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I. Introduction

A,

Use of Tapes in the AN/FSQ-7

oW N -

un

Operational Program Library
Maintenance Program Library
Tables and Constants Storage

Safe Track Storage

a. Friendly flight plans
b. Friendly tracks

Training and Simulation
Proposed that routine accounting data be stored on
tapes.

a. Payroll records
b. Parts inventory

C haracteristics of Tape Storage

1.

Magnetic - Permanent
'R_

a. Information will not drift away.

Non-Destructive Readout

Compact and portable.

—_—

a. _Qne reel can contain 1.2 million computer words.
b. _Tapes interchangeable between systems.

Economical
u

a. Reusable

b. Price is approximately $80 per reel
Intermediate speed
a. Somewhere between electronic speed of computers

and mechanical speed of card machines.
b. One word can be written or read in 322 microseconds.

v .
Sequential access ﬁ M‘/

a. . Information stored sequentially on tapes as con-
secutive words.
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<

Block Diagram of Magnetic Tape Element

- Page 0110
1. Tape Drives

7 AL/
Q

a. Only four tape drives per computer presently.
b. Six possible per computer.

1) If two added, will be designated units #26
and #40.

2) PC1 uses 6 Tape Drives per computer.

24

2, Tape Adapter (Unit #13)

P
b)

a. Translates commands from Central Computer
into action in the tape drive.

1) Commands from the CC are standard pulses,
these are changed into levels and pulses that
are used by the tape drives.

Example: A select pulse from CC would be
changed into a level to select the specified
. tape drive.

A RDS pulse from CC would be changed into
both a pulse to put the tape drive in read
status and a level to tell the tape drive to
move tape.

b. Asssists in data transfer between Central Com-
puter and the tape drives. - '

1) Wwill store bits until a complete computer
word is read, then send the word and a break
request to the CC.

TACE LTRIVLES

oW =gV

3. Unit #19 MCD

a. Supplies standard voltages to Unit #13.

b. Supplies 30 a.c. to unit #13.

c. Supplies 3¢ a.c. to unit #18, through circuit
breakers in unit 13's Z module.
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SET NIFA

SET PREPARED

TAPE END PHOTO CELL

WRITE PULSE

SET READ- STATUS

SEL_READY 8 READ _

SET_WRITE_STATUS READ/WRITE |
READ STATUS STATUS
POWER ON RESET G“:lfgséﬂ SEL READY & WRITE
FILE_PROTECTION o T
‘ SEL ' READY ; 76.02
1Yy
] NIFA SELANIFA
START REWIND REWIND- -
CONTROL J6.05
SEL 8 REWIN
76.08 ° -
oP
6 SEL LINES PANEL [TseL
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SEL &
MECH READY | peany .
3 |e ' 76.01
o
< =
o |
o Q]
e )
HR K
&l ¥ S
MOTOR CTRL RELAY CTRL UNL /POWER ON RESET
CIRCUITS CIRCUITS .
76.10 76.09 . NOT ARRIVING ,
AT LOAD POINT SELaATLP
r‘ ey AT LOAD POINT - >
6 READY LINES PICK LOAD POINTIRELAY] LOAD . SEL. READY READ READ BUS _
DROP LOAD POINT RELAY POINT READ STATUS PRE AMP (7 LINES)
UNLOAD/RESET (RELAY DO) LP RELAY 76.06
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MANUAL REV TAPE REVERSE | HEADS
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WRITE_CHECK CHARACTER
c 76.07

Tape Drive, Block Diagram (76.00)

0210
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4, Non-Standard Power Supply Unit 18

a. Supplies non-standard voltages necessary in the
tape drives.
b. These voltages are fed through circuit breakers

in unit 13.
1)  +270V
2) +140V
3) -60V

4) =-130V
5) =270V

c. Provides means to manually marginal check the
non-standard voltages.

D. Statistics
1. Physical characteristics of magnetic tape.

Width: 0,498 +0,002 inch
Thicknesa: 00022 (+0. 0003-0. 0004) mch

Base thickness: 0. 0.0015 inch :tTO% h/
Ferromagnetic material and binder: 0 0006 inc
Full reel: 2400 feet in length _

®poop

Note:  Three types of tape have been used.
Acetate: Original

Mylar: Replaced acetate because of greater strength
and less sensitive to humidity and dryness,

Replacing mylar due to improved binder.
Otherwise, the same as mylar.

E. Definitions

Page 0140
1. Load Point ) &

3210
a. A reflective marker on the front edge of the tape.

1) Indicates, through the use of a light and
photocell, the beginning of the useful portion
of the tape. \

2) Roughly 10' from beginning of the tape.-
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< '2400' MAX N
F" 14,’| WweaD
AT HW‘W? (ili‘{lHliLllIL
R d
ne ::c;;or 3/4"|‘— Record ———Lbl 10- W

End of Tape, Reflective Words Inter- one or more words M/}‘}’V,)b)'b

Mark record Load Point 4 ¥

For small Memory dis- gap \ Reflective Mark
tance is as indicated. / \
For big Memory distance / \
is 130 feet. . / :
ONE COMPUZER WORD ON TAPE ROSITIONS
gé L5 L11 Rl R7
L13 + 6 More Bits __ L15 + S More — tg t;o Efs g:g
(A Bit) Across Tape ~ S Characters - s s S S
tig L2 L8 L14 R4
L12 - . L1 L7 L13 R3
(A Character) LS L6 Li2 R2

| curacrer \waper ¥z v 5 F g F3
TAPE TRAVEL FORWARD
4

SYNCHRONIZING BIT
PARITY BIT

LR
"won

FIGURE - TAPE WORDS
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End of Tape
a. A reflective marker on the rear edge of the tape.

1) Indicates the physmal end of the tape is

approaching.

2) _Will not interrupt oy compyler ggeraugn WM
already in eSS,

3) - Rougﬂiy !Zi ?rom the end of the tape. 7¢Z<A,,

i W
Bit * 3%
44 %

a. A binary aracter
b. Either a one or zero. .
c. Smallest unit of intelligence.

Character

a. _Six information bits plus a sync bits written width
of the tape to 0. 020 inch from the edge.

b. Thi nc bit, written with each character, defines
the area where 1 1on is stored.

~

Word
a. 6 characters of 33 bits

1) a) The first character contains only three
information bits. ,
b) The other 5 characters contain six in-
formation bits.
c) Each character has a sync bit.

6. Record

Ha. A group of consecutively written words.

b. The basic block for reading or writing.



Magnetic Tape Element 0160

c. 3/4" unwritten space is left betwee rds to
Jindicate the end of a record.
d. A record could be a mainitehiance program.

L ] N
e. A record may be one word or any number of words.
—_—

“a, A group of AeuigBtuda  Aecotdlds

b. A file could be a group of maintenance programs.

8. End of File / Lot d gotip b - 0\/
‘&jo E 0; O// f"& 3 17 - W
i a. A one word record denoting the end of a file. ,Q, o 4
A e

‘)’f/ y three Information bits are written.  _£pF.
X y
0? ,

4
1) Three ones are written into normally unused

geo O})‘M/@ portion of first character, track
D}U‘/&J( |r°’ c. Six characters are written.
WA}J '~ 1) Al zero —in the information bit positions.
2) A sync bit is written fqrachdi_g___\a_rig_t_e_gi
9. File Reel - -
' ) PO - e ee L e - L ‘«'fﬁ/
a. .Left hand reel when facing thé front of the
machine. ' oo
10. Machine Reel
a. Right hand reel when facing the front of the
machine.
11. Backspace o M 0
| | ®
a. Tape moves backwards over one record. )é{ p F >

b. Initiated by an operate instruction from Central

?L&%ﬁ% W?"W ./ M.uwu/&; /ownﬁ( -

File Protection

a. A means of protecting information on a tape from
being destroyed by inadvertently writing on it,

1) A groové on the back side of the reel is
sensed. by a pin.
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a) If the groove is present, writing cannot
= take place. '
b) The groove may be filled by a plastic
ring. Writing can take place.

Not Ready

T ——

a. Mainly a physical condition. Manual intervention
always rémrea Yo make tape drive ready.
b. Not ready conditions:

1) Reset pushbutton has been depressed.
" 2) Door open.

3) Tape not in both columns.

4) Fuse blown.

5) Photo light burned out (Note - an exception exist
drive is loaded and tape break light burns out, )

6) Power off '

7) Tape broken

8) Start button (Or '"Ready I/O Units' or '"Master
Reset'') has not been depressed.

Not

a. Mainly an electrical condition. Computer can
i — S,
~Jnake a drive prepared.
b. ~ A tape drive which is not prepared, although ready,
cannot be operated from the Central Computer.
c. Conditions for not prepared:

1) Writing of EOF
2) eading EOF
3) Sensing the EOT marker
4) During rewin
——

Unload - used mainly for changing reels

a. Head cover raised.
b. Tape pulled out of vacuum columns.
c. Vacuum motor is turned off.

Loaded /

a. Tape in vacuum columns
b. Head cover down
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Rewind
a. Tape moves in reverse searching for LP,

1) Tape moves at 500 inches per seconds average

if more than I/Meel.
2) Tape moves at w_hﬁels per second if legs—

than 1/2' tape on thémachine reel.

3) w when hﬁ is sensed.

—
b. Tape is not in the columns during H. S. rewind
and is loaded during L.S. rewind.

1) If machine starts in H.S. rewind, it will
change to L. S. rewind when machine reel
tape reaches 1/2".
2) Vacuum remains up during a High speed rewind.

c. Machine can rewind under computer or manual
control.

1) Must be ready for computer control.
2) Must be not ready for manual control.

18. Reading and Writing

a. Tape drive must be ready and prepared.

b. Controlled external of the tape drive.

‘c. Tape moves forward at 75 inches per s ——
Panel Buttons and Lights Fig. A

Page 0190

Located on the reel door of the tape drive are the

1.

.operating buttons and lights.

Select Switch

,—’—~

The select switch is & rotary type, located in the
center of the group. It is used to set the tape drive

to any one of six addresses associated with an external-
source,
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> File

ST0p~, Not ool
Select <ow: A elect Protect | Load load NIFA
(Light) fe8et | start Ready Switch On Rewind | 024 | (Light)

(Light) (Light) :
Panel Buttons and Lights
2. SELECT Light

e sa—n,

The SELECT light is on when the tape drive is se-
lected by an external source.

a.
b.
c.

d.

When lit, indicates that the drive is selected.
May be selected by the Central Computer.
May be selected by the test door on unit 13 if
unit 13 is in test.

May be selected by the tape drive tester,

Resét Pushbutton

a. Takes control away from computer and Elages‘

b.
c.

d’

tape drive under manua
Makes tape drive not ready.

If tape drive is in H.S. rewind, will change status.

to L. S. rewind.
If tape drive is in L. S. rewind, will stop the ape.

Start Pushbutton

a.

Make tape drive ready if all other ready condi-
tions are met. Ready conditions are:

1) Door closed.

2) Tape in both columns.
3) Fuse not blown.

4) Photo lights OK.

5) Power on,

6) Tape not broken.

7) Head cover down.

The START button may be depressed during a
load or rewind aperation, but the tape drive will
not be in the ready status until the above condi-
tions are satisfied,
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5. NOT READY Light

"The NOT READY light is on when the tape drive is

not ready. The not-ready condition is caused by

one or more of the following: front door open,

tape out of one or both vacuum columns, fuse blown,
power off, tape broken, no vacuum in columns,

or RESET pushbutton is depressed. Manual operations
may be performed when the NOT READY light is on
provided only the RESET pushbutton is depressed and
the tape is not rewinding or loading.

LET
L£ILE prey

6. FILE PROTECT ON Light
/g§ The FILE PROTECT ON light is conditioned to turn
off by mounting an unprotected reel (ring in) on the
g} drive. It is on (a) if no file reel is mounted, (b)
during a load and rewind operation, and (c) going into,
§ and in, an unload status.

7. x T LOAD REWIND Button 77 «no? wy‘ﬁm

—ﬁ\
Depressing the LOAD R}EWIND button starts two opera-
tions: (a) loading of the tape, and (b) searching for the
load point. If the tape has been unloaded manually in
the high-speed rewind area of the tape, depressing this
button executes a high-speed rewind before the above
operation takes place. This button is inoperative un-
less the tape drive is under manual control.

&~ 8. _UNLOAD Button
_UNLOAD Button

Depressing the UNLOAD button causes the tape to be
pulled out of the columns and the upper head assembly
raised, regardless of the amount of tape on the two
‘reels. If the tape is not at load point when the opera-
tor wishes to change it, a rewind operation should be
completed first before the unload operation is started.
The UNLOAD button is operative only if the drive is
under manual control.

9. NIFA Light

The NIFA light is turned on by (a) sensing the end-of-
tape (EOT) reflective spot at the end of a reel of tape
or (b) reading or writing a special word known as the
end-of-file (EOF) word.
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a. Lights when the Not in File Area FF is set.
b, A FF will be set by:

_Write EOF

. —2L_Read EOF
~3)__Sense EOT marker

IFA FF will be cleared by:

_%)/Backspace
’SVPER 67 (Set prepared)
-/L,An Unload Operation

To Light NIFA Light

PER
Sense EOT 67
Backspace
RDS OR
WRT EOF Unload Operation
10, Fuse Light and Thermal Light

The fuse light and the thermal light .are located on the
inside of the door. The fuse hght is w

latch and lights when eit -c fuse baj
trips. This happens only when certain fuses blow.

The thermal Jight lights when the termal switch at the

top of the tube panel transfers (from overheating).

Summary Questions

1,

2.

Information stored on tape is of a permanent nature.
(T/F)

One reel of tape is 2400 feet long and can store more
than 1 million computer words. (T/F)

Unit 19 is the non-standard voltage unit and unit 18 is
the standard voltage unit. (T/F)
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Define each of the following.

Load Point
End of Tape
Character
Record

File

File Protection

oo TP

If the plastic ring is inserted on the tape reel, writing
cannot take place on this tape. (T/F)

List 5 "Not Ready'' conditions.

List 3 '""Not Prepared' conditions,

State the function of the following:

a. Select Switch

b. Reset pushbutton

c Load Rewind pushbutton
d. NIFA light

If the Tape Drive is loaded and ready, state condition
of the following:

a. Tape
b. = Vacuum Motor
c. Head Cover

More than one Tape Drive may have the same address.
(T/F)

0220
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Non-Return to Zero Current Syst:em of Writing on Tapes (Abr. NRZI)

D

1. Magnetic Theory
' Page 0250

a. A magnetic material is one that can be polarized .
or partially polarized when placed under the in-
fluence of a magnetic field. For every magnetic
material, a B-H curve can be plotted showing the .
resultant flux densities in the material when placed
under the influence of a varying magnetizing force.
If a magnetizing force of ampere-turns (H) is slowly—
increased in the positive direction, the resultant
flux density in a magnetic medium would at first
increase rapidly and then slowly attain a steady
value of flux. The phenomenon of attaining a
steady value of flux density is designated as satura-
ation of the magnetic material. When the ampere-
turns are slowly reduced, the flux density also
.décreases, but at a different rate. This phenomenon
is known as the hysteresis effect. When the mag-

. netizing force is again zero, the flux density is not
equal to:zero, but is equal to some positive value, ~
as point X. The amount of magnetic flux remaining
when H is equal to zero, as denoted by the distance
X-0O is the residual magnetism in"the magunetic
material.
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If the ampere-turns are reversed by a reversal in
circuit and the current magnitude is increased in
the negative direction until saturation is again
reached and then once again returned to zero, a
negative resultant flux remains (point Y). Thus,
by employing suitable circuit techniques, a flux
pattern of either positive or negative polarity can
be impressed on a magnetic material. -

Figure B illustrates the method of storing in-
formation. The magnetic circuit consists of a
laminated ring, an air gap, a Mylar shim, and
the magnetic oxide on tape. The ring is made of
mu-metal, which has a high permeability and low
retentivity, (Permeability is the measure of the
ability of a magnetic material to conduct lines of
flux. It is designated by the Greek letter mu (u)
and is numerically equal to the ratio of the flux
density to the magnetizing force, u = B +~H. The
mu of air = 1, Retentivity is the capacity of a
magnetic material to retain magnetism after the
magnetizing force has been removed.) The oxide
has a low permeability of approximately 7-9 and
a high retentivity. The half-mil gap causes the
magnetic lines of flux to diverge away from the
head and into the magnetic oxide on the tape. The

"shim prevents loose oxide from filling the gap.

General

. The NRZI system of recording binary information is
one in which tape is continuously saturated in either
the positive or negative direction. Within a given

period of time, a change in saturation polarity is called

a one, and no change is called a zero.

a. The process of storing information is called writ-
ing, and the process of detecting stored informa-
tion is called reading.

Operation

a. When switch 1 is closed at time Ty, current gen-

erator E; causes the current to flow through the
coil as indicated; a flux path is set up as shown.

0240

Fig, A
Page 0250
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1APE
“e X J—PLASNC BASE
B8:FLUX DENSITY MAGNETIC OXIDC: ‘ READ/WRITE HEAD
} -0 +
X
o CURRENT c D Sw! CURHENT
GENERATOR C D GENERATOK
’ READ/WRITE COILS—
0 ”.AMPEﬂC
TURNS )
.
v ) 1 | 0 0 )
+0 -
B-H Curve -0 i
n T2 5} T4 ) T6
(B)
ej;&’w% T
=N =
=y
NN s|s N[N s
B
' (c)

Method of Storing Information

OIRECTION OF TAPE TRAVEL

6TH CHAR STH CHAR ATH CHAR 3RD CHAR 2NO CHAR IST CHAR
ons) [ 1 0 0 (L12) 0 (R2) s]is (re). NN tRig) | TRack 1
(L) wifnan shls wn 0(R3) )i~ (R9) 0 (RIS) | tRack 2
0(.2) s|ifs (e 0 (LI4) 0 (R4) 0 (RIO) 1 () | TRACK 3

v slfs N)i[n s)is NNV s[5 | svnc TRAck

Yr
[
L ) |
\ shfswa -0 (L9 [ f O 0(RS) o(RiN) 0 TRACK 4
! s]ifs e Nivwor L s)ifs ms) N]in (re) 0 (R12) 0P NOTE -1 ) TRACK §
[ 0 (L% 0 (LI [ [ CTE s|is (rR7) Niln (ri3) 0 | TRack e

| | i \

L— 1Y z‘."_J NOTES:

1. NOT USED EXCEPT WHEN END-OF-FILE RECORD
. 2.TRACK 6 IS THE CLOSEST TO THE TAPE ODRIVE

NOTE: The Illustrated Tape Word Configuration is viewed looking at

the Magnetic side of the Tape. The Tape is loaded oxide face
down,
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Because this flux path extends into the magnetic
oxide on the tape, the oxide particles are magne-
tized in the direction of the flux path. If the tape
is moving at a constant speed of 75 inches per
second, all the area passing under the write head
becomes magnetized in the same direction.

