<" -

. 1. Intiéduction . . KR

..SafetyProcedures-‘. Lt e o

*

" Part 1. Theory «-

) Maghme Description ~ . . S O |
Differences between Models TR LA
. Major Pnits .. R S
Machipg Safety and.Data Frotectlon AR N B
‘*Mactfine Operations . . %, . . T |
+ Start/Stop Sequence . . . B
€afriage Movément . B S C ]
ad/Write Operations . . . . .. . N 1- 2
+Marfua) Gontrol of the 5444 S CN
\lachme'cnntrol from the Using System S S
Data Orgamization A . -2
Cylinder °, . e
+ARernate Cylmder Assxgnment S Coq-2
CE Cylinder . . .- R
* Tragk Format for IBM Sys‘tt?n?’3 R
Sector i‘ormat for System/3 . . . . . . . -2
- ' R . )
2. Functxonal Lmts s e e e e, ER
Base . . o .. 1-3
Air Circulatief System oL '«Z ... .13
Drive Meca B T )
DriveMotor . . . . . . ., . . - . 1-4
DC Braking . T
Anti-Statdc Brush . . . . | . R
Drive Spindle . ... . .+ . . . . . . 1-§
Recording Disks . P -]
FixedDisk . . . . 7% . . . . . . [ 1-5§
Removable Disk . . ... . . . . . . . -5
5440 Disk Cartridge . . . . -. . . . . . 1-6
&ge ClampArms . . . . . . . . . 1-6
~GQCartridge Handleg~ . .-+ . ‘.- - - 6
. Disk Cartridge Hindling and Storage Ty 7
: Dvsk Ceanimg B . s 1- 7
Brus‘\ MI/CI'O ifches . -7
« BrushMowf#. = .. . . . . . . . _ 1-7.
“Actustor .« . . Ttw. . . L. L L 1-7
_ Casriage . . S e 18
v JACtualge Mechamsm N B
Detent Mechanism~ e 1- 9
Voice Coil ~ .7 . k‘ Lo 1-10 -
Head/Argn Assembly <, . 1-10
* Read/Write Head >« . N . .. . 1-10
Head Sv.fpport Arm e S £ 1
‘Flying the Heads { T B )
Head/Wme Sigpel kevel . . . .. . . .. 112
L4 2 % }»’ TN e ! .
h

CONTENTS |

s

FR., B03. 1-1

FR. B07 1-1

. B13 1-1

‘A0l

FRAME LOCATION TABLE

Page. Frcmel ) C‘ard

1-1 --c BO7 --- L=}

» -

1-2 --- B0 ---*1-1

1-3 --= B13 --- 1-1

1-4 --- Bl15 --- 1-1
-5 BIT -o- 1-1
-6 —ee CUL oo= 1-1
1=7 === CO3 -o= 1-1
1-8 --- CO5 --- 1-1
1-9 --- CO07 --- 1-1
3-10--- C09 --- 1-1
I 1lome C11 oo 141

1-12---4£13 --- 1-1




FRAME LOCATION TABLE
, CONTENTS :

, . a

Poge Frame | Lord

Head Load Mecharusm .

. 1-12 T
HeadLoadSolcnodissembl) o 1-12 a 1-12--- Cl13 --- 1-1
Knock‘Oﬂ‘ Mechanism . . . . . . 1-13 . .

AC Box . - 1-14 _
DCBox . . .= 1-14 1-13--- Cl15 --- 1-1
Resastor Box . . . 1-14
Auxiliary Electronies . . . . . . ‘i-14 1-14--- C17 --- 1-1 {
— —Hecwoncinterlocks— ——— - — - — - big - - R S
Switch Interlocks 1-14 ) .
Circunt Descnptions . 1-16 - I-l6--- D03 ---"1-1
Index Transducers 1-16 _ o .
Track Crossing Sensor 1416 1-1%--- D05 --- 1-1
Fine Home Sensor 1-16
Carrage Photocell 1-16 1-18--- D07 -=-= 1-1
Track 000 tHome) I'xdn.auon 1-17 .
Data Channel Electronics 1-18
. 1-19--- D09 --- 1-1

n1
jo.y)
o
o
NG

3." Principles of Operation . 1-21--- D13 --- 1-1

Communication Lines -19
_Inpdt, Communication Lmes : -19 ) -
Output Commumcauon Lines . . . -21 1-22--- DI5 --- 1-1
Machine Operations-~ . . . . - -21 -
Machine Safety 21 1-24--- EOQl --- 1-1

Start-Up Sequence .
Head Movement Across Dni(s .
Recalibration to '[mk 000

CE Access Operations

1-25--- E03 --- 1-1

B et e md e gt et b Bt bt bk Be s
’ RO
uNNNN
oo -

Machine Stop Sequence . . T 1-26--- EO05 ---_1-1
Read /Write Operations . . . 81-26

Double Frequency Recordmg . -26

Write Operation . . A 27 1-27--- E07 --- 1-1

Read Operation B £

Safety Circuits . o . . < . . . . . 129 : Y-29--- E11 --- 1-1
4. Features . . . . . . . . . .(Not spplicable) Lo 1-31--- E17 --- 1-1
S.PowerandCooling . . . . . . ., . . ., FR. E17 1-1 1-33--- B02 --- 1-2
Power Requirements . . . . . . _ _ _  ].3] v

ACPower . % .. . . . . L. 1:31

DC Power . 6 . 1-31
Power Sequencing . . . . . . . . . . 3]

Power-On Sequence. . . . _ . . . . . 131 .

Power-Off Sequence . . . . . . . . . 131

6. Consolgand Maintenance Facilites . . . . . FR, B02 1«2,

SECTIOW1. CONSQXE .- . . . . . . . . 1-33
OperatgiConsole . . . .. . . . . . . . 133
CE Control Panel . . . . . . . ... . . 133
© Mode-Select Switch . . . . . . . . . . 1.33

orward/Reverse Switch . . . . . .. . . 1-33

“A02



FRAME LOCATION TABLE

CONTENTS
zlPoge Frame Card
SECTION 2. MAINTENANCE FACILITIES 1-33
CE Cylnder 133 1-33--- BO2 --- 1-2
*CE Disk Cartndge 1-33
Track Position Indication 1-33
Manual Opgration Aids . 1-34 1-34--- 306 U7 1-2
Drive Mecharusm . . . . A B ) .
Carrage Assembly = . . . . . . . 1-34 2-1 --= BO9 --- 1-2
2-2 --= Blk =-= 1-2
' ] 7 2-9 --- CO4 --- 1-2
Part 2. Maintenancse 2 Y
2-10--- COE --=- 1-2
1. Refereace Bets and Diagnostic Techmiques . . . FR. B09 1& .
SECTION |. REFERENCE DATA -1 .
1.1 Funclonal Characteristics 21 2-11--- C09 --- 1-2
1.1.1 orma!(Synem/B) . 2- 1
1.1.2 Speed . . . -1
1.2 Interface . 2-
1.3 ALD Package . . 2- 1
SECTION 2. DlAGVOSTlC TECHN]QLES o222
1.4 Approach to Servicing . B S
l4l\u;orFuncnomlArus T 2
1.4.2 Egror Conditions o222
1.5 Error Recovery Procedures . . . . . . . 2.2
2. Comsole and Maintenance Facilities .« . . . . FR. C04 1-2
SECTION I. BASIC UNIT 2-9
2.1 Console . 2-9
2.2 CE Panel . .. .. 2.9
2.2.1 CE Mode-Select S!mch ... ... 2-9
2.2.2 Forward/Reverse Swatch 2-9
2.3 CE Tools and their Use . Y 2-9
2.3.1 Branch Office/Support Center Tools . . 229
2.3.2 Customer Installation Too}s ... 2-9
233 Useof Tools . . . A 2
24 Maintenance Aids . . . . . . . . . . 29
2.1 CE,Tpck . L. . .29
2.4.2 Tgack Position lndsc.uon L. ... 24101
243 nt Yoke Holdout . . . .- . . . 210
244 MAPCharts ... . . . . . . . . 210
245 TAPLines .. . . . . . . . . . 210
SECTION-2. FEATURES . . . . . . . . . 210
3. Preventive Maimtenancé . . . . . . . JFR..C09 1-2
SECTION 1. BASICUNYT . . S 3|
3.1 Approach to Preventive mmtenance S B
3.1.1 Visualinspection . . . . . . . 1 241
3.1.2 Electronic Units . . . . . . . . . 211
3.1.3 Mechapical Units . . . ... . . . 211 4
3.1.4 Cleanliness . . . . . . . . . . 21

~A03



CONTENTS
3.2 PM Procedures . . . . 2-11
» 3.21 Lubrication Details . 212 _
3.2.2 Read/Write Heads 2-1
4. Checks, Adjustments, sd Removals . FR. CIT 1-2
SECTION 1. BASIC UNIT 2-18
4.1 Disks . . 2-15
4.1.1 Inspecnon—GeneﬁJ . 2-18
412 Removakauk(‘“ODukCamxdge) 2-18
4.1.3 Fixed Dk Lo . 2-16
4.2 Base Assembily . 2-18
4’1Ca.m’)dge(]a.mpAnr . 2-18 "
4.2.2 Cartndge interlock Switches . 2-18
4.2.3 Upper Index Transducer ~18
4.2.4 Lower Index Transducer 2-20
425 A Filter . o 2-20
4.2.6 Changing Drive Motor . . ‘. 2-20
4.2.7 Changing Drrve Belt . . 2-21
4.2.8 Spindle Assembly 2-22
4.3 Disk Qeaning Brushes . . 2-23
4.3.1 Brush Arm Assembiy . 2-23
432 Brum\bd{‘ydemdsmshc',de-
Complete Switch . 2-23
4.3.3 Brush Motor . X285
4 4 Actuator Assembly 2-2¢
4.41 Actuator Components — Hmdhng .. 228
4.4.2 Limit Stop Adjustment — 5444 Mcdel | . 2-26
4.4.3 Replacement Actuator Assembly — R.'W Heads
(5444 Model 3) . e 2-26
4.5 Access Mechanism .- 2-27
4.5.1 Layshaft 2-27
4.5.2 Drive Tire 2-28
4.5.3 Drive Disk 2-28
4.5.4 Forward and Reverse Clutches .o 2-30
4.5.5 Track<Crossng and Fine-Home Photocell .
- Assembly .o S 2 Vo
4.5.6 Carnage Photocell Assembly . 2-31
4.5.7 Carriage lmcrloqx_svu@e B 2-31
4.6 Detent Mechanism . . .o 2-32
4.6.1 Detent Wheel . 2-32°
4.6.2 Voice Coil Assembiy . - 2-32
4.6.3 PawbBracket Assemblies « . 2-33
4.7 R/W Head Arm Assembly 2-33
4.7.1 Checks, Adjustments, and Rcmovah.. 2-33
4.7.2 Cleaning R/WHeads * . . . . . .. . 23§
- 4.8 Head-Load Mechanism . .© . . . ; . . 23§
4.8.1 Head-Load Cable .* . g <~ .. 235
4.8.2 Head-Load Solenoid and cher 2-36
4.8.3 Solenoid Switches . . .o 2-36
4.8.4 Head-Load Spring Shafts .. 2237
4.8.5 Knock-Off Trip Adjustment R . . 240
~ M . . -

AO04

FRAME LOCATION TABLE

Poge Frame Card

Z-11--- C09 --- 1.2
2-12--- Cl11 --- 1-2.
2-13--- C13 --- 122

2-1

(92}

- Cl7 === 1=2
2-l6-=-= DOl --- 1-2
2-18--- D03 --- 1-2
2-20--+ D09 === 1.2
2-21--« DIl === 1-2
2-22--- Dl4 --- 1-2-
2-23--- Dlé === 1-2
»
2-25-‘i EQC3 --- 1-2
2-26-% E0% --- 1.2
2-27-3.7507 - 1-2
z-zs-;% EQY --- 1-2
2-30--- El3 --- 1-2
2-31v-- E15 === 1-2
2-32--- E17 --- 1-2
2-33--~ BOl --- 1-3
2235 - B07 --- k-3
2-36--- B09 --- 1-3

2-37--- BIl --- 1-3

by
i
w

2-40--- CO1 ---




. FRAME LOCATION TABLE
CONTENTS
45 A.wbary Electrenics 240 Poge Frame Card
4 9.1 Fauit Finding o . 240
4.9.2 [ndex Transducer Checks . 24l
4.9 3 Detent Voice Cou Contro! : . 241 . 2-40--~ COI - 1-3
SECTION 2. FEATURES o . 241
: _ 2-41--- C03 --=-1-3
S. PowerSuppliess . . . . . . . . . . . FR, CO7 1-3. i B - N
SECTION | BASIC UNIT , A _ 243 2-43-=a~ CO07 === 1-3
$.1 Gener ot o 243
5& AC Power . . . . . 243 =
$ 3 Protective Devices o L . . 243 2-45--- Cll --- 1-3
54 18V Reguiators . . ‘ 243 _
$4] Checking . 243 B-1---Cl15 ---1-3
£ & Separated Grounds : . . 243
£ &1 ldenuficanon . o243 : C-1 === C17 === 1-3
$ 8.2 Checking Linkage Be'nez" GM ~ds 243
§53 Drive Belt . . . 243
SECTION 2 FEATURES N P E-1--- D04 ---1-3
6. Locagons . . . . . . . . . ..., FR. Cll l-: INDEX - A09 --- 1-1
6.1 Phyuca Components h . 245 1-2
€ < Electnca SysterS Cemponents - ] 1-3
Appendixes and index
Appendix A. Soecwal Circants . . . . . (Not spplicable) '\
Appendix B. World Trade or L S. Dﬂm .. . FR. Cl51-5
B.1 Power Requirements B-1!
Bi 1l SO-Mz Power Suppiy B-1
B 1 2 60-Hz Power Supply B-1
B.2 Components : B-1
Appendix C. Access to S444 th [BM Sysem 3 . FR Cl7 1-3
C 1 Disk Enclosure Locations . P ot
C.2 Drawer Lock Bypass Procedure c-1
- Appendix D. lmhqumto\(Mmd
Centimeters . . . . . . . . FR., D02 1-53
— ' ’
Amtiwmmom .. . .+ . . . FR. D04 1-3
E.1 Abbgeviations .. . . . . . . . E-1}
E.2 Glossary . . .. . . . . E-t
Index . %g - - . . . . . .. ... FR, @09 121.1-2,1-3
s K3 ’ .

A05.



FRAME LOCATION TABLE

ILLUSTRATIONS
Poge Frome Card
: l-1--- BO7---1-1
’ Part 1. Theory
: 1-2--- B09---1-1
Figure Trrie _Page o o
1 IBM S444 Dlsk.Slorag-:Dme 1- 1 Tle3-=-- Bl3---1-1
1- 2 Track Format for System 3 1- 2 .
1- 37 Sector Format for System 3 1- 2 ~
- 4 Component La: &ut - Top View . 1- 3 1-4--- Bl5---1-1
I- ¢ Compenent Layout - Underside View 1- 4 )
I- 6 Ay Curculation System . ¥ 1- 4, l1-5--- BR17---1-1
1- - Motor Drive 1 Schematic 1- 4
1- 8 % Dnve Spuidle 1- s Y-S _———1
1- 9 Lower Disk Hub Assembly 1- § 1-¢6 col 1-1
1-10 $440 Disk Cartridge 1- s
1-11 UpperDfsk Hub Assembiy 1- 6 l-7==-~ C03---1-1
1-12 Cartridge on Drrve Spmdle 1- 6
1-13 Cartnidge Handle and Release Latch 1- 6 1-8N\-- C05---1-
1-14 Disk Cieaning Brushes 1- - \ > 1-1
I-18 Linkage Mechanism for Disk Cleaning
' Brushes . A o108 1-9--- C07---1-1
i-16 Actuator Assembliy . L 1- 8
117 Carmage and Actuator Assembly — Without 1-10-- C09---1-1
Heads ’ o 1- 9
118 Leadscrew agd Follower . . 1= 9
1-19 . Lavshaft Leadscrew Drve . . 19 1-11-- Cll---1-1
1-2¢ Detent Mechanisn . 1-1g
1-21 Bl of Detent Mechanism . o 1-10 l1-12-- Cl3---1-1
1-22 ad Arm Assembly LR £ O
1-23 +Read Wrnite Head . - 1N 1-13-- =
1-24 Head Load Linkage Principie : 2 Cl5 1-1
1-2¢ Head Load Shaft Operation . o 1ldd
=26 Head Load Solgnoid Assembly -l 1-14-- C1 T==-=-1-1
f-2- Head Load Solenotd Cucuit o 1-13 , '
1-28 Knock-Off Mechanism . . “1-18 1-15-- DOl1=---1-1
129 - Logi Gate Card Layout (Card Side) . S £ 2) )
1-30 Aunthary Electronies .15
1-31 Interiock Switch Curcuits 1-18 1-16-- DO3---1-1
1-32 Upper Index Transducer 1-16
1-33 Lower Index Transducer . : 1-16 1-17-- DOS5-~--1-1
1-34 Track Crossing Sensor Fine Home Sensor 1-17 ,
1-38 - Drnive Disk and Sensor Mask . 1-17 1-18%- DOT=-==1~
1-36 Carnage Photocell 1-17 0 1-1
1-37 " Carniage Photocell Signals . 1-17 A - -
138 Track 000 Indication 1-18 1-19-- D09---1-1
B39 Data Flow and Control . 1-19 . i . .
1-40 Start-Up Sequence - Flowchart 1-20°\ 1-20-~ Dll---1-1
1-44 Start-Up Sequence - Timing T £ | . ) .
1-42 Multipfe Track Head Movement - Operation . . .
Sequence . . A 5P 11 21_.- Dl13---1-1
1-43 Head T orward Operation - Timing X . -
144 Clutch and Detent Signals . . . . . . 1-23 1-22~- D15---1-1
1-45 Access Control Signals . e 2 ‘ 4 . ¢
. . . I o
1-23--'D17-->1-1
ot . ¢ Lo : .

A06



Frgure

1-36

1-47

- 135

149
1-50
1-§]

o
VIV VIR Y IV VY
G IR )

1-¢%
1-59
160
161
162
163
164

ta to ts ts 0
4 w I I

to
»

'lu L S RO S A

L
—
~

——
— O \Q 0o

T:iie
Single Track ticad Movement - Operation
Sequence
Home Detection Logic

~ Head Movemenrt Errcr Loge

4

A Y

*

CE Control Logx
Machine Step Sequence
Machine Stop Loge
Machine Stop Timung
Dermvaticn of C"“pcu'e Write Signal
B‘m Rz2ad Write Head
Harzonta Recording
P rizontal Rezading
D .isiz Frequenyy Reccrding - H..\ and
Puise Relaucnship
wnte Croait - Logie
Write Cioount - Waveforms
Read Cucuit - Logs
Read Curoaib - Wavelorms
Input Power Lines
CE Conuni Panel
Drive Dusx

Part 2. Maintenance

Ty pical Sector and Track Formats
§4443-10-Svstem Interface

Error Recovery Procedure - Suspected HDI cn
Fixed Disk (Part | of 2)

Error Reccvery Procedure - Suspeuled HDl on
Fixed Disk (Part 2 of 2

Error Recovery Procedure - R W Head lor
3 Replacement (Part } of 2) .

Emor Recoveny Procedure — R W Head 2 or
3 Replacement (Part 2 of 2)

CE Panel on DC Box

YoRe Holdout Hook

PM Routine Chart

~ PM Locations

Cmmge Shdes and Lcadscrm Lubnczmon
Detent Assembly Lubricaton .

Conditions of Read-Write Hcads

Disk Cleaning

Runaut Check - Removable Dtsk .

- Bisk Height and Runout Checks — Fixed stk
Beplacement Details — New Fixed Disk .
Adjustmg Cartridge Clamp Mechanisms and
Imteriock Swatches .

’ Lpper [ndex Transducer — Vemcal and

" Horizontal Adjugtments

Page

.23
.24
24

28

e

b bt e b s

260
i-26
=

a-

ae

C et e bes
*

-

-28
-28
-29

—

[

.2

(VY
(VYRS

[ A Y

(Y]
tor W
- »

~
(V3

2-17
2-17

218

ILLUSTRATIONS

A07

s

FRAME LOCATION TABLE

1-26---E35

1-34---B06 --- 1-2
-2-1 ---B09 --- 1-2
2-4 ---B13 --- 1-2
2-3 ---Bl5 --- 1-2
2-6 ---317 --- 1-2
2-7 ---C01 --- 1-2
2-9 ---C04 --- 1-2
2-10---C06 === 1-2
2-11---C09 --- 1-2
2-12---Cl1 --- 1-2
‘1 2-13---c13 --- 1-2
2-15---C17 --=- 1-2
2-16---D01 --- 1-2
2-17---D03 --- 1-2
2-18---p05 --- 1-2 |
'42-19—71007!-—4 1-2

Poge Frame Ec;dkﬁ
-23---D17 =--- 1-1
1-24---E01 --- 1-1
1-25---£03 --- 1-1

-——- 1-1
——- 1-1
——- 1-1
_———1-1

1-31---E17~w-- 1-1

-
1




ILLUSTRATIONS :FRAME LOCATION TABLE

-
Poge Frame Card
2-20--- D09 --< 122
Figure Title Page 2-21--- DIl ---1-2
2-l5 LUpper fnden Tramsduzer - Cocemfersntad -
Adjustment 220 2-22-— Dl4 ---1-2
2-19 Lower Index Transducer 2-21
2-20 Arr Futer Mournting -2 5 . ) 5
22 Roate of Dmie Bel 2 -¢3--- Dle ---1-2
2-22 Spindie Assembiy -2l
2-23 crditior of Disk Cleaning Brashes 1oz 2-24--- EQ] --- 1-2
2-24 Disk Cleaning Brush Drive - Switch N
A% stmen: 228 223 E23 22 122
2-28 7 Actuator Carmage Assembin 228
2- Act.ator Assembiy Algnment 2-2¢ _
227 Lavshait Assembiy (EC Level 391362 2t 2-2c--- EO03 --- 1-2
2-28 Lower Claton Initial Setung 2-2% .
2-29 Checking Drive Tire Wear 2- 2-27--- EOQOT ---1-2
2-30 Clutch Adjustmentand Checxung -
2-31 Drive Disk Adiostiment . 2-
2 5 03 --- -
2-32 Photocell Assembly - Adjustiment z:‘d Detads 2- 2-25--- EO3 1-2
2-33 Carnage [nterlock Switch Adjustment 2
2-34 Vowe Coll Assembiy 2 2-2%--- E1l ---1-2
2-38 R W Head Clearance Chexk 2.33
2-36 Head Arm Alignment. uang CE Cartndge 5 = -
Track 073 a3 <-30 Bl3 ---1-2
2-3° Cable Connections for R w Had AJM 2.38 ~ _ ’
2-18 Cable Routing in R W Head Arm 2-34 2-3l--- El3 --- 1-2
2-39 Head-Load Cabie Adjustment 236 , ’
2-40 Head-Load Sclenoid Switch Adjustment 237 2/’52 --- E17 --- 1-2
24] Head-l oad Spring Shafts - Link Adjustment  2-3§
142 Knock-Offedrip and Trip Lever 2-38 5> 2
243 Knock-Off Tnp Ldjustment . 240 -33--- B0l ---1-3
244 Index Transducer Waveform Check . . 24)
245 Detent Voice Coul Waveforms . 241 2-34--- B0O5 --- 1-3
246 « AC Grounded Areas . 243 ) nd
2-47 Frcnt Top View of 5444 - Lmatlons . 248 2 - . - . _
2-48 Rear Top View of 5444 - Locations . . 245 . 55 BO7 1-3
2-49 Underside View of 5444 - Locations .. 248 -
2-36--- B09 --- 1-3
Appendixes 2-37--- Bll --- 1-3
’ {
B-1 Power Supply Change - Coq#onems to be
: Changed . B 1 2-38--- Bl3 --~+1-3
C-1 Disk Enclosdye Locauons for lB\d S} stem/ 3 . C-1
C-2 False Latch Setup . . . C-1 2-40---.C0O]l --- 1-3
D-1 Conversion Table — lnuhes into \hlllmeters )
and Centimeters ~ . . . . . . .. D-1 2-41--- CO3 --- 1-3
Note: The illust:aiions in this manual haveya code @umber : 2-43--- CO7 --¢x 1-3
adjacent te the caption. This is a pubhshmg control number 1 '
and is unrelated to the subject matter.. 2-45--- Cl1t --- 1-3
2-46--- €13 --- 1-3
. - -
B-1 --- C15 --- 1-3
C-1--- C17 --- 1-3
1 D-1 --- E02 --- 1.3

408




¢t=3 DCa

TM Cl1-1 D11
_TM Cl-1 D15

T™

iﬁMY'EAR Y FR.

