©OCTOBER 1964 . 3108966 -10
REV. D 12/66

TEQHNEGAL MAR LJAL
FOR

REVIEWED E%Y

PROJECT ENGINEER

APPROVED BY =5 M/

EBIEC:T’ N MANAGER

Ampex Corporation

COMPUTER PRODUCTS DIVISION
P.O.BOX 3283, CULVER CITY, CALIF.

10/67



TABLE OF CONTENTS

Section = Paragraph
I GENERAL DESCRIPTION
1-1 SCope . v vttt e e e e e e e e e e e e e e e e e e
1-2 General DesCription « . v v v v it i vt it i it et v oo tene e
1-3 Performance Characteristics . v v v v v v v v v vt vt vt v e e e e v e
1-4 Major Assemblies . . o v v v v i ittt it it i et e e e
1-5 ~Blower Assembly . . . ... i i e e e e e
1-6 Cable Assemblies ...... P
1-7 Data Electronics Assembly (Option). . . ... ... e e e e
1-8 Enclosures . . . v vt ittt ittt e e e i e e e e e
1-9 Power SUpPlies . @ v i i v i it i e e e e e e e e e e
1-10 Transport Power Supply (Option) . « v v v v v v v v v vt v v o v n .
1-11 Logic Power Supply (Option) . . . . v v v v v v i v v v et n
1-12 Transport Power Pack (Option) . .. ... v v v i v v v v
1-13 Transport Assembly . .. . v i ittt ittt i e e
1-14 Magnetic Head Assembly . . .. ... ... .. v vvioi v .
1-15 Operator Control Panel Assembly .. ................
1-16 Reel Retainers. . . .. oo vv v e e B
1-17 Reel Servo SUPPLY. ¢ v v v v v et e et et e e e e e e e
1-18 Transistor Bracket. . v v v v i i v it vt it i e et et e e
1-19 Transport Electronics Assembly ...........c0v. ...
1-20 Vacuum BloWer . . v v v vttt e it et vttt ot eeee e
1-21 Write Enable Switch Assembly . ... ... oo vv v v i ian
11 INSTALLATION
2-1 Introduction. « v v v v it it i i e e e e e e e e e e e e
2-2 L 7= 1 T o= e
2-3 Custom Installations . v v v v v v it et v ot vt et v o et e s oo
2-4 Unpacking. . ... P e e e e
2-5  Physical Dimensions. . « v oo vvvun ... i e e e e e e s e
2-6 Power ReqQUITEMeNLS i v v v vt v vt v et vt o v v s s o s avsoseesoens
2-7  Input/Output Signals and Connections. .. .......... e e
2-8 Input/Output CONNECLOTS '« v v v et v o e e o e v s v oo m e e o e s
2-9 Command Signals. .. ... ...ttt
2-10 Select. v v v v vv v v v e et ey et
2-11 Forward/Reverse. v v v v v v it v vt vt et e e e oo ennnn
2-12 RUD/SEOP . v v v v et ettt e et et ee et et ee e ’
2-13 Forward/Stop . . v v v i i it it e i e e e e e e e e e
2-14 Reverse/Stop. « v v v v v i i i it i i i e R

e b e b e ke b b e b e b e e e b e
|

Page

1 J 1 1 1 1 1 ]

—
I

1 1 1 i 1 1

NN NN NNDDND NN
U .
OO W W WWWN N = e

iii



Section’

iv

II

I1I

Paragraph

2-15 CRewind . L e e e e e e e e e e e e e e e e e
2-16 Rewind and Lockout . . v v v i vttt vt o v e v ae oo Ce
2-17 High/Low Density Select . .. .o v v v v v i it vvii i i
2-18 Status Signals . ......... ... Ve e v el I GRS
2-19 Ready. . . v v v i i it i e i i i e e e GO
2-20 ULt SElect v v v vt v v it et ettt e e e e e
2-21 Select and Remote IndicatOr « v v v v v v v vt v v v v a v v v o v
2-22 Beginning-of-Tape . . ... v v v v it it i it v i v anan
2-23 End-of-Tape « v v v v v v vt v ittt v i en e SV e e
2-24 Rewinding . . . o v v v i i vt i i i it i i i i i e e
2-25 High/Low Density StatuUs « « « v v v v v v v v vt v v v e v v v Cols
2-26 Write Enable Status . . .......... e e e e e e e
2-27 Data Signals . . ..o i i i i i e
2-28 Write Data ¢ v v v v v v e it e v et et e e .

2-29 Read Data . v v v vv i it e it e it e e e e e e e i e e
2-30  ENVITONMEN v v v v vt v o e e et o st v vt e e oo e s s ene o sae
2-31 Operating Environment . . .. ..... B S K
2-32 Storage and Shipping Environment. . . ... ... ... ...
OPERATION

3-1 Introduction. . . v v v v it i e e e e e e e et e e e e e e e e e
3-2 Controls and IndicatorS . « v v v v v vt v v o e e vt v e ae oo v
3-3 Power Switch . ¢ . v v v v vt v e et i e e i e e e e e e
3-4 File Protect Indicator « . . v v v v vt v v v e e e e v eae s e s
3-5 Remote Switch . c v v v v v i i it i i i et i s e e e e
3-6 Local SWitch .« v v v vt v i i i s i it e e e e
3-7 High/Low Density Switch......... R
3-8 S Forward SwitCh .« . v i v i e i s e e e e e e e e e e
3-9 Reverse Switch .. . v v i v it ittt it et e as
3-10 Rewind Switch « v v v v i i v i i e e it e i e e e e e e e
3-11 Reset (Stop) Switch . . . . ... ... ot e e w s e ek
3-12 Reel Brake Switch. ... ... ... ... R e e ate e .
3-13 Interlocks. . ... .. o . e n e d e e e e e e e e e e e
3-14 Power On & v v it it e it e e i e e e e e e e
3-15 Power Off . @ . i i it i i i e e e e e s e e e i
3-16. Tape Access DOOT v v v v vt it vttt e i i e P
3-17  Vacuum Failure. ... ..o ittt i i veenn
3-18 Photosense Tab Control . . .. ... .. ... e e TE S W e e
3-19 Loading the Tape « v v v v v i v it ittt i st i it s e s e s e

g
o ®
0Q
0]

N NDNMNNDNNDNDNDNMNNDNDNDNMDDDDNNMNDNDNDNDNDDN
1 | I R T R S |
W WNNNNNNNNJ DD OOy O

1

t 1 1 1 ! 1 i 1

1 L A Y SR SRR TR R |
W LW W WLWRNDNDNDDNDNN e et b e e e

GO W W W W W WWWWWwWwwWwwwwwww
]



Section  Paragraph _ Page

Iv THEORY OF OPERATION

4-1 S0P s v i it e it e e e e ettt e e 4-1
4-2 Capstan Servo SYSTEM v v v v v v v v v ot o e v s o o v oo o o oo aveass 4-1
4-3 Capstan Motor and CapsStan . . v v v v v v v v vt v v o o oo v v oo 4-1
4-4 Capstan Tachometer.......... e e e e e e e 4-3
4-5 Capstan Servo Control. . . v v v i v v it it i i e e e 4-3
4-6 Capstan Servo Operation « v v v v v v v v v vt e vt vt o e o e v non: 4-3
4-7 Power Amplifier. . ¢ i v i v i vt i it i e it e et e et 4-3
4-8 Reel Servo Systems . v v v v v vt vttt v e et sttt v e ot e e 4-5
4-9 Tape Reel Motor . ...... e e e e e  4-5
4-10 Reel Servo Control . . . . i v i i vt i iie s et ittt it a o e 4-5
4-11 Loop Position Sensors. . .......... et e e . 4-5

3 4-12 Reel Tachometer . . v v vt i v ittt it et e s aenean o 4-6
4-13 Reel Servo Operation « . v v v v v v v v v o v oo o s onosoeseens 4-6
4-14 FOorward. v v v v v v v e e v eeeneeaes e et 4-6
4-15 ] 0o O 4-8
4-16 Turnaround. . . v v vt vt vttt ittt e e e 4-8
4-17 REVEISE & v v i it it it it ittt ti e it e enn e 4-8
4-18 Rewind. ... oo i it ittt i ittt i eie e 4-8
4-19 Reel Servo SUpply. « v v v v v it i e i i it i ettt e s 4-10
4-20 Rewind Operation. . « v v v v v v v v o v ot oo oo ennsonnsons 4-11
4-21 Vacuum Buffer Storage . . .. B 4-12
4-22  Control Electronics ....... e i re e s oo v et e e s 4-12
4-23 Printed Circuit Board (PCB) Assemblies . v v v v v v v v v v v v v - 4-12
4-24 Write Enable Switch Assembly . .. ... ... i i, 4-13
4-25 Photosense Head. . . . ... .. .... e 4-14
4-26 Power On Sequencing. . . . . v v v i it vttt it oo vt oo e onne 4-14
4-27 “Local Mode Operation. . . . v v vt ve vt v i i ei e e e e e e 4-14
4-28 Forward. . ... ittt ittt ittt it s o e oo 4-16
4-29 ReVEISE ¢ v v i i it it i it e ettt e e e e e 4-16
4-30 N3] (0] 0 4-16
4-31 Rewind. . . . i i ittt i it et e it i e i e 4-17
4-32 Density Control . . . .. v i it it ittt it e 4-17
4-33 Remote Mode Operation. . . v v v v v v v v vt v i v vt v v an e e 4-17
4-34 Forward and Reverse (Run/Stop and Fwd/Rev Inputs) . . . . . 4-18
4-35 Forward and Reverse (Fwd/Stop and Rev/Stop Inputs). . . . . 4-19
4-36 N 1) 4-19
4-37 Rewind . . . i vt ittt it it e it et e e i e e so et en s s 4-20
4-38 Rewind and Lockout ... v v v i i v vt ie i i v it oo v o nnan 4-20
4-39 Density Select Output . ... .. P U O 4-20
4-40 Read/Write HeadAssembly . . ... v i i i it i i it i e ven 4-21



Section

vi

v

Uit tdn dn gt
4

Paragra,ph
MAINTENANCE
-1 General vt i e e i e e i e s e e
-2 Preventive MaintenancCe . « v v v v v v v o v v o v o v v o v v oo o v onens
-3 Cleaning the Tape TIansport . . v e v e v eeveenn.n .
-4 Emptying the Tape Cleaner Cartrldge “o e e eh b e e e 0 et e b
) Cleaning the System . . v v v o'v v v v W e e we ee s e b s lee e
-6 Cleaning the System .. . .......... v we e e aee e A
-7 Vacuum Unit Motor Brushes Inspection. e e e e
8 AdJUSIMENES &+ i v vt v vt et s st e e e e e e e e e e
-9 Reel Motor Brake Adjustments . . . . . . P g PR
-10 Reel Brake Drag Torque Adjustment .. ... .. ..o
-11 Test Equipment Required ... .. ... .00
-12 Adjustment Procedure . « . v v v v it it v i i e e e e e
-13 Vacuum AdjuStimMentS. v v v v v v v o v v vt vt o v v o v oo v o s e nen
-14 Test Equipment . . . . v vt vt i i it i i e et e e e ne s
-15 Adjustment Procedure. ... .. e e e e s e e e e e e
5-16 Power Supply Adjustments . . . v v v v v i v v v i v e e e e
5-17 Power Pack Adjustments ........ C e e e e e .
5-18 Logic Power Supply Adjustments. ... ...cov... . .
5-19 Tape Drive System Ad]uqtment% ................ v
5-20 DeadBand Zero . . v v v v it it it e i e e e e e e
5-21 Capstan Speed AdJuStMENt & v v v v v v v v vt e v vee e e n e
5-22 Reel Servo Speed Adjustment . « v v v v v v v vt it v v e v v
5-23 Photosense Adjustment: . v v . cv v v v . PR R e e
5-24 Checking Operation Parameters . ... . v v v v v it v v v v o e oo
5-25 Start and Stop Time Checkout . . ... v v v v RS v R ST
5-26 Start Time Definition « v v vv v v v v e o o v v v o mn o v oo oo
5-27 Stop Time Definition . « v v v v v v v v v vt v it i e s e n e
5-28 Start and Stop Distance « v v v v v v v it i i e e e e e
5-29 ~ Start and Stop Distance Definition . . .. .. ..o oo oo,
5-30 Average Speed Variation Checkout. . « .. v v v v v v v v v v v v e
5-31 Interchannel Time Displacement Error Checkout. . ........
5-32 Photosense ChecKOoUt . v v v v v vt v vttt o et i e tneenan
5-33 Magnetic Head Assembly Checkout ... ........ ... ...
5-34 Rcmoval and Replacement Procedures . . ... . v v v v v vv i n
5-35 Overlay Plates Removal and Replacement. . .. ..... ... ...
5-36 Capstan Motor and Tachometer Removal and Replacement. . . .
5-37 Read/Write and Photosense Head
: Removal and Replacement . .« . v v v i et v e e i e e vt e vv o
5-38 Reel Brake Switch Removal and Replacement. . . ... .. ... ..
5-39 Reel Motor Assembly Removal and Replacement . . ... .....
5-40 Reel Motor Brush Removal and Replacement. . .. ... ... ...

. Page

)

1
= O O O NO 000 WO ON N U

i
3]

(92 30V; BT, BNV RNV,
'

(9]
i |

1

1 t 1 ] 1 4

oottt gt g gt
. 1

w
1
ot
\)



Section  Paragraph : : Page

\ 5-41 - Reel Motor Brake and Brake Lining
Removal and Replacement . .. ... v v v v v v v v v e 5-22
5-42 Tape Transport Cover Door Removal and Replacement. .. ... 5-25-
5-43 Vacuum Chamber Removal and Replacement. ........ e e 5-25
5-44 Vacuum Unit Motor Assembly, Filter,
Motor and Brush Removal and Replacement. . . .. ... .... . 5-25
5-45 Write Enable Switch Assembly Removal and Replacement . ...  5-27
5-46 - Reel Tachometer Assembly Removal and Replacement . ... .. 5-27
5-47 Door Interlock Switch Removal and Replacement . . ........ - 5-28
5-48 OCP Assembly Removal and Replacement......... e 5-28
5-49 Toolsand Test EQUIPMENt & v v v v v v v vt ot ot o v vt oo vt nn o 5-28
V1 CIRCUIT DESCRIPTIONS
6-1 INtroduction. « v v v v v v vt et e e it e e i e e e e e 6-1
6-2 PCB Cross Reference .. ..... o ieeennennn e e e 6-1
VIL DRAWINGS
7-1 Introduction. . « v v v vt v it it e e e e e i e e 7-1
LIST OF ILLUSTRATIONS
Figure  Title , . Page
1-1  TM-7 Tape Transport. . .. ....... e S . 1-2
3-1 Reflective Tab Placement Diagram . .. .. .. ¢ vt ittt nennnns 3-3
4-1 Tape Drive, Flow Diagram ................. G s e e e e 422
4-2 Capstan Servo System, Flow Diagram . ............o0... R 4-4
4-3 Reel Servo LogiC v v v v v v v v i it e ittt st et a st s e s sonneon. 4-7
4-4 Reel Amplifier, Simplified Schematic .......... Ge v e v e e ee. 4-9
4-5 TM-7 Interlock Circuits « v v v v v v v v v i et o ittt oo s oo n oo 4-15
5-1 TM-7 Tape Transport, Front View . .. ... v v o e st s e e e ey 5-2
5-2 TM-7 Tape Transport, Rear View ............ e e e e e 5-3
5-3 Vacuum Unit Motor and Brushes . . . .......... e e e s 5-7
5-4 Drag Torque Adjustment . . ... .. Cooi v I e e e N N
5-5 Control EleCtronics . ..o v v v v vt in ettt i it e vt ee e 5-1
5-6 Method A TeSt SCLUP .« ¢ v v v v v v v v v vt vt ot ot e oo e e 5-1
S5-7 Start and Stop Time Measurement, Test Setup . . . v v v v v v v v oo v v o s 5-1

vii




Figure  Title
5-8 Interchannel Time Displacement Error, Test Setup . . ... P P ST
5-9 ~ Interchannel Time Displacement Error, Waveshape...............
5-10 . Reel Motor Brake, Exploded View. . ... ... ..o vov v R RN

LIST OF TAER

Table Title
1-1 Performance Characteristics . . . v v v vt i v it i i i it it ittt e v e ea
2-1 Physical Dimensions . . .« v v v vt v vttt ittt i e st e tia v onan
2-2 Transport Electronics Connections « « v v v v v v v v v o s o v oo oo v v v ae s
2-3 Read Head Cable ConnectionsS . . . v v v v v i v vt vttt v it et s ot v o aenn
2-4 Write Head Cable Connections . . . . i vvv v v v v v o v v v vvn oo e
4-1 Printed CircUit BOATAS. o v v v v oo e e ettt ettt e e e et e
5-1 Schedule of Preventive Maintenance . . . . . v v v v v v vt i vttt e v o v ve s
5-2 Drag ToIQUEe v v v v v v v v i i ittt et e ettt e it e e s et
5-3 Suggested ToolS . v v v v v vt it i i e e e e e e
6-1  PCB Cross-Reference List. .. .. o vt it it ittt oo onoennnnas

viii

PCB Cross-Reference List

| Page

5-18
5-18
5-24



- SECTION I
GENERAL DESCRIPTION

1-1. SCOPE.
This technical manual describes the installation, operation, theory of operation, and
maintenance of the Ampex TM-7 Tape Transport. Section I includes a general description of

the equipment and lists performance characteristics. Figure 1-1 shows a typical horizontal
installation.

1-2, GENERAL DESCRIPTION,

The tape transport moves computer grade magnetic tape across a dual-stack
magnetic read/write head assembly in response to commands from either an operator
~control panel or from remote equipment. Tape is moved in either the forward or reverse
direction, or held at a standstill, by a servo controlled capstan.

The capstan draws tape from the storage loops in the vacuum chamber. The reel
motors are servo controlled to maintain the correct supply of tape within the chambers.

The tape is held in contact with the capstan by uniform tension derived from the
vacuum columns. The vacuum columns remain active during the rewind operation to provide
the tension required for proper tape packing. Precision tape guides ensure accurate tape
tracking.

The read/write head assembly reads information from the tape (to external equip-
ment) and writes information on the tape (from external equipment).

A two channel photosense head detects reflective markers fixed to the tape. The
photosense signals are amplified and are provided to boLh the transport control electromcs
and to the external equipment.

Electromechanical interlocks protect the operator, the tape, and the equipment in
the event of failure. Programming is inhibited while the equipment stabilizes and the vacuum

pressure builds up.

The Data Electronics is described in the Data Electronics technical manual.

1-3. PERFORMANCE CHARACTERISTICS.

Performance characteristics are listed in Table 1-1. Performance characteristics
for the Data Electronics are listed in the Data Electronics technical manual.
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Figure 1-1.
TM-7 Tape Transport




TABLE 1-1
PERFORMANCE CHARACTERISTICS

TAPE WIDTH

1/2 inch

POWER REQUIREMENTS

Voltage: 115 VAC nominal or
230 VAC nominal

Frequency: 48 to 62 cps

REWIND SPEED

2400 ft in less than 3 minutes

TAPE SPEED

Single speed from 10 to 45 ips

START/STOP TIME AT 36 IPS

10 ms for start or stop

START DISTANCE

0.156 inch to 0.234 inch

STOP DISTANCE

0.133 inch to 0.195 inch

LONG TERM SPEED VARIATION

*+3% of operational speed

INSTANTANEOUS SPEED VARIATION
(SHORT TERM)

5% of operational speed after start time

INTERCHANNEL TIME DISPLACEMENT | 10 psec
(ITD) at 36 IPS

PEAK DYNAMIC SKEW AT 36 IPS 6 usec

MAX STATIC SKEW AT 36 IPS 7 psec

PACKING DENSITY

200/556 cpi or 556/800 cpi or 200/800 cpi
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1-4. . MAJOR ASSEMBLIES,

The major assemblies of the tape transport are the blower assembly, the cable
asscmbhes, the optional data electronics assembly, the enclosure, the power supplies, and
the transport assembly.

1-5. ‘BLOWER ASSEMBLY.

A blower fan-pack assembly is provided in the TM-7200 cabinet. A blower (option)
is availablg for the standard Ampex 19-inch rack type enclosure. These assemblies provide
cooling for the tape transport.

1-6. CABLE ASSEMBLIES.

Cable and harness assemblies are determined by transport mounting and by power
supply selection.

1-7. DATA ELECTRONICS ASSEMBLY (OPTION).

‘The optional data electronics assembly contains the printed circuit board assemblies
which control the writing and reading of data on the tape passing over the magnetic head
assembly. :

1-8. ENCLOSURES.

The tape transport is designed for vertical installation in either a standard 19-inch
rack type mounting or for horizontal installation in the Ampex TM-7200 enclosure.

1-9. POWER SUPPLIES.

Three power supply options are provided. The transport power supply and the logic
power supply are used when the optional data electronics assembly is supplied. The trans-
port power pack may be used when the optional data electronics assembly is not supplied.

1-10. Transport Power Supply (Option). The transport power supply provides +24V, +12V,
and -12V unregulated DC voltages for capstan operation. Receptacles for AC power input
and for remote input and output lines are located on the supply. A circuit breaker on the
supply provides overload protection for the AC power input to the tape transport. The supply
has two AC convenience receptacles, which are connected directly to the AC power input. A
fuse on the supply provides overload protection for the convenience receptacles. A voltage

1-4



stepdown transformer in the supply provides 24 VAC for the control relay in the supply. The
relay is used in the power on-off circuit. AC operating power is distributed from the trans-
port power supply to the other assemblies of the transport.

When this option is selected, a regulated logic power supply (+12V, -6V, and -12V)
must be provided.

1-11. Logic Power Supply (Option). The logic power supply provides +12V, -12V, and -6V
regulated DC voltages for the transport electronics circuitry and for the optional data elec-
tronics circuitry.

1-12,  Transport Power Pack (Option). The transport power pack provides +24V, +12V,
and -12V unregulated DC voltages for capstan power and +12V, -6V, and -12V regulated DC
voltages for logic power. A receptacle for AC power input is located on the power pack. A
circuit breaker on the power pack provides overload protection for the AC power input to the
tape transport. The power pack has two AC convenience receptacles, which are connected
directly to the AC power input. A fuse on the power pack provides overload protection for
the convenience receptacles. A voltage stepdown transformer in the power pack provides
24 VAC for the control relay in the power pack. The relay is used in the power on-off cir-
cuit. AC operating power is distributed from the transport power pack to the other assem-
blies of the tape transport.

When this option is selected, the remote input and output lines are connected
'dlrectly to the transport electronics assembly.

1-13. TRANSPORT ASSEMBLY.

The transport assembly consists of all tape drive components mounted on a web-
reinforced precision casting. Also mounted on the transport assembly are the reel retainers,
reel servo supply, transport electronics, transistor bracket, vacuum blower, and the mag-
netic head, operator control panel, and write-enable switch assemblies.

1-14. Magnetic Head Assembly. The standard head assembly is either a 7-track dual-
stack read/write head assembly, capable of reading or writing in IBM (727, 72911, 7291V)
compatible format, or an ASCII 9-track unit capable of reading and writing in IBM 360 com-
patible format. An erase head is supplied as an optional feature. A tape cleaner and a
photosense assembly are mounted on the head assembly.

The tape cleaner provides for collection of shed materials from the oxide surface
of the magnetic tape. A low-velocity air-flow through the tape cleaner removes the particles.

The photosense assembly provides IBM compatible BOT (beginning-of-tape; at-load-
point) and EOT (cend-of-tape) photosensing of reflective tabs on the back of the tape.
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1-15. . Operator Control Panel Assembly. The operator control panel (OCP) asseﬂrhbly'p’ro—
vides local control for the tape transport. Two OCP assemblies are available. Selection is
determined by whether the tape transport is to be mounted horizontally or vertically.

1-16. ~Reel Retainers. Reel retainers are a selective feature. IBM or NAB compatible
quick-release or conventional screw-down reel retainers may be selected for either the fixed
or the file-reel. The fixed reel may be a permanently-mounted precision reel assembly.

1-17. Reel Servo Supply. The reel servo supply provides power for the reel motors and
reel brakes and distributes power to the vacuum blower.

1-18. Transistor Bracket. The transistor bracket provides a heat sink for the capstan-
drive power-amplifier transistors mounted on it. The bracket is used to support one end of
the transport electronics assembly. '

1-19. Transport Electronics Assembly. The transport electronics assembly contains the
printed circuit board (PCB) assemblies which control the tape transport.

1-20.  Vacuum Blower. The vacuum blower provides cooling for the capstan motor and
other transport assembly components, and also provides the vacuum for the vacuum chambers,
the vacuum-interlock switches, and the tape cleaner.

1-21. Write Enable Switch Assembly. A write enable switch assembly is prov1ded for
either the IBM or the NAB compatible file reel.
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. SECTION Il
INSTALLATION

2-1.  INTRODUCTION.