If, at time T,, switch 2 is closed and switch 1 is

-open, current generator E2 causes current to flow

through the opposite write coil as shown. This
causes the flux path to be reversed and the oxide
particles to magnetize accordingly. Because the
switching time is very short, the tape moves only
a minute distance when the reversal takes place.
This process constitutes writing a 1 bit on the
tape. If, at time T3, another reversal is made,
then another binary 1 has been written.

If, at time T4, no reversal is made, then a binary
0 has been written. Thus, if a reversal in flux is
made at any time, a binary 1 is written and, if no
reversal is made, a binary 0 is written,

Figure C, illustrates the magnetic material on
the tape as being a series of tiny bar magnets placed
end to end. Where the change in flux occurs, there
are like poles; where no change occurs, there
appears to be a long magnet (fig

The reading of a binary 1 makes use of this princi-

ple: .a voltage is induced in a coil whenever there

is change of the flux cutting the turns of the coil. Note: The induced
When a reversal of flux pattern is encountered, ' voltage (e) is deter

as the tape is passed over the head, a voltage mined by:
pulse is induced in the windings. This voltage di.

is taken from one coil and routed to amplifier e= -Nd
circuits. N= No. of turns

A binary 1 is sensed as a voltage pulse at the ter- di - Rate of chan
minals of the coil. (This pulse is produced by a  dt <current.
flux change in either direction.) The absence of

a pulse (no change in flux) indicates a binary zero,

In reading, a voltage is induced in the coil whenever

a flux change occurs. The induced voltage is 35 to

40 millivolts p/p. This is amplified to 18 volts p/p.
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g. The information stored on the tape may be erased
by saturating the magnetic material in one direc-
tion. This is done by a separate erase head des-
cribed in 3. 1. 15).

The advantages of the NRZI system are:

1) High inherent density. Binary 1's can be
written closer together thanin a pulse type
system.

2) High output when reading. .A maximum change
of flux occurs from minus to plus saturation.

3) Simplified erasing technique. Erasing to
saturation is simpler than erasmg to zero
flux.

Principles of Operation

1.

The 728 Tape Drive Unit has the capabilities of writing,

‘reading, backspacing, erasing, and rewinding. The

tape drive operations may be controlled by the Central
Computer System via the tape adapter unit, by the tape
adapter unit (unit 13) test door controls, and by the tape
drive tester. '

Information is stored on the ferromagnetic or magnetic.
oxide side of the tape.. There are seven tracks across
the face of the tape, and it is possible to write informa-
tion in any of the seven tracks. Each track is inde-
pendent of every other track and associated with one
read-write head.

Information is placed on the tape in any configuration
of bits desired. The configuration and the interpreta-
tion are under control of the external circuitry to
which the tape drive is attached.

Information is recorded in the form of small mag-
netized areas on the tape. The method of writing
binary information on tapes is known as the NRZI
(nonreturn to 0) system. This is a system in which
the tape is continuously saturated by a magnetizing
force in either the plus or minus direction. A change
in saturation polarity is called a 1. No change within
a given period of time is called a 0. Writing a series

0270
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of 1's would change the polarity of the bits each time,
a 1 is written. It is the change of polarity that signi-
fies a 1. Thus, if a reversal in flux is made at a
specific time, a 1 is written and, if no reversal is
made at a specific time, a 0 is written. Information
can be written on seven parallel tracks simultaneously
in any configuration of bits desired. Bits are written
approximately every 53. 7 usec. All the tracks on the
tape except the middle one contain usable information.
The middle track is used as a synchronizing track.
Readout is nondestructive, and data may be stored
indefinitely. Because the tape can be erased and
reused repeatedly, it is an economical storage
medium. The information stored on the tape may be
erased by saturating the magnetic material all in the
same direction. This saturating is done by a separate
erase coil. '

-~ A loop of tape is fed through a vacuum column on each

side of the read-write head. The motion of the tape
reels is controlled by sensing the loops, which keeps
the speed of the tape across the heads constant re-
gardless of the amount of tape on the reel. Because
the reels containing the tape are relatively sluggish
in action, it would be practically impossible to start
and to stop the tape efficiently if it were driven
directly from the reels. Therefore, a buffer storage
area is provided in the form of vacuum columns be -
low the reels. In each of these columns, a loop of
tape is retained. The amount of tape in the columns
is sensed by vacuum-operated switches. The tape is
driven through the read-write and erase heads by a
friction drive and pulley combination. As tape is
drawn from one column, it is replenished periodically
by the associated reel being rotated in the proper
direction. As tape is driven into the opposite column,
the associated reel is periodically made to turn in the
proper direction to wind up the tape.

A reel on which information has been written may be
protected from inadvertent writing by removing a
circular plastic insert from the back of the file reel.
The resulting groove permits a sensing pir to insti-
tute circuitry by actuating a sensing arm, which inter-
locks the writing circuits.
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Tape is transported from the left, or file reel through
the read-write and erase heads to the right, or mach-
ine reel. To indicate the beginning of the usable por-
tion of the reel of tape, a small reflective spot is
piaced on the tape (plastic side) about 10 feet from the
physical beginning of tape. The end of the usable por-
tion of the reel of tape is indicated by an identical re-
flective spot placed on the plastic side at least 14 feet
from the physical end bf the tape.

K. Summary Questions
1. List three advantages of the NRZI System of reading

and writing. ,
2. How is a '"1" bit indicated? How is a ''0" bit indicated?

‘Characteristics

A. Physical

There are two types of 728 Tape Drive Units, model II and
Model III. The basic operation of the model II is the same
as that of the model III. The description of the model III
is covered in this section and the description of the model
II in a later section.

The tape drive unit has three of its four sides enclosed
with removable covers. A door is mounted on the unit to
provide ready access to the front of the tape drive. Manual
control buttons and lights are mounted on the door. The
door is divided into two sections, ‘which are covered by
transparent plastic to allow visual observations of the tape
drive operations. The door is interlocked to remove motor
power whenever the door is inadvertently opened.

0290
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Tape Reels

There are two tape reels, each of which has a 2, 400-
foot capacity and is mounted on a spindle on the upper
main plate. The left reel is known as the file reel;
the right reel, as the machine reel. Each tape reel
is. mounted on a hub that protrudes from the upper
main plate of the machine. This hub contains an
expansion rim that grips the reel tightly when the
locking screw in the center of the hub is tightened.
The hub is mounted on a shaft controlled by two mag-
netic powder type clutches: one for forward motion,

and one for reverse motion. 4 third clutch is also
provided. Its use will be explained later.

2\ Reel Drive Clutches

\The innermost part of the magnetic clutch is a rotor

that is keyed to the reel shaft. Surrounding the rotor
1s the clutch housing, mounted on sealed bearings,

~ making it free to turn on the shaft. A coil is embedded

within the clutch housing, with its connections brought
out to slip rings on one end of the housing. In the space
between the rotor and the housing is a mixture of iron
powder and graphite.

When current flows through the coil, flux is produced.
The flux solidifies the iron and graphite mixture and
causes the rotor and housing to be essentially locked
together. Although the housing is made to turn con-
tinuously through pulley action, the rotor does not move
with it unless current is flowing through the coil. As_
current is caused to flow through the coil, the rotor
begins to move with the housing, turning the hub and
reel at the front of the machine.

Because of the gradual buildup of current in the coil,
due to inductance, the torque transmitted is propor-
tional to the current, producing a smooth acceleration.
This smooth acceleration prevents breakage by not
shocking the tape into motion. The magnetic powder
clutch was selected for its ability to produce smooth
acceleration and large torque with small control cur-
rent. The iron-graphite mixture polishes, but does
not wear, the clutch parts. To hold the iron-graphite .
mixture in the flux gap, a series of ridges was de-
signed into the clutch parts. These ridges assist

0300

Fig. A
Page 0310

Fig. C
Page 0310

centrifugal force to keep the powder in the magnetic gap.
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f

M . R4
'5} {)}’ Three clutches are mounted on each shaft, with all J}‘WJ

rotors keyed to the shaft. \ The front clutch h
wﬁ&amwmdw
cTutch housing is driven in a clockwise direction and
serves as a forward drive. The reae clutch housing
is driven in a counterclockwise direction and serves

as a reverse drive. Control of clutch energization is
discussed in Chapter 3.

In the unload status (tape out of both columns, upper
head assembly raised, and machine stopped) both
brake clutches are energized, Each brake is con-
trolled by the same reel release switch located just
below and to the left of the file' reel, Depressing this
switch will allow the file to machine reels to be ro-
tated by opening the circuit to the stop clutches.

3. Tape Motion Fig. B
Page 0310
Tape is transported from the file reel past the read-
write and erase heads to the machine reel. It would
be impossible to start and stop the tape efficiently
“under control of the reels because the reel drivVes are

Min action. Buffer storage areas are. \

{provided in the form of vacuum columns below the reels,

In each of these columns a loop of tape is retained; the /
tape is drawn past the read-write and erase heads by

a friction drive and moving pulley combination. As
tape is drawn from one column, it is replenished by the

associated reel. As tape is fed into the opposite col-

umn, the associated reel wind%

The tape speed across the read-write head is main-
tained at'a constant rate of 75 inches per second. The
distance required to get tape up to speed is approxi-
mately 3/16 inch; the distance required to stop the
tape is approximately 1/4 inch. The actual distance
traveled before writing is about 1/2 inch due to a
delay built into the external source. The combined
distance required to stop, start, and then write is

3/4 inch.
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Farward Direction Fig. B
Page 0310

The right and left drive capstans turn continuously

in the direction shown. To draw tape from left to

right, the right moving pulley is pivoted to the

right, squeezing the tape between the moving pulley

and the right drive capstan. At the same time,

the left moving pulley is pivoted toward the left

drive capstan but does not touch it,

Backward Direction Fig. B

Page 0310
To draw the tape from right to left, the left moving ‘ W
pulley is pivoted to the left, causing the tape to be  j¢/ et o
squeezed between the left moving pulley and the M .
left drive capstan. - At the same time, the right M

moving pulley moves toward the right drive capstan&% 7 (

but does not touch it. e

To stop tape motion, the moving pulleys pivot to-
ward the stop capstans, causing the tape to be
squeezed between either the right or left moving
pulley and the right or left stop capstan, respec-
tively. Ifithe tape is being drawn from left to
right, it is stopped by the left sfop capstan, If
the tape is being drawn from right to left, it is
stopped by the right stop capstan,

4. Moving Coil Assembly’

a.

Page 0340
General

The basic motion is imparted to the moving pulley
assemblies by the moving coil. This coil is sus-
pended in the field of a strong permanent magnet.
Passing current through the coil causes it to move
rapidly either up or down, depending on the direc-
tion of current flow. '

If the coil is caused to move upward, the start
position, the linkage causes both moving pulleys
to pivot toward their respective drive capstans.
If the coil is caused to move downward, the stop
position, both moving pulleys pivot away from
their respective drive capstans and toward their
respective stop capstans.
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5. Split Idlers - Tape Alignment
—— : Page 0340
Two split idlers are used to assist in maintaining pro-
per alignment of the tape. They are located on the_
upper head plate to the right and left of the head assem-
bly. These split idlers keep the tape parallel, ata
fixed distance, with the front casting. Alignment be-
tween machines can be closely controlled. To avoid
complex systems, alignment is maintained to one
edge of the tape. The front edge of the tape is held
at a fixed distance from the front casting by the sta-
tionary portion of the idler. The rear portion of the
“idler is free to slide on the shaft and is held in con-
" tinual contact with the rear edge of the tape by spring
tension. The entire assembly rotates within sleeve .
bearings in the associated housing. '

-,

When the tape expands in width, it spreads the split
idler. The track farthest away from the front edge

of the tape is most subject to misalignment when the
tape expands or contracts laterally between the time
of recording and the time of reading. The split idlers
are an effective means of keeping to a minimum the
time difference between the outside and inside track
of the tape (skew) when reading.

6. Head Assembly

Page 0360
The head assembly is built on two vertical plates, the &
lower of which is stationary. The upper plate is built 0370

to be moved up and down under power. Located on the
lower plate are the read-write head assembly, the
tape-break-light assembly, and the tape cleaner. The
erase head, load point and end-of -tape photocell assem-
blies, split idlers, and pressure pad are located on the
upper plate.

The upper plate is moved upward about 1 inch from
the lower plate in an unload status to allow threading
of tape by the operator and to provide free movement
of tape during high-speed rewind. During the time
tape is being transported through the machine for
reading and writing, the upper plate is down, causing
the assemblies to be in close contact with the tape.
The entire head assembly is removable as a unit;

- connection to the read-write coils is8 made through a
multi-pin plug at the bottom.
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a. Read-Write Head Assembly

The read-write head assembly contains the seven
read-write heads in laminated form, one adjacent
to the other. The tape is passed over the head
assembly, oxide side down, to complete the flux
path of the read-write heads. A pressure pad is
used to keep the tape in close contact with the
read-write head. The read-write head assembly
should not be removed from the lower plate. It

is set at the factory. If a read-write head is

worn, the entire head assembly should be replaced,

b. "Erase Head

The erase head is located above and 3/8 inch to

the left of the read-write head assembly. It con-
sists of one large coil and core covering the en-
tire width of the tape. During writing, all tracks
on the tape are magnetized in one direction. The
tape is saturated through the backing to the oxide
to erase the information previously written. The
head is kept close to the tape, ensuring full satura-
tion of the tape.

c. Load-Point Sensing
Page 0340
The load point is a small reflective spot (3/16 inch
x 1 inch), placed on the plastic side of the tape
(1/32 inch from the front edge, and 10 feet from
the physical beginning of the tape). This reflec-
tive spot locates the beginning, or start, of the
usable portion of the tape. The 10 feet preceding
this spot provide sufficient tape for threading the
machine reel.
id
The load point is used only during a rewind opera-
tion; it is sensed by a photocell arrangement. The
light from the front bulb is reflected from the spot
to the photocell directly to the left of it. Sensing
the load point causes the machine to ston.
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d. End-of-Tape sensing

An indication that the end of the tape is near, is
caused by an identical reflective spot placed
approximately 14 feet from the physical end of
the tape. This spot is placed on the plastic side
of the tape 1/32 inch from the back edge. The
rear bulb and photocell sense this reflecriv= spot
in the .same manner that the load point is sensed.
Sensing the end-of-tape mark sets the NIFA trig-
ger and turns on the NIFA light.

e. Tape Break

During a high-speed rewind operation, tape is
passed between a light source located on the
lower head plate to the left of the read-write
head and the load-point photocell. If the tape
breaks, the light strikes the load-point photocell,
causing the tape drive to stop.

Vacuum Cclumns 2nd Vacuum-Operated Switches

Page 0310
The vacuum columns act as a storage area for the &
tape, allowing the tape to be moved across the head, 0340
at random, without having to turn the reels simul-
taneously. They also exert tension on the tape, pre-
venting tape buckle at the head during starting and

stopping.
a. Vacuum Columns

The vacuum columns are of rectangular cross-
section. The inside dimensions are 21/2 inches x
0.510 inch ¢ 0,002 inch -0.000 inch). The front
of the vacuum column is transparent so that tape
can be observed. The top of the column is open;
the lower end is connected to a manifold leading
to a vacuum pump that maintains a vacuum of /
approximately 8 inches of water with tape in the
column, Tape hangs in the columns in such a
way as to permit only the sides of the semi-cir-
cular loop formed to touch the sides of the col-
umn. The vacuum is maintained below the loop,
and atmospheric pressure above it.
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Vacuum-Operated (Diaphragm) Switches

Each column contains two holes: one located about
1/3 of the column length from the top, and the other
located about 1/3 of the column length from the
bottom. Attached to each hole, via a short tube,

is a vacuum-operated switch. As the tape loop is
moved past the holes, the change in air pressure

is sensed by the switch.

The vacuum column switch is shown in cross-sec-
tion in figure B . The presence of a vacuum
causes the diaphragm to move in a direction to
transfer the contacts of the switch. For greater
reliability, two sets of contacts are used in
parallel.

1) Reel Control - Forward Direction

The tape reel drive clutches are controlled
by relay circuitry. As tape is pulled past
the' read-write head by the right drive cap-
stan, it is pulled out of the left column.

When the loop of tape is pulled above the
upper vacuum switch in the left-column, the
file reel forward clutch (left down) is ener-
gized and the reel turns in a clockwise direc-
tion, causing more tape to be fed into the col-
umn. As soon as the loop moves below the
upper switch, the left down clutch is de-
energized and the brake energized (left stop
clutch). This action causes the loop to
oscillate about the upper switch of the left
column as long as tape is moving past the
read-write head in a forward direction.

At the same time, tape is being pushed into
the right column by the right drive capstan.
When the loop of tape in this column falls
below the lower switch, the machine-reel
forward clutch (right up) is energized and
the reel turns in a clockwise direction to
pull tape out of the column by winding it on
the reel. As soon as the tape is again above
the lower switch, the right up clutch is de-
energized and the wraxe clutch energized.

0400
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This action causes the tape loop to oscillate

““about the lower switch in the right column,

Reel Control - Reverse Direction

The action of the reels, and the tape in the
columns, is the reverse of the forward

" action.

H

Whenever the tabe is between the two vacuum-
column switches, the associated reel is stopped.
When the loop is above the upper switch, more

tape is fed into the column; when the loop is
below the lower switch, tape is pulled from
the column.

Bellows Switch

A bellows-type vacuum switch is mounted on the
manifold assembly between the two columns. It
is used to preven: machine operation until the
vacuum is maintained above a certain level,
Flapper Valve

At the bottom of each vacuum column, separating

‘the column from the manifold, is a flapper valve.

This valve is similar to a door, held open under
spring tension, A rush of air down the column
strikes the flapper valve and closes it, The
flapper valve and ite asmocisted meroury switoh
determine whether tape i in the veouum oolumn,
When tape is in the column, very little alr passes
down the column, and spring tension pullsdhe
flapper valve open; when tape is removed {rom the
column, or is broken, the rush of air oloses the
flapper valve and its meroury switoh, With tape
out of the columna, the flappor valves help maine

taln suffiolent vacuum to keep the bellows switeh

closed,

Page 0430
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8. Motor Drive

Page 0450
a. Forward and Reverse Drive Motors

The reel drive clutches are pulley-driven by two
- 3-phase, 220Vac motors (1, 140 rpm),
4o%iding forward motion and the other pro-
viding reverse motion.

The forward drive motor is located in the lower
right corner and is connected to the two center
clutches by two V-belts adjacent to each other.