® v
-

N

INDEX
e-1
00 LINE  1-2¢
 CPERATION  1-22 .

«

FATICNS
1ACCESS. FORNARD! |

oMmN
(O =t i

[sela]

—t N

v

—t =4 et Tt gl
(@] LOO
b3 b2 2
= L -

L] .
[] .
L] L]
L] .
L] L]

AND REMOUVALS — 2=27
A

1-70
1
I

I a0

NV ITHg o N
WwoDwW—a w
(v8} (WP
[ VoI o

<t

<.

N —t
Qo

—

vo,

b2 3
——

el

%L (G
4 AN

Mo mnm
QOO LOQ
wowoww

NN

(I T T B |

et pod el et ed Pt
QOO

S3IFTES

e e o

AU
o op-(, v o
2z

u
..NM.&
~OW N
Ve N )
N—ZEZ, 00

: >
ZUu O

oCw -

—— > W

nnNOMNON o R INMmM
—t et (Yt O () QO
EEDEE.DEED,\DDBC

NN NN AN N -

(I T T I T T A A

ot =t ] Pl et ) ol g ol ek gt ek 4

L LOOLOVLOLOVLLVY

SISFEITIFTIIHEIX

S o T e el it

T eeed ¥

L]

e o g 0 B o 0 0 g.% o o o
At ! 2
® 8 5o 0 o 0 o 0 8 o & o

e ® o ¢ & o & g 0 o o * a

o~
, 0 e e 0 g 8 8 4 08 0
=~ O Dy
2l NN
U) O ®CH) o & | | e | e @
w X o NN 2
I m—a | (A # ot
OMT *ny | of ol
-1 ~N ‘ lz
— O -y Oa |
g T e e LWy N
) 7 W [ S
s Z JIDNDTF
Y ed (X o0 N0 w,
Uadd Xl N0 -z
cw ajvaz "2y
A e NOOAIT g —
" Sby QO8N

WeragqouZ OV
=0’ T - 70

TETO I DA EXTXOO

—0 A W
W U0 D

ZOrm TNWULUC TNEZOZ49F

WO w000
T dOZA1=~=T T XTI

VN« JU. <T 0y Ll
WwwIDadTaax
>

W
LSS S AN PRI T 24 o)
,CCCLEHﬁ:

. T O

[

(¢}
f— —
g «a

~OOTOD~
ol gt o () gt gred rooed () vt
ooV T U

0O O O O ot et O At
[ O T O O O |
et et el e gt ek e pund =4
LLWLOVLOL

EEIITIEEF

b b b e e
N T -

{

. -

o

Au L 2 s e e ey —
- o

Z 1 o~
g N UV
Ty =
Wy o~ <I

e . —OaWv

<1 N ZCw

- ot ] Pt

na oY W—L
S PL—NO
|l xx w> o
N, QO DO
4o X0
ZX [+ X VAT LYV]
qO e > [ p=]
Z —_e QO W

gt S Sy O W b

O DDw—aONWE-  O>

aFaZa-du>du——g Lol a b OO > a4 Twa
CCOLO>C JdTaa - aesyy

DN = Z T o DDIZ 2 da—a —0Ta  ZNdd—

D U g ) OF J
D «a.

L U> duE-<d

o Ne Wey v,
(Ll o W 3

—Jaza DD

g

.,::...::..oaou‘o-ohjooo [}

-
N0 OPO ¢OM~0
Qe ptrtrt rd el ed
ODNOO QLA PNUO
NN =N NN
[ | [ A0
el ot pded el At
O OO VLV
I¥¥Xy X33y I3
b e
..o..o ° . o & o
e & o
e o o o L) * o 0
. L] l). . . L -
* & o o < e o o
¢ ¢ g0 o ot °
1“
RN
e o o oYM «.3.[.2,
o] LN o |
— (Wi} | o
j e e 0 JN Cw
~N Q -
c Mmul ¥ o
e | N T LT
NI OOT w0
I N=Od - JVa -
- == -
< Ultmiaed TUICE
> VX IVFE W
Ca>WNe Zn
b0 B G W u

wWe~coou © uw C

@ +FEFO

wO e -

wo Zrad 2
> VOO ZO0Z
SOV | Z=uid>Z el

OZ—<Adlw- X QUi
STy LTaui | ZAawC
Ui SO0 — O,
NV IHIX>VNYXda—una 4
wnag DO L3 D0 S
una. "va
L, ol INwWiuIOu WwWT

ac T

Fa

LUWZnnaOx ngOx

wnUraO
da gy T
odo0 nd o

D
o
a

A9



MmO m
XO~000O
LOLWWO

- YO O\ =t
O I I

O et = vd et et

COXTEEX
-

l_

_ INDEX

=25
SCER

~

1
-46
25.

2

DE

2
'

Z NV,

o zZw
ot wX
=z FO
A dil-
I[ACI
xXp->a=
%ﬂOLS
LEQ
wowwXT
Nelxawn
. D
[« 4
o018

X OLOOO0

.

IPT ION

OO MANNINT e NON N O M
QOQQmOmt Trderd OO OO0t OQmiO=-OO O
LAWOoOUWWUOWWOO oW DTDCDCJDC o
OISO NNt NNt~ IOy — N~
L T T T T I O B | [ [ R B A |
ot gl g el o ek el o) el g et el e ol g ek o g e e 4
OQUOOVWOOLOVU VOO VOVOLOY OO ©
FILIITIIFIIITIIFrEYTI XTIIIIY ETI X
e e e e T S S e e e W T S T U el S

P
o.oooo-ooooo;onc.-ooooo ¢ o .
— 3
S o) e 0 0 0 0 0 o e 0 ¢ 0 g 0 o .o .
| T .
N
e o e @ ® ® g ® © o ® e & o ® o © 8 ¢ ® [ ) .
Wt
ooTooo.oooot om- ® o 0 0 o ° o e .
4 .;
W &
ooMooooooooA.k\o ® ¢ 0 g 0 ® o .
o * o)
| 75] et
¢ DO o o e 0 ¢ | e ® o * o 0 g o o LY .
e~ — O ‘ ‘
| ] - -
-—Kl e ® o o 0 ord o o @ o o 0 0| o * . .
~— N "
i - h'4 .- * —
e N e 00 g 0 e L e o 0 e o o . * ¢ N
wx p wnO N |
NIV~ -~ ob . (G -
LI o o 0 @ oI o o o e"e ¢ Z s e e
| ZWw =<
=t O < O . O - No
Qe [T o o U vyt e o o 1._{A ERRCIX Y]
D= ™~ N0 P | WU A0 Z
Im & ™ 3. f 2 | - N X -
L} IL..I.ZLCRI.S\ | O Q="
A,> < — aJWa Y4 N QN
NE N Wk =0 e -
LUC - oa 2 — Zdx<a L
Zwuexo mZ2NF0dEZZ 2 W wou £ «
QWX = | O ZFrXgO+’ WZEIO>IZ- -0 <«
—ZWOZNm~ WOk J=Z T2QWAQOdZZEZm~ W
FIZ>TW ~ FTIWORWZuE=0a OI—wWwe-
AaZ—Ua X aduwax aXo=nk-d CEQ W
— 4 [T - S} W Tt Z 0 JX WU et O

WS b W WL N Y X WO _ O O 000na O

VLZOVVODIVOD0 JIVVAVAICIOOWNOOODL ~—

AN G OUNEQA AL N QUD JX QDI o0

U v e O T U et o WO W DadoalQw +~

(4a) 4442 (Sla] 4:4:-4. dJo]a WP S e d ot k= (e R 4

[+ 4 oo o X <

< gqdq gqq qQd g (&

Q PV OOV CCC‘ -

Py

v

[AAR LIS N N

IITE~-NN0m

medmms ne~m oMo
OUVOPOO OOOLVAQ OO O ~-AARAHO~OO~
DLDODO DOWOLL VL0 OOLL WwWWWWOoo
2?1222 NN~ M= I NSO O et =t i
UL L [ | (| [ | [ Y T T T P O T
§ et ettt e e el et et e pd g ok el g o = g ol gk
OQOVLOVL WLOLOOLLY OHO OUOO QUOULLLLOOD
SYEFY3IT FESTIFT T2y IFITFT IITTFITETE
e e el el el et el ol
e 06 6 0 60 .0 0 6 4 00 ¢ o o e ® o o e ¢ o 0 0 0 o 0
13
< .
e e o ¢ 0 o o 8 0 o * o0 * o e & o o o o ¢ 8 00 o * @
" 6 o ® e & o 0 8 ¢ * e e o o e ® e @ o..coooo.oo
> .
Q
o o s ® o 0 e 0 o o ® 27 oM o e« ® o o e 0 0 0 oD * s
w <0 N o
D ) — 1
® o0 0 00 LU B Yo ALY V| e 0 o o o0 0 o\ s * o
W - : ~N
X ) |
® o ¢ 0 o © e ® o o & oli o e ® o o e 0 o o(\J ¢ ® o
’ wn’ m [
' x Own - Zz
,® s 0 0 o0 e 0 o0 0 o) 22 « 0| . e ® o & ] e ® o
D= N ax
U Oz e
o o 0o o o @ o ® o 0 0 o) oY () e o . e o o o () s o o
N < O LI
< — — wv NLl
nzoljo oo?ou'L.NC ooDo .boAC .
o O ww . E m&
< |} < N > W P Ea,..A ﬁ
M) s e emiCNL(M ® o o 0 o= ..hE..\.n.. oL %, 4 O | .
e oM % 32LG
[ S =~ 3 SlE? % b WL
— e oM ——t\y ® O o= | DX .oTl .AZ X vii) ® o
N w L | Z0Nn < =t NO o«Z
) ECIUIY] — W - N-g . RO~
¥} et~ . e e o7 OY MIXTN | VGO N
zz ——Z g Od a—INNN NI |
<0 XX I | X V) ) b ZLOZZT |~
Q== W= ZNNNZI WIS D ON g Z WOV~
- = | O vuoway WV 4 X QI
Q- O U <L Oy oZd ®© L S T W T
O~ DALV a - [ (OTW JUSIVIL. S oy

x& ZZ«. |’ AESKGHGSGKVG SSVAILRCTU
b= Qv e O XD RBLCNCNTNCCN[EUCLV/ ——2a
ZNU S dNNCONWW OO el F s JTDOZEA I T ZAQ M
HWNy rwmQunaxr Jo® XDZIWZZ00WWLLIQUDZD
CDUCCBDMDLOPTTR LAV I qX LN =T =}

. ol W . UﬂM:
w W uww t:F:tH T e S 22
L Q LOLVO LLOLL WU VOV C

& 3
* - o A 5
e

AlO



-

|

cermMm
[(4S Il | 000
LODODEPACOM
NN~ N PNV
....M____
O =t o vt g g =l gmd b r=ed
XLQREOOUOOLO
- !
‘OsaFyrzEsas
(TTTT ot ol
L

DTS T

T

S,
& s 0 o o ./o o ®
PR T
L] L] * e L] e ©
- 14
Mo et
e | | ® e o /o .
—ON ¥ ]
[} ® o ol g o
[ValVe N
,Q\ELL, 2. 6 o o 0 »
Py Pd
Bad
Otuibet & @i/ ® © O
-l |
X *QOUM e e o o
U oga |
O uw—~
Z e (Ve o o
— (¥R —
(]S N
0 ZZ ) o || @ e
IO Ule=gqQq
O LU b e [a8¥ea!
L e )]
ZZJ W
em=)  JQ
g @y o
TSI Z—a
I Pr-Zne
NOQm— DO~
ZZ2—2200C
gadg .0
ZVNemg X
L L b ot e ) U
—SudEZx Q00
ﬂUOACE%NN
NN e O ot ot
Z722222 g

CoCooTx>»>»-

tCGGQNLﬁr

1-18
LCCATIEN

PO M~AHN—- ™M

O—OO~
LD oWw O

3

=t O0) ot 4 el —t

RN

CF

Wub—Oa,

Z2ZzWwa

ZZar<-

Lo
Taxu
e

Ha vy
AAAIA
b
da g g

onmba

LINE

"OATA (NSAFES

"1-21.

X3

MN~OLO~ONMOMON—~O N

\

O A OF I~ OPO O OMMO~GT
(&) Ordrd A Ot OO0 O mdrd DD OO QO
(@] oLOoNCOUO0 wuw g TOLO0DWWW
. NN~ NN O N~y Y
| 00 T T T U T T T Y R B | T I U S I O |
(@] QUDUOOLLU VOV VLU VOOPLULVY .
= 2323I33I3F II2 23 EITIITIFTE
B e e W e S iy g S TTsTTTTJTTT
- ”,‘w.4 ’ N - .
f e ® o o & & o o ® o o L N 2 e & 0 o o la L] ,
, smt Y
o. e & o o o o o ® o o e o - 6 & & & 0 o & &
Al
) e ® o o ® 3} o o LY o o e ® o ¢ ¢ 4 o @
>
—t
_‘Ao,cooop\uac Noa o o e & & o ¢ 4 0 o
] f . L) v
~..,ﬂw\,h\%¥a..}o o 0o o o ® o ® o o ole L A R R
= . i
u.! o
Z s e e e e g e s e Y e ® () o 4 0 o
= ) o~ .
- : |
® & o © o o o o e s o e o s ® o(\J ® o ¢ o
- .
<1 -
- 0 9 0 0 * o LN I LI e 0 e o 6 o
L= o N g - ‘
! . | m 32
KR I o VIV T I e o ® o] ‘e oL e o s @
uj . N a ~— YINT
[ Gt IV u
— ¢ o o< [ e | <1 <M (> e s w0
o a SNy oL, /H. w -
x — 1o ForTZ 0 Z
| & oD D N O Y =LA e e
> Nt ~ © T T Up. RN
(&} 1N QOON v ¥ - —a o |
2 o —Z7 | O «a - < [ BN akqN]
ur - NZCO==O Yz 2200 N
o) — A7 - Lty OO0OZu |
<@ - Z —uQ O WO Z=QAQ I d N
w wZ = DD T Q= o ERPING
x CIFCr-aNcCuauxyJuwlIa CadZ:n Z
U N U . Z2Zaund o= =—> <rmag
VOF L D0 =S gridly 0 =L >0 —y Z
uw UARCICCCDCLVMCwMCJLPSTCA:
- 0DU wVvFEZIIT ZToa VZ naJE Wil
O U DCy W OCu Ut bwudwwDdDuuu I g
D BAASCARZa >y r>NIS0Jaa>>00
C L= R ;oo o — — — e
O o r L4 AN 0’8 aa
- @) ~ o )} o Hala

MO
Ll Lo Lo 1 5 1o [ N G ) A O~O~O~0O00
LLLDLWO VW WOLUBYOLLOOW
OO N NN Nt OO it et
(L I T I I (] L T T T I O I I
WVWOOOOQO QWO VURNOLUOLOOUW
o . Ll A
FTEIFTIFT -32\ F2F¥53F532523F
st e e
»t.r\'
e o 0o & o o o . o o o8 o g 0 g 0 0 0 o
v.,oooooo ° o oo-.a.ooooo,
® o v * » * o . o o-tooov-oo-c
® o o & g o o ® o ® o & 0.9 0 4 0o * o o
voonoﬂo * e ® o & o 0 © o o o o
® 8 0 0 a0 o e o e o ® o 4 ® 00 o )
V]
(&) . |
® o 0 o o 0o @ * ‘o ® o & o ®. 0 ® » o
| A
- ~N
e o 0 ¢ oM o o o LY 21%700.
] T byt | Q
— AT I . Z
* o 0 o o . . o LI SV VYN *NU =
. C A=Y
R [\ . <O . v é
v g et ety oy NI v RV X IaNY Sl o
— I om ~ Wiy | (.
| i Z [ | —2200T N Y]
~OO o W e 0N N gdad W “or
S SCE- Gl g UrmiT 2D YUV
IS wE TN OZada O
ey g0 un o JTOQOZWZ20
> e My 700 DT e
o =D Z00 NDOTUWNO—L W
— DI I=Z_J = adZe )
FZ2Z qWOIkFdWw WU WleiC—O
Q0o Ziazw axXxcIIZWwDOow
bt ot ot C e T Wi QO C e a0 G
DTTICRIMRTWGIVTUDFSNLF
ChLdXY—WH (2 <a wnzZasDu
XNOOAO T e N = =T D0 Q=X VI
CwCOax YW oZr7waZadDz2 7 -
PO UdD 4 =~ uUOSUO JWOy XY XYY YD
LW V2121721721217 Bd
o e urud LU et bt et ot =t g et
C- cCoCor ™. [aYalntaTaYalalen

i

—

All



[epXede

~ N~
x 000 l
wWWwl WO
NN NN~
[ T N T I A
Qyrdr=domd =t gt gp el
xooo ooob
< ,
VEIXE ITITY
P =

o=t o
— -
| ¥
e 0 0121
o~ o
| L e
X o oy M~ o
w N I Z .
=] =)
Z o ® NO—~L
bt w Kol )
] 1o
(Yoo} Ul -
NW -~ laa
|V W (Ve
NP <« pde 4
[eo] T N—=OQ
N Q.SI.S.
|- WD
N q3I3=0
Zd J494Z
wo o i
x w owvm
TR S S T)
O D=t
DA p=2Z2Z
O Ao
¥a | o
WU D=
XD SO0
$ o= X ww
x TSha-

N0 Wyww

TM C1-1 DOS
T™M C1-2 B12
" TM C1-1 D11

»e

1-19.

LINE
ERRUR ‘RECOVERY PROCEDURE

2-2A°
" 1-20

*ERASE SELECT?

«

»

+24V

'FILE START?

L{hEv

& .

»

(32 et T = MO
O ‘AreO O0=~O00O0~00 00O
TERTI i aldal.c]alals]:0l:a]. ] [s e[ ®Jos]
- NN NHNANHNN NN
[ T T T Tt A T T O T U U P I I
. ettt o e e £l
Q OOV LOOOLVOHLL VOOV
s ISIY ITIIFTIITY T3
— bbb bl e
“e e * o0 P-.P.J-o P
) €.
L[] e ® o o o o ® o ® & o @ e o
. e
. e ® o 0 e 0 ¢ o % 0 e * o 0.
. e ® a o ooo'ooro;.o.
. o-f% oV.oJWﬁo e o o
1
. o @ o e e g 00 Hh oo * s 0
el
1
e, o 0 ¢ ® 0040-.‘.0. LI YoV |
— [Tl
I .
. e o o O 002.‘001.- o o
. . %]
T v ’ i W
N o o ol e ® e ® 00 o b
| 0 X >. . -
— — (S I = ] Trda v
o.£. o ollU ope oMU orm
Q. MOt nI IN»BTzvR
B | 1@ 1w -l W
W) N O - SV) ¢t T o
QUINO ~ OOV W wv.
2O M < | Z— <
wo 1 O N <« e W e
O - e Z2 NED© wnZ
o 2ZZ oZ 259 Wl I
WTrZ  ww -0 WIT—>W=0rO

naw TS O~ I
> =1V} YZo - Wy NCwaNd
AWk QU= OIOV) ol g
OFN>IE—~ZAWD> T

0DV J00YVAOJIN 00V O

NWTHZAT WANVEQ =X XTI~
“Dww . OSWZwuwodagwn-
LI LU0 X WE XZ2O~O

)4 <X Xyoxo <
et bt bt g -000 p]
W W Tledu W u

~ Z

e o o ®
Y] -
(33 1°9] .
eI T oM
|- 3
N k= |
<};8¢2
. \}]
W
o (YO |
WAz

- O

.AA, —
~yu3 -
| QS
wa 0O
WO
wnZmu.
o —

. Y o Wik
xnL>L
o O U
nZI

novVO™ -

Qo
~ X
OO

O

AN AC O AN OM SO OO0MNNNO
Q—OO OUAOOOOOm QO Ortret Ottt QD
DWow OLLBDNVIDLDO OLLDDVODTKOOO
NN et NOMO@O A (et (0 (0 A N —
O S D B T TR AN RN T TR D o I D O
LOWO . LLOLLVLLLLOOO QOOLVLLWOOLOO
F5E ¥ FTITTEITEFEIIY 2I2TFEIFIIFT
b e e b e = e b b e e b e b o e
. A
ac e e 0 ® o 0% o0 0 o ® s 0 0 0 0 0 0T o0 0
o o o 0 e 6 6 o 0 0 s 0 o 0 * e 0 0o 00 0 ® 0 e o
=~ .. Q-
A ~ wn ¥
e 06 0 oI(Y @ & 0 0 @ g 0 0 o ° 3.!.....31.
%_ % S
e o 0o o Joo-.-o-o.o ooo..o%..o
N ve) m -
o~ N x . " T
..-09150;£?3-9.oo Sl.aof&noco
~N | X e ) ’ —_
N L= < 0 [ S
Y /Vo-om.ooob. V.o3oow7owo
" 00 - ) M [on) | m wnv
wn ax X R N | «
T.-’EE-....-..Z. W e o o o SN ju o
pd Moo N X MmO
w M~ . o i | w
Z e QU@ * o 0 ° « ® 0 e O e en s o N_J e
0  —enZ -0 Z W - wN
Q. o b= Z—~ pe Z wv
T o ex<a o o oM Z o ©® oy | e ol o o 0 [Ie,
(IR - Mw T e - T NWe—
o g | 21 w (%] - Wi O}
eI o e N M A ey e XTI c(NOU
x MmknZ=~, | N Ze VO AL
D b ULk DM | X2 W Mzes) JI -
-t X0 T | miQONT VO | ey, SCH
<€ I3 YO N LU= Ty 'y OO
2 wadan | jud x-Zun 10 4 axcO~w
—-. SO 22& w xgaD NZ O z Z.
O =ZZTOHZ Lo ZAWINZ w MZo=—
a4 ZOwNno Souan=-DOzZFo00 Je | OZxZ S
LWLV € UdZ—~IdLWd— UZN—aa )’
W F I W | QW =Y =Z0OW e
O—~Z<494d «aQOLXY Xa a0 X 0 O

