complote descrption of Lhe RKOS
Exercizer, induding physicai, functional, logic kevel, and
flow diagram Jescriptions, specificatiors, and opetation ond
Lklinlengmee procedures.

1.I GENERAL BESCRIFTHON

Tve REDS Exerciser ia a porcable one wsed 1o e cencss the
RK(S Bk Dieive off-line. The winil generates all the comtogl
signals nevesmTy to excrese the desk drive lineas posilicnet
circuilry  arsl wiike cincoitiy: the  poocessor awd drive
coartruller are not nesded.

The ewerciser wan be used to isalate -bost hard disk d7ive

faules ancl to vecfy proper operation once the faghl hes
been corrected.

MNOTE
IF relisbility problems are encouslens], e disk
detve dbwauld be chocked cot codine, ussg
MAINDEC dbguonics

The exerciber & comphefely confained in an sburngnem
cheesla and i powered by the RE0S Dilsk Drive poawer
supply. A apecial dewite power cablz sorves (o route the
power  supply owtpaes (HIS Y. -15 %, 45V o the
exorclacr without méerrupling power 0 the disk drive.

1.3 PHYSICAL DESCREFTIGN

The exerciper (Figuse 1-17 comgizls of e subasarmblica and
two coble aseembliss: exercier chassis, front pancl. bua
terminatar  meodula, tesl postioner mwedule, test writer
mdule, bus cahle amemhlg.-: and pweer cphle

1.3} Exerciser Chagsi

The 9605720 chassts 1s 3 & 1710 i high by L1910 in.
wide by 3-5/10 in. deep metnk box with a hioged frant
pancl.

CHAPTER 1

GENERAL INFORMATION

L-1

1.3.1 Bus Termimator Module

The M330 Bus Terovinator encodule (Figure 1-2) it 2 dual
height module that is wounced in slod 2 of the coaneetac
Bluck noil conteins all the circalivy necessity to termioats
Ihe Unibus.

1.3.3 Positioner Exerciser Wiodle

The G303 Pogitioner Bxerciser Wudule (Figuee 1-1) i 2
tual heipht oeodule that & awooled oot 3 of the
conieclor block, This module conraing all Lhe logic
necasacy  to exercise the disk deiwe linear positinner
ciccwltry . Inn rasponse to froot pancl switch seeting and disk
drive contiol signal inputs, the module gemerates curlrol
aignal and cylindsar address outputs to the dizk drive liner
paatizner cleanitry. The mwebole slsa momnrars the disk
deve tauwl lincs and illwninadss 1he froot peocl faull
imlicators wheo a faule iz delsvled, Reler to enpincesing
drwwing D-CS-GS0A0-1 for o eomplete physical layout and
parts identitication,

Lid Wrltet Exerepver Modake

The G502 Wriler Brerviser Module (Figore 1-1) 12 a dual
hedght modube thul & moonted in slat 4 of the sonnesior
bock. This redule contsioe a2l the logic necessary Lo
exercisd Lhe Jisk drive wrile ciccuitry. Tn respeonss e i
panal swilch settiogs snd disk drive coneral signad inpuls,
the module generalze control signals, clock, amd dala
outputs 0 the disk dehve write clrewtey. Refer o engg-
pearing drewing DHCS-GS0Z90-1 for a completa physicnl
layoul and parts identificotion,

1.3.5 Front Parel

The 9605719 front manel {Figure 1-1) contsing a d-pin
femuale Mate-N-Lok inpul powsr coopector and controls
and indxators awcesmury to exerclse the disk drve, Befer to
enginerlng drawing D-UA-RKOFTA-Q for wiring data,
paris identificatlon, and 4 complete phyaics] Byout.
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Figure 1- RKS Exerciser Comiponen s

BERS1 -7

Figura 1-2 Bus Terminator Modul: o’
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Figure 1-3 Undbis Cable Amcmbly

136 Luibus Cable Assembly

The BC11A Unlbus Cable Axsonnhly (1'igurs 1-3) consists of
z THWrcomductor rlbbon cable wilh 2 Wi connecior
alisched g each mod, One bua connectar i maontad o slot
L of tha exerciser conneceor black and the olles conmecior
Ix mownled m oot B of the disk drkee electronic ngwlule,
The Unibus cable is the only signal inderface between the
oxerclaee and disk drive. Refer to engueesing drawing
DeL'A-BC 11 A-[H) for physical specific ttions.

137 Fower Cable

The DGGO3G powat cahle (Figure | 4) consets of a &
4wice cable harness, 3 4.pin male Mate-M-Lok conmec lar
(P15, a 2-pin mube Mate-N-Lok connector (P2). and a Qapin
fomale Mate-N-Lok comnector (1} The 3pas Mate-N-Lok
conmeSte o connestor J1 Joqted oo the comcnsiser (roml
pancl. The two 9pin Mule-N-Loks ronneet beewsan the
digk driwe power supply wml the disk drive power harness.
The power ceble rontee de power ftom the disk dove to the
exevcizer. Refer 1o enpineering diawiag D-lA-96G06036-040
for complets phrsical specifications and wiring Jara.

1-3

14 SPECIFICATIONS
14.1 Environmeeniai
Anbsent Temperuture
0% to 110° F{6Y° ta 73° F nowninal |

Belative Hlumidety
B 0 30% (no condeniation)

L42 Power Reguirements

Inpun Voltage (dc)
+15 4 0075 Wde
45 1 0TS Ve Eh.wur taken for disk
50 015 Ve Five: pawer sUpply.
143 Packnging

Height: 6-1/10in.
Widlh: 11410 in,
Tlepth: k0 in.
Weight: Less than 10 1b

G851 B
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2.1 UNPACKING FROCEDLRE
To unpack the AEDS Exerclear, proceed as iollows:

1.

Unpack the anit foom the stuppeng ooniaine
and inspecr for damage. Damaga claims showkd
Tez dirawied o the reapemsitele shipgers.

Check that the Unibua and powes cables e
iochuded with the exerciser.

.1 SET-UF PROCEDURE

MOTE

The BXKDS Exvenmsr ey e cinnected 14 one
disk drive of 38 many a8 loor dide deives
smulbamsonsy ; howerer, the excerciser can onby
cxcTTin: e drive af B tEne.

Tu conned the BROS Execciser oo onoe HEOS
Diak Dove, che Wnibus cable v inctabled as
follows | Figure 2-F):

8.  LUoplup the disk driv: ac power cord.

b, pen the exercieer chacaiz and moant
cither end of the Unibue cable aesembly
(BCLLA) into dot | af the coonectas
block.,

¢, PBemewe the disk dese peafllter and
cqaure thet the bus terminater module e
mountsd o slat 7 of the dsk drive
clectronlc module .

d, Mount the other emi of the Unlbua cable
mmuemnbly imle slot 8 ol the disk drive
alectronic nadule.

2l

CHAPTER 2

UNPACKING, SET-UP
AND ACCEPTANCE TESTING

Ter commect the RENS BExerciser o Mouwr REOS
Drisk Dwives, the Unibus cable i ipstalled as
follows (Flgure 2-11

il-

Femwew: all power from the BRUS [Hek
Drives.

Thseormescr the conbroller end ol the
LVhritua cohle, which coamects Lhe REODG
Irisk Thiwe L The conntreeller mesbule.

ﬁ[ﬂ:ll the ekemos=r shissis and mesent e
dizeroamected Thiibus wible v slon 1 ol
the commesiur bluck.

Ta netall the BEOS Exercser power cahble,
procecd as tafowa (Fimure 2-1}:

4.

T,

1]

Kemowve the BEOS Lhisk Dove top cover,

Lhsconnect the Pl Matc-M-Lok coancedor
o e slisk drive powesr supply.

Connsct the 9L lanele comneclor {117
of the cxcreiser power cable oo P

Conrect the %-pin male conncctor {P2) of
the caerciser paerer cable to Mate-N-Lok
coonectaor [ on the disk drove oo

sapphy.

Connect the 4-pin male connector (P of
the excrciser power ceble w the 4-pin
temals connector {J1} lecated on the
cxcrciacr front pancl.

(continued o page 2-3)
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(SECENY |
-
AKOE
EXERCISER
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Figure 2-1  Exerciser to RKOF Disk Drive Connectaen [iagram
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REDS
N0 w2
UMIBUS CABALES
REOG#E
v REOL 1
EXERCISER -
T OB 11
(=] 1 T

Figwe 2-7 RE0S Exereiser to Mulbpts REDS Disk Drives
Connection DHegmm

T Set the exerdiser fromt panel Write
Constant  toggle switch o the down

CaALlmos

The digk drlve wnile circwitty must
ool be exercioed while an dignmenl
disk cartridge ks imskalbed 1o ihe disk
drive B3 acriona damage to the
dignment fracks may result. The
aligament  ddisk  cartidge s
skentified by 3 red sem door
endor 8 red Label

g Apply power to the dok deiads); nbserve
the dink drive blowir mator cosses om
wnbediately. After 3 abhort delay. tha
daoar lock snberusd energizes aod the
exerciser fronl pepe] MOWER ON indi-
cator dluminates.

h.  3etl the disk deive BUNLOAD switch io
LOYATY and insert she DECpack.

i et the RLNLLOAL switch o RUN:
obssrs 1the DECpack rotates.

- Sar the exerciser fromt pencl  Dwive

Selecior knob to dhe [D (dick drive
wden lification numberp of the disk drive
0x Tee edercised,

23 ACCEPTANCE TEST PROCEDURE

The exepdiser s shipped meady-to-use, IF the wnit is oot
opersling prepedy, cefer to Chapter 5 (Maintenawce) ancd
diagnose and  cortrecr the problems Seevies should be
perfurmed by qualitied service persanncl anly .

To tesl the exercizer, obtein an BKOF Diak Dwlvc that is
knowm to be upetiding propery, end est the cxercises up
Ew testing in wgeordance with the sctup procedure
deecribed in Pomugraph 2.2, After completing the sct-up
procedure, perform (e following rest proceduwrcs.

KOTE

IF fawlty opertion B detected at any polnt n
the fodbwing procedure, refor to Chapter 5 and
correct the foolt before procoeding to the next
step in the prowedurs,

231 Wrer Exerciser Module Test Procedors

1.

I

&=t the Write Sactar knob ta "ALL™

%=1 the Hesd Seloot-UFPER/LOWER togghe
auitch o UPHER,

Depress lw WHITE pushbution repesccdly,
observe the desk deive Erond ganel BT indicator
lluminetes momentarily cach tike the WRITE

pushbution is depresaed.

Eet the Constant Write fLoggle switch to UN;
obsarve the disk drive frond punel WT indizetor
Nominsees gnd does oo extinguish until the
Comitant Wrile topgle switch is set to the down
podition.

NAOTE
An oziflescnpe (Tekbronic 453 or cquir-
alenty @ reqaired o perfomo the Tollow-
lag cteps.

Connact chanmel 1 scope probe to pin BOSM2
on the REKOS Disk Trive Toge blagk.



0.

10,

Topgle 1he exerciser Head Salect 1oeale switch
up and down; ebserve a HIGH lewel signal
(+3 Vi when the Legple switch s set o LOWER
imd o DO level signal wheo the roggle switch
is 51 to UFFER.

st ths aacilloseone contrals ag fallows:

» Yertical
Minle = ADD
Sewdlivily = 1 Widiv
Cowpling = do
L Swrea|
A pgeed Lirne = 5 mydiy
Tripger = Mook
Conoeet  the chanoel | probe 1o BOAL?

(WRITE GATL Ly on the RKOS Disk Dive
logic hilgk.

Comnect 1he chanoed 2 probe 1o AQXKZ
{IMDEX FUTEE) on the BEK0S Disk Drive logic
block.

Szt exerciser Consliel Write topgle sentch eo
{14,

Rel = Write Sector knob to O: nbserss {he
ispdiny shown in Figure 243.

R L L T R B

14.

15

Lo

S Wil Recior koo to poaitions 1 through %;
obaerye the mlex pobse moves in discrete stope.

MNOTE
The mdex palse 18 sl vidble oo the
photograph sheem in Flgure 33 e to

photographic nesnlufion lindtations.

Sel he oscillogcogs controls as followe:

- Werlical

Mlinle = {1
Barisidiwity = | Widiw
Covaplirgg - dr

- Sweanp
Aswoep timie = (02 pesiuliv
Trizeger = Mormul

Rel o) esarcizer Data Bil Logele switches to the
U posgigio,

Conrnsel chemnel | scope prvbe 1o ADS12 on
REQS Ligk Drove logic black amé wncalibrace
the seopee koreontol ssecep o displiy Tour
negibve-vving puslses 85 showen i Figore 2-3a.

SeL il four Deca Bit togple swilches to the |

psil Bor; observe clght negalive-zoing pulacs ac
sbnrwn jn Figure 2-4h.

AR

INBEX FLFILSE APFEARS HERE

Fipure 2-3 Wote Gate Data Wave (0rn

24



a. Clock Wavelirm

L Clock 2nd Data Wavetorm

Fipw ¢ 24 Wriiier Exerciger Chock end Data Wavelorns

2-5



1o

20,

21.