This section provides information for the installation of the tape transport.

2-2. GENERAL

The tape transport is designed for horizontal mounting in the Ampex TM-7200
console cabinet or for vertical mounting in a standard 19-inch rack-type enclosure.

The interconnecting cabling diagram for the tape transport is included in
Section VII.

2-3. CUSTOM INSTALLATIONS.

Tape reels and overlay panels must be removed to install mounting screws for
standard 19-inch rack-type tape transport installation. Interconnecting cable lengths will
determine power supply locations.

2-4.  UNPACKING.

Custom-built crates are designed for shipping Ampex equipment. When an
enclosure is supplied with the equipment, the components are installed in the cabinet and
are ready for installation and operation. When no cabinet is supplied, customized shipping
crates are provided for the components.

No special unpacking instructions are required. Care should be exercised during

unpacking. The equipment should be checked for shipping damage prior to application of
power.

2-5. PHYSICAL DIMENSIONS.

Table 2-1 lists aséembly dimensions and weights. The approximate weight of a
system can be calculated by adding the weights of the selected assemblies.
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-TABLE 2-1
PHYSICAL DIMENSIONS

ASSER/HBLY ‘ HEIGHT WIDTH DEPTH WEIGHT
Transport 26" 19" | 15" 130 lb
Access Door 26" 19" 3-7/8" 20 1b
Data Electronics (Option) 14" 19" 6-1/2" 30 Ib
Tran;port Power Supply 7" 19" 8" 25 1b
Logic Powér Supply 5-1/4" 19" 9" 45 1b
Transport Power Pack 5-1/4" 19" 1" 35 1b
TM-7200 Console 46" 28-1/4" 21" 75 1b
Console Fan Pack 5-1/4" 19" | . 12" 15 b
Standard 19" Enclosure 67" | 25" 27" 90 1b
Blower 8-3/4" 19" 12" 28 1b

2-6.  POWER REQUIREMENTS.

The tape transport is wired for 115 volt operation unless otherwise specified.
Maximum operating current at 115 VAC is 8 amperes. Tapped transformers in the power
supplies provide for operation with either 115 £11.5 VAC or 230 +23 VAC input voltage.
AC input power is applied at receptacle J1 on the transport power supply or the transport
power pack, whichever is supplied.

Console blowers may be operated at either 115 VAC or 230 VAC, depending upon

terminal jumper positions. Blowers for the standard 19-inch rack cabinet are available for
115 VAC or 230 VAC operation.

2-7. INPUT/OUTPUT SIGNALS AND CONNECTIONS.

The input/output signals to the tape transport consist of remote-control command
and status signals and read/write data signals. When the data electronics option is supplied,
connector J4 on the transport power supply provides connections for all input signals from



the customer to the system and connector J5 on the supply provides connections for all output
signals from the system to the customer. These input and output signals are described in
the Data Electronics technical manual.

When the data electronics option is not supplied, connector J10 on the transport
electronics assembly provides connections for the remote-control command and status
signals. Table 2-2 herein lists the input/output signals and pin designations for connector
J10. Connector P1 on the read head cable provides connections for the read head output
signals. Table 2-3 lists the pin designations for connector P1. Connector P2 on the write
head cable provides connections for the write data inputs to the write heads and connections
for the optional erase head. Table 2-4 lists the pin designations for connector P2.

2-8. INPUT/OUTPUT CONNECTORS.

Mating connectors for customer fabricated cables are provided.

2-9. COMMAND SIGNALS.

Command signals to the transport electronics assembly must fulfill the following
requirements. The FALSE level must be 0.00 *1.25 volts. The TRUE level may be -10
to -25 volts. Input impedance shall be not less than 2000 ohms, nor more than 3000 ohms.
Input lines from the remote source shall incorporate source ground. Command signals are
listed in Table 2-2.

2-10.  Select. When FALSE, the select line disables tape motion inputs to the transport
electronics and also disables status outputs from the transport electronics. A select TRUE
level will enable the remote inputs if the transport is in the ready and remote status. Trans-
port ready requires that all interlocks are closed. Remote is TRUE when the REMOTE push-
button, on the OCP, has been pressed. ‘ '

2-11. Forward/Reverse®*. When the forward/reverse line is at the TRUE level, forward

* direction is selected. When at the FALSE level, reverse direction is selected. The forward/

reverse level must be established 5 psec prior to a RUN command. A change in level on this
line, while the tape is in motion, will cause the tape to stop.

2-12. Run/Stop*. Transition from the FALSE to the TRUE level on the run/stop line will
cause the capstan to move the tape. The direction of the tape motion is determined by the
previously established forward/reverse line. Transition from the TRUE to the FALSE level
will cause tape motion to stop.

*Used when Run/Stop-Fwd/Rev logic is supplied.
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TABLE 2-2

TRANSPORT ELECTRONICS CONNECTIONS

| Plgxlllc‘)\](). SIGNAL TYPE
1 f‘orward/Reverse (-/H)* Command
2 Run/Stop (-/H)** | Command
«3 Rewind Command (-) Command
4 Rewind and Lockout (-) Command
S Select (-) Command
6 Beginning-of-Tape (-) Status
7 High/l.ow Density Select (-/+) Command (Output)
8 End -of-Tape ( -) Status
9 Rewinding (-) Status
10 Ready (-) Status
11 Ground -
12 Ground -
13 Ground -
14 Unit Select (-) Status
15 Write Enable Switch (C) Status
16 Write Enable Switch (NC) Status
17 Write Enable Switch (NO) Status
18 Select and Remote Ind (+) Status
19 High/Low Density Status (-/+) Status
20 --

Ground

*Reverse/Stop when Fwd/Stop-Rev/Stop logic is supplied.
**Forward/Stop when Fwd/Stop-Rev/Stop logic is supplied.




TABLE 2-3 -

READ HEAD CABLE CONNECTIONS

TABLE 2-4

WRITE HEAD CABLE CONNECTIONS

SIGNAL P1 PIN NO. SIGNAL P2 PIN NO.
Read Track 1 2 Write Track 1 2
12 12
Shield Ground 1 22
. 23

Read Track 2 33 Write Track 2 33
4 Shield Ground 2 13
Read Track 3 14 - 7}
Write Track 3 14
Read Track 4 gg Shield Qround 3 24
Write Track 4 §§
Read Track 5 12 Shield Ground 4 15
Write Track 5 6
Read Track 6 27 16
cad Lrac 37 Shield Ground 5 26
- . 27
Read Track 7 ‘lg Write Track 6 37
' Shield Ground 6 17
29 . 8
Read Track 8 39 Write Track 7 18
‘ - Shield Ground 7 28

21 - : ’
Read Track 3 31 Write Track 8 ;2
Shield Ground 929 Shleld'Ground 8 19
Head Ground 9 Write Track 9 v gi
Shield Ground 9 11
Erase Head Hot - 20
Power - Ground 30
Shield Ground Erase 40
Head C.T. (Write Pwr) 10
 Head Ground 9
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2-13, © F orward/ Stt)p* . A transition to the TRUE level on the forward/stop line Will cause
the capstan to move the tape in the forward direction. A transition to the FALSE level, while
the tape is in motion,  will cause the tape to stop. ’

2-14.  Reverse/Stop**. A transition to the TRUE level on the réverse/stop line will cause
the capstan to move the tape in the reverse direction. A transition to the FALSE level, while
the tape is in motion, will cause the tape to stop. o

2-15. Rewind. A transition to the TRUE level on the rewind line will initiate a high speed
rewind cycle. The tape will rewind to the BOT photosense tab and the capstan will place the '
tape at the load point. The transport will remain in remote mode.

2-16. Rewind and Lockout. A transition to the TRUE level on the rewind and lockout line
will initiate a high speed rewind cycle and return the transport to local mode. The tape will
rewind to the BOT photosense tab and the capstan will place the tape at the load point. Press
ing the REVERSE pushbutton will then cause the tape to unload.

2-17.  High/Low Density Select. The high/low density select line is a command output
from the operator control panel. The line is used to select the read strobe delay required
for the bit-packing density on the tape. When high density is selected, the line is at the
TRUE level. When low density is selected, the line is at the FALSE level.

2-18. STATUS SIGNALS.

Status signals are returned to the external equipment through connector J10 of the
transport electronics assembly and are provided for the operator control panel through
connector J9. Output levels, with a 25-foot cable, are -12 #2 volts (5 ma max to the load)
and 0.00 %1. 25 volts (5 ma max from the load). Status signals to the external equipment
are enabled when in the remote mode. The indicator outputs, to the operator control panel,
are active in either remote or local mode. Status signals are listed in Table 2-2

2-19. Ready. The ready line remains at the FALSE level until all tape transport inter -
locks are closed. The ready output is active in the remote mode only.

'2-20.  Unit Select. The unit select line acknowledges that the tape transport has been
selected by a TRULE level at the select input. The unit select output is active in the remote
mode only.

*Used when Fwd/Stop-Rev/Stop logic is supplied.
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2-21.  Select and Remote Indicator. The select and remote indicator line is driven by a
line driver having a passive output. The line driver must be terminated with an indicator
lamp returned to -12 volts. When so terminated, the line driver output is 0 volts whenever
the unit select line is .at the TRUE level, otherwise, the line driver output is 125 ohms
returned to ground. This output is active in the remote mode only.

2-22.  Beginning-Of-Tape (At Load-Point). A TRUE level on the beginning-of-tape (BOT)
line indicates that the BOT photosense tab is being sensed. The BOT output is active in the
remote mode only.

2-23, End-of-Tape. A TRUE level on the end-of-tape (EQT) line indicates that the EOT
photosense tab is being sensed. The EOT output is active in the remote mode only.

2-24. Rewinding. A TRUE level on the rewmdmg line indicates that the tape is rewinding.
The rewinding status output is active in the remote mode only.

2-25.  High/Low Density Status. The high/low density status line acknowledges the density
select level. A TRUE level indicates that high density has been selected. A FALSE level
indicates that low density has been selected. The density status line is active in the remote
mode only. '

2-26.  Write Enable Status. Three lines are provided to indicate the state of the write
enable switch:. the Write Enable Switch (C) line, the Write Enable Switch (NC) line, and
Write Enable Switch (NO) line. When a file-protect condition exists, the Write Enable
Switch (C) line is connected to the Write Enable Switch (NC). When a write-enable condition
exists, the Write Enable Switch (C) line is ¢connected to the Write Enable (NO) line. The
Write Enable Switch (NO) line is connected to ground in the data electronics. These lines
are active in both the remote and local modes.

© 2-27. DATA SIGNALS.

The magnetic head assembly is designed for writing and reading NRZI (non-return-
to-zero, change on ONEs) digital type information. An instantaneous change in the direction
of write current causes a ONE to be written on the magnetic tape. A reversal of the mag-
netic flux direction on the tape will be sensed by the read head and will be mterpreted as a
ONE.

Write current requirements and read signal outputs are provided for Ampex 838 tape
at a tape speed of 36 ips and a bit-packing density of 800 bpi, using a 7-track head. These
requirements are for direct connection to the heads; refer to the Data Electronics technical
manual for data signal requirements of the data electronics.
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2-28. . Write Data. The amplitude of the write input signals shall be 60 ma peak. A DC
current flow of 60 ma through the optional erase head coil will reduce all previously written
data to less than 3 percent.

2-29. - Read Data. The read head provides a 20 mv. (peak-to-peak) output.

¢

2-30. ENVIRONMENT,

2-31.  OPERATING ENVIRONMENT.

The tape transport is designed for operation in a fixed position under the following
conditions:

Ambient Air Temperature . .. ... «... 60°to90°F
Relative Humidity. . .. ... .. ..o 40% to 70% (with no condensation)
Altitude v v v v v i e e e e e e e 0 to 7500 feet

When enclosed, sufficient air must pass over the equipment in the enclosure to
maintain the exhaust air temperature (above the transport at the top of the enclosure) at less
than 120°F. The inlet air temperature shall be less than 90°F. Capstan motor and servo
motor housing surface temperatures must not exceed 170°F. Printed circuit boards and the
servo power amplifier temperatures must not exceed 120°F.

2-32. STORAGE AND SHIPPING ENVIRONMENT.
Sudden temperature changes which will cause condensation must be avoided.

Ambient Air Temperature . :........ -30° to +150°F

Relative Humidity., . .. ... ... oo ... 95% maximum

Altitude . v v v v e e e e e e e e e e e e 0 to 40, 000 feet
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SECTION Il
OPERATION

3-1. INTRODUCTION.,

- This section lists controls and indicators. Controls and interlocks are explained
and tape loading instructions are presented.

3-2. CONTROLS AND INDICATORS.

All operator controls and indicators except the REEL BRAKE switch are located on
the operator control panel of the transport, as shown in Figure 1-1.

3-3. POWER Switch. The POWER switch is an alternate-action (push ON, push OFF)
pushbutton indicator switch. When the switch is ON and power is applied to the tape trans-
port, the POWER indicator is ON.

3-4. FILE PROTECT Indicator. The FILE PROTECT indicator is ON when the write
enable ring is not in place. This notifies the operator that the information presently on the
tape or file is protected.

3-5. REMOTE Switch. The REMOTE switch is a momentary-ON pushbutton indicator
switch that switches the transport to remote or automatic control. When the transport is in -
the remote mode of operation, the REMOTE indicator is ON. '

3-6. LOCAL Switch. The LOCAL switch is a momentary-ON pushbutton indicator switch
that switches the transport to local or manual control. When the transport is in the local or
manual mode of operation, the LOCAL indicator is ON.

3-7. HIGH/LOW DENSITY Switch. The HIGH/LOW DENSITY switch is an alternate-
action (push HIGH, push LOW) pushbutton indicator switch controlling the read strobe delay
during the read mode of operation. When the transport is in the high-density mode of
operation, the HIGH portion of the HIGH/LOW DENSITY indicator is ON. When the trans-
port is in the low-density mode, the LOW portion of the HIGH/LOW DENSITY indicator is
ON. : '
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3-8. . FORWARD Switch. The FORWARD switch.is a momentary-ON pushbutton switch
which initiates movement of tape in the forward direction at the normal speed. The
FORWARD switch also bypasses the short/long loop sensors in the vacuum chambers. Thus,
if the:tape is threaded in the chambers but is not in the normal operating position, the reel
servos are enabled to move tape into the correct operating position in the chambers by press-
ing the FORWARD switch. If the FORWARD pushbutton is kept pressed for approximately
one-half second, the tape will move forward to permit loading of the tape into the vacuum
chambers-

3-9. REVERSE Switch. The REVERSE switch is a momentary-ON pushbutton switch
which initiates movement of tape in the reverse direction at the normal speed.

3-10. REWIND Switch. The REWIND switch is a momentary-ON pushbutton switch which
initiates movement of tape in the reverse direction at a high speed until the load point is
reached.

3-11. RESET (STOP) Switch. The RESET (STOP) switch is a momentary-ON pushbutton
switch which stops all tape movement and resets the forward/reverse control circuits.
Reset returns the transport to local mode.

3-12. REEL BRAKE SWITCH.

The REEL BRAKE switch is a pull to set, push to reset switch. When the operating
rod of the switch is pulled to the out position, the reel brakes are disengaged and the vacuum
is turned off to facilitate tape loading and unloading. The REEL BRAKE switch is reset to
the normal operating position by closing the transport access door. The switch may also be
reset by hand.

3-13. INTERLOCKS.

If a power supply fails, the vacuum system fails, the tape access door is opened,
or tape is improperly positioned in either vacuum chamber, power is removed from the
servo motors and the reel brakes are applied.

3-14. Power On. The vacuum interlocks prevent operation of the tape transport until the
equipment has stabilized and the vacuum has reached the operating level. This takes 3 to
4 seconds.



3-15. Power Off. When the POWER switch is set to the OFF position, the transport ready
relay is first deenergized which disconnects power from and then short circuits the capstan
motor armature, thus preventing movement of tape due to turn-off transients in the servo
system.

3-16. Tape Access Door. The tape access door is provided with an interlock which will
stop the tape transport should the access door be opened during operation. To operate the
tape transport with the access door open, pull the operating rod of the interlock switch to

the out position. This will bypass the interlock. To return the interlock to normal operation,
close the access door.

3-17.  Vacuum Failure. If the extreme limits (long or short) of permissible tape position
are exceeded in either vacuum storage chamber, tape motion will be stopped.

3-18. PHOTOSENSE TAB CONTROL.

The two channel photosense unit automatically stops tape motion and gives an output
to remote equipment when reflective tabs on the tape are sensed. Placement of reflective
tabs in two channels on the tape is shown in Figure 3-1.

CHANNEL A

" BEGINNING-OF-TAPE
é/,_:"?rAgETA“LEDE? ARGE REFLECTIVE TAB (BOT)

18 MINTO ]

MYLAR SIDE - / END OF TAPE
OF TAPE e ; \ o BEGINNING
L — OF TAPE

\ e 10’ MIN ——
CHANNEL B

END-OF-TAPE
REFLECTIVE TAB (EOT)

REFERENCE
EDGE
3/16"
ACTUAL TAB
DIMENSION
Figure 3-1

Reflective Tab Placement Diagram
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3-19.  LOADING THE TAPE. (See Figure 1-1.)

CAUTION
Follow the procedures of paragraph 5-3
for tape transport cleaning.

Use Ampex Part No. 087-007 head cleaner and a cotton swab to clean the head and
the tape guides before starting to load the tape. As the tape reel brakes must be released
while the tape is being loaded, power to the transport must be switched ON during the follow-
ing steps.

Step 1: (IBM Compatible Reel Retainer) Slip the file reel over the reel
retainer. Hold the reel firmly against the turntable surface and
turn the retainer knob clockwise to the mechanical stop. Ensure
that the reel is snugly mounted on the retainer and is flush against
the turntable.

(NAB Compatible Reel Retainer) Slip the file reel over the reel
retainer. Hold the reel firmly against the turntable surface and
rotate the retainer handle approximately 120 degrees clockwise,
at which point the reel retainer handle will lock into position.
Ensure that the reel is snugly mounted on the retainer and is
flush against the turntable. ’

Step 2: Pull the operating rod of the REEL BRAKE switch to the out position.
Step 3: Unwind 6 to 8 feet of tape leader from the reel.
Step 4: Starting where the tape leaves the file reel, place the tape around

the file servo tachometer spindle.

Step 5: Pass the tape across the end of the vacuum chamber, on the file
~ side of the transport, between the loop retaining plate and the
mouth of the chamber.

Step 6: Pass the tape across the read/write heads and around the capstan.
Step 7: - Pass the tape across the end of the other vacuum chamber.
Step 8: Pass the tape around the fixed servo tachometer generator spindle

and attach it to the fixed reel (the reel rotates clockwise during
wind). Wind at least three extra turns of tape on the fixed reel.
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Step 9:

Step 10:

Close the tape access door, thus resetting the REEL BRAKE
switch and turning on the vacuum. The REEL BRAKE switch
may also be reset by hand if the access door is kept open.

KOTE

At least one second must be allowed
between Steps 9 and 10 to let the
vacuum reach a level which will pull
the tape into the vacuum chambers.

Press the FORWARD pushbutton. This will enable the reel
servos to form loops in the vacuum chambers. (Refer to
paragraph 3-8.) If the FORWARD pushbutton is held ON for
about one-half second, the tape will move forward to the load
point under the capstan control.



SECTION IV
THEORY OF OPERATION

4-1.  SCOPE.

This section includes details of the operation of the tape drive and the control
electronics. (The control electronics is located in the transport electronics assembly.)
The tape drive (Figure 4-1) is comprised of the capstan servo system and the reel servo
system. Commands from the control electronics cause the tape drive to move tape forward,
reverse, or keep tape at a standstill.

4-2, - CAPSTAN SERVO SYSTEM.,

In response to commands from the control electronics, the capstan servo system
controls the direction and velocity of capstan motion. Direction commands are also de-
livered to the reel servo systems. The capstan servo system is comprised of the capstan
motor and capstan, the capstan tachometer, and the capstan servo control. Binary signals
from the control electronics are summed together to form a three-level signal. A negative
level constitutes a forward command; a zero volt level is a stop command. A positive level
is a reverse command. The threshold level for each command signal is low enough to cancel
the effect of input drift or of spurious signals.

Gentle handling of the tape is accomplished by making full use of the start and stop
times. The sloping output signal from the ramp generator provides linear acceleration and
deceleration. Linear acceleration and deceleration produces the lowest peak tape tension.
The output of the ramp generator is maintained at a constant slope by the integrating capa-
citor. The power amplifier compares the ramp generator output with the signal generated
by the capstan tachometer to provide servo control of the capstan speed. When the ramp
generator reaches saturation, the output remains at a constant level to maintain a constant:
capstan speed. '

During rewind, the rate of acceleration is decreased by increasing the value of
integrating capacitance. The lower rate of acceleration is provided to enable the tape recel
servo systems to maintain control of the tape loops in the vacuum chambers. The power
amplifier output is increased during rewind to drive the capstan at the rewind speed.

4-3. CAPSTAN MOTOR AND CAPSTAN.

The capstan motor is a DC~-driven printed-circuit motor. The printed-circuit
motor has a high-torque-to-low-inertia ratio which permits rapid acceleration at low power.
The capstan is mounted on the capstan motor shaft. Tape is held in contact with the capstan
during all modes of operation. Tape speed across the read/write head is dependent upon the
peripheral speed of the capstan.

4-1



FILE REEL

REEL
MOTOR

FILE REEL REEL
SERVO CONTROL TACHOMETERS

CAPSTAN

Iy

FIXED REEL
SERVO CONTROL REEL

VACUUM
CHAMBER

R
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|

J

PHOTOSENSORS
FIXED REEL
CAPSTAN
TACHOMETER
SPEED CONTROL FEEDBACK
<% g -« { GEN
INTEGRATING :T. :
CAPACITOR
L AAA—
CONTROL 1 rave il
ELECTRONICS ¥ GEN

CAPSTAN
MOTOR

DERIVATIVE FEEDBACK
% 2

Figure 4-1
Tape Drive, Flow Diagram

4-2



4-4, CAPSTAN TACHOMETER.

The capstan tachometer is directly coupled to the shaft of the capstan motor. The
tachometer provides a DC output proportional to the speed of the capstan motor. This DC
output is applied to the capstan servo control.

4-5. CAPSTAN SERVO CONTROL.

The capstan servo control consists of a bipolar power amplifier and one control
PCB assembly. The power amplifier is located on the transistor bracket and the transport
electronics assembly. The PCB assembly is located in the transport electronics assembly
card cage. ‘

4-6. CAPSTAN SERVO OPERATION. (See Figure 4-2.)

The capstan control and drive circuitry is located on the capstan servo control PCB
(CS). The capstan output circuitry is located on the transistor bracket. The ramp generator
of the capstan servo system is an operational amplifier with an integrating capacitor and a
current limiter. The current limiter provides constant current to the integrator until the
ramp generator reaches saturation, producing a constant rate of change in the output. The
constant current necessary is provided by the input signal (from the control electronics)
which always exceeds the limiting value of the current limiter. A zero clamp circuit is con-
nected from the' output of the operational amplifier to the input of the current limiter. When
tape is in motion, the mtegratlng capacitor is charged. If the integrating capacitor is charged
and the input SLgnal goes to ZERO, the zero clamp drives the operational amplifier back to
zero at the constant rate determined by the integrating capacitor, thus forming the decelera-
tion ramp. Once the ramp generator reaches saturation, the output of the ramp generator is
controlled by two adjustable resistors. One resistor controls the forward speed, the other
resistor controls the reverse speed. With independent control of the forward and reverse
speeds, compensation for electrical or mechanical differences between the directions can be
maintained, providing more accurate overall operation.

4-7. Power Amplifier. The ramp generator output signal is summed with the signal from
the capétan tachometer. The resultant signal is applied to the input stage of the power ampli-
fier. The input stage consists of a dead-band amplifier which prevents capstan creep due to
input drift when no signal is applied. The output of the dead-band amplifier is blpolar and is
applied to an inverter stage and a preamplifier stage.

When the dead-band amplifier output is at zero volts, both the inverter stage and
the preamplifier stage are cut off. When the inverter stage is cut off, the reverse driver
and output stages are cut off. When the preamplifier stage is cut off, the forward driver
and output stages are cut off. The output from the power amplifier is zero volts.
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When the dead-band amplifier output is positive (reverse-drive command), the
inverter stage conducts and forward biases the reverse driver and output stages. The
reverse output stage produces a positive voltage output, which drives the capstan motor in.
the reverse direction. The voltage from the reverse output stage is a function of the inverter
input.

When the dead-band amplifier output is negative (forward-drive command), the pre-
amplifier stage conducts and forward biases the forward driver and output stages. The
forward output stage produces a negative voltage output, which drives the capstan motor in
the forward direction. The voltage from the forward output stage is a function of the pre-
amplifier input.

4-8. ‘REEL SERVO SYSTEMS.