N~ IV et DO Nt O g O W

O I=EIXBIE T X daXX-adNyyX>av

ZNLE X0V HZO0D0IVO0VL

VOO0 W

—~ QA <ULNOOIT Y 4V IaLn -WNE _Jaun
2 NTw Oowu) | TwO DAIww

Q apLuoookELdox. BYapiar-{Slal.'{s]a]a]
Z—dgl dadad < < dagda
gaOuwWd ugusul W w VI
ILITIT ITITT T T ITT

«

{



N

e o
OO Y

i : P -
¢ ~H=NINMEMANM NSO MNONT N AN S ESENNON-SNS OON MM ANN—ER O (U N N
X ~MOOOU™mOOm OmOmt elgleloler O QOmOO™QOOMmrt ey IIIOCICQCC QOO QU m~ ~—OOQ )
UL Oo@@ouLoon puad OBy O WO LWwouwoQuwo 000 OMDDODUmEDL OO0 DO a BOBWT D
. .0.‘ . - -
OO ONNM e (N O HONAHANN™ O M NN NN Nyt 111222Jf2? NN Ny Wt NNy
(O T I I B I [ I [N R I I | L S O N O O N D B | 11 L L I T A O S [ I R I | | [ I |
O ettt gt o g P pod ol g et P el g e el ek g ¢ ped oy 4 e et g S g ey ey - o =l ol g yed =
@ OLOOLVULLOVLO LVOUO VVLOLOLOYD OO VOLOCLLVLOLLLVWO LOLL CCCC&CCC (GL RN (S X% RIS N ) LwCCCnan,_
< L - C i :
O 2IIITISTIT IITI IISISS T2 FIFTFIFIIF2II 33 2F2XFEIXES 233 33 03 2232353
Ll o =8 ol o o o o I o o —F et g bt e b e e b e TWT Lant Y L el el st ol M Vo Sy S [l ™
\ N - : b -, . ¥
“ e AR :/ ,(,ﬂ-m, 14\&-W.ﬂ : ‘ ’ A ., )
© 0 0 o 0 ¢ 4 00 o ¢ 0 o ooooo,o,\.\,‘?\.. ® 0P O o 0 0 40 o ¢ o o o\'.o.v.rn.%/{‘{-m.ﬂ‘.‘ o'e - e 6 8 0 ¢ o
. PR Y P : bl / - ' -
e o o 0 e'e o o o o ® o LR RN aN w.\v\‘\oon;oa.ono e o e ® o 6 0 s o 0 0 o ‘s o s . e o 0 2 0 o
‘ : NeJ WAk -~ (-
i o /& ’ ?« 2 f
® ® e o * o5 0 o ¢ ) o & o ® | o & o o *ve 4, O e & e ® o o o o * 4 0 ® ® o 0 0.0 0 0 o e ® o . e L] ® o ° o o o
B3 - o sn~ﬁ. N
t . . N
e % o 0% s 000 (e o . o s o ® * o © 4 o 0 o 0 0 0 0 o e o4 o ® ¢ o 0 06 ¢ %8 4 ® e o 4 * o . * 6 ® 5 a o>
M . N
— w . a8
e & & 0| o 0 o o e« ® o o) e-0 o o LY ® o 0 of~ o' o o o o g @ ® ® o .0 06 9 0 0 4 o o o 4 o o . o.oo_olV
* \
[gV] (%] . o —_
v [ — - \ | L= + 1\
e ® o 0 s ® & o Z o ® o o7 o o o o . o ® o & 2Ny ® o ¥ o, o) o e o 0 0 ¢ @0 o g, * & o * o 3 . e o o .
w uJ . [g¥] — o~
- x I | . « T
© ® o 04 o 0 6 e (Y e ° o o= o o o o e e o 4 0 @ e« o o o a o o o ¢ 0 0T o 0 0o (NNT o o o ¢ o . « o e, o
- o (@] w K ad [Te) o) a4 —_
I O =2 —_ M O ) MG Ne & —
> ®* e oM s o (T * o *T) o e | LI ® e S(NT i o] ©py . . o ey | | | e * o o ) . e o Lax S
w — uj | Q ) - NN | [ —~oyON— | Za < wn
(=) [SURFIN 3 — 0N < ~N NNz N\ Z — . ~ X N I d
zZ N ¢ o LM o0 g LY . o (N LY e e O . & ollj ¢ N eog o +i<I ¢ o & . o ] O e *OOTUW o
— Z 0 a. — - | I - 0 > = ) —— N O m
(a8 o NP~ a oN - a0 N - -~ ANjda W =~ Cuvunun QU — ~ e | N
AR e 4 — e QZ~| L * e ., e e WAZ | guidy) e — ] W T e o} M e T e T s |
- MWU» | UGl g ZZ Ve ~ UG —Z TUOO IO~ OVQ 1 i (1 VN~ —
N UL - ) bt ed | T 2C T 49 N >uw=— W uda, Jd I X Z =00 Z .o C 4
—_ N e — =AW N o) Ty TV AN Ve =T SgZO I T e O ¥ | ~a (on
3 WwWua u<a (% —ad - -y NCV Q@ FVinui- | Z - At (N (& —_— 0Ny (=
=z MoFQW = 00 wa adYeuw Z — TlunvnadaZ ol C WV=—__4 Z a - - U N Zw
@ ¥I| Z8hIzZzN caxzu ' o—~Quiu .« T.TYCIRUA < N = OO0 Dbt e e Va0
VM AZONE=—U Ol Z4WemQZ+— =241 T Z & da-xo=>oda o > dd 77 ey 322 N @ ZWR—C
ow & o=~ O =~JdD0wv ZW OO0 RO DTFD D> A-qULU O 282 $ N0 Z UFDCoun
=T WY ¥k —>U e Z7 WZme NnZO9dDadue YT 2a oru — XTI DO2UIY G O 20—
RNC FTonwupd Ui N N0 » 2 U LU O—-u € xXWw & wu Wl MR = O Eyduny
Qa J=nud o I _JAdNZ0 =L~ Sa > N_ 20 YW 0 adoLCUWE L eSS Wy wa & . —Za coeh
A IO C— T~ QO LT Z U Y W => e XTCNNOFa—~ CNZZZ220CA < b OO0 W > ==X wa
AXT>C | XeOZ =—DEDXx—==~quL Wunx VW LWOZesS 20>~ LA OO, uvV nNd~— C Xnavou o
DLOULC D &= uwadakCdd-al LD0 wDdDauog L d=D ja W20 | e Dd w g NOoCcdaLU
N T QA= ety e N2 TR e e 2 - S TP T ST - 0 2wy JLUZZT7aVnvi U =S vy o Z-
wu gw | > Y XXXW gy YO TODT O Nedboa O U, T Y XA qa T aOU WYy O Ul g
OOTxxO>0WL ZUWWUWAOLDFUW Od NqaVQD U —dibwdg o ITZZZ0CDDITAdxXLWwOD |. ..a0 TN
a AT T L_000C ZAaUVrKF o > >a<B>I LT OC ™72 0 ~0 — u o S anu by
u uuwco ooz 272 = « qu iy —C 0 D daadaadgeal cC O w Z2zZa
I TTITI ottt e Y - i - SIS IISTITEI aling - C cooc,

Al3



INDEX.

1-21

s

"OUTPUT LINES

IO At T OIS PN~ OO M M = O NO—MMA =0, O™ "M 11579777 OnOMN
O~ QOO mimirt i mimmdQddrd OOOOO™ i rd =~ O ~OO—0O0QOO" QO ~ QOAAQ et O () REC) it
TO0 DOLOWWW O WwoLLY LLLALY W O W O DWDLPDLIAW YPOL" Q EEDBBEEBwEDDcE
- . .¢\< . ‘
NN O NNt "t MO NNNOM ot A O OO g 00 ot o ot vt Pa311112111 NNy
[ | I T I T O | [ I N I A (I | | o 1 _.____.rt!1.7/11 S I I I O I B I | [
— ol 9t g =l P g ] PR O P P ot g gt o g ol .1 —, — = g =t g .Iul o = — 4 lllrllll et e v ot oy
0L QOQOUOVLL O CLOLVO VOUWUDOUO -0 I U O LVLLLU VO QOO OO00 VOLVOO
FE¥ IFIXFIFIXY I IXFIIFT ITEIFETE 2 ¥ F 3 2IFITITISI MNM}MT (MNMMMMN TIITE
ol TTTTJWT.T adad ot ad ol B ol 2 o et o I ol TTTTTTTTTGTTT - L S
v : . v e . e -
e o e . @ o ¢ ® g o . ® o ® o o o ,o..o..oJ..oo [ L) . [ o,o.nooo,o:o.' LA [ oot,coo.ooo Pocoo.
— A . - ~ oo
P-4 . > )
W e o e ® 0 o & ¢ () ® &6 & o 0 0 0 o o * o o [ L] L [ ] e ¢ & o .0 ¢ o ° o ® e o . L a & o g & 5 o ¢ ® o 0.0 o
b . . ; i
a : .
-t g @ o % o o 0 4 0 e, o o o o\’ e 8 ® 00 . . L] . efe ® o 0 & 0 ® 0. * o ¢ . e & 0 0 0 o o o LI R D
) o <+ o . : ‘
e | ™ 10 - " : . g .
W e @ e ® o 0| oo . L R VR ¢ e 00 o e LR ST . S0 ® o % 00 e %o e« ? " e e 0% o e LI R
~N ) * )
w o - .
W e o * o o ® e 0 . L I ) ® o 0 ® ¢ o . . . [] o s 0 o0 ¢ 0o\ o/bo ] e & o & & o 0 o o 4 0 o
P4 w N
- g 0 o £ A~ .. .
Z o @ »* e 0F o0 o” 8 ey o WL ® o 0 oge o ¥l . 9 0 0 o 0 45 0 s, o o o . o 0|0 0 g-0 o ® o 0 s o
w — | 20 Al ) . N ™
- v o O - RS ; Ng o~
Z «m LI TV, B . e s MmZ ...9”09.}.”....... . LI R Y » o\ . )} N o o 00 ® 0| o o
-~ N O =0 - e - -~ | N
a | i 4 o | - | 4 - - ) —_ ~
X o\ e 0 e @ N o ¢ NN P * o 000 o.. * L] . s o 8 o 0 o ¢ o 4 » e LY ,\.! ol; e o o [Ta WY [Eas)
: N hn | W O« s A w o~ 1
ol — - T TS M) ? o)) »? zZ « I I o
<L b b e QUM ~NZ W e e TN o LI B T O I RN A BN B S A S U DL 0 00 0 (o o
a ¥ C\gam | 0 juO e Z | — I Na - “WZ XD Dlge
(%] ;WIR_l | X Zx 14 N o~ i N ¢) M 4 w fCRIA Pl
V) erm OGPt W o Wl &) ® o e . ) .\,\Epﬁsu e e M o LOND o r Al U ey o [ ' g ]
- O ) gt 74 Z LYXD>DNZ N WL U SN | ~igqZ N tWw TE>AX | MOl > NN
o | B=0 — wouU —d O (N ! —n TNV I —~d ~ quxOo~ ] | L (Y}
Q0O , v > W U sSIECCNI._RS, N — U AT @ et (ot sty N. @ - N——t—~ O WO
L WO HOO We-OT o NwwZz o~ ﬁ. Z Vv A (e <4 rrwwune R N
, M. =D ZZ - 92 axdi| agou: . e w0 N | (D —~< I o~ A ] i > -
oW ) AR = ZW e DUZNA U z LfOO PN X @ ZZ oay »n nd =)
o O ZTBE&LU W WEN e e > p — Z od 1120 WZOo [EGKAVVK NDLVE T
AV ZLZD=NOT N DW swna g | VU W w g v - RE TN TW Q Ut ZXPZ-Qo <aF ) Ja
V) eX - W IUWVIQW W gED~~WE NWUQA - e W o L ZUmen W O bt < et e WiOr
@, AW 2 —=dOV @ W= Juws L1 o — e e QO z3 -0 QO 2 g DD+.D X W—Qw
WO Y YU noOZXXNAZu WY Dunw D g d M wuw2z QA —WQ OW - TQ UVILITO
S OV JOuWw. M, UZad9m>a Ow> QO = & O Xl e ) Puaaduw g <
ITNW qO_Xd2ZU | 2UADX SO W o Q@ W ——_ ZOOX Lg=—aC . RPRRNCDCL(.A L=~
D HJxQU—=dwdU ] Qx VA lrXxOarFV =~ O o V XXOIAAqLOXXUIYE * DUWWL =@ JDUNAN
Z OUmza (NS s 4 | (@) TZAq0—0> O - O ET=UITN=UTNFZT > me=0Uddddg-nD Dy
- W U0 W XX Xqua Toowuw [ Q SNLdudgllwaNyZN 0O JU il XY ga>>0axxd
— oUW 2 Lo >0aZ-d O 9 QO <« DDACDDDFOCDID d IIqLWOHD00Yn®pu
@ xX TOO0Xx2 .0 XX XTWU 0= 4 W d.Ww g4 a - aQ WO [GITRLIL) 3 o)
a dga «ITO0 'a 00 O0xa. XD W oo W Ww W w oo wr Wwwww”
a aa acaaa « aa aaaa’ ano o = X = oo Y x. » x XX

Al4



N YNt T OORMNNe OO~ NN NN
Ottt O Ot O O Qe O O = O el O O
F@MEEDDEDEEDBBCDBBDEECBD

NNANNANNNANNAOO MO MO AN CNN -
i L T T e T T O T T O T T O T Y IO I
(O 7t et 7ot ol e 1l e P ) gy o ] vl Pt pnf g ol g g P g Pt ed
XOOOOLVLOLUOLLLLOVLULLULOVUL
< .

OF2 3T 3IT2FFIITI2IFITITIIITIFTS
[ adant o o ol ol o ol o o ol o e S o e et et sl e

® 9 ® o g & 0 g ® g 0 0 g 0 g g 8 00 g 0o
) .
o~

® 9 ® o 0 ® .00 % 0 ° 6 ¢ 0. 00606 00 0 4 0 0

Q) e ® & o ®.g 6.0 0 & 0 8 0 ¢ 0 0 o 0 4 0 0
—
|
N @ ® ¢ 0o & g0 0 5 0 0 0 0 4 0 00 0 o ¢ o0
- N
|
o ¢ ®o o o . ® o o 0 o 0 ol @ 0 5 o\, s * o
z o [T S I S
S‘ZA. R N — :
— e Q) e} we s NTEY F ey, 8, s, 0
P4 (Ll oY (@] ooy N>
< | ™ -
I o oy @ L e | o o ° T ) ol e o o
WO : N S G < 2. <
ow w W= Y e A )
Za2m o [ty 20 o eMU L CTNW L) e S
- o O D S R Y, B
LT .Z v oa NTDmD « L
AN o 00 o s e NN Y e ectr /
B S8 e JXN Q0 v v My

ANON | N — OZN_ZCs |

a NI ZINIOIMNWZq I g ——Y
5T AW ANy UynNd | 40
oz LD A4 =+ D —
LU3R o - T &NdQ (o ~
Qx 1D uw a« a QOUVIXUW X O

O Ny (Quy XY WYV W -
w WA= Wy 0000 M xX>XY
OO XWE—DI=IT T aqd A0 >C OO
nbd AT 20 C Ly == 2 0O i
——TT T «d- aC € =T

azCeou L O 8 a ZuawIFTx o
A >S>Z>>>2 0 00C U DU 0 e W

AUt =t I I LD T IA O N
AU gaao=——gwuaodialCauva D
oo DDDFFHHHLPSUVL!FO
r\;Vh
Ld D
QRuc

-~

AR AN MNO OO it MO F VM AT AT =
~HOOOO QO md O rmd et b e b ¢ ) O CF i iid ek e () = () O et
LWROODOUNINOTCTDONONOODOLOWHOOWOU

Lot et (0} N O et = 0) 00 00 () ) O\ ot O O\ 0 O\ O\ et 4 (N O 4
[N T T T T T T T A O T O I IO I T

o gt ol el gt et i oy 1k et ek el ot Pl e o Ol e i o g Pk g ek ek
COLOLOLOVLCLLIVLLLVLDOULLLLULLO

.MMMMWMPMMPNMNMMPMNWMMMMMMM
TTTTTTTTTTTTTTTTTTTTTTJTTT

U

LR @8 © ¢ 8 4 4 4 s 0 0 0 6 0 00 a0 g s e o&f'o‘%;cwo e, ® o g 0 0 @
‘. v ,r.,wod
N : 4 “
oo.o.oooc.cp»oooooo.*b,dooul ® o ¢ © o 9 ® e ® o ¢ o o ®
A \
0............,0.....'.....'.... o 8 0 0 4 o o e O o o 0 4 o
ag— Q) '
AN ! . ™,
oooooooooo.on-owooo.aav‘ﬁaoc-oo e 6 o 0 s 0 o * % s 0 0 o o
- & N o
. . —d
® o 0 ® o * o ¢ ® 0 0 0 4 0 04 ® ¢ 9.0 e & o 0 o e & ¢ ©o ¢ o o o.oo_uoo
2 .
- St
® 0 % o 0 ® 0 o, % 00 s o 0 s e 0 0 0 a0 e o e o 0 @ o 0 o e o o o T e
& U ~N — \g )
IR I —_Z | : I\ -~
..o.-.'o.-.,o,.'.qr. L I B o I BV I YoV I ® o 0 8 o 0y ol o eQ .
' ’ . R o0 . Q}tﬂ.l[{f? <T | — L4 w0
e [ G - ) [T
ooo.ooooooooocooo.oz Al_o\. ® o 0374‘00. Y U(S_
o~ e SN s ol 9% U ' a N
o Zui—HQ} ) 2 NIV Z ‘L
Cr A g\l 8| ® e 0 0 e 0 400 Mg _e.i ol . e o0t O3S Xm
) ~Ooda LIZ O TN DY
T = N — L O T R No =1 0ODu
o e >IN - ] el o of "6 0| | P ~Ul e e e\ ey St 012
| — -~ (AN OX o V1 o V1 Y GRN'SS Sun o= ‘N0 v 0L
— N ~n oM | O~ A DL -y NEYEER N I ) 12
—~ ) XL lwv | * e wakFw oD L ey Y Qa .nNxXgalo
N NON W P08 M~ A - DU ZW 0w, (o G VO I D) g
w od o < Ud> Dy LU -2 U d et %) Vi ar
v o ZO o oaT | Td d DZC O o J (V] ‘Na UV
—ND DX quUio N —> TITAWTIYC ~Z2UV - U B JO
—UOFTA YV SR Z0NTF UrOuD U o | e cou oxZ2Hhe0
DLl dayQ Iy ~—2Z0 Lag oL . JdlFnC e —~ OXigwo OUDW >N
O LY X FOLAVIID Li-Zuw e dad —aAULY -
X >Ca SDLLONE _JUWDU IS0 _JaVeilb- OJC U u | ag -
—WLYC OO Ly . AUFZ a9aazZolC SOUZ ADdIVIN & X Y—ZOa
(DPCENLTﬂDSKVA Wik e Qe NI—- o s VuDa W
apRani B ool o TN Rup il R s FUS TV VR cND L o Ou wd. N dIQ d>»
>>>aquati CCHwsag LLGb/_ YTIDa AT aaquies O\
- Daa 220 Tu We—0NN2Z 2 el OraWZL Gl Nk Z0V0
F[FTAVWFFEACOR(EENNII PDDTTPFHIWMT o ) b
44U Gilddr—y 0 T2 O —- (%] PNVSM‘JD
AAA:f%f[FJ cotgac QDR > S Ul
(V4

LA Vel VAl VARV AR SNVl Ve A L VAR Ve IV XV AT VARV VAIVS

'\

N O™~

Ortrmimd OO~
QUOOALOUV

SN~ OO
[ I |
ol e g ped 7t e
(SIS SIS ISISS)

IT25azTE
TTHTTTT

L
"

~ ;
DNt Ot~

QOQOAQO~-

LOWOOLOOLOW
NN ™

L D T T I

el ol ey o g g >l
CCOCCr O

UlMNlMMVrM.,

e e e

= 4

e

-

T™ C1-1 C13°

1-21

LINE

TTRACK CRUSSINGY

Al5



o oL

TTOMMJNOM e NN O GO Me O

T C1-3 C15

P ANl s W B S BPRNY - PeempSr~m

LetO~OO0O0QOD ™t QmiOO™O O OmirtemtrdOO kD ot ok ey . O o OO0 0

LWwoooowoul O OCuNLLD © LoWWWAd Ww O . 0w O w0 Loy
LI T T T I B I | Fi [ I T I I | | L T I I T I (] ) | [ i | | I I I
otrdmdmtrd pd rtvmd gt b g el pdrod pd ol ol e b et sk ol ol ol d gk el ot el =t L i o L Lo P |
XOUOLOLOVOL VO CCCOC&‘C LOOCOQL OO O ) LU CQC (&) COOOﬁ
< ; : — : \
VEIFXTXTIIT2 I3 XIFTIIT ¥ 23I3IIFIPII 23 2 ¥ TI T 3 % 2ITIFTE
e b b e e

L o aad g e o  aLant od S oot US STU) w Uy e i Wy ey Wi e

, ’e
e 0 & o 0 0 o 0 LY e s ® 0 00 . e % o g 0 0 o >0

o 9 07 & 9 o 0 o o o

~HERTZ CPERATICA

B Te)
e ®© 0 o ® o © o o e o e & o g ° o o e o 3 . oo/“. . ] e o & g o o L]
| "
. N
e & o o 0 o 0 0 o ® o e ©® o o 0 o O . o [ . o o [ ] . e © ¢ o & .
. o~
° Vel
oo-oooo&o LY e O~ - . . e a0l M ) . . e o W . . e 0 o 0 o, .
- ¢ < ¢ ANV N w o )
(@] m . / I ow N —
30.3.0-.0.[0. e sONOQ ¢ . e ® o o <N e o .o | _. pd . Y e ¢ o o 0 0o o
1q ) n Z C NN Q™
NO (. X W &) —
X =~ 0 o of 0y ® m—t e s X e L] ¢« 0 o oLV o o . - ] . e ® o 0o 0 o .
w ] - ¢ Uy —_— PN g N
O ~ [ Zoaw | Sy~ NV owe O
< 4 oY ® eriu(N . o Pl oy 4 ® 0 o erm_ e e o ] WoOWwd U - — e ® 0o 4 006 ~
- (@] < >  Sax = - >0Z - QO -~ |
oY -l | NJx ISl 48} | < xo<da ~ Z Z2=Z L O @ @
QX oA o | DWW o *QW N7 O el N u - Z ® 0 0 o o
00 VM Z VI NZUD quWwd ~— MNOJ N o TR S ) O Uy
laad V20 - CO N ] N 3 EUI - D) |t ] AN ] | — oJ (V] [l and [+ 4 s E(k; ——t
QZNQm o=~ o |na.oex Net o OLXJ e Z L dqg 494 O ZOu ° | .
Tw)|2Z —-—0 NVNNTLNX=- 2 N O - L QU O W DA NN
-V T AY |l L9 | xZ-Z O M ¢ xw D oad == WO L ) | ~
‘ LW U € N g U - | V=2Z Z D g & O =N —~ Z .
VO Z2Z =wu> mepd OXOU = VNZNRZZYW O - w G- Z O
ZZ DJUVOIAd PO ZedJd Q. VO Z2UO0Ad Frm~= ¢ *e —~ X g O Z=
bt el O X =T 2 A X2 W W Ue=QOXE = O V) Wiy W U W e (e
NN == | = O XwZ XUJUW a Zr- Tk ro L - S TY] = e = AOOR OO
VYNE=QAN g, £XWTEOIWRF VI=A JWOI “Da s dg J QU O ZAaZLFDw
OWVEN= OWwW OUVOrmdl V1 Zm_J=~qdUOUmm =~ oW W I OO O J KINTCCG
xX QO OWVY OVUEVE>>Z0 - Z2X>qQxXOL =~a v . X DOD.N —JwJ<q
LOoLALY ODD O~ mZn OALO IOV WO D VL 9 O pPmauOala
(I ww OO0 W "OE - WnFTaAv ' W Z e | W xOWNZI OO
- MUY WNYN Loy XAQWa O qw Wi i — <« OO W0l et T Z
LLLVOIVZZ UG W *Z DVV0AXAVD k.. @O v e, TOOQT =) .
g<ad dad, VAR " T AW U s e T oy L O o Q> g
xxo@o g Zad - a. v =0 CO xx =T +— @ O3 (9
- T O>> N ~ nn el

b = D5DD 2DD >> >> xz=

Al6



'CONTINUED ON
FRAME s

Al7



CONTINUED ON
FRAME

A8



[
Il
lllll
il

|
[l
Alhin
1([“
[

.
-
. -

i ::““l
mm:::' I
.;.Hl::ﬂlll

Tl
Ming! I

Disk Storage Drive
(Machmes with serial no. up to. 30100)
Theory-Mamtenance

© §Y330026-1

BoI



Preface

This manual provides, for maintenance personnel,
instructional information on the IBM 5444 Disk Storage
Drive (machines' with serial numbers up to “30100).
Part 1 (pages prefixed 1-) of the magual describes the
‘theory of operation of the machine, Pant 2 (pages
prefixed 2-) gives its maintenance, and appendixes

- canfain reference data. The manual does not, however,
contain information on control circuits and power
suppliés that are located outside the machine. A
glossary and an index are provided. )

For maintenance of the machipe, it is assumed that the
reader has %ad theoretical and practical training on the
5444 Disk Storage Drive and that he is familiar with the
using system to winrich the 5444 is attached. It is also
assumed that he is familiar with the use of CE tools and

Third Edition (April, 1971)

~

e’
with the servicing techniques that are employed in the
maintenance of IBM equipment. -

Associsted Publications '

The following documentation is associated th.h th:i

manual:

I. ‘The manuals of the using system to which the 5444 is
sttached.

2. Automated logic diagrams and other engineering-
controlled documents for the 5444, These are’
referred to in the manual and ‘are shipped with each
machine.