25,

20,

30.

Toggle cach of the Dats Bl topgle switches:
abserve that each switch controlz ons of the
i tive-Roiieg pulses.

et the ossllwscope contmls a5 fallows:

- Yertlcal
Mode = CHI1
S=pEitlwiey = 0.5%\div
Coupling = de

* Sweep
A mgcop ite = 0.5 paidiy
teipEcr = normal

Commect soope probe to TRE on card G180
(ARDL in RKOS Lslke Drave).

det exerciser RUN awilzh Lo the down positiun,

et cxerciser Constant Wrile gnd DC By
topgle Ewitches to the down positiooz.

St oxercaer Wrde Seetar knoh to ALL.

det oxercader Heod Selecr logge switch to
UFIFEE.

Depress exercicer WRITE poshbutton; obssrve
ilata appezrs oo display a2 shown in Flgurs
2-5a.

set exercisar Hewd Seleat bogghe switch to
LOWER snd depress the WRITE pushbuottan;

nhserve data appears us shown in Figure 2-5a.

Bel the exercieor Hemd Seleot topgle wwitch to
TR,

et the cxerciss T Frase toggle switch to ON
umid deprees the WRITE pushhuttom: observe
daly s erased complelzly a5 chown an Figure
2-5h.

el the exerciser Hesd Selecr Lopgle ewitch 1o
LIWRH; obaerve data is «ifll pressnt ac chow
on Figure 2-5a.

Uepress e exergiser WHITE  pushburiom;
nhsepve dats s ecazed comptiely se shewn ug
Fipure 2-5b.

Tepeat steps 23 through 29 for sectara 0—9.

Fiad

1.3.2 Poshikeer Exerciasr Wodule Teat Procedore

Ed

10.

1l

i

13,

L4

Szt the Fundion knob to 5TEPR.
Sot the FWINREY swilch 10 FWD.

Sci the RTE toggde switch to Lhe dowo
PRty

Bet the RITN switch e the up posltion; nhserve
the Unsar positiones muoves fo ever incresaing
{inweard} vytinder addrewses,

e the FWDYREY loggle awitch 1w REY:
obwwrve [he Lincsr xsilicocr mowes (o ever
decreazing {vutward} cvlinder eddroesss.

Set all 4 ivlinder Addroas toggle switches to (.

Set the Funetion kewdr 1o ALT: obsérve (he
Linear positinper moved hack and fonth barween
twlinde. address 0 gnd cver decrensing cyllnder
aldress s,

St the FWDYEEY swilch o FWD: obstrve (he
linaar posilioner moves huck and forth between
cylinder uddress O and ever jncreasing cylinder
addraas

Set ths RUN topple switch to the down
poltion: .

Bel the Function knoh ges D08,

Set the follownng Cylinder . Address Lizguhe
swilches to the | qstilivn: 12E, 64, B, anel 2
feybinder address W02},

Momeorardy st Lhe KUN toggle switch o the
up position; observe the linear poaltioner rmesyes
Lk ylime dor add reas 2032,

HOTE
Beier o Figmre 246 For lestrectioes oo
reading the vemier,

S Cvlinder Addrews 1ogple swltch 1, 4, 16, or
32 e thr 1 paattions.

Sct the RUIN toppie awilch 1o the up position;
observe e oxcroser ADDE INV {address
invalidy ndicator iluminates.

-



. Wiite Data Wavelormn

h Erase Dzes Wavetorm

lgurs 2-5  Write Data Waveforms
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1.

17.

el the REUH  topple switch Lo the down
position and set all Cylinder Address togale
=avitches (o 1.

Ser Cylinder Address woggle switch 128 to 1
and maonentariky set the RUN topelc switch o
the up position; vbserve the lincar poaltlonar
moves 1o ey linder aclpess E24,

Repeal steps 15 apd 16 wsing each of the
iemaining Cylinder Address togsle swilches.

/- REGULAR S5CALE

14,

13,

det the RUN toggle swilch to the up position
undl =t the Fupctlon knok o RAND; observe
the fistar positioner mavee to eandorm cylinder
addrogsy.

Fut she EE0S sk Dove servo amp swilch
ocatcd to the lefl of |he positionsr asscmbly)
t the down position; obsepve the exercser
RREK INC [Scck Ihoongleled indicator Dhusmi-
Ayles, Return the seovwe amg swilkch 1o the op
poritiom

Bol the RTL toggle switch o the up position;
obgarve the lincar positioner moves o cvlimder
adchre 6] and scops.

\\— FERFECTLY ALIANED

YERNIER SCALE

Tad AEAD 4 WERNKIER, pf o
A hallorkkz

. Dararmand bk Nala A b Wil ik S0 1k et fepeier scale masking to dee righed of Wernser soabs trlsngle i},

Bb. Ak That valud 1o Ehel o lus of The wienise saly mgrking thel viapm er-fecily with s roplar sosle mark e

[ Irs eha ilILHEr RTROH LDt b oiid 1hE vl rivedinng i Mgl Sople Mysdcimg = 200
Viartir bl i = &
W rakie Pt | Hag = 2Nz

QF -gEne
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3.1 SCOPE

Thia chapter covers complete vperation of rhe exarciser and
includes a description of frool panel conteeds and indicators
and modes of opetion and & wtilicolion provedure.

3.2 CONTROLS AND INEHCATORS

The REOS Exarcissr front pancl (Figuie 3-11 control: aod
indicators can e funciionally seperated ioto rwo cane-
guries. wridar ederciser contiols and positionsr cxesroiser

1 12 1= 13 16 1~

CHAPTER 3
OPERATION

contole and indicatars. The writer execsiser cortrols
direcely contral che writer exercizer logic umed emahle
nanual selection of the wpper o bower disk dcive reid/wrile
Twad, The pasitlencr cxercizcr contrels and indicaturs
directly control the pesitioner exerciser logic and ronilur
disk driwc fault lioea and +15 Y input power. The fron
penel drive selector kool selects the (1 of Lhe disk deive oo
e exercived. Figure 31 shows Uke execclser fzone pancd,
imd Table 3.1 provides a complete description of zach
comlrl and indisior.

Figme 3-

]

REDS Exerciter Front Panel Contrals and Indicators



Table 31
Exerclaer Copiroks and Indicators
Ttem Th=wription Functwm
| POWER O iodscalor Iumitates whea +15 % ipun power is prewnt .
x Coostant Write M topgle swilch Bunables 1he wiiler exercaer hygc to perfonn
repestlex] wlte sperations on the selected sector.
3 THC Frase-ON cegple switch Placzz o wonstant HIGH on the writer exerciser
logie chick nd deta cwlput line. thue erasing the
seleared secdor.
4 +-Fin Connceoo Input gower conmecton, conmects to REOS Thsk
Dmiver power suaply via the mawer cable.
] Thiti Bits rogele swilches Enable rarwe| sfectien of data bits autput to the
disk drwe iy the writer exergser logic.
Fi Head Sclesr-UPPE K, LOWER i Sclects readfwriie head ar the mlected REOS Drsk
1ezme swilch i Dreve.
i WEITE pushhwigen Erebles the writer oxciciser logic o petforin &
single wrile operetion on sectors 0—9 or all
aocton s
4 Wreite Sactor Kk Seleats sectony (-5 o all saciors for writing by 1he
Wi TXeTeRRT o,
o Dicive Socrar Kol selects LD of disk drive to be exercized (switch
ublpud poss dise Aly 4o disk deive}.
4] Fuanctun Kucok Selcots oo ul four pogition esergiser modes of
operatian:
4 Step
F. Alietiate
¢ {seilate
4 Fun:iom
(Zce Faragraph 1.3 For 8 sonplele description of
modes of operat-on.)
11 RITH oyl switch Inables the waitioner cxerciger tu perform a

paditlone tgeration eaph time the ditk Jve enters
the ready stile, i, BYWIS READY L yserts,

A2



Table 31 {Cont)
Exerciwer Controls and Indicators

Ltcm Desrphion

Functlon

L1z RTZ loggle wwirch

L3 FRTIREV 105le swvitch

L4 ADDE MY indicator

L3 EEEBE 1M drglicutur

[
A2, 6, T Logule swilvhes

Culimler Addrass - 1,2, 4, B 1o,

Clears the address coumter fe o connt of 0,
extingwishes  the  ALMM [NV iodicator  if
illurminated and asserls the RESTORE L outpud o
disk drore. RESTORE L. fmiliales o pesiope
aparation in tie disk drive.

EnaMes 1he address connter 1o cound up (LWL ar
coaent densn (REWV 1.

Nlumenates when 1he BUS AIPRESS INVALIIL

input Teme assaris. The disk drive asseds the BLS
ADDRESL [IMWALTEY 1. line when the cylinder

address is cousiderad Tu be grealer thun 202,

Murmnates when he BITR SEEK 1MNMCODMPLET R
inpue Line azeercz. The dizk drive assenis BLs SFEK
IMCOMPLETE when the geek of=ialicn is nul
wompleded.

Loablea maonal seleetion of gylinder aditres Qg
use io the alocroate sod oscillace owdes.

33 MODES OF OPERATHON
The Peitioniser axerciser logic uperaves in lour iflersni
tades selacrabla wia the Fuwrcrinon krnh.

331 Stop Mode

In the step mode of opralionn cnsecutise  oylioder
addreszes are provebed to che disk drive. Analdre<s goanter
infernal to the positioncr exercese logic is the scwree ul The
camecubive addresses, IF the FWDVBLW sentch @ o2 tn
FWT), Lhe ucldress coomter stacks at ahetewer count it
contdined whan the step emade win s=leced aral increments
by onc after each cylinder s2ed opemtion = coeopleted,
When c,}']imi{:r address 302 5 edehed. The gddres crander
i cleared to A cownc of Oand 2ontiouss poodeenedl ly 1.
IT 1he FOLWREY switch is set to REY. “he sddiz-2 counter
decrerneris by 1 afler epch oylinder seck. operaton; when a
aouni of minus 1 = reached. the addees: cownrer is loaded
to s aont ol F02 ol The peoscess oo ges

Thus, in the ep mesle the positiooer cxcaciser will
genetale Al 2003 cylinder addresses (0—202) conseoue ly
and gata thear sanl 1o the disk diive

3.3 Altermare Mo

In the altecrnacc aode of apsalivn, the pusilionsr ex=reiser
altemately  selecte the fioul  pmnes Cylivder Aaddress
switches and inteenal addiess counber s the sowrce of the
cylinder addrezs. The Cyleden Addreews swilches aoe con-
frolled meoually W the operaten amd are pormally sl 1o
address 0. lowewer, these switches ny be sel o any
ailibress at che opedatos’s discection. 1T the PWEIRTY
wwitch is sof to FWDh ilie dmternal acldress coumier will
invpamesnt b L ocacl time the ad deess conmler iy oweleched oy
Lhe sowpse of the ovlinder addecss. i.c.. on allentale oy linger
seek opecatinng. When the sountsr cezehes 2 oeaet of 2070,
it iz cleared € 0 aned Lhe progess continues,

133 Oseillate Mode

The vsciilate meate is simodiac 30 1he allermate mosde in ko
The positivnter exencser logic allemately seloots che ey lades
gddreas awitches amd The dnlernzl bdress counter as the
source of ihe celinsler address, In the cscillats owede,
haweever, the mtermal address soonter is held o s count of
. Henc: the celinder wek operations ssedlats hack ard
forth Belwezn Lhe contents of e menoally conbioilel
cylander adilress switches and .



.34 Random Muode

in the rendem stwde, pseudo randorm gylinder addresses
prvided by the inlemal eddreas counter are pated oot o
the sk drive. An internal ook refarrsd 4o gs the Fast
¢luck iz snabled an this mode which werenents/decrements
the addsess couoier unol a strobe occurs, When the strobe
aceues Lhe (st clock @ shul ofF, the conteots of the gddrss
coknter o oused to perform o seck operacion, and the
CoWnter is incremented) decremented by L. The fust dock is
then enahled wrain and the process s repeated. 7 the
FWINREY switch i eot to FWD, the cvlinder addres; of
oach micresdse cylinder s2ek nperation iz greater than thet
of the previeus operatenn wulil 1 count of 207 is regched,
AL vuunt of 202, the counler & cleseed and the process
ceonbirnes. i the PWIDREY switch & a6t (o REW, the

in lese Lhan the poewiows aperation untl & cown L af miooa ]
ie reachsd. A g count of minus 1, the counter i loaded (o a
counl of J32 and 1l process conptiows.

34 UTILIZATION FROCEDURE

To exercite the REOS Dhsk Drive, se¢ up the exerciser and
disk drive per Paragraph 2.} and pecform the fullowing
operating prrowelwies { Tahle 3-X).