The reverse drive motor is located in the lower
left corner and is connected to the two rear
clutches in the same manner as the forward
motor.

b. High-Speed Rewind

<

\ ~.',l./
To provide fast motion of the reels during high- Fa
speed rewind, an additional motor.(ll“lZ EB’ 3- P
phase, 208Vac, 3,450 rpm) is coup o the file

reel shaft. During normal tape motion, the rotor
is turned with the file reel shaft. When the mach-
ine goes into a high-speed rewind operation, the
magnetic clutches are de-energized and this
motor drives the file reel shaft at a high rate of
speed.

_C. Drive Capstaps

Each drive capstan is mounted on the shaft of a

reluctance synchronous motor {(1/20 hp, 60-cycle,
3-phase, 208V). Each motor has a retractable
rotor that provides a type of solenoid action to -

extend the capstan when the field is energized.
When the field is de-energized, the capstan is
retracted by a light spring (on the shaft) that
exerts pressure on the turning rotor. This
‘spring does not overcome the friction of the
shaft when the capstan is not turning.
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The position of the capstans, in or out, can be de-
termined by two microswitches located on the rear
end of each capstan mptor. Each microswitch has
a magnet attached to the operating arm that is
attracted to a steel collar mounted on the shaft of
the rotor.

d. Stop Capstans

There are two stop capstans, each associated with
and located above the moving pulleys. The stop
capstans are fixed. To stop tape motion, the tape
is squeezed between either the right or left moving
pulley and the right or left stop capstan, respec-
tively.

9. Time Delay Unit

The time delay unit (motor and microswitch) is located
on the relay gate. At the end of a high-speed rewind,
this mechanism delays machine operation to allow the
reels time to stop before tape is loaded into the col-

" umns. When the motor runs, it drives an operating
arm by means of a reduction gear train. After a given
time, the arm operates the microswitch, referred to
as the time delay points. As long as the motor is
energized, the operating arm holds the time delay
points open. When power is removed, the arm re-
turns to its home position under spring tension. The
length of the time delay is set with a calibrated dial
on the front of the assembly. It is a 15-second timer,
with a dial containing 10 1. 5-second divisions. '

10. Head-Raising Mechanism

Page 0450

The mechanism that raises the upper plate of the head
assembly is directly behind the upper front casting. It
consists of a screw shaft, driven from a friction clutch
and ladder chain by a 3-phase motor, mounted above
and between the two clutch shafts.

When the motor (takeup motor) is operated, the screw
shaft turns in a clockwise direction, causing the upper
plate to move upward. When two phases are reversed
and the mctor is operated, the shaft turns counter-
clockwise and lowers the plate. Microswitches are
used atl both limits of travel to determine the position,
up or down, of the head cover assembly.

/ ;“u ?/4«4/&1 a Lo tw/-od(j
e R e
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In addition to operating the screw shgft, the motor is
geared to each of the brake clutch housings so that,
when the head is being raised, the left stop clutch
housing is rotated in a counterclockwise direction and
the right stop clutch housing is rotated in a clockwise
direction. The brake clutches are energized at this
time, and the reels are driven in the same direction
as the stop clutch housing. This causes tape to be
pulled from both columns. The opposite occurs
when the head assembly is lowered and tape is low-
ered into the columns.

Reel Door Interlock

Located in the latch side of the reel door is an inter-
lock switch that is closed when the door is closed or
when the operating plunger is pulled out with the

door open. When the.-door is opened, operation of

all drive motors is prevented by this switch. A means
of closing this switch while the door is open is pro-
vided for maintenance,

File Protection

For the protection of master files, a device is pro-
vided to pre:vent writing on a reel of tape, A groove

is molded in the rear side of eaci.: reel; an associated
plastic ring may be placed. in this groove. The pres-
ence or absence of this ring in the file reel determines
whether this device is in use. If the ring is not placed
in the groove, writing is suppressed but reading is
allowed. The reel is then file-protected. If the ring
is placed in the groove, both reading and writing may
occur,

To sense the presence or absence of the ring, a pin
protrudes from the upper front inner cover. The pin
is connected to the armature of a duo relay mounted
directly behind the cover. If a ring is in the groove
of the file reel, the pin is pushed to the rear, moving
the relay armature. This action closes a relay con-
tact, energizing the relay, to permit writing. If the
groove in the reel is empty, the pin is not actuated
and the relay is not energized; writing is prevented.
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Power Considerations

Power for electronic circuits and drive motors is
obtained externally while power for relay circuitry
is obtained from a 48V power supply within the unit.
The source of external power for the tape unit is
through a male cannon plug located at the lower rear

‘left corner of the tape drive. Drive motor operation

requires a 3-phase, 208Vac power. One phase of the
3-phase supply is used to operate the 48Vdc and fila-
ment power supply located within the tape unit. The
48V is necessary for relay operation. Table lists

the fuses used with the 728 Tape Drive, models II and
III.

The 270V, 140V, -60V, -130V, and -270V, are
brought from unit 18 tape power supply. Neg. 48
volts is also supplied to the drives. It is used only
to light a thermal light if the temperature within
the unit becomes excessive.
Fig. B
High-Speed Rewind Photo-Sensing Page 0490

A device composed of a photocell and light is used to

determine the type of rewind that the tape drive will

do. The photocell is located in the lower section of

the finger guard; the light is located on the right

corner of the top plate. When more than 1/2 inch of
tape is on the machine reel, the light path is blocked
and the tape drive goes into a high-speed rewind
(average, 500 inches per second). When less than

1/2 inch of tape is on the machine reel, the light strikes
the photocell, causing the tape drive to go into a low-
speed rewind (75 inches per second).

Note

If the bulb burns out, the machine will only
perform a slow-speed rewind.

Summary Questions

Facing the front of the tape drive:

1.
2.

The left reel is call the reel.
The right reel is called the reel.
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The right drive capstan rotates in a

direction.

In sopping taping during forward travel, the

nylon pulley and the stop capstan are used.
If the moving coil is moved up, the nylon pulleys are
driven to tape.

The forward-reverse magnet is reverse position, the
‘moving coil is moved up. The' nylon pulleys are

positioned so that the left nylon pulley
pinches tape with the left drive capstan to move tape
in the direction.

The erase head is enabled only during a -
operation.

During high speed rewind, the photocell
senses for tape breakage.

When tape is moving forward, state function of the
following:

a. Left upper diaphram switch
b. Left lower diaphram switch
c. Right upper diaphram switch
d. Right lower diaphram switch

Which motor controls putting tape in or taking tape
out of the vacuum column when loading or unloading?

0500
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D. Control Line Summarization .

. . Page 0530
There are two summary punch connectors (wired in '
parallel) through which the control lines enter and leave
the tape drive. A brief description of the function of
each control line is given below:

Select lines
(six lines)

Write bus
(seven lines)

Write pulse

Read bus
(seven lines)

Write echo bus
(seven lines).

Select, ready,

and read

Select, ready,
and write

The select lines are routed from ex-
ternal control. They determine which
tape drive is to be selected.

The seven lines of the write bus trans-
mit the seven bit levels from the ex-
ternal control to condition the seven
diode gates.

This is a line that originates in the ex-
ternal control and over which timed
pulses are sent to switch the write
triggers through conditioned diode
gates.

The read bus consists of seven lines
over which thé seven bit pulses are
transmitted to the external control.

Each of these seven lines sends a
pulse to the external control when a
bit of information is written on its
corresponding track.

This line is an output from the tape
drive, indicating that the unit has
been selected and is ready to begin ’
reading. The term ready means that
the tape drive is in the load status
and the machine is mechanically
ready (NOT READY light is out).

This line is also an output of the tape
drive, indicating that the unit has
been selected and is ready to begin
writing. -

Logic 0.8.1
C.C. Vol.1II
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This line is an input from the external
control to set the R/W status trigger
to the read status.

This line is an input from the external
control to set the R/W status trigger
to the write status,

This line is an output of the tape drive,
indicating it has been selected and is
rewinding. Reading or writing cannot
be performed if this line is up.

This line indicates to the external con-
trol that the selected tape drive is at
load point.

This output from the tape drive indi-
cates that the selected tape drive is
not in a usable portion of tape.

This output indicates that the selected
tape drive is in a usable portion of
tape.

This line, which originates in the.ex-
ternal control, sets the NIFA. trigger
in the selected tape drive.

This line, which originates in the ex-
ternal control, clears the NIFA trig-
ger in the selected tape drive.

This line also originates in the exter-
nal control and controls the status of -
the forward-reverse magnet in the
selected unit.

This line, which originates in the ex-
ternal control, initiates rewinding.

This line controls the status of the
moving coil, It originates in the ex-
ternal control.



INDICATOR FUSE CHART

0521

PART 208VAC DC PART
334881 1 PH1 Motors 6A o 13 48V Supply output 2A , 322784
322784 2 PH1 48V Supply 2A | 14 Duo relays and operating 1A | 322895
panel 48V return
322899 3 PH2 48V Supply and motors 7A | 15 Wire contact relays 48V 1A B 322895
_ return o
322784 4 PH2 Blowers and fan 2A | 16  Retracting solenoid FP relay IA‘% 322895
48V return
322899 5 PH3 Blowers, fan, and motors 7A | 17 Magnetic clutches 48V return 1A | 322895
322784 6 PH1 Rewind motor and pressuriz- 2A_g‘ 18 HD & DP relays 48V return 1AV 322895
ing blower ": :
322805 7 PH1 Time delay motor 1A% 19 Dummy fuse 322088
322895 8 PH2 Takeup motor 1A | 20 Dummyfuse =~ ~ 322088
322784 9 PH 2 Capstan drive motor 2A | 21 Dummy fuse 322088
322895 10 PH3 Vacuum motor and takeup 1A | 22 —60 to 30A FIL transformer IAT 322891
motor center tap
322784 11 PH 3 Captsan drive motor 2A |23 —130 to clutch demagnetiz- lAa, 322891
i ing circuit -
322784 12 PH3 Rewind motor and pressuriz-  2A ], 24 IA‘L 322891

ing blower

140 to relay gate & OP panel
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SIGNAL & POWER DISTRIBUTION FROM TAPE

ADAPTER UNIT TO TAPE DRIVES

TO THE OTHER B
TAPE DRIVES | TO THIS
' | A DRIVE
TAPE DRIVE
#15
1 -
5 _
TO THIS
DRIVE
TAPE DRIVE
#14
DISTRIBUTED IN SIMILAR
MANNER THROUGH POWER
CONNECTORS. POWER
z UNIT #13

TAPE ADAPTER UNIT

STANDARD
NON-STANDARD
4 POWER FROM UNITS 18 & 19.

NOTE: SUMMARY PUNCH CONNECTORS INDICATED AS A AND _B_\.
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E. Functional Characteristics

2.

Machine protection circuits:

a.

b.

The blowmg of a bail.fuse activates the bail which
causes the fuse light to go on and stop the tape
drive operation.

Actuating the thermal contact drops the non-
standard d-c voltage to the tape drive.

Lamps:

a.

NOT.READY - Lights when the machine is mech-
anically not ready. This condition remains until
tape drive is mechamcally ready and START
button is depressed.

SELECT - Lights when the associated select line
is at +10V and cut off when the select line is at
-30V.

FILE PROTECT ON - Lights when a file-pro-
tected reel is put on file reel hub of machine.
Also when in rewind status, load-rewind, and
unload.

NIFA - Lights when the special end-of-file (EQF)
word is read or written or when the reflective
EOT mark on tape operates EOT photocell.

Operating buttons:

a.

UNLOAD - Operate if in not-ready status. De-
pression causes upper head assembly to rise and
tape to be withdrawn from vacuum column. This
is called unload status.

LOAD REWIND - Operative if in not-ready status.
Depression causes tape to go to load point: through
complete high-speed rewind cycle if tape is in
high-speed rewind area and slow speed (75 inches
per second) only if tape is in low-speed rewind
area. Loads machine if in unload status when
button is depressed.

0540
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c. START - Depression puts unit in a ready status
(provided necessary conditions exist), disables
‘manual control buttons, and turns off the NOT
READY light.

d. RESET - Depression resets the tape drive to
manual control (turns on NOT READY light).
Depression will:also simulate the action of the
high-speed area sensing device when in high-
speed rewind and will stop the tape if in 75-inches-
per-second (IPS) rewind.

e. Address selector switch - Number indicates select

/. line,to which tape drive is connected. B

f. Reel release switch - Depression de-energizes reel
brake clutches to free reel when loading.

3. Tape speed: 75 inches per second.

4. Rewind speed: Average 500 inches per second when
in high-speed area, 75 inches per second when in low-
speed area.: '

Mechanical Characteristics

The mechanical characteristics of the 728 tape drive are
as follows:

1., Capstans - Switches are provided to sense whether
capstans are in or out.

2. Tape column guides - The tape celumn guides hold the
tape square with the back and 1/32 inch further away
from the side of the column from which tape is pulled.

3. Vacuum safety switch - The vacuum safety switch trans-
fers when the vacuum in the manifold drops below the
value required for proper operation.

4. File protection mechanism - A reel with an insert
depresses the plunger sufficiently for the relay points
to make to allow writing on tape.

5. Reel clutches - The machine reel brake magnetic clutch
is adjusted with the potentiometer on the relay gate so
that it is stopped when there is 70 feet (approximately 1/4'" or
50 turns) of tape on the reel after rewinding from a
full reel of tape. The time delay is adjusted so that it
runs for approximately 13 seconds after the reel has
stopped.

6. Pressure pads - The pressure pads are adjusted to
allow a censtant vertical force on the tape.
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G. Electrical Characteristics

The electrical characteristics of the 728 tape drive are as
follows:

1. Voltage requirements:

a. Drive motor operation requires 3-phase, 208Vac.
One phase of the 3-phase supply is used to oper-
ate the 48Vdc and filament power supply located
within the tape unit. The 48V is necessary for
relay operation.

b. The d-c service voltages are generated in unit 18:
+270V, +140V, -60V, -130V, and -270V.

c. Input control line voltages are either +10V or -30V.

2. Light sources:

a. There are two bulbs in the photocell assembly. '
The total voltage drop across the bulbs, when Page 0340
tape is in the columnus, is 6 0. 2V. This voltage
can be adjusted with the photo-lamps potentio-
meter mounted on the relay gate.

b. The voltage drop across the bulb in the light source
assembly for the photo-sensing high-speed rewind
mechanism is 4 + 1, -0.5V. This voltage can be
adjusted with the 400 ohms of resistance (100 ohms
of which are variable).

3. Photocells:

a. The light source assembly for the photo-sensing
high-speed rewind mechanism is positioned so that
the horizontal slot of light is centered on the photo-
cell located in the guard between the reels. The
light beam can be moved by loosening the large
ring. It is focused by turning the small ring.

b. The photo-sensing of load point, NIFA, and tape
break operates with bulb voltages of 5V to 6,5V,
measured across the combined load point and
end-of-tape bulbs when tape is in the columns.

4. Write circuits: The write current is 11 ma (56V £5V).
5. Read circuits: The preamplifier gain is set for an 18V
peak-to-peak output.
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Start and stop time:

a. The start time is 4.5 +(1)‘ 5 ms measured to the
point at which normal speed is first reached.
(The typical start envelope is shown in Fig. D
Page 0310

.b. The stop time is 5.0 +1. 0 ms measured to the
point at which the amplitude of the stop envelope
first reaches zero. (The typical stop envelope
is shown in Fig. E  Page 0310

c. The sum of backward stop and forward start
should not exceed 9.5 ms for acetate tape and
10 ms for Mylar* tape.

H. Tape
i. Characteristics

There are three types of tape used; acetate, Mylar,

and Durexcel:

a. Width: 0.498 £0, 002 inch

b. Total thickness: 0.0022 (+0. 0003, -0.0004 inch)

c. Base thickness: 0.0015 inch +10% _

d. Ferromagnetic material and binder: 0.0006 inch

e. Tensile strength (mirimum): ’
Mylar: 12 pounds
acetate: 8 pounds
Note: Durexcel is replacing Mylar, It has an

improved binder.
2. The ferromagnetic material, or magnetic oxide, is-

the physical medium upon which information is stored.

The tape capacity is as follows:

a'
bO

Tracks - Seven (six information, one sync track).
Character - Generally six information bits plus

a synchronizing bit written across the tape. A
sync bit is written for every character placed on
the tape. In some cases, a character consists of
three bits of information and three unused bit.gosi-
tions. ‘The character density is 248 bits per inch.

0570
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*Trademark of E.I.
DuPont de Nemours &
Co., Inc,, Wilmington,
Del.
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d.

e.
f'

g.
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Word - Five full characters plus one character
that contains cnly three information bits (three

are unused). The word density (33 bits) is 41.3
words per inch:

-
il

1) Record - Group of consecutively written
words. )

2) File - Group of consecutively written rec-
ords. Normally, a file would occupy one
reel, but it is possible to write more than
one file on a reel.

Words per reel (if one continuous record) - 1, 2

million approximately.

Interrecord gap - 0.75 inch.

Length of tape on reel - 2, 400 feet.

Usable tape length - 2, 376 feet. (disregarding tape after EOT)

TAPE HANDLING

Because foreign particles can reduce the intensity of
reading and recording pulses by increasing the gap
between the tape and the head, take the utmost care to
protect the magnetic tape from dust and dirt:

a.

Keep tape in dust-proof 'container whenever not

in use on a tape unit. During loading, take tape
directly from coatainer; after unloading, place
tape directly in container.

While tape is on machine, keep container closed
and put it in some location where it is not exposed
tc dust or dirt.

Store tapes in some type of cabinet elevated from
floor and away from sources of paper or card dust.
Doirng this should minimize the transfer of dust
from the outside of the containers to the reel during
loading or unicading operations.

Do not use top of tape unit as working area. Plac-
ing materials on top of units exposes them to heat
and dust from blowers in unit. It might also inter-
fere with cooling of tape unit.

When identifyirg tane reels, use a material that
can be removed without leaving a residue. Adhe-
sive stickers, easily applied and removed, are
satisfactory. Usually, they can be prepared be-
forehand and applied during the loading procedure.
Never aiter identification by changing labels with

an eraser. A card holder has been incorporated
in the design of the new reel.
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Place load points and reflective spots on tapes
with care. Properly align and press them tightly
on tape with back of fingernail. it is best to do
this while tape is loaded on a unit. If this is done
away from unit, keep unrolled end off floor and
away from dusty areas.

Inspect gentainers periodically. Remove any
accumulated dust by washing with a regular house-
hold detergent.

When necessary to clean tape, gently wipe tape .
with clean lint-free cloth. ‘

Exercise extreme care while removing file pro-
tect ring. Under no circumstances remove ring
while tape is loaded in columns.