The file reel servo system maintains the supply of tape in the file reel vacuum
chamber by feeding tape into the chamber as tape is withdrawn by the capstan. The fixed
reel servo system removes tape from the fixed reel vacuum chamber as tape is fed into
the chamber by the capstan. Each system is independent of the other. Each system is
comprised of a tape reel motor and reel servo control circuits. The reel servo supply
provides power for both systems. ' '

4-9. TAPE REEL MOTOR.

Each tape reel motor is a DC series split-phase motor. Separate field windings
are provided for forward and reverse operation. A brake assembly is attached to the rear
" of each motor. The brake is applied to stop tape motion when power is removed from the
brake solenoid. A constant drag is also provided by the brake to provide the required -
damping for servo operation. -

4-10. REEL SERVO CONTROL.

Reel motor speed and direction are governed by outputs from the reel servo control
circuits. Outputs from the reel servo control circuits are determined by feedback obtained
from the loop position sensors and the reel servo tachometers.

4-11. Loop Position Sensors. Two photocells sense the position of the tape loop in each
vacuum chamber. One photocell senses the tape loop position during forward operation.

The other photocell senses the tape loop position during reverse operation. An excitation
lamp opposite each photocell provides a light source for the photocell. When the light source

4-5



is exposed by the tape loop, an output current is produced. The outputs of the photoéells are
applied to the reel servo circuitry, which maintains the proper amount of tape in the vacuum
chamber. In forward operation, a short loop is maintained in the file reel vacuum chamber
and a long loop is maintained in the fixed reel vacuum chamber. In reverse or rewind
operation, a long loop is maintained in the file reel vacuum chamber and a short loop is
maintained in the fixed reel vacuum chamber. '

.

4-12, Reel Tachometer. The reel tachometer is mounted between the vacuum chamber
and the tape reel. The tachometer produces a DC output proportional to the speed of shaft
rotation. The tachometer monitors the velocity of tape passing between the tape reel and
the vacuum chamber. The DC output is applied to the input of the reel servo circuitry which
controls the reel motor speed. A DC output from the ramp generator, which is proportional
to tape velocity between the capstan and the chambers, is also applied to the reel servo
circuitry.

4-13. REEL SERVO OPERATION. (See FFigure 4-3.)

The reel servo circuitry is mounted on the reel servo control (RC). The input to
the reel servo control system consists of five signals: ramp output, reel tachometer,
forward loop sense, reversec loop sense, and rewind. These five inputs are summed in
various combinations in four summing networks: forward drive network, forward inhibit
network, reverse drive network, and reverse inhibit network. The outputs of the summing
networks are applied to the forward and reverse drive amplifiers (Figure 4-4). The forward
drive amplifier consists of three cascaded stages: an amplifier, an emitter follower, and
another amplifier. The reverse drive amplifiers consists of three cascaded amplifiers. In
this way a phase shift occurs in the reverse drive amplifier that does not occur in the for-
ward drive amplifier. This properly polarizes the outputs to drive the windings of the reel
motors. An inhibit bias is applied directly to éach amplifier to prevent reel creep or oscil-
lation when no signal is applied. Driving power is applied to the reel motors only when it
is necessary to drive the reels. When driving power is not required, the reels are allowed
to coast. Normal counter-torque and drag friction prevent the tape from unwinding from
the reel.

4-14. Forward. In forward operation, tape loop motion is centered around the forward
loop sense photocell. In operation, the ramp generator in the capstan servo system applies
a forward or reverse signal to the ramp input. For forward operation, this signal is at a
positive level. The positive polarity inhibits the reverse drive amplifier through the reverse
inhibit network and enables the forward drive amplifier. As the capstan starts to move, tape
is drawn from the vacuum chamber. When the loop of tape exposes the forward loop sense
photocell, the output of the photocell amplifier is summed with the output of the tachometer
in the forward drive network. The summed signal causes the reel to drive tape in the for-
ward direction faster than tape is being drawn by the capstan, replacing the tape loop in the
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vacuuii chamber. When the forward loop sense photocell is no longer exposed, reel drive
is shut off. With reel drive shut off, the reel coasts with only counter-torque and the drag
of the reel brakes slow it down. As the reel slows, the tape loop exposes the forward loop
sense photocell, and drive is once more applied to the reel motor. This intermittent opera-
tion continues until capstan motion is stopped. The forward loop sense photocell output also
inhibits reverse reel drive.

.
.

4-15.  Stop. When a stop command is programmed, the forward/reverse input goes to
zero. This removes the inhibiting bias from the reverse amplifier. The output of the
tachometer, being negative, inhibits the forward drive amplifier and energizes the reverse
drive amplifier through the reverse drive network. The reverse drive amplifier applies
power to the reel motor to stop reel rotation. If, however, the forward loop sense photocell
is exposed, reverse drive is inhibited until the tape loop covers the photocell.

4-16.  Turnaround. When a turnaround (a stop followed by an immediate start in the
opposite direction) is programmed, the forward/reverse input goes negative and cancels

out the reverse drive inhibiting output from the forward loop sense photocell. The reel
tachometer input enables the reverse drive immediately, regardless of the position of the
loop, and the reel is driven to a stop. The servo control operates as if the motion command
has been programmed with the tape stopped.

4-17. Reverse. For reverse operation, servo control is as described previously except

that the levels of the input signals are reversed and tape loop motion is centered around the

reverse loop sense photocell. The input polarity reversal inhibits the forward drive ampli-
fier and enables the reverse drive amplifier. '

4-18.  Rewind. The reel servo system is designed to control tape motion at normal speed.
For rewind, acceleration and deceleration rates must be lower. The rate of acceleration or
deceleration is controlled by the ramp generator. During rewind, a negative sloping signal
is produced at the ramp 'input to the reel servo. The ramp input inhibits the forward drive
amplifier and enables the reverse drive amplifier. The rewind input to the reel servo is
also connected to the output from the ramp generator. The rewind input sets a bias level

on the reverse drive network causing tape to be driven. The output of the reel tachometer
exceeds the bias applied to the reverse drive network when tape speed between the reel and
the vacuum chamber is 10-percent slower than the tape speed across the read/write head.
When the tape loop in the vacuum chamber exposes the reverse loop sense photocell, the
photocell output is added to the bias, causing reel speed to increase until the tape speed
between the reel and the vacuum chamber is 10-percent faster than the tape speed across
the read/write head.
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4-19. - REEL SERVO SUPPLY.

The reel servo supply provides power for the reel motors, the reel brakes, and the
vacuum blower motor. A fuse provides protection from overload in the primary circuit.
Another fuse provides overload protection to the input of the bridge-type rectifier consisting
of diodes CR1, CR2, CR3, and CR4.

AU voltage is supplied to the vacuum blower motor through rewind relay K5.
Pulsating DC voltage is applied to the reel motors through K5. During rewind, K5 is ener-
gized and applies increased voltage to these two circuits.

When energized, servo ready relay K4 on the transport electronics assembly applies
a contact closure to terminals 4 and 5 of terminal strip TS2 on the reel servo supply. This
applies power to the reel motor control circuits and the reel brakes. When power is applied
to the reel brakes, the brakes release. If the contact closure is removed, power is removed
from the reel motors and the reel brakes are applied.

The fixed reel motor control circuit consists of silicon controlled rectifiers SCR1
and SCR2 and associated circuitry. A small amount of power is applied to the reel motor
through diodes CR8 and CR9 to compensate for the tension on the tape produced by the
vacuum in the vacuum chambers. This holds the reel steady when tape is not being driven.
When the fixed reel motor forward input is positive, SCR1 conducts, applying pulsating DC
voltage to the forward winding of the reel motor. When power is applied to the reel motor,
diodes CR8 and CR9 are reverse biased. The reel motor is driven in the forward direction
by the pulsating DC voltage. The reel motor is stopped when the fixed reel motor forward
input is returned to zero. When the fixed reel motor forward input is at zero, SCRI is
biased to cutoff. Diode CR5 provides back bias for SCR1, SCR2, SCR3, and SCR4 to prevent
reel motor oscillation under no signal conditions. When the fixed reel motor reverse input
is positive, SCR2 conducts, applying pulsating DC voltage to the reverse winding of the reel
motor. The operation of the reverse circuit is the same as the operation.of the forward
circuit.

The file reel motor control operates the same as the fixed reel motor control.

During normal operation, the REEL BRAKE switch on the tape transport connects
the brakes to terminal 5 of terminal strip TS2 on the reel servo supply. When the K4 con-
tact closure previously described is applied, the reel brakes are released by power obtainced
through the energized ready relay. When the REEL BRAKE switch is set to the tape loading
position (operating rod of the switch pulled to the out position), the reel brakes are connected
to-terminal 1 of TS2 and the brakes are released by power through the deenergized ready
relay. With power applied, the reel brakes release. ‘
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4-20. REWIND OPERATION.

When a rewind command is programmed, the rewind signal from the control elec-
- tronics gates on the rewind relay driver on CS. The rewind relay driver energizes rewind
relay K2 (located on the transport electronics assembly), which performs the following
functions:

(a) Connects a capacitor-diode network in parallel with the ramp generator
to lessen the acceleration of the tape.

(b) Applies a reverse command to the input of the capstan servo system.

(c) Connects the rewind input of the reel servo control to the output of
the ramp generator to provide rewind bias to the reel servo control.

(d) Connects the input of the rewind relay driver to the output of the ramp
generator to keep K2 energized during rewind.

(e) Connects a resistor across the reverse-speed-control potentiometer
of the capstan servo circuitry to provide a higher speed reference for
the capstan servo drive system.

The rewind relay driver also energizes rewind relay K5 (located in the reel servo
supply), increasing the power applied to the vacuum and reel motors. The increased vacuum
ensures uniform tape packing during rewind. Rewind continues until the BOT tab is sensed
by the photosense assembly or the RESET (STOP) pushbutton is pressed.

When the BOT tab is sensed by the photosense assembly, the trailing edge of the tab
produces a signal that sets the forward flip-flop. The control electronics applies a forward
command signal to the input of the ramp generator which balances out the reverse command
for rewind. The ramp generator begins deceleration rundown, slowing the capstan and reel -
servo systems. The rewind relay driver holds rewind relay K2 energized, thus providing
slower deceleration of the tape. When the velocity of the tape is at a safe level, the output
of the ramp generator drops below the level required to gate on the rewind relay driver and
K2 is deenergized. The tape speed then decreases at the normal rate. When K2 is de-
energized, the reverse command signal is removed from the capstan servo input, leaving
the forward signal applied to the input of the ramp generator. Tape is driven forward to the
BOT tab. When the tab is sensed by the photosense assembly, the forward command signal
is removed (forward flip-flop is reset) and the tape stops.

If the RESET (STOP) pushbutton is pressed during rewind, stop rewind relay K1 on
the transport electronics assembly is energized. K1 removes the reverse command applied
to the input of the capstan servo system. The control circuit goes to zero. The ramp gen-
erator begins deceleration rundown, stopping the capstan and the tape reels.
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4-21. - VACUUM BUFFER STORAGE.

The vacuum buffer storage isolates the capstan servo system from the reel servo
systent. With the capstan drive system isolated from the reel drive system, the capstan
drive system accelerates a minimum of tape mass. As tape is drawn from the vacuum
buffer storage, it is replaced by the reel servo system. The vacuum provides proper and
equal tapée tension on both sides of the capstan. The vacuum buffer storage consists of a
vacuum motor unit assembly and two vacuum chamber assemblies. If the vacuum fails or
the tape is in an abnormal position, the vacuum interlock switches interrupt the capstan
servo system and the reel servo system and the brakes are applied to the reel motors. If
the tape loop is too short, air is admitted to the vacuum area through the hole in the glass
‘of the-vacuum chamber, lowering the vacuum. If the tape loop is too long, the vacuum inter-
lock switch sense port is exposed to the air directly.

4-22. CONTROL ELECTRONICS.

The control electronics accepts tape input control signals from the external equip-
ment, issues tape control commands to the tape drive system, and returns status signals to
the external equipment. Tape command interlocks are provided by the control electronics
to ensure that erroneous command sequences will not cause tape damage or system mal-
function. The control electronics also includes the necessary logic for rewind-to-load-point
and other computer oriented functions. In the descriptions of the control electronics logic
functions that follow, an UP level indicates relatively positive as compared to the relatively-
negative DOWN level. The operator control panel (optional equipment) provides switches
and indicators to permit local operation of the tape transport for loading of tape and for
maintenance.

KOTE

If the operator control panel option is not
taken, equivalent circuitry should be con-
nected to connector ]9 of the transport
electronics assembly. (See the operator
control panel schematic in Section VII.)

4-23. PRINTED CIRCUIT BOARD (PCB) ASSEMBLIES.
The control electronics circuitry is located on four PCB assemblies. Table 4-1

lists the printed circuit boards, assembly numbers, and schematic numbers. Refer to
Scction VI for detailed description of the operation of the circuits on the PCB assemblies.
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TABLE 4-1
PRINTED CIRCUIT BOARDS

CONTROL ELECTRONICS

, PART SCHEMATIC BOARD
CODE PRINTED CIRCUIT BOARD NUMBER* NUMBER LOCATION
RLD Rewind Logic 3118222-01 3118224 J1 |
LLA Local/Remote Logic- 3107102-10 3107103 J2
PHB Photoamplifier 3107262-10 3107073 J3
" FLA Forward/Reverse Logic 3107082-10 3107083 J4
TAPE DRIVE ELECTRONICS
| PART SCHEMATIC | BOARD
CODE | PRINTED CIRCUIT BOARD NUMBER* NUMBER LOCATION
CSA Capstan Servo Confrol 3167097-10 3107098 J6
RCA Reel Servo Control 3107092-10 3107093 - J7 ‘

* Typical for 36 ips

4-24., WRITE ENABLE SWITCH ASSEMBLY.

When no write enable ring is installed in the file reel, the write enable switch (S12)
contacts are as shown in the transport electronics schematic in Section VII and the FILE
PROTECT indicator on the operator control panel is ON. When the write enable ring is in
place on the file reel, the plunger of S12 is forced back by the ring. The solenoid within the
switch retracts the plunger to prevent drag on the tape reel. When the plunger is retracted, .
the write enable switch is actuated to the other position and removes power from the FILE
PROTECT indicator lamp.

When the tape transport interlock circuit is interrupted, power is removed from
the write enable switch solenoid and the write enable switch contacts return to their original
position.
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4-25. . PHOTOSENSE HEAD.

The photosense head is attached to the read/write head assembly. The photosense
head consists of a light source and the necessary photoelectric elements to sense the light
reflected from reflective markers on the tape.

4-26. POWER ON SEQUENCING.

Circuit breaker CB1 on the transport power supply (or the transport power pack)
must be set to the ON position before the AC input power at J1 can be applied to the tape
transport. When the POWER pushbutton switch on the operator control panel is in the ON
position, AC relay K1 on the transport power supply or pack is energized, and power is
applied to the tape transport. The operating power for AC relay K1 is provided by trans-
former T1 on the transport power supply or pack. Voltage limiter VR1 on the transport
power supply or pack limits the peak voltage applied to the relay coil.

When power is applied to the tape transport, the transport is not ready for operation
until transport ready relay K3 (on the transport electronics assembly) is energized through
the transport-ready-relay interlock circuits. (See Figure 4-5.) The transport-ready-relay
interlock circuit is complete when the power supplies are operating, the reel access door
interlock switch is closed, and the vacuum interlock switches sense the proper vacuum
pressure. While the transport ready relay is not energized, an UP level is applied to the
TRANSPORT READY input to the local/remote logic PCB (LL). With the UP level applied to
the TRANSPORT READY input, the MASTER RESET output from LL is at the UP level. Thé
UP level MASTER RESET prevents any tape motion by resetting and inhibiting the outputs of
the forward/reverse logic PCB (FL) and the rewind logic PCB (RL). The UP level on the
TRANSPORT READY input sets LL for local mode operation. When all interlocks are closed,
the transport ready relay is energized and applies a DOWN level to the TRANSPORT READY
input of LLL, which causes the MASTER RESET vsignal to go to a DOWN level. The LOCAL
pushbutton indicator is ON, indicating that the transport is ready for operation in the local
mode. The transport ready relay is deenergized whenever an interlock is opened, stopping
tape motion and returning the tape transport to the local mode.

4-27. LOCAL MODE OPERATION.

The local mode is selected by any of the following:

(a) Pressing the LOCAL pushbutton. When the LOCAL pushbutton is
- pressed, an UP level is applied to the LOCAL PB input to LL.

(b) Pressing the RESET pushbutton. When the RESET (STOP) pushbuttbn
is pressed, an UP level is applied to the RESET PB input to LL.
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(c) Upon receipt of a DOWN level on the REWIND AND LOCKOUT input
to RL, the GO LOCAL output from RL goes to the DOWN level,
resetting LL to the local mode.

(d) When an interlock is opened or durlng power on sequencing as
described previously.

When the tape transport is in the local mode, the OCP ENABLE and LOCAL (+)
outputs from. LL go to the UP level and the LOCAL INDICATOR output is enabled. The OCP
ENABLE output enables the FORWARD, REVERSE, and REWIND pushbutton switches on the
operator control panel. The LOCAL INDICATOR output lights the LOCAL indicator. The
LOCAL (+) output enables the EOT input to FL. Inputs and outputs to the external equipment
are disabled. '

4-28.  Forward. When the FORWARD pushbutton is pressed, an UP level is applied to
the FORWARD PB input to FL.. This sets the FWD (-) output from FL to the DOWN 1eve1
causing the tape drive system to move tape in the forward dlrectlon

4-29, Reverse. When the REVERSE pushbutton is pressed, an UP level is applied to the
REVERSE PB input to FL.. This sets the REV (+) output from FL to the UP level, causmg
the tape drive system to move tape in the reverse direction.

4-30. Stop. Once initiated; tape motion will continue until the MASTER RESET goes to

the UP level or a BOT or EOT tab is sensed. When the RESET (STOP), REMOTE, or LOCAL
pushbutton is pressed, the respective PB input to LL goes to the UP level causing the MASTER
RESET output to go to the UP level, which resets the FWD (-) and REV (+) outputs of FL,
stopping tape motion. When the BOT tab is sensed, the BOT (+) output from the photoamplifier
PCB (PH) goes to the UP level, resetting the FWD (~) and REV (+) outputs from FL. When the
EOT tab is sensed, the EOT (+) output from PH goes to the UP level, resetting the FWD (-)
and REV (+) outputs from FL, stopping tape motion.

MOTE

If the REVERSE pushbutton is pressed while tape

is being driven in the forward direction or the
FORWARD pushbutton is pressed while tape is

being driven in the reverse direction, an UP level
will be applied to the reverse run output, the FWD (-)
and REV (+) outputs will be summed at the capstan
servo system input and produce a stop command,
causing tape motion to stop. The RESET (STOP)
pushbutton must be pressed before the tape transport
can accept further commands.



4-31.  Rewind. When the REWIND pushbutton'is pressed, an UP level is applied to the
REWIND PB inpt input to RL. If the rewinding flip-flop on RL is in the reset state, the REWIND
PB input is enabled and sets the REWIND (-) output to the DOWN level. The DOWN level
REWIND (-) output is applied to the tape drive system, initiating high speed tape rewind.
The DOWN level REWIND (-) signal also sets the REWINDING (+) output to the UP level,
which disables the rewind command inputs to RL and enables the BOT (+) input to FL.

Tape rewinding continues until the RESET (STOP) pushbutton is pressed or the BOT tab is
sensed by the photosense head. If the RESET (STOP) pushbutton is pressed, tape motion is
stopped as described in paragraph 4-30. The MASTER RESET signal also resets the
REWIND and REWINDING outputs from RL. As the BOT tab passes the photosense head,
the BOT (+) output from PH applies an UP level to the BOT (+) inputs of RL and FL. The
BOT (+) input to RL resets the REWIND output and triggers a time delay circuit that will
reset the REWINDING output approximately 500 milliseconds later. The 500 millisecond
delay holds the REWINDING output TRUE while tape motion is stopped and the reel servo.
system stabilizes. The REWIND (-) output at the UP level initiates a rewind stop sequence
in the tape drive system. '

If the BOT tab does not overshoot the photosense head following rewind, the
REWINDING output from RL is reset by the 500-millisecond time delay circuit on RL and
rewind is complete.

If the BOT tab overshoots the photosense head, the negative-going BOT (+) signal
produced when the BOT tab overshoots sets the FWD (-) output of FL to the UP level, which
causes the tape drive system to reverse tape motion (turnaround) to the forward direction as

“soon as the rewind relays are deenergized. The UP level FWD (+) output also enables the
TIME DELAY (+) input to RL (pin 22). When the BOT tab is returned to the photosense head,
the BOT (+) output from PH goes to the UP level and resets the REWINDING output from RL
(through the TIME DELAY mput) and the FWD output from FL; this stops tape motion and
rewind is complete

4-32. Density Control. The HIGH/LOW DENSITY pushbutton switch controls the HI/LO
DENSITY SELECT output which is applied to RL and to either the data electronics when
suppliéd or to the external equipment when the data electronics is not supplied. The input
to RL is not enabled during local operation and has no effect; the HI/LO DENSITY STATUS
output from RL remains at the UP level during local operation. The HI/LO DENSITY
SELECT output is supplied to the external equipment through pin 7 of J10 on the transport
electronics assembly input/output when the data electronics is not supplied. When the HIGH/
LOW DENSITY pushbutton switch is in the HIGH position, the HI/LO DENSITY SELECT output
-12 volts; the output is 0 volts when the switch is in the LOW position.

4-33. - REMOTE MODE OPERATION.
Remote mode is selected when the REMOTE pushbutton is pressed. When the

REMOTE pushbutton is pressed, an UP level is applied to the REMOTE PB input to LL.
The REMOTE PB input disables the LOCAL INDICATOR output, resets the OCP ENABLE
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output to a DOWN level, and enables the REMOTE INDICATOR output and the SELECT (-)
input of LL. The DOWN level OCP ENABLE output from LL removes control from the
FORWARD, REVERSE, and REWIND pushbuttons on the operator control panel. The
REMOTE INDICATOR output lights the REMOTE pushbutton indicator "white".

A DOWN level SELECT (-) input to LL causes the UNIT SELECT (-) and SELECT &
REMOTE (-) outputs from LL to go to the DOWN level and enables the SELECT & REMOTE
INDICATOR output of LL. The SELECT & REMOTE INDICATOR output lights the REMOTE
pushbutton indicator "red". The SELECT & REMOTE (-) output is applied to RL and sets
the UNIT SELECT (+) output from RL to an UP level. The SELECT & REMOTE (-) input to
RL also enables the REWIND COMMAND (-) and REWIND AND LOCKOUT (-) inputs to RL.
The UNIT SELECT (+) output from RL performs the following functions:

(a) Enables the HI/LO DENSITY and READY (+) inputs to RL and the
REWINDING (+) input to the REWINDING STATUS (-) circuit of
RL. The READY (-) output from RL goes to the DOWN level
when the READY (+) input is enabled.

(b) Enables the BOT (-) and EOT (-) outputs to the external equipment.

(c) Enables the RUN/STOP and FWD/REV inputs (or the optional
FWD/STOP and REV/STOP inputs) to FL.

4-34. Forward and Reverse (Run/Stop and Fwd/Rev Inputs). When-the standard forward/
reverse logic PCB is supplied, a direction level must be established prior to the run tran-
sition to move tape at normal speed in either the forward or reverse direction. An interval
of 5 microseconds (minimum) should separate the commands. A DOWN level on the forward
reverse input line to FL followed (after 5 psec) by a transition to the DOWN: level on the run/
stop input line to FL will cause the tape to run forward.. An UP level on the forward/reverse
line followed by a DOWN level on the run/stop line will cause the tape to run in the reverse
direction. A transition from 0 volts to -12 volts on the run/stop line constitutes a run
command. A transition from -12 volts to 0 volts constitutes a stop command. Forward and
reverse are selected as follows:

(a) Forward. When the FWD/REV input to FL is set to -12 volts, the
RUN/STOP input controls the forward run output. The transition
of the RUN/STOP input to -12 volts sets the FWD (=) output from
FL to the DOWN level. A DOWN level FWD (-) output from FL
causes the tape drive system to move tape in the forward direction.

(b) Reverse. When the FWD/REV input to FL is set to 0 volts and the
BOT tab is not sensed, the RUN/STOP input controls the REV (+)
output from FL. If the BOT tab is sensed, the run command is
ignored. The transition of the RUN/STOP input to -12 volts sets
the REV (+) output from FL to the UP level. An UP level REV (+)
output from FL causes the tape drive system to move tape in the
reverse direction,
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4-35. Forward and Reverse (Fwd/Stop and Rev/Stop Inputs). When the forward/reverse’
logic -C PCB is supplied, a level transition on one of the two direction lines establishes the
direction and run command required to move tape at normal speed in either the forward or
the reverse direction. A transition to the DOWN level on the FWD/STOP input line to FL
will cause the tape to run forward. A transition to the DOWN level on the REV/STOP input
line to FL will cause the tape to run in the reverse direction. A transition to the DOWN level
on both lines will cause tape motion to stop (caused by improper input to the logic circuits of
the tape drive system). A transition from 0 volts to -12 volts constitutes a run command.