CAUTHON
(X} NIYT pHempt to exercize the dik drive
While circuilty with an alignment disk carenidge
tstalbed in fhe disk driee ae serdous damage Lo
the aliganeent tracks may resall. The alipaimen
disk cartrid g & identified by 5 red sccess door

eylinder addresa of emch scormive oylinder seek opemtion and'or 8 red labe.
Toble 3-2
Exerciter Operating Procedur:

Procodure

Indication

L. To postion the e fwrite heada to 3 particelar eytinder:

a. Stdhe BTE and RUN toggke switches o the dowmn

pSaLann.

b, Sar the Fungtion koob o OSC.

¢ Ber the Cylinder Address topgle switshes 10 the

desoed eylmder address (0—202).

Joo Quickly toegle the BIMN Logule switch to RUN and
ull; repeit until pozitioner swops al the sebected

cvluder.

2 Tn position the scadfwiste hemls to ever increasing

cvlinder udd resses:
a. Sel [he FWDYRLEY dopple switch i FW[,
E. Sz the Fuvetinn knoh rg STLEP.

W et the BUN Loggle switch fo BLIN

Ohsarvz the lincar pogitionsr mowves to
e sl 1o pylinder and stops.

Cbserye the lincar posiliongr moves |o
mvet imerrasing orUnder addresses.

14
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Tablde 3-1 (Cont)

Exerciser Operating Procedore

Frascetlyre

Imdjendion

To position Lhe repdfwnte heod: to ever decreasing
cylinder pddresies:

a. B=t the Twneliven kusb 10 3TEPE.
B Set the FWTIYREY roaggle swizch to REY,

C. Sel the RIM 1ugggle switch 1o RUM,

To alternately phsitineg (he reodswrite heads 1o e aleced
cylinder address and swer incressing cvlinder addreses:

& Sot the RTZ and KL N togale switchea to the down
porsation.

B Eet the Funciicon knab o 817

¢ Bet the Cyliowler Address copple sitches Lo Lhe
desared ey lim der aekbwsses (G- 202).

d.  DLet the FRTy REV sajich to bW

¢ Sat the RUMN coggse owitch to BATH.

To allermidely posidion the rcadiwate leads b selecied
cylinder address aml ever decreasine cylinder addrewses:

: Perfornl sleps da Lhr pugh 4
h. Sct the FADLREY swilc i 1EEY

C. Set the RUN rozzle switch 10 KLIN,

Chzecve the linear posilinner moves to
cver decraasing oy limaber add pess,

C¥Gserw: the Bcar puosiliumar moves back
aed Torlh between the sslectad oy lirader
address  and  ever incecasing  cylide-
addresies. When the increasica cylisde:
gddrames rach 2FY, the positioner moves
directly to cylader address 11 gnd the
prcezs Contioes,

(Hizerve the liosar positiones moves: Lack
and forth betwoen the selecied cyfinder
address anid ever deciessing cvlinder
aldeesres, Wlen the dacceasizgg cwvtisler
aldeesace reach [, e pusilioner mowes
dirzetly oo cylinder adilpess 202 apd the
Procase cosbeihnes.

3%



Tabde 32 [Conl)
Exerciser Operating Procedyrs

Procodurs

Indication

To aseillate the madfwritc hoads back god forth betwaen
a seleeted cylinder address and cylinder addessz O:

d.  Setihe RT¥ and RUN oggle switches to the down
poilicon.

b.  Sal the Functior: knob to (660

¢.  Rel the Cylinder Addres: loggke wwitchea (o the
desired syhinder address {0 202

d.  Sel the BUN togsle swiech 1 RLIN.

To randomiy posilion the ccad/®rite heads o many
Jifferent cylinder addreases:

a. Serrhe RTZ and BUN cogebe switches to the down
i licm.

b, Set the Fuaction swilch to BAND,
c.  Betthe RUN toggle seitch 10 RUN,

Tor e the resliwrile heeds to oylinder address 4, st
tlye RTE switch 1o BT,

{Hrserye  the linear pusilioner osedlabes
back and forth herween cylinder addreas
01 gnif the selected cvliner pddreas.

NOTE
I the Cylinder Addresy pwilches are et
I widress 0, the lisesr positioper will not
™O¥E,

Ohserve  1he  likcar poddisnser  siwoves
~mdumoly

Ohserve he lncar pogitionsr 1noves 1o
vylivder add rezs O &nd Mo,

35



Tabde 3-2{Cont}
Exereiser Opemtimg Procedune

Procedure

Indication

10.

11.

To contwwosly wrte all secum on 3 pacticalar
aylinder:

a. e all ropple awitchics wo Lhe down position.
B Ber the Funenon knab o OGC,

<. Possilion the Cwlinder Addecss toggle spchas to
the desired cvlinde addrass (0—2023.

4. Quickly Loggle de BELIN ioggzle switch to BUN aod
oft, Repear until prelticans stons al lhe sebecled
wvlinder

e, Bar U Hend Selegt INFLRLOWER toaple
awiteh to the dedived positive,

f. Ear the Dara Bus iLiggle swi-ch b the desired date
confguration { Talle 3.3},

E- Bt the: Weate Sectver knah e &L

h,  5et the Conecant Weite topgle switch 4o 0N,

Ta write all sectors un s parlic ot cylinder only once:
a. Ferdcerm steps 9a Thmongh Yy

¥ Depress the WRITE pushbur.oin.

To write 8 particular axenow 04 & parbcoksr Sylinder
comtinuously:

a.  Terform steps Ya throoeh O7
. Bal the Wrile Hegior kpoh (o the desired seorar.
. Sat the Constant Wiole topele switeh 1o G,

Tor wrile o parlicelar selor an y partioois: evlindes only
once:

i- Perlorm sieps Yo ok rough 92
h. Set fhe Writs Secior koo oo the desiced sector.

C- Prepeess the WRITE puslbi i,

Obeerye the: linsar pnsitinn moves o dhe
selected oylinder and srops.

37



Talde 3-1 (Cout)
Exerchicr Dperating Frocedy e

FProcedun:

Indicathon

13, Ter eraee all seclors cn 2 particudar cylindes:

2. Ferform steps @9 through De.

b, Rel the Write Seclor knob to ALL

€. Selthe DO Erase togple switch oo 0.

d.  Depress the WRITE pushburton.

14, Ta crase o purticudar sactor oo g particular ¢ylinder;

2. Perform stope %a throwgh 9e.

h.  Set the Write Secior kook 6o 1he desired scctor.

% Sot the THC Erase ogole awilch to ON,

di Depress die WRITL pughbutton.

Tahle 3.3
Nais Ditn Seriteh b Duta Eit Correlating
Dty Bits Swritch Daia Bit Selected
0 04 R 12*
| 1,5, % 13+
2 L6, 11 144
K] 37,11, 15

"Bllz 1X, k3. 14, b5 are willlco unly an L2 sectar digh

ke

3-H
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W1 SCOPE

This chnpter provides a detelled description of the RKOS
Exercisar. The descoiption is provided in threr pacts: &
functicwnal deseription, o detailed Jojgc description, aod a
flowr diagram descriplivm.

4,2 FUNCTIOMAL BESCRIFTION

Functionally, the cxerciser civeuitiy can he separaced into
two omic scctions: the writer exercizer and tha pugtiomer
oxrerriser. The weriter exercizer wwrilars the clisk lrjve
sectar councer and BUS INDEX finey grud PENETALES ciapkrol
eod defa signals b exercise the disk drive write circuitry
The [h?rE'itil.'rrIrEr BEecciser muwitors Ihe sk deive BA%S
READY {Read,u"ﬂhile,l'.‘a'eel: He:||.|].-':l lim st 2ult lines ond
eenerates oo el ﬁigﬁnh and t:,-'l'iru.|-.-.1 aldrassey b1 2xeTCEE
the disk delwa linsar posilioner cirewilv.

d. 21 Woler Exerdixer
Ax Mlugtrated in Flgaeo 4-1. the wre- axerciser & wepaniied
into four functiooel legic blocka: the aector decoder, the

wrile coetrol bogic, the write clogk. wnd the Zlock and data
nOEpEr ToLliphexer.

4.1.1.1 Rechor Pecoder — The aecto ' decoder decndes the
sector counter inputa from the digk dooee and azsescs ons of
ten sector select linea (0—11 to the front peoel Wiite Seounr
swilch. The disk drive conrnoally wpdatas e sectlor
coumber mpods 1o indieate the seescr camently pasing
under |he reodfwrite heeds, When the seoter zeleor Jing

wssartad corTnstponds to the position of the Wiite Seetor
oriteh, e WHRITE GATE EMNATLE | ne amert-.

421.2 Wrie Comtral Logic — The Wore Comrol Joge
maltors the frool Tul'lE] Canslanl Wrte and WRITE
switches and Lhe disk drive BLS INIEX signal and enables
ar dizabbes the wrile clock and 1he dik dove woite circuitoy
acerdimpdy .

4-1

CHAPTER 4
THEORY OF OPERATION

It the Conetant Write topgle switeh @ sel Lo QM The WRITE
BMABLE line ie comatanthy asserted Upwerehy emabling the
wriee clock to o continuewly. The BIS WTETTE GATE
line then asserts whenever the WRITE GATE ENARLF ke
asserts. Thus, In the congcant write wode, the BLS INDEX
gipnal hee oo cffcct and the zelested seclor is wrillen each
time it pasees under the read/wrlte head.

T the Conslinl Write togale switch is aed 1o att {down) and
Lhe WRTTE pushbutlon is depreseed, the tirst BUS INDLEX
pules: caussd the WRITE EMABLE line to asert. The 13115
WRITE CATE line will than follow the stale of 1he WRITE
CATE EMABLE line. Aften ona mevolwiion ol the disk
appther BUS INDEX pulse noccwrs and slears 1he WRITE
EHABLL and BUS WRITE GATE Eines. Thus, The wrile
vlack is £oabled for one evolutlon of the disk anly and Lhe
selected coctor jswiithcn anly once.

4.2.1.3 Write Chwk — When cnabled, the wnte clock
generates the clock pudses and control sipnals occsssacy to
pele the clock pubkses and data bita thecush the multiplexcr.

42,14 Chwk aod Dotn Ootput Maltipkexer — The cack
unal duty multiplexer cooverts parailc]l data bit inputs from
fioni pune]l Data Bits tapgle switchos inde 3 sooal dats
cutput and fremes cach dara bit wich clock pulaes. Sedling
the fiont pancl DL Eraec togple swicch oo ON zauses a
comsteol 1EEGH 1o be curput an the BUS BWRITE TATA
AMD CLOCK Tine thereby eroging the sclocted soctar,

42 1.5 Head Select Sawdiels - The couupnl froan Lhe From)
panel Uead Select awiicl aclzets elther the wimer nr loswoar
rejul ! write hea in the disk drive.

4,2.2 Poaltionesr Exerciser

Aa illusfraccd in Figure 4-1, the posidoper exercwer i
separgted into five fonctional Togic Blocks: 1the sirobe
cecdlletor, the address counter conteol logic, Lhe address
goanter, the oylinder addrees aowece sebesl leeic, and the
fawlt deteet logic.



42.11 Strobe Oaillator — The acrohe osciflatar sonitons
the front pancl RN switch and Lhe B/W!S READY Line
from the disk drive amd, when enabled, pencrates strabes to
the addresa counler cooirol logie, the cyllnder sddness
aource select Togie, and the dizk drive, If the BUM swilch is
sel to the down position, the sorobe oscillator is disabled.
Serting the awilch to the ug pasition condstsons the strobe
carillatar such thet any asserlion of the R/W/S BEADY
imput acrivi les the esclllatir.

42122 Addrems Counbs Comfrol Logic - The sddress
caunter vounteol logic, wonitors the froml panel Looction
sud FWIHREY soatclies, umd controla the operacion of the
address comnter accordingly. The Functicn switch selects
ant of four operating modes und the FRTYREY switch
deterrmine: whether the address counter will he imore-
mented or decrementsd. Node Lhid setting the RTZ switch
ta the up podition pvermides a0l ather ioputs 1o the addrese
conmter control logic by clesdng and holding the address:
counler tooa count of O gnd essertiog the BUS EESTORE
Urie tex the isk drive. The folluwing parageaphs Jescribe the
operation nf the address cotnler cootrol logic v each of
the four erwagdes.

42221 Siep Mode — In this woce the STEF input to the
Cylinder Addresz source select lupic asserts and causes
ADDE CMTH BEL to assest. When rthe scrobe osclllator
geoerates a styobe, the ADDE CWTR KITS {0—T) are pated
threwph the eylinder uddress souree selece logic and strobed
inde the disk drive. The sk drive kincar positinmer (hen
reriorms o seek aperation Lo the cylinder address indicared.
Tf the [funt pancl FWDVREV swilch is sct to FWD, the
COUNT LT line chen assertz and ingoemencs che address
coanter oy 1, When che nexl slrobe oo e, the ADDR
CNTHR BITS (0-=T) are gated cut apnio and the cownter is
nkeremenied by L. The continues gntdl che counte reaches
g counl of 202, At a count of B2, the 202 DETECT Lae
auierls, the counter s clears] fg o count of 0, and the
proass contiouce. I the FWIIYREY switch is set to REV, 3
dyobe ¢ouses the COTINT DOWY line to asserd decre-
mentime the counter by 1 and] wpoo reaching a count of
minuz 1, the counter is kapded 10 2 count of 212, Thus, in
the sicp mode, the disk drive performs seek operalivm to
EYET incrcazing of dacesiving conseoucive cylinder ackdresses.