3. Installation instructions for the 5444, These are also
shipped with each machine.

4. Symptom indexes and service aids for the 5444,
These are distributed by IBM techmcel\perauom
departments as the need arises and are available from
IBM branch offices. .

S. IBM Maintenance Library, 5444 Disk Storgge Drive
{Machines with serial no. below 30100), 5440 Disk
Cartridge, Parts Catalog, Order No. S135-0001.

35 s' fot

. A page of nfety procedures, for both personnel °
and equxpment precedes Part 1 of the munual. ~

This is a major revision of, and obsoletes, SY33-0026-0. Technical changes and
sadditions to the text and illustrations are indicated by a vertical line to the left of the
change. The format of the manual hss been modified to improve useabiligy.

v

Chmps are. conmually made to Notmauon herein; any such changes will be
repotted in mbaequem revisions or Technical Newsletters. -

Requem for copies o(lBM publications should be made to your |BM representative or
to the IBM branch office serving your locality. -

* . SR I RLRET Y et

- publication, If the form has been removed, they may be sent to IBM Unitett
“’ Kingdom Laboratories Ltd., Product Publications, Hursley Park, Winchester,
* . Hants, England. Comments and suggestions become the property of IBM,

o

.- ©® Copyright Intenational Business Machines Corporation 1970

BO2

“... A form for your comments and suggestions is provided at the back of this
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Safety Procedures

PERSONAL SAFETY

Safety cannot be over-emphasized. To ensure personal
safety and that of co-workers, follow safety precautions
at all times.

General Sefety Practices

Become familiar with the general safety practices and
the procedures for artificial respiration that are outlined
in CE Safety Practices, Order No. $229-1264 (shown qn
right). This card is obtainable from IBM Distribution
Center, East Simpson Ferry Road, Mechanicsburg,
Pennsylvania 17055, US A. )

Ssfety Practices at the 5444 _
AC and DC Power: AC power and dc power are presen;
at terminals inside the machine while the using system

remains powered up. Therefore, always turn off power
before working on the machine.

Drive Disk and Drive Tire: Do not clean the drive disk or
drive tire while the machine is running.

Drive Mozer”™ The motor is provided with a thermal
cutou t restores power when the motor has cooled

-after overheating. Always turn off power, therefore,

before working on'the motor.

Isopropyl Alcohol: Use only IBM part 2200200 f
cleaning parts as specified in Part 2. Isoprapy! alcohol is
a flammable liquid; therefore observe strict precautions
tegarding its starage. Keep only the ntinimum quantity
that is needed for immediate use, and store it in the
original container whenever possible. Note the shipping
regulatiohs that ase-given on the container.

The machine can be easily damaged by incorrect opera-
tion and wrong servicing tecf:niques. Cautiona’notes

are inserted in the text of Part 2 and aré summarized
here.

BO3

Brush Mechanism: If the arm that e the bmshw
to be manually retracted, first remove the spring clip
securing the arm, otherwise the retraction mechanism
can be permanently damaged.

Cartridge Removal: Before removing a cartridge during a
fault condition, make sure that the carriage and cleaning

" brushes are fully retracted.

CE Cartridge — Restricted Tracks: Do not overwrite
tracks 004, 005, 006, and 071 ‘through 075. These are
prewritten tracks for use duripg alignment and, once
destroyed, must be factory recreated.

Cleanliness: I the $444, cleanlinesfgi is of the utmost

b ‘.

importance. Because the read/write heads fly clear of the.
disk surface by only 85 millionths of an inch, extremely

‘small particles can be trapped in this gap; fiese particles

can aceumulate until they damage the ditk surfaces or
the head faces. When the machine is being worked on
with the top cover reqioved-. take care not to let tools or
other equipment fall inside the machine. v

- Contamination of Other 5444’s: 1f a head-to-disk inter-
ference occurs s,on a disk xartridge, particles may 'be
generated that can damage other 5444’s if the defective
cartridge- is plased on them. Never fit a suspected
cartridge to_ another 5444, Never fit another cartridge to
a suspected 5444, : ) ’

~ Disk Damage: X '

“1. If the 5444 produces tinkling or screeching sounds, |
immediately iﬁspect ‘the disks and the read/write
heads. . - ' :

- 2. Protect the coated surfaces of the' disks frem any
damage. When installing a read/write head, first wrap’

- a.lint-free tissue, IBM part 2162567, around the heid -
to prevent a head-to-disk contact. .
3. When renoving or replacing an actultor assembly,
- take careful note of the caytions given under the item
4.4 in Part 2, so that the disk will not be damaged.
The actuator assembly must stay in contact with the
base.and not be allowed to lift during the course of
adjustment. )



. CE SAFETY PRACTICES

AN Custgmer Engineers are expected to take every safety -
Mbomoibhwmmwbvinwfﬁyww’i:;
| white maintaining 18M squip

1. You should not work alone under hazardous conditions or
around equipment with dangerous voltage. Always odvise
- ST work alone. :

2 Remove all power AC and DC when removing or assemm
bling mojor components, working in immediate area of
power supplies, performing medhonical inspect; of power
supplies bnd installing changes in machine circvitry.

3. Wall box power switch when turned off should be locked

”

1.

Eoch Customer Enginesr is responsible to be certain that

, "o oction on his part renders product unsafe or exposes

hazards to custemer personnel.

Ploce removed mochine covers in a safe out-of-the-way

place where no one con trip over them.
14. All machine covers must be in place before machine is re-

turnéd to customer.

13. Always place CE tool kit away from walk areas where no
one can trip over it (i.e., under desk or table). ‘
16. Avoid touching mechanical moving parts (i.e., when lubri.

cating, checking for play, etc.).

or togged in off position. “Do not Operate” tags, form Y
229-1266, offixed when applicable. Pull power supply cord

wh bsol . 18. Avoid weari i i
ﬁ enever possible . 5 ng loose clothing that may be caught in machin-

" is ly necessary to work on equipment ’“,’" ory. Shirt sleeves must be left buttoned or rolled above the
.mechonicol parts or exposed live ebow

olectrical circvitry baywhere in the machine, the following . 19. Ties m'\m be tucked in shirt or have a tie clasp (preferably

. When using stroboscope — do not touch ANYTHING — it
may be moving. N )

precavtions must be followed:

)fAl_io*v person femilm with mos_mmoh must

€. Only insulated pliers and screwdrivers shall be vsed.

d. Keep one hand in pocher.

o. When using fest instruments be certoin controls are set
corractly ond’ proper copacity, insulated probes are vsed.

f. Avoid ting @ d potentiol ( | floor strips,
machine fromes, etc. — use witable mh?l mats pur-

. All other conditions that may be hazardovs to your
oyes. REMEMABER, THEY ARE YOUR EYES.

6. Special safety instructions such os handling Cathode Roy

Tubes ond extreme high voltages, must be followed as

Mmhcm'.wwm' of the Maintenonce

7. Do not-vse solvents, chemicals, greases or oils that have
not been epproved by IBM.

8. Avoid using tools br test equipment that have not been
approved by JBM.

9. Reploce worn or broken tools ond test equipment.

V0. Lift by standing or pushing up with stronger leg muscles —
this tokes stroin off bock muscles. Do not lift ony equip-

ment or ports weighing over 60 pounds (27,2 kNogrammes).

V1. AN sofety devices such os guords, shields, signs, ground
wires, etc. shall be restored ofter mol

. KNOWING SARETY RULES IS NOT ENOUGH -
AN UNSAFE ACT WILL INEVITABLY LEAD TO AN ACCIDENT’

USE GOOD JUDGMENT — RUMINATE UNSAFE ACTS
. 229-1244- 1

N

nonconductive) approximately 3 inches from end. Tie chains
are not recommended.

20. Before starting equipment, make certain fellow CE’s and

. customer personnel oge not in a hatardous position.

21. Moaintain good hwu:‘nping in area of machines while per-
forming ond ofter pleting maint e

s.

6. Dot Give Up_

Artificial Respiration
GENERAL CONSIDERATIONS

1. Stert immediately, Seconds Count

Do not move victim unless abso-
lutely necessary to remove from
danger. Do not wait or look for
help or stop to loosen clothing,
warm the victim or apply stimu-
lants.

2. Check Meuth for Obstructions :
Remove foreign objects — Pull

tongue forward.

. 3. Lesspn Clothing — Keop Warm

‘ Take care of these items after vic-
tim is breathing by himself or
when help is ovoilclgb.

4. Romeia in Position

im revives,
re! iration if

ready to

ssary.

Have someone summon medical
aid

Continve withobt interruption until
victim is breathing without help or
is certainly dead.

Reprint Courtesy Mine Safety Applionces
- Co.

Rescwe Breathing for Adults
Victim on His Beck immediately

. Clear threat of water, food, or

foreign matter. -

. Tilt heed back to open air passage.
. Lift jaw up to keep tongue out of

oir passage.

. Pinch mestrils to prevent air leak.

age when you blow.

. Blow until you see chest rise.

Remove your lips and allow lungs
to empty.

. Usten for snoring ond gurglings,

signs of throat obstruction.

. Repeat meuth te mouth breathings

10-20 times @ minute.
Continue rescue brouthing ontil he
broathes for himself.

%\-' Final movuth
mouth
Thumb ond ~

CE Safety Practices Card
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funer Limit Stop Shaft: The setting of the inner limit
stop shaft provides a reference position for the drive
disk. Therefore, loosen either the inner limit stop shaft
or the drive disk (but not both parts) at any one time.

Power, *Sequencing: Do not apply 24V dc without also
applying other loﬁc voltages; otherwise, the voice coil
will be damaged.

Precision Components: Handle and store with extreme
care all components contributing to the accuracy of the
actuator and carriage. In particular, keep the leadscrew,
follo»‘er, and ball slides free from contamination. Store
the head arm assemblies in transit boxes.

eads: Do not touch the™faces of the
eads with your fingers, because skin oil can
attract garticles and erode the head. Do mot blow on the
hea cause saliva can damage similarly.

.S:oﬁarated Grounds: Most of the 5444 is dc grounded,
4he using system enclosure i usually ac grounded.
Ther;fore, make sure that the 5444 is always electrically
‘isolated from the enclosure of the using system.

SLT Cards: Remove power before removingor replacing
a card, to prevent damage to other cards in the circuit.

Y Gale: Make sure that the Y gate pins, protected by
oval connector blockﬁ, are not connected to ground, or
else the detept voice coil will be permanently damaged.
The pins ar€ listed in Part 2, Chapter 1, Section 2.
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1. Introduction

MACHINE DESCRIPTION

- ® The IBM 5444 Disk Storage Drive is a direct-access
storage unit providing up to 40 million bits of data
storage.

® Three models are available.

® Data is stored on both sides of magnetic recording
disks.

. ® An IBM 5440 Disk Cartridge is used as a removable
upper disk. ’

. M'achine/operations of accessing. reading, and writing
_are controlled from the using system.

® Read and write operations are accomplished using
read/write (R/W’) heads.

® An actuator carries the read/write heads over the disk
surfaces.

The 5444 Disk Storage Drive (Figure 1-1) is a
direct-access disk file that provides auxiliary storage for
small computer systems. The unit is designed to be
mounted within the frame of the using system.

The storage medium is a 14 in. (356 mm) diameter
disk. coated on both sides with magnetic iron oxide. The

5444 can accommodate two such disks mounted on a -

common drive spindle. The lower disk is permanently
mounted in an enclosure at the base of the drive spindle.
The top disk forms part of the 5440 Disk Cartridge and
1s removable.

Data is stored in concentric tracks on the recording
surfaces. To replace any defective tracks, three extra
tracks on each surface can be used. One further extra
track per surface is available for use only by the
customer engineer (CE).

Three models of the 5444.are available, the main
differences being the storage capacity and number of
disks used.

Differences between Models

Model 2 is described in this manual; any differences
between models are dealt with where appropriate.
-
Model 1: Two disks. Data is stored on both disks, on
100 tracks of each of the four recording surfaces. The
| total storage capacity is 20 million bits (nominal).

Model 2: Two disks. Data is stored on both disks, on
200 tracks of each of the four recording surfaces. The
|' total storage capacity is 40 million bits (nominal).

Model 3: One disk (removable) only. Data is stored on
200 tracks on each recording surface of this disk. The
l total storage capacity is 20 million bits (nominal).

BO7

Major Units

® The major units are &'e;cribed in detail in Part 1,
Chapter 2.

The 5444 contains two 14 in. (356 mﬁvetic-

recording disks on a common drive spindle. The lower
disk is fixed and the upper disk is contained in the
removable 5440 Disk Cartridge. Writing ahd reading uses
four read/write heads: one for each recording surface.
The four heads are supported in harriage that moves on
linear ball slides withijn the actuator frame.

Movement of the carriage is from a leadscrew driven
via a flexible drive disk which, in turn, obtains its
motion from a constantly-turning layshaft. Forward or
reverse motion of the carriage is given by clutches acting
on the flexible drive disk. The heads are stoppetl at the
correct track by ‘a detent on the leadscrew. A drive
motor rotates the-disks and the laysha'ifl.

The upper removable disk (the only disk vn Model 3)
is permanently enclosed in the 5440. The cartridge may
be easily removed from the 5444 and can by fitted to
other 5444’s. Cartridge’ interchangeability depends on
model. Model 1 reads only the first 100 tracks of a disk
and_so reads only part of a disk written on a Model 2 |
or 3. ' .

MACHINE SAFETY AND DATA PROTECTION

Safety devices on the 5444 control start/stop sequencing
and actuator operations and protect recorded data. The
safety devices include drawer and cartridge interlocks to
prevent access during operation, and interlocks to
‘prevent the 5444 starting when the 5444 is open. The
CE can override the interlocks during maintenance.

The 5444 includes “sensors to monftor the write
circuits during read/write operations. If an unsafe
condition occurs, a ‘data unsafe’ signal is sent to the
using system to inhibit all further read/write operations
until the cause of the unsafe condition is removed.

MACHINE OPERATIONS

® All machine operations are controlled by signals from
the using system. ’

>~

Start/Stop Sequence

® Start and stop sequences are controlled by a ‘+24V
file start’ Jine from the using system.

Before the start-up sequence. commences, the using
system power supplies must be switghed on. and the
drawer and cartridge interlocks made. Start-up sequencé
commences with line *+24V file start’ activated, and

* )
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Cartridge Bottom Cover Cartridge i b - Access Assembly
{Inverted) Clamp Arms :

ERUEEDS A0 AS

IBM 5440 Disk Cartridge Top Cover 4 Drive Motor

Figure 1-1. 1BM $443 Disk Storage Drive  [07461]
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Sector 00

Sector 23 g

Sector 01 i X Sector 00
- + 4k i =1
Id Data \d Data /AIV////CE %
"In!iex Index
Lege

Id: identifier Field
Data: Data Field

Figure 1-2. Track Format for System/3

\

. Gap

[07462]

takes approximately one minute to complete. During
this time, four cleaning brushes sweep acfoss the disk
recording surfaces to remove dust particles. The one
minute sequence also allows the machine electronics gnd
the temperature in the disk enclosure to stabilize.

At the end of the start-up sequence, the disks are
spinning at 1500 rpm with the read/write heads loaded
over the dlsks at track 000. A ‘ready’ signal indicates to
the i usmg system that the 5444 can start operations.

Stop sequence commences when ‘+24V file start’
drops. The read/write heads unload and retract off .the
disks. When the disks have stopped, the 544 can be
opened to remove the disk cartridge.

Note: When *+24V file start’ is.dropped, all dc power
supplies remain on at the mach\tﬂe and ac power is still
présent in the ac box. -

Carriage Movement

® Controlled by ‘access forward’ and ‘access reverse’
lines from the using system.

The 5444 must be ready before a carriage movement can
begin. While the read/write heads are moving over the
tracks on the disk, the 5444 generates ‘track crossing’
pulses to enable the usmg system to detgrmine the head
position. .

When ‘access forward’ or ‘access reverse” is activated, .
the carriage moves the heads acgoss the disk surfaces. -
Forward movement of the heads is towards the disk
center; reverse movement ‘is away from the disk center.
‘When the access command is dropped, a detent
mechanism engages and stops the carriage,\Jeaving the
read/write heads positioned over the required rack. *

Read/Write Operations : o o

® Read/write operations are controlled by ‘read select”,
‘write select’, and ‘erase select’ lines from the usmg
system.

'BO9

To perform a read of write operatnon the appropriate
head is defined by ‘head select’ and ‘diskiselect’ lines.
The read or write is further defined by ‘rgad select’ or
‘write select’ and ‘erase select’ lines respectively from the
using system.

The erase coil is always energized during a write
operation to trim the' edgés of the written data tracks.
This technique is called ‘side erase’.

Manual Control of the 5444
The 5444 may be controlled manually from a CE

- control panel. Two switches on this panel enable the

5444 to be switched off-line tg give manual selection of
any head or track. When controlled from the CE control

panel, the-5444 is write-inhibited.

Machine Control from the Using Systatﬁ

The 5444 is under the complete control of the using
system ‘for accessing, reading, and writing. The 5444
consains access control logic, read/write logic, and safety
and interlock circuits. Twelve input and eight output
lines form an interface with the using system. The
interface is descnbed *1 Part 1, Chapter 3.

.Y
DATA ORGANIZATION
® Track format is determined by the using gystem.

® Where a byte is referred to, an 8-bit byte is implied.

_Cylifider
~ The 5444 contains two disks, totalling four surfaces for

recording. (Model 3 has one- disk, giving two recording
surfaces.) Each disk consssts of 203 concentric cylinders.  _.
(Model 1 consists of 103 tylinders.) Each cylinder has

1-2




i
° 2 Addrm Bytes
L 414 Bits Detining Sector Addrens)

WEE UIT LH'*I'I-I'I'_I')I'OTO

. r-ts Bm-" r— 14 Bytes _.1

ho——— mam-—ol

B OAI A =72 O]

LI
moauav(n ’

P**/A (2772

e

Legend » <
7 AM  Address hhvk::Q bytes) Add
//é Gep S Synchromtiné (1 byte) Check

F Flag (t byte): . Id Field

Figure 1-3. Sector Format for Syutm/i [07463]

two tracks, one on the top surface, and one on the
bottom surface. At each cylinder address, either traek
may be read (or written omo) by selecting thc
appropriate read/wntc head.

Alternate Cylinder Assignment

Model 1 has 103 cylindes, Models 2 and 3 have 203
cylinders. On all models} three of these cylinders gre
used as-alternate cylipnders where data is transferred Yo
replace a defective cy njer. The alternate cylinders are
numbered 001, 002, :(on all models).

-~

' CE Cylinder

. One ext‘ cylinder on each disk (Model 1: cylmdcr 103;
Models 2 and ‘3: cylhinder 203) is-reserved for CE use
during mainjenance.

Track Format for I1BM System/3
® “Each track is divided into 24 sectors.

® An index marker pulse’ indicates the start of each
tracky !

The track format for IBM System/3 is shown in Figure
1-2.Fr. AO9 Each tracKis QMded into 24 equal length sectors. A
data record is identified by specifying the cylinder, head,
and sector number corresponding to that record.

An index marker pulse indigates the start of each track
and ajigns all tracks on any .disk. The index pulses are
derived from indek transducérs ,monisoring» rotation of

- & 4

BIO.

Sector Address (2 bytes) ¢ Cylinder
3 Check Bytes h  Head
Identifier Field s Sector

the two disks. The upper removable disk and the fixed
disk have separate index transducers.

After the index pulse, there is a gap of 32 bytes before
__the first sector is written. This gap allows for vanaﬁon in
the ) pos‘teqn of the indgx pulse :

{

Secto“i' Format for System/3

o Each sector contains-an |dent|ﬁer field and a da‘a
field. 2

® Address marks denote the beginning of each sector.

The sector format for System/3 is shown in Figure 1-3.
The beginning of each sector is denoted by address
marks which are derived from the ‘read data’ output of
the read amplifier. A data separator in the using system
separates ‘read data’ into data pulses and clock pulses.
The data separator also provides address marks indicated
by missing clock pulses. .

The identifier field contains a flag byte, two address
bytes, and three check bytes. The flag byte indicates
either that the entire track is not used because of some
defect, or that the track is an alternate track replacing a”

_defective track. The two address bytes contain the sector

address as a 14-bit binary number. The three check bytes

_ are generated by the using system to verify the |deanzcr

field.