A transition from -12 volts to 0 volts constitutes a stop command. Forward and reverse

are selected as follows:

(a) Forward. A transition to -12 volts at the FWD/STOP input to FL
sets the FWD (-) output from FL to the DOWN level. A DOWN
level FWD (-) output from FL causes the tape drive system to
move tape in the forward direction.

(b) Reverse. When the BOT tab is not sensed, a transition to -12 volts
at the REV/STOP input to FL sets the REV (+) output from FL to
the UP level. An UP level REV (+) output from FL causes the tape
drive system to move tape in the reverse direction.

4-36.  Stop. Once initiated, tape motion continues as long as the RUN/STOP input (or the
optional FWD/STOP or REV/STOP input) remains at -12 volts unless the BOT tab is sensed

or the RESET (STOP), REMOTE, or LOCAL pushbutton is pressed. The FWD (-) or REV (4)
output from FL is reset by the BOT or MASTER RESET (+) input to FL.. The FWD (-) or

REV (+) output from FL is also reset by the transition of the RUN/STOP input (or the optional
FWD/STOP or REV/STOP input) to 0 volts. The MASTER RESET (+) input to FL is set to the
UP level by the respective PB input to LL when the RESET (STOP), REMOTE, or LOCAL push-
button is pressed.. When the RESET (STOP) or LOCAL pushbutton is pressed, the tape trans-
port is set to local mode.

MOTE

When the EOT tab is sensed in the remote mode,
tape motion is not stopped. The EOT (-) output
to the external equipment indicates the EOT tab
is being sensed. The external equipment must
set the RUN/STOP input (or the optional FWD/

- STOP or REV/STOP input) to zero volts to stop
tape motion. This is provided so that if an
operation is being performed when the EOT tab
is sensed, the operation can be completed before
the tape is stopped.
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4-37. . Rewind. When the REWIND COMMAND (-) input to RL goes to the DOWN level, the
REWIND (-) output is set to the DOWN level, causing the tape drive system to initiate tape
rewind. Tape rewinding continues until the BOT tab is sensed by the photosense head or the
RESET (STOP) pushbutton is pressed. If the STOP pushbutton is pressed, tape motion is
stopped as described in paragraph 4-30; the MASTER RESET (4) signal also resets the tape
transport to local mode. When the BOT tab is sensed by the photosense head, tape motion
is stopped as described in paragraph 4-31.

MOTE

The REWIND COMMAND (-) input must be
disabled by the external equipment during
forward and reverse commands. The RUN/
STOP input (or the optional FWD/STOP and
REV/STOP inputs) must be disabled by the
external equipment during rewind.

4-38. Rewind and Lockout. When the REWIND AND LOCKOUT (-) input to RL goes to
the DOWN level, it causes the tape to be rewound as described in paragraph 4-37. The
DOWN level REWIND AND LOCKOUT (-) input to RL causes the GO LOCAL (-) output to go
to the DOWN level, which resets the tape transport te the local mode.

NOTE

The REWIND AND LOCKOUT (-) input must
be disabled by the external equipment during
forward and reverse commands.  The RUN/
STOP (or the optional FWD/STOP and REV/
STOP inputs) must be disabled by the external
equipment during the rewind and lockout
operation.

4-39. Density Select Output. During remote mode operation, the HI/LO DENSITY input
to RL is enabled by the SELECT & REMOTE (-) input. When the HIGH/LOW DENSITY push-
button switch is in the HIGH position, the HI/LO DENSITY STATUS output from RL is at the
DOWN level; when the switch is in the LOW position, the output is at the UP level. The HI/
LO DENSITY STATUS output is supplied to the external equipment through pin 7 of J10 on the
transport electronics assembly when the data electronics is not supplied.
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4-40. READ/WRITE HEAD ASSEMBLY.

The tape transport uses a dual head assembly for read and write functions. Head
operation is electrically independent of other tape transport components (except when the
optional data electronics is supplied) although accurate tape contact with the head assembly
is derived mechanically from related transport parts. Read/write amplifiers and detectors
are required to reproduce or deliver data signals to and from the head when the optional data
electronics is not supplied. An erase head may be incorporated as an optional feature. "
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SECTION V
MAINTENANCE

5-1. GENERAL.

The TM-7 Tape Transport is designed to require minimum main-
tenance and service. '

Figures 5-1 and 5-2 assist in rapid identification of major
components.

A listing of the tools and test equipment used in maintenance
of the tape transport will be found at the end of this section.

i CAUTION |

Do not insert test probes into connector
pins. This practice may cause permanent
damage to the connectors and result in
poor connections. All significant signals
necessary for troubleshooting are provided
with test points on the chassis or the PCB.

Lubrication of the tape transport is not necessary.

5-2. PREVENTIVE MAINTENANCE.

A program of planned preventive maintenance will prevent un-
scheduled down time. Maintenance procedures may be scheduled by
either the number of eight-hour shifts, or by the hours of running
time. (Refer to Table 5-1.) ~



SERVO
TACHOMETER
GENERATOR

R R,

055 07 R e e NN 0

T

OPERATOR
CONTROL

BRAKE — CAPSTAN

VACUUM INTERLOCK

CHAMBER

- READ/ WRITE
HEAD ASSY

Figure 5-1. '
TM~7 Tape Transport, Front View



. REEL SERVO
MOTOR & BRAKE

VACUUM
BLEEDER

VYACUUM MOTOR
& FILTER /

VACUUM CAGE
FITTING

REEL SERVO
POWER SUPPLY

READ/WRITE
HEAD CABLES

CAPSTAN MOTOR
& TACHOMETER CONTROL
GENERATOR ELECTROKICS
Figure 5-2.

TM-7 Tape Transport, Rear View




TABLE 5-1.

SCHEDULE OF PREVENTIVE MAINTENANCE

. MAINTENANCE FREQUENCY APPROX. |- | TOTAL | TEXT
OPERATION SHIFTS |HOURS |MIN. EA. | QTY | TIME | REF.
Clean- transport 1 8 3 1 3 5-3
Clean tape cleaner 15 120 3 1 3 5-4
cartridge '
Check tape tracking 100 800 5 1 5 -
Clean cabinet 65 | 1,500 10 1 10 5-5
Clean vacuum motor 100 800 15 1 15 5-6
filter & check brushes
Check reel brake 100 800 5 2 10 5-10
torque
Replace vacuum unit - 500 4,000 15 1 15 5-44
motor
Check reel brake 500 4,000 10 2 20 5-9
linings
| Check capstan brushes 625 5,000 20 1 20 -

Check reel motor 625 5,000 3 2 5 5-40
brushes
Replace loop sensor 1,250 |10,000 5 4 20 -
assembly
Replace photosense 1,250 |10,000 5 1 5 | 5-37
head assembly :
Replace capstan and 3,750 30,000 20 3 60 5-36
‘reel tachometers :

w




5-3. CLEANING THE TAPE TRANSPORT.

Clean the tape transport as follows:

Solvents such as carbon tetrachloride may
dissolve the head lamination adhesive. Use
Ampex Head Cleaner (Catalog No. 087-077)
for the head and metal guides. Denatured
alcohol may be used for the capstan, vacuum
chambers and all rubber components.

‘Ampex Head Cleaner shall not be used to
clean rubber parts as its use will damage
the rubber.

Cleaning agents must not come in contact
with the tape. Cleaning agents must not be
allowed to penetrate bearings.

~Step 1: Use a clean, lint-free cloth, or cotton swab
moistened with Ampex Head Cleaner to carefully wipe
off all oxide and dirt that may have gathered on or
around head stacks, head cover, and tape cleaner.

Step 2: Carefully place a clean, lint-free cloth or cotton
v swab moistened with alcohol against the capstan.
Rotate the capstan by hand until all oxide and dirt
are removed.

Step 3: Using a clean, lint-free cloth or cotton swab
moistened with alcohol, thoroughly clean inside of
the vacuum chamber. Remove oxide and dirt from the
loop sensor and lamp windows.

:'Steg 4: Clean vacuum chamber door by repeating above pro-
' cedure.

Step 5: Carefully place a clean, dry, lint-free cloth or
' cotton swab against the vacuum chamber roller guide
and rotate slowly to remove oxide and dirt.

Step 6: Using a clean, lint-free dry cloth or cotton swab,
thoroughly clean the surface of the photosense head.



5-4. . EMPTYING THE TAPE CLEANER CARTRIDGE. Use an Allen wrench to
remove the head cleaner cartridge retaining screw. The head assembly
and tape cleaner bracket should not be disturbed. Remove the tape
cleaner cartridge and gently tap the cartridge body to remove accum-
ulated oxide. Reinstall cartridge and retaining screw, using care
that mating faces are free of particles which could upset position.

5-5. ‘CLEANING THE SYSTEM. The cabinet, the tape transport and the
cabinet ‘-blower filter should be thoroughly cleaned.

| Z CAUTION 1§

The window of the tape access door is plastic.
Clean with a soft cloth moistened with denatured
alcohol. Do not clean window with dry cloth.

5-6. CLEANING THE VACUUM MOTOR FILTER. Remove dirt from the filter
with a vacuum cleaner. Wash the filter in plain water.

D g U e

§ CAUTION |

PO O WS

Vacuum motor unit filter must be dry. Moisture
introduced into the vacuum system will affect
system reliability.

5-7. VACUUM UNIT MOTOR'BRUSHES INSPECTION.
'SteQ l: Remove the brush retaining screws. (See Figure 5-3.)
Step 2: Rotate the brush, now secured by the motor field lead

so that the length of the brush can be measured.

Step 3: Replace the brush if the length of the brush extend-
ing beyond the housing is less than 9/16 inch. Note:
A new brush extends 7/8 inch.

5-8. ADJUSTMENTS .
5-9. REEL MOTOR BRAKE ADJUSTMENTS. The rotational torque on each

reel should be 15-25 oz.-in. when power is applied to the brake and
200-400 oz.-in. when power is removed.
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Figure 5-4.
Drag Torque Adjustment



5-10. - REEL BRAKE DRAG TORQUE ADJUSTMENT. (See Figure 5-4.)
5-11. TEST EQUIPMENT REQUIRED. The following equipment is required.

1. 5 feet of nylon cord.

2. Spring balance measuriﬁg 0 to 20 ounces *10%.
5-12. ADJUSTMENT PROCEDURE.

Step 1: Wrap the cord several times around the empty reel

hub.
Step 2: Connect the spring balance to the free end of the
cord.

Step 3: Apply power to the transport and pull the brake
-release switch out. '

Step 4: Pull the spring balance until the reel rotates.
2tep 4
Measure the tension in the spring balance.

Step 5: Rotate the drag torgue aﬁfusfing écrew'at the rear
of the brake, concentric with the brake shaft, until
a tension reading corresponding to Table 5-2 is

obtained.
TABLE 5-2.
DRAG TORQUE .
| TORQUE 0O%.-IN. | TENSION O%.
TYPE OF REEL MIN. | NOM. MAX. [ MIN. | ToMm. | MAX.
Fixed or NAB Reel - 15 20 25 6.7 9 11
IBM Reel 15 20 25 6 8 10

5-~13. VACUUM ADJUSTMENTS .

5-14. TEST EQUIPMENT. Theé following test equipment is required to
adjust the vacuum of the tape transport:

1. Vacuum gauge, 0 to 30 in. of water accurate
to +£5%.

2. AC voltmeter accurate to *3%.

5-8



5-16.

5-17.

ADJUSTMENT PROCEDURE. Perform the following steps.

Step 1: Connect the vacuum gauge to the vacuum test fitting
(on the vacuum switch bracket located between the
vacuum unit and motor assembly) .

; CAUTION |

Do not operate tape transport in rewind with
vacuum gauge connected.

Step 2: Adjust the tape loop in the file reel vacuum chamber
' so that the loop is halfway between the loop sensing
photocells.

Step 3: Adjust the bleeder valve for 24 inches of vacuum at
nominal line voltage.

Step 4: Disconnect the vacuum gauge. Replace the cap on the
vacuum test fitting.

POWER SUPPLY ADJUSTMENTS.

POWER PACK ADJUSTMENTS. Use.a digital voltmeter with an

accuracy of #0.25% (Digitek 202-B or equivalent). Terminal board TS2
is located on the power pack chassis.

Step 1: Adjust the +12 volt potentiometer (R9) to give within
+0.5% of +12 volts (between +11.94 and +12.06 volts).
Use TS2-7 as the 0 volt reference and measure +12
volts across TS2-6 and TS2-7.

Step 2: Adjust the -12 volt potentiometer (R23) to give
within +0.5% of -12 volts (between -11.94 and -12.06
volts) and measure -12 volts across TS2-8 and TS2-7.

Step 3: Adjust the -6 volt potentiometer (R44) to give within
+0.5% of -6 volts (between ~5.97 and -6.03 volts) and
measure -6 volts across TS2-10 and TS2-7.

LOGIC POWER SUPPLY ADJUSTMENTS. Perform the following steps.

Step 1: Adjust the +12 volt potentiometer (R10) to give
within +0.5% of 412 volts (between +11.94 and +12.06
volts). Use TS1-8 as the O volt reference and measure
+12 volts across TS1-5 and TS1-8.
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Step 2:

Step 3:

Adjust the =12 volt potentiometer (R26) to give

within #0.5% of -12 volts (between -11.94 and -12.06
volts). Use TS1-4 as the 0 volt reference and measure
-12 volts across TS1l-2 and TSsl-4.

Adjust the -6 volt potentiometer (R48) to give
within +0.5% of -6 volts (between -5.97 and -6.03
volts). Use TS1-12 as the 0 volt reference and
measure -6 volts across TS1-10 and TS1-12.

5-19. TAPE DRIVE SYSTEM ADJUSTMENTS. The tape drive system adjust-
ments are accomplished by potentiometers on the capstan servo amplifier
PCB (CS-A) and reel servo control PCB (RC-A). See Figure 5-5, Control

Electronics.

MOTE

Verify that power supply outputs are within
0.5% of nominal value before making tape drive
system adjustments.

Perform the following steps:v

Sﬁeg 1l:

Step 2:
Step 3:
Steg 4

Step 5:

'Applyjpower to the transport. Load the tape,

looping the tape around the head assembly. (Do
not place tape around the capstan.) Provide
sufficient tape within the vacuum chambers to
form proper loop lengths.

Adjust 1R11, 2R1l1 on the reel servo PCB (RC-A)
fully clockwise.

Connect jumper wires as follows: TP2-14 to TP2-15;
TP2-21 to TP2-22.

Apply power to the transport and turn the transport
on in the normal manner.

Depress the RESET (STOP) pushbutton. If the
capstan is creeping, adjust R31 on the capstan
servo (CS-A) PCB until the creep stops.



5-20. DEAD BAND ZERO.

Grasp the capstan and turn it by hand gently. The capstan
will turn easily up to a certain velocity above which rapidly in-
creasing resistance will be felt, due to servo action. Adjust R31
until the velocity at which the servo action commences is the same
both in forward and reverse. The servo is then set up Lo be in the
middle of “the dead band during standby.

5-21. CAPSTAN SPEED ADJUSTMENT.
METHOD A. Using Master Tape and Counter.

Step_1: Load a master tape (556 bpl) and loop the tape
around the capstan.

Step 2: Connect the frequency counter as in Figure 5-6.

4 23%5 }, X READ Step 3: Press the FORWARD pushbutton.
& - "|  AMPLIFIER Adjust R25 on CS-A until
READ HEAD

the frequency counter reads

20,016 cycles per second

, +0.25% corresponding to a
COUNTER tape speed of 36 inches per

second. 45 !
SiE P OosMUm

Figure 5-6.
Method A Test Setup

Step 4: Press the RESET (STOP) puéhbutton. Press the
REVERSE pushbutton. Adjust R27 as for R25 with the
tape moving in the reverse direction.

Step 5: Recheck the speed in forward direction and readjust-
R25, if necessary.

METHOD B. Using Strobe Lamp.

Step 1: Refer to Step 1 for Method A except a master tape
need not be used.

Step 2: Press the FORWARD pushbutton. Adjust R25 on CS-A
using the strobe lamp until the capstan is rotating
at 331 rpm *2 rpm.

Step 3: Press the RESET pushbutton. Press the REVERSE push-
button. Adjust R27 as for R25.

Step 4: Recheck the speed in forward and readjust R25, if
necessary.



5-22. REEL SERVO SPEED ADJUSTMENT.

Step 1:

Step 2

While the tape is moving in the forward direction,
adjust 1R11l on the reel servo (RC-A) PCB counter-
clockwise while observing the loop in the file reel
vacuum chamber. The oscillations of the tape loop
about the forward loop sense photocell will decrease
in amplitude as 1R11l is turned counterclockwise.
Adjust 1R11 until the oscillation becomes about

1 inch.

Stop the forward tape motion and run the tape in the

‘reverse direction. Repeat Step 1 above, adjusting

2R11 while observing the loop of tape in the fixed
reel chamber. ’

5-23. PHOTOSENSE ADJUSTMENT. The following equipment is required to
adjust the photosense:

1. Test tape with reflective tabs attached
(Figure 3-1).

2. Voltmeter (5,000 ohm per volt or greater) .

Adjust the photosense as follows:

Step 1:

Step 2:

Step 3:

Connect the voltmeter to TP1-20 on the test point
panel section of the card cage. Ground the volt-
meter to signal ground TP1-35. With the tape under
the photosense head, adjust 1R20 on the photoampli-
fier (PH-B) PCB until the voltmeter indicates a
transition from a low state (-6 volts) to a high
state (0 volts). (See Figure 5-5.)

Move the tape until a reflective tab is beneath the
outer section of the photosense head. (Ssee Figure
3-1 for correct lateral placement.) Counting the
number of turns, adjust 1R20 on the photoamplifier
PCB, in a counterclockwise direction until the
voltmeter indicates a transition from a high state

(0O volts) to the low state (-6 volts). There should
be at least three turns before the transition occurs.

Adjust 1R20 in a clockwise direction halfway back to
the point of transition located in Step 2.



Steg 4: Connect the voltmeter to TP1-21 and repeat Stepé 1,
2, and 3 adjusting 2R20, and positioning a tab under
the inner section of the photosense head during Step

5-24. CHECKING OPERATION PARAMETERS .
5-25. START AND STOP TIME CHECKOUT.

5-26. START TIME DEFINITION. Start time is defined as the time from
the application of a RUN command until the tape passing over the head
has obtained a total speed variation of 8% or less from nominal speed.
Start time is 10 ms maximum. '

5-27. STOP TIME DEFINITION. Stop time is defined as the time from
the application of a STOP command until all tape motion over the read/
write head has ceased. Stop time is 10 ms maximum.

- Start and stop times are checked by observing the output of the
ramp generator which is in proportion to the tape speed. Read output
from a read amplifier will correspond to the ramp generation output
verifying that no slippage or equipment malfunction exists.

The following equipment is required to check start and stop time.

1. Calibrated oscilloscope»Tektronix 535 or équivalentiu

2. Prerecorded tape, NRZ signal recorded at 556/800
bit density.

3. Read amplifier.

Check the start and stop time as follows:

Step 1: Connect equipment in accordance with Figure 5-7.

Step 2: Thread prerecorded tape on tape transport.

Step 3: ' Cycle transport to operate in forward and reverse at
a convenient rate. The output of the ramp generator
must reach terminal voltage within 10 ms max. from
initiation of RUN command as shown in Figure 5-7.
The output of the ramp generator must reach 0 volts
within 10 ms max. from initiation of STOP command.

5-28. START AND STOP DISTANCE.

5-29. START AND STOP DISTANCE DEFINITION. Start distance is the
length of tape that moves across the read/write head during the maximum
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start time. Stop distance is the length of tape that moves across the
read/write head during stop time. The start and stop characteristics
of the TM-7 are linear. Start and stop distance in inches may be
calculated, for a typical case with an actual start/stop time of 9 ms
and a tape speed of 36 ips, in the following manner.

Start’ distance =

(max. start time -1/2 actual start time) x tape spéed X 10—3 inches
l -9 -3, .
. = (10 EJ x 36 x 10 inches = 0.198 inches

Stop distance =

1/2 actual stop time x tape speed x 10 =3 inches

= 1/2 x 9 x 36 x 10 -3 inches = 0.162 inches

5-30. AVERAGE SPEED VARIATION CHECKOUT.

Average speed variation is variation from specified nominal
speed, averaged over any interval of 1 second occurring 10 ms or more -
after a RUN command. Maximum variation should be 3%, including varia-
tions due to line voltage, frequency and temperature.

~ The following test equipment is used to measure average speed
variation.
1. Master tape with a known data frequency NRZ
signal. ' '
2. Read amplifier.

3. Counter
Check out average speed variation as follows:

Step 1: Connect equipment as shown in Figure 5-6 (set counter
for a repetitive 1 second count time) and thread test
tape on transport.

Step 2: Under normal operating conditions, the reading should
2tep <
not deviate more than 0.5% while reading at least a
half reel of tape. .



5-31.

- INTERCHANNEL TIME DISPLACEMENT ERROR CHECKOUT.

The following

procedure permits measurement of interchannel time displacement error

of any data track from any other data track or reference track.

The

procedure does not permit separation of errors introduced by write

and read electronics.

The following equipment is required to measure ITDE:

1. Master tape with a NRZ signal recorded at 556 bpi.
2. Dual trace oscilloscope.

3. Read amplifiers (customer supplied).

Perform the following steps:

Step 1:

Step 2:

Step 3:

Connect the test equipment as shown in Figure 5-8.

Depress the FORWARD DRIVE switch. A presentation
such as is shown in Figure 5-9 should appear on the
oscilloscope.

Switch non reference input of oscilloscope to other
tracks in turn to measure ITDE of each track with
respect to reference track. The ITDE shall be as
specified in Section I.

5-32. PHOTOSENSE CHECKOUT. A test tape with reflective tabs attached

is required to check the operation of the photosense circuit.

Tape

should be spliced in accordance with normal shop procedure.

Check the photosense as follows:

Step 1:

Step 2:

MAGNETIC HEAD ASSEMBLY CHECKOUT.

Step 1:

Step 2:

Step 3:

Thread the tape transport in a normal manner.

Run the tape through completely. The tape transport
should operate without interruption. If the tape
stops on a splice, decrease the photosense sensitivity
(R20) until this condition disappears, then repeat
paragraph 5-23.

Perform the following steps:
Clean head stacks. Refer to paragraph 5-3.

Thread a blank tape known to be in good condition on
tape transport.

Program tape transport in forward mode.
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Step 4:

Operate all write amplifiers at a 7.2 KC bit rate
(200 bits per inch). All write amplifier inputs
should be connected in parallel and in phase.

NOTE

Track No. 1 is the track nearest the operator.

Step 5:

Step 6 :

5-34. REMOVAL

With tape moving across read/write head stacks, moni-
tor read head output tracks.

When read pulse width on all tracks at the 25% level
exceeds 26 usec with.a simultaneous decrease in read
output voltagelbelow 25 millivolts (peak—to—peak),

the head assembly should be replaced. Refer to para-
graph 5-37, Removal and Replacement of Head Assembly.

AND REPLACEMENT PROCEDURES .

5-35. OVERLAY PLATES REMOVAL AND REPLACEMENT. Three overlay plates
cover the mechanism of the tape transport. These are the chamber area
overlay, the capstan area overlay, and the reel area overlay. Remove
these overlay plates as follows:

Step 1l:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Remove the tape.

Remove the chamber area overlay plate by unscrewing
the captivated thumb screws on each edge of the over-
lay in the tape reel area. ‘

Remove the capstan area overlay plate. The capstan
area overlay plate is held in place by three screws.

Remove the fixed reel and hub assembly. The reel and
hub assembly is held in place by three screws.

Remove the reel area overlay plate. The reel overlay
plate is held in place by four screws located under
each tape reel and two screws located at the corners
nearest the chamber area.

Reassemble by reversing the procedure followed during
disassembly. »

-19
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5-36.

5-20

‘CAPSTAN MOTOR AND TACHOMETER REMOVAL AND REPLACEMENT.

WARNING

Disconnect electrical power to prevent injury
to personnel or damage to equipment.

Step 1:
Step 2:

Step 3:

>‘Steg :

Step 5:

Step 6:

Remove the overlays over the chambers and capstan
motor (paragraph 5-35).

Unplug the head cables from the rear of the read/
write head assembly.

Disconnect the electrical wiring from capstan motor
and tachometer (4 leads).

Remove the four Allen head screws holding the capstan
motor to the mounting bracket. Lift the capstan motor

"and tachometer out through the rear of the tape trans-

port casting.

Remove the tachometer guard from the assembly. Re-
move the screw holding the generator bracket. Loosen
the setscrew holding the shaft of the tachometer
Remove the tachometer by sliding 1ts shaft from the
inside of the capstan motor shaft.
Install the replacement capstan motor. (See Figure
5-2.)