42221 Alteronte Mode —Tn this mesds, the ADDR
CNTR SEL ling awerts ooly oo altenwate sioebes, causiog
the ATAOTE CNTIL BITS (070 to be galey st ko the disk
drive and enatling the addreas counter ti b increroented oc
decremented by 1. Thus, m the altarnate mode, the disk
drive lincar positiomer perfoqma seck operations ol leately
to the oylipder address conlained I the front panel
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Cylinder Address switches and the address counter. Nots
thit the Cylinder Adilres switches peovide a fixed addres
while the addross comter providee an ever increasing or
decredsing addrres.

42203 {ncillate Mode - In 1his madc, Hka the altemmoe
mode, the A10DE CNTR SFL line aseerts o altermnate
stoobes. Howsver, i the uscillate mode, the QS line
Bescrts cansing the cddress cowmter control g to assort
the CLEAK line which vlvsrs the addrcse comniter 40 0 gnd
Lolds it rhere, Thuz, in 1he nscillate mode, the disk drive
lanear poitipner porione wek operatioos iternalehy to the
aylinder auldress contained i the froot pened Cylinder
Addres: switihea, which iy be set to any address from 0
tir 232, aod the eddiess connder, which i keld o addrecs 0.

42214 Randoms Mocke - |0 thiz mode, the STEF and
RANLMIM lines asseic. The assertion of STEP sises ADDR
CNTR BLL to ass ., therefore, as in the slep mode, each
megurrence: of a strobe ip the rendem mode cguses the
ADDE CKTR BITS (0 71 10 be eatcd caut Lo the Jisk dove
ind the address couriler to be increme nted o decremented
by 1. The randmn nwsle diffors fror Lhe step moade,
Wawsver, in that ehe asseriion of the RANTOM line ensbles
A fast clock internal ny the sddress counter conirol logic.
The fust clock dncrerpenis or decremsncs Lhe uddiess
ofinier belwecn strohez. Hewe, che cylinder addressss
outpal ox the disk drive are mor ¢onsecutive, but rather,
differ by varving wrwounts depondlng on Lhe elapsed time
best ween strobes. Ae L rasade, the seek operatione performe
by s lisk <Jrive line 1 positwaner ate pseudo-randorn.

4.1.1.3 Address Counter - The address counlsr outputs
the ADDE {NTE 315 (0—T) to the oylinder address
source debecl kaghk: and acaerts the NEQ 1 DETECT and 202
DETECT lines whenever thoat counts are reached. The
inpats to e addrers cownter from the wddrem councer
conteol Jogie =ngble the zountar o he incremented by |
fom O o 202, skeremented by | Erom 200 Lo O, clearcd to
a count of 0 unid Ioad =d to 8 coont of 2.

4124 Cylinder Addrss Soume Select Logic — The
eylindar adriress souree scleer logls manilurs the Foot panel
Functlon swilch und seleera cither the frund panel Cylinder
Address seacclies or ten addeess cownder a8 tha soprce of the
wylinder addreas ascordingdy. i the Functlon ssstch is s=t
to ATT or Q8C, the STEP ingwl is ¢leared and the atroke
input alrernadely selects the address gounder mput sod
Cylinder Address switch input ag the cylinder shlresass
source. If Wk Function switch is sct to STEP o1 RAND,
however, the STEF dnpul nsgerts and the addresa soumier
mput B constantly azkected as the cylinder addrees sourse
undl the strobe input bas de efec],
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4225 Fagh Deiscl Logic - The faull dastect logle
monilogs the BUS ADDRESS TNVALID and BUS SEEK
MCOMPLETE inpuis from the disk deve and lights the
correspending fromt panel iwdicator when either of the lines
apera. Amertion of the RTE lime camec the ADDE. INY

Indicator to extinguish,

4.3 DETAILED LOGK. DESCRIPTION
The following paragraphe provide 3 decslled logle level
deactiption of each of the fongtiona blocks shown In

Figure 41,

431 Writee Enarcisey

4311 Sector Dwcoder snd Write Sector Switch — The
wetar decodar (Fgure 4-2) decodes the SECTOR CWTR
(0—3) bnparte and amerin one af tan Knas 10 e Wrlte Sector
twitch. When the stctor decoded cofreaponds to the
podticn of e Write Bector switch, the WRITE GATE
ENABLE L hine mtearta I the Write Scotor swileh i3 5ot i
ALL, WRITE GATE EMABLE L i alwait itsertod.

SECTOR CHTHR nl.#::
CNTE 1L

BHAARY TO
TECI WAL

LNTH EL% :: DECODER
| CHTH Hlt{‘}

THO% 1

1
]
i
1
|
FROM I
|
I
|
|
i

43.1.2 Wiilr Comtrol Logic - The wiite comtral logie
{Figure 43} ¢nabke the ditk dove 1o write the sedected
wct ooce or mpeniedly. Seiting the Copstant Writs
switch o ON amerts CONSTANT WRITE L which sis the
Wote Gate MEp-flop, thershy smbling the write chsck and
conditioning the bus wiite AND gais, Under theas
coubitions, the wota dock oms copstantly wnd the BITS
WRITE GATE L line aserts eoch time WRITE GATE
EMABLE L agserts, 6., sach time the selected sector passss
under the readiwrtc heads. Sectting the Constaol Write
switch to off (down) and deprecing the WEITE push-
button clears CONSTANT WEITE L and asearts WRITE L,
which sete the Wrltc Latch. When the bus Index pulse
occare {the bas Index pulss ococurs onca par dlek
revcintion), e pealtive-godng adgs eate the Enabe Write
Gats MHp-Aop, which In e sets the Write Gats Mhp-flop
thus eniblimg the vrite ¢lock and conditioning the bog
write AND gz, BFUS WRITE GATE L thén aserts when
the ackected wcior pmses under Ue rend/write heads and
immedintely thereafier the lected wcolor s wrtien. The
wiy next e ipdex pube then recetn the Wirkts Gato
fip-flop on e oegativagolng edge. Mote that releaslng the
WRITE pushbutien clears the Wehle Latch and resets the
Exabe Writs Gate fHp-flop.

TP/0 FRONT PANEL |

WHRITE BECTOR A'WITCH I
wRITE GATE

bl
? a
EMABLE L

1
:E *\"‘o&kk IlTﬂ FIGURE 435
8 T -+ I
- |

|
b ———

CE=HEd

Flgure 42 Sector Decedar amd Write Section Switch Diagzam
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= HNg +3u
I “NE I (TD RKOE)
I S | GOMSTANT WRITE L

AW = 1 L_[os WRITE ENABLE H
——WRITE LATCH =~ l “EH.‘IJEE 170 WRITE CLOGK FIGURE <4-4]1

——— e e T FiF

[P#3 FRONT PANEL] [write 1 B ? £ o
ENABLE R
I I WHITE i
| h\‘:!“« | B
WAITE T ~ = 1M
T T l_rwﬂlTE L i r

I
|
L

S

(FRGK RKOL:

BUE IMLEX .

Gh-CcaEy

Fignre 4-3 - Write Coutrul Logic

4.3.1.2 Wrhe Cliwdk - The write sk geoerates che clack
pulsea and condrol signals necessary 1 gate slock pulaes and
dula bits through the clock and dats snulliple ser {'I"igurc
d-d). See liming dispram [Figwe 4-LY tor lope operation,
Mate thal Lhe cliok rons as Yone a2z WRITE ENARLE H ix
osserted.

4314 Clock ond Dets Oubput Muoltipleser  The clock
gl date cutput multlpdexer seraily ocmpuls 1he clogk
pulses aml date bits such that caszh dats Baé is preceded el
suceeeded by a clock pulec (Figoee <-8). Relermng 2o Figure
45, rune thet the inicial clock pulwe is genenued om the first
weerlivn of CLOCH H. O che seennd agsentios ol O] OCK
H. | Fis cIeared aod the b O AND zate is salswTied, gl ing
hil 11 on 1o dhe outpot Lie. On the third asertion of
CIOCK H, 1 L is asseeed agan gonc-ating a secomt gk
pualze ane s om.

48

432 Postioner Excrciscr

4321 Sirebe Oscillator — The stoobe csedllaton | Fige
4T generates sirohes witicly ars wsed nocmadly and se ol
ouljul e the disk drive 1o gae in che ovinds addwess,
Secting che front paned RUK switch o tke yp position
clesics the BEUN L line. Whes the clisk oewe j: '|'-3||d_':.' 1o
eaeciete unather operation. the RS ERADY L line
asgerle, hurniog che inpud driver off. With 1he driver ol the
capacilin charges wned the WIT {unijunszmon Dansisicork
conducrs. dischanging the cupacitor and aonciating a
Positive-gaing P wlizch is inverces] B the oopu ovator
pzsecting ETROEE 1., The negiivepiing pulse ouipur curns
the autpue driver on, asaeicing BUS STROBE L In rosponse
t HLES STROBE L. the dusk diive -niliates 4 seely LQeraticn
and glees the B)WS REAIY T, iupul.
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Address Counter Comirol Logk — The address

connter ¢ontrol legic (Figuoe 4-8) manicers e Mront penel
switches and manipulates the address counler in accordsnc:
will the mede of operalion selecred

Stepr Maute — IF the atep nesde s szlected and
the FWIWREY awitch is st ro FWL3, the ADDR
CNTIE SEL 1 ling asaenls (Farugraph 4.3 2.4 b,
FWI L ossents, and REY 1. clears (gora HIGH).
When the atrobe oscillator nutpee STROEE L,
the vount irigger one-shol idggers emserting
COUNT LB L which inerements 1le connter by
I arnl ADDE SOURCE TRKY L assects
{Paregraph 4.3.2.4 1) ard cloas 1he Eogd/Clear
Mip-MAng. ‘This has no eftect on the fast clock
deiwer beciwse RANDOM L s cloarsd holding
the daivar O thereby disabling the fas1 clock.
Therefore. in the sep woads, mcecasye sirobes
gatr the cound of Lhe addeess councer 1o dhe
dizk drive and ineremem Lhe gonnter wreil a
el of 202 s detected. AL a courn of 202,
e Luac 'Cleor Hipflop s ser, asserting CLEAR
H which clegrs the counter to 2 cownt uf . The
¥ory weml sitabe then asseriz ADDE S0OUCRECE
MRIG L, clearing the LoadiClear flip-Mop ansd
imzrcmenlaig the comnger toog eoant of 1 and so
an

Allermine Mode —IF the alteroete mode is
selected gnd the FPWD/REY swilvh is 521 g the
REY position, the ADDR OWNTH SEL 1 line
clears om the tiret strobe thare by preventing the
comuler From beiog decrementsd. The first
slrobe also wsceris ADDR BOURCE TRIG L
which chears ihe Load/Clear flip-Neom but doses
rot affecl Lhe Mgt clock. Oo the sacond strobe,
ADDE CNTR SEL H aseerts causlng COUNT
DOWH L to assert decrementing the counter by
L. On the third sirobe, ADDR CMNTR 3ET. H
clears hence the counter i only decrernenied

45

o itternute sirobes. When the counter maches
1 pount of minws 1, the Load Clear Nipflop i
st and LOATY L semerts, boading 2 count of 202
iota the wpunter, The very mexd sloobe ascerts
ADDR $OURCE TRIC L, clearing the Loady
Clese Oep-Mup.

Oscillate Mode — 1 the osdllate mode i
selecred, (50 L ie asertsd ciearing the counter
1 a el oF 0 and heolding il there,

Kondom Mode 1 the randord mode B
welected nod the FWDVREY swlich & st to
F*%T), ik ADDR CNTR SBL H line assafis
immedialely and RANDOM L aseres, turning
Ibe fast clock doiver off enablng dhe Tast clock.
‘The taat clock then oorpute clock pulses which
incTeroeot the coundsr ond ceset the Load {Clear
Nip-Hop. When the Nrst strobe oceore, ADDIR
HMILIKEE TRIG L atsarls turming the fagt clogck
iriver om  thereby hibiling the fast clock
prdses The pount trigger oneshor also triggee
vn the fipst strobe, inceementing the counter by

. When ADDERE SOURCE TRIG L clears, the
faar clogk slarts increotenting the counter agadn.
YWhen Lthe covnoter roaches a count of 202, the
202 DETRCT L lior eeserts and the counter &
tleared L i conot of 0. Thues, i the random
rode, the fast clock incremenls the counoter
untd a strabe vecurs: the strode gates the count
tu the dish. drive aod increments the counter by
1. The Tasi clock theno starte again and iners-
nenls the gounter vatil anether strobe ooouTs.
As o resli, sucpessive oylinder addeess outpuim
to the Jdisk dove appear to be mdomly
selecred.

feste thet the assartion of BTZE L clears and
halds the counter to 2 cownt of O and aserts
BUS RESTDEL L.