P ~corded information comes within 0. 020 inch of thg
ecge of the tape. Proper operation relies on the edge's
being free from nicks and kinks, . To accomplish this:

a.

b.

g

Handle reels near hub whenever possible. If dif-
ficulty is encountered while removing reel, break
bond between reel and hub by placing palm of hands
on periphery of reel and rotating. Under no cir-
cumstances ''rock' reel by grasping outer edge.
Carefully avoid pinching reels or contacting ex-
posed edge of tape.

When mounting, push reels firmly against stop on
mounting hub to ensure good alignment.

Always take special precaution to make sure hub
has been tightened after reel has been mounted.
When placing tape on takeup reel, carefully align
tape to prevent damaging edge on first few turns.
If there is a spring, insert tape (without folding
back) under spring in direction that reel turns.
When winding tape to load point, rotate machine
reel with finger near hub and on reel. Rotating
reel with finger in cutout nicks or curls guiding
edge of tape.

Always place sponge rubber grommets or special
clips on stored reels to prevent free end from
uhwinding in container,

0590
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h. - If a tape break occurs, divide reel into two smaller

i.

¥

k'

reels. Splicing is not recommended. If it is
necessary to make a temporary splice to recover
information, be sure to use special low cold flow
splicing tape (Field Engineering supply item).
Dropping a reel can easily damage both the reel
and the tape. Gereral use of a reel and tape after
it has been dropped is usually unsatisfactory.
Never throw or mishandle reels, even while they
are protected in their containers.

Allow tape drive to complete unload sequence before .
opening door,

Magnetic tape is sensitive to changes in humidity and
temperature. This applies mainly to acetate tape.
Take the following precautions:

a.

C.

If at all possible, store tape where it is to be used;
i. e., in maintenance console room. Location of
tape storage near tape drives reduces both handling
and variations in atmostpheric conditions.

Control atmosphere between following limits:

1) Relative humidity: 40% - 60%
2) Temperature: 65°-80°F

If tape must be removed from maintenance console
atmosphere, hermetically seal it in a plastic bag.
If tape is not hermetically sealed, then before re-

‘use, return to and allow to remain in maintenance

console atmosphere for length of time equal to time
it was away from room. If tape has been removed
for a time greater than 24 hours, 24-hour condi-
tioning is necessary.

When customers ship 'magnetic tape, the following pro-
cedure is advisable: '

a.
b,

C.

Pack tape and reel securely in dust-proof container.
Hermetically seal container in plastic bag. (Or-
dinary plastic bags that can be sealed with a hot
iron should be available from local merchants.)
Obtain additional support by enclosing in individual
stiff cardboard shipping boxes.
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For long-term storage, take the following precautions:

a. Provide proper mechanical support for reels by
using dust-proof containers.

b. Enclose reel and container in hermetically-sealed
moisture-proof plastic bag.

c. Store in area of constant temperature; either
freezing or excessively hot temperatures could
harm tape. A temperature between 40° and 120°F
is satisfactory.

If a tape reel has been dropped, the reel may be broken
or bent (bending is less likely, for a strain sufficient
to bend the tape reel will usually break it), the edge of
the magnetic tape itself may be crimped, and the mag-
netic tape may be soiled. The tape should be inspected
immediately. Breaking or bending can usually be veri-
ii2d by visual inspection. Ir addition, bending can be
verified by mounting the reel on the hub of the tape
frame. If the reel has been bent or broken, it should
obviously no longer be used, but‘the magnetic tape
itself may still be perfectly serviceable and can be
wound on another reel.

If the edge of the magnetic tape is crimped, what to
do with it depends upon whether it contains essential
information. If the tape does not contain any essen-
tial information, discard the footage with the crimped
edge or edges.

Any time a tape reel has been dropped, clean the reel
and tape thoroughly. If visual inspection fails to un-.
cover any evidence of breaking or bending of the reel,
or crimping or other damage to the magnetic tape,
assume that the tape is in good cperating condition.

If at all possible, make a test to verify that the tape
operates properly before using it on subsequent runs.

The following are points of general tape4handling
information:

a. The procedures outlined above apply to handling
tape in a SAGE installation.

0610
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b. Field engineers and other IBM personnel should
take special precatitions to follow the tape-handling
recommendations to show, by example, the care
required to ensure good tape performance.

c. Any tape arriving at the customer's installation
in an unusable condition should be replaced and
the faulty tape returned to the factory. To aid
the factory in its inspection, ship the tape ac-
cording to the shipping instructions outlined above.

‘d. Use discretion about smoking in the vicinity of

tape because it adds to the dirt problem. A hot
ash could cause serious trouble with a reel of tape.

Mylar magnetic tape should be handled in the same
manner as acetate tape. However, if Mylar tape is
removed from the maintenance console atmosphere
for short periods (not in excess of 3 months), it is
not necessary to hermetically seal such tape or to
recondition it after return to the maintenance console
atmosphere. For long-term storage, Mylar tape
should be hermetically sealed to guard against dirt,
dust, and excessive moisture.

CAUTION

Never store reels of tape near magnetic
fields.

Humidity Considerations
a. Cellulose Acetate

This plastic material is dimensionally unstable
with respect to relative humidity. In the range
between 20-percent and 80-percent relative
humidity, the width can change as much as

0. 0069 inch. When the relative humidity varies
over a wide range, the resulting width variations
present a problem of storing and using the tape.
The accurate guiding of tape to the read-write
head depends upon the width of the tape.

0620
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Palyester Base

Du Pont Mylar polyester film is a more stable
plastic material than cellulose acetate. In a
range between 20-percent to 90-percent relative
humidity, the width can vary as much as 0, 0023
inch, or 1/3-the variation of cellulose acetate.

Proper storage of a reel of tape is therefore
necessary to obtain satisfactory performance.

If the tape is stored where the relative humidity
ranges between 40 percent and 60 percent, the
design toleranges are maintained. If the tape

is stored in an atmosphere outside the specifica-
tions, the probability of error increases.

Temperature variations are secondary in com-.
parison with humidity. If tape is stored about
70°F, no departure from the specified width
should be observed.

It is preferable not to use different types of
tape on any one Tape Drive. ‘This may not be
possible in practice. If a change is made, it
is advisable to clean the tape drive to remove
any magnetic oxide before changing to a dif-.
ferent type of tape.

Summary Questions

1. Define conditions while loaded - unloaded.

Loaded Unloaded

Nylon Pulleys
Capstans (Drive)
Head Cover
Tape

FWD-REV Motors
Vacuum Motor

2. What devices cause tape t6 move forward over the R/W
heads? ’



10.

11.

12,

13.

14,

15.

16.

117.

18.

19.

20.
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What devices cause tape to stop?

a. Forward stop
b. Reverse stop

What diaphragm switch controls the file reel when
tape is moving forward?

. Which diaphragm switch controls the machine reel

when tape is moving forward?

Which diaphragm switches control the tape reels
during the time tape is moving backward?

What are the advantages of using vacuum columns ?

(2)

Describe the operation of the flapper switches.
What is the function of the flapper switches?

What functions does the take up motor perform? (2)
What is the purpose of raising the head cover?

What components are located on the head cover assem-
bly ? (4)

What are the functions of the components located on
the head cover assembly?

Where is the tape break light located?

When is the 'tape break light used?

Which pulleys are driven by fhe_ forward motor?
What is the function of the various clutches?
Where is the H.S. .Rewind motor located?

When is the H.S. Rewind motor used?

What determineg H.S. or L.S. rewind?



21.
22.
23.
24.
25.

26.
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What sensing devices are used to determine speed of
rewind?

What is the condition of the drive capstans while the
machine is loaded? Unloaded?

Is the head cover up or down while the machine is

. l-c_)aded ? Unloaded?

What motors are running while the machine is loaded?
Unloaded ?

Is vacuum up 6r down while the machine is loaded?
Unloaded ? '

Is tape in or out of the vacuum columns while the ma-

chine is loaded? Unloaded?
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Control Panel, Magnetic Tape Power Supply Unit
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K. Review of Mechanical Operations
1. Define loaded and unloaded.
a. Loaded Unloaded
Nylon Pulleys Forward Stop Forward Start
Capstans Out & Turning In & Stopped
Head cover Down Up
Tape In columns Out of columns
FWD REV Motors Running Stopped
Vacuum Up Down
2. Which drive capstan drives tape in the forward d.i#ction?
a. Right
3.  Whic:: motors are running when the tape drive is un-
loaded and power is up?
a. 1) Blower
Z) Fan
4,  Which diaphragm switch controls tape in the right col-
umn during the time in which tape is moving forward?
a. Bottom Right
5. What device is used to stop tape?
a. Nylon pulleys and stop capstans.
6. Clutches and Diaphragm Switches

a. With tape out of columns, stop clutches are under
control of the reel release pushbuttons. Up and
down clutches are inactive.

b. During the load and unload operations, partial
current is applied to the stop brakes to allow take-
up motor to drive the tape reels through the stop
clutches. ‘

c. Take-up motor to drive the tape reels through the
stop clutchcs.

1) R-2 & R-1 energized during both load and
unload operation.
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7. Assume that tape is between the diaphragm switches
in both columns and tape is traveling in forward
direction.
a. Both upper switches not transferred.
b. Both lower switches transferred.
c. Both left and right stop clutches are energized.
d. Tape is pulled out of left column into right col-
umn by capstans.
e. When tape drops below right bottom diaphragm
switch, the switch transfers energizing the right
up clutch. ' , '
f. When tape is pulled above the lower right dia-
phragm switch, the switch transfers activating
the stop clutch. i
g. When tape is pulled above the upper left dia-
phragm switch, the left down clutch is energized
dropping tape into the column.
h. When tape drops below the upper left diaphragm
switch, the left stop clutch is energized.
8. Operation of the clutches and diaphragm switches in
reverse is the same as forward, except the lower left
diaphragm switch controls take up of tape to the file
reel and the upper right diaphragm switch controls
drop off of tape from the machine reel.
Motor Operation Refer to.76. 10. 02
EDPM.
1. Blower
a. Runs with the application of 3¢ A.C. Page 3530

2. Fan

a. Runs with the application of 3¢ A.C.
3. Pressurizing Blower

a. Runs with the application of 3¢ A.C.
4. Time Delay

a. Runs with the application of 3¢ A.C. and R8 picked.
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5. Vacuum Motor

a. Runs with the application of 3¢ A.C. and HD~4
picked.

6. Forward and Reverse Motors

‘a.  Runs with the application of 3¢ A.C. and HD-1,
HD-2, HD-3 picked. '

7. Rewind Motor

a. Runs with the application of 3¢ A.C., HD-1, HD-2,
HD-3, and DP-3.

8. Left and Right Capstan Motors

a. Run with the application of 3¢ A.C., HD-1, HD;Z,
HD-3, and DP-2,

9. Take-up Motor

a. Runs with the application of 3¢ A.C., HD-1, HD-2,
HD-3, and DP-4 - Head cover will go up.
b. DP-1 reverses the input phase.
c. -Motor runs in reverse with DP-1 and DP -4 picked -
Head cover will go down.
“d. Reverse causes the head to go down.

M. Power on Reset 76. 09. 05
EDPM
1. R-17 is picked with application of power to the tape Page 3540
drive unit.

a. One side tied to +48V.
b. Other side returned to ground through voltage
interlocks in Unit #18.
-c. All power must be up to pick R-17.

Note: Relay pullers should be used to remove or insert
relays. This will prevent bent contact pins.
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III. Data Processing Machine Logic, Pluggable Units, and Basic
Circuits .

A.

Data Processing Machine Logic and Pluggable Units

The 728 Tape Drive Unit is a modification of the 727 Tape
Drive Unit used with IBM Commercial DPM equipment.
The pluggable units are of DPM type, and the logic used
with this equipment is DPM logic.

1. Logic Block Fig. A & B
. Page 0710
Logic blocks are used to simplify circuitry. Logic
blocks fall into two major classifications: diode cir-
cuits and tube circuits. Fach type is divided into
three sections: the first, top section, contains nota-
tions which locate the circuit within a pluggable unit
(PU); the second, middle section, contains notations
which identify the circuit; the third, bottom section,
contains notations which locate the pluggable unit
containing the circuit.

The bottom section of each logic block is similar.
The first symbol in this section is always "T',
designating the tape drive unit. The second symbol
(two digits) indicates the column in which the tube is
located; column notations run from 01 through 08.
The third symbol indicates the row in which the first
tube of the pluggable unit is located‘ this symbol is
either A or J. K

The middle section serves to identify the specific cir-
cuit by means of letters: A for AND circuit, O for an
OR circuit, I for an inverter circuit, etc. As part of
the symbol for cathode followers, AND, OR's, and
diode gates, a resistor value in K OHMS is noted. This
value is indicated because the block represents a
standard circuit whose component values may vary in
accordance with circuit use.

The top section contains notations to further locate the
circuit within the pluggable unit. For example, the
location of a diode circuit is defined as the end of the
resistor to which the diode is connected; this location
is a terminal on an island. The first symbol in the
top section of a diode logic block identifies the island.
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in the pluggable unit upon which the abovementioned
terminal is mounted. The second symbol identifies
this terminal. Because islands are lettered and
terminals are numbered, any component in a pluggable
unit can be located. The third symbol identifies the
class of diode or diodes used in the circuit.

The top section of the tube circuit logic block also
provides additional information to locate the tube
within a pluggable unit. The first symbol in the upper
section indicates the tube number of that unit (1-8);
the second symbol, the front or back portion of the
tube used. If the complete tube is used, a hyphen
denotes intentional omission of F or B. When more
than one tube is used in a block, all tube sections are
noted. The 3K block uses both halves of tube 7 and
the front half of tube:6. The upper right section is
used (mostly in I or K blocks) to denote an output test
point. The 4 denotes a panel pin number and is ident-
ical with the G4 on the output line. The G notation
means that the pin is directly beneath the seventh tube
of pluggable unit A.

Special notations that appear in various logic blocks
are explained with their circuits.

Pluggable Unit Fig. A& B
Page 0730
The pluggable unit acts as the carrier for most of the 17X.01.02
component circuitry (tubes, resistors, capacitors, and
so on). The unit has eight tube sockets, although it
need not have the full complement of eight tubes. Fila-
ment terminals of all tube sockets are wired. Note: References i
cated by "XX.XX. X3
Mounted within the pluggable unit are eight terminal coding will be found
strips, each consisting of 38 solder terminals or lugs. Electronic Data Prc
The terminals are numbered 1~19 on the front of the cessing Machines Ty
unit and 20-38 on the back. The terminals are ini- 728 Magnetic Tape ’
tially shorted together and cut open to make the termi- Manual. '
nals individual. This procedure eliminates the need
for jumpers. The terminal strips are called islands
and are located by their corresponding positions in
the unit (A through H). The circuit components are
mounted between these islands.
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Directly beneath each tube position, at the base of the
unit, is a group of connector terminals labeled 1
through 8. These terminals are internally connected
to the male knife connectors beneath the base. The
unit connects to a female receptacle that has solder
lugs extending out on the wiring side of the panel
(panel pins). There are eight panel pins for each
tube position. The panel pins are used for the entry
of service wiring (voltage supplies) and signal wiring
to the unit.

The locking-cam shaft extends through the unit and is
used to seat the unit into its femaie connector. The
unit is aligned to the connector; roiating the shaft with
a pluggable unit wrench cams the unit downward to
lock it in place. The contacts on the female connector
are aligned vertically in such a way that the negative
voltages are applied before the positive voltages when
the unit is installed. The reverse is true when the
unit is removed. However, it is wise to drop d-c
voltages before removing or installing pluggable units.

Note: Use care in removing or inserting a pluggable
unit. The interlocking parts are breakable.
If any break occurs, the PU should be re-
placed.

With eight tube positions per unit, the first tube loca-
tion is either A or J. Because the islands are lettered
and the island terminals are numbered, any component
or unit can be located. Panel pins receive their loca-
tion from the tube socket that is in line with the pin
group.

Circuit Operation

Page 0760
The circuits described in this paragraph are the C.06.01
standard or basic circuits used in the 728 tape drive.
A detailed description of the logic block used in data-
processing machines is also included.

a. Positive AND (-OR) Circuit
The positive AND ensures that both inputs are up

before the output comes up, while the -OR gives
a mirus output as long as any input is down.
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Figure A shows the junction point of the diodes
and the resistor (R). This point is always used
to locate diode circuits within pluggable units.
Resistor (R) limits current and controls the rise
time of the output. Cs represents the capacity
of the circuit being driven and stray wiring
capacity.

If both inputs are at -30V, the polarity i8 correct
for both diodes to conduct (fig. B). The resultant
current flow through R causes a vqltage drop

across it to maintain a level of approximately -30V.

Because of the diode's forward resistance of 100
ohms, the voltage at the junction will be -29, 04V.
For practical purposes, the output is -30V and Cs
is discharged.

If input 1 changes instantaneously to +10V, diode
1 is cut off because the cathode is more positive
thanthe plate (fig. C). Diode 2, with -30V on its
cathode, maintains conduction and the output re-
mains’unchanged. There is a small amount of

current flowing through diode 2 to the +10V source,

but its effect is negligible.

When input 2 changes to +10V, diode 2 is cut off
because Cs is momentarily holding the output at
-30V (fig. D). Cs has to charge through R to
+140V, and this delays the rise of the output level.
The voltage level at the junction starts heading for
+140V but, as soon as +10V is reached, the diodes
go back into conduction. The output is now +10V,
and Cs is charged to +10V.

When input 1 falls to -30V, diode 1 conducts harder
and discharges Cs, and diode 2 is cut off (fig. E).
‘The output follows the input down to -30V, and Cs
is discharged. When input 2 falls to -30V, diode

2 goes back into conduction to help maintain the
-30V output.

The action of an AND circuit may be summarized
as follows: the output voltage of an AND circuit
approximately equals the most negative input volt-
age. This statement is true regardless of the
number of inputs.

0750
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The symbol used for the crystal diode is shown
below with plate and cathode labeled.

/Qathode

Plate
\ —

~ /’

Positive OR (-AND) Circuit

Puge 0760
The positive OR circuit differs from the positive C.06.04
AND circuit in that it needs only one input up to
bring the output up.

If both inputs are at -30V, the polarity is correct
for both diodes to conduct (fig. B). The voltage
drop across the limiting resistor sets the output
level at approximately -30V, and Cs is discharged.

If either input rises to +10V, that leg conducts
harder and provides a charge path for Cs (fig. C).
The other diode cuts off, and the output follows the
input in rising to +10V. It is normal for only one
input to an OR circuit to come up at a time.

When the input that was up at +10V drops to -30V,
Cs is momentarily still charged to +10V, and the
input diode is cut off (fig. D). This meas that the
fall time of the output is delayed because Cs main-
tains a plus voltage until it is discharged through

R. The RCs time constant controls the fall time

of the OR output. The input diodes again conduct
when the level at the junction reaches a point slight-
ly more plus than -30V.

The action of an OR circuit is summarized as fol-
lows: the output voltage of &n OR circuit approxi-
mately equals the most positive input voltage.

An infinity sign in the block means that the return
resistor for the OR circuit is in the grid circuit of
the trigger. : ’




C.
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Trigger

A trigger is a bistable multivibrator; that is, the
circuit remains in either of two stable states until
an external signal forces it to assume the other
state. The forcing action is called triggering or
flipping; therefore, another name for the trigger
circuit is flip-flop. The bistable property of a
trigger allows the circuit to serve seyeral func-
tions; e. g., a storage devxce, a counter, and a
gate-forming circuit.

Because a trigger is said to be on when the left
tube is conducting, the left side is called the on-
side. The right side is called the off-side. In

the on state, the left grid is up, the left plate is
down, the right grid is down, and the right plate

is up. When a trigger is used to store binary in-
formauon, a 1 is stored when the circuit is in the
on state (left tube conducting), and a zero is stored
when the circuit is in the off state (right tube con-
ducting).

Each plate is coupled to the opposite circuit through
a compensated voltage divider. High-speed opera-
tion is obtained with the aid of plate circuit peaking
coils. The plate circuit may contain one resistor
or two from which a reduced plate voltage swing
may be taken as an output.

If the grid voltage is far below cutoff, a delay in
the flipping action can result. To prevent such a
conditicn, the grids are clamped by diodes. The
plate of the diode is connected to a -12V source.
Hence, a larger negative voltage at the cathode of
the diode causes it to conduct, - thereby keeping the
grid of the tube at -12V. With this arrangement,
the grid need rise only a few volts to cause tube
conduction.

A neon connected through a 1-megohm resistor to
the right plate is used to'indicate the state of a
trigger. The neon is mounted on the panel and
lights when the trigger is on. '

0780
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Operation

Basically, a trigger circuit resembles two
inverter circuits in that each plate output is
coupled to the opposite grid. In one stable
state, the left tube is in full conduction
(approximately 9. 5 ma) while the right tube
is cut off. In the other state, the right tube
is in full conduction while the left tube is

cut off. To change from one state to another,
an external signal must be applied to a sensi-
tive point in the trigger circuit.

For example, assume that the right tube (fig. Page 0790
B ) is conducting (trigger off). The right
plate is down; that is, its voltage is consider-
ably less than +140V, while the left plate is

up (near +140V). One method of flipping this
circuit is to apply a negative pulse to the

right grid. Because the right tube is conduct-
ing, grid current keeps the grid at about 0V,
The negative input pulse causes the right tube
to cut off; consequently, the right plate voltage
rises. This rise is then coupled through the
plate-to-grid voltage divider (cross-coupling
circuit) to the left grid, pulling this grid
voltage up toward ground. The keft tube then
begins to conduct, pulling its plate voltage
down. This shift at the plate of the left tube
is coupled back to the right grid and rein-
forces the initial action. The cross-coupling
circuits speed the regenerative action, and
the circuit stabilizes with the right side cut-
off and the left side in full conduction. The
input pulse can now be removed without re- M
flipping the trigger, because conduction on

the left side holds the right side cut off.

The trigger can also be flipped by applying

a positive pulse to a nonconducting grid or by
lowering the plate voltage of a cutoff side
through an external circuit. In any case, an
input pulse must initiate a regenerative action
to cut off the conducting tube and bring the non-
conducting tube into full conduction.
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2) Inputs C.02.01, Sheets 2, 3,
i 4 of 4.
The binary input is a negative shift input to a
trigger and allows it to be flipped regardless
of its previous state (unless it is being held
by another circuit). A binary input is indicated
when the same signal is appilied vo hoth the
left-and right grid (fig ). For example,
if the trigger is off and it is fed a pulse through
a binary input, the trigger is flipped on. If
‘another pulse is then applied to the binary in-
put, the trigger is flipped off.

One grid is initially at ground, and the other
is approximately -12V. The negative shift
begins at ground and pulls the conducting grid
negative. The first 12V of the negative shift
cannot affect the cutoff grid because the binary
input «iode connected to that grid is cut off.

By the time this diode is ready to conduct, the
regenerative action initiated by the negative
shift on the opbposite grid produces a positive
shift at the formerly cutoff grid.

If the differentiated spike is narrow enough and
not excessively large in amplitude, it does not
interfere with the positive shift at the formerly
cutoff grid. However, if it is too wide, or too
large in amplitude, it may interfere with the
positive shift, causing the trigger to flip back
to its initial state. For this reason, the binary
input should not be fed a pulse of very great
amplitude.

The most widely used binary input to a trigger

is the self-gated binary. 1t is used when pulse
amplitude and width would affect a normal binary
input. The circuit is shown in modified block
form in figure . When the ordinary binary
input exhibits self -gating action for the first

12V of the negative input shift, the self-gated .
input exhibits this property for the full pulse
amplitude because of the different voltage levels
maintained at the input diodes.
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The voltage at the junction of the 12K and
330K resistors is approximately +135V. When
the input is a -30V shift, the voltage at the
diode junction is then +105V. Now the poten-
tial at the junction of the diode, the 22K re-
sistor and the 22-uuf capacitor of the conduct-
ing side of the trigger, is approximately
+132V. The potential at this same point on
the cutoff side is approximately +94V. Thus,
the diode on the cutoff side cannot conduct
while the one on the conducting side conducts.
The conducting grid is brought down; this side
ceases to conduct while the cutoff grid is
brought up to ground and starts to conduct.

The driving circuit may be either a standard
cathode follower with the minimum load or a
standard 6211 inverter tap or trigger tap, The
inputs are 25V to 35V negative shifts. The in-
put fall time must be less than 0. 25 usec for a
25V input and less than 0. 4 usec for a 35V in-
put. Recovery of the input network limits the
frequency of operation to 150 kc madt.imum~
(with minimum input signal). The trigger out-
put rise time is 0. 35 usec; the fall time, in-
cluding delay, is 0.2 usec.

The following are minimum requirements for
flipping a trigger with various inputs:

DC: lower level, -20V to-30V; upper level,
+5V to +15V.
Minus shift: 25V minus shift; 60V per usec
minimum slope.
Binary input: 25V minus shift; 60V per usec
minimum slope.

‘Outputs

There are four types of outputs from a trigger
The full plate swing of either plate
may be used, or the plate resistor may be
tapped when a smaller swing is needed. Gen-
erally, this tapped output is used for feeding
binary inputs of other triggers. A standard
signal level may be obtained from a voltage
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divider connected to either plate. If the
divider is not used, it is not wired into the
circuit.

Reset

Because either side of a trigger can go into
conduction when power is first applied, a
provision must be made to establish a speci-
fic status. The trigger may be reset with
the output of the reset cathode follower (Kr)
applied at the desired reset point. The re-
set cathode follower is usually preceded by
either the pulse-forming inverter (Ipf) or a
single shot (SS). The reset point is the plate
of the -12V clamp diode. The reset cathode
follower provides -12V as a clamp voltage
..nd changes to OV for reset. Bringing the
plate of the clamp diode to ground forces a
nonconducting grid up; that side of the trig-
ger goes into conduction. The reset pulse
lasts long enough to ensure that the regen-
erative action is complete. The notation of
reset is placed in the title section of the logiec
block (fig B ). The notation on the left indi-
cates reset on; that on the right reset off. A
trigger may have several resets, but only
one takes place at a time.

Triggers may be reset by the output of other
triggers; however, in this case, the pullover
or flipping is effected through the plate cir-

cuit. All triggers with the letter X.in either

the right or left corner (depending on whether .

the trigger is to be reset off or on) are set
by power on reset through a reset cathoce
follower.

A manual method of flipping helps to test the
trigger circuit., The poiats in figure
marked manual on or manual off are wired to
pins on the panel . If a trigger is on and the
manual-off pin on the panel is touched by a
tweaking probe, the trigger is flipped off."
The tweaking probe is merely a line connected
through a bypassed, high-impedance resistor

0830

Page 0790
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to ground. The ground connection pulls the
tweak points (manual points) up toward ground,
thus providing a positive shift at the grid to
flip the trigger. Tweaking the manual-on
point turns the trigger on if it was initially
off.

5) Block Representation

A single trigger may have many outputs; it

may have different inputs to the same grid or
the same type of inputs to opposite grids. A
grid input-may be shown in either lower corner.
A self -gated binary input is indicated merely
by a straight line drawn into the middle of the
bottom of the block. Diodes closest to the
trigger block indicate the polarity of the volt-
age affecting the trigger.

A tapped output is represented by a line com-
ing out of the top of the block near one side and
with a T placed next to the line. Full plate out-
puts are regpresented similarly with no T. The
divider output is drawn from the side of the
block, When the divider is changed to drive a
plate level cathode follower, a TD is placed
next to the line at the top of the block.

Inverter
. Page 0870
The standard inverter (I and Ik) is a high-speed C.01.01
circuit which produces a negative shift at its plate
when a position shift is applied to the grid; con-
versely, a positive shift is produced at the plate.
when a negative shift is applied to the grid. There-
fore, logic conditions can be inverted, such as
changing a binary 0 toja binary 1. Also, the in-
verter is a level setter and pulse shaper because
of its amplification properties.

The large resistance in the plate circuit enables a
large vbltage swing but does not appreciably slow
the signal transition. The coil in the plate circuit
speeds the rise of the plate voltage. When the tube
is cut off, the coil produces a voltage which for a
short time makes the plate more positive than it

e
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would be without the coil. Thus, a slight over-
shoot in the rise of the plate voltage results, This
action, however, has practically no effect upon the
fall time of the circuit. The effect of this coil on
the plate voltage is shown in figure 3-29, F. The
lower dotted line represents the voltage without the
coil; the upper overshoot represents the voltage
produced by the coil. The resultant shape of the
voltage shows the tendency to square the rise; this
results in a fast-rising voltage at the plate. The
10K resistor and its bypass capacitor are used for
grid current limiting when a low impedance driving
circuit is used. The inverter has a nominal rise
time of 0.2 usec and a fall time of 0, 25 usec. An
Ik is the same circuit but uses one half of a 5965
tube.

1) Operation

The minimum inverter input requirements are
+5V and -13V. Assume that the input voltage
is -20V. The tube is well beyond cutoff be-
cause cutoff bias is -8.5V for .a 6211. The
divider output is at +10V because 0. 33 ma is
flowing through the divider circuit (fig, 3-29,
B). The d-c resistance of the coil (25 ohms)
is disregarded.

When the input rises to +5V or higher, the tube
is in full conduction (fig. 3-29, C). With a load
of 6. 3K, tube current is found to be about 12, 3
ma. Grid current keeps the grid slightly above
ground. The current through the plate load
causes the plate voltage to drop to +62V. How-
ever, the divider circuit is tied to the plate
and the +62V level. Divider current drops to
0.23 ma, and this current adds to the tube
current through the plate load. The voltage at
the plate is lowered to +62V, and the divider
output is -30V. The above values are approxi-
mate.

The level-setting characteristic of the inverter
circuit is shown in figure D. Because the cir-
cuit is fully operated by only a portion of the

input pulse, the amplification of the tube resets
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would be without the coil. Thus, a slight over-
shoot in the rise of the plate voltage results, This
action, however, has practically no effect upon the
fall time of the circuit. The effect of this coil on
the plate voltage is shown in figure 3-29, F. The
lower dotted line represents the voltage without the
coil; the upper overshoot represents the voltage
produced by the coil. The resultant shape of the
voltage shows the tendency to square the rise; this
results in a fast-rising voltage at the plate. The
10K resistor and its bypass capacitor are used for
grid current limiting when a low impedance driving
circuit is used. The inverter has a nominal rise
time of 0.2 usec and a fall time of 0. 25 usec. An
Ik is the same circuit but uses one half of a 5965
tube.

1) Operation

The minimum inverter input requirements are
+5V and -13V. Assume that the input voltage
is -20V. The tube is well beyond cutoff be-
cause cutoff bias is -8.5V for .a 6211. The
divider output is at +10V because 0. 33 ma is
flowing through the divider circuit (fig, 3-29,
B). The d-c resistance of the coil (25 ohms)
is disregarded.

When the input rises to +5V or higher, the tube
is in full conduction (fig. 3-29, C). With a load
of 6. 3K, tube current is found to be about 12.3
ma. Grid current keeps the grid slightly above
ground. The current through the plate load
causes the plate voltage to drop to +62V. How-
ever, the divider circuit is tied to the plate
and the +62V level. Divider current drops to
0.23 ma, and this current adds to the tube
current through the plate load. The voltage at
the plate is lowered to +62V, and the divider
output is -30V. The above values are approxi-
mate.

The level-setting characteristic of the inverter
circuit is shown in figure D. Because the cir-
cuit is fully operated by only a portion of the

input pulse, the amplification of the tube resets
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the levels of the pulse. Pulse shaping is aided
by both the amplification and the action of the
peaking coil.

2) Compensated Output

The circuit produces a fast rise and fall at

the plate. This voltage shift must be fed to
the next circuit where stray capacitance acts
upon the shift. Figure E illustrates output
waveform distortion when Cs is charged
through R;. However, by adding a compensat-
ing capacitor C, the waveform produced by
CR2 adds to the output. Thus, Cs has a fast
charge path, and the output more nearly repre-
_sents the voltage shift at the plate. The com-
pensating capacitor is 8.2 uuf or 15 uuf, de-
pending on the input capacity of the next cir-
cuit. ' ' '

The divider output is high impedance and must
feed a cathode follower directly (high-impedanc
inptit). The voltage for a tapped plate swings:
from +139V to +99V, and at the divider output
from +10V to -30V.

Inverter (Light)

e

.| Page_ og70)

The inverter (light) Il is used to turn on indicator
lamps. The lamp makes up somewhat more than
1 of the inverter load. The lamp will draw some-
where between 40 to 65 ma of current; therefore,
a full 5687 tube is needed in parallel to supply this
current.

Tape Erase Circuit

C.01.10

Page 0880

The inverter ler is used in the tape drive unit as C.,01.09
a current switch for the erase head. During write:

operation, the tape is erased before it reaches the
read/write head. '

Write status is plate level, +138V to +50V nomi-
nal. When this line is down, the midpoint of the
divider is at -157V and the Ier is cut off. When
write status is up during writing, the divider pro-
vides -130V to the Ier grids. The ler goes into
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full ¢onduction and 33 ma is fed through the erase

0890

coil to ground. While erasing, there is a 17V drop

across the erase coil and the ler plate voltage is
approximately -80V.

Inverter (Photo Pickup) IP C

The photo pickup inverter Ipc is used to indicate
the load point and the presence of end of tape or
a break in tape. '

When the light to illuminate the photocell is prop-
erly adjusted, a photocell of this type produces a
change in voltage from 8 to 20V.

"Page 0880
C.01, 15

The tube is normally conducting heavily. When the
photocell conducts, a negative signal is reflected on
the control grid of the 5965 tube, causing a decrease
in current. The positive output signal is capacitively

coupled to the next stage.

Tape Write Circuit

The tape write circuit TWR, IWR, IG, IS is used

in the tape drive unit to provide controlled current
to the write coil. Current through the write coil
in one direction or the other provides the change
in flux that is necessary to write on tape. This
method is the NRZI system.

The TWR is a standard trigger with nonstandard
outputs. The self-gated binary input allows each
negative input shift to change the trigger status.
The input to the TWR is a diode gate that samples
the write bus every 53.7 usec. The fall of this
pulse triggers the TWR. The output levels of the
TWR are -30V and -52V, depending on the trigger
status. The clamping diode in the output divider
circuit prevents that junction point of the divider
froin rising above ground, thus setting the upper
level of -30V. '

The Ig is used as an electronic switch to allow
conduction through the Iwr only when write status
is up. Write status down (+50V) sets the input to
the Ig at -147V and the tube is cut off; write status

Page 0900
C.01.07
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up (+138V) sets the Ig input at -113V and the tube
is able to conduct. The Ig, conducting, produces
a -40V cathode voltage for the Iwr. With the Ig
not conducting, both the plate and the cathode of
the Iwr are at ground level and no conduction
through the write coil is possible. The 75K re-
sistor to ground prevents the Iwr cathode and

the Ig plate from floating. ~Thus, "the Ig conditions
the Iwr for conduction, depending, of course, upon
the input of the Iwr.

The Twr outputs feed hoth sides of the Iwr. If one
Twr output is at -30V, then the other is at -52V.
Thus, one side of the Iwr is able to conduct while
the other side.is cut off (Iwr cathode at40V). As
long as the Ig is conducting and setting the Iwr
cathode at -40V, all changes in the status of the

T wr are reflected as changesin the direction of
the current flow through the write coil. When

the current flow through the write coil changes
direction, a character is written on tape.

Because of the heavy inductive load (the write coil),
the Iwr cannot switch conduction from one side to o
the other as fast as the Twr flips. The Iwr cuts

off for several usec because cutting off the induced
voltage from one side lowers the opposite plate
voltage sufficiently to prevent conduction even with
the grid going up. The Iwr cathode, therefore, re-
flects this as a 17V minus shift during Twr flip time.
The negative shift is coupled to the grid of the Is.
The Is cuts off for about 8-12 usec, and the output
pulse (echo pulse) is used for redundancy checking.

Cathode Follower
Page 0930
Cathode followers (K) are primarily power ampli-
fiers and, therefore, are used to supply a stable
voltage level to drive resistive loads (diode AND
and OR circuits) or capacitive loads (wiring capa-
citance). A high input impedance and low output
impedance make this circuit useful for impedance
matching and isolation. Cathode followers do not
invert a signal, but they do attenuate a signal.
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Operation

To understand thoroughly the natural actions

of a cathode follower, the self-biasing char-
acteristics of the circuit should be understood.
The plate, with +140V, is always demanding
more current. The controlling grid is calling
for more current as long as the effective bias
is positive, is neutral when the bias is 0, and
completely resists the plate command when

the effective bias reaches -3V (-30V on the
grid). The grid takes control at 1V bias when
the input is +10V. The reason for the different
stable points of bias voltage at the two different
input levels is readily understood by noting the
effective plate voltage in both cases. Because
the effective plate voltage is only 129V with
+10V on the grid, only 1V bias is needed, With
an effective plate voltage of 167V (-30V on the
grid), more bias (-3V) is needed to overcomaé:
the effect of the plate.