READ/WRITE AND PHOTOSENSE HEAD REMOVAL AND REPLACEMENT.

WARNING

The head assembly is a precision instrument
which should bé treated with extreme care.

Step 1:

- Remove the chamber area overlay plate by unscrewing

the captivated thumb screws on each edge of the
plate.



Step 2: Remove the capstan area overlay plate. The capstan
area overlay plate is held in place by three screws.

To remove the photosense head assembly, remove the
two Phillips head screws which secure the photosense
assembly to the head assembly. The photosense thread
is moved to one side permitting the head to be re-
moved.

Step 3

Step 4: Remove the three screws securing the read/write head
assembly to the tape transport casting.

Step 5: Lift the read/write head assembly out to disconnect
the connectors.

5-38. REEL BRAKE SWITCH REMOVAL AND REPLACEMENT. Perform the follow-
ing steps:

WARNING

Disconnect electrical power to prevent injury
to personnel or damage to equipment.

Step 1: Remove the overlay plates (paragraph 5-35).

Step 2: Unscrew the two screws with large heads holding reel
brake switch assembly to the tape transport plate.
Lift switch assembly off the transport casting.

Step 3: Unscrew switch from the wiring harness.
Step 4: Transfer mounting hardware to new switch assembly.

Step 5: Reassemble by reversing procedure followed during
disassembly.

5-39. REEL MOTOR ASSEMBLY REMOVAL AND REPLACEMENT. Perform the fol-
lowing steps: :

Step 1: Remove reel (supply or takeup) from reel motor to be
replaced. ‘

WARNING

Disconnect electrical power to prevent injury
to personnel or damage to equipment.



Step 2: Remove reel brake (paragraph 5-41).

Step 3: Remove reel motor fanning strip from TS3 on side of
reel servo power supply.

VR RNRS

} CAUTION $

p

PPN W GG WP

Note the position of any shims found under the
flange of the reel motor for replacing during
reassembly.

Step 4: Remove reel motor from tape transport. Reel motor is
held in place by four Allen head screws.

Step 5= Remove reel holddown assembly from the shaft of reel
motor.

Step 6: Install reel holddown assembly and turntable without
shims on new motor.

Step 7: Install reel motor with shims removed in Step 4.

Step 8: Thread tape on transportQ

Step 9: Apply power and program tape transport forward and
reverse. Check the tape tracking at reel of newly
installed reel motor. If tape rubs front flange of
reel, stop tape and insert shims between reel hold-
down assembly and turntable. Shim as necessary to
obtain proper tape tracking.

5-40. REEL MOTOR BRUSH REMOVAL AND REPLACEMENT. The reel motor
brushes can be replaced by removing insulating caps from the sides of
the reel motor. Then remove spring loaded brush. Insert replacement
brush and reinstall insulated cap.

5-41. REEL MOTOR BRAKE AND BRAKE LINING REMOVAL AND REPLACEMENT.

Step 1: Apply power to the transport and pull the brake re-
lease switch out. Check that the brake is then in
the energized position so that the reel may rotate
freely.



iCNﬂDN‘,

To prevent loss of parts of the assembly due to
spring action, note that the brake should not be
removed in the deenergized condition.

Step 2:
Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

With power applied, remove the four screws from the
rear of the brake housing. Remove the brake assembly
from the reel motor. (See Figure 5-10.)

Unscrew the brake adjusting nut. Remove the reel
brake lining assembly.

To replace the brake lining assembly with a new part,
place the new lining assembly onto the motor brake
shaft and reassemble the brake assembly, reversing
the procedure outlined in Steps 1, 2 and 3.

To replace the complete brake assembly, place the
lining assembly removed in Step 3 into the brake
housing. Remove the four mounting screws from the
end plate. Place the end plate on the brake housing
and secure using the four long screws removed in
Step 2. '

Turn power off.

Disconnect the brake from TS-3 on the side of the
reel servo power supply.

Connect new brake assembly to TS-3.

p v TN

¢ CAUTION

PN SN

Do not remove the four long screws from the rear
of the brake assembly before applying power to
the transport.

Step 9:

Step 10:

Step 11:

Apply power to the transport.

Install the new brake assembly by reversing the pro-
cedure outlined in Steps 1, 2 and 5.

Adjust the reel brake drag torque.

5-23
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" 5-42. TAPE TRANSPORT COVER DOOR REMOVAL AND REPLACEMENT. The cover
door is held in place on the mounting frame by two pivot pins. Remove
the nut which secures the stop bracket to the tape access door and un-
- screw the two pivot pins. Replacement of the tape access door is ac-
complished by reversing the disassembly sequence.

5-43. VACUUM CHAMBER REMOVAL AND REPLACEMENT. Perform the following
steps:
Step 1: Remove the control panel overlay by unscrewing the
' captivated screws at either edge of the overlay in
the tape reel area.
Step 2: Unplug the cables (J13 or J14) connecting the light
sources and the photocells from the card cage.
Steg 3: Remove the glass cover on the top of the vacuum cham-
ber. The glass is held in place by friction clips.
Step 4: Remove the three Allen head screws securing the
vacuum chamber in place.
Step 5: Remove the vacuum chamber..
Step 6: Reassemble by reversing the procedure followed during

disassembly.

VACUUM UNIT MOTOR ASSEMBLY, FILTER, MOTOR AND BRUSH REMOVAL AND

REPLACEMENT.

(see Figure 5-3.)
quired to replace the entire vacuum unit motor assembly.
and 5 are the only steps necessary for the removal and replacement of

Steps 1 and 2 are the only steps re-
Steps 3, 4,

the filter. Steps 6 through 9 are used for vacuum motor removal and
replacement. Steps 6 through 12 are used for brush removal and re-
placement.
Step 1: Disconnect power cable from vacuum motor assembly.
Step 2: Unsnap latches (Figure 5-3) on sides of motor housing
assembly.
Step 3: Unlatch lever arm which holds filter in motor housing
assembly.
Step 4: Remove filter using the attached loops. Clean and

replace filter as described in paragraph 5-6.
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i CAUTION |

Lo o o]

Damage to equipment may result if filter is not
thoroughly dry before installation.

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Replace clean filter in motor housing and latch the
lever arm.

Remove filter (Steps 3 and 4). Insert forefinger and
pull out the back pressure valve plate. Loosen screws
(Figure 5-3) which secure vacuum unit motor to motor
housing assembly.

Remove the power connector (Figure 5-3) from the
motor housing assembly by pressing the two nylon legs
toward the center of the connector; then push the
connector through to the inside.

Rotate vacuum unit motor until attaching hardware is
clear of slotted brackets. Remove vacuum unit motor
from the motor housing assembly.

If the brushes are being replaced, continue to Step 10.
If the vacuum motor is being replaced, reassemble the
vacuum unit motor assembly by reversing the disassembly
procedure.

NOTE

Replace the brush assembly when the brush does
not extend at least 9/16 inches (released con-
dition) beyond the brass case of the brush as-

sembly.
Step 10: Remove the entire brush assembly by removing the

Step 11:

hardware (Figure 5-3) from the brush assembly bracket

and the motor frame. Using a pair of long nose pliers,
extract the brush connector clip from the brush assem-
bly. Be careful not to break the brush connector clip.

Insert the brush connector clip into the replacement
brush assembly. Position the brush assembly on the

motor. Secure in place using the hardware removed in
Step 10.



Step 12: When brush replacement has been completed, reassemble
the vacuum unit motor assembly by reversing the dis-
assembly procedure.

5-45. WRITE ENABLE SWITCH ASSEMBLY REMOVAL AND REPLACEMENT. Remove
and replace the write enable switch assembly in the following manner:

Step 1: Remove the panel overlays (paragraph 5-35).

Step 2: Remove the two screws holding the write enable switch
to the casting. Lift the write enable switch out of
the casting.

Step 3: Disconnect the electrical connections of the write
enable switch assembly from the wiring harness.

Step 4: Replacement of the write enable switch assembly is
the reverse of disassembly.

5-46. REEL TACHOMETER ASSEMBLY REMOVAL AND REPLACEMENT. Remove and
replace the reel tachometer assembly in the following manner:

Step 1: Remove the panel overlays (paragraph 5-35).
Step 2: Renmove the vacuum chamber (paragraph 5-43).

Step 3: Disconnect the electrical connection at the rear of
the tachometer.

Step 4: Remove the four screws holding the reel tachometer
assembly to the casting. Lift the assembly out of
the casting.

Step 5: Remove the reel tachometer pulley from the shaft of
the tachometer.

Step 6: Replacement of the reel tachometer assembly is the
reverse of disassembly.

Step 7: Check the tracking of the tape transport and adjust
the position of the reel tachometer pulley as neces-
sary.



5-47. DOOR INTERLOCK SWITCH REMOVAL AND REPLACEMENT. The removal and
replacement of the door interlock switch is exactly the same as for
the reel brake switch. (Refer to paragraph 5-38.)

5-48. OCP ASSEMBLY REMOVAL AND REPLACEMENT. Perform the following
steps: ’ '

Step 1: Remove the chamber panél overlay. (Refer to paragraph
5-35.) : ‘

Step 2: Remove the screws holding the OCP brackets to the
‘ casting (3 screws for each bracket, 6 in all).

Step 3: Remove the OCP assembly from the casting. Unplug
the cable from the card cage and draw the cable with
the plug through the casting.

Step 4: Replacement of the OCP is the reverse of disassembly.
5-49. TOOLS AND TEST EQUIPMENT.

Table 5-3 lists the general nature of tools and test equipment
required to maintain the TM~7. Manufacturer's names and numbers are
given only as a guide; any equivalent tool or test equipment may be
used.

5-28



TABLE 5-3
SUGGESTED TOOLS

TOOL

RECOMMENDED
EQUIPMENT

Gauge, thickness

Mirror, inspection
Penlight, heavy duty
Pliers, diagonal cutting, 5"

Pliers, long nose, 6"

Starrett #66
G.C. #5090 .
Eveready #315
Klein #202-5
Klein #303-6

Pliers, needle nose, 6"

Pliers, 7-1/2"

Scale, spring balance, 0 to 32 oz

Scale, steel, 6"

Scissors, 2-1/2" blade

Utica #777-6
Proto #242
Ampei #650-105
Starrett #384
Wiss #173E

Screrriver, screw starter
Screwdriver set, Phillips
Screwdriver set, standard
Screwdriver, stub, large

Screwdriver, stub, medium

Pearson #3

Proto #9600A

Snap-On #SD-130K

Xcelite #R-5166
Xcelite #R-3164

Screwdriver, stub, small
Scribe

Soldering aid

Soldering iron, low-voltage

Stripper, wire

Xcelite #R-184
Starrett #70A
Walsco #2530
Weller #W -TCP
Miller #100

Wrench, adjustable, 6"
Wrench, bristol

Wiench set; Allen, handled,
0.35" through 9/64"

Wrench set, open end, 15° and 75°,

3/16" through 3/4"

Crescent #AT16
Allen #DS-060
Allen #6075

Williams #1142PR
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SECTION VI
CIRCUIT DESCRIPTIONS

6-1. INTRODUCTION.

This section contains detailed circuit descriptions of typical printed circuit board
assemblies used in the transport electronics. The circuit descriptions are in alphabetical
sequence by the mnemonic code of the PCB. Block diagrams and logic diagrams are included
as an aid to the detailed explanation of the operation of each circuit. Schematic diagrams
and assembly drawings of the PCB assemblies are located in Section VII. '

Circuit descriptions of special circuit board assemblies, when required, are
included in special addenda.

6-2. PCB CROSS REFERENCE.

Table 6-1 is a cross-reference list which provides the mnemonic code designation,
part numbers, schematic numbers, and location of each printed circuit board in the transport
electronics card cage.

TABLE 6-1
PCB CROSS-REFERENCE LIST

CODE DESCRIPTION " PART NO. | SCHEMATIC LOCATION
CSA Capstan Servo Control 3107098 J6

45 IPS 3112170-10

36 1PS 3107097-10

20 IPS 1 3112171-10

15 IPS 3112369-10

Forward/Reverse Logic J4

FLA Run/Stop-Fwd/Rev .3107082-10 3107083
FLC Fwd/Stop-Rev/Stop 3112360-10 3112361 |
LLA Local/Remote Logic | 3107102-10 3107103 ]2
PHB Photoamplifier 3107262-10 3107073 J3
RCA Reel Servo Control 3107093 R Vi

45'1PS 3112167-10 '

36 IPS 3107092-10
RLD | Rewind Logic -D 3118222-01 3118224 N
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CIRCUIT BOARD DESCRIPTION CAPSTAN SERVO CONTROL
SCHEMATIC 3107098

1. GENERAL DESCRIPTION.

The capstan servo control PCB contains a ramp generator for control of tape accel-
eration, a dead-band circuit to inhibit tape creepage, and two stages of a power amplifier.
The ramp generator comprises a zero clamping circuit, a current limiter circuit, and an
amplifier. The power amplifier outputs are fed to the power transistors located on the tran-
sistor bracket. A relay driver circuit is also contained on the PCB.

2. THEORY OF OPERATION. (See Figure 1.)

Transistors Ql and Q2 form a relay driver circuit. When the REWIND (-) or the
REWIND HOLD (-) input is negative, Q1 conducts harder, which causes the voltage at the
base of Q2 to go negative. (The collector of Q1 is returned to -12 volts through the coil of
an external relay; quiescent current flow through Q1 and R17 is not great enough to actuate
the relay.) Q2 is biased to saturation, and grounds one side of the coil of the external relay,
which energizes the relay. '

The input of the servo system is a summation of the FWD (-), REV/RWD (+/open circuit),
and the +12 volt BIAS inputs. Diodes CR3, CR6, CR9, and CR10, in conjunction with resistors
R10 and R12, form the zero clamping circuit. The current limiter comprises diodes CR4,
CR5, CR7, and CRS in conjunction with resistors R11 and R13. The current is limited when
the input provides enough current to back bias either CR4 or CR7. This provides the opera-
tional amplifier (consisting of Q3, Q4, Q5, Q6, and CR13) with a means of generating a
linear ramp for the input until saturation is reached. The ramp rate of rise is dependent on
the values of R11, R13,. and the timing capacitor (connected externally between the ramp out
put, pin 18, and the ramp input, pin 15). Transistors Q3 and Q4 form a differential ampli-
fier. Transistor QS is the output driver; positive signals are conducted through CR13 and
Q5. Transistor Q6 is an inverter stage used for the negative output. Potentiometer R25, in
conjunction with CR14, controls the forward capstan speed. Potentiometer R27 and CR15
control the reverse capstan speed.

The output from the operational amplifier is applied to the summing junction at the
input of the-dead-band amplifier. The other inputs to the control summing junction are the
FEEDBACK, the CAPSTAN TACH, and the RWD RAMP IN signals. Diodes CR16, CR17,
CR18, and CR19, in conjunction with resistors R29 and R23, form a dead-band circuit which
prevents capstan creep caused by input drift or error. Transistors Q7, Q8, and Q9 form a
class A amplifier. Zener diode VR1 and resistor R38 provide a constant current supply for
Q8. Potentiometer R31 provides for balancing the capstan servo system.

In the following discussion of the power amplifier, refer to Figure 2.
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CIRCUIT BOARD DESCRIPTION ' CAPSTAN SERVO CONTROL
' SCHEMATIC 3107098

2. THEORY OF OPERATION. (Continued)

The output of Q9 supplies the input (input "X") to transistors Q10 and Q11 which are
located on the capstan servo control PCB. Transistors Q1 through Q6 are located on the
transistor bracket.

Transistors Q2, Q4, and Q6 are the power amplifiers for inverter Q10. The inverter
provides correct phase relationship in the subamplifier. Transistor Q2, an emitter follower,
is the driver stage. Two emitter followers in parallel, Q4 and Q6, provide current gain.
Equal sharing of the load is insured by resistors R6 and R9. The output of this amplifier
section is used to conduct the positive voltage to the capstan motor.

Transistors Q1l, Q3, and Q5 are the power amplifiers for emitter follower Q11. QI,
an emitter follower, is the driver stage, Two emitter followers in parallel, Q3 and QS5,
provide current gain. Equal sharing of the load is insured by resistors R5 and R8. The
output of this amplifier section is used to conduct negative voltage to the capstan motor.

In reverse drive (input "X" is positive), the emitter of Q11 swings more positive and
QI is cut off. When QI is cut off, Q3 and Q5 are cut off. Q0 conducts harder and the
collector voltage swings more negative, which causes Q2 to conduct. When Q2 conducts,
Q4 and Q6 conduct, and the output to the capstan motor is positive. The output is a function
of input ""X".

In forward drive (input "X" is negative), the collector of Q10 swings more positive
and Q2 is cut off. When Q2 is cut off, Q4 and Q6 are cut off. Ql1 conducts harder and the
emitter voltage swings negative, which causes Q1 to conduct. When Q1 conducts, Q3 and
Q5 conduct and the output to the capstan motor is negative. The output is a function of
input "X".

In standby (input "X is zero), Q10 and Q11 conduct at a level that causes Q2 and Q1
to be cut off. Q4, Q6, Q3, and Q5 are cut off, and the output to the capstan motor is zero.
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CIRCUIT BOARD DESCRIPTION CAPSTAN SERVO CONTROL
' SCHEMATIC 3107098

3. POWER REQUIREMENTS,

VOLTAGE | CURRENT

+12 VDC #3% 25 ma max surge
20 ma average

-12 VDC +3% 14 ma max

+12 VDC %15% 10 amp max surge

with S5A load S amp average

-12 VDC *+15% ' 10 amp max surge

with 5A load S5 amp average

+24 VDC #15% 170 ma max surge

with 150 ma load 115 ma average
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC*
‘ SCHEMATIC 3107083

1. GENERAL DESCRIPTION.

The forward/reverse logic PCB provides all logic necessary to perform the forward/
reverse function. Nine input signals are mechanized to provide four output signals for
~forward/reverse operation. Signal levels used in the following circuit descriptions are
nominal. Tables 1 and 2 list operating signal levels. FWD/REV input signals are pro-
grammed to be selected 5 microseconds before RUN/STOP input signals.

2.  THEORY OF OPERATION. (See Figure 1.)

FWD (-) Output (Pin 28). FWD (-) output can be affected by FORWARD PB input,
MASTER RESET input, BOT input, or mechanization of one of the following logic equations:

(a) FWD (-) = (FWD) (RUN) (UNIT SELECT)
(b) EWD (-) = (BOT going off tab) (REWINDING)
(c) FWD (-) = (STOP) (UNIT SELECT)

(d) FWD (-) = (EOT) (LOCAL)

When the FORWARD PB input momentarily goes to zero volts, CR9 is forward biased
and the voltage at the base of Q4 swings positive, which causes Q4 to be cut off. The
.negative-going voltage at the collector of Q4 is coupled through R10 to the base of Q5; the
negative-going voltage drives Q5 to saturation. The forward flip-flop, consisting of Q4 and
QS, is then in the set state. The FWD (-) output is at -6 volts.

When the MASTER RESET input momentarily goes to zero volts, CR6 is forward
biased and the voltage at the base of Q5 swings positive, which causes QS to be cut off.
The negative-going voltage at the collector of Q5 is coupled through R11 to the base of Q4;

" the negative-going voltage drives Q4 to saturation. The forward flip-flop is then in the
reset state. The FWD (-) output is at zero volts.

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt
pulse is produced by the differentiator circuit comprised of R18 and C12 and is coupled

through OR gate diode CR13 to the base of Q5; the positive pulse resets the forward flip-
flop. The FWD (-) output is at zero volts.

*Run/Stop and Fwd/Rev inputs.
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC*
' ’ SCHEMATIC 3107083

2. THEORY OFF OPERATION. (Continued)

For mechanization of logic equation (a), the FWD/REV input must be at -12 volts, the
UNIT SELECT input must be at 0 volts, and the RUN/STOP input must make a negative
transition from 0 volts to -12 volts. With the FWD/REV input at -12 volts, QY is cut off.
When Q9 is cut off, AND gate transistor Q10 is cut off, which allows control of the AND gate
output by the input to AND g‘atck diode CR21. When the RUN/STOP input goes to -12 volts,
Q6 and Q7 are cut off; CR21 is forward biased and Q8 is biased to saturation. The UNIT
SELECT input at 0 volts enables the differentiator AND gate circuit comprised of R20 and
Cl4 and a +6 volt pulse is coupled through OR gate diode CR11 to the base of Q4; the positive
pulse sets the forward flip-flop. The FWD (-) output is at -6 volts. The negative pulse
from CI13 back biases OR gate diode CR12 and has no effect on the forward flip-flop circuit.
When Q9 is cut off, AND gate diode CR23 is forward biased, which causes Ql1 to be cut off.
The negative pulse from C15 back biases CR19 and has no effect on the reverse flip-flop
circuit,

For mechanization of logic equation (b), the REWINDING input must be at 0 volts and
the BOT input must make a negative transition from 0 volts to -6 volts. When the BOT input
goes to -6 volts, Q3 is biased to saturation. The REWINDING input at 0 volts enables the
differentiator AND gate circuit comprised of R14 and C10 and a +6 volt pulse is coupled
through OR gate diode CR10 to the base of Q4; the positive pulse sets the forward flip-flop.
The FWD (-) output is at -6 volts.

For mechanization of logic equation (c), the UNIT SELECT input must be at 0 volts
and the RUN/STOP input must make a positive transition from -12 volts to 0 volts. When
the RUN/STOP input goes to 0 volts, Q6 and Q7 are biased to saturation and Q8 is cut off.
The UNIT SELECT input at O volts enables the differentiator AND gate circuit comprised
of R19 and C13 and a +6 volt pulse is coupled through OR gate diode CR12 to the base of Q5;
the positive pulse resets the forward flip-flop. The FWD (-) output is at 0 volts. The
negative pulse from C14 back biases OR gate diode CR11 and has no effect on the forward
flip-flop circuit.

For mechanization of logic cquation (d), the LOCAL input must be at 0 volts and the
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at
0 volts cnables the differentiator AND gate circuit comprised of R15 and Cl1 and a +6 volt
pulse is coupled through OR gate diode CR14 to the base of Q5; the positive pulse resets
the forward flip-flop. The FWD (-) output is at O volts,

FWD (+) Output (Pin 26). FWD (+) output is the comiplement signal of FWD (-). Output
voltages and their derivations are the same.
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CIRCUIT BOARD DESCRIPTION ' FORWARD/REVERSE LOGIC®
4 SCHEMATIC 3107083

2. THEORY OF OPERATION. (Continued)

REV {+) Output (Pin 34). REV (+) output can be affected by REVERSE PB input, MASTER
RESET input, BOT input, or mechanization of one of the following logic equations:

i

(a) REV (1) (REV) (RUN) (UNIT SELECT) (BOT)

"

(b) REV (¥) (STOP) (UNIT SELECT)

i

() REV (#) = (EOT) (LOCAL)

When the REVERSE PB input momentarily goes to zero volts, CR4 is forward biased
and the voltage at the base of Ql swings positive, which causes Q1 to be cut off. The
negative -going voltage at the collector of QI is coupled through R2 to the base of Q2; the
negative-going voltage drives Q2 to saturation. The reverse flip-flop, consisting of Ql
and Q2, is then in the set state. The REV (4) output is at zero volts.

When the MASTER RESET input momentarily goes to zero volts, CR1 is forward
biased and the voltage at the base of Q2 swings positive, which causes Q2 to be cut off.
The negative -going voltage at the collector of Q2 is coupled through R3 to the base of Q1;
the negative-going voltage drives Ql to saturation. The reverse flip-flop is then in the
reset state. The REV (+) output is at -6 volts. - ’

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt
pulse is produced by ‘fthc,'diffc_‘rcntiator circuit comprised of R18 and C12 and is coupled
through OR gate diode CR106 to the base of Q2; the positive pulse resets the reverse flip-

flop. The REV (+) output is at -6 volts.