-
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43.23% Address Coonter — The addres: counter {Fipure
493 can eeneml up from 0 ta 202 end coan | Jown {202
to i 1. Wheo the CLEAR H anpul asserty, the cownger
clears b a cowpl of 3, When the DOAT? L. inpul ayseris, the
Counier Sels looa cowne of 202 When Lhe ¢oypter pesches &
cobnt of X2 ur monus 1. the reapective gound detect ling
358015,

4324 Cylingder Address Sowrce Select Logle — The
cvlindee address source lagic {Frgure 4100 monliors e
front panel Funcliom switeh and selects e cylinder addeess
sMITee in actordsnce with the mode of operiion seiected:

. Allerpate and  Okcilble Modes —in thes
modes, Lhe stoobe inpat Lo the gddmss source
sclect logiy niveroatcly sedecls the cvlinder
addrese swilch inputa end cthe adidres couoter
ioputs. If ihe Address Sowrce fip-Mop is react

Ingpers -ssriing ADDRE HWMMACE TRIG L
abuch sets the Address Source flip=Mop, therstey
ussarting 1WITCH ATHDR SEL H. The ssserteon
ul SWITICH ADDR SEL H :elects the tront
el Cylinder Address switch imputs. When the
stennd wube vcoura. the 4 ps oneshot trpgere
again but thiz rime the Address Source Mip-flop
1esets beepuae the Denpal o the Hipflop i
inw. Thuz, the ADDR CHTE SEL W line s=erts
+n sedects che address counter iopats.

. Step sod Randon Mude - In these modes, the
STLEP Loanput oo the Cylinder Addrees source
selece Jogic 1 a eonstont LOW, holding the
Address Source Dipdlop in the rcaol sgae.
Thus, the ATHIR CWTR SEL 1 lioe is always
nsaected sclecting the address cownter joputs.
Mot howeyer, thar ADDHR SOURCE TEIG L
il pseeT's eech ome STROBE L psserts in

w:h.cl'l t‘IH nT!.I srm'l;t [+ Hul T 1,1|E 4_[-'-'6 Ulm-ﬂ]‘m: 'hl‘.'sl‘.' m:ﬁ]ts_l
COUNT wP L
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LOGIC | LOAD L - LD
FIGURE %~ |cLEARM CLR m BIT 01 LGB
i
* SEUNTER e ADORESS SCURLE
B
T - BITE SELECT LOGIE
f L FIQ}RE 4=10
. v dm BIT K
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3:—1- 202 DETECT L
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oRN U
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Figure 4-10 Cylinder Address Suurce Seiecl Logic

43.5L.5 Fault Detect Loge - The Ffiult detect Ingic
muniters the disk drive fault Jnputs (Figure 42110} When
BUS ADDRESS INVALIDY L asscrrz, the flip-flop sels
tuining the driver on. When the driver turns an. a grownd
applicd to the ADDRESS MY indicator «suaing it o
lluminsate, The lodicator serming illyminated wntil the RTZ
switch is st to the up pogition cosetting tha Nip-Naop. When
BUS SEEK TMOODMPLETE L asserts. 1 ground o appled o
the SEEE THC indecadssr.

BLS ADORF =5
THvALR L

C

| J_—— -~
R FRONT
17 pangl ,e:fm

44 FLOW INAGEAM DESCRIFTION

The folliowing fuw disgrams provide s step br atep
cxplanatesn of the exerciter npetuting sequences. Figuee
412 covers the wriler eaerciser module operation. and
Figurca 4-13 through 318 gover the positionct cxerozer
trwadula cpsenilinar in eoch of the four modes.
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5.1 SCOFE

This chapter lats tact squipnisdic requined vkl provides a
complete deacelptlon of exerciser fiainbenance procedures,
mchdine 8 preventnm echedwle and o Goreclive tain-
temence trouwbleshoating flow dagran.

5.2 MAINTENANCE PHILOSOPEY

Basically, exsrciser maintenance conaiz:e of pecventive and
caresdiivie muantenance procedures, and & maintenanoe Iog.
The preventive maioteoancs procedvres are  performed
repularly in an steropt 1o detect any damags caussd by
improper handling of the unit, The corrective maioteoence
troubledwaling Mow diggrum i provided to ud servies
persiiiiiel in gokating and repaiting taolts e exerciser

CHAPTER 5
MAINTENANCE

cireultry . The maimcenanye by {iocduded in the beck of this
manual} s waed o recnrd all rmintepance action and aid in
detecting any component failues jmilar that ay Jevelop.

3.3 TEST EYUIPMENT REQUIRED

Bxercieer meintenancs procedures require the test equip
ment, toals, and mateials sied m Table 5-1, in addihion to
sLynglare] hand toola, sdeanars, (el cables, and probea.

5.4 PHEVENTIVE MAINTEMAMNCE

Freveotive malnteoanes consala of taske pedformed ac
perigdic incervale b ensare proper equiparenl ogealion
god mimimucn  wnschedoled  maitenancs. These Lasks
include vimuel inspecrion and operaconal checks. Takle %-2
pravide: a recommendcd prevendive maintenane: schedok:.

Tahla 5-1
Test Equipment Redquired
Equipment Manyacturer Dealpnation
Uil cosioppee Tektronlx Type 4373 or equivalant
X100 Prohe (2) Tektromix PaE0OR
Multinetor Tripeit/Sirmpson Model 310/Model 264
Module Extender DIGTT AL WaEd (Dl Height)




Table 52
Freventive Mamtcoanee Sclsedub: N

Performaamce Tnterat

Test o Pruscrdhare

Monthly
Manthly
Mo bily

O terly {Ewery 3 mo ths)

Vigually imspect For physica| damage_ correct il required.
Clean extemally. .
Cleeck that all modules are properly scated in the connector Black .

Check that all indicatoes work propedy .

Cearberly Clean muernally with vacuum cleamer or = sofe hrush,
Cuarierly Touch up cxternal paini scmtches or scrapes. Check for locgensss of the
krwebs, switchee, and indigators. .
—
3.5 CORRECTIVE MAINTENANCE functioaling, exeteiser circuitry & systenatically elimdnated,
The Tollowiog informution ®ill aid (he seovies technician in Using the NMow disgram (Figure 5-1) and bogical dedoctive
izolitng Fiding cxeecizer components. The informacen i reRsoning, fawlly cormponents can be locatad.
prescnted v {low disprars form such  Lhyd correctly
—
-
._..-":

3-2
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CHAPTER 6

RK05 DISK DRIVE MAINTENANCE
USING THE RK05 EXERCISER

6.1 ECOPE

Thie chapter contaims BEKO3 Disk Deive alipoment. check-
out, and adjuctrwanl procedures whick incorporets the use
of the REO5 Excroiser a8 B tiiolenamce pil. Tor gdditional
umienance information, refor o the BEOS fhxk firdee
Muainzeman e Momiea!, DECEED3-D9.

6.2 ALIGMMENT, CHECKS, AND ADIUSTMENTS
6,21 Albpmment Cartradges

6.2.1.] REOSK-AC Aligomoent Coctridee — Thas  DEC
alignmant carteidge represeénts e prelemed method for
BEOS allgnment peocedures. 11 prowvides chroe tracks
(principal track 105, plus spare imcke $5 and 123 of
constant frequency data with alternan: ssetors recorded ar
displacemenis of H.0025 amld -¢) 023 inches, reepectively,
from the weal track [ocations,

When 8 boad b allgned to ypecifications, the readback genal
shows cquel ampHtuwdes For all sectors (showm wheo the
oscilloscope displays anby twe tctors ond triggensd by the
SRCTOR rpnal). The degroe of anplilwde ineguality io
il-lllfl'ni.l:ing sectors imdicatcs the depatbwe frm exnct
ahigrmment,

Secton tintnng data is included oo all thor eracks 1o indicate
head gap location mlalive 10 sschor pulse derection. Thia
dete i representad by a zingle puke (M4 nominal)
Tolbowing the INDEX puls: and 10 us prioe to 1he onsst of
head alipninenl daia.

The REOSE-AC aligmmenl wuriridge abso indicates the
degmee of nuneut on the spindle. When the oscilloscope 3
trigeered on INDIEX and a complete pvolution of the disk

L deplayed, the head muy appear to be aligned & some
sector lacation: and misuligned at others. This condition
Indicates the degree ol wobblke of the spindke. Figure 6-la
glvaws a apindle with negligible runond: Figure G-1h abows a
apindle with condiderabls runoui, The amount of wobblz
can be determined by Lhe acnplifeds differences occuring
o any adjacent pair oo seclor booodaries using the same
equationa uzed for head uhignment.

MOTE
Il the coodifiva shown.in Fipure 6-Lb cxists,
erisyre thot the mating of spindle and digk &
clesin. Inoproper mating can cause suwch runowt.

Figure -13  %pindle Runour
yM¥egligilsle Runout)



Uizure & 10 Spiodie Runoac
(Consderhle Kuncut )

Specifivilions for the REOZE-AC alimnment oo tridge jme ac
fal lrswes:

Mignment and Secror Tirming Tracka:
Trimury Track — 1414
Hackup Tracks — 85, 125 [Use aaly il Lrack
1M i vnuzzble}

Recorded Fraquency: MNomineal 770 kliz

turl=er nd Bectars: 12

Aligrunen | Accursey. tiack FIER: £200 micovinches

Beclor Climing: Single puse TOE 1 ps  following

6.2.1.2 I315 CE Frst Cartridge Shim Installstion — {Ta ke
uxed only when an KEKOSE-AC Btignment cartridge is not
avadable.} Before a 2315 CE res cartfidge can he used for
any BKOS ghigirrant procedurs, 8 00%5-inch dhlim snost be
installed in fhe clisk hub. Becumse the 2315 Aciridsr iz
Teporded ot lew clensily and the BEKOS uges g higle-densty
<arlridge. the shim I8 required o accentuate |he wobbls of
e low-densily carrrides and allow it o e ouerd for
high-tensitr alsgrepents. To install the shim properly, telm g
pisce aof .05-anch shim stock as indicated i Figurs -3 and
attach il to the disk hub as folbows:

1. Locate sector by holdimg the cortridge
upside sfown and ubserving the seetor slote in
the melal Lip of he disk hub (Flgure &2
Potate the disk clickwiaz ingide the plastic case
untll twes slots chows logether are located (@ ior
Tl anc imlex alots). Cootoue to rotate the disk
slockwise, stopping at the next slot {scctar (09,

1. Position the ghim 180 degrees from the sseror
) sl Hnzure that the namow portlon of the
surn is 0 the spindke cemity and that the shim
does mel reack the bortom of He cavily.

3. Tape the shim in pastition.

623 Servo Systess Timing Chechs pnd Adjustmenis

The strve systerm timiny adjustments are proecisely set at the
Gwtory and should not he routinely udjusted ar fioe-tuned
2% part of anv MM procedur. [t 8 positioner malfmeton is
muagecied . all wowelorme relaled to cach phase of werwg
operation sheuld be eaimined; hased on these, the paaschle
trouble shonld be diagnosed befors any sero adju;tments
are aitempited. Beciose some of the servo check tolergncess
differ fzom tha adjistment talerances, referenee should be
mede iy the check folerances in Tahle &1 before adjus-

INDIEX pulse ments are ttempte].
Table 61
Servo Bystem Checks
Checka Cwive Configueatsing Test Padne Tolerance Releeence

Full Stooke Proflle 02 oyl oee seek AOSHI <2 i waveTorin durs - Flguwre 6-T
tion wich pletcau ai
Irailing »dp=

Full Stroke Position 23T oyl oso soek AD3hiL kL] bemionine & end Figure 6-8
armplitudes within 5%.
< T ¥ overshont

Chuler |imit rem IE1X Atz J i 3.5 W ymplitude. Figure 6-9
AW Pl

t-2

_—



Tahle 6-1 {Cont}

Serve Systeny Checks
Checks Ixvive UCopfipuration Test Point Tolernce Reference

Sine= Amplitude Dot 4 eyl nsg seek, AGSMI 1ir2 1% pep, proml Fizure: -3
gy rLine trical witd
x| 0%

Velowity CHtset 4 gyl vee seek AW pround symuoetrical Figlre -3
within 14%

Cisine Amplitude 4 eyl g seek AD58I 121 ¥ p-p, ground Figua -1
symmetricel withio
2107

Yelosity Amplitude 2 eyl nwg seek, ADSMI cEmiler pulse o ura- Figure 6-3
livm = 3.2 £41.5 ms

Aceleration frid el Ly seek ARSHI 14 rms TR time Fyare -6

EHECTOR 1

BECTR D

93T

FELCTOR 11

.. IHDEX
SLOT

T

|

EHII-I—\\ :r

)

THICKRESS « aa%’

Fgure t-2 CE Test Cortridpe Shim [nstalldion

-3

Ck-0onn



Tabke 62
Eervo Syslem Adfustnaemns

Forcotionseber™ Funefion

54 {Sine Amptitude) Sets amplitude of SIN POSITION algnsl

50 (Sine Offser) Acjusts SIN POSTTTON svmmetry aboud grommd

LA (Cosing Amplitude) Sety umplitude of OS5 POSITION siinal

LAk [ osinz Oy Aulinzts 005 POSTTION syrnmetoy aront eroamnd

Y01 Yelocity Otfzet) Adjwits velocity peasralin ouiput at zero velecily. Provides offuct
contrel Lo position leap.)