The data field contains one synchronizing byte from
the using system, 256 data bytes, and three check bytes.
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1

2. Functional Units’

’

BASE e
The component parts of the S444 are mounted on a vast
ight-ailoy base A Ctlosed air-circulation -svstem 1s built
into the casting Figures i3 and 1-5 Fr. B15 show the
lavout of the component parts on the base casting

The using svstem provides mounting tacilities tor the
3444 (vee Appendix () oo

Cartridge

4. . Ciamp
AArm:

¢

AIR-CIRCULATION SYSTEM
® A closed air<irculation s)':sfem kccps‘the dik cham-

ber free from contamination. An air filter removes
dust particles. . .

® Impeller blades on the rotating lower disk hub assist
the flow of air

“\
.
. o
- N
.ooe N
Drawer _ Preagwiitier Power
Stop Enclosure - ~ Transistors
(E xtended) (Z Gatel

F xed
Disk
Shie'd

Upper
Index
Transducer

.

Spindie

Figure 1-4. Component Layout — Top View [074644A]

5444 (<30100) T™

BI3

Detent
Cover

Disk Cleaning
Brushes ~ Access Assembly Air Filter

AN

CE Pe
v (Clost

Drive
Motor



>

dish humber via g duct in the base. Thé disk dcamng
the disk cham. Contammation s therefore removed from the air 1n the “brushes park within the airstream.
filter removes disk chamber to avod h(‘adhr-dnk Cimterference A Impeller blades below the lower dlS!( P.lub assembly

‘ closed air-circulation system (Figure | ) Fr. BI15 torce air through the filter and back through the return
mamtains 4 contamination-free environment for the disks duct to the disk chamber. A deflector plate ensures 4
disk hub assist An air filter removes any dust particles down to | 3 stieamline artlow through the tilter and prevents dust

mucron in diameter The wir then recuculates into the particles trom re-entening the disk chamber. '

The read.write heads 1lv close to the dick surtace

4
,‘\\

: . View of Head Load and Brush Mechanisms — Co»:evhomond

Power CE Pane! AC Box | ’ Head :
Transistors % (Closed) Load Mechanism

Detent Drive
iter Cover Motor

Resistor Box Brush Mechanism

. : 3 :

anctional Units 1 - 3
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Drive Motor : Layshatt
Freuro 150 Component Tavouat
Filter

Underade View

,'fdlur Pulley

Cable Duct Anti-Static Y Logic Gate
Assembly

Brush Motor Drawer Stop
e {Retracted)
[7465 2\ *
Filter Disk Clcavmvs Brushes (parl'(e'ﬂ Deflector Plate

.

Return Duct /

.

Figure 1-6. Aar Circulation System

b - -

>< Airflow -

= - =

i O [ o
-—=—=>/ ] /

Impeller Blades

(0746641

"N

0

.

Return Duct / Impeligr Blades / o 7

14

¢
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DRIVE MECHANISM

@ The disks rotate at 1500 rev/min.

® A layshaft puéley incorporated in the drive mechanism
. - provides motive power for the actuator assembly.

® Drive belt tension is automatically set by a
spring-loaded idler pulley.

The disks on the drivé spindle (one only omthe Model 3)

are driven at 1500 rev/min by a 1/17} o7 via a flat

drive belt and.an idler pulley (Figure 1-7). The drive belt

1s coupled via a layshali‘t pulley to the actuator assembly B

which moves the read/wnite heads over the »reciirdj,n.\g;\r
surfaces of the disks. The idler pulley maintains tensian
on the drive beht. ‘

Drive Motor

~

. ® Different drive motors and pulleys are used for 50 Hz,

and 60 Hz operation (see Appendix B).

The drive mdtor is a 1/12 hp capaditor induction motor
and 1s fixed to the" base on a moulded plastic mounting
to ensure ‘that the motor is electrically insulated from
the base. ‘ '

Layshaft Pulley

— A thermal cutout integral with the motor body cuts
off the motor ac supply to protect the motor from
overheating: operation of the cutout shuts down the
5444. The cutout resets automatically when the motor
cools down. Normal machine start-up procedure may
then be performed provided that the cause. of thermal
trip is rectified. ’ '

To enable the 5444 to be operated from SQHz and
60 Hz powey supplies, different drive motors and motor
pulleys are a&ailable (sec Appendix B).

. DC Braking

DC braking ensures that the disks stop rotating within

30 seconds duyring a file-stop-sequence. When ‘+24V file

start’ is dropped, relay KS is enefgized to pass dc

through the drive motor. KS is de-energized when ‘speed

zero’ is activated near the ¥nd of the file-stop-sequence.
2 .

Anti-Static Brush

A carbon bearing on the anti-static brush runs against
the domed base of the drive spindle and grounds the
spindle to the base (that is, logic ground).

U

Drive Motor Pulley

-
N

View from underside of 5444

Figure 1-7. Motor Drive (Schematic) [07467]

Spindle Pulley

Drive Belt. Fit with
smooth side inwards
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Figure 1-8. Drive Spindle

DRIVE SPINDLE
The drive spindle (Figure 1-8), which carries the two

recording disks, runs in two sealed bearings within a

housing bolted to the base. Drive is obtained from the
drive motor via a belt and a.pulley mounted or the
spindle.

A metal nib (early models) or slot (late models) in the,
pulley is sensed by a transducer, which provides an index -

pulse, to indicate the start of each recording track.on the
permanent (lower) disk.

aled Bearings

Housing /

R L Transducer

Drive //

Spindie

%

Sensed Nib (in
plastic pulley)
or Slot (in
metal pulley)

Domed Contact for

‘Puliey
Anti-Static Brush :

[07468A}

RECORDING DISKS . -

® Each disk has coated
magnetized to store bit pattems.

® Models | and 2 use two disks. s
® Model 3 uses one disk. .

® Model 1 uses only tracks 000 to 103.

The disks are constructed from light atloy and are 14 in.

(356 mm) diameter, 0.050 in. (1,3 mm) thick, coated

BI7

susfaces which can be

approxnmately 0.0001 in. (0,003 mm) thick on each side
with epoxy bonded magnetic iron oxide. i

- The usable section (that is, amount traversed’ by R/W
héads) of each disk is 2 in. (50,8 mm) wide from track

000 to track 202. The inner track (202) js at 4.5 in.

(1143 mm) radius and
(0,25 mm) apart.

Models 1 and 2 use two disks (four recordmg surfaces)
and Model 3 uses one disk (two recording surfaces). On
Model 1 only tracks 000 to 103 are used for recording;
access-to the other tracks is limited by the access
mechanism.

the

tracks aré 0.010 in. -

Fixed Disk

® Where two disks are used, the “lower disk is .
penmnently mounted on the hub assembly of the

Fixed Lower Disk Hub Assembly ‘
® The hub assembly is integral with the drive spindle.

a .

The fixed lower disk is secured on the hub assembly by a
clamp ring (Figure 19). Fr.
base of the hub assembly force air through the filter. A
magfietic ring clamps the removable upper disk assembly
to the ﬁxed disk hub assembly .

Removibte Disk

. ® The removable upper disk on its hub assembly is

permanently “enclosed in the 5440, Disk Cartridge
(Figure 1-10) Fr. B18 to protect the recording surfaces.

® The upper disk hub assembly is magnetically clamped
to the lower disk hub assembly and seats on the drive
spindle cone.

® For storage, the removable disk in its cartndge is
placed into the bottom cover.

Upper Disk Hub Assembly

® The removable upper disk is clam'p%d to the upper
disk hub assembly, which is magnetically clamped to
the lower disk hub assembly.

/

B18 Eight impelier blades on the
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Cll‘mp Riné Hub Aﬁcmhly o ' Co\nl‘ - A'h_omil .

Impeller Blades

. Figure 149, Lower Disk Hub Asscmbly  107469]

e

4

|

. |

Top Cover . I
|

f

e~

Drive Spindle
r

Mgt

S O R—

N g
\

RLLLII vows 1171/

ry =

Upper Disk /

Bottom Cover Hub Assembly

Vigure 1-10. 5440 Disk Cartridge [074704A]

- P =T - e oy e

A clamp ring secures the disk to the upper disk hub
assembly (Figure 1-11) Fr, COland the armature ring clamps to
the ring magnet of the lower disk hub assembly, locking \
‘the two disks together on the drive spindle (Figure

* 1-12). The upper disk hub assembly seats on the drive
spindie cone (see Figure 1-12). Fr. CO1

BI8

Magnets (4) Protective Cover

For. storage, the refovable disk is placed” in the
_cartridge bottom cover; the armature ring clamps onto
~four magnets (see Figure 1-13)Ff,"C02 to seal the cartridge
covers. An index slot in the armature ring is used witha
transducer tg provide an index pulse to indicate the start
of each recording track on the upper disk.

CONTINUED ON
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Disk " Clamg Ring

Armatyre Ring

Figure 1-11. Upper Disk Hub'&ssembly 107471
Cartridge N 7 .Cone Upper Duskv Fixed Disk Shield
. AN ’ C Hub Assem61y :
) : Jr . L .
P——J v f‘. N /_1:

‘ . - >
N [ 222727

C e ————

~———=1 - = -

- I — —

- r "‘ 1
1. ;
S s
? ~ ? - -
{ - - —— N .1 :
© Lower Disk . . . i A Base
" Hub Assembly : oL
K : .
- .
L‘\Drive Spindle

o . - ~
Figure 1-12. Cartrigige onDrive Spindle  Y0%472]

3
®\The cartridge carrying handle is used to release the

rtridge from the drive spindié, and to release the
- cartridge bottom cover.

.

' ‘5440 DISK CARTRIDGE

® The disk cartridge is held in position on the lmchme
by two mttndge clamp arms.

- ’ The femovable upper disk ‘on its hub assembly is
. ® When the cartridgeis fnstalled, its’ bottom cover is enflosed between the top cover and the protective cover
stored on top of the cartndge of the cartridge. :

- B e

-COI
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When the cartridge is installed in the 5444, the upper
and lower disk hub assemblies are locked together on the
drive spindle (see Figure 1-12). The upper disk hub
assembly seats on a cone at the top of the drive spindle.

To allow the read/write heads and the cleaning brushes

to enter the top cover, a head entry port and a brush

entry port are provided in its side wall. Four keyways in
the sfle wall ensure correct location of these ports.

When removed from the machine, the top cover is
placed in a bottom cover (see Figure 1-10). Four pot
magnets, set into the bottom cover (see Figure 1-13),
clamp the hub assembly to the bottom cover.

The cartridge is moulded from polycarbonate.
Customer cartridges have a blue top cover with a dull
white bottom cover: CE cartridges have a black top
cover and dull white bottom cover. The cartridges may
be used in any model of 5444.

Cartridge Clamp Arms

‘-

When the cartridge 1s in use, the bottom cover is inverted
to fit on top of the cartridge. Both are then held in

Figure 1-13. Cartridge Hand®and Rélease Latch  [07473A]

position by two cartridge ¢lamp arms (see Figure I-1).
The clamp-arms actuate two cartridge interlocks that
“form part of the machine interlock circuits. These
interlocks inhibit machine start-up if the cartridge or
bottom cover is positioned incorrectly.

The clamp arms, when swung away to permit cartridge
removal, operate a drawer stop at each side of the
machine. These stops prevent the machine being closed
into the drawer while the clamp arms are in the ‘release’
position. ’

Cartridge Handle

The cartridge carrying handle is also used for removing’
~the cartridge from the 5444 drive spindle, or for
releasing the disk from the cartridge bottom cover when
removed from the machine.
To release the disk, the handle is lifted and at the same

l time the cartridge felease latch (Figure 1-13) must be

held against its spring; rotation of the handle then forces

J

”~
Carte dge Re pacs t_qeen

L]

o T Cooverr

0t Magnets (4

Bottom Cover

C02



open the m.:gnetic seal between the upper and lower hub

the drive spindle or in the cartridge bdttom cover, and
the handle allowed to drop.

* For normal carrying purposes. the handle is lifted from :

its horizontal rest position.

Disk Cartridge Handlmg and Storage

When not using the handle the cartridge should be held
with the fingers in the recessed handle corapariment, the
thumnb gripping the bevelled edge set into the bottom
cover. -

Disk cartridges should be stored on top of each other,
or standing on-edge in racks. To facilitate stacking, a
raised portion in the top fits into a recessed area in the
bottom of the next cartridge.

DISK CLEANING BRUSHES

® Two pairs of cleaning briishes are used td sweep dust

pamcles from the tecordmg surfaces. e

®. The b"ﬁ?h sweep cycle forms part of the file start- up

‘sequence,

® The sweep cycle takes approximately one mifiute.

The reaci/wn’te heads fly at 80 to 100 microinches above
the disk surfaces. To avond any head*to-disk interference,
contarmnauop must be removed from the recording

To refxt the disk, it must be positioned LO"CC”)’ on

surfaces. Two sets of cleaning brushes (Figure 1-14 F, CO4 are -

used during the start-up sequence to sweep the recording
surfaces of the disks before .the heads are loaded onto
the disks. This sweep cycle takes approximately one
minute. The ‘ready’ line is not acti until the
bfishes return to the retracted (parked) po¥ion. o

The brushes are mounted on a brush afn, which is

Co3.

driven' across the disks by the brush motor via a link and
cam ‘mechanism. The brush motor is activated by the
*+24V file start’ line. The cam operates the ‘brush cycle-
complete’ microswitch and stops the brush motor. If a
reversible brush mechanism is' fitted (Figure 1-15y, ‘it
causes the brush motor to stall against the fgrward stop
*and to reverse to the retracted stop; if a umdzrccmmal
brush mechanismeis fitted (see’ Figus 1-15),’ it makes
one complete revolution to, the retracted Sl()p Both
types take one minute to cycle

BrusthicrosWitdnﬁ-\

Two microswitches (brush mid-cycle, and brush.cycle
complete) are actuated during the brush sweep cycle to
provide timing signals for use in_the machine start-up
sequence. The switches are operated by a cam fixed to
the brush, motor drive shaft (see Figure 1- 15). Fr. Co5 -

o T
-

- Brush Mo,tm ,
The brush motor. 1$ of the synchwnous type. Because
the 5444 can be eperaledirom SO‘Hz and 60 Hz power
supphes dlffetent brush mGtor ,assembhes are needed
(see Appendix B).,

ACTUATO‘R

® The actuator’ positions the reid/write heads at track .
addresses defi ned by the%g }ystem

1 s )
# The carriage holds and"positions the read ite heads
over'the disks. -

® The acc& mechamsm movesthe dmage

L] The-detent mechanism stops the camage

e .
® Inner and outer limit switches restrict carriage
movement. :

~uactionatnits | 1= 7




Two Recording Disks Disk Cleaning Brushes

Brushes must touch ‘ . '
when off disk
/ : ~

Fique 1-14. Disk Cleaning Brushes [07474]

CO4
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Reversible Brush Mechanism (50-Hz Machines)

Reversibie Brush Mechamsm (50 Hz

&

Brush Mid*Cycle Switch

- .
*

Forward Stop
1 4

. N

e Brush Cyole Complets
» Sevrep h
-
“ Brush-Arm Mounting Shatt :
- Carm Arm
Link
Retracted Stop
1
)
» N :
v 4 . ’ .
Revemb&e Brush Mechanism (Early 60 Hz Machines) )
. , N
4 H
- . Motor Shatr
- . . Housing
Forward Stup .
Brush Cydle Complete Svaitch
tupper switch)
Cam Arm I Brush Mid Cycle Switch
L (lower syitc hi
Brush Arm Mounting Shaft !
Retracted Stop
Link ,“
| J
R < ‘
. < | . .
‘ ‘ . : - b
V. S 3
Undirectional Brush Mechanism (Late 60-Hz Machines) I~
. ¥ .
- ? i !
e /
Brush Mid Cycte Swi.ch /
l’ i
Housing
Motor Driven Cam
Link 4 P )
pm;h Cycle Complete Switeh
- Q"
Brush Arm MOuntl;w‘g Shaft

Figure 1-15. Llnkage‘iechanism for sk Cleaning Brushes  [08429)
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o

l'mr (brgure 116) ecurately posttions the tour

read’‘write heads at the track address detined by the
usng svstem This postionimg s carnied ot within o
speaiticd time.  the
provided by the using system

L]

externgl  control wgnals beiny

Carriage

® The carriage moves on linear ball slides within the
- actuator frame carrying the read/write heads over the
disks

-y
® The read/write heads are in a loaded condition as they
move out

The cartiage s mounted within the sctugtor frame and
runs on hinear ball shdes Read wiite heads on support
arms are fitted mto slots mothe carmiage, A the catniage
moves along the sctuator trame. the readswite heads
maove across the disk surtaces Switches Jttached to the

actuator frame prevent the ?Atnugt‘ trom ',ln(lulg (159

Iun.n\ of travel - .‘w .
Four head Joad spring shatis (.i wure {7V Fr CO7
an the ’ g
. P v
" ’

Heart Lot Catee

Catroag Hetra tedt oterlon

Gt

.

O D tateries St b

Base Casting

Fagure 116, Actuatdr Assembly T [08430)

- CO06

. 4
carnage are operated by o geared linkage medhanism
coupling all tour shatts together to load ﬂlmuhfncouxl_\
The hinkage s operated by a flexible head load cable and
4 head loud dever attyched to shatt number 02 The head
load ‘mechanism has a mechanical knock-oft (trip arm
and trip) to unload the heads ot the carerage s retracted
oft the disks with the reud wnite, heads sull loaded 1he
head Toad mechanism s described later i this chap!e\r

»
7
Actuator Mechanism .o
® Carriage movement s obtained from a rqtating
leadscrew

® The leadscrew drives a follower wheel mounted in the
carriage. -

® Motive power for leadscrew rotation is obtained from

a layshaft via a dv(e tire and flexible drive di

® One of the two clutches holds the flexible disk against
the 'drive tire to give the required direcHon of carriage
movement ’

e
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Track

e gge

Sindes Trip Arems

Posttion

Scate

Lradsg rey

Pagare 117 Carmare and A tuator Assembly Withowt

The carnape s diven alonp the actuator frame by a

leadscrew acting on g spong-loaded tollower wheel and

Head L oad

Litikgge

acts NI S

tollers  attached o the carriage (lJ@:lHL' |-v|h) Fr. C08 vl‘hk'

leadscgew s ‘hield i bedtings at cach end oRthe actuaton
frame and is totated trom the Fayshatt (see Bigure 1220y
The layshatt s doven trom the dove motor vig o drive
belt and rotates contimuoushy while the machime s n
operation.sA 1lexable stanless steel dinve disk s attached
to the end of the leadscrew (higure 1-19) Fr. C0O8

Co7

oate

Pointer

Actoator Meagd L gad
Seiring

Hlrgtts

Aty

g

Head .

L Oad

Sy

One ot two clutch pads holds the dove disk against the «
rotating dnive tire. The upper (torward) cluteh holds the
disk against the upper drving surtace of the tire 1o move
the carnage towards the center of the recording disks
The lower (revense) duteh holds the disk against the
lower dnving surtace 1o move the cartiage away trom the
center of the recording disks.

A pressure pad fixed 1o the end ot cach cluteh
armature prevents wear on the drive disk when the disk



Cartiaqe L eadu row Folltower Wheel
' Rollers(2)

Linear Ball Shides

Inner Limat Stop Shatt
. Actugtor Frame Rutiber Seal

Papure 1 I% A cadsorew antd | olbower 073K}

Choorwwards (e
Ctutch Armature

-
i held aganst the deve tire When o cutch Trenerngized

Pressure Pad

the pressure pad moves towards the dinve tue. toramg
the tlexable disk against the tre donving surtace When

Drive Disk
(tiexible)

the clutch s decenergized, o feturn spong returns the

armuture holding the pressure pad to ats stop position
The leadscrew has o prich of O 1 (254 mm) One

revotution ot the leadscrew. theretore, causes  the
cirnge to move O an that as. 10 tracks at the disk
track density ot 100 tracks perinch.

Leadscrew

Pressure Pad

Detent Mechanism

L © T Clutch Armat
® Two detent pawls engage in a detent wheel to stop , Clotch Armature
carriage movement.

® During an access operation, a yoke holds the pawls

clear of the detent wheel. ‘
Layshatt Lowtr (Hewverse) Crluteh
® The )’()kt is driven hy a voice coil. bagure 119 Lavshatt Teadsarew Drinve |H}F’W»\|
' AN \

Co8



The general view of the detent mecharism s given 16 and 1s held 1nto the detent wheel by a pawl sprin

Figure 1-20. Two spring-loaded pawls engage in a detent To allow the leadscrew to rotate. the voige coil is
wheel,. which ‘acts on the leadscrew and fops the energized, pulling back the yoke which holdy'the pawls
carriage to position the read/write heads accurately. clear of the detent wheel. To stop the hegdscrew the
Each detent pawl (Figure 1.21) Fr, C10 pivots on a woice coil 1s energized in the other directiofl to drive the

" leaf spring 4

Forwerd Clutch Magnet

Y

i
Y

Orive Tire ' 5
. . - x
_ i W . '

A
~
-
\

Fine Home | ; p

Sensor Assembly ®

Detent Whee! . l

S . —
- ¢ . i
. ]
]
]
\ N
> \ . \‘~‘
Layshaft Adjusting Layshaft "-\Reverse Clutch * Detent ~\ Drive' Disk

Screw

-,

_ Figure 1-20. Detent Mechanism  [074780A]
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Voice Coil Assembly

7, SRR
Leadsc \ '\ [N
. &\\\\\‘ \‘\
oo \
Detent
Pewti
Lesf Spring -

Damping Annmbiy‘ .
N . -
Note: Drive tire, drive disk, end clutches omitted for clarity.

Figure 1.21. Detail of Detent MecHanism  [07481]

Y

yoke towards the detent wheel. The pawl springs cause
the two pawls to engage in the teeth of the detent wheel.

One revolution of the detent wheel corresponds to a
arriage movement of 10 tracks. The detent wheel has
10 teeth; therefore, one tooth movement corresponds to
one track: movement of the carriage.

Voite Coil

The voice coil is fixed to the yoke and is center-tapped;

when one half is energized it moves the yoke forwards,
and when the other half is energized moves the yoke
backwards. The. yoke engages and disengages the pawls
in the detent wheel. '

When the using system signals the carriage to move,
the yoke pulls the detent pawls clear of the detent

Clio

wheel. One of the two clutches energizes to drive the
carriage , when the carriage nears the specified track, the
clutch de-energizes. The yoke moves in the reverse
direction and allows the pawls to engage in the detent

‘wheel, stopping the carriage at the correct track.

A 1.8 ms pick pulse (pick 1) and a hold current are
applied t6 the disengage half of the coil. After the pick
pulse drops, the coil continues to move because of the
hold current. When the coil reachds its imit of travel
against a resibent stop, a 0.8 ms pick pulse (pick 2) s
applied to the vail, and holds the coil against the stop to
suppress bounce. . - )

Pick 2 is derived from the back electromotive force
(emf) generated in the undriven (engage) bglf of the coil.
_ The action to engage the pawls is simular but the-
functions of the woice coil halves are reversed. The
disengage half of the coil provides a back emf sense
signal for the engage half. The level of hold- current for
the engage action is 235 mA and for the disengage action
590 mA. ' o : ’

HEAD/ARM ASSEMBLY
® The head/arm assembly (Figure 1.22)Fr, C1lconsists of a

read/write head, support arm, and connecting cable
and plug. - )

® The four head/arm assemblies are clamped to the
carriage.