For mechanization of logic equation (a), the FWD/REV input must be at 0 volts, the
UNIT SELECT input must be at 0 volts, the BOT input must be at -6 volts, and the RUN/
STOP input must make a negative transition from 0 volts to -12 volts. With the FWD/REV
input at 0 volts, QY is biased to saturation. When Q9 is saturated, AND gate diode CR23
is back biased, -and AND gate transistor Q10 is biased to saturation. When Q10 is saturated,
the AZ\’D’gate ¢ omprised of Q10 and CR21 is disabled and Q8 is cut off. The BOT input at
-6 volts back biases AND gate diode CR24; since CR23 is also back biased, the AND gate
output is controlled by the input to AND gate diode CR22. When the RUN/STOP input goes to
-12 volts, Q6 and Q7 are cut off; CR22 is back biased, which causes Q11 to be biased to
saturation. The UNIT SELECT input at 0 volts enables the differentiator AND gate circuit
compriscd of R21 and C15 and a +0 volt pulse is coupled through CR19 to the base of Ql; the
positive pulse sets the reverse flip-flop. The REV (+) output is at zero volts. The negative
pulse from C13 buck biases OR gate diode CR15 and has no effect on the reverse flip-flop
circuit. The negative pulse from Cl4 back biases OR gate diode CR11 and has no effect on
the reverse flip-flop circuit,
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC*
' SCHEMATIC 3107083

2, THEORY OF OPERATION. - (Continued)

For mechanization of logic equation (b), the UNIT SELECT input must be at 0 volts and
the RUN/STOP input must make a positive transition from -12 volts to 0 volts. When the RUN/
STOP input goes to 0 volts, Q6 and Q7 are biased to saturation and Q11 is cut off. The UNIT
SELECT input at O volts enables the differentiator AND gate circuit comprised of R19 and C13
and a +6 volt pulse is coupled through OR gate diode CR15 to the base of Q2; the positive pulse
resets the reverse flip-flop. The REV (+) output is at -6 volts. The negative pulse from C15
back biases CR19 and has no effect on the reverse flip-flop circuit.

For mechanization of logic equation (c), the LOCAL input must be at 0 volts and the
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at
0 volts enables the differentiator AND gate circuit comprised of R15 and C11 and a +6 volt
pulse is coupled through OR gate diode CR17 to the base of Q2; the positive pulse resets the
reverse flip-flop. The REV (+) output is at -6 volts.

REV (-) Output (Pin 32). REV (-) output is the complement signal of REV (+). Output
voltages and their derivations are the same.

3. POWER REQUIREMENTS.

VOLTAGE | - CURRENT

| +12 VDC i3% 32 ma max
-12 VDC 3% 82 ma max
- 6 VDC #49 40 ma max
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CIRCUIT BOARD DESCRH’TION FORWARD/REVERSE LOGIC*

SCHEMATIC 3107083

s TABLE 1

FORWARD/REVERSE LOGIC, INPUT SIGNAL LEVELS

PIN. SIGNAL HIGH LOW
NO. DESIGNATION LEVEL LEVEL
10 Fwd/Rev (-/+) 0 to -1 volt -8.5 to -12 volts
12 Run/Stop (-/+) 0 to -1 volt -8.5to -12 volts
14 Rewinding (+) 0 to -0.5 volt -5.8 to -7 volts
16 Unit Sclect (+) 0 to -0.5 volt -5 to -6.2 volts
18 BOT (+) 0 to -1 volt -5.9 to -6.6 volts
20 EOT (+) 0 to -1 volt 5.9 to -6.6 volts
22 Local (+) 0 to -0.5 volt -5 to -6.2 volts
24 Reverse PB (+) 0 volts Open circuit
30 Master Reset (+) 0 to -0.5 volt -7 to -12.36 volts
35 Forward PB (+) 0 volts Open circuit
TABLE 2

FORWARD/REVERSE LOGIC, OUTPUT SIGNAL LEVELS
PIN SIGNAL HIGH LOW
NO. __BLEI& NATION LEVEL LEVEL
20 Fwd (+) 0 to ;l volt -5.9 to -6.6 volts
28 Fwd (-) 0 to -1 volt -5.9 to -7 volts
32 Rev (-) 0 to -1 volt 5.9 to -6.6 volts
34 Rev (+) 0 to -1 volt -3.9 to -7 volts
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CIRCUIT BOARD DESCRIPTION ) FORWARD/REVERSE LOGIC -C*
'SCHEMATIC 3112361

1. GENERAL DESCRIPTION.

The forward/reverse logic PCB provides all logic necessary to perform the forward/
reverse function. Ten input signals are mechanized to provide four output signals for for-
ward/reverse operation. Signal levels used in the following circuit descriptions are nominal.
Tables 1 and 2 list operating signal levels.

2. THEORY OF OPERATION. (See Figure 1.)

FWD (-) Output (Pin 28). FWD (-) output can be affected by FORWARD PB input,
MASTER RESET input, BOT input, or mechanization of one of the following logic equations:

(a) FWD (-) = (FWD) (UNIT SELECT)

(b) FWD (-) = (BOT going off tab) (REWINDING)
(c) FWD (-) = (STOP) (UNIT SELECT)

(d) FWD (-) = (EOT) (LOCAL)

When the FORWARD PB input momentarily goes to zero volts, CR13 is forward biased
and the voltage at the base of Q1 swings positive, which causes QI to be cut off. The negative-
going voltage at the collector of Q1 is coupled through R2 to the base of Q2, causing Q2 to
saturate. The forward flip-flop, consisting of Q1 and Q2, is then in the set state. The FWD (=)
output is at -6 volts.

When the MASTER RESET input momentarily goes to zero volts, CR1 is forward biased
and the voltage at the base of Q2 swings positive, which causes Q2 to be cut off. The negative-
going voltage at the collector of Q2 is coupled through R3 to the base of Q1, causing Q1 to
saturate. The forward flip-flop is then in the reset state. The FWD (-) output is at zero volts.

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt pulse
is produced by the differentiator circuit comprised of C12 and R23 and is coupled through OR
gate diode CR12 to the base of Q2; the positive pulse resets the forward flip-flop. The FWD (-)
output is at zero volts.

For mechanization of logic equation (a), the UNIT SELECT input must be at 0 volts and
the FWD/STOP input must make a negative transition from 0 volts to -12 volts. When the
FWD/STOP input goes to -12 volts, Q6 and Q7 are cut off and Q8 is saturated. The UNIT
SELECT input at 0 volts enables the differentiator circuit comprised of Cl14 and R21 and a

*Fwd/Stop and Rev/Stop inputs. FLC-1



CIRCUIT BOARD DESCRIPTIO.\‘ FORWARD/REVERSE LOGIC -C*
SCHENATIC 3112361

2. THEORY OF OPERATION, (Continued)

+6 volt pulst is coupled t){r()ugh OR gate diode CRY to the base of QI; the positive pulse sets
the forward flip-flop. The FWD (-) output is at -6 volts. The negative pulse from CI13 back
biases OR gate diode CR10 and has no effect on the forward flip-flop circuit.

For mechanization of logic ¢quation (b), the REWINDING input must be at 0 volts and
the BOT input must make a negative transition from 0 volts to -6 volts. When the BOT input
goes to -0 volts, Q3 is biased to saturation. The REWINDING input at 0 volts cnables the
differentiator circuit comprised of C10 and R18 and a +0 volt pulse is coupled through OR
gate diode CRS to the base of Ql; the positive pulse sets the forward flip-flop. The FWD (-)
output is at -6 volts. ' ’

IFor mechanization of logic equation (c), the UNIT SELECT input must be at 0 volts and
the FWD/STOP input must make a positive transition from -12 volts to O,vollts. When the
FWD/STOP input goes to 0 volts, Q6 and Q7 are saturated and QS is cut off. The UNIT
SELECT input at 0 volts enables the differentiator circuit comprised of C13 and R19 and a
+6 volt pulse is coupled through OR gate diode CR10 to the base of Q2; the positive pulse
resets the forward flip-flop. The FWD (-) output is at zero volts. The negative pulse from
C1l4 back biases OR gate diode CRY and has no effect on the forward flip-flop circuit.

For mechanization of logic cquation (d), the LOCAL input must be at 0 volts and the
"EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at
0 volts enables the differentiator circuit comprised of C11 and R22 and a +6 volt pulse is
coupled through OR gate diode CR11 to the base of Q2; the positive pulse resets the forward
flip-flop. The FWD . (-) output is at zero volts,

FWD (+) Output (Pin 26). FWD (+) output is the complement signal of FWD (-). Output
voltages and their derivations are the same.

REV (+) Output (Pin 34)., REV (+) output can be affected by REVERSE PB input, MASTER
RESET input, BOT input, or mechanization of one of the following logic equations:

(a) REV (4) = (REV) (UNIT SELECT (BOT)
(b) REV (+) = (STOP) (UNIT SELECT)

(¢) REV (+) =(EOT) (LOCAL)

FLC-2
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC -C*
SCHEMATIC 3112361

2. THEORY OF OPERATION. (Continued)

When'the REVERSE PB input momentarily gocs to zero volts, CR6 is forward biascd
and the voltage at the base of Q4 swings positive, which causes Q4 to be cut off. The
negative -going voltage at the collector of Q4 is coupled through R9 to the base of Q3,
causing Q5 to saturate. The reverse flip-flop, consisting of Q4 and Q3, is then in the set
state. The REV (+) output is at zero volts.

When the MASTER RESET input momentarily goes to zero volts, CR4 is forward
biased and the voltage at the base of Q5 swings positive, which causes Q5 to be cut off.
The negative-going voltage at the collector of Q35 is coupled through R10 to the base of Q4,
causing Q4 to saturate. - The reverse flip-flop is then in the reset state. The REV (+)
output is at -6 volts.

When.the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt
pulse is produced by the differentiator circuit comprised of C12 and R23 and is coupled
through OR gate diode CR13 to the base of Q35; the positive pulse rescts the reverse flip-
flop. The REV (+) output is at -6 volts.

For mechanization of logic equation (a), the UNIT SELECT input must be at 0 volts,
the BOT input must be at -6 volts, ‘and the REV/STOP input must make a negative transition
from O volts to -12 volts. The BOT input at -6 volts back biases AND gate diode CR22,
which allows the input at AND gate diode CR21 to control Ql1. When the REV/STOP input
goes to -12 volts, Q9 and Q10 are cut off. CR21 is back biased, which allows the voltage
at the base of Q11 to go positive; Ql1 becomes saturated.  The UNIT SELECT input at
0 volts enables the differentiator circuit comprised of C16 and R24 and a +6 volt pulse is
coupled through CR16 to the base of Q4; the positive pulse sets the reverse flip-flop.

The REV (+) output is at zero volts. The negative pulse from C15 back biases OR gate
diode CR15 and has no effect on the reverse flip-flop circuit.

For mechanization of logic equation (b); the UNIT SELECT input must be at 0 volts
and the REV/STOP input must make a positive transition from -12 volts to 0 volts. When
the REV/STOP input goes to 0 volts, Q9 and Q10 are saturated., The UNIT SELECT input
at 0 volts enables the differentiator circuit comprised of C15 and R20 and a +6 volt pulse
is coupled through OR gate diode CR15 to the base of Q5 the positive pulse resets the
reverse flip-flop. The REV (4) output is at -6 volts. If CR22 is back biased, Ql1 is cut
off. The negative pulse from C16 back biases CR16 and has no cffect on the reverse flip-
flop circuit.
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CIRCUIT BOARD DESCRIPTION FORWARD/REVERSE LOGIC -C*
'SCHEMATIC 3112361

2. THEORY OF OPERATION. (Continued)

For mechanization of logic equation (c), the LOCAL input must be at 0 volts and the
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at
0 volts enables the differentiator circuit comprised of C11 and R22 and a +6 volt pulse is
coupled through OR gate diode CR14 to the base of Q5; the positive pulse resets the reverse
flip-flop. The REV (+) output is at -6 volts.

REV (-) Output (Pin 32). REV (-) output is the complement signal of REV (+).
Output voltages and their derivations are the same.

3. POWER REQUIREMENTS.

VOLTAGE CURRENT
+12 VDC.iS% 32 ma max
-12 VDC *3% 82 ma max
- 6 VDC *4% 40 ma max

FLC-5



CIRCUIT BOARD DESCRIPTION

TABLE 1

FORWARD/REVERSE LOGIC -C*
SCHEMATIC 3112361

FORWARD/REVERSE LOGIC -C, INPUT SIGNAL LEVELS

PIN SIGNAL LOW HIGH
NO. DESIGNATION LEVEL LEVEL
10 Rev/Stop (-/4) 0 to -1 volt -8.5 to -12 volts
12 Fwd/Stop (-/+) 0 to -1 volt -8.5 to -12 volts
14 Rewinding (+) 0 to -0.5 volt -5.6 to -6.6 volts
16 Unit Select (+) 0 to -0.5 volt -5 to -6.2 volts
18 BOT (H 0 to -1 volt -5.9 to -6.6 volts
20 EOT (+) 0 to -1 volt -5.9 to -6.6 volts
22 Local (+) 0 to -0.5 volt -5 to -6.2 volts
24 Reverse PB (+) 0 volts . Open circuit
30 Master Reset (+) 0 to -0.5 volt -7 to -12.36 volts
35 Forward PB (+) 0 volts | Open cirpuit
TABLE 2

FORWARD/REVERSE LOGIC -C, OUTPUT SIGNAL’LEVELS
PIN SIGNAL LOW HIGH
NO. DESIGNATION LEVEL LEVEL.
26 Fwd () 0to -1 vqit -5.9 to -6.6 volts
28 Fwd (-) 0 to -1 volt -5.9 to -7 volts
32 Rev (-) 0 to -1 volt -5.9 to -6.6 volts
34 Rev () 0 to -1 volt -5.9 to -7 volts
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CIRCUIT BOARD DESCRIPTION LOCAL/REMOTE LOGIC
) SCHEMATIC 3107103

1. GENERAL DESCRIPTION,

The local/remote logic PCB provides all logic necessary to perform the local/remote
functions. Seven input signals are mechanized to provide ten output signals for local/remote
operation. REMOTE PB input is the only input which permits transfer from local to remote
operation. Transfer from remote to local is accomplished in several ways as explained in
the text. Signal levels used in the following circuit descriptions are nominal. Refer to
Tables 1 and 2 for operating signal levels. ‘

2. THEORY OF OPERATION. (See Figure 1.)

TRANSPORT READY (-) Input (Pin 13). The TRANSPORT READY (-) input must be at .
-12 volts before normal tape drive will be enabled. When the TRANSPORT READY (-) input
is at 0 volts, Q4 conducts and -6 volts is applied through forward biased CR10 to the base of
Q6. The READY (4) output is -6 volts. Q6 conducts and the MASTER RESET (+) output goes
to 0 volts. The MASTER RESET (+) output sets the flip-flops in the forward/reverse logic
PCB to the stop condition, preventing tape motion. The 0 volt output from Q6 also forward
biases CR9 and CR12, which disables the LOCAL INDICATOR (+) and REMOTE INDICATOR (+)
outputs.

When the TRANSPORT READY (-) input is at -12 volts, Q4 is cut off and the READY (+)
output goes to +6 volts, developed by voltage divider resistors R31 and R30. Q6 is cut off
and the MASTER RESET (+) output goes to -12 volts. CR9 and CR12 are back biased, enabling
the input to the LOCAL INDICATOR (+) and REMOTE INDICATOR (+) circuits. CR7 is back
biased, enabling the local/remote flip-flop circuit.

When the TRANSPORT READY (-) input goes to 0 volts, Q4 conducts and -6 volts is
applied through CR7 and R10 to the base of Q1 and Q1 conducts. When Q1 conducts, Q2 is
cut off and Q3 conducts. The OCP ENABLE (+) and the LOCAL (+) outputs go to 0 volts.
CR14 is forward biased and disables the SELECT (-) input.

LOCAL PB Input (Pin 30). When the LOCAL PB input is at 0 volts and TRANSPORT
READY (-) input is at -12 volts, Q2 is cut off by the voltage applied through CR3 and R4.
With Q2 cut off, Q1 and Q3 are conducting, and the OCP ENABLE (+) and LOCAL (+) outputs
go to 0 volts. CR8 and CR9Y are back biased and enable the local indicator driver circuit.

Q7 and Q8 are conducting and the LOCAL INDICATOR (+) output is O volts. CR14 is forward
biased and disables the SELECT (-) input. Q14 conducts and the SELECT & REMOTE (-)
output is 0 volts. The SELECT & REMOTE INDICATOR (+) output driver circuits are dis-
abled. Q12 conducts and Q13 is cut off. The UNIT SELECT (-) output goes to 0 volts.

The LOCAL (-) output goes to -6 volts. CR11 is forward biased and disables the REMOTE
INDICATOR (#) driver circuit.

LLA-1



CIRC‘UIT BOARD DESCRIPTION

2. THEORY OF OPERATION. (Continued)

RESET PB Input (Pin 28). When the RESE
TRANSPORT READY (-) input is at -12 volts, ¢
and R4. The circuit then operates the same as o

GO LOCAL (-) Input (Pin 22). When the o
TRANSPORT READY (-) input is at -12 volts, (|
CR6 and R10. The circuit then operates the sa::

REMOTE PB Input (Pin 26). When the REN
TRANSPORT READY (=) input is at -12 volts,
CR4 and R5. When Q1 is cut off, Q2 conducts a1
put goes to 0 volts. CRS is forward biased and «
cireuit. CR11 and CR12 are back biased and ¢ni
and Q10 are conducting and the REMOTE INDIC
biased and the SELECT (-) input is enabled.

SELECT (-) Input (Pin 9). When the circuit
REMOTE PB input and the TRANSPORT READY (
-12 volts cuts off Ql1. When Q11 is cut off, Ql.
SELECT (-) output goes to -6 volts. Ql4 is cut
SELECT & REMOTE (-) output goes to -12 volts
output goes to 0 volts. :

OCP RESET (4+) Input (Pin 11). When the (
and the READY (+) output goes to -6 volts. Qo «
goes to 0 volts. CRY9 and CR12 are forward bia=
driver circuits.

When the OCP RESET (4) input is at =12 v+

3.  POWER REQUIREMENTS.

+12 VDC #3%
-12 VDC 37
- 6 VDC #47,

LLA-2

VOLTAGE |

LOCAL/REMOTE LOGIC
SCHEMATIC 3107103

nput is at 0 volts and the
v the voltage applied through CRS5
4 LOCAL PB input. :

) input is at -6 volts and the .
1 by the voltage applied through
hed for LOCAL PB input.,

at is at O volts and the

v the voltage applied through
off. The OCP ENABLE (+) out-
[LOCAL INDICATOR driver

“IOTE INDICATOR circuit. Q9

sout is 0 volts. CR14 is back

o condition described for
volts, a SELECT (-) input at
ind Q13 conducts. The UNIT

v and Q16 are conducting. The

~LECT & REMOTE INDICATOR (+)

(+) input is at 0 volts, QS conducts
I the MASTER RESET (+) output
Hle the local and remote indicator

at off.




CIRCUIT BOARD DESCRIPTION

TABLE 1

LOCAL/REMOTE

‘LOGIC

SCHEMATIC 3107103

LOCAL/REMOTE LOGIC, INPUT SIGNAL LEVELS

SIGNAL

PIN HIGH LOW
NO. DESIGNATION LEVEL LEVEL

9 Select (-) 0 £1.25 volts -12 +2 volts
11 "OCP Reset (+) 0 volts Open circuit
13 Transport Ready (-) Open circuit -10.0 to -12.36 volts
22 Go Local (-) 0 to -1 volt -5.8 to -7 volts
26 Remote PB (+) 0 volts Open circuit
28 Reset PB (+) 0 volts Open circuit
30 Local PB (+) 0 volts Open circuit

TABLE 2
LOCAL/REMOTE LOGIC, OUTPUT SIGNAL LEVELS
PIN SIGNAL HIGH LOW
NO, DESIGNATION LEVEL LEVEL
15 | Ready (+) +4 to +6 volts “4 to -6.2 volts
16 | Unit Select (-) 0 to -1 volt -5 to -6.2 volts
17 | Select & Remote (-) 0to-0.5volt | 1.15K +10% returned to
-11 volts %3 volts

18 Select & Remote Indicator (+) | 0 to -0.5 volt 125 ohms *#3% returned to grvound
19 Local Indicator (4 0 to -0.5 volt 125 ohms *3% returned to ground
20 | Remote Indicator (+) 0 to -0.5 volt 125 ohms +3% returned to ground
24 | Local (+) 0 to -0.5 volt -5 to -6.2 volts
32 | Local (-) 0 to -0.5 volt -5to -6.2 volfs
34 | OCP Enable (4 0to-0.5volt | -10to -12.36 volts
35 0 to -0.5 volt -7 to -12.36 volts

Master Reset (+)
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Figure 1
Local/Remote Logic, Logic Diagram
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CIRCUIT BOARD DESCRIPTION , : PHOTOAMPLIFIER
'SCHEMATIC 3107073

1. GENERAL DESCRIPTION.

The photoamplifier PCB assembly contains two identical circuits; one circuit is used in
the BOT tab sense circuit, the second circuit is used in the EOT tab sense circuit. Each
circuit comprises an input amplifier, a differential amplifier, and two NAND gate/drivers.
One NAND gate/driver is used with positive-logic input, the other with negative-logic input.

In the following circuit description, the BOT circuit is described. Operation of the

EOT circuit is identical. Signal voltages used in the circuit description are nominal; refer
to Tables 1 and 2 for operating voltage levels.

2. THEORY OF OPERATION. (See Figure 1.)

Input Amplifier. Transistor QI is used in a common base configuration and operates
class A, with the emitter voltage clamped to approximately -0.6 volt. The current through
R2 is determined by the setting of potentiometer R20 since the common base configuration -
maintains constant voltage across R1 and R20. The current through R1 and R20 is provided
by two parallel sources, Ql and the photovoltaic cell (BOT sensor). As the amount of light
striking the photocell increases, the current through it increases proportionally, thus de-
creasing the current demand on Q1 and decreasing the current through R2.

The back of the tape reflects a small amount of light, producing an off-tab or "gray"
current. Potentiometer R20 is adjusted to provide output voltage levels from the input ampli-
fier that will change the state of the differential amplifier during on-tab condition, and permit
the differential amplifier to return to the quiescent state during off-tab condition. ” '

The output of transistor Q1 appears across collector load resistor R2 and is directly
coupled to the base of Q2. Q2 isolates and amplifies the output of Ql. Capacitor C1 filters
noise spikes from the output of Ql. The output of Q2 is directly coupled to the base of
transistor Q3 in the differential amplifier. ‘

Differential Amplifier. The differential amplifier comprises Q3 and Q4 and is designed
to give a change in output voltage when the input increases above a fixed threshold. In the
quiescent state, Q3 is cut off and transistor O4 is saturated. '

. An on-tab positive -going input from the input amplifier places Q3 in conduction and
biases transistor Q4 to cutoff. The output voltage from the collector of Q4 goes to -12 volts.
While the on-tab input signal is applied, Q3 remains in conduction and Q4 is cut off. When
an off-tab signal is applied, the circuit is restored to the quiescent state.

PHB-1



CIRCUIT BOARD DESCRIPTION ‘ PHOTOANIPLIFILR
SCHEMATIC 3107073

2. THEORY OF OPERATION. (Continued)

The collector of Q3 is connected to the base of inverter Q8. When Q3 is cut off (off-tab),
Q8 conducts and the BOT OUTPUT (-) output is at 0 volts. When Q3 conducts (on-tab), QS is
cut off and the BOT OUTPUT (-) output is at -12 volts. The output from the collector of Q8 is
also applied to one input of the negative-logic input NAND gate/driver.

The collector of Q4 is connected to the base of inverter Q5. When Q4 conducts (off-tab),
Q5 is cut off. When Q4 is cut off (on-tab), Q5 conducts. The output from the collector of Q5
is applied to one input of the positive-logic input NAND gate/driver.

Negative-Logic Input NAND Gate/Driver. The negative-logic input NAND gate/driver
comprises diodes CR3, CR4, CR11, and transistor Q9. When the input to one of the diodes
is at O volts, that diode is forward biased and Q9 is cut off by a positive base voltage. The
BOT (+) output is'at =12 volts. When the inputs to all three diodes are at -12 volts (or open
circuit), all the diodes are reverse biased and QY is bxasud on by a n;gauve base voltage.
The BOT (+) output is at 0 volts.

Positive-Logic Input NAND Gate/Driver. The positive-logic input NAND gate/driver
comprises diodes CR1, CR2, CRS, and transistors Q6 and Q7. When the input to one of the
diodes is at -12 volts, that diode is forward biascd and Q6 is biased on by a negative basc
voltage. Driver Q7 is cut off by the positive voltage at the collector of Q6 and the BOT (-)
output is at 0 volts (through CRY). When the inputs to all thrce diodes are at 0 volts (or open
circuit), -all the diodes are reverse biased and Q6 is cut off by a positive basc voltage. The
collector of Q6 goes to -12 volts and Q7 is biased on. The BOT (-) output is at -12 volts.

Exciter Lamp (Pins 34 and 35). Rl is used as a dropping resistor when a S-volt photo-
cell exciter lamp is used. The lamp is driven by the -6 volt supply.