LE3A fLamic Sigral Amplitude) simuliancously adjusts nmplitude af Both Timdg simale befare dlgitizing

LS Limde Signal O Tset) Aets were level of Lindt sipral with sogitianer in normel recording area
of disk

CLUREDIMT {on Hild) BELS r KT poaitioner carrenl {Uelermines aceeboration)

FFodeatlemerr: e kocated on thed 31 cund (nd positian 51 of e <edremic medwle. Kemove (e proftter 2t the cear nf the

oreee Ui gain grivsy o chese pagentionneio g

MOTE
Settings withio the tolerances listed in Table
&2 shauld not be adjusted.

For atwet wmallunction cascs, Lhe positionsr syvarem will
aperaty ewouph o sllowr dynamnic messursmenta. However,
il the positionzr cuither dues nal operate o opertes very
erralically, the stetic checks and adjustments described in
Parsprsph 6.2.23 ghould be perfomed. [E secvin spitem
parl: are Reld-installed, seliings must be o codjustest,
accordivg 10 Toblz 6-1.

6.2.2.1 Dorianic OIT-Line Checks and Adjustments
1 To pemme the BKOF Disk Drive For ceating.

porform the KK Lxorciss selap procedorc
(Farapraph 2.1).

I

set che osculboscope eontrols {Tek Lronix 453 or
eiuivalent] as follsews:

& rthesl
micde - chaniel 1
aensitivily = 2%
Lriguer = chinriel 1
crepling = di

had

* WEET
A ryeep
lime = 100 mes/div
ITipper = noymal

* trippcs
TS = extarnal *
coupling - T
Hope = +

M rwrract the scaps external irigper input
Ak odrfw: BOSE2 (WD EN

Tu &9y | excessive goope com ol chenges and o
kecp ine probe test poinl chempes io a
i, perform the following checke and
adjustonzines in [he listed sequenss.

NN mpditude £8A4 ) el Cee 1500)
2. Bt cxerziger Mroot panc] RTZ and ELUN
temde srteles o the dowm poition.

b, &1 the exereses Funetion kmeb to 050,

C. %l exerciser Cylinder Addrom4 topgle
witch o 1 and wl other Cylinder
A hirese sentehes o 0,



Set the BUM opale swikch o RUM:
obsre the Llncer jesitiomer oscliates
belwesn cylinders 0 and 4.

Obaerve ADSWI (SIMN POSITION} For a
acope dispday as @Ewstrated in Fegues 530,

The wavelorm  amplitude  must b
I0x1Y gp ouml  aymmetrical ahuut
pround.

IF neeceasary, adjust 34 (luble 52) for the
vt amplitwds and S0 lor the grownd
sytimneiry,

PIH - AOEM1
RWEEF - 0 reliy
VERT SEMNT - v rdiv

.o Gorreer Waveform (Symmetrica Sipnal)

B Inccemect Waveforen {Signal nol Symmetrical about Geound)

Figure 6-3  Sine Amplisude Offeet and Velogty Otfsee Wavefonm

-5



Frele
il .

ooty OffEer £ FL)

Ubgerre that the voltape minimums g
ADSMI {STN POSITION) are symmetrical
alrst ground (Flpures f3a amd 6305 A
sl qemcnsot of ripple al the minimuom
voltage levels is normal. To estingts the
degree ol symmetry, uac the averige value
of the ripple o5 fhe voltage minismurm.

If nceessary, adiust VO {Table £-1) for
the required symmetry.

Cosine Amplrade (A § gnd Offses 700

Oberrve AIZE] (005 POSITION) for a
soope display us Thistrated in Figore 6-4.
The wawform  smplicude most be

W' 1Y pp sod symmetrical about
rowmil.

U weyessury, adjust CaA {Tuble 6-2) fr
the comert amplitude amd 0 for e
gruems mymmetry.

Veloelfy Amplinede [ VA

i

St Lhe exerciser front moel Cylinder
Addresed topple swiich 1o O apd the

ra
'

Cubicnler Address-2 togple switch oo L
obiggrve the linear poaitomer osciliates
brtween cylinders 0 and 2.

Set the acops sweep tme to | madiv.

Chmera: ADSMI for o scope display as
il strated in Fipee 65, The duration of
the cemter cycle musd equal 3.2 £ 05 me.

[f nacesaary, adjust WA (Tuble 6-2) for
the comrect Hime,

Arceleraiion (Pogmoner Current)

a.

Set the exerciaer front pamel Cylinder
Address? togghe ewiltch to b umd the
Cylinder Addrem-64 dogole switch to 1:
obgerve the linecar positimer oscillatee
between ylindera O aod 4.

Set tha scope sweep tlmie 1o 5 engjdiv aod
tha verlical mnaitivity to 05 Vidiy,

Olaeyw: disk drive AQSHI (VELOCITY}
for a weloeity profile as dlustrated io
Finure G-

IF mecesmry, adjust R15 fem HEO for a
14 anz Tig: time.

- ADWR1
= o' Ry
= 2 iy

Fipure 4 Coglna Acplibudef Tt Wavedarm

-6



LY = B OGMT
EWEEP = 1 mafdiv
VEATEEME = Zwidiv
bigure &5 Velocity Amplidude Wavetorm
PIM = AOSHT
SWEEF = 5 wroaf dir

VERT SEME = 0.5% )iy

Figue tsfi - Accoboration Wavelonn

&7



Fialt Siwake Progii

Sct the exerciser front pamel Cykinder
Address 125, 4, and 2 togale switches to
1; observe the lmear pogltion oscillates
botwsen cylinders O and 303,

Sot the scope sweep time oo [0 ims/diy
and the werlical sensitivity 5 0.5 Vidiv,

Cbaccve ADSHT (WEEOCITY) for 2 seope
display as Wustrawesl im Figure 6-7. The
0V lewel of the (molile st be resched
in kew thao M ms fmoan the start of dhe
seek, I aldition, there cmesl e g defingee
Platcan {esomsiane valtage lovel) gf the end
of the seek I 1his iz not the cose, recheck
the Welocily  Amplitude (VA)Y and the

Areleration (Postioner Curent). Adjus|
e approprietc potentiometer (Table
&2} a5 required lo vb@in the core)
wawefrm.

Fuet Serofer Posittan Waveform
a.

Figure 6-7 Full Stroke Wavelvmns

EfILBAL
WITHIN B%

Set the sope womical senaitivity o
#3idiv  and  obecrve  ADSBLI  (SIN
ISITIONY for 2 sonpe display e illis-
ireted In Figure 6-8. The wavefurm
implitudes at the start apd end of Lhe
=vk muwal be equal within 5% and the
enerahood al the end of e seek mmist aod
eaceed | V. I overshood B excessive,
meheck the Velodity Anmpbiivde (VA)
il the Accelermtion (Pasitionor Curs

L)

- L )
- W iy
- B
NVEREHDOT < 1Y
T - AT
g = 15 iy

VIRTHRNG =

F"iﬁ_ll:e &-E Full Stroke Position Waveimm

B-5



Lhuter Lindt (dvngmic pa)

b.
[+}
o~
d,
E.
.l-.‘J_L
I.r‘_.
l-__.-'—-\.

%el exeacimr froot panel RTZ  toggie
switch to RT7.

Togger tho acape fnun BOEK2 (REV H).

Bat the scopr vorlical sensitivity to
1 ¥/div aswd observe 20511 {TIMTT) for a
goope display ws Mustrated n Figues 6.9,
Thr wavefomm peak amplituda msl be 3
to 335V with a mimimwm loval af 0. In
addition, tha wltege plateay immadisiely
following the treiling edge must
exceod 3.3 V. TF sot, perform the Stacic
Limit Adjusiment peacedure ¢Paragraph
62,22},

Set the exerciver BT toggle switch to
the dowe position.

Check the INMER LIMIT signal by

physcally moving the pesitioner o (he
immér limdt {towards the apindle). 1T the
INMEE LIMIT sigral is opermlive, a
restore operatlon will be jmitiated . If thia
i not the cape, perfn-in the S4atic Lirgit
Adjuetment
6.2.2.3.

Pt g edure

{Paragraph

61232 Sutic Tests snd Adipmments - Perform  the
following prockdum when the peaitioner or 3 major zeove
mydatn comiponent has been replaced. This procedur:
dhould also be followed 25 a disprestic sid when the
poaltloner sysiem is moperative o unstahbla in apertion,

To make tha required adjustments, rerwse the disk
cartrldga from the drive and phymically meare the posilioner
camriage hack and forth while obscrving the celeled signol.
Use the auloitietic seope sweep and de aol atbsmpt to ome
the swaep t the observad algnal. With i little practics, the
most convemient swoop epeed selling wod the type of
i tiomer mustion equired will gquickly he discovercd.

Tor triake the static adjuctownis, procesd as follows:
1.  Dwimotinstell o diak carteidge in the deive

2. Place o finger on tha positoner comiape
azaombly and place perdtch 51 {on HAEIM) i the
dowo or off posilion, {This precantion pravenls
Aoy poselble  carriage motion  cawsed by
trafgient switch nodea.)

F Make the fdlowing checks and ad{uscmen |5,

Sire Ampiivada (34 | and Cffset (840

a.  Sar the seopr wvortical sensitivily fo
LW div and wdjust the ground ralferencs
to the center of {he scope acroen.

FLATEAL

< 3w
FiN = ADEIT
NVEEP = 1 rmidir
VYERT FENE - T ide

Figure 6% Ohater Lieit Wyveform

G-



b, Ohgrvs ADSMI (SN POXITION} while
mmaouelly mowog the positioner back and
forth, Adjust 54 (Tuble 6-2) for a 10V

pp sipnal amplitode,

e, Adfuat 30 wnhi the sigoal s waomeiricsl
ahout growing,

Cosine Amplitade (04 ) erd OyFeet (000

Oserve AOSS1 yndd adjust CA and OO (Table
4-2 in the zarms manner ea that uzad in the Sine
Amplitude and Ofset procsdure abwve.

Limit  Signal Ampitude (L¥A} mmd  (fat

(L]

g, Set the soope  verticel scosltelly o
1 ¥idiv and gdjust the ground refevence
to the center of the scope acreon.

b. Obzarvs  ADSI] with the  peatitioner
stationzary at approximately the center of
travel. Adjust 150 {Table &2) for a

pround signel at the cancer of the scope
ST Eerl

¢, Mowvo the positionst to the ioner limie ancd
obezree the solimge change on the scope.
Similarly, wwve the poxitioner to the
ogter limdc and  obserws  the woltspe
<hunge.

d. Adjuet LSA until the smeafler woltage leva|
obtrined b gtep o s 300V,

e Feturn the postioner @ the center of
fravel end roadyust LI for 4 v,

1. Fepest atep ¢ above anid, if Decessary,
readjust the snaller woltage level to 3.0 V.

6.2.3 ResdWritc Drata Separator (G130 Cond) A djncmssnt
Adjusiment of the dats separabor is oot part of the nermal
wngintenancs 80d therelive is wed Tecommendcd unleat &
(i} component that affects (he date separator eection has
been replaced. I this owors, sst the width of the dat
window aa followes:

MNOTE
Ri3 is the write curent sdjostment prdentis
areler and shoold pot be adjusted in the fcld.

1. Inatall a peeregimaled cartridge in the doive,

2. Plape the diive in the run made and moenuslly
podtion the hegds ot any recorded cylinder past
track zcro. An all ZERD data recording is
preferable; howewer, any 1ocordsd pettern is
ellffigen .

3. Sel the vecllcacope annbrls 35 followa:

= yrmical
mesda = channel
wnaitivity = 1 ¥idly
FripgeT = channel |
voupling =y

® Dyeep
A e
time - 100 ne/div
trigees = normal

* lrigger
TR = interal
coplimg - 2
eliime - +

1. Coonect the channel T seope probe to TPL of
the GIST card [card pogition 13 it sheuld be
prsible to obtaln sold seope symchronization
ul the sweep atart (Diateyard the uomynochro-
niked puises that follow.)

LN
'

Adiet K55 fully counterclockwise and BS54

cliachwis=.

. Adjust R4 countercloekwis= o obrain a3
00t pulse width ae rwacired from the etart
of Lhe tise to the gart of the Rl

T.  Hemdjust R35 cockwa until the pulss wldth
decrégpes to 440 + 10at 33 mersmed Fom the
ghurt of Lhe rise ta the etare of the fall,

$.24 Rasd/Write Hend Check snd Alignment

The following procadur: describes the complate reqdforite
heal alignment. Before altempting this algnment pro-
caduce, ensure thal the drive opevates comrectly and that the
heads have not bern conaminated by exposure to a
defective cantridge. 17 now heads have haen insialbed, it i
reiommeanded that this dlignibent procedure be perfirmed
off dinee wting the RKN$ Exerciser.