® The carriage moves within the actuator frame carrying
the heads ové® the disks.

Read/Writs Head )
[/
® The read/write head is mounted on a ceramic slider
and contains a read/write coil, gad an’ erase coil.

® The erase coil follows the read/write coil to trim the
" edges of the written data tracks.

" The read/write head (Figure 1-23) Fr. C12 contains a read/write

coil wound on a single core and an erase coil wound on a
yoke. The read/write pole gap is followed by the split
erase pole tips to ‘side’ erase the edges of the written
data tracks; the erase pole tip is made in the form of a
yoke. The erase coil is connected to the center tap of the
read/write coils and is always energized when writing.



Downward
Facing :\r‘m K

Upwaerd
F scing Arm

Cabie Support Spring

~ o B

Fagure 122 Head Arm aswembhy [07483)

Head Support Arm -

® The head support arm holds and positions the
read. write head *

® The head load spring provides the loading force to
hold the read/write head above the disk surface.

., ‘

The read wnite head on ats ceramic shider 1s mounted on

spring  screwed  to the  support ’ .111_1'1 (see

Figure 1-22). The support arm tits into a slot an the

carnage and the head arm assembly 1s adjusted in this

a leat

Cli

Flexure Spnn’

&\ :

' L—-_(‘,ovrnac Stider

>
“»81“0
C Holes
P
-\
' Resd/Write
4 Pole F ace

“slot to position the head exactly (tracking adjustment)

over the center ot 4 particular track

When the hesds move over the disk surtace, the head
load spring 1s moved by turming the head load shaft to
hold the ceramuc shider down against the pressure of the
ar film and theretore maintain the correct shder-todisk
spacuig A flexure spring allows the head to move freely
about axes tamgental to. and radial toe, the recording
track. The leat spring allows the head to move up and
down to keep the cwrrect anglc relative to the disk
surtace

Functionai Units
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Hesd Load Spring
Besr 0n Dimple

Ceramic Sliger

‘v

Support Arm

Leaf Spring

S der Poyar

Erase - ‘l
Coils N m ’
Erase Polo Faces « - ‘

L e

__ Resd/Write
Col

Resd/Write
Gap- ~\\\
Bottom View'
&t Pole Faces

Figure 1-23 Read Wnfe Head  [074824)
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Flying the Hbeds
® The cersmic slider floats just sbove the rotating disk
surface on a thin film of air.

® The headlosding mechanism is designed to fly the
head at @ specified height above the disk surface.

The film of air beneath the ceramic Pider acts as a2
lubricant between the shder and the rotating disk
surface Whule this aur film 1s maintained, no wear or
abrasion can occur The spinning disk forces air between
the disk and the shdes. lifting the shoe against the head
load, at this point, the head 1s “flying”™ Two bleed holes
in the shder partially reheve the pressure build-up
beneath the shoe

The head load spring bears upon a dimple on the leaf
spring (see Figure 1-23), ‘which transfers the head
loading via the shder pivot button to the ceramic shder
The leat spring 15 biased against the support arm by
approximately 40 grams To overcome this bias the head’
. load spnng provides a load of 186 grams. This places a
load of 246 grams on the shder to just balance the
upward.force from the air film, allowing the shder to fly.
The flying height 1s 80 microinches at the inner track,

and 99 microinches at the outer track.
7

R}ad /ano Signal Level

® The read/write signal level is greater at the outer track
than at the inner track.

For a given load, the head 'flies at a heght proportional
to the velouty of the disk. Because the velocity of the
disk surtace s greater at the outer track than at the inner
track, the flyuing hcngh( at the outer track 1s greater than
the flying height at the inner track.

The read signal increases as the head approaches the
outer track _(the induced voltage at the head 1s
proportional to the rite of change of flux hnes with
ure, amd hence to disk veloaity), but this effect 1s
somewhat reduced because the head 1s further away

from the disk surface.

. ~
.

Ci3

Write current 1s ncreased for tracks 000 through 120
(approxumately) to compensate for the increased flying
height at the outer tracks.

HEAD LOAD MECHANISM

L] Elchmd/wntehaduloadtdbyahudlo.dswtm
on the head load spring shaft.

Omfowhudb.ddnftsmmmedbyaaoknoid
acting through a cable and linkage.

® The heads unlocdr'tially if the disk speed falls
below 64% of maximum. or if a data unsafe condition

exists.

® A knock-off mechanism is 'meorpontefl,&o ensure that
the heads are unlosded before leaving the disk.

When the 5444 1s not in use, the head/arm assembles are
unloaded and retracted off the disks. The heads are not
loaded until the disk reaches full speed. the brush
cleaning cycle 1s completed. and The heads are detented
at track 000. i

To load thg heads, the head load solenpid (Fgure

1-24)'Fr. C14 pulls on the head load cablé to operate a linkage
on the head load spring shafts (Fgure |- ’S) Fr. C15 The shatts

turn and the head load sprangs push the-head shders
towards the disk surface
When the head load solenoid de-energizes, the head
load cable spring returns-the head load shafts hfting the
head load springs, allowing the heads to move away trom
the disk surface
o~

Head Losd Solenoid Assembly .
° Cdnuim a pick winding and a hold winding.

® The hold wmdmg is shoﬂed until the solenood is
picked.

® Head load interii)cks 1 and 2 are operated when the
solenoid is energized.

1-12




Heed Loed Springs
(arrows indicate direction
of movemaent to loed)

* -
3
.
3
Iy
N
a

Return Spring

-

Hesd Load Cabie.

Hepd Load
Solenoid Core

Cabie Adjuster

Cabie Tensioner
2

: -
Figure 1-24 Head Load Linkage Principle [07484A]
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Head Cabig Guide
Loed

Cable

Return Spring
y . +

Actustor
Carrisge

Al
W~
D O NN

Head Assembiy

Figure 1-35. Head Load Shaft Operation {07485

The head load solenoid assembly/ (Eigure 1-26) Fr. C16 s

mounted in the base beneath a mvcr{platciand contamns:
two windings connected in series, a pick winding, and a
hold winding. The hold winding s shorted by head load

“nterlock switch 1 (Figure 1-27) Fr. Gl6unul the solenoid

energizes. When the solenoid plunger nearly bottoms,
the short circuit across the hold winding 1s removed,
which reduces the high pick current to 3 low level,
sufficzent to hold the plunger sealed.

The plunger movement 1s transferred to the operaung .

cable by a lever arm, which operates head ldad interiock
switches 1 and 2. Interlock switch 2 raises the ‘head
loaded OK’ Line. '

»

Knock-Off Mechanism - g
® If tripped, the mechanism must be reset by a CE.

>

® Must be reset before the heads can be loaded.

Under certain fault conditions, the heads could suill

* remain logded when retracted past track 000 towards.
< the edge of .the diks. As a” protection, an off-disk

interlock switch gperates between tracks —003 and

| —00S to unload the heads before they reach :}:}g&d—
the disk. A further protection is a mechanicai®nock-off

- 1n the head I9ad mechanism. ~ .

The mechagiiecal knockoff (Figure 1-28) Fr clémnsisls'ol' a

ClI5

x
[

~
.
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Sol¢npid Switches
(2, stacked) .

p; .

Lever Lever Stop
« Bracket

Resistor

';.ZJV DC Driver’

.

Pick Winding

\N -
. ) Head Load *
. : Interlock 1 Hold Winding
' DC Common &, O ¢
\ | Head-Laad Solenoid Edge Connector EC4 LT e
""‘*»{qgutc 1-26. Head Load Solenoid Assembly  [07486) . Figure. 1-27. Head Load Solenoid Circuit
Trip Arm

Sgppor:'Spnng

Linkage Mechanism 4

.

f Sprin
.Head Load Lever Leaf Spring

M

Fymure 12280 Knock-Ott Mechanism [07488 4]
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’ suppo}g\spring for the head load cable guide, a trip on
the actuator frame; and a knock-off trip arm on the head
load lever. A leaf spring at the base of the cable guide
biases the guide towards the carriage. During normal
operation, the support spring holds the cable guide away -
from the carriage, against the tension of the leaf spring.
If the trip arm pushes the support spring away from the
cable guide, the guide is allowed to spring in towuds the
carriage 10 unload the heads.

H the meehanism is tripped, the fault must be rectified
before the heads are reloaded. Resetting. rhe mechanism
must only be performed be a CE.

AC BOX

~ The ac box is mounted at the rear of the 5444 (see

-Figure 1-4)Fr. B13 and contains the following: 1

1. Terminal block for the ac mput supply from the
using system.

2. Two line filters.

3. Three relays: K1 (drive motor relay) K3 (brush
motor relay), and K5 (drive motor brake relay).

4. Drive motor capacitor.

" The ac box is connected to ac ground and is electrically

- isolated from the base (the base casting is connected to

logic ground). The ac supply is distributed from the ac

box to the drive motor and the brush motor; all

connections are via a terminal block.

DC BOX -

The dc box lsfﬁ'i)unted beneath the ac box (see Figure
* 14)\Fr, 313 and contains the following: 1

1. T;rmmal block for the dc input supply from the using

~System.
/]/" Two relays: K2 (drive sequence) and K4 (head Joad
relay). .
3. Two CE switches, mounted externally.
4. One SLT card (1 wide by -2 high) containing external

components for the mterlockcu'cu:try T

The dc box is connected electrically to the base. Two
CE switches (‘mode-select’ and ‘forward/reverse’) are
mounted on the CE control panel on top of the dc box;
detailed descriptions of these switches are given in
Part 1, Chapter 6. The box hinges open for ease of
servicing.

- Electronic Interiocks
" The electronic interlocks which interface between the

S"“S“N:“

RESISTOR BOX

_ The resistpr box Is mountéd above the drive motor at

the rear of the 5444 (see Figure l-4) and oontam,g the

high-heat dissipation resistors of the voice coil detent
control circuit.

AUXILIARY ELECTRONICS T

® Forms the interface bet\veen the using synem and the
5444,

® Includes all electronics en the nndnne othet than
data channel electronics. N A

The auxiliary electronics, yhich employ‘ SLD-100 log}c’,

are contained on six solid logic technology (SLT) cards

-, within a 2 x 13 SLT board (Figure 1-29). Figure 1-3Q is
‘a schematic diagram of the auxiliary electromcs The

‘¥24V dc driver’ common line is grounded at the usmg
sysg,em ; -

—

5444 and the control signals from the usihg system,
control the solenoids, relays, and motors on the 5444,
and process signals from microswitches and transducers.
The interlocks:

. Condition the start/stop sequencing.

Use command signals from the using system.

Protect against damage by operator error. '

Limit damage caused by machine failure. -

Proyide machine status information to the using
system.

6. Provide CE test facilities. -

Switch lntclo\éu

® The switch interlock circuits are shown in Figure
1-31. Fr, DO2 -

Nh W=

Five interlock switches have associated level converters
that produce the required logic levels:

Offdisk interlock.

Brush cycle complete interlock.

Carriage overrun interlock.

. Carriage retracted interlock.

424V file start’ line. . -, . -
The brush’ mid-cycle mterlock and the head load
interlock 2 require only a resistor to mterfaoe with the

logic.

Cartridge Interlocks: Two interlock switches connectéd
in series with ‘+24V file start’ to prevent machine

" start-up when the cartridge and cartridge bottom cover

are not i sition on top of the machine. The interlock
switches arE\d‘pfrated by the two cartridge clamp arms.

1-14




Brush Mid-Cycle' Interlock: Provides a logic switching
level ‘brush mid-cycle interlock’ for use in the machine

start-up sequence, The interlock switch is operated by a
cam attached to the bmsh motor spind'le. .

~

Brush Cycle Complete Interiock: lndwates completion
-of brush cleaning cycle and raises ‘brush cycle complete’
for use in the machine start-up sequence. The interlock

switch is operated by a cam attached to the brush motor -

"Off-Disk Interock: Mounted on the actuator frame this .
interlock provides, after level conversion, a logic line
indicating if the read/write heads are‘off-disk’ or ‘on .
disk’. The interlock switch is connected in series with
the head load solenoid and is sét at track—004, The
interlock unloads the heads if the carriage is setracted, e
beyond track —004 the heads stlll toaded (a fault’
condmon) / ; &

Note Underx nornfal operating condmons, the carriage
‘cannot &Tetracted'past track 000, During a file stop .

spindle. ‘ , sequencé, the heads are unloadéd as soon as the 424V -
, ‘ file start’ line is de-activated,-and befere the carriage .
retracts past track 000. The switch remains operated
heads are beyond track 004 preventmg the
heads from re-loaded.
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Figire 1-31. Interlock Switch Circuits  [07491A]
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Head Load Interlocks: Ther'e are two head load interlock

switches, both operated by the lever arm attached to the
head load solenoid plunger. Head load interlock 1
. removes the short circuit across the hold winding of the
" head load solenoid to reduce the head load current.
—_Head load interlock 2 indicates that the heads are loaded

aﬂermon provides the logic line ‘heads
. d OK’.

ed in series with the forward §lutch,

inner limit and, after
line ‘access overrun

Carriage Retracted, ln{arlock Mo ted on the actuator
frame and connected in series with the reverse clutch,
this interlock switch stops the carriage at the retracted
position and, after level conversion, raises the Ioglcﬂle
‘carriage retractedi “

Cirwjt Descriptions

Index Amplifiers (Part of Interlock 3 Card) &+ —

There are two index amplifier circuits, one for each of
the two index transducers. Index amplifier 1 is used with
tht upper index transducer; index amplifier 2 is used

with the lower index ‘transducer. Thé appropmte.

amplifier is selected by the condition of ‘disk select
upper’.
The index amplifiers detect  the output sgnals from
the upper or lower index transducers and convert the
\Qg;&als to SLD-100 legic levels.-

indicate the start of each recerding track bn the’

disk, an index marker pulse is obtained on the ‘index
\.pulse' line for each revolution of the disk selected.

£

Spaed Sensors (Speed Sensor Card] .
" The speed sensor card contains two circiilts that'monitor

The

zero detector amplifier uses the output
‘from thz lowe

The 80% speed detector circuit uses the_gutput from
the upper index tunsducer, via index amplifier 1, to
contxol thc ‘speed OK’ line. Dunng a start up wquence,

4

D03

Interiock: Mounted an the actuator -

the disk ‘speed: speed zero detector and 80% speed‘

X transducer tq control the ‘speed, .

wum (1200 rpm) and raises speed oK™ lme The

~

line is dropped if the disk speed falls below 64% of
maximum (960 lpm) : ) .

Photo-Amplifiers (Part of Interiock 2 Card)

m,

to-amplifier circuits convery the

output from 1Is to logic levels:
1. Track crossing photoce¥-w-pgovides ‘track crossing’
line : by

-2. Fine home photocell — provides ‘fine home’ line.

-3. Carriage tocell — provides ‘carriage photo cell lit:'.
line. _ ' S :
Solenoid Drivers

N

There are five solenoid driver ctrqum

1. Head load relay dnver*(voluge regulator wd) .

2. Voice coil driver (voice coilcdriver card, and part of
voltage regulator card). ‘

3. Forward clutch driver (interlock 3 wd) -

4. Reverie clutch driver (interlock 3 card).’

5. Drive motor brake relay driver (interlock 3 card).

The forward and reverse clutch drive circuits are
mutually exclusive: if the ‘access forward® and ‘accesg
reverse’ lines are active nmultqneously (in error), the
first line to become active takes precedence. A 1.5 ms
clutch-off delay is used during th:e automatic control of
a single track meotion to ensure that the clutches stay
energized long enough 15 move the amage through one -
track. "y

lMomesduan
° Therearetwomdextnnsducen oneforend:duk

® The index transducers provide a pulse indicating the
start of each recording track. i .

"« The index tgansducers sense a fixed location on the disks

to indicate the start of each recording track. Because the.
upper disk is removable and is not keyed to the drive
spindle, the index locations for the two disks are not
identical.

The upper index transducer senses a slot cut into the
armature ring on the upper disk hub assembly
(Figure 1-32). The lower index transducer is fixed to the
drive spingle housing to sense a metal nib or a slot cut
into the drive spindle pulley (Figure 1-33); the nib is
used on carly (plastic) pulleys and the slot on late
(metal) pulleys. For both transducers, changes ih
reluctance are detected as the slot or nib passes. Ong
pulse is detected per revolutnon of the disks.

1-16



v : ’
Armasture Ring - Transducer

“Jpper Disk Hub Assembly

« Megnet  Part of Lower
ST Dnsk Hub Aaumbgy

Figure 1-32. Upper Index Transducer  [07492A]

;

Sensed Nib
(Early plastic pulieys)

Serised Slot
(Laté meta) puilgys)

Housing Dri(vo Spindlg  Transducer

Drive
Belt

\

TV R |
\\\\\\\\
oo e

Pulley

Figure 1-33. Lower Index Transducer [07493A]

The transducer output pulses:are fed into two index
amplifiers, one of which is.selected by the ‘upper disk
select’ line to correspond with the disk in use. The index
marker pulse obtained indicates 'the start of each
recording track ‘on the disk; this marker pulse is passed
to the using system via the mdex pulse’ lige.

The output from both transducers is also fed to the
speed sgnsor circuits to monitor the disk speed

.

toy 4

Track Crossing Sensor

® Provides a pulse output for every track aomedhy the
rud/writc heads.

Track crossing indication is provided by ‘a lamp and
" photocell that senses rotation of the flexible drive disk .
attached to thesleadscrew (Figure 1-34). The drive disk
has ten slots (fam 1-35) that allow light to pass to the
photocell to produce™ten output pulses per leadscrew
revblution, that is, .one’pulse for each tgack crossed by
" the read/write heads. The output pulses aré fed to H
photo-amplifier to provide the ‘track érossing’ line. A
hole in the sensor mask plate mounted immediately in
_front. of the phot:éﬂ ensures that the phatocell is
. illuminated only from the track crossing lamp. The track
crossing slots have numbers etched .on the drive disk to

allow the CEto vnsually check the track posmon .

-t
.

. P
e a
L Y -

_ Fine Home Sensor o

* The fine home sensor consists of ‘a Ia;}md photocell
monitoring rotatnon of the flexible drive disk (see Figure

~ 1-34). The fine ome photocell is mounted on the same.
~ printed circuit board as the track crossing photocell.

The fine home photocell is iflluminated twice per
revolution of the drive disk: once through the fine home.
hole in the drive disk and once through the warning slot .
(see Figure 1-35). Fine home pulses are therefore.
obtained- at tracksOOO 010, 020, and so on. Warning _
pulses occur prior tq the .fine home pulses at ",
tracks 001%, 011%, 0215‘: .and so on. The pulses are fed
to a photo-amplifier to p;ovrg_e the ‘fine home area’ line. ’

Carriage Photocell,
® Provides the lines

‘coarse home’, and ‘add write
current’. - S

® With the other photo sensors, provides ‘all cells lit’.
< N R .6
The carriage photocell and lamp are mounted on the
actuator frame (see Figure 1-16). Illumination to the
photocell is interrapted by two metal flags attached. 1o
the carriage (Figure 1-36): the cqime homé flag, and the
add write current flag. The cogrsé home flag darkens the
photocell (from approximately tracks —020 to +005) to
givc the ‘coarsé home’ line. The, add write cutrent flag
> darkens the photocell (between approximately track 115
and the carriage overrun position beyond track. 202) to
drop the ‘add write 8urrent’ line, which then drop; the
additional write curtent needed fo compensate’ for t}{c.
increased flying height of the rcad/wntc heads at thc
_outer tracks.

~
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Mounting

Fine Home
Sensor'Arm

Photocell and , .
Mask Assembly~

—

« [

Sensor Maa’

Figure 1-34. Track Crossing Sensor/Fine Home Sensor ~ (07494 A

garria Phatocell Signals

The phofocell is flluminated between the coarse home
flag and the add write current flag, that is, between
appm)gmately tracks 005 and 115. The photocell
output \s fed to a photo-amplifier to provide the
‘carriage ix; lit" line which is used to produce three other

_ lines: ‘coarse: home’, ‘add write current’, and ‘all cells lit’

(Figure 1-37).

‘Al cells lit’ is used in the machine start-up sequence
to retract the heads from track 010 to track 000, prior
to head loading. . - ‘

. ‘Add write current™is held on by the ‘add write

current’ latch, which is set by ‘carriage pc lit’ during the
machine start-up sequen%(;amagc pc lit’ drops when
the coarse home flag pa the photocell (between
tracks —020 and +005) and raises the ‘coarse home" line.
When the hélds leave track
moves away from the photocel

L' ar track 003,/ op ‘col{\s‘e‘ home’. At
approximately ‘tr 115, the add write current flag

passes the photocell and drops ‘carniage pelit’. The ™ add
-write current’ latch csets at track 120 \when
. ' R )

\the next

DO5

the coarse home flag -
B\a ivating ‘carriage pc

Lamp

Track Crorinq Lamp

/ . .
‘ﬁAe home ggea’ pulse occurs.-The ‘add write current’
laich is not Set again until the heads.are retracted below
_ uﬁck‘ 115; reactivating ‘carriage pc ht'.

' Frack 00Q{Home) Indication
® Track 000 is indicated by the logical c)nllﬁ;lfion of

‘the ‘track crossing’, fine home afea’, and ‘coarse
home’ signals. ©

SIlion 1s a unique position
defined by signals obtained

sensor, the fine home sensor, and
the' carriage | H. The mignals ‘texcR~aossing’, ‘fine

home area’;"and ‘coarse home’ are logically ANDed to
ﬁ,vrﬂﬁj:e ‘*home’. :

* The read/write heads can only load at track 000 and
move there prior 10 head loading during the machine
start-up sequence. Under normal circumstances, the
-home detection logic prevents jhe: carrage from
retracting behind track 000.

The track 000 (or home)
(Fgure l-38) on the §
frqmthe track cross;

1-17




Hole in Mask Fine Honte Hole

’ F . Fine Home
Sengor Mdy/ ) ) Warning Slot
/ :
/
[

‘ [- ]
_ »
s v,
Add w'lte
\ Current Flag
Fine Home Sensor Arm Drive Disk Track Grossing
Stots -

. Actustor
Figure 1-35. ‘Dpve Disk and Sensor Mask  {07495A]

(s

Figure 1-36. Carmnage Photocell  [07496]

Filo Track Croseng g — : E - .
. . All Cells Lt

. o L [ TN
CorsgipCla [~ - ' -~
‘ !
|

A — . Add Write
: | Current

) Add Write Current

Fine Home Area

-—.—J : I»—« '
Home Ares Latch on ss ] FN470
_Coarse Home

A b .
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Forwerd Direction

msv armage Photocell Signals (07497
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_ Treck Number +006 +004 +003 +002 +001

. Track Croming — 1 ' - - SN —R

Coerse Home ——*’
‘ . Werning Pulss , L

Fine Home Aree - y -

Home

I
Figure 1-38. Track 000 Indication  [07498]

DATA CHANNEL ELECTRONICS
. ® Confains circuits for read and write operations

¢ Contains mfety circuits to protect recorded data.

The data chmﬁl contawns the arcuits raquired to enable

the read/wnte heads to write informa{ion onto the
recording disks, or 10 read information ffom the disks.

. The data channel also contains safety cwcuits to ensure
that read and write operations take place only when 1t 13
safe to' do %0. Separate head select cucuits are used for

the read and write operations.