The tube conducts in such a manner as to tend
to regulate itself; that is, not to allow an
appreciable voltage change from grid to
cathode. If the tube current increases, the
tube tends to cut itself off as the cathode tends
to rise. This cutoff action tends to decrease
the current., 'If, on the other lmnd, the current
tends to decrease, the cathode potential tends
to fall, thus increasing the current flow. This

"type of self-regulation is called inverse voltage

feedback.

Current through the tube causes a voltage drop
across the 91-ohm dropping resistor. With the
input at +10V, this drop should about equal the
grid-to-cathode rise, so that the output voltage
is also +10V. If the input signal should drop to
-30V, then the output voltage will also drop.
Note from the tube characteristics that a change
in current through the tube, which accompanies
the change in voltage across the load, increases
the negative grid bias to approximately 3V. With
this bias and this current, the drop across the
load increases the negative grid bias to approxi-
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mately 3V, With this bias and this current,
the drop across the 91-ohm bias resistor
changes from the 1V to about 3V. This means
that the drop across the dropping resistor can
no longer compensate for the grid-to-cathode
‘rise, and the output will now be more positive
than the input. The voltage rise in a cathode
follower is about 1/10V per volt change in
signal level with the minimum cathode load in
the circuit. As the cathode resistor increases;
the value of the lower level can be expected to
increase also (about 1V per 3Kincrease in
cathode resistor). The gain of a cathode fol-
lower operating class A is approximately 0. 9V,

Resistive Load Fig. B
Page 0930

If the cathode follower load is resistive and is '

returned to a positive voltage, the current for

the load must be supplied from the -60V supply

through the cathode resistor (fig B). Because

the tube regulates itself, this load current is

taken away from the tube. As load current in-

creases, tube current decreases. Design

limits the minimum current through the tube

to 1.5 ma. Therefore, a single cathode follow-

er (5965 tube) can supply 10,5 ma without

materially affecting the voltage level (low-

impedance output).

A load that is returned to a minus supply volt-
age is effectively paralleled with Rk (fig. B).
Therefore, any current demands of the load
must be met by the tube. A value of Rk is
chosen so that, in parallel with the load, the
total impedance is such that both currents to-
gether will not exceed 12 ma.

Capacitive Lioad

Assume that a capacitance is connected from
the output to ground {fig. B). Because the
voltage across the capacitance cannot change
suddenly, the cathode is held at +10V while
the grid shifts to -30V. The tube is cut off.
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The output voltage drops at a rate determined
by the RC path of the capacitance and the load
resistor. After the voltage has dropped far
enough, the tube starts to conduct again. When
the input again shifts to +10V, the capacitance
is charged by the current through the tube.
Usually the input capacitance from succeeding
stages is such that the RC time constants en-
countered are comparable to the rise and fall
time of the input. Therefore, the extremes
of cutoff and very heavy conduction to charge
the capacitance are not encountered, and the
output follows the input. If the RC time con-
stant is such as to cause the abovementioned
extremes, the output does not follow the input
but depends on the RC time constant. This
condition appears as output distortion.

Parallel Cathode Follower

The use of more than one cathode follower in par-
allel helps to minimize the*voltage rise of the down
level through the circuit with a given load. Parallel-
ing the cathode followers also provides more current
for the line charging purposes to speed output’ volt-
age shifts. In addition, the paralleling lowers effec-
tiveg cathode resistance, allowing faster discharging
of line capacitance. Each tube can use one Rk, or
the value of Rk can be divided by the number of tubes
paralleled. When cathode followers are paralleled,
the connections are made at the grid parasitics and
the output (Fig. C). The number of half-tubes in
parallel precedes the symbol K in the block diagram;
thus a whole tube cathode follower is symbolized by
2K. Parallel cathode foilowers are more susceptible
to parasitic oscillation than most of the other circuits
or unparaileled cathode followers.

Cathode Follower OR Circuit Fig. D
- . Page 0930
Frequent use is made of a cathode follower to act
in the same manner as a diode input to an OR cir-
cuit. Two or more cathode followers are tied to-
gether as shown in D of figure . Because they
each use the sume return resistor, any input rising
to +10V causes the output to come up (OR circuit
operationy.. The components of a diode OR circuit
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and a separate cathode follower are saved by this
method because all input lines to the diode OR cir-
cuit would need powering. The block notations of
a cathode follower OR circuit are Ko or K with
infinity signs ( 00 ) in all blocks but one.

Cathode Follower Inputs Page 0970
_ . Fig. A
Figure shows a special input circuit and its. C. 05.01

‘logic block notation. Special integrated inputs are

used whenever mechanical devices such as relays
are used to control voltage levels or activate cir-
cuits.

Cathode Follower Clamp Fig. B
Page 0870

The cathode follower clamp (Kc) (fig B ) is

used to produce the regulated -12V used for clamp-

ing trigger grids, and at other points where -12V

is desired. The divider on the grid input holds the

right grid at -15V. With this grid voltage, the tube

draws 3. 2 ma and the drop across the cathode re-"

sistor is 48V. The output voltage is -12V.

One Kc is designed to clamp a maximum of 10 trig-
gers. The clamp voltage changes approxlmately
1V from no load to full load. .

. Power Cathode Follower "’ig.'c

Page 0970
The power cathode follower (Kp) is a cathode fol- C.05. 12
lower employing a 5687 tube rather than a 5965.
The purpose of this change is to obtain greater
power output without going to parallel cathode fol-
lowers with the danger of parasitic oscillations.
The cathode follower-Kpo is the use of cathode
follower Kp with a common cathode resistor for
OR circuit operations.

Cathode Follower Reset Fig. D
Page 0870

The cathode follower reset (Kr) is used to reset C.05. 13

triggers on or off. It also serves as a -12V clamp.

The output of the Kr is connected to the clamp

diode at the on-side grid to reset the trigger on.
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It is connected to the clamp diode on the off -side
grid to reset the trigger off.

The right grid of the Kr is at -15V because of the
divider on this grid. When the input id down to
-30V, the left tube is cut off because the right

tube is drawing 3.2 ma and the 48V drop across
the 15K load resistor brings the cathode up to -12V.
The left grid, therefore, is 18V negative with re-
spect to the cathode. The -12V output serves as

a clamping voltage at the trigger to ensure that the
grid, to which it is connected. drops no lower than
-12V. When the input is brought up to +10V, the
cathode comes up as far as ground where it is
clamped by the diode to ground. With the cathode
at ground, the right tube is cut off because the grid
is 15V negative with respect to the cathode. The
ground potential at the output of the Kr, tied to a
grid of a.,trigger, causes the tube associated with
this grid to conduct. The trigger is set on or off
as the case may be.

This circuit is designed to clamp and reset a maxi-
mum of 10 triggers with a change of less than 1V
in clamp voltage from no load to full load. The Kr
is actually two circuits in one: a clamp circuit and
a reset circuit. Each half has its own load limita-
tions. The right tube (clamp side) can clamp up to
10 triggers. This means that the Kr can be tied to
20 trigger grids for clamping purposes because
only half that number of grids are at -12V at one.
time. For additional loading, additional half-tubes
are paralleled with the right tube.

The left tube (reset side) can reset up to 20 trig-
gers. For additional loading, additional half-tubes
are paralleled with the left tube. When half-tubes
are paralleled, either on clamp or reset side, 91-
ohm resistors are used in the cathodes for load
equalization.

The block symbol used is nKr, where n is the num-
ber of half-tubes used for the clamp (right) side as
above. Thus the 3Kr uses four half-tubes, one

half for the reset side and three halves for the clamp
side. The value of the cathode resistor is determined
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by the formula 15K/n, where n has the same mean-
ing as above. For multiple numbers of clamps and
resets in the same logic block (fig. B), the n states
the number of half-tubes used for clamps and the
value of R in the logic block is 15K /n. The reset
tubes are identified by a bracket and the word
"left."

The duration of the reset condition (up level) should
be between 0.5 and 100 usec. To keep the left side
cut off, the minimum lower level of input should be
-20V.

Resistance Gated Diode Driver .

Page 1000
The resistance gated diode driver (Ks) is used to C. 05. 14
drive one or more diode gates (Dg) directly or
thr. agh a cathode follower (K), which in turn .
drives diode gates. The value of the resistor R
in the right grid bias circuit is determined by the
output voltage desired. This value is chosen so
that the right grid bias is slightly negative with
respect to the desired low-level output voltage.
When the incoming signal is +10V, the left tube
conducts and the right tube is cut off. The output
is about +10V, because the bias on the right side
is sufficiently negative to cause cutoff. If, how-
ever, the input level drops to at least 2V below
the desired lower output level, the left side loses
control and the right side conducts to give the
desired output value.

The Ks circuit may be driven from a trigger or
another cathode follower. The Ks drives five trig-
gers located reasonably close together.

Cathode Follower
Page 1000
The cathode follower (Kx) is merely a cathode C.05.16
follower employing a 6211 tube rather than the
5965, with a resultant saving in power. The
filament current is substantially smaller, and
the tube aiso draws a smaller plate current. The
cathode follower Kxo is simply the use of cathode
followers Kx that hive a (emmon cathode resistor

fer OR clircuit operation. A retrofit has recently
changed the Kx circuits in the 728 to K circuits.
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Resistance-Gated Diode Driver, K, Circuit Diagram '
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Grounded-Grid Amplifier
Page 1000
The grounded-grid amplifier GAf is used as a level C. 04. 05
setter and pulse shaper. As pulses pass through
the machine, their shape and vbltage levels deterio-
rate. The GAf is used to reshape the pulse and
feed it to cathode followers. The' special down level
of -38V permits normal cathode follower down level
loss without affecting minimum down level require-
ments. The GAf does not invert the signal.

1) Operation

The grid of the right tube is held at approxi-
mately -3V by the voltage divider network be-
tween -60V and ground. With -30V on the left
grid, the right tube is conducting approximately
10. 5 ma, the cathode is -2.5V, and the right
plate is at +45V, resulting in -38V at the
divider output. The left tube is cut off.

As the input signal rises, the left tube starts
to conduct with approximately -10V on its grid.
More current flows through the cathode re-
sistors, and the voltage at the cathode rises.

" The rising cathode voltage causes the right
tube to begin cutoff action because the grid
bias is fixed at -3V, and its plate voltage rises
toward +140V. The tube characteristics are
such that when the input voltage reaches +3V,
the cathode is at +3. 5V and the right tube is
cut off. The divider otutput is now +10V. Any
further rise of the input causes the left tube
to conduct harder, and the cathode voltage
rises as in a cathode follower. Because the
right tube is cut off, the rising cathode voltage
has no effect on the right tube or the output
voltage.

As the input drops, the previous action is re-
versed. The right tube starts to conduct when
the input is at +3V and is in full conduction
when the input falls to -10V. The divider out-
put returns to -38V. There is about a 4-to-1
speedup in rise time and about a 10-to-1
speedup in fall time. The reason for the
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difference in speedup of the rise and fall time
is the shape of ‘the portion of the input signal
that is being used. The leading edge of the
input signal is usually sloped much more in
the used portion than the trailing edge. Fig-
ure 3-41, B, shows a typical input to a GAf
and the resultant shaped and level-set output.
Minimum input voltage requirements are +5
to -20V. The tapped plate output levels are
+138V to +94V nominal. ’

2) - Half-Tube

Sometimes the output of a cathode follower OR
circuit needs to be shaped and level-set. One-
half tube can be saved by feeding the OR out-
put directly to the cathode of the right tube .
and deleting the left tube. The rising input

to any cathode follower in the OR configura-
tion operates the right tupe in the same
manner as the GAf. The ; GAf block uses
one-half of a 5965, and the input is at cathode
level. All Ko blocks have infinity signs de-
noting that they are sharing the cathode cir-
cuit of the 3 GAf.

s. Diode Gate

@E: Page 1030
.~ The diode gate is similar .in action to an AND cir-

cuit and is used to flip a trigger. This circuit is
used where speed is not essential. Figure A
illustrates the circuit, logic symbology, and
associated waveforms of a typical diode gate. All
waveforms have identical time relationships. '

The upper end of the resistor (fig. A) is connected
to a circuit (such as a divider output of a trigger)
that will supply a nominal +10V to -30V gate pulse.
The diode input is the output of a special cathode
follower that gives a +10V to -14V pulse. The
prerequisite for proper operations is that the

gate input overlap the diode input.
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The diode input shows two +8V to -18V pulses (an
example of normal circuit variations, hence the
use of ''nominal'). The gate of +9V to -30V is
going to select, or gate, one of the pulses at the

"diode input. The junction point is initially at

about -30V, and the diode is cut off. As the gate
rises to +9V, the junction point rises potentially
to -18V and is held at that point by the diode's
going into conduction. As the diode input rises to
+8V, the diode again is cut off and the junction
point rises exponentially toward +9V. The capaci-
tor is now charged. When the diode input falls to
-18V, the diode's conducting provides a discharge
path for the capacitor and the junction point falls
sharply to the diode input level of -18V. The
diode maintains this voltage level until the gate
falls. When the gate falls, the diode cuts off -and
the junction point falls exponentially to -30V. The
sharp fall from +9V to -13V is coupled through the
capacitor to the trigger grid. The negative shift
forces the grid from 0V to -12V (held by -12 grid
clamp) and causes the trigger to flip off. The
trigger was turned on by a different circuit.

The above description shows that cojncidence of
the gate and diode input is necessary for the diode
gate to flip the trigger. The exponential rise and
fall at the junction point do not affect the trigger.

Read Preamplifier

The read-preamplifier AT, DT is used in the tape
unit to amplify the signals from the read head.

The AT is an RC-coupled amplifier with RC de-
coupling in the plate circuits. The decoupling
decreases interaction between stages and tends to
isolate the +270V power supply from circuit varia-
tions. Cathode degeneration is used for stability.
Degenerative feedback from the third stage back
to the first is controlled by the setting of the 50-
ohm potentiometer. This procedure sets the gain
of the amplifier and stabilizes the output amplitude.
The plate-to-ground capacitor at the third stage
tends to keep noise pulses out of the output.

1040

e

Page 1050
C.04.04
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Input signals, which are taken directly from the
read head, are about 35 mv peak to peak. The
output signals are 18V (peak to peak) and are ac-
coupled to the grid of a cathode follower through

a 51K resistor. The d-c level of the K grid is

set by a gate-read pulse through the tube diode -
DT.

With the gate-read pulse down (approximately
-25V) the diode conducts through the 51K and 470K
resistors to ground; the d-c level at the diode plate
is -24V. Any signal or noise will be effectively
swamped out because the plate of the diode i5 not
able to go more positive than this level, regardless
of the amplitude of the noise passed by the 0.001-uf
input capacitor.

With the gate-read pulse up (approximately +11V),
the diode is cut off and the diode plate is at ground
level through the 51K and 470K resistors. The
input signal to the grid of the K varies between
+10V and -10V. The output pulse of the K also
varies between +10V and -10V.

Photocell Single Shot
Page 1050
The photocell single shot (SSt) is used in the tape C.03.05
drive unit to generate a 20-ms gate in the load
point, tape break, and end-of-file recognition cir-
cuits. The SSt is pulled over by an inverter shar-
ing the SSt left plate circuit. As the reflective spot
or tape break is sensed by a photocell, the IPC cuts
off and causes the pull-over inverter to conduct. ’
The SSt flips and stays in its quasistable state as.
long as the RC circuit holds the right grid down.
The circuit returns to its stable state as the right
tube returns to its conducting status.

The left divider output has a nominal swing from
+8V to -36V. The right divider output has a nom-
inal swing from +6V to -32V.
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Relay Driver
' Page 1030
Both the logic symbol and the actual relay driver C. 04,12
circuit are shown, This circuit '
is used to supply the current for operation of re-
lays. The load resistor in series with the relay
is chosen so that the total load on the RD is not
less than 2, 000 ohms. When the input rises above
cutoff, the tube conducts and the relay is picked.
Conversely, when the input falls below cutoff, the
tube stops conducting and the relay opens.

Summary Questions

1. [Explain all designations on this block of tape drive
logic.
4 F 3
K 20
T 02 A
2. Match the following EDPM logic designations with the
AN/FSQ-7 logic designations.
EDPM AN/FSQ-7
a) RD (1) CF
‘b) T (2) RHA
‘c) AT (3) VRD
d) K (4) FF
3. The trigger circuit is said to be '""ON'' when the
hand tube is conducting.
4. The conditioning level at the resistor input, for a DG is
volts. .
5. List 4 methods (signal and circuit needed) to trigger a
trigger circuit.
6. What are the voltage ranges at the trigger tapped output
and divider output? '
7. In what state is a trigger said to be on?
8. What is the logic symbol for a read preamplifier?
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11.

12.

13.
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What function does an Int. circuit serve?

Tape Relay Drivers must have their plate circuit
interrupted before the relay can be de-energized.

Phase reversal of the input signal occurs in the GA.

What two conditions must be met before a current
can be passed through the erase coil from the IER?

What are the output voltage ranges of the I from the
tap and divider? '
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Tape Drive Input Signals: Circuits and Circuit Analysis

A. General

The information to be written on the tape is sent from the ' Note: The individual
Central Computer to the tape adapter in the form of a 33- circuits are listed as
bit word. The computer word is reassembled in the taper references, Use
adapter frame to form a tape word. The tape word con- Fig. 1-1 for the over-
sists of six characters. Each character has seven tracks all logic.

or channels: six tracks contain information bits, and the )

remaining track contains the sync bit. The latter is writ-

ten in the middle track. The first character is composed

of three bits plus a sync bit, whereas the remaining five

characters each contain six bits plus a sync bit. This

constitutes a tape word. The remaining three bits of the -

first characters are used only for a special word termed

the end-of-file (EOF) word. For the remainder of the

EOF word, 1's are written in the sync track and zero in

the remaining bit positions.

Information is placed on tape in any configuration of bits
desired. ' ’

Select and Ready Fig. A
. Page 1100

A tape drive is ready for selection when the following con-

ditions exist: it is in the load status, and the reel door

interlock is closed; it is not in the rewind status, and the

START button has been depressed. These conditions are

indicated by the plus level on the lowest leg to AND cir-

cuit A12. ’

The center leg is always at a plus level, except for 20 ms
after the load peint has been sensed at the completion of
a rewind ope ration.
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The third input is up when the external select line, corres-
ponding to the setting of the select switch, is up. The out-
put of AND circuit A12 becomes the select-and-ready line.
This line must be plus to operate the tape drive from the
external control with the exception of the NIFA control.

The select line is plus when the external select line,
corresponding to the setting of the select switch, is up
regardless of the ready condition. The select line causes
the SELECT light to come on through the IL and also con-
ditions the NIFA control.