&0



6.14.1 REOSE-AC Aligmeewt Cartrldge -- The  appro:
priate onHine dgnowllcs moy be used: heoweger | T MO
ADOFIST A HEAD THAT HaS TE3% THaW & 15%
ERROR (Flguse 6107,

Toaligh o check the heads peocesd as falaws

1,

Perform the BKOS Lxercisey eer-up procedurs
{Parugmaph 1.2},

Instaldl am wlignrmen| cuticinlge om ke spindle
angl opecate the drve in 1le cun rmode Toe ol
leust 300 minuies. This miss be dore 10 allow
the olignment cadridge and  the  drive
compesrnis b achiess thennal slabilicrio,

Using the WR PROT switcl., place the drive in
the write protect conditian.

Bl the vscilloseope control: as follewa:

* verlical
mode = ADD (iovert CHAN 2)
senglivity = 20 mY Miv
envtapling = de

. Twoop
A swEED
time = S0 we!dow
trigges = no meal

® trigger
a0ureo = axlenwl®
coupling = ax

*Uwe o 1=] prohe i gannest Fe seofes celerial
trigger inpud o 40287 daerri].

Connect the channel 1 probe to THI aod the
channal 2 prohe e TP of the GI1EG qrd. (L
10; | peobeal)

Ensure that the positioner rack scala iedicatas
cylinder 00, Lf it docs not. 1omen and reasdjuse
the scals to smaurc propes scabe readout over
the sntire length of the hoacl.

Sebect cylinder 107 as tollows:

a, 3ot tha excrolsar Frisorn pamal Hapd Seleci
iggla swibch o LOWERE.

&l

h. Sel the exerciser Funclivn krods e T30

C. Set the exerciser Cyvlinder Addresssd, 52,
= and 1 kogsle swilvhes o] and ull viher
Cylinder Address togsle switches o O
[cylinder addresa 1051,

d.  Quekly set the excrclssr BEUN posalc
ewitch 1o BEUN and back ta the down
poaition, observe the linear position
moyes to cvlinder E05,

Momiler the swope display Tor ame of |he
wave ot ing illntrated in Figire B-1101

NOTE
I a Iwight horizontel line doca not appear
al e hepinping  of the  displaved
wavelwm & shewn in Fipares 6-10b
thrugh &30y, adjust the scope kevd
cruibr]l wntil the line appesrs, The bright
lne tndicabes proper positiening of the
gectob: on Che display [odd sectors (X
on left. even sectors (X2 on the righl],

Lf pone of the iUuaccated savedorms appear, the
heid s misaligned =0 badly thar neanusl
wanipudalion of 1he positioner s reguired. IF
mantal mawipolalion §s required, pedoom the
lel”l.'I-WII'lE 5.1&|.1::',1'1' UL, procee)] [ steT 162,

i Plae switch 81 {on H604] io the down or
off postioo, keeping a finper an the
carmipe  to dampeo  any  poaditloncr
traogiente,

b.  Showly oeam the positionss By hand antil
the ahgnnmil pilem opours, ylingers
85 and 125 have idemibical matlerns, s be
gure that tlee dieplaved mitlerm s for
cylinder 1005,

. Ohsarwa Lhe track zeale grld ool the
cylinder indicacion when the “righl va"
wavefor {Figure &-9% & obuined. T6 b
scale imdicates less than 105, the Lead s
too ter farward in che carriage. Con-
veracly, if the acale indisices e ham
105, the head iz back too far in the

CArTiaac.






Large misliimment, 13ead at toa great a track
radis. Further misalipnment reduces amglitode
il sigmal vn dehl sde of screon.

Head comasiderably misaligned. Smaller left
amplitide indicates head uarside of CYL [05,

cleot =-THE

BRIGHT
LINE SH O D
APFELR HERE

Head slightly nmisaligned. Srmaller lcft amplidede
indicuies hesd outalde of Y1 1005,

error = - 155

ERIGHT LINE
EHOULD AFRESR
HERE

AL P TR BT e B R A, AR R

L SR AR e A

d.

Head -:}l:lrl‘-El:-'i.l}I a|iH,m-:|J. .-\rnpl_'ilmlm are l,-.t||r.a|.

HRIGHT LINE

HHHMILD APPEAR
HERE

Heads dighrly misaligned. Larger 1t amplituds
induates head inside of CYL 10% (toward 104).

-

errip = M50

BRIGHT LINE

SHMIL D AFPEAR
HERE

Head| cornapiberably mesulyened. Laecy Jest
mnpfiludy indflzcs hoad inside of CYT. 103

vrrur = ¢ 72%

BAIGHT LINE
BHOLILD AFPEAR
HERE

Larac misalignment, Head inalde of %L, 105,
Further mlsaligaonenl reduces amplioude of
sipmal on beft side of screan.

NOTE

The aligmmenl ermor & denoled us 9 sigoed porcentope. The porconiape & derived from
the relative amplitudes of the two signal modes (x, Aod xz ] according to the fellowing

X IO

b BNIOF =Ty — X w 100
X1+ Xq

{Approximate error In MECRO inchen equals % emor 2 151

The sign decobes the directlon of the alionnzent errer. A ocpativer spn Indleatea the

hcad s fod far from center (ieack less tha 1605)

Figure o 10 WKO5-AC Alipnmient Carrodge Hewd
Alipnment Wave tornis

h-13






TRACK SCALE

LOWER READ AOJUSTMEMWT SCREW

UPFER HEAD AOJUSTMENT SCREW

LOWER HEAQD CLAMP SCREW

UPPER HEAD CLAMF SCREW

Figure 611 Read!Write Head Adjustments

Sct the exarciser Momefion kol to R

Set the exercieer Cylinder Addreas-04, 33,
3 ond [ toggle sedtcbus b1 1 and all othier
Cylinder Address eogple switches to 0
(eybinder addresz 105).

Quikkly sl the emerciser BUN togale
switch to HLIM and back to the down
pwitiom; okserve the lincer posdtiomer
rves o cylinder 105,

Monitar the scope dipley for nne of the
wavalmms dinetmated in Fregare & F 2 7 mome of
the llusgtroted waveforoma s pper, Lee head s
misalipned se badly that nvanog| mynipulotion
of the pomitioner @ recwired |1 manual
rigrripnlation is required, pe ot The Mollowiog
staps; if o, proceed fo gtep 9.

L5

Place: swritch ST fam HEAX in che down or
off pozition, kecping = Rmwer on the
carriugs ta dlampon any peosilisner brio-
sienly,

Slowly rwve the positioner by hiand until
the allgninent téern oceurs. Cylndee
110 hag an idenilical puttern, s br surc
that the dizplayecd puttem is tor cylender
105, Dd ool wse umeloe forec on The
pasitioner when menually changing track
gorltioms.

Obecree the track seale and ooz the
:}'lin.:lcr indicilion when the aaveiarm
thown ul Fieure 612 is abtained. [F che
scale ondizacas less (han LO3, he haed is
e Tar Topward o the  ceisiage.
Conwersely, i the seole dhows mare 1l
[0, the hewd iz too far hack i the
caniape.



| L4

i, Lonsen (he clamp and adjuztment ecrews
(Figure 6-11) and mowve the head i the
upprupnate dircetion until the savefooen
shown in Figure -12d @ oblaimed amd
Uiz seale imslicadian is dlightly greater than
105,

¢.  Lightly dighten [be Jdamp screw and iwrs
on the poudtianey pewer {51 up).

r.  Se=f the exerciser RTZ topgle switch BTZ
momenterily; obaceve  the  lmesr
ruaticner movea to oylndes (.

g Ouickly sot the ewercizer RIMN togsle
gwitch 10 RUMN and then ok to the
down pealtion: observa the loear poxi-
tloner mowves to evlindsr 105 end stops,

If cne of the illustiruled wivefoons & Preacot,
nate e which diesction the hexd most be
nmoved o obain Ue proper molicotion, If it
must be oswved backward, loosen the head
clamp and adjustinenl screws and pently push
the head all the way hack inic the comiage; il it
toust b erowed Torward, lowosen only the clamp
sercw, and thea Lierm e i-lil.le'El:Tn:'ﬂt screw sntid
the corcect wavefonn s oblained. (The
adjuarment serew is a wentier That noly muoves
the hoad forward: i saoedd aod e el I|1n:|_|,||,-.|,|
dawn aften this adjwstment }

NGTE
Il the positioney is moved from cyHnder
195 during the adjurment procedurs,
petfonm slepys B ood g,

Set the exercizer Head Selsct fogple mwitch to
UFPER.

Using & Lorgwe wreoch (605893008, i avuils
able, tighten the hesd clamp serow aotll €
wrench beglng to wilchel (35 o fin .}, 1f 8 torque
wrench §s not avalable, use the appropriste
Aflen wrench to tghten the hesd clump serew
anagly ; haweyer, do nat overtighlen,

Becheck o engure that the clamping action did
not dleturb the head adjusirment,

B-1f

6.2.5 Index/Sector Tining Adjnsiment

6,251 REKOSKAC ARgomeni Cariridge — The procedurs
for wdjusting indexfsector timing ualng the REOSE-AC
aliemment cartridpr i as followa:

L.

T

Ferform the REODS Exercigsr selap procedurs
(Parapraph 2.2}

Ioetell an aligniment cartridge on e spindle,
comuring thet the maling surfeces are = aod
operate the debre in the run mwsde Por et beast
M minutee. This muet be done i allow the

alignment cartrldgs and the drive compoments
to schieve thermal atabillzation .

LUsing the WE PROT switch, place the drive in
the write protel condition.

Set thw osciloscope momtrods ea follows:

* yorticul
fide = ADD Greert CHAN Z)
e tiviy = 0.2 vidiyr
corphing = il

¥ macep
A Eeictp
Hme = F g/ div
Iripger = oormel

* wligen
BIUIE = axternal *
cHpling = i
dno e = -

*L.a=a 1:1 provhe to comnect The asxpe &olcermal
trigger Inpor to ADIRL {TNDEX],

Cormect Lhe ghunnel 1 probe to TP3 and the
clianmel & probe to0 TP4 of the G180 cand, (U
B ] pmses]

Momenbrily st the exerciser fiont pantl RTZ
fomgle switch o BTE.

Select vy tinder 105 83 follows:

a Lot the cxercizer CyHonder Addresa-a, 3k,
Hoand | togele switches (o 1 and 2l solbey
Cylindar Address topple switchas to [
Levlinder 105,



Large mimlipnment. Hlead closs 10 OYL 104,
[(Furcher misalivnment ondy cedoces amplilude uf
|;|¢:||-;an

d.  Head coarectly aligned at C¥T 103 Null

¥ Lurpe mimlignment. Head chase 1o €Y L 106,
arnplitindes are squal.

(Further enlzlignmeat emly redwees amplitude
af prak.)

MNOTE

h.  Head conswderably misaligned. Smalkar left okl
Tn ¢nleglale % of ermr, use the fol lowine expresion:

idivares iad pogition lose than CYL 105,

., Head alightly roisaligned. Larger lefl null
indizites head pogiticn miore than CYT 105,

error = — G0 TEOTEX,  Ma ¥ 100

BrTIr * +26%
x) +ap

x = nuil axmplitmbes and che nmuliant s denotes the
direition of error, A egitive { o sign indisaies that
the besd 1o too Fr from conter | trachk lesa than 105).

¢.  Heud dightly misalipned, Sroaller lell ol

; s . I [Nessd congiveridby mislipned. Larger Jefl
indicares head position bess than CYL 105,

ruall iowliviles hendd prsilicon muoee than
Ly L THE.

cErr = - 555
errur = 715

Vipure 0-12 2315 CE Pack Heal Alipnment Wivesluinos

i T



H,

1tk

b, %ol Lhe exercier Function Jmob to L35,

c. Chockly =t the coxerciser RUN woagle
switch to BUN and buck Lo the down
position; observe Whe linear posltsoner
moves to oyfimler 105 and stops.

Orbperwe 3 stege tinting: pilsc followed by dats
whrich kagg the timing pulsc by L0 = (the timing
pulse may be alther poaltlve or negative guing).

Expand (he scope sseep time ta [0 ws/div and
check that the single pulse ocowrs PO E D ue
Froem the bt of the sweep {Figurs 6-13).

Bet exervier Hewd Zeledd lopgle awltch to
UMEE; ohserva flwe sne pulse tolerancs as in
step 9, ubove. TF necesary, adjust K6 oo the
M0 card (cand position 2) antll the avorags
time for the twe polses i+ Wlus and the
To [0 s inlivilizal  padse  requitement s
meimained, If these reguirements cannot be
achleyed, perform sither of the Folkwdng
eorrective Bcthong.

g IF the time JifTersmee of the two tlming

pdses exceeds Hhpe, raplace onc of the
heads to reduss the diffecence. Onoe the

difference s withln tolerable  limits,
raadjund  RA 02 achlve  an awerage
M pit-ttwren the praka.

h., If the average of the peaks camood be
adlugted to 70w, relocede the seclar
transducty o the ripht {0F the averhpe &
1o highl or o the left [if the averape i:
L low). Readjusr RE o achiewe 70 us
huelween peaks.