The data channel cucwts are contained in four SLT,

| cards, three of which are mounted 10 a 2 x 13 SLT board
(see Figure 1-29) The fourth' card (matrix and
preamplifier) 13 mounted 1n the preamplifier enclosure

D07
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' - ‘Read Select’:

3. P'rinciples~ of Operaiion

COMMUNICATION LINES

® A total of 23 communication lines are connected
between the. 5444 and the using system (Figure 1-39).

® 12 input lines supply signals to the 5444 from the
system contyol circuits.:

® 8 output lines supply signals from the 5444 to the
system control circuits.

®3 addmonal Imes are available - for timing analysis ,

programs (TAP’s).

"The machme operations are controlled by copimand
signals from the u;ing system via input communication
lines. ©utput communication lines provige: machine
status information to the using system, indicating that

the machine is conditioned to respond to. the systenr

command signals, .
. The signal levels referred to in this section correspond
to the standard SLD-100 logic levels, as follows:

Up level: +3.0V dcto +6.6V dc. !

Down level: 0V dcto +0.3V dc. .

Note Thgi voltages are mreasured at the machme/

_system in .
" Al signal lined nnéct to the 5444 via'three hun‘-wide

“tape cables that plug into the 2x I13SLT board
mounted in the Iogxc gate at the front of the-machine
(see Figure 1-29). .
. Note: The 5444 derives power from the using systcm .

Input Cgmmunication Lines

® The 12 input lines condmon the 5444 for they ‘

read/write opcratlons

® The lines also provide the command signals to control
these functions.
4 n
Activated at a down level and gated with
the ‘d1sk select’
read/wme head .defined by these lchl a read
operatnon -Read signals from the selected head ate then

"

5444 (<30700) ™

ang ‘head select’ hnes to select the -

¢

D09

fed to the read amplifier circBits. ‘Read select’ may not
be activated in the following cucumstances . )
1. During . the head settling txme followmg Aan access
operation. :
2. Until_at least- Sus after the d:sl; select lines are
switched. .

A 3

- 3. Following a write operation, until at least 1.2us after

‘erase select’ is dropped. . A

‘Disk Select Upper’ and ‘Disk 'Select Lower'."Thcs; two ’

» lines define which disk is to be used for read or write

ogeiatnons Each line is activated by a down level. An up

" level on both lines deselects both disks; a down.(active)

level on both lines is an unsafe eondmon when ‘write

select’ is activated. The lines may not be switched under

the followinggircumstances: un J :

1 "Following a write operation,(untit at least lus after
‘erase select’ is dropped.

*2. Following a reatl operation, until at least lus‘fter

‘read select’ is droppe.

. ’ ’ .
Head Select Upper’ and ‘Head Select Lower’: These two
lines define which read/write hiead is to be used for read
or write operations on the disk defined by the disk select
lines. The operating levels and switching conditions for

the head select lines are “the same as those’ f’ér the disk
select lines. p

.'Double Frequency Write Data’: Carries the input write
data to the 5444 and drives the 5444 write tr The
leading edge of each pulse on the, ‘double freq&ency'
write data’ line causes a magnetic flux reversal to be
recorded on the selected disk surface- The line carries
clock pulses ‘interspersed with data pulses. When ‘write
select’ is activated, the first pulse occurs on the ‘double
frequency write data’ line within 315.ns. ‘Write select’
drops 315 ns after the leading edge of the last pulse.

I —

‘Erase Selegt’: Activated at a down level a;nd pated with
thg,dl’ig:d head select lines to select the tﬁad for a

write (and erasg) opergtion. Erase current flows in the |
erase coil (ddring a write operation, the erase: il is-

energized as well as ‘the write coil). ‘Erase select’ is
{

»
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‘ =\ AN :
activated within lus of ‘write select’, and dropped 24us
after ‘write select’ is diopped. Followirg -a read
operation, ‘erasé select’ is not activated until at least

1.2us after ‘read scl?»droppcd. :

« ‘Write Select’: Activatfed at a down level; write current is
turned on in the write coil provided that ‘erase select’ is
also activated. Data on the ‘double frequency write data’
line is then written onto the selected disk surface. Write
operations are inhibited when the 5444 is off-line and
under contsol of CE control panel. The ‘write select’ line
is activated’ within lus of ‘erase select’ and may not be
activated under the follgwing circymstances:

1. During the Head settling fime following a head
movement: TN s

2. Until at least S us after the disk select and head select
lines are switched. . _

-3 Following\& read operation, until at least 1.2 us after
" ‘read select’ is dropped. - : "

‘Power On Reset’: Resets the machine safety latches
" when the using system dc¢ supply is first switéhéd on and
provides ‘ﬂle internal line ‘data unsafe reset’ toireset the
three safety latches. The line switches to a down level
“for 1 ms.- . . N

‘Access Forward': Activated at a down level and releases
the detent mechanism, allowing the carriage to move.
Tht forward clutch is then energized, moving the
carnage (and read/write heads) forwards, toward t};e
disk center.-*Ac¢cess forward’ must not be activated at
the same time as ‘access reverse’. . .

- X : N
‘Access Reverse’: Activated at a down level, releasing the
detent mechanism and allowing the carriage to move.
The reverse clutch” energizes, moving the carriage
backwards. away frqm the disk center. ‘Access reverse’

‘must_not ‘be activated at the same time as ‘access

forward’. |

»

‘+24V File Start’: Activated when switched to +24V dc.:

The line controls ac power to the drive motor and

initiates the start-up sequence. The cartridge interldtks

(operated by the cartridge clamp arms) are connected in

series with the '+24V file start. line. These interlocks

drop *+24V file start’ to prevent start-up sequence if the
, cartridge 1s not 4n position on the machine. "

Dli

-

Initigl machine 1. Using system supplying
conditions satisfied ac and dc power to
machine. " - -
- 2. Qisk cleaning brushes
parkid.
. T 3. Ccrriogg retracted.
= ZA220 ° 14. Mode. select switch on
’ . CE panel set to ‘on-line’.
'+24V file start’ activated 5. Cartridge in position.
» ' FN440
Resets ‘bower on
‘File reset’ activated .
v rever_bn‘ latch
’ »
ZA220

K1 and K2 energized via
) brush cycle complete,
interlock

0

Drive motor energized via
K1-1, K_! held on by
K2-2.

|Brush

trans
Fbrast:

K 3 energized via K2-3 and

off-disk interlock

EN445

Drive motor energized,
13ks runng up to speed.

Brush motor energized to
art bru;h cleaning cycie

-

Disk speed increases
“'speed zero’ deactivated,
drops ‘cartridge safe’ .

.

v ZA220

Operator access to
machine 13 now inhibited

~
.

Brush cycie progresses,
" brush cygle complete
interlock transferred

rovides alternative ground
turn path for K3 to

eep brush motor ¢
nergized

8rush cycle corsplote'
deactivated i_
Y

Drops ‘tile reset’

Reve

T

|

iy [ .
Figure 140. St4ri-Up Sequcnc} - Flowchart  [07500A]
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© FN445

Disks approach full speed,

"|'speed OK’ activated

_jBrush midcycle interlock '

transferred, activates
‘brush mid-cycie interlock’

2

~ FN440 N
‘Data unsafe reset’ N
activated F(mu write safetyMatches
- FN440 '

‘Power on forward"
activated

Carriage moves forwards

FN470

oL

‘Coerse home' activatad

At aoproﬁr/rwtely track
-020 ¢

ZA220

Oft-disk interlock
transferred .

- <. »

‘At spproximajely track
‘~004. Drops ‘off disk’.
Ground return path for
K3 now via brush cycle
complete mte_iloci

T

L]

‘Coarse home' dropped

At aooro:-rnssmﬁy track
+005 .

FN470

<

X

* "All cells lct'..;tlvotod

-

. zAa230

]

At track +010. Drogps
‘power on forward’ and
aClivates ‘pOwer On reverse’

Energ;zes !prwar@flutch; e

FN460

1-20

v

‘Inhibit retract’ sctivated

.

At track +001.
De-energizes reverse clutch

,
FN480 f
‘Detent’ activated. Detent ‘Detent’ activated when
mechanism engages neither clutch is energized
leadscrew to stop' carriage
over track 000
.
Tk
Brush mid-cycle :nteitogk = Heads now over track
transferred. ‘Brush mid- 000, with detent engaged;
cycle interlock’ dropped, disks are running st h.rl'l
which removes reset on speed; brush cleaning
'head load’ latch. ‘Power cycle continuing
| on reverse’ also dropped”
S
* ) “ FN440
‘ﬁnd heads’ activated K4 energizes. )
: R . Head load solenoid
energizes via K4-1,
K2-1, and off-disk
interlock. (ZA230)
1
) ZA230
o=
'Heads loaded OK’ Heads are now loaded
activated via head load over track 000
interiock 2 - \ E
h - )
! ° .
ZA220

Brush cycle complete
interiock transferred

Reverse clutch energized

Detent mechanism not
engaged. Carr}qp moves
beckwards towsrds
track 000

‘Brush cycle compiete

activated :
F NMO\

( 'Rnov" activated } - =

DI2

R
Removes ground return’
path for K3. Brush motor
de-energizes.
Brushcleaning cycle
completes after approx-
imately 1 minute

5444 13 now ready to
move heads over disks
,and pertorm read/write

operations




_ Output Communiutlon Lmu

‘® The eight output lines provnde machine status
information to the using system.

w

‘Read Data’: Carries clock pulses mtcrspersed with data

.pulses from “the read amplifier circuits. Each 100 ns
pulse corresponds to a magnetic flux rewersal on the disk
surface. (The up level depends on the type of data
separator used by the using system. )

‘Data Unsafe Activated at an up level to mdlcatp
unsafe condition in the 5444 Three safety latches detect

unsafe conditions in the write circuits during read/write _

operations.  Further read/write operations are then
inhibited. (See “*‘Safety Circuits” under *‘Read/Write
Operations'.)

‘Track C‘ros.smg " The positive-going edge of eaéh pulse
indicates euch track crossed by the read/wrnte heads. The
pulses are obtained from the track crossing photocell
and give the using system a continuous indication of
read/write head position. When the. carnage starts to
move, a 1.5 ms positive-going pulse indicates the first
‘track crossed. subsequent pulses have a pulse width of
approxlmately | msat 3.5 msintervals. The pulscs are at
up level while the heads cross the tracks, butare at down
level when the hcads are stationary over a track.

yYote: To stop the carriage; #3ccess forward’ or ‘access
reverse’ drop wathin 10us after the positive-going edge of
the last track crossing pulse.

‘Index Pulse’: Carnes 43us positive-going index pulses
indicating the start of each recording grack. After
amplification, the output from either the upper or lower
index transducers is selected by the "disk select upper’
line or the ‘disk sélect lower' ine When neitheiydisk
select hire 1s acuvated, the lower transducer outputy

available on the "index pulse’ ine.

‘Home': Indicates that the read/wnte heads are
positioned over track 000 The line is. agtivated at a .
down level when the lines ‘fine hcme jarea’, “track
crossing’, and ‘coarse home’ are ANDed jogether, and
when the forward clutch s not selected

‘Access Overrun’: Indicates that the| carriage has
incorrectly moved beyond its inner lumiyj of travel, that
is, beyond track 103 for Model | and be/Lond track 203
for Models 2 and 3 The line 1s activated/at a down level.

‘Ready ' Acuvated at a down level un
condrtions indicating that the 53444 s ready

!‘he !ollowmg

If Start-up delay time expired and brush cleaning cycle
{ complete.

" Disks running at full speed.

. Heads loaded at track 000.

4 CE mode select switch set to ‘on- -line’.
Durmg normal operations, ‘ready’ remains down, but
rises if any one of the following conditions occurs:
. AC\powcr fails.
. Disk speed drops to an unsafe level (below 966 rpm)
Heads unjoaded.

‘4. An unsafe, conditign exists (mdlcated by da(a unsafe’
"~ line). ¢ !

‘Carmdge Safg’: Activated at down level to indicate
when the operator can gain access to the machine and
the disk cartridge. The following lmes are required to
gnve “cartridge safe’:
. ‘Brush cycle complete’.
J 2. +«Not ‘gated file start’.
3. ‘Speed’zero’. "
4. Not ‘speed OK'. )
5. “Carnage-retracted’:
6. "Off disk’. .

L

W=

MACHINE OPERATIONS :

. Mathmc operations gre con&rolled by "command
signals from the using iys(em

® Movement of heads over the :disks is controlled by
*access forward’ and ‘"access revgrse’.

® Start/stop sequencing is controlled by ‘+24V file
start’.

Machine Safety

Pl

The following safety devices are incorporated on the-r

5444 A .

. 'Two mechanical drawer stops: prevent the 5444

.bemg\noved into 1ts enclosure with the cartndge

clamp arms open.

Two cartnidge interlock switches: prevent machine

start up f the Lanndge clamp arms are open. - ¢

3 80% speed detectar circutt: indicates when the disk
rotation speed,has fallen to an unsafe level.

4. Off-disk interlock switch: unloads the heads if the
carriage 1s retracted past track -004. '

. Knock-off mechanism: mechanically unloads the
heads before they reach the disk edge (a backup to
the of f-disk interlock switch).

-~
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6. Head load interlock switch 2: indicates that the heads ® The purpose is to allow time for the disk cleaning

. are loaded. . cycle to complete, the electronics to stabilize, and the
7. Carrjage overrun interlock switch: prevents carriage disk enclosure temperature to stabilize.
travel past the inner limit. . . .
8. Carriage retracted interlock switch! stops carriage ® Takes approximately 1 minute to complete. .

travel at the retracted position. ® When complete, activates ‘ready’ line, and machijne

can perform operations under control of the using

system. .
“Start-Up Sequente ® The sequence is shown in Figure 1-40. Fr. on
® Initiated when ‘+24V file start’ is activated. - . ® Timing is given in-Figure 14,

. +24V File Start
Orive Motor Relay Energized (K1)
Brush Motor Relay Energized (K3)

Brush Cycle Complete

Brush Mid-cycle Interlock

. o Cartridge Safe

Speed OK

File Reset

Power On Forward

Forward Clutch Energized

Carriage Retracted - h

Off Disk

Coarse Home

Power On Reverse
-

Reverse Clutch Energized

Yn.tm Retract
.

que

Load Heads

Ready

Figure 1-41. Start-Up Sequence Timing [07502A)
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: ’ mw Movement Across Disks
@c’” '°m'd"°"""'9 ‘® Controlled by command signals. from the using. .

system. ¢ - .
FN48O , - :
“Ground forward, clutgh’ Enerpizes forward - ® These commands are ‘access forward’ and ‘_access
activated clutch reverse’.
v . 4
FN480 . : o s If heads move to wrong location, the using syltem
‘Detent’ dropped. Detent Carriage can now - 'may use a recalibration openuon to reset the
mechanism disengages move forwards read/write heads to a known track position, for
teadscrew + example, track 000.
. FN470 - - ® Dyring maintepance, the CE can control the 5444
Clutch off delay SS fires, Occurs as read/write from the CE cdntrol pan X &
giving simulated first heads move off track ; . A .
track crossmg pulse on L . Mov_ement ‘of heads cannot begin uirtil ‘ready’ is
‘track crossing’ fine - attivated, that is, the following conditions are satisfied: -
(see Note) - _ ~ " 1. Disks are running at full speed.
- ) . 2. Heads loaded over the disks.
e : S 3. No write unsafe condition eXists.
Read/write heads move Atfter initial simulated - 4. Mode select swnch on the CE comtrol panel set to
across disk surface * | track crossing pulse, one ;

- _ ‘on-line’. Py
track crossing pulse is ° -
obtained for each , ) . :

- track crossed Ac Forward <
RN | ® Heads move towards center of disk.
FN480 .. . .
- : ® Sequence is given in Figure 1-42.
‘Access forwagd’ dropped, Occurs one track before :
removes ‘groudhd forward + | required cyclmdor address ® Timing is given in Figure 143.Fr. D 16
clutch’, and activutes 3 I -
‘detent’. Detent « ¥ 7 ® Derivation of clutch and control signals is shown in
. |mechghism energized - | - . Figures 144 and 14S5.Fr. D17
- . Single Track Accessing v
Detent mégﬁonnvn To stop carriage st re- o Th . N
e sequence is shown in F 146. Fr. D1
engages Ieod‘k:row to ’ ! quired address, detent L : gure ‘< D17 T el
- . : ¢ -,
stop carriage - mechanism must be ® See Figures 143, 144, and 145 Fr. D17 for timing and logic.
edergized one track ! -
L e before this address ‘Access Reverse’
“Carriage stops with . | ® Heads move away from center of disk.
read/write heads at .. ’
required address ® Similar to ‘access forward'.
Note: The simulated track crossing pulse 13 an extra pulse which Recalibration to Track 000
r 1 required because the detent mechanism takes one track  «
10 operate; without this extra pulise the carriage would . .® If the he.d movemem is at error, me(m‘ ’y“em
$10p at-the wrong track. may petform a recalibration operation. .
o s - , )
Figure 142. Multiple Track Head Movement - Operation - . The usms system-requires to know the cy]mde‘ address
Sequence  [07503A] . of the readlwme heads at all umc.s .The correct cylinder
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h:quvyo;‘d‘Clutch

" Clutch O Delay SS:

MULTIPLE TRACK

Access 'Forwudb

[

Y

| S

- N,

i ]
-

.Ground Forwerd Ciutch

Detent

SINGLE TRACK

A'bcm Monon )
" File Tspck Crosing - - - A
Tuck Crossing . k-- ) - ' Jomm
v . N /I
a When required cylinder-address is resched, overshoot
occurs, giving spurious track crossing pulse

Acc’s Faorward ’ S ] A

. : ~ K
Forward /Clutch : . \
Ground Forwerd Clutch' _|____INNNEGN > "

Detent <L e e

Chtch Off Delay SS

Access Motion

File Track Crossing

Track Croming

When required cylinder sddress is reeched, overshoot

occurs, giving spurious track aoolna puise

Flgme 1-43 Head Fomud Opennon - Timing {07504} °

address however could be lost because oFone of the

followmg reasons:
. Wrong track address (heads stop on the wrong-track).

2. Misregistration (heads stop between tracks).
3 Carriage overrun (heads move as far as the carriage

overrun interlock).

T

D16

If the cylinder address i8 I‘ost the using system mz.ay start

-a recalibration operation to return the read/write heads

to track 000; the 5444 contains the logic circuits used ;
for the recalibration. To stars- a re\eahbratlon operatxon

acceg rcverse is activated.



¢ Power On Forward -
-7 .

Di7

. Readv ) —— CE Forward .
* - OR
Acu_ess Forward . i — A - A Forward Clutch
Actugator Mlsreglstratlon T OR (Not) AcceS"Ovelrun Clutch Off Delgy SS
(See Frqure 1 -48) - >, _J ’ ’
! FN480 , r
\ » * C
3 ) ) R
: ! LN
e 4 i < . .
, i ! : L .
-~ 1 4 . B . 8
, ; A , i
, ! 'r* : ) , A
S l ] l < —B =T
t » | =7
L . = T
| . . : :
: !
; . t 5 (Mot) Inhibit Retract — - — T
(- S l % , (Not} Off Disk (Not) Carriage Retracted
- : A 1 A 1A Reverse (
Access Reverse Power On Rever se OR (Not) Delayed Speed OK
. Lo CE Reverse File Stop Retract OR
Figure 1-44." Clutch and Detent Signals  [07505A] SN, i
- - \.‘ : )
- A 1.5 ms R '
b on s - Clutch Off Delay SS
~ o ) At-—4+—-—- 1t ¢+ -
) - 5‘"\\ i
i . Access Motion
"~ Mot
Detent I N | , A PL Access Mo -otw
l_] . 20 us T
. {Not) Access Motion
File Track B OR ss [
Crossing . . FN470 r
: . .
hd -
N
A ﬂ - Access in Motion
oR >
- . , —
R 1 N
A o Track Cross!
: OR akl
.
A
Figure 1-45. Access Control Signals  [07506A] . B
‘ -~
5444 (< 30100) TM —



v

Clutch
ff Delay SS OR A Ground Forward Ct.tch
-—E}—f_—;~490
. Direction Forward Direction
FL .
' S
Rewverse Direction
R Y FN470 N
, A Detent
= T
T
—ij'_T__—
—1 a Grounc Reverse Clutch
A Reverse Clutch OR ‘
OR FN490
Oft Delay SS

ccess Motion -
———r

ccess Motion

ess in Motion

rack Cvos;\og
badalhualidad '

.

Gcces ‘forward’ act@

mechanism chsengages
leadscrew

- .

FN470

£
* FN4BO . ,
’Gmu‘nd forward clutch’ Enérgizes forward
activated clutch
FN48O - -
‘betent' dropped . Demg — Cairiage can n ]u

mcwe forwards

Clutch off delay SS fires,
giving simulated first
track crossing puise

on uack erossing’ I-m
(see Note)

Occurs as raad/wme
heads move off traok

‘Atcess 1orw‘a¢d_' dropped

After one track crossmg e
pulse .

\

4 ciutch’. Forward
“Crotch de-energized T |,

L]

'C"eten_t‘ activated.
Detent mechanism .
energized

Detent mechanism starts
10 Operate

0

‘Ground forward clutch’
held on by clutch off*
defay 8S. Forward cluteh

flkr‘energlzed

.

Carriage continues to .
move :

Ci.tch off delay lSS
- o , deactivates
‘gr forward -

Ntage would stop

?

-

__Detent mechgnism
+ engages leadscrew
to stop carriage

Cafriage stops with
read/write heads at —
required address

»

Carriage is dnven inmo -
detented Qosmon

~.Note: ¥he sinuipted traék crossing pulse is an extra pulse
which is required because the detent mechanism takes
one track 1o operate; without this extrs a pulse the

S S ‘°-°“' commduso ON

-

. PnnéupteSof Operatnon ' 1‘




Recalibration After Wrong Track Address

From Tracks 002 to 202: When ‘access reverse’ is
activated, the carriage retracts towards track 000. At
approximately track 001%, the fine home area warning

pulse occurs, setting the ‘home area’ latch (Figure 147).Fr. E02

With the ‘home area’ latch. set, the ‘inhibit retract’ latch-
is set by the track crossing pulse at the next track
crossing point (track 001). With ‘inhibit retract’
activated, ‘ground reverse clutch’ is dropped, and
‘detent’ activated (see Figure 1-44). Fr. D17 (‘Detent’
activated one track before track 000.) The carriage stops
with the heads at trackOOO and ‘access reverse’ is
dropped.

Jf¥om Track- 001: Recalibration from track 001 is

; shghtly different because ‘no fine home warning pulse
occurs to set the ‘home area’ latch. The ‘inhibit retract’
latch is now set by the first track crossing pulse (derived
from the clutchof‘” delay' SS and obtained as the heads
move off track 001). ‘Detent’ is therefore activated one

. track before track 000. As for a single track accessing,

. ‘ground reverse’ “clutch’ is held on by the clutch off delay

\SS, to .ensure "that the carfiage has sufficient momentum
to mave one track.

Re&hbratron After Mlsreglstrauon

] T recalibtation operation varies, depending on
whether ér not. misregistration occurs in the add write
curreglareay

.