. . Read-Write Status

Page 1120
1. Set-Read Status

The set-read status is externally generated. It is com-
bined in AND circuit C7 with select and ready, and the
resulting positive level turns off the read-write status
trigger. This trigger indicates either a read or write
status of the tape drive. If the drive is in the read
status, the trigger is off. The left output of the read-
write status trigger combines with select and ready

in AND circuit A35 to bring up select, ready, and read.
This line is returned to the external control as an indi-
cation that a tape drive is selected, ready, and in the
read status. '

The read-write status trigger is reset to the read
status whenever the tape drive is under manual con-
trol' or in the rewind status. This is done by the relay
reset line., This line is at 48V when either the start
relay R13 is down or the rewind relay R12 is up. This
48V level is applied to an integrating network (logic

76, 02), where it is converted into the +10V level used -
to reset off the read-write status trigger.

2. Set-Write Status

The set-write status is externally generated. It com-
bines with select, not file protected, and ready in AND
circuit C24, and the resulting positive level turns on
the read-write status trigger.- The right output of this
trigger is combined with not file protection in AND
circuit E25; the up level output is combined with select
and ready in E18 to produce select, ready, and write.
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This line is returned to the external control as an indi-
cation that a tape is selected, ready, and in the write
status. Whenever the output of AND circuit E25 is plus,
the write inverters conduct through the write heads, and

- the erase head conducts. The output of cathode follower
5B goes to the read preamplifier circuit to gate the read
pulses.

D. Not in File Area

’ Page 1140
The NIFA is a trigger that may be used to indicate certain
conditions sensed within the tape drive. It may be controlled
externally or internally. The trigger is turned on internally
by sensing the reflective spot (EOT marker) at the end ofa
reel of tape, or by reading or writing the EOF word. The
rear (EOT) photocell output is ac-coupled to an inverter.
The inverter is used to pull over a 20-ms single shot when-
ever the photocell is illuminated. The plus output of the
SST ts applied to inverter 3B; as a result, negative output
voltage is applied to the off side of the trigger, causing the
right tube to be cut off and bringing up the right plate level.

The right output of the NIFA trigger combines with the se-
lect level at AND E5 and becomes the select-and-not-in-file
area level which returns to external circuitry. The output
of the trigger is also applied to an inverter, turning on the
NIFA indicator light.

The set-NIFA level is applied from external circuitry when-
ever the end-of-file word is read from, or written on, the
tape. This level combines with the select level at AND C33,
resulting in an output which sets or turns on the NIFA trigger.

The end-of -file word indicates that no more usable informa-
tion is to be recorded (when written) or has been recorded’
(when read) on the tape even though the physical end of the
tape has not been reached. Upon setting the NIFA trigger,
the tape unit becomes not prepared.

'E. Tape Break Indication
Page 1100
When the tape drive is rewinding at high speed and a tape '
break occurs, the operation is stopped by the load-point
photocell and associated circuitry. A light source is lo-
cated beneath the tape; it is reflected from a mirrored
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surface to the photocell when the tape is broken, This light
beam is mechanically aligned to the cell when the upper head
assembly is raised to its upper limit.

The photocell output is combined with reverse; this output
is used to pick a 20-ms SST which, in turn, picks the load
point relay R25. This is a latch pick relay that remains
latched. until an unload operation is started. (Only an un-
load operatmn causes thls relay to pe latch-tripped for this
condition. )

Picking R25 (fig. 1-1, foldout, Sect. 10H) causes R3 to be
dropped; R3, in turn, drops R9 (fig. 1-1, Sect. 1K), R2, and
.28 (Sec. 1F). Dropping R9 causes R1 and HD1, 2, and 3 to
drop because R5 and R6 bypass points are picked. (tape out

of columns) during a high-speed rewind.

Dropping R1 applies full brake to both reels (fig. 1-1, Sects
6A-B, 8A-B); HD1, 2, and 3 drop the three phases to all
the motor circuits, with the exception of the fan, blower,
and vacuum motor.

Dropping R28 causes R27 to drop, opening manual start.
In this condition, there is no way to bring up the manual
start needed to latch-trip R25, after the 20-ms SST times
out, except by starting an unload operation. When the
UNLOAD button is depressed, the R15-2 points pitk R2
and 28 (fig. 1-1, Sect. 1F). The R28-4 points complete
a path to R27; manual start is brought up and combined
with at load point, allowing R26 to be picked (fig. 1-1,
Sect. 7TE), latch-tripping R25 (Sect. 1H). The unload
operation is now completed.

Starting from Load Point . Page 1170

To read or write from the beginning of the tape, start must
be brought up. This is done either by go when the tape
drive is controlled by the external source (logic 76. 05. 01)
or by manual start when under manual control (CE switch,
fig. 1-1), foldout, Sect. 4F).

Start combines with at load point (Sect. 6E) to bring up
RDX 5B, picking R26. The R26-1 points close, latch-
tripping R25 (Sect. 1H). At load point and select and at
load point drop when R25 is dropped. When at load paint
drops to RDX 5B (logic 76.04), R26 drops. No other load
point considerations ére made until the tape is returned
to load point.
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Rewind to Load Point

*
Assume the machine is rewinding. Sensing the load point
marker results in a photocell output, which, combining
with the rewind-status level at AND-B23, results in an
output to the single-shot. The 20-ms pos1t1ve output from
the single-shot combines with the select level at AND-A12,
producing the select-and-at-load-point level. This level
returns to external circuitry. An output from the single-
shot also fires a relay driver, the output being used to
pick relay 25. Picking R25 closes the 25-4 N/O points,
resulting in the at-load-point level.

The load-point delay is the result of an inverter circuit
(not. shown). When the positive 20-ms pulse from the
single-shot is applied to the inverter, the output is a 20-
ms negative pulse which is applied to the select-and- -ready
circuit, bringing down the select-and-ready level.

Start, Stop, and Reverse Control

There are two ways to bring up start. Go, brought up ex-
ternally, combined with select and ready raises start and
drops stop. Also, raising manual start combined with not
arriving at load point raises start.

There are two ways to brmg up reverse, conditioning the
drive to move tape in a reverse direction. Backward,
brought up externally, combined with select and ready
raises the reverse line (logic 76.05.01). Raising manual
reverse (fig. 1-1, foldout, Sect. 6G)brings up reverse,

Read Preamplifier

To read from tape, one of the coils of each of seven read-
write heads is tapped (logic 76. 07) and tied ta its respective
amplifier circuit (logic 76.06). As bits are read, they are
amplified in the AT; the output is capacitively coupled to a
Kxo.

The input pulses to the AT should be 35 ta 40 mv, peak to

-peak; the output of the Kxo should be 18V, peak to peak.

The output of each track is adjusted by a potentiometer
controlling the feedback from the third stage of the AT to
the First.

1160
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The 18V peak-to-peak signal is imposed on a d-c second
level; the signal feeding the Kxo ranges from about +10V to
-10V. The input to the Kxo is controlled by select, ready,
" and read through the DT (diode-tubej. The plate and gric
of the DT is tied to the input line of the Kxo. If select,
ready, and read is down (-30V), the DT conducts heavily,
absorbing any noise pulses that may come through the AT,

When select, ready, and read is up (+10V), the ciiode is
cut off,. allowing any signal from the AT to be fed to the
Kxo.

Either a plus or minus pulse from the read head to the
AT's first stage represents a 1 bit. Because of feedback
control, the overall gain of the AT is approximately 600;.
the actual gain of each of the three stages is approximately
9.

Writing on Tape (Only 1-Bit Position Considered)
Page 1200
Review the method of storing information. Note that the
tape is magnetically saturated in a predeterrnined direction
by passing current through the read-write head in one direc-
tion. The flow of current is reversed under control of the
write trigger. Current is always flowing through the read-
write coil when the tapc drive is in the write status with not
file protect up (logic 76.07 and C. 01, 07).

The right and left outputs of a write trigger are fed to an
IWR. The plate loads of this IWR are the two coils making
up the R/W head. Bccause either output of the write trig-
ger is always up, the respcctive side of the IWR is conduct-
ing, causing current to flow in the associated' coil.

The write “rigger is alternately turned on and off from the
nsgative zRift oulput of a diode gate. This diode gate is
conditicn2 iy the write bus that enters from the external
"contrc! The lzvel of this bus (+10V or -30) represents the
information to be writteti on the tape. The other input to
the diode gate contains tirmed pulses that flip the trigger.
These pulses are routed from read-write circuitry (logic
76.02), where they are a combination of select, ready,

and write, and write pulses generated externally. The
generated pulses are approximately 53. 7 usec apart.
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The IWR is further contrclled by an IG in the cathode cir-
cuit. The IG is allowed to conduct only when the write
status is up. This line was generated in the read-write
circuit (logic 786. 02) from the right output of the read-
write status trigger, cond1t10ned by not file protectmn.
Because it is at plate level a d1v1der is used on the in-
put to the IG on loglc 76.07. When the write status 1s
down (indicating read status), the IG is cut off, preventmg
the IWR from conducting on either side. The file protec~
tion device contains a further control on the IG by:control-

ling the cathode voltage., ‘When a file' is. bemg file -protected

the -130V is removed from the IG by R22 4 pomts (fxg 1-1,
foldout, Sect. 8L).

There are seven cu‘cults such as ‘the one descnbed above,;
one for each of the seven tracks. :

Write Ec™-o

For checking purposes, ‘'a write echo pulse. for each track
is developed, when a bit is wr1tten, and sent back to the
external control. This pulae, developed at the eathode of.
the IWR, is ac-coupled to an IS, feeding a KPO that con-
trols the write echo bus.

Assume that the right side of the IWR is conducting and
current is flowing through one half of the read-wrzte head,
When the write tnggers flip, the right side of the IWR is
cut off and the left side tries to conduct. However, back
electromotive force (emf) is developed in the half of the
read-write coil that was conducting. Because, of mutual
inductance, this; qollapsmg field causes an emf to be ,
developed on the left coil of the read-wrtte head produc-’
mg a negauve poiarxty at the. plate of the IWR . This nega-

digsipated.

The voltage level at the cathode of the IWR goea more nega-
tive because of the reduced conducuon in the left side of the

tube (the right side has been cut off).” ‘When the left side
increases conduction to its maximum, the cathode voltage
returns to its original level. Thus, a negative pulse, from
-40V to -57V, is developed and coupled to the IS. The
‘duration of the pulse is from 8 to 12 usec, with a nominal
value of 10 usec. ’

1210
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Writitfg a Check Character

Since the write trigger for each track is turned alternately
on and off to write 1 bits, the state of the trigger at the end
of a block of information indicates whether an odd or.even
number of 1's has been written. If an even number, the
write trigger is off; if an odd number, the write trigger is
on.

After writing information, all the write triggers receive a
reset pulse. Only the triggers that were on will be turned
off, thereby writing a 1 on the tape. The character written
as a result of resetting the write triggers is called the longi-
tudinal redundancy check character (LRCC). The LRCC is
used, during reading of this information from tape, to de-
tect the dropping or picking up of 1 bits in any track.

A line referred to as reset write triggers is routed to the
machine from the external control and enters the write
amplifier circuit (logic 76.07) to cause a -12V clamp and
reset line to rise to ground potential. This is the Z reset
for the write triggers.

The check-character feature is not utilized in the AN /FSQ-1,
-8 computer as an error-checking circuit. The LRCC's are
used as an error-checking scheme when a customer pro-

cesses a tape with the commerical Tape-Controlled Printer.

Erase

Page 1200

The erase head is energized through an IER (logic 76.07)
whenever the write status is up. The reset condition of the
write triggers (off) causes the R/W head to magnetize the
tape in the same direction as the erase head. If the polarity
of thé erase head is not the same as the read-write heads,

‘errors may occur. It is important that the pblarity be
. checked. The leads to the erase head may be reversed so

that its polarity will match that of the read-write heads.
The erase head magnetizes the complete width of the tape.
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Rewind

A rewind operation may be started in two ways. One way
is to bring up start rewind from an external source and
combine it with select and ready to form rewind PU relay.
This line picks R21 to initiate a rewind operation. During
the rewind operation, R12 is up and rewind status is
brought up (fig. 1-1, foldout, Sect. 1L). This line is
combined in AND circuit Al7 in logic 76. 08 with select to
form select and rewind status. This resulting up level is
sent back to the external control as an indication that this
operation is taking place.

The other way to start a rewind operation is from the
LOAD REWIND button on the reel door panel. This button
(fig. 1-1, Sec¢t. 4H) bring up manual load rewind which
combines with the read status (logic 76. 08) to bring up
rewind F'U relay. The read status is used because, if the
drive were in write status, the read-write and erase heads
would conduct, destroying information as the tape passed
by these heads.

File Protection

With a file protection ring placed in the groove of the file
reel, the sensing pin is forced to the rear when the reel
is mounted. This operates the not-file-protect relay
armature; the AL points close, causing the relay coil to
be picked (fig. 1-1, foldout, Sect. 2A). The relay will
be held as long as the reel is on the machine and the
door is closed.

The not-file-protect BL points (Sect. 2F) close to set up
a circuit to pick R22, not file protect 2. Because the
drive is in the unload status when the reel is mounted,
R22 is not picked because the R10-6 points are open.
When the tape drive is loaded and not in the rewind status,
R22 ig picked. The R22-1 points transfer, turning off the
~ FILE PROTECT ON light and bringing up not file protec-
tion. This line is combined with the right output of the
R/W status trigger (logic 76.02) to bring up the write
status.

The R22-4 points (Sect. 6K) close, applying -130V to the
erase head inverter and write inverter switch IG.

1230
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The file protection device is designed to protect the file
reel by dropping R22 during load, unload, and rewind
operations.

If the ring is not in the groove of the file reel, R22 will not
be picked, thus preventing conduction in the write and erase
inverters.

FORWARD and Reverse Switch

A customer engineer's tool is provided for manually con-
trolling the forward or reverse motion of tape. The tool
consists of two buttons that may be connected, through a
cable and Jones plug, to the tape drive (fig. 1-1, foldout,
Sect. 4F). When the forward button is depressed, R27 is
energized to bring up manual start. Rectifier D5 prevents
manual reverse from coming up.

When the reverse button is depressed, both manual reverse
and manual start are brought up.

The CE switch shown (Sect. 4F) is a 3-position toggle switch
used on the tape drive tester; it may be substituted for the
CE portable control keys.

START Button - Mechanically Ready

Page 3540
Mechanically ready is up and the NOT READY light is out if
R13 is picked. Depress the START button to obtain this
condition (fig. 1-1, foldout, Sect. 2L). When picked, run
relay R1 (Sect. 2B) indicates a closed door, no blown fuses
or burned out lamps, tape not broken, d-c power available,
and sufficient vacuum. Relay R12 down indicates that the
tape drive is not rewinding. The R13-5, with R1AU and
R12-5, points complete the circuitry to bring up mech-
anically ready. Mechanically ready, when combined with
select and not arriving at load point, brings up select and
ready.
The R13-2 points form the holding circuit for R13. _R13-4
and 6 open the LOAD RE WIND and UNILOAD button circuits,
respectively. R13-3 points (Sect. 4J) open relay reset to
the R/W status trigger (logic 76.02), allowing the tape drive
to go into the write status. "
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Reset

Ky

Depressing the RESET button opens the hold circuit to R13,
taking the drive out of the ready status (fig. 1-1, foldout).

The RESET button stops any operation that has been started
with the exception of the load and unload operations. R13-5,
dropping mechanically ready, eliminates most external con-
trols.

The RESET button opens the hold circuit for R12, rewind
status, stopping a low-speed rewind operation. If the drive
is in a high-speed rewind operation, the RESET button shunts
the R29-1 points, high-speed rewind area, causing the drive
to load the tape. If the button is held depressed, the drive
will stop after the tape has been loaded. R12 cannot be ener-
gized after R9 is dropped at the completion of the load-re-
wind operation.

If the RESET button were depressed and released during a
high-speed rewind operation, the drive would cause the tape
to 1dad and then start a low-speed rewind operation. The
tape will rewind to load point, unless the RESET button is
again depressed.

The RESET button does not reset the NIFA trigger.
Anti-Spill Device

During the transfer from a high-speed to a low-speed rewind,
the time delay allows the reels to coast to a stop before load-
ing the tape. The time delay points are set to close about one
second after the reels have stopped when rewinding a full reel
of tape. Since not every high-speed rewind will involve a full
reel of tape, the reels may stop long before the points close.
Because the file reel brake is not applied until the time delay
has elapsed, it will be free-wheeling between the times when
it has stopped and the brake is applied. This free-wheeling
allows the possibility of an improper load operation by
dropping tape into either column and allowing it to be drawn
‘to the bottom.

A circuit has been set up to eliminate this condition. Relay
R24 is picked at the start of a high-speed rewind by R23
(fig. 1-1, foldout, Sect. 1G) and held through its own points
until the time delay points open. The R24-2 points are
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. transferred, removing the one-half brake from the file reel.

The N/O point is brought to the N/C R5BU and R6BU points
(Sect. 4B) in parallel. These points are open because tape
is out of the columns during high-speed rewind.

If tape should be dropped into either column, the associated
N/C points return to normal applying current to the file-
reel stop clutch as long as R24 is picked.

Moving Coil Circuit
: ' Page 1280
The direction of current flow in the moving coil is controlled
by the start and stop lines. When the start line is up, the
stop line is down and electrons flow in the moving coil from.
right to left. This flow produces a magnetic field in the
moving coil that opposes the field of the permanent magnet,
causing the coil to shift upward. This shift is transferred
through linkages to the moving pulley, causing tape to be
moved.

The simplified schematic ‘Page 1300)shows the following
operation of the circuit. The start line is fed to IE4 and’
IF 8, and both tubes begin to conduct. When this line goes
up, the output of 4 is fed to IM's 3 and 6. IM 6 is normally
biased below cutoff so that the negative shift does not affect
it. Tube 3 ig driven to cutoff. Tube 8 begins conducting

and its plate output is tied to the KA's at 10, which is driven

to cutoff. The stop line is down, cutting off tubes 1 and 7.
Tube 2 is driven into conduction. Notice that the plate cir-
cuit for these two IM tubes is actually a 450-ohm resistor
and the moving coil in series with the cathodes at 9. There-
fore,electrons flow from ground through tube 2, the 450-ohm
resistor, moving coil (right to left), the cathode and plate of
tube 9, to +140V. A heavy initial current is needed through
the moving coil to produce fast action. This heavy current .
is obtained with the two IM's at tube 5, which is ac-coupled
to the IE at 1. It causes two to three times normal current
to flow initially because it provides a parallel circuit with
tube 2. The normal current is about 50 ma. The time con-
stant of the input of tube 5 determines the length of tlme the
large current flows, approximately 6 ms.