3,232 235 CE Pack  The pooccdu: For adjusting
indestpmnr dining wdng the 2315 CE gack is a5 tatlowy:

1.

PorFeatrn the REDY Exercizer wt-up procedure
[Paragraph 2.2).

Trstall a 2315 'E teat canteldge on the spindie
and opevate the delva ln the run mode for et
keast 30 minutes. This must be done to allow
rhe CE cartridgs and the drive compements Fo
achicwe thermal stabilization.

Using the WH PROT swileh, pluse e drive in
the wrile mrabedd nditinm.

Sat the oectibossope comrol as follows:

R

14,

® 3rriical
mede ADD (invert CIHLAN I)
EeTesitivty * 0.2 ¥ div
coupling - de

& TFcCp
A s
tlmoe = b0 mng/der
tragocy = isoritual
& irigzar
=l o] = axtermal®
crrfhlieg = ™
suape =

= o 1:1 probe to connact the scope e xtearnal
irigger {sput to AVEIRZ (IMIIEX).

Commeel the clanmned 1 robe o TP and the
chanmal 2 peobe to TP of 1ke G180 cand. (L=
10:40 prodes }

Lat the excroiser froof panal ETE topple switch
to RTZ,; obeerve the linear positloner moves o
cyliniter [ and stops,

Splect cylinder 10Kk aa folloosa;

a.  Sat the cxerciesr Cylinder Addresz-64. 32,
amd 4 toggle swltches 1o | and all other
Cylinder Addrese topgle ewltchée to O
MCylender Addease 100].

h. Ret the axercirer Fonctiom koot ro {030,

v Owickly ser lwe eaeeciser BLN wmyle
swilehh o KUK and buck lo the $own
pusitin; obserye {he lmeur  posiciones
imexwes B oy lieder FOEE nonl slops,

Momitor Lhe seonpe Tue o siagle polse Tollowes]
by a1 ries borsl sl il

Bxpmnd the sweep Hnve o 10 psidiv ond check
that the elngle pube ocowes 70 4 10 g8 froam the
atart of the seeep (Figure 6-13){thls pulec may
be either postive or oegative going).

Sab the exterciser Head Selecl togple swilch o
UPPER; obmyve scope Tor mpmhe  pulse
tolevaticed atatap 10, IT oecesary, adjud RE ¢m
the WTT00 card {card peetition ¥) wntil the
average Uose For the toro pulses is T0 ps and the
M+ 1due ndividual pubse eaqoirements s
realn tabnod.



PN = TP3& TP4
SWNEEP = 0 pmfdir
VERT EEMNE = Twiidiv

Figure 6-13  Dndax Seactor Warelorm

.26 Corirsdge Recebrer Algnment

Prior to shipownt of the BKOS Disk Deive. ile cichricoe
receiver i3 precisely alignesd wi tho factore. Simce it is not
necmary to distwb the receiver alignmen? when per-
forming any of the feld wntenance procedures, crriridae
receiver alignment s therefrs not norally reyoired o the
field, However. if the duckbill, sicduce. or cariridge support
posl wre replaced, the cartridge reazive aligemen must be
chegked. In addition, the Cortridpc-On swilch -hould 2lso
b checked for peoper npeTition

NOTE

The duckblE oo leter mvodel deves is stighily
different than the eardier modek. If an eirlier
versign dockbll B replaced with the later
verdon, the wirduct and cartrilge apport posts
must alse be repleeed, Rofer o the SKUT
Miczerated Parre Manssl {DEC-REKOS-IPH-1) 1y

idenitily which duckbdl wersion i3 being
replaced.
1. Silde che drive vt ol the rieck and rarepve the

toap and heltym covers.

Inaart a crbriclgs into the e zeiver ane gloss the
drive frint oo

Check [or 5 020 to DB)in, clearance (4l
betercan the plostic carceidge ise gnd the
receiver rails fFi._tl.!Tl.'- G-14%. Make Chis roegsace-
ment towards Lhe rear of e recener a1 o point
where the plastle cartrdge cese passes over fhe
intersephing raceiver rails.

f-114

=1

I7 Ake [A) clesrance i ineorcsct, Joozzn e
vl pust Jock ootz and adjust (ke feight of
Tt pseonts loobeain the proger cleatimay. |ale
the piscl post al (2 wrich aa adjostalile wrench
whlc leeserdng and tichteoing the ek nucs

(1.

Lightly Lighten the piver post Tock rurs andgd
chcek the follawing Cfigure 6-1 %)

A Rermave the cartnidae and ensure chat the
cleirances §B) between the upper recsivor
rudls and the cartridpe chacnel are cqual,
anel that the coceivar rails are gy parallel a2
passxible ta 2ha chanael.

b, Push the recedves all che way 1o one side
and evwnre thut thooe 55 2 slign ] elearymee
Lk of D4 W 230 i, Bocacen Lhe piver
postoand Lhe recmiver hince cail. Wlen
making chis check, do not posh e
vecciwer an larcd Thid 2he pivoar posts rais;.

v Push the reegiver fo the left and right aed
ensure thar the ronl cooeiver rafl dnoes
riul fouch either side of the chaczis.

Tigheen Me pivest post Jock nuls and Techeck all
vleurances. There mast br a clearance a1 points
A, By and C; Tioweser, i is cspecially critical
thyl ulgerances A and U do not exceed he
lirwits indicated In Figures 6-14 ard &-15.
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Figure 6-15 Cartndpe Recalver Cleacaincea
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Check for the following polots of oontacl

betwesn  the ariddge end the  canedge

réesiver, which ltheate that the cartridae s

properly seated;

a.  Two thio mails (Those should ej1her souch
evenly o1 be parallel abang 1he fult length
of the cartridgs )

k. Two cartridge posis

G. A door opener beil

d.  Sprng st top cencer of carlridpe

g.  Duckbil (lower elat)

[, Aisduct bridee

6-21

- Airducd foqarm s=al,

Cheek for the following pointz of clearinge
betwecn  the omiridpe and the  cartridge
recciver. whish indicafe that the carcridge iz
properly zeatad:

#.  Twerg fat ralla on dop ol the cartridae

k.  TFour compainta on e wieleside of the
cariridge

¢ The pivol pests and recsiver hinge buil.

The pogition of the pivid posts determine luow

the tnp railz tide on the crhidge and also

dotarinires the bottom clasrance of the four
cradspinls and the underaids of 1he carriope.






APPENDIX A
IC SCHEMATICS

The BEDS Brerciier cmploys avend types ol mtegratod Ad M2 ALINE-TO-10-LINE IE(.ODERS
dreait (IC) chips in jts deign. This appendis provides

detuiled achemalivs, packaging diagrams and truth fables on TRUTH TARLE

severgl of the nwme complex 0% s 2 T1gineenense i (o the

servige bechnician. BCD Luput Cletal Dutput

The followlng s are cowercd in this e ppende:

Ta42  4LINE-TO-10d LINE CECCHIE RS

Tard DUAL D-TYPE IDGE TREGGRKED
I'LIF-FLOFPS

7811 MONOSTAELF MULTIVIERATCHE

M1 SYNCHRONOUS 44817 LIFDOWN
COUNTRER {DUAL CTLOCK WITH CLEAR)}
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Figure a-1 7442 Package and Lopic THigrames
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A2 7474 1AL D-TYPE EDGE-TRIGGERED
FLIP-FLOPS

[

CLELA

Mg

b z

bl CLAOCKE PRFSET

FOZ.7IYE _DGIT

LOw ‘WPUT TO PREZEY SETS O TO LOGe&lL 1
LOW INFUT TO {LE&R SEMS g TO LodICaL D
FREFET &ND CLEAR ARAE INDEPENDENT OF CI.OCK

1 aTEG

Truth Tabk (Esch Flip-Flog)

by
ol

Lpe]

Output Chtput
qQ Q
| 1
1 1]

Pasles: 1.t = bil time before clock pube

2. Lo yp = bil lime sfter clock puls:.

A2



A3 T41I3 MONOSTARLE MULTIVIARATOH
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READER'S COMMENTE REO0S EXERCISER M AINTENAMCE MANLIAL
EE-RKO5-MM.(02

Digitul Equipment Carparation auintaing o contimwons efMorl Lo improve the guality and ussiulnees
of its publications. To da this ¢ frecrively we need user lfeedback: your critical 2valuation of this
document, Pease give specitic page and Loe celerences when appropriate.

ERROKRS NOTED N THIS PUBLICATION:

El

SUGGESTIONS FOR IMPROYEMENT OF THIS PUBLICATION:

- s

MISSING DOCUMENTATION:

Is there suflicieat dovementation vn associated systern programs tequired for uss of the sollware
described in rhis manwal? I aor, what mulerisf is missing and where should i be ploced®

MName Date

Organizaleon

Please describe your pasitian

Sirest

City State Lip Code
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BUSINESS REPLY MAIL
MO FOSTACGE STAMY NECESSARY IF MAILED IN THE UNITED STATES

Fostiges will be pald hy:

Drgital Eepuipment Corporation
Techninl Documentulion Depantnoent
Drgital Fyrk, PE3-7

Mayoard, Mamachidts 01754







DIGITAL EQUIPMENT CORPORATION, Corporate Headguartars: Maynard,
Mazesachusetts 01754, Telephona: (617] B97-5111

SALES aMD SEAYICE QFFICES

UMITED STATES—aALABAMA, Huntsyllle = ARIZCMA, Phoenix and Tucson =
CALIFORMIA, El Sagunda. Les Angeles, Oakiand, Ridgecrest. San Diego, San
Franclzco [(Mountalin ¥lew', Santa Ana. Santa Clara. Stantord, Sunnyvale and Woodland
Hillz = COLORADD, Englawood » COMBMECTICUT, Fairfleld and Meridan + DISTRICT
OF COLUMBIA, Washingion (Lanham, MO « FLORIDA, FI. Lavderdele and Orlando =
GEQRGIA. Atlanta + HAWAI, Honolulu = ILLIMCIS, Chicago (Rolling Meadows) =
InNDIAMA, Indianapolia + 1OWA, Bellandorf « KEMTUCKY, Loulsviila » LOUISLAN A,
Maw Orleans Matairia] + MARY LAMD, Odantan « MASSACHUSETTS. Marlborough,
Wallhem 8nd Westtiald * MICHIGAMN. Detrolt {Farmingten Hilis) = MINKNESGTA,
Minneapalls « MISSOUR], Kansas Clty [Independencal and 5t. Louis = WEW
HAMPSHIRE, Manchester » NEW JERSEY. Cherry Hill. Fairfisld, Metuchan and
Princaton « MEW MEXICO. Albugquargua « MEW YORK. Albany, Bufiabo (Chaek-
towage}, Long Island (Huntington S1ation), Manhettan. Rochester and Syracuse =
MOATH CARGQLIMA, Durham/Chapel HIll + OHIO. Clevaland (Euclid), Columbus and
Daytan +« QELAHOMA, Tulza = OREGOM, Eugansand Portland = PEMHNSYLVANLA,
alleniown. Phlledelphie (Blusbell] and Plttsburgh + SOUTH CAROLIMA, CGolumbla =
TEMMESSEE. Knoxville and Mashvilie = TEXAS. Austin. Dallas and Houslon = UTAH.
Sait Laka City » ¥IRGINIA. Richmond + WASHINGTON, Ballevue = WISCONSIN,
Milwaukea [Brooklleld) »

INTERNATIONAL-ARGENTINA, Buenas Alres ¢+ AUSTRALIA, Adaleida, Brizsbana.
Canberra, Melbourna, Parth and Sydnay » AUSTRIA. Wianna « BELGIUM, Bruzsals =
BaLIvi4, La Paz » BRAZIL, Rio de Janelro and Seo Paule = CAMNADA, Calgary,
Edmonton. Helifax, London. Mantresl, Cttawa, Terante, Yancouver and Winnipag =
CHILE. Santlego = PEMMARK. Copenhagen = FINLAMD, Heksinki = FRAMGE,
Granchble and Paris ~ GERMANY, Berlin, Cologmez, Frankfurt, Hamburg, Hannmaver,
Munich and Stutigard = HOMG KOMG = IMDLA, Bombay « INDONESIA, Djakarta =
IRELAND. Crublin » ITALY. Milan and Turin « JAPAN, Csaks and Tokyo = RALAYSI4,
Kuata Lumpuar = MEXICO Maxico City »+ HETHERLANDS. Utracht = NEW ZEALAMD,
Aucklend + MORWAY, Osla « PUERTO RICO, Senturca = SIMGAPORE = SWEDEM,
Golhenburg and Stockholm @ SWITZERLAND, Geneva and Lurich = UMITED
KIMGDOM, Binming harm, Bristol, Edinkurgh, Leads, Lendon, Manchester and Aoading
» YEMEZUELRA. Caracas *