3. POWER REQUIREMENTS.

VOLTAGE CURRENT
+12 VDC #3%, 35 ma max
-12 VDC 3% 45 ma max
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CIRCUIT BOARD DESCRIPTION

PHOTOAMPLIFIER
SCHEMATIC 3107073

TABLE 1
PHOTOAMPLIFIER, INPUT SIGNAL LEVELS
PIN SIGNAL HIGH LOW
NO. DESIGNATION LEVEL LEVEL
? BOT Sensor () 100 pa min increase over low 0 to 120 pa
10 BOT Sensor Return level (on tab) (off tab)
11 Rewinding (-) 0 to -1 volt -5.8 to -7 volts
12 Unit Select (+) 0 to -1 volt -5 to -6.2 volts
13 BOT NAND Input (-) . 0to -1volt -5 to -12 volts
14 BOT NAND Input (-) 0 to -1 volt -5 to -12 volts
23 EOT NAND: Input (-) 0 to -1 volt -5 to -12 volts
24 EOT NAND Input (-) 0 to -1 volt -5 to -12 volts
25 EOT NAND Input (+) 0 to -1 volt -5 to -12 volts
26 Unit Select (4 0 to -1 volt -5 to -6.2 volts
28 EOT '
Sensor 100 pa increase over low level 0 to 120 pa
30 EOT Sensor Return (on tab) (off tab)
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CIRCUIT BOARD DESCRIPTION

TABLE 2

PHOTOAMPLIFIER
SCHEMATIC 3107073

PHOTOAMPLIFIER, OUTPUT SIGNAL LEVELS:

LOW

EOT Output (-)

PIN SIGNAL HIGH _
NO. DESIGNATION LEVEL ~ LEVEL
16 BOT Output (-) 0to -1 volt : 3.‘9K 59 to -_12 gmumﬂy. o
17 BOT (+) » 0 to ;l volt 1.5K iS% to -12 volt supply
18 BOT (-) 0 to -1 volt -12 £2 volts*
19 EOT (-) 0 to -1 volt -12 %2 volts*
20 EOT (4) 0 to -1 volt 1.5K +5% to -12 volt supply
21 0 to -1 volt 3.9K +5% to -12 volt supply

*-5 to -6.2 volts when used with circuits having a diode limiter
circuit returned to -6 volts.
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Figure 1.
Photoamplifier, Logic Diagram
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CIRCUIT BOARD DESCRIPTION | REEL SERVO CONTROL
SCHEMATIC 3107093

1. GENERAL DESCRIPTION.

The reel servo control PCB contains four photocell amplifiers and two servo amplifiers.
Each servo amplifier consists of two three-stage subamplifiers. The input of the first gain
stage is a summing junction. Resistor/diode networks combine outputs of the photocell
amplifiers with inputs from the reel tachometers and the ramp generator. These combined
signals govern the switching of power to the reel motors. In the following circuit descrip-
tions, only the file reel servo circuit is discussed. Operation of the fixed reel servo circuit
is identical. ‘

2. THEORY OF OPERATION, (See Figure 1.)

Forward. In forward operation, the RAMP OUTPUT input to pins 12 and 24 is +11.5
%0.5 volts. This signal disables the reverse drive amplifier at the base of Q4 through R16
and CR5. The forward loop sense from Ql sets the forward drive amplifier by causing a
positive signal to be applied at the base of Q3 through R3 and R10. Q3 then conducts. The
collector of Q3 moves toward ground and the emitter of Q7 goes slightly negative (-0.3 to
-0.5 volts), causing Q8 to become reverse biased and cut off. Current then flows through
R29 and Output B (FILE FWD) into the gate of the forward drive SCR located on the reel
servo power supply. The forward drive SCR is maintained in the conducting state by the
forward drive amplifier. The SCR will conduct until the negative output from the reel
tachometer through R11, R13, and R30 balances the input from forward loop sense amplifier
Q1. This input appears at the base of Q3 which is the forward drive summing junction. R11
is adjusted so that tachometer input to the summing junction corresponds to the required -
tape speed between the reel and the vacuum chamber.

Stop. If the capstan stops when the reel is going in the forward direction, the ramp
~ input is zero and the reel tachometer input is negative. The reverse drive amplifier is in-

- hibited through R3, R17, and CR5 if the tape loop is outside the forward loop sense. When
the reel carries the tape loop back over the forward loop sense, the reverse drive amplifier
is no longer inhibited. It is then activated by the negative tachometer input through R11, R21,
and R30 until the reel stops and the tachometer output goes to zero.

Turnaround. If the capstan is programmed for reverse while the reel is going forward,
the ramp input through R16 goes negative and cancels the inhibition on the reverse drive
amplifier through R3, R17, and CRS. The tachometer output being negative activates the
reverse drive amplifier through R11, R21, and R30 until the tachometer output drops to zero.
Thereafter, the reel servo operation is the same as for reverse. Output B at pin 16 is 24 to
28 ma into the forward SCR gate. '
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CIRCUIT BOARD DESCRIPTION REEL SERVO CONTROL
SCHEMATIC 3107093

2. THEORY OF OPERATION. (Continued)

Reverse. Reverse operation is similar to forward operation except that the RAMP
OUTPUT input is -11.5 #0.5 volts. The RAMP OUTPUT input inhibits the forward drive
amplifier through R7, R8, and CR3. The reverse loop sense from Q2 applies a negative
signal to the base of Q4 through R6, R18, and R20, activating the reverse drive amplifier.
Q2 (turned off during standby) is turned on by the reverse loop sense. This same signal
through R8, R9, and CR3 inhibits the forward drive amplifier. The tachometer input to the
base of Q4 through R11, R21, and R30 is positive and cancels the negative loop sense input
from Q4 at the required reel to vacuum chamber tape speed. Q4 is'conducting during standby.
The negative input to Q4 turns Q4 off. Positive current through R25 now flows into the base
of Q5, causing the Q5 collector to move towards ground sufficiently to back bias Q6, thus
turning Q6 off and the reverse drive SCR on.

Rewind. During rewind operation, the REWIND RAMP input is connected in parallel
with the RAMP QUTPUT input. This same signal, at the REWIND RAMP input,. activates the
reverse drive amplifier through R19 and is summed with the positive tachometer output at
the base of Q4. The reel speeds up until the tachometer output through R11, R21, and R30
balances the REWIND RAMP input. This corresponds to a speed less than the speed of the
tape over the capstan and the tape loop moves toward the reverse loop sense. When the tape
is outside the reverse loop sense, the loop sense input from Q2 through R6 and R18 is added
to the REWIND RAMP input. The reel runs faster than the tape speed on the capstan, and the
loop of tape moves back toward the loop sense. In this manner, the loop is maintained near
the reverse loop sense at any capstan speed from zero to full rewind speed. When the tape
stops from rewind, the forward drive amplifier is activated and the reel is slowed to zero
speed. This is accomplished by the positive tachometer input at Q3 through R13 exceeding
the sum of the rewind input via R12 and the inhibition via R7. The ramp decreases toward
zero and Q3 goes into conduction. Operation is then the same as forward.

Phase Advance. The phase advance inputs via pins 18 and 34 increase the stability
margins of the reel servos and prevent excessive speed oscillations.

3. POWER REQUIREMENTS.

VOLTAGE CURRENT
+12 VDC +3% 160 ma max
-12 VDC +3% 10 ma max
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CIRCUIT BOARD DESCRIPTION REWIND LOGIC -D
SCHEMATIC 3118224

1. GENERAL DESCRIPTION.

The rewind logic PCB assembly provides the logic necessary to perform-the rewind
function. Several unit select logic circuits are also located on the assembly. Signal levels
used in the following circuit descriptions are nominal. Refer to Tables 1 and 2 for operating
signal levels.

2. THEORY OF OPERATION. (See Figure 1.)

REWIND (-) Output (Pin 28). The REWIND (-) output can be affected by the MASTER
RESET input, the BOT input, or mechanization of one of the following logic equations.

(a) REWIND (-) = (REWIND PB) (Rewinding FF not set)
(b) REWIND (-) = (REWIND COMMAND) (SELECT & REMOTE) (Rewinding FF not set)
(c) REWIND (-) = (REWIND & LOCKOUT) (SELECT & REMOTE) (Rewinding FF not set)

When the MASTER RESET input momentarily goes to zero volts, OR gate diode CR3 is
forward biased and the voltage at the base of Q2 swings positive, which causes Q2 to be cut
off. The negative-going voltage at the collector of Q2 is coupled through R4 to the base of
Q1, causing Q1 to saturate. The rewind flip-flop, consisting of Q1 and Q2, is then in the
reset state. The REWIND (-) output is at zero volts.

When the BOT input goes to zero volts, OR gate diode CR4 is forward biased and the
voltage at the base of Q2 swings positive, which resets the rewind flip-flop. The REWIND (-)
output is at zero volts.

For mechanization of logic equation (a), the rewinding flip-flop must be in the reset
state and the REWIND PB input must go to zero volts from an open circuit condition. When
the rewinding flip-flop is in the reset state, the collector of Q5 is at -6 volts. R17 and C3
comprise an AND gate which is enabled by the -6 volts at the collector of Q5. The REWIND
PB input voltage transition to zero volts is coupled through C3 as a positive pulse. The
positi\re pulse is coupled through R4 to the base of Q1, causing Q1 to be cut off. The negative-
going voltage at the collector of Q1 is coupled through R2 to the base of Q2, causing Q2 to
saturate. The rewind flip-flop is then in the set state. The REWIND (-) output is at -6 volts.

For mechanization of logic equation (b), the rewinding flip-flop must be in the reset
state, the SELECT & REMOTE (-) input must be at -12 volts, and the REWIND COMMAND (-)
input must make a transition from 0 volts to -12 volts. When the rewinding flip-flop is in the
reset state, the collector of Q5 is at -6 volts; this negative voltage is applied to the anode of
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CIRCUIT BOARD DESCRIPTION . REWIND LOGIC -D
SCHEMATIC 3118224

2. THEORY OF OPERATION, (Continued)

AND gate diode CR12. The output from the OR gate, consisting of diodes CR16 and CR17, is
enabled by the negative voltage at CR12. The SELECT & REMOTE (-) input at -12 volts is
applied to AND gate diode CR14; the negative voltage enables the output from AND gate tran-
sistor Q9. When the REWIND COMMAND (-) input goes to -12 volts, Q8 and Q9 are cut off.
The negative voltage level at the collector of Q9 is coupled through OR gate diode CR16 and
causes Q3 to be saturated. The positive-going voltage at the collector of Q3 is coupled (as
a positive pulse) through CR4 and CR6 to the base of Ql; the positive pulse sets the rewind
flip-flop. The REWIND (-) output is at -6 volts.

For mechanization of logic equation (c), the rewinding flip-flop must be in the reset
state, the SELECT & REMOTE (-) input must be at -12 volts, and the REWIND & LOCKOUT (-)
input must make a transition from 0 volts to -12 volts. When the rewinding flip-flop is in the
reset state, the collector of Q5 is at -6 volts; this negative voltage is applied to the anode of
AND gate diode CR12. The output from the OR gate consisting of dicdes CR16 and CR17 is
enabled by the negative voltage at CR12. The SELECT & REMOTE (-) input at -12 volts is
applied to AND gate diode CR15; the negative voltage enables the output from the other AND
diode, CR25. When the REWIND & LOCKOUT (-) input goes to -12 volts, Q15 and Q16 are
cut off. The negative voltage level at the collector of Q16 is coupled through AND gate diode
CR25 and OR gate diode CR17 and causes Q3 to be saturated. The positive-going voltage at
the collector of Q3 is coupled (as a positive pulse) through CR4 and CR6 to the base of Q1;
the positive pulse sets the rewind flip-flop. The REWIND (=) output is at -6 volts.

REWIND (+) QOutput (Pin 26). The REWIND (+) output is the complement signal of
REWIND (-). Output voltages and their derivations are the same.

REWINDING (-) Output (Pin 32). The REWINDING (-) output can be affected by the
MASTER RESET input, the rewind flip-flop in the set state, the BOT input, or mechanization
of the following logic equation. ‘

REWINDING (-) = [FORWARD (+)] [TIME DELAY ()]
The rewinding flip-flop cannot be reset while the rewind flip-flop is set.

When the MASTER RESET input momentarily goes to zero volts, CR8 is forward biased
and the voltage at the base of Q5 swings positive, which causes Q5 to be cut off. The negative-
going voltage at the collector of Q5 is coupled through R13 to the base of Q4, causing Q4 to
saturate. The rewinding flip-flop, consisting of Q4 and QS, is then in the reset state. (The
MASTER RESET input also resets the rewind flip-flop.) The REWINDING (-) output is at
zero volts.
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CIRCUIT BOARD DESCRIPTION REWIND LOGIC -D
SCHEMATIC 3118224

2. THEORY OF OPERATION, (Continued)

When the rewind flip-flop is in the set state, the collector of Q1 is at -6 volts; the
negative voltage level is coupled through R12 to the base of Q5, causing Q5 to be saturated.
The positive-going voltage at the collector of Q5 is coupled through R13 to the base of Q4,
causing Q4 to be cut off. The rewinding flip-flop is then held in the set state. The
REWINDING (-) output is at -6 volts.

When the BOT input makes a transition from -6 volts to 0 volts, the positive-going
voltage is coupled (as a positive pulse) through C8, the input of a single-shot multivibrator
consisting of Q6 and Q7. In the quiescent condition, Q7 is saturated and Q6 is cut off. The
positive pulse from C8 is coupled through C9 to the base of Q7, causing Q7 to be cut off.
When Q7 is cut off, the voltage at the base of Q6 goes positive, which causes Q6 to saturate.
Timing capacitor C9 starts charging through R21 and Q6; current flow through R21 holes Q7
cut off. ‘Approximately 500 milliseconds after the positive pulse input, the charge on timing
capacitor C9 reaches a level where current flow through R21 is insufficient to hold Q7 cut
off. Q7 is biased on and Q6 is cut off. The positive-going voltage at the collector of Q7 is
coupled through C10 (as a positive pulse)-and OR gate diode CR11 to the base of Q5; the
positive pulse resets the rewinding flip-flop. (The BOT input reset the rewind flip-flop when
the time-delay sequence was initiated.) The REWINDING (-) output is at zero volts. Timing
capacitor C9 discharges when the single-shot stage is in the quiescent condition.

For mechanization of the logic equation, the FORWARD (+) input must be at 0 volts
and the TIME DELAY (+) input must make a transition from -6 volts to 0 volts. The
FORWARD (+) input at zero volts enables the differentiator AND gate consisting of R18
and C7. When the TIME DELAY (+) input makes a transition from -6 volts to 0 volts, the
positive-going voltage is coupled (as a positive pulse) through C7 and OR gate diode CR13
to the base of Q5; the positive pulse resets the rewinding flip-flop (providing that the rewind
flip-flop has been reset). The REWINDING (-) output is at zero volts.

REWINDING (+) Output (Pin 30). The REWINDING (+) output is the complement signal
of REWINDING (-). Output voltages and their derivations are the same.

GO LOCAL (-) Output (Pin 9). The GO LOCAL (-) output is controlled by the REWIND &
LOCKOUT (-) input. When the REWIND & LOCKOUT (-) input goes to -12 volts, Q15 and Q16
are cut off. CR26 is reverse biased and the GO LOCAL (-) output is at -12 volts (through
. 3.6K resistor R51). When the REWIND & LOCKOUT (-) input is at 0 volts, Q16 is saturated
and CR26 is forward biased; the GO LOCAL (-) output is at zero volts.
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CIRCUIT BOARD DESCRIPTION - REWIND LOGIC -D
SCHEMATIC 3118224

2.  THEORY OF OPERATION. (Continued)

UNIT SELECT (4) Output (Pin 17). The UNIT SELECT (+) output is controlled by the
SELECT & REMOTE (-) input. When the SELECT & REMOTE input is at -12 volts, Q10 is
biased to saturation. The UNIT SELECT (+) output is at zero volts (the collector voltage of
Q10). When the SELECT & REMOTE (-) input is at 0 volts, Q10 is cut off and the UNIT
SELECT (+) output is -12 volts (through R34).

REWINDING STATUS (-) Output (Pin 34). The REWINDING STATUS (-) output is -
affected by mechanization of the following logic equation.

REWINDING STATUS (-) = (SELECT & REMOTE) (Rewinding FF set)

For mechanization of the logic equation, the SELECT & REMOTE (-) input must be at
-12 volts and the rewinding flip-flop must be in the set state. The SELECT & REMOTE (-)
input at -12 volts causes Q10 to be saturated and O volts to be applied to AND gate diode
CR19. When the rewinding flip-flop is in the set state, zero volts is applied to AND gate
diode CR18. With 0 volts applied to both AND gate diodes, Q11 is cut off and line driver
Q12 is biased to saturation. The REWINDING STATUS (-) output is -12 volts (through 125
ohm resistor R38).

When the input to either AND gate diode is negative, Q11 is biased to saturation and

Q12 is cut off. The REWINDING STATUS (-) output is zero volts (through CR20).

| HI/LOW DENSITY STATUS (-/+) Output (Pin 19). The HI/LO DENSITY STATUS output
is affected by the SELECT & REMOTE (-) input and the HI/LO DENSITY input.

When the SELECT & REMOTE (-) input is at -12 volts, Q10 is biased to saturation and
0 volts is applied to AND gate diode CR27. When the HI/LLO DENSITY input is at -12 volts,
AND gate transistor Q17 is cut off. With the AND gate transistor cut off and 0 volts applied
to the AND gate diode, Q18 is cut off and line driver Q19 is biased to saturation. The HI/LO
DENSITY STATUS output is =12 volts (through 125 ohm resistor R56).

When either the SELECT & REMOTE (-) input or the HI/LO DENSITY input is at 0 volts,

Q18 is biased to saturation and Q19 is cut off. The HI/LO DENSITY STATUS output is zero
volts (through CR28).
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CIRCUIT BOARD DESCRIPTION REWIND LOGIC -D
SCHEMATIC 3118224

2. THEORY OF OPERATION, (Continued)

READY (-) Output (Pin 20). The READY (-) output is controlled by a three input AND
gate, consisting of diodes CR21, CR22, and CR23. When the inputs to the three AND gate
diodes are all at 0 volts, Q13 is cut off and line driver Q14 is biased to saturation. The
READY (-) output is -12 volts (through 125 ohm resistor R43).

When the input to any of the three AND gate diodes is at -6 volts (or more negative);

Q13 is biased to saturation and Q14 is cut off. The READY (-) output is 0 volts (through
CR24).

The input to CR21 is from the collector of Q10, which is at 0 volts when the UNIT
SELECT (-) input is at -12 volts. The input to CR22 is the READY (+) input. The input to
CR23 is the READY INHIBIT (-) input. :

3. POWER REQUIREMENTS.

VOLTAGE CURRENT
+12 VDC £3% " 8 ma max
-12 VDC fa% 81 ma max
- 6 VDC #49% 18 ma max
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CIRCUIT BOARD DESCRIPTION

REWIND LOGIC -D
SCHEMATIC 3118224

o  TABLE 1
REWIND LOGIC, INPUT SIGNAL LEVELS
PIN SIGNAL HIGH LOW
NO. DESIGNATION LEVEL LEVEL
11 | REWIND AND LOCKOUT (-) 0 £1.25 volts -12 %2 volts
12 | REWIND COMMAND (-) 0%1.25volts | -12 %2 volts
14 | REWIND PB (+) 0 volts Open circuit
15 | READY INHIBIT (-) 0 to -1 volt -5.9 to -12 volts
16 | SELECT & REMOTE (-) 0 to -1 volt -10 to -12.36 volts
18 | HI/LO DENSITY (-/+4) 0 volts -12 volts
21 | BOT (%) 0 to -1 volt 5.9 to -6.6 volts
22 | TIME DELAY (%) 0 to -1 volt -5.9 to -6.6 volts
24 FWD (+) 0 to -1 volt -5.9 to -6.6 volts
33 READY (+) +4 to +6.2 Volts -4 to -6.2 volts
35 | MASTER RESET (4  0to -1 volt. -7 to -12.36 volts
TABLE 2
REWIND LOGIC, OUTPUT SIGNAL LEVELS
PIN SIGNAL HIGH LOW
NO. DESIGNATION LEVEL LEVEL
9 | GO LOCAL (-) 0to -1 volt -5.8 to -7 volts*
17 UNIT SELECT () 0 to -1 volt -5 to -6.2 volts
19 | HI/LO DENSITY STATUS (-/4) | 0to -1 volt -10 to -12.36 volts
20 READY (-) 0 to -1 volt -10 to -12.36 volts
26 REWIND (+) 0 to =1 volt -5.8 to -7 volts
28 REWIND (-) 0 to -1 volt -5.8 to -7 volts
30 | REWINDING (+) 0 to -1 volt -5.8 to -7 volts
32 REWINDING (-) 0 to -1 volt -5.8 to -7 volts
34 | REWINDING STATUS (-) 0 to -1 volt -10 to -12.36 volts

*Established by current flow through external circuits normally used,
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ADDENDUM 3119302-01
LINK SPECIAL FEATURES

SCOPE.

This addendum documents special features not included in the standard technical
manual. Special input signal and output signal lists and a cross-reference list of printed
circuit boards are provided. Printed circuit board (PCB) assembly drawings and schematics
not included in the technical manual are supplied. A special data electronics logic diagram
is located at the end of this addendum. ‘

" GENERAL DESCRIPTION.

TM-7 TAPE TRANSPORT.

The tape transport is designed to operate at 45 ips. The list of PCB's in the TM-7
manual is for 36 ips operation only. The PCB's supplied with this TM-7 Tape Transport
appear on the PCB cross-reference list.

The standard TM-7 responds to Forward/Reverse and Run/Stop commands. This
transport is modified to accept Forward/Stop and Reverse{,/Stop commands.

DATA ELECTRONICS.

The data electronics card cage is wired as shown on Logic Diagram 3118334. The
PCB's supplied with this DE-211 Data Electronics appear on the PCB cross-reference list.
The input and output signal lists provide.connector pin designations for both the input/output
panel and the data electronics card cage. '

The parity bit is generally supplied by external equipment. In this system, the parity
bit is generated by the Exclusive OR circuits on PCB B17 and B18 and is handled as Write
Data 7. Parity is checked by the Exclusive OR circuits cn PCB BY and B10.

Holding register circuits are provided by flip-flop circuits on PCB A1l and Al2.

Bidirectional read deskew is accomplished by the read deskew circuits on PCB's A2
through A8. The forward command automatically selects the forward deskew circuits. The
abseice of thie forward comimand selects reverse deskew. Deskew adjustiment in iie local
mode can be performed by removing the Select Logic (SLB) circuit board and by applying -12
volts to B7-31 to select forward read deskew circuits or B7-29 to select reverse read deskew
circuits.

LINK ADDENDUM 3118302-01
{ REVISED 7-67 -1-



I/0 PANEL DE CARD CAGE

J4 J5 INPUT SIGNALS
C 1 Write Track 1 (-)

D 2 Write Track 2 (-)

E 3 Write Track 3 (-)

F 4 Write Track 4 (-)

M S Write Track 5 (-)

‘N 6 Write Track 6 (-)

P 7 *Write Track 7 (-)

\ 8 Write Strobe (-)

X 9 Write Reset (-)

d 10 Read Permit (-)

A 11 Ground

B 12 Ground

H 13 : Ground

] 14 Ground

K 15 Ground

L 16 Ground

T 17 Ground

U 18 Ground

\% 19 " Ground

m 20 : ‘ Shield Ground

C 21 ' Write Permit (-)

R 22 Holding Register DC Reset (-)
S 23 ' *Write Track 9 (-)

1 24 Odd/Even Parity (-/+)
Y 25 Forward/Stop (-/+)

e 26 Reverse/Stop (-/+)

Z 27 Rewind & Lockout (-)
f 28 Rewind (-)

g 29 Ground

h 30 : Ground

G 31 Spare

a 35 Ground

b 36 Ground

j 39 Spare

k 40 *Write Track 8 (-)

*Not used in this system

SON 9719 FAL 3114790 Link TM-7211
DE-211 Logic Diagram 3118334 , 45 IPS 556,200 CPI
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I/0 PANEL .DE CARD CAGE

IS5 J4 OUTPUT SIGNALS
C 1 Read Track 1 (-)
D 2 Read Track 2 (-)
E 3 Read Track 3 (-)
F 4 Read Track 4 (-)
M ) Read Track S (-)
N 6 Read Track 6 (-)
P 7 Read Track 7 (-)
R 8 Clock (-)
G 9 Read Data 8 (-)
d 10 *Read Data 9 (-)
A 11 Ground
B 12 Ground
H 13 Ground
] 14 Ground
K 15 Ground
L 16 Ground
S 17 Ground
T 18 - Ground
U 19 Ground
m 20 Shield Ground
W 21 BOT (+)
X 22 EOT (+)
Y 23 Rewinding (-)
Z 24 Ready (-)
e 25 High/Low Density Status (-/+)
f 26 Spare
h 27 Vertical Parity Error (-)
j 28 Spare
c 29 *Write Check Error
g 31 Ground
k 32 Unit Select (-)
1 33 Select Indicator (+)
A% 38 Write Enable (C)
a 39 Write Enable (NO)
b 40 Write Enable (NC)
*Not used in this system.
SON 9719 FAL 3117490 Link TM-7211
- DE-211 Logic Diagram 3118334 45 IPS 556/200 CPI
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PRINTED CIRCUIT BOARD CROSS-REFERENCE LIST

TM-7 CONTROL ELECTRONICS

CODE PART NO. DESCRIPTION LOCATION SCHEMATIC ASSY DWG
CSA 3112170-10 Capstan Servo Control J6 3107098 3112172
FLC 3112360-10 Forward/Reverse Logic -C J4 3112361 3118158
LLA 3107102-10 Local/Remote Logic J2 3107103 3107260
PHB 3107262-10 Photo Amplifier ' ]J3 - 3107073 3107257
RCA 3112167-10 Reel Servo Control 17 3107093 3112169
RLA 3107087-10 Rewind Logic ' J1 3107088 3107261

DE-211 DATA ELECTRONICS

CODE PART NO. DESCRIPTION LOCATION SCHEMATIC ASSY DWG
EOA 3107274-10 Exclusive OR B9,B10,B17,B18 3104452 3107274
FFE 3118267-01 Flip-Flop -E All,A12 3118269% 3118268*
IBA  3107258-10 Input Buffer B15,B16 3107038 3107251
ODA 3107259-10 Output Driver _ B13,B14 3107043 3107255
ODM 3118163-01 Output Driver B19 3118166* 3118165
RAB 3107266-10 Read Amplifier EZ-BS 3107118 3107270
RDC 3109932-10 Read Deskew (Bi-directional) A2-AS8 3109930 3109933
SGA 3119379-01 Strobe Generator B8 3107058 3107276
‘SLB 3111157-10 Select Logic -B B7 3111138 3111157
WAB 3112363-10 Write Amplifier Al14-A20 3112345 3112347

WPD 3107268-10 Write Power Gate A24 3107128 3107272
*Drawings provided with this addendum.