When the start line goes down, the stop line goes up and
electrons flow from left to right through the moving coil.
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Moving Coil Circuit, Schematic Diagram
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This flow causes the moving coil to move downward and the .
tape to be stopped. The action of the circuit to cause this
stopping is the opposite of the start action. In this case,
the electron flow is from ground through tube 3, the 450-
ohm resistor, moving coil (left to right), the cathode and
plate of tube 10, to +140V. The time constant of the input
to tube 6 is 6 ms, causing large current flow for that dura-
tion.

U. Forward-Reverse Control

The direction of motion of the tape is dependent on the posi-
ition of the forward-reverse magnet assembly. The magnet
control circuit is showr in fig.

If the tape unit is in forward status, the reverse line is
down, causing the IB at T02J-6 to be cut off so that no
curren:. can flow through the reverse magnet. The divider
output of the IB is up and is connected to the IB at T01J-6,
which therefore conducts through the forward magnet.

To move the tape backward, the reverse line comes up and
the opposite action occurs.

V. Summary of Moving Coil and Forward-Reverse Magnet
Operation

1. Forward Reverse Magnet Circuit
. Page1300
a. +10 input places machine in reverse status.

1) Tubes 1 and 2 conduct through reverse mag-

net. C.01.03
2) Control grids of tubes 3 and 4 are at -30V

while tubes 1 and 2 conduct.

b. -30V input places machine in forward status.
1) Tubes 1 and 2 cutoff.
" 2) With tubes 1 and 2 cutoff, tubes 3 and 4 con-

duct through forward magnet.

a) Control grids at +10V,
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Moving Coil Circuit

a.

+10 applied to the stop line, -30V applied to the
start line.

-
)

1) Tubés 1 and 7 conduct.

a) Plate voltaée of tube 1 equals +35V.
2) Plate voltage of tube 7 equals +35V,

2) Tubes 4 and 8 cutoff.
a) Plate voltage of tube 8 equals +100V.

(1) Plate voltage does not reach +140V

because of grid current from tube 10.

Tube 2 cutoff.

co
~

a) Control grid voltage equals -50V.
b) Cathode at ground.
c) Plate voltage equals +100V.

4) Tube 3 conducts.
a) Cogxtrél grid voltage equals 0V,
b) Cathode at ground.
c) Plate voltage equals +60V,

5) Tube 9 cutoff.

a) Control grid voltage equals +35V.
b) Cathode voltage equals +80V.

6) Tube 10 conducts.

a) Control grid voltage equals +100V.
b) Cathode voltage equals +100V.

7) Tube 6 conducts until coupling cap charges.

a) 85V positive pulse felt on control grid
when start line goes to -30V.

Electron flow through the mo ving coil is from left
to right, pulling coil down into stop status.

1310
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1) Normal moving coil current is 50 ma. The
first surge is 2-3 times as much for approxi-
mately 6 millisec.

c. +10V applied to the start line, -30V applied to
stop line.

1) Voltages reversed.

2) Previously cutoff tubes conduct.

3) Previously conducting tubes cutoff.

4) Moving cocil is forced up into start status.

W. High Speed Rewind Photocell Circuit

1.  When R29 is picked, machine will H.S. rewind.
2. If more than 3}'" tape on the machine reel, no light Page 1100
reaches the photocell.

a. Potential at the tube control grid is approximately
ov.
b. R29 is picked.

3. If less than 3" tape on the machine reel, light reaches
the photocell.

a. Potential on the control grid is negative.
b. R29 is dropped.

4. Fail Safe Type Circuit

a. If the photocell lamp burns out, R29 can never be
picked and the machine will only LS rewind.

X. Summary Questions

Refer to EDPM Logic Manual.

1. (76.01) If 14SPA jumper 91 is open, what address is
disabled on this tape drive? Will this affect any other’
tape drive?

2, (76.02) List the function of each:

AND (A35)

a.
b. AND (E25)
c. AND (GG15)
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(76.03) List the signals that set the NIFA trigger.
Trace the signals to their source and list what each
signal is caused by. Give the polarity of the signal
as it enters the trigger circuit.

(76.04) What is the function of the line labeled, "Load
Point Delay' ?

-(76.05.01) Is it necessary for a tape drive to be SEL
and RDY in order to put it in manual reverse?

(76.05.01) With the conditions of #5, must it be SEL
and RDY to put the tape drive in manual reverse start?

(76.05,02) The start line = +10V, the stop line is at
-30V. The reverse line is at -30 volts. With these
given conditions:

a. 2Ip (TO01J-5) is conducting. (T/F)

b. 2Ipg (TO1J-4) conducts for approximately 6 ma.
(T/F) '

c. 4K, (T01J-1) is conducting. (T/F)

d. Current (electron flow) through the moving coil is
from left to right (bottom arrow) (T/F)

e. 4Ig (T01J-6) is conducting. (T/F)

f. The moving coil is in the start position and the
FOR-REV magnets are in the forward position.
(T/F) .

g. State the function of the 2Im (T01J-4) and T02J-4)
circuits,

(76.06) What is the function of the DT circuit block?

(76.07) The reset WRT triggers signal will return all
WRT trigger to the clear state. (T/F)

If the plastic ring is not inserted in the file reel, how
will this prevent writing from taking place? Give
detailed analysis.
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Z. Tape Drive Logic Circuits Analysis
1. Mechanism Ready Line 76.09. 07

a. Up when ready relay (R13) in the tape drive is
picked.

1) R12 must be dropped.
b. Signals external source that the tape drive is ready.
2. Select Line 76.01

a. +10V when tape drive is selected.
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Selected and Ready Line

a. Output of AND circuit (A12 TO6J)
b. Inputs

1) Mechanism ready
2) Selected level
3) Normally +10V output of Load Point SS

c. Provides a géte level to other tape drive circuits.

Selected and at Load Point Line

a. Output of AND circuit (A12 TO4J)
b. Inputs

1) At Load Point relay in tape drive and 20 Msec

SS (Load Point).
2) Selected level

c. Signals external control that tape drive is selected

and at Load Point.
Selected and Rewind Status Line

a. Output of AND circuit (A17 TO3J)
b. Inputs

1) Rewind status relay and 20 Msec SS (Load
Point)
2) Selected level

c. Sighal external control that tape drive is sclected
and in rewind.

Note: Refer to Fig. 1-1. EDPM references are listed.

6.

Forward-Reverse Magnets

a. Controlled from tape drive and externally.

b. Tape drive control is manual reverse line, from
tape drive relay circuitry.

¢. External control is output of AND circuit.

1350

76.01

76. 04

76.08

76.09. 03
76.05.01
76.05. 02
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1360
1) 1lnputs
a) Selected and ready level
b) External backward level
Moving coil 76.05.01
76.05. 02
a. Controlled from tape drive and externally.
‘b. Tape drive control is output of AND.
1) Inputs
a) Manual start from tape drive relay cir-
cuitry.
b) Load Point SS
c. External control is output of AND circuit.
1) Inputs ,
a) Selected and ready level.
b) External go level.
NIFA FF 76.03
a. Controlled from tape drive and externally.
b. Tape drive control.
1) Set by EOT.
2) Cleared by Power on Reset.
c. External Control
1) Set by set NIFA pulse.
2) Cleared by set prepared pulse.
3) Both pulses gated by selected level.
.d.  Outputs
1) Gated by selected level.
2) Signal external control prepared condition.
Write Circuit (one of seven) 76.07

a. Write current through write head is controlled by
a trigger.
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1370
1) Complementing trigger reverses current
through head.
2) Complement input to trigger is through a DCG.
b. IG is used to disable write circuits during read
status.
1) Input during read status is +10V.
2) Input during write status i8 +145V.
c. Write Pulses
1) Arrive every 54 usec. when tape drive is
moving forward and in write status.
2) Gated by DCG.
a) DCG is conditioned to pass the pulse when
a''1" is to be written.
b) There are seven WRT Buses;when a one
is to be written, the bus will be at +10V.
d. Is
1) Capacity coupled to cathode of IWR,
2) Output occurs when trigger is complement.
3) Output tied to write echo bus for that bit posi-
tion.
10. Read Circuit
a. Input to AT capacity coupled to R/W head.
1) DT biased to short out signal from AT during.
write status.
11. - R/W Status Trigger 76.02

a. Controlled from tape drive and externally.
b. Tape drive control.

1) R/W status reset from tape drive relay cir-
cuit brings up read status at beginning of re-
wind. ’
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c. External control -

1) Set read pulse places tape drive in read status.

2) Set write pulse places tape drive in write
status.

3) Pulses gated by selected and ready level.

d. Outputs
1) Read Status

a) Gates manual load - rewind level to pick
rewind relay.

b) Signal external control that tape drive is
in read status.

2) Write Status

a) Gated by not file protected level.
b) Signals external control that tape drive
is in write status.

3) Signals to external control gated by selected
and ready level.

12. Selected and Not File Protected Level 76.02

a. AND circuit combination of not file protected and
selected levels.

b. Signals external control that the selected tape drive
is not file protected.

AAeesm aceses cae  anewasasa voC S

13. Erase Head - 76.07

a. Energized when in write status and not file pro-
tected. '

1) -130VFP is furnished when R22 is picked.

V.

Operational Analysis of Tape Drive

~

Switch and Relay Functions Fig. 1-1 (Sheet 1
2 of 2)

1. AC and DC FUSE BAIL Switch A/4 Coordinates -
Page 3540

a. N/C
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b. -OPEN when the fuse bail is moved by a fuse
plunger. :

1) Blown fuse will prevent tape operation.
Door interlock switch A/3

a. N/O . _
‘b. 'Close when the door is closed.‘

!
1) Open door will ‘prevent tape operation.
Bellows switch B/2

a. Switch
b. Close when vacuum is up.

1) No vacuum will prevent tape operation.
Left and right caps in switch

a. N/O G/3
b. Close when the caps are in.

.1) Both capstans must be in to start take-up
‘motor. .

Time delay switch
a. N/C G/2
b. Open approximately 6 seconds after the timer

motor is started.

1) Remove nylon pulleys for dropping tape in

columns.
Left and right caps out switch K/3
a. N/C
b. Open when thg caps are out.
Flapper switches . J/1
a. N/O

b. Close when vacuum is up and tape is out of the
column.
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11.

12.

13.

14.

15.

16.

Magnetic Tape Element 1400

Head Down switch E/3
a. N/C
b. Opens when the head is down.

Head Cover up switch

a. N/O r ’ B/3
‘b. Closes when the head is up.
Customer Engineering switch 4/F
a. Three-position switch on the tape drive tester or
two pushbutton box.
b. In'Forward Go' position, relay 27 will be picked
putting the tape drive in GO status.
c. In'Backward Go'" position, relay 27 will be picked
putting the tape drive in GO status. Also, the
manual reverse line is brought up to +10V.
R1, Run Relay B/1
a. Indicates the tape drive is in a run status.
b. Will be dropped if fuse bail switches open, loss

of vacuum, photocell bulb failure, etc.

R2 and R28 clutch status relays

a. Picks during load or H.S. rewind operations.
R3, Load Rewind relay
a. Picked during load-rewind operations. K/1
R4 Low speed rewind area E/1
a. Picks during load rewind operations when less

than " of tape is on the machine reel.
R5 Left col. relay J/1
a. Picks when the left flapper switch is closed.
R6 Right col. relay J/1
a. Picks w/hen the right flapper switch is closed.



Magnetic Tape Element 1410

17. R7 photolight relay D/4
a. Is picked through the tape break, load point, and

end of tape lamps when +48V is present.
b. Will drop R1 if there is a photolight failure.

18. R8 Time Delay Motor Relay E/l
‘a. Picks to start the time delay motor.
b. If R8 is picked, it will drop the high spéed relay
rewind relay allowing the tape to coast to a stop.
19. R9 Load Rewind 2 Relay K/1
a. Is picked when R3 is picked.
20. R10 Unload 2 K/1

a.” Picked when R15 is picked to indicate the drive
is unloaded.

21. R12 Rewind Status . L/1

a., Is picked by R21 to indicate the drive is in a re-
wind status.

22, R13 Start Relay L/1

a. Is picked when the start button is depressed if R1
or R9 is picked.

b.  Will hold until the reset button is pressed or Rti is
dropped.

23. R15 Unload C-D/1

a. A latch pick relay.
b. Is latch picked when the unlcad P. B. is pressed.
c. Trips when R21 is picked.

24. R16 Unload Stop C/1

a. Latch pick relay.

b. Latch picked during an unload operation when the
head is up and the tape is out of both columns.

c. Latch trips when the load rewind button is depressed.
(R21! picks)
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26.

217.

28.

29.

30.

31.

32.

33.

Magnetic Tape Element

R17 - Power on Reset

a.

Picked when 48V is present.

R21 - Rewind Pick-up

a.

Can be picked by pressing the load rewind PB or
by a signal from the Central Computer.

R22 - Not File Protect

a.

Must be picked before writing can be accomplished.

R23 - High Speed Rewind Status

a.

Indicates the high speed rewind motor is running.

R24 - High Speed Rewind Interlock

a.
b.
Co

d.

Latch Pick relay

Is picked when R23 is picked.

Remains picked when R23 is dropped to prevent
spilling tape at the end of a H.S. rewind.

Is tripped at the end of the time delay.

R25 - Load Point Relay

a.
b.

C.

Latch pick relay.

Picks when tape reaches load point if the drive is
in a rewind status. '

Trips when tape moves away from load point.

‘

R26 - Load Point Trip

a.
b.

Trips R25
Is picked when start and at load point levels are up.

R27 GO Status Relay

a.

When picked brings up the manual start levél to
put the moving pulleys in a start status.

R29 - High Speed Rewind Area

a.

Picked when in a high speed rewind area.

1420

A/l

H/4

F/1

B/1

H/1 and G/1

H/9 and H/1

E7

G/1

K/5



‘T/F)
(T/F)

YF)
“T/F)
(T/F)

JIF)
(T/F)

2[F)
(T/F)
"T/F)

Magnetic Tape Element

34. DP1 take-up motor reverse
a. Switches two phases to the take-up motor causing
it to run in reverse. -
b. Reverse causes the head cover to go down.
Note: The switches and relays under discussion can be

related to the EDPM Logic by referring to
Pages 7X.06.01; 7X.06.02.

Summary Questions

Both the AC and DC fuse bail switches must be trans-
ferred to prevent tape drive operation.

Bellows switch indicates whether or not vacuum is
sufficiently up.

R2 and R28 determine when stop clutches are energized
or control is turned over to the vacuum switches.

R5 and R6 indicate when tape is in or out of the vacuum
columns.

R7, if picked, indicates that the load point, end of tape,
and take break lights are OK.

R13 is the rewind status relay.

R17 is energized whenever the +48 volts is up in the
tape drive. )

R22 is not picked when the tape drive is file protected.
R25 indicates that load point is sensed if it is energized.
DP-1 determines whether or not the forward-reverse
motors are running.
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D. Load-Rewind From Low Speed Area, Model II1
Page 1510

1. Define initial conditions.

a. Head cover up.

b. Capstans retracted. y

c. Tape out of columns.

d. R15 and R16 latch picked.

R10 picked by R15.

. No vacuum.

. Nylon pulleys in forward start status. (R27 picked)
. R2 and R28 are picked by 15.

> o

ol -]

2. Define sequence of events for Load-Rewind operation
from L.S. Area.

a. Push load rewind pushbutton.
1) Nylon pulleys go to reverse status.

b. Vacuum comes up.

c. Tape drops into columns.

d. Head cover comes down.

e. Capstans extend. -

f. Tape moves in reverse direction to LP and stops
in a forward stop status.

3. Analysis : .
Note: Coordinates are for Fig. 1-1.
Assume that the tape drive is unloaded; there is less
than 3 inch of tape on the machine reel. Relays 2,
7, 10, 15, 16, 17, 22, 27, and 28 are picked. The
nylon pulleys are in Forward-Start. The L. P., E.O.T.,
and T. B. -lights are in series with R7. File reel is not
file protected. Following is the:

Low Speed Load-Rewind Sequence

Push the Load-Rewind PB (4H)
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MOD IX POWER ON SEQUENCE
720 i
GIVEN AT START ! K-15 AND K~16 LATCHED
DRIVE UNLOADED
IAcon
Faf'AND :
BLOWER MOTORS Xoc oN
v X2 XK7T  fxlo Xk Ykes X X X
a/zl"\eguseeea K-24 uﬁ'ﬁr L?ggl' aE%
OFFIREAD) _ £ K-27 CioNT one)
i
MOVING
GNom QLYo

TAPE SEQUENCES- Power On
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utie LOAD REWIND SEQUENCE (Not Flle Protected)

PUSH LO.-REW. P.8. OR PERTI

K-21 (DROPS AFTER BUTTON I8 RELEASED)

,P.; B R

HOLOS oP) K9 UKo NFP In-\o HD 4
K1820

START VACUUM
LA MOTOR
TATUS HOLOS
ON T MOTOR LP & EOT
g K2 K8  LIONTS LIT,
OROFPED OTARTS
FWO-REV & T.0, MOTOR
MAONET
YO REV,
'Y VAGUUM UP
RIGHT
FLARPER urr.&u»u
K¢  Xvxrn Xx-0
BELLOWS
oW,
M o e T
STARTS!
FWO. MOTOR
pa L
TIME OELAY . 88. BLOWER
POINTS OPEN Tg rc' H 8TOP MOTOR
K=27
MOVING ore
COIL TO 8TOP

STARTS TAKL-UP
l MOTOR

1144
NEXT PAGR
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' l _OPEN HC. UP BW

LEFTY

iw T T i
“.. K'O
—
_]_oren n.c. oown sw.
x.° [ 5 K" Gy ~“-‘.
RELEASE T.0. I
MOT '
OTOR '_“‘ TAPE ore
oP2 BREAK STOP VAKE-
“FULL Live UP MOTOR
CAP 8T0P
MOTORS ] CURRENT
f 1L
— OPEN CAPS
CA’;"J‘“‘ N IN BWITCHES
our,a TuRN !
M
CAPS OUT L open caPs
OUT BWITCHES
~+=K-3
K-27
REVERSE-
a0 amus\'
TARE MoVING IR
*uusz LOAD POINT
‘ X K28
MOVING COIL
T0 8TOP FOA Tox
80 mil ve0
Y “a
ALV=PW 'i. "
MAO'NVC'Y (]
, MOVING COIL. TURNS OFF FiLE
0 sToP PROTEOT LIONY
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R-21

R-10

R-16

Magnetic Tape Element
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Rewind Pick-up Relay (Drops when PB is released) (4H)

21-1
21-2
21-3
21-4

Load Rewind 1 Relay

3 AL
3 AU
3 BL
3 BU

Unload 1 Relay

Unload 2 Relay

Unload Stop Relay

16-1
16-2
16-3

Load Rewind Relay