S

Between Tracks —000% and +005: When ‘access reverse’
is activated;g an\SS is fired, the output of which is
ANDed with ngt
misregistration” latc

‘° Figure l%i\r. EO2 shows the head movement error logic.

move the carriage fgrwards until the ‘actuator
misregistration’ latch lS eset by ‘carriage pc lit” at
approximately track “+005\ ‘Actuator misregistration’
drops and deactivates ‘ground forward clutch’; ‘access
reverse’ is no' ‘longer inhibited\The carriage can  now
" retract the“;ead/\vnte hy ds to track 000. The
home detectxon-logw stops the cam ¢ at track 000.

Berween Tracks +005 and +20§
*‘carriagg’ pc 11t ‘or ‘add write current
‘actuator mnsregnstratlon latch reset. reverse’ is
activated, brmgmg up gr6und reverse clutch to retfact
.~ the carriage to track 000.

e track crossing” to set the ‘actuator ’
“Actuator misregistration’ inhibits
‘access reverse’ gnd actjvates ‘ground forward clutch’, to

must be

EO!

Recalibratidn After Carriage Overrun

The carriage overrun interlock is set as follows:
1. Beywond track 103 for Model 1.
2. Beyond track 203 for Models 2 and 3.

. If the carriage moves as far as to transfer the carriage

overrun interlock switch, activating ‘access overrun’, the
+24V dc driver’ supply to the forward clutch is broken
and ground forward clutch’ is dropped, preventmg any
further forward movement. The *access overrun’ signal is
then sent back to the file attachment, which identifies a
seek check. The program can then cause a recalibration
to track 000. bt .

A A

B b <

CE Access Opofations

'0 The CE can control the 5444 from the CE oonttol

panel.

® The CE controls the heads movement by using the '
made select switch and the forward/reverse switch.

® Figure 1-49 Fr. E03 shows the CE control logic.

.

-

.While the 5444 is controlled fromhe CE €ontrol panel,
‘on-line’ is dropped, deactivating ‘ready’; the machine is
then automatically read-select and writé-inhibited. The
heads can be moved in steps of one or 10 tracks at a
time as selected on the mode select switch.

One-track. and 10-track operations are similar for
forward and reverse direction. In the following
paragraphs on.ly the for{vrd direction is descriped.

. — |

- One-Track Forward Access
When the forward/reverse swntch is set to FORWARD a
singleshot fires, settmg the ‘CE forward’ latch. CE
forward’ is activated, bringing up ‘ground forward
clutch’, and dropping ‘detent’ (see Figure 1-44). Fr. D17

The carriage. now moves forwards and as. i, moves
off-track the clutch off delay SS ﬁres to reset the “CE
forward Iatch “CE forward' is dropped, and ‘detent’
activated. The detent mechanism’ engages to stop the
carriage after one track

10 Track Forward Access’

When the forward/reverse switch is set to FORWARD a
singleshot - fires, setying the ‘CE ‘forward’ latch. ‘CE
~ forward® is actWated bnngmg up ‘ground forward

\

"
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. Access Motion

Reverse Direction A Home Area . ‘Home Area
Fine Home Area ,bR FL
. ) . B A
Forward Direction — FN460
.Q ‘ :‘ Y \
B Inhibit-
Track Crossing i A Retract’
l (Not) Detent '
- {‘
I i X7
N A " * P
. r. e
- -l .
. B . * » . ) 2
. . . e - Inhibit Retract
«  Coarsg Home ” B N;l"\ {Not) Power On Farward
- I A - ."
. . N . ),. s
. . n <7 File Home*
File Track Crossing ’
’ - FCU Home
-(Not) Forward Clutch
Figure 1-47. Home Detection Logic  [07508A]
File Home ’ Home .
_ FL K
(Not) Reverse Direction )
‘ FN460 ’
o
File Track Crossing A Carriage Behind Home
(NGY) Fine Home Area ) ) i
~» e
N ' d.
. : - Actuator .
. 5 us N Misregistration " Actuator Misregistration
Access Reverse FL )
SS
{Not) Add Write Current
Carriage PC Lit R \
et FN480"

Figure 1-48. Head Movement Error Logic

.

"
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) Forward/Reverse
Passive Switch

CE Forward

B -

ss N O,

N\ —

.

FN425

CE10 Track _,1'
Fine Home-Ared
Access Motion - . At -
File TrackLrossing '
" CE1Track
Ciutch Otf Delay SS

OR

. i " CE Forward
- FL r: ] J_\- “_/ e " . -.
t )
4
FN430

PR,
L

L

" CE Reverse

: (Not) CE10 Track

ANot) CE1 Track -
On-Line N

{Not) Head Loaded OK B

H>[>]

Figure 1-49. CE Coatrol Logic  [07510A]

[

clutch’ and dropping ‘detent’. The carriage moves
forward towards’ the "next 10-track position‘i(lhat is,
track 010, 020, and so'on). As it reaches the tcnth track
‘fine home area’ and ‘file track crossing™ aré activated,
resetting the latch. ‘Ground forward clutch’ is dropped,
and ‘detent’ activated. The detent-mechanism engages to
s\op the carriage one track -later. During a forward
operation, the carriage ‘stops at tracks 011, Oﬂl 031,
‘and so op. During a reverse operation, the carriage stops
* -at'fracks 039, 029, 019, and so on.

Machine Stop Sequence T
® Initiated when ‘+24V filestaﬂ‘ drops.

® When the sequence is complete, thc machine can be
opened to remove the disk cartridge.

® DC braking reduees the machine stop sequence “time
to approximately 30 seconds.

EQ3

® The roaéhme stop sequence is shown in Figure 1-50. Fr.

® The machme stop logic and timing are given in Figures
1-51 and 1-52. Fr. EOS .

® See anure 1-47 [-'r E02 for home detection Ioglc |

When the machine sto\p sequence is complete the heads

m:chamwlly unload, the carriage retracts, and the disks
stop. (T ads must be retracted off the disks to

--prévent damage while removing or instaHing a cartridge.)

*Cartridge safe’ is activaied, allowing customer access to
the machine to remove the disk cartridge.

“When *+24V file start’ drops, all-other ac and dc power
supplies rerain on at the machine. Note that ac power is
still present at the ac box. If ‘+24V file start’ drops
within one n}infnc of being activated (that is, during a
.machine starf-up sequencr), the start-up sequence must
complete before ‘cartridge safe’ is actn(ated this allows
the disk brushes to; park :




‘+24V file start’
deactivated

)

| 2ZA220

Teig,

K1, K2, Kh'd&engvgizdd

ZA230

Drive motor de-energized
via K1-1. ‘Ground drive
motor brake’ activated

Drive motor slows down}

with dc braking applied }

l via K5-1 :
I .
Head load solenoid -
. ; H |
de-energized via K4-1 eéds unioad -
A , ZA230. '
Head Yoad interlock . +| ™, | Drops ‘head loaded OK’,
2 transferred removing reset from
khle stop retract latch,
and dropping ‘ready’
. FN490 .
‘File stop retract’ ..:.“' Reverse clutch energized
activated, brings up via carriage retracted - _
‘g:o‘q‘nd reverse clutch’. interlock
‘Detent’ dropped. ~-_ |’ .
. h Carri can now retract
Detent mechanism Iy 090 .
disengages leadscrew :
e
Carriage retracts towards| | Horhe detection logic >
carriage retrated does not stop carriage *
nterlock - ’ at track 000 because
‘fite stop retract’
) overrides ‘inhibit N .
24 retract’ <7
g ]

Figure 1-50. Machine Stop Sequence  [07511A] ~

" ‘Cartritge saf &
. activated

Carriage retracted
interlock transferred /| |
. T (.

——

Ren:v\%yes‘,‘iad dc driver
suppty to r e clutch,

4

and ictivates‘% isge |
|

- \ |_retiacted’ s
. “\. S v, Lo
IR § PR

‘Carriage retracted’ ‘File sfc}p retract, ~

resets file stop droppgd deact?yates

retract lagch N | ‘ground‘reverse clutch’

|, . Lot )
-— ‘° )’ H
i CA N e

‘Detent’ actwated. Cargiafle qgov stopped

Detent mechanism atre ted position ,.

engages leadscrevs

1o stop carrigde - .

 FERECEN A
‘Speed zero’ activased as Removes dc brak g
drj‘\l;e motor slows down. | trom drive motor
‘Ground drjive*motor [ ]
brake’ dropped. KS5-1 )
de-ene¥gized N -4
» ¥, ‘

)_-

Operalor\'\can now safely
gain acce§§ to machine

;o



Brush Cycle Comple(e e

(Not) Gated File Start

(Not) Speed OK___, "+~

. Cartridge Satd™

Off Disk A =
Carriage Retracted - S
Speed Zero .
-
' - FN440 .
v (4 N
: \
h | N Grdund Drive Motor Brake
A . : A
. . - ¥
. © . File Stop )
- (Not) +24V File Start Retrsct . - Fule Stop Retract
| : - ) y
Heag'l daded OK S _
Y f' hd . :" .
y ;. «
3 g

/

Figure 1-51. Machine Stop ic  [07512A)- .

L
N -

+24V File Start '

| Drive Motor Relay Energized (K1} -

X Cartridge Safe )
~ Speed Zero{_‘
. SpeodOK‘ s,

" Carriage Ret:acted

o

Otf Disk s 5,
s Coerse Home ;
Rm‘Clutd'fEme

LoadHeods' . v
. ®

Ready
- | Drive Motor Brake Relay Energized (KS)

Figure 1-52. Machine Stop Timing  [07513A]
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READ/WRITE OPERATIONS  ~ 5
° Read/wme openwons are controlled by the using

The 5444 uses the doub’le frequency herizontal NRZ
method of magnetic recording. Data, pulbes intersperse

system. v with cléé pulses front thé using system to produce a
. ‘ " write signal on the ‘dou*ble frequency write data line

® The 5444 uses’ the dduble-frequency horizontal + (Figure 1-53). i
non-return to zero (NRZ) recording method. The recordiflg device is a rcad/wnte head,,

.

) - s o - dnagramnﬁtlcally sépresented- in Figure 1-54. Fr, EO7 When
® During a write operation, a data bit is recorded on the

disk surface when the current in the head coils is
reversed.

'® During a-read operation, a bit i is sensed when there isa
_ flux revetsal on the disk surface.

current ﬂo% the flux induced in the pole piecq fringes
at the’ gap. Asithe magnetic recording surface passes, thc-
fringe flux hotizontally magnetizes the surface.

During a write operation, a data bit is recorded by
reversing the direction of the currént in the coil, which

e

i reverses the flux ditection in the-pole piece and reverses
N pthe fringe’ flux in the gap. At the instant the flux in the
R pole piece gap reverges, the direction of magnetization
changes on the disk Surface. Each reversal between clock
pulses represents a recorded data bit (Figure 1-55). Fr. EO7
During a read operation, with recording surface
¢ ‘magnetized’ in .one horizontal direction, constant flux
f]ows and the coil registers no output voltage (Figure
156) However, when the recorded bit (180 degrees
horizontal flux reversal) passes the gap, the flux flowing
$hrough the ring and < oollz;:o reverses and produces a
toltage output pulse. The flux and pulse relationship of

'

Double Frequency Recording ’
® The using system clogck frequency produces the basic
bitcell timing cygié. 3

® Clock pulses are synchronized with interspersed data
pulses tg produce a single composite write signal.

® The write signal présents cither a zero-bit ﬁondition‘or
a one-bit condition for each bit-cell time generated by

!

the clock. the double frequency recording is given in Figure 1-57.Fr. EOB
1‘8295";_1 (Bit Cell .T-mo)i

Clock Pulses . sm BB Y . -
- ] : !
. \ :
’ ! b 1)
Dasts Pulse N am :
: :
' '

B LS
- o afen - - -

j .
g

‘Ooubig¢ Frequency
wrifé Data’

iFlgurr,}-SJ. Dcnvnlx(in of Composte Wnte Signal  [07514A)
N - it
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¢ o * Write Operatipn o

' » @ Write opetauons are controlled by command signals
Write. *from the using sysu:m
Cursent "

e Datato bev_recordedtentcts the §:144 on the ‘double
*  frequency write data’ line.- -

Record R . L .
ocordind N brings Fiu = e The required read/write head is defiped by the head
pa : . B select and disk select lines. . .
A, / AT, ® Write and erase circuits are then actwnted by, ‘write

, ¢ select’ and ‘erase sefc'cl .. |

Non-Mognetic 1 . . ' .
Material ' . . For each clock or data ‘bit that arrives on the ‘double
5 T :‘e;::t%;rwmc data’ line, the write current switches to

, ,
) o . the er half of the read/writé coil (see Figure 1 -55).
Figure 1-54. Basic Read/Wnte Hexd, '07'?15] e flux at the read/writegap is reversed, (o record’ the
¢ bit on the selected disk surfaoe : N

-~

{40 Puise

p Wmo'
(pgsaing over constant fieid)

. Cureent

By - |
0-.‘—10—

//////W/////

Flux Reversal
(data bt)

“_ Surfece Movement of Recbrd:

) ‘ . ng ;
— Y R S ,

n * ERTSR e e

~Write
== Current

Pulse
(flux reversal in gep)

‘;‘-..,,u
Recorded Bt XA
N . Flux RM.II . )
H @ Surtece Movement of Recordifg \ (databit) e = Sufiece Mo vot Rocon:lmo
Rt y N .

- PR : :
§ - 7 S .

Figure }-55. Honzontal Recording  [81516) - Jf’ Figure 1-56. Horixontsl Reading [‘?h}

3 "
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3 Bit Cell Times
Bit Cell Time N Bit Cell Time 1 Bit Cell Time
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Clock Output 3 J A — A
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s . . .
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l C 0 l | (o
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|
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. I e
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thu‘re 1-57. Double Frequency Recording - Flux and Pulse Relationghip Q’O7518| ‘ " ‘ \
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F

Erase Sebegt (from §afety Logic)

;\ﬁultipie Head

Multiple Head Output

. Detector

T

(to Safety Logic)

“, -
s 4”’ Ahtal ™

s

Erase Current Oé

(to Safety Logic)

Erase I'Z)riverl-'
FN220

Disk Select Upper

Disk Select Lower

e
>

. Head Seléct Upper

Head Select;iower

oy

Head
Select
(Write)

FN240

Write-Transition

Detsctor

No Write Transnions

Doubte Frequency Write Data Write Dua‘“ . ST T @
Receiver W.mo an R
- FN22O
. 3
Trigger Hold " =
A}
Add Write Current ) Write Current
' . "~ Sources
) - \ ] m
Write Select @ “Wrte Current - .
» " .
' (ivBQSahtv Logsc) 4 ' tch -
S

Note: Ckgcled numbers refer 10 Write Circuit wavelorms (Figurs 1-60) .

“Figure 1-S8. Wnte Circuit -~ Logic  [07S19A]

.

EO9

* DN

(1o Safety Logic)

Detectar
‘FN22Q

Write Current

N Write Current On

(to Safety Logic)




Erase Select
Write Select T

Head Cemér-Tap

Double Frequency Write

Data

Write Trigger State

Write Current  ©

-
Write Current On*

.0

+18V. dc :
Write Trigger Output ® ﬂs—vm-v-w

No Write Transitions @ o

.

!

Erase Current

Erase Current On PN
EY

Note: w-morm numbers refer to Write Cm:uit Logic (ngn 168)

o
-

Figure 1-59. W.rite Circuit Waveforms

l‘

(07520}

Write operations’end Wwhen the flow of clock and data
bits ceases. ‘Write select’ :(refer to “Input
Communication Lines™) then drops, turning off the.
write curregun the read/write coil. ‘Erase select’ drops
25us after ‘write select’, ensurifig that the newly written
track is ‘ude’ erased right up to the end of the data.

Note: Write operaton is inhibitéd when the 5444 is
controlled from the €E control panel -

Write Circuits .

The write circuits consmist of head select circuits, and -
write and erase drivers (Figure 1-58). Timing waveforms

Ff. EO? - Vv

aasa

El0

‘__'

are given in Figure 1-59.

Head selection for a write operation is achgveﬂy
switching the centér-tap of the selected read/write coil
to +16V dg¢. The center-taps of the read/write coils in
the three uZn selected heads are left floating.

Wntc current is turned on when ‘write select’ is
( d and is switched between the two halves of the
t;;ead/write coil by the write trigger, which switches every
time a clock or data bit is received- on the ‘double
frequency write data’ line. The write current is 35 mA
(nominal) for tracks 000 to +115, and 30 mA (nominal)
for tracks 116 to 203. This current level is controlled by
the ‘add write current’ line.
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Read Operation

® Read operations are controlled by command signals
from the using system.

® Data read'from the disk surfaces is passed to the using
.system on the ‘read data’ line.

® The'required read/write head is definred by the head
select and disk select lines.

® Read circuits are then activated by ‘read select’.
~ A

The read circuits are activated as long as ‘read select’
remains up. Read signals read off the selected disk by
the read/write hed, are amplified and shaped in the read
circuits. The raw'data output from the read Circuits is
fed via the ‘read data’ line to the using system where a
data separator separates the raw data into ldata bﬁs and
clock bits.

Note: The 5444 may also be used for read 9perauons
.when off-line, and controlled from th; CE cgntrol panel.
The appropriate read/write head is selected by one of
four CE head select lines. ‘Read q{,ﬁ’ect is not required,

-~

Read Circuits

preamplifier, filter, limiter and detector circuits (Figure
1—60) Timing waveforims are ‘given in Figure 1-61. The
read *circuits produce a train, of pulses representing the
magneue patterns recorded on the disk surface. The
bit-cell perﬂ)d is nominally 629.5 ns. Individual bit-cell
periods can vary by %22% because of interaction
between adjacent magnetic patterns recorded on the disk
surface. Variation may occur in the relationship between
the data and clock pulses due to this interaction. This
_effect is called bit shift and is kept to a minimum (see
“ Pigure 1-61). -

During .a read operation, the center-taps of all the
read/write heads are left floating. Head selection is
achieved by taking the center-tap of the read/write coil
load resistor ,to OV dc. The center-taps of the
non-selected heads are at +5V dc.

The read circuits consist df head select cuczns

Ell

Safety Circuits |
® Detect unsafe\conditions in the write circuits.

® Inhibit read/write operatidns when condmons are
unsafe.

® On the write select and safety SLT card.

The 5444 contains safety circuits to protect data
recorded on the disk. Four outputs from tlg write
circuits are compared with ‘write select’, ‘erase select’
‘read sselect’, and ‘access in motion’
whether an unsafe condition exists.
condition does exist, one of three latches is set,
activating ‘dd$a unsafe’; the heads mechanically unload
and ‘ready’ drops inhibiting all further read or write
operations.

The three latches, together with the conditions that set
the latches, are as follows:

)

to determine
If an unsafe

Select Unsafe Latch:

1. ‘Read select’ activated, together with either ‘write
select’ or ‘erase select’. .

2. ‘Access in motion’ activated, together with either
‘write select’ or ‘erase select’.

Erase Unsafe Latch: . .

1. ‘Write select’ activated, with ‘erase curren{ on'
dropped.

2. ‘Write select” dropped, with ‘erase current on’
actavated.

Write Unsafe Latch: -
1. ‘Write select’ activated, with ‘no write transitions’
activated.

2. ‘Write select’ dropped, with ‘write current on’

activated.
3. ‘Write select’ activated, with ‘maulti head output’
activated. ‘“

The latches are reset on machine start up, the line ‘brush
midcycle interlock’ raising ‘data unsafe reset’. If the
unsafe condition is removed, read/write operatiorfs can
resume.

When the using system powers up, the latches are reset
by ‘power on reset’ raising ‘data unsafe reset’.

1-29°




"Rood/Wv'no Heads

Disk Select Upper -~ 2
Dis« Select Lower 00
Head Select Upper N,
Head Setect Lower o1 /m—g 3
Read Select . " Read >
(from Write Safety) . Matrix
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Flgure 1-60. Read Circuit — Logic®®
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Disk Magnetization

Preamp O/P @

Line Driver O/P (100mv/div) (@) .

Filter O/P {200mv/div) ®

'

Limiter O/P ®

Detector O/P @

Read Data @

] — =

[LJ]

JJ1L N

Notes: .
1. Waveform numbers refer to read circuits. See Figure 1-60. Fr, E12
2. Voltage ampiitude values are dnffkérennal‘

Figure 1-61. Read Circuit - Waveforms  [07522]
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Cannot be scoped.

Measured in millivolts and may vary between 20 and_300
millivolts peak to peak. :

0.070 to 1.75 Volts af filter output.

.

Between 3.9 and 4.3 Volts peak to peak. Random noise
appears with no signal.

Cannot be scoped.

Even with no signa! random noise pulses appear on the
‘read data’ line.

El4
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Powén REQUIREMENTS

® All power supplies are obtained from the using
system.

® The Smanbeopented from 50 Hz or 60 Hz power
supplies. Differences between machine versions are

givén in Appendix B.

® The input power lines are shown in Figure 1-62. Fr. E18

® Separate ac and dc logic grounds are provided.

AC Power

The ac power sequiremenys are as follows:
2207235V ac * 10%, 50 Hz * 0.5 Hz, single phase -
or

208/230V ac * 10%, 60 Hz £ 0.5 Hz, single phase
Surge, current (starting): 3.5A s maximum 7
Average current: 1A rms maximum

AC ground is connected as a separatehn)e to the using
system. the ac box is connected to ac gfound and is
insulated from the machine base. The drive motor and
brush motor 4re also ac grounded. AC ground points
must not be allowed to contact the 5444 base casting
(dc logic ground) or else read write errors may be
caused.

DC Power
; -
The following dc power supples are required: _

+24V dc * 107, *file start” line. maximum current 0.2A

+24V dc * 10%, driver supply, maximum current 6.0A

+24V dc * 10%, regulator suppl:. maximum current
0.65A~—_. -

"+6V dc t 8%, maximush current 1.0A
. —4V dc * 8%, maximuneurrent 1.3A

—30V dc+ 6.1V, —5.1V, maximusm current 0.35A
Two lines are required for the +24V dc input: a +24V
regulator line and a-+24V driver line, The regulator line

- al N

EI7~

driver line supplies all er +24V dc requirements,
including relays, solepefds, and solenoid drivers.

Two dc ground’Hnes are used. The ground line for the
+Jav regulator] +6V, —4V, and -30V supplies (logic
ground) isConnected to the machine base. A separate
<ground Hne is used for the +24V driver supply. Both dc
ground lines are connected to ‘the using system as
separate lines.

+18V DC and — 18V DC Voltage Regulators

Two voltage regula are used to generate +18V dc and

—18V dc supplies. The +18V dc supply is generated

from the ‘+24V dc’ regulator line, and the —18V dc

supply from the ‘-30V dc’ line. The two 18-volt

supplies are comnected acress the machine interface for
" yse by the using system.

Both series voltage regulators are on a 2x 2 SLT card
mounted in Y logic gate. The series regulating power
transistors. are molinted on a heat sink-on the logic gate.

The regulated supplies obtained are:
+18V dc * 3%, maximum current 600 mA
—18V de¢ * 3%, maximum current 300 mA

POWER SEQUENCING )

Power-On Sequence
The +6¥ dc and —4V dc supplies must be switched on at
least S ms before the +24V dc supply is applied.

Power-Off Soqueneo
The 424V dc supply must have d:cayed to at least

2.5V dc before the +6V dc and —4Y dc supplies are
switched off.
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Figure 1462. Input Power Lines  [07523) B
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