FAL 3117450, SON 971% Link TM-7211

DE Logic Diagram 3118334 * 45 IPS 556/200 CPI
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TYPICAL TRANSISTOR INSTALLATION
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PART NO.

REFERENCE DESIGNATION

32/12032-10

1Q! THRY 4@1, 102 THRU 4@2

3263024-10

ICR3 THRY 4CR3,ICRE THRU 4CR4,
/CRS THRU 4CRS, ICR6 THRY 4CR6

ICRI THRUY 4CRI, ICR2 THRU €CR2,

037-9290

Ccl, 62, C3

034-177

1CI THRU 4CI, 1C2 THRU 4C2

041 - 560

IRI THRU 4RI, IR2 THRU 4R2

041-508

IR3 THRU 4R3, IR4 THRU 4R4

041-511

IR7 THRU 4R7,1R9 THRU 4R9

041-751

/=751 | IR8 THRU 4R6, IRI THRU 4RIl |
047507

/RS THRU 4R5

04/1-007

{R6 THRU 4RG, IRIQ THRU 4RI10

([ parT a4

1C3 THRU 4C3, 1C4 THRU 4C4

REEFERIZNCIZ

@ MARK PART NO AND NAMEPLATE INFORMATION

[i2) FOR COMPONENT INSTALLATIONS, SEE TABLE .

PER MIL-STD-130
10. PART NO. YO BE AS SHOWN ON TABLE 1.

9 SEAL PRINTED CIRCUIT SIDE ONLY WITH
HUMISEAL TYPE 1B!5 COLUMBIA TECH CORP
OR £QUIV.

8 MARK. POT REL. NOT 12 MCH CHARACIIRS,
TOLOR WHITE, PER MILSTD-I3C0. DO—NATT
IMPRESFION-JTAME-

“7 TRIMPOTS NOT TO BE SUBMERGED- W -wield
6. COMPONENT DES!GNATIONS ARE FOR REF. ONLY.
5 PLUS SiGN ON CAPACITOR INDICATES POSITIVE.

4. HEAVY LINE ON DIODES INDICATES CATHODE
3 ASSfMBLE PER PRODUCTION PRACTICES MANUAL.
2 FOR ASSEMBLY SPECIFICATION SEE 371/8270.

1 FOR SCHEMATIC SEE 311826 9.
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-~ SASTAN
® | | 34/ 87551
TABLE I ; 15SUE DESCRIFTION DATE | DRAFISIAN { DATE | APPROVAL
ouTPUT COMPONENTS 6 | ECN 5942 PROD REL  ajse| Serimsl |¥fsnfes A
ASSY NO. = C |ECN 7200 26 | REISS [s -
LEVEL cl R R4 Re&e 16 0] o
3l18l61-0/ | O/+3V OPEN OPEN | 6.19K, 21 % |2.74K, 1% :
3118162-01 | O/ t6V OPEN OFEN_|2.21K, #1% | 274K, +1%
31/18163-01] o/+9V OPEN OPEN | 1.82K, 1% | 7.5K, 1%
3118164-01 | 0/+12V | OPEN OPEN 2K OPEN
3118293-010/+4V OPEN OPEN 422K %17, [2.74K, %1%
3113497-01 |[0/+8V | QPEN OPEN  [3.01K: 1% |7.5K *1%
. +12v urig
(/[
219
31s () CIRCUITS R7
Japo ! (&) GRS 1250
Cneur 24 5| ! ) (7) 3%
. el CRI 22/
A | INPUT 1 —
L = | cre QI
- INPUT 2 > o > OUTPUT
I —— l CR5
1218 CR3 3263024-~10
3117 L—ig—o
4|18 Rl 1 R6
INPUT 2% | | 7 R5 § ©
. 51z | J . NO.
oles O & CR4 36800 (7} 31181606
R 15% |
1 - t .
I : - -~
10— -2V +12v -12v .
2|13
i /5(;) SEE TABLE 1.
¢ I Pes
: PARTIAL_REFERENCE DESIGNATIONS ARE SHOWN.
OUTRUT. 5|22 ! EFIX THE REFERENCE DESIGNATION WITH THE
: ole7 CIRCUIT NUMBER FOR COMPLETE DESIGNATION.
- 5. ALL TRANSISTORS TO BE  320//0 4-10.
7|29 : 4. ALL DIODES TO BE 3263028-/0.
glzol— 3. ALL RESISTOR VALUES ARE IN OKMS, £5%, /4 W,
- 2. ALL CAPACITOR VALUES ARE IN M/CROFA.‘?/ADS.
1. FOR ASSEMBLY SEE TABLE 1.
F12YDC| | - NOTES:
-r2voc| 4 ® -
¢l t-. c2 .00 NOT SCALE DRAVING Nl COURUTER PRODUCTS QIO 15 TePRo. COMPUTER PRODUCTS DIVISION
: - T 2 °/°T o R | st | AMIBEX REESIERISNGEE RN
20V 20V oo — oo B B 2 9 SE T ‘
5 ; | | L s so i/ 0% [V SCHEMATIC —
k5. 6RD 2 = Y A e OUTPUT DRIVER —M
TERIAL C e Lo (34 f
L] e (INV. PCSITIVE QUTPUT)
r/ SIZE JCODE IDENT. NO. JDWG. NO.
SEE TABLE | DE-200 FiNISH 2
NiXY ASSY., 15T USED ON C 09]50 J / / 8 / 6 6
APPLICATION Fcu NONE lma ! GF | -

SHETR TOPFLIGRT 1082 FORM 2602107 RLY. 863



| 3118165
REVISIONS "
TABLE 1 = SeeTTon T oan [ oenrrsm | oo | aveovms
TTPT CORIPONENTS ", £CN 5342 PROD REc ' reiee Fuymts ] |
ASSEMBLY NO.\ " eye [PART A FART B | PART C |PART D
[3118161-01 | 0/+3V _ |NOT USED [NOT USED | 042-851 | 046-16G
3118162-01| 0/ +6V A 042-423 048186
| 3118163-0! | 0/ +9V 3 042-460 | 042-430
3/18164-01| 0/ 12V | NOT USED |NOT USED | 041-560 |NOT USED
3118293-0/| 0/rav |NOT USED |NOT USED . [042-873 |048-186
AH3427-01 v/t 8BV MOT USED |NOT USED |042-866 [042-430
320052610
/ —l l— .06
—~ T
75
‘ PART NO. REFERENCE DESIGNATION
3| 3201104 -10 | 10/ THRU 8@Q1, 192 THRU 8@2
8 3263024-10] ICR5 THRYU BCRS
W) 302810 | 'CRITHRUBCRI, ICR2 THRU BCR2
N s 3109691-10 it O | ICRI THRU 8CR3, ICRe THRY BCRS:
H —Hech3 B /:»BL— 5 ¢ 037-068 ci,ce
X ; o = L a4 O41-408 | IR3 THRU 8R3
1 —{7RF R — —ma— __l_.,‘ﬁg,}_ O41-442 | IRZ THRU BRZ
. 4 —YeeAn— —l‘m o o ) (3 PaRT C /R4 THRU 8R4
[z _ParRT D IR6_THRU_8RG )
5 ) — |, 041-343 | IR5 THRU 8R5
—f3R7) o —2Re— (1o 047-302 IR7 THRU 8R7
4cRZ o o
6,552,0‘_/ — g ga;:z‘}_ o ° :z PART A 1CI THRU 8Cl
4 PLACES ‘ o 3:__;f—3__ e (2 PART 8 /Rl THRU BRI
—{RA— —as—- —{3R i LE)
! o o o© o o o o )
——{ zrzz]—— gms 4 .
7 31—
."”@’”@” Qm.’ O D
£ ¢ . .
3115720-67 INSTALL PARTS ‘A THRU D' PER TABLE 1.
@ MARK PART NO. AND NAMEPLATE INFORMATION
PER MIL-STD-130
10. PART NO.TO BE AS SHOWN ON TABLE 1
3 9 SEAL PRINTED CIRCUIT SIDE ONLY WITH
HUMISEAL TYPE 1B15 COLUMBIA TECK CORP
OR EQUIV
TOLOR WiiTE ~PLR MILITO IS DO—NAT
IMPREIRION STAME:
460-004 3118160-01 HOLIOBE
2 PLACES 6. COMPONENT DESIGNATIONS ARE FOR REF ONLY.
5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE.
) 4. HEAVY LINE ON DIODES INDICATES CATHODE
- . I,r'-"-lrl’er(.I'- 3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL
280-052 A= iyt Sim 2 FOR ASSEMBLY SPECIFICATION SEE 37//8/G6 7T
1 FOR SCHEMATIC SEE 3//8/6 6.
NOTES:
DO NOT SCALE DRAWING
TNCFT G Wi SIS H AMPEX SOmrmlooosrs ooy
e RIS, | 3
A e A D CIRCUIT BOARD ASSY—
TYPICAL TRAN.SIGTOR INSTALLATION Pt e M 3 OUTPUT DRIVER —M
L j = (INV. POSITIVE QUTPUT)
e T 5\ TR TR RS
SEE Laale | DE-200_|o il
e Djosiso| 3//8/165
ArCATON — o7 | A=
—
T S TR




4

.

EEFEIE

HOUOMY

§ no onn i1

40T

CUSTONMER NPUTS <

oMYA BTVSS 0N OO

<
I}

AT AT

Ju—

—a

7912 (]

HVON
osi60 |

X1

& 70 /;

PEEBIE

: INIT
SONOXL2T 77 VIV T 1123787

WO/ T D507 f

TS A D

7R o

X

~N

2 (BRITE TRACK 6X3,

SRD

/3 }

WE/TE TIELCK I 17N B
=

G20

N

WRITE TRACK 7€) /4_;'3\ o
iy

&R

P72

PESY DEIRTY € ) r___JZ._I
| | )
YIRITE DATAN, ., NS T
r{ & SNY 3 = . } '//CADJ"_,
y e > 2 >
*L"_':\?,;g:«’_ E&E L[ las L i :%
s 2 pdpeyra rzé'_;’ 2“50 s>l
=7 JRRCRNUIEN U DR —— D . !I" o o)
7 WRITE I RATA 2 SHT 3 72 T
o 95— Ly
ﬂ@n_ SN 7] T ML Te
2y ol T e
Yz - e o 175 X—éfz‘r’,‘. 30 ﬂ)—l' \
f 415 s 11y
bmer e i - e e me e | v win o —— 2| o—— ot - '
wrTE lpata 3 SHT 3 L '/5>—l"’
172
/7, % g s 5 &>
P B |
: F?f§m4‘ 4 T 2 .S el H :
L G ga| Ale 26 [4/5| 30 14>
23 il % ‘
CRe—r RS R U N P N ]
17 W.RITE | DATA 4 SHT 3 ) 24 :
B . 35, -
) . PR \
4z 1:3 ., A WAl2q i i [
/. PR T E e by
WA, e o L2 ar7 |26 {.a/712 gaot

-
wi7) S 25
‘ : B WA ] WAl g

SIHT 2

5 [WRITE TRAK 5692 2'2 |
X & =
sED - |
] Lo P B e I 3 ! :§
A, 8 dars A =l >/ o>
A/8 - - ll T
g e B I SR I 1
26
WRITE TRACK 6@ 25| /826 WRITE. [LATA. & SHT 3 .
& Bis, -~
lerL
/0 1A/ 9, .
_J‘ — 122, AlS r._{ié}i/} ) 27
=4 HE |
) o b e e e ) 7>
| SATy LIRACKEARITY ’/fﬁ 35 34 aoli
274 - Lz [
- s sl e T
waN, - 22} 429 | 2¢ldz30 18>y
. S ) T{f T
WRITE 7840k 8¢ 52) /18 /
40 g S 35 .54 PPN
e e 4 irm L) [
29T p J Je 2 A e A e e g 7 ! !
- /;;:':‘; s - 2 21 A2 42124 g9y, | ! t
. e faad 5 [
____________ PRSPPI SENUS T R SR _’/9 o
palRITE TRACK 96 £ 4?~ //z/ v -—2———1 e a5 g i
ot S0 N FAG L e LT
122 —-TKJ,.V)u -l 7 "y
- . ] e - A2 74422150 Lot
o \WRITE £ESETE) 13 />\(4 ] - F >t
2D £/&, [ U ; a7 L 2 i |
P HEAD GRD

SIRITE ENABLE SIVE) 24

WRITE PAR

2/ =
ELD S8,

2O‘W ) GO

ewﬁ/ff'j‘f(w{o (’5 /4 22

‘3_..5/52_____.

WRITE CERMITE 19 ’%ﬂzc .

B
N =i
B
LY
1
i
[N
&
1
i
i
|
s
o] o
. N | ki 1% K|
S i oS g " 4 ,ig h . . .
s H
\{«h
N
&~
%w\}

I
IS
&
QQ
N
f:
N
L‘_
g
R
AN
r._
X G
)

GED

. o -ia S ——
2o ECHI G
e —L SHEET 3

FWD/S ToPE/) 29%\23
e,

25 ys U 55 . D¢ FESETG) } -
R e ey
{‘53 |E2 CUIPPING LEVELD [0 e r g
— Fio/stor (/4

veegiic |

o5
T
SR pE T SHEET 2
WRITE STRASE ) ‘}’ SHEET 3
s | 6£0 FWO JL702E/~ 2 LEF
&€ 0 :
@ e TV
ol £EVMD CEWIND ) 3
NCENTHID & 70T 7= PEGND & 1OHDTT = .
7 UIELD 20 | 24 "TRANSAIRT
L L REV [sTop [=/4) 3 o~ M
7
7rL - ~/ 2y
Y0 Zen 17| | FERR
2 mom N
22
0 W BRI T YR 1B N33 . p
|0t /z;; s> COLYEEN PARITYC/E), 1) i 5 ~als
Rel 5
! .
- 26 e . |
|0 AT g5 lfe‘/sy READ LERMIT ) suerr ;
HOLDING REG G ;
3 - 8 2 ] 14 $ Nl
5| .0C_RESET i~ ;B,s 2 25 2 HOLDING REGISTER DC RESET SHEET 2 £
n 3 E
L e~ . g
AN ‘"‘
~ "':; g




A TR wr0s s, MY

v
~ - MEAD 6RO
I 9 >
! 2 | 20 4? s .
2
% ; S =i ] s ‘Zi‘ﬁ
2yl 28{s2%5 o 2 26| o e ~Lgoo 19 READ DATA1(=)]
] | a2 r——tidl Al 813
1 SWIELD GRD 20 24) A2 10—
L P PP N T R :
! | 8 P READ DATA 1 (=) cur 3
223
| S /4 8 - 32 17— — 21
| o 1G§> 22 E=TH T Ia}x___./‘ DATA 21~
333 3 o[ % P 2] a0 1 #r 9]00™\ 13 READ DATA2()| ,
I | ol 43 v A3 J»—TG«———C All 813
2]
1 I . - | 30 s R
| ! o, P 1= READ DATA 2 (=) oo
| 4 r1+—% PR { 8 32 % 22
; " [ s > 4 o -~ 25| $ ’—'L a0 BATA 3
Ay ¥ 28 2z e ez | | 2| A0 | FF 16|00 f5 _READ DATA 3| 4
i | o A4 | 24 A% -“—~——~<Jz,r_,_\ At 813
! | /6 |20 28] R
| | a P READ DATA 3(=) _ o\ 5
e
g | roz Lo~ 2 32 iﬁ"\s 22
/0 = — 1t
IR RS |2t < o |25 | | |es| R0 L r Lis oo~ 20 RE10 0474 462) ‘
| | 20| A5~ | 24| A5 T 4 813
‘ | /% [ 30 ‘32] R
. | s ui 32 Ia — READ DATA 4(=) _ s .
% a— TSN 14
! ~ P! L¥_ ]
84 s01 b — 4+ — ) 3
% Ly |y 28 22 k0 L2z | [26] RO 1 fr 23|05~ 22 READ DATA 5]
| i Ac 24| A6 o a2 813
| > = f——\ﬁ
| % 30 o/
B ! 8 e = READ DATA 5 (=) __ sur 3
[0 n sy 3 /4 a 32 17 =~
% : b~ i‘s 3 e i o ey 18| s 12
sT—2 el e 2?0 |25 || l2e] RO e A
| T S A7 2 A7 .s._la.___c A2
| : % . 30 5| R
Y ' ! p — READ DATA 6(=)y v 3
e >—x 24 s 32 %
I e 24 - 25JJ s 122
p P S I .
| 58 . 25|85 %5 ; &0 |35 : 24| RO x—z—o/ - ‘ 30 23 READ £ATA 71|
) A8 = 412
[ | : 20) 8 | 2¢ 27— SHIELD
| | % ] 30 g )R oER2 120
i | - P ) READ DATA 7(=) [ o\r
325 32 35
| | : L so 3 s /}22
. P N I
NN 0]°55 ol L3z || 12 B2 L—;o/ P l 9|00\ ;13 READ DATA 8()| o
G P PRICE 3% a2 are -
| 20 )4 er—\’ﬁ
I ‘e 30 32
h3ol i W
| | - P 1 READ DATA 8 (=)y 01 3 | cusromen |~
> 2/ > PN} a 32 Br—\ 14 outPur |0
g | I” 8 ‘0 11131 a0 9J 5! u
53/ 2 28 2z aleo |25 1112l RO e e 16 15 READ DATA9(-) W
20| A0 24 T or— H
L . . 23 ™ 30 /,/] R .ﬁo__go
| READ DATA 9 (-)
, - SH
- sweer | WD 570”‘/ T3 -
35 29 R
(_CLIPPING LEVEL(-) [FLET 32588 -SR03,
z by
N HOLDING REGISTER Lque ~>2 %
3 5‘; SHEET | or VPE'.CFT ( ) A2 34 g;) 32 CLOCK(~) 8
3 225 SET (— !
2T
BEN READ PERMIT (=) 751-3
3N L2 S 122 OC RESET(—) SHEET 3
2 TR READ STROBE (+) SHEET 3
Ja93 . 34 35
el L L
i 2 HE o -24v 14 25 WRITE ENABLE (C)__ |,
H §§~ 3 70 PV 32| WP |2z WRITE ENABLE (NO) I3,
F 15 & ] aza (23 WRITE ENABLE (NC)
e H
B 36 REF 24
. " 1 r—
T 7 |H1/L0 DEwsiTY (-/+) |
li ‘_§ 3 s [ware envagle swee) | WRITE ENABLESW (S) qur |
‘{Xk‘ 0 READY (—) READY (=) _|,,
hEN 1| _HIGH [ Low DENSITY STATUS (=] +]) HIGH/LON DENSITY._STATUS(~/#) |,
; T P “REWINDING {—) REWINOING (=) |53
— | UNIT_SELECT (—) UNIT SELECT (=) )3, -
l' I 8| SELECT iND - (+] SELECT INO(4)[3 £
! B 0 {1
% Bt I
Bl iz m
d 4o I sl Bor () 12 _{ob BoT (+) |, R
s z E 19 Ay
b3 m X
al o N N
o7 x| A
a ~
——; =R ia s LE0T (=) 9 | gorchl,, N
~o o
w3203 / LR
REENIS — - L
o N X "
w ~ N X 5
™o §
AR 38 I N i
2 X LNEIN S = H
£ R~ [y H
N Q R § o w =
TTER N
i N Q N
0|l
L




Cde i G

11 et ey orewasad aawe A

READ STROBE(4)

(
|

_READ DATA_1[=Mb I8

1] .
!

' ™ reap 0aTA 2(=) 16))5q D201 #, e~

: {89 £

,{ s yral

_READDATA  3(=) 8 .
i TREAD pATA 4 (=) 10 !g:’ yCA—
§ —
' REAC DATA 5(-) 32 30
ASEO™
RZAD DATA_ 5 (=) 34]|pq 228 ]
-« /B9
READ DATA  7(—) 26

SHEET 2

JE REF
S

22 VERTICAL PARITY ERROR (—) _2_77

IHEET 1

¢ READ DATA 8(—) 8

o - [/
JHEET 2 { READ DATA (=) IONS? > 2

v£68115 |

CUSTONER
TPUTS
6RD
— 1
SHEET 2 WRITE
= CHECK
(SHAPING )fo- ——EC \33 33/0D ERROR(~—)
B 12 3 312) 29
LA
7
RITE STROZE (—
SHEET 1 < RTESTROEE ()
i 8i2 :
SWEET 1§ | ECHO (+) s (Erfoccup) e
: 812
z _ WRITE PERMIT (—)
|\
(" _ WRITE DATA [1-)
WRITE DATA 2 (=)
WRITE DATA 3 (—)
H SHEET 1 < = WRIE DATA 41=) xrr~22 7 TRACK PARITY —sur)
§§ 24))Biz
3 TE DATA §(— 2
e WRITE DATA $(=) S~ 22 "
HE WRITE DA 6(—) 26 )Jp/s ) P /z
i ODDJEYEN_PARITY (=[+)
3 ~
I
#of 2
i
RRERE [T
di
M | B
i
i
££74
;}‘! [
. izl "
! ) T
% "I"l =
o
o1 o 15 EE
b R
128/l :
~ § Qi
3 > H
W ix ‘r:\ S -
S| mx ]
(0] NN E
AR ENES H o |
I ENE N 5
™ SR b A
L w |
N IS < z
1 " 5 I | v §




	001
	003
	004
	005
	006
	007
	008
	1-01
	1-02
	1-03
	1-04
	1-05
	1-06
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	2-07
	2-08
	3-01
	3-02
	3-03
	3-04
	3-05
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	5-01
	5-02
	5-03
	5-04
	5-05
	5-06
	5-07
	5-08
	5-09
	5-10
	5-11
	5-12
	5-13
	5-14
	5-15
	5-16
	5-17
	5-18
	5-19
	5-20
	5-21
	5-22
	5-23
	5-24
	5-25
	5-26
	5-27
	5-28
	5-29
	6-01
	6-02_CSA
	6-03
	6-04
	6-05
	6-06
	6-07_FLA
	6-08
	6-09
	6-10
	6-11
	6-12
	6-13_FLC
	6-14
	6-15
	6-16
	6-17
	6-18
	6-19_LLA
	6-20
	6-21
	6-22
	6-23_PHB
	6-24
	6-25
	6-26
	6-27
	6-28_RCA
	6-29
	6-30
	6-31_RLD
	6-32
	6-33
	6-34
	6-35
	6-36
	6-37
	7-01
	7-02
	7-03
	7-04
	7-05
	7-06
	7-07
	7-08
	7-09
	7-10
	7-11
	7-12
	7-13
	7-14
	7-15
	7-16
	7-17
	7-18
	7-19
	7-20
	7-21
	7-22
	7-23
	7-24
	7-25
	7-26
	7-27
	7-28
	7-29
	7-30
	7-31
	7-32
	7-33
	7-34
	7-35
	7-36
	7-37
	7-38
	7-39
	7-40
	7-41
	7-42
	7-43
	7-44
	7-45
	7-46
	7-47
	7-48
	7-49
	7-50
	7-51
	7-52
	7-53
	7-54
	7-55
	7-56
	7-57
	7-58
	7-59
	7-60
	7-61
	7-62
	7-63
	7-64
	7-65
	7-66
	7-67
	7-68
	7-69
	7-70
	7-71
	7-72
	A-01
	A-02
	A-03
	A-04
	A-05
	A-06
	A-07
	A-08
	A-09
	A-10
	A-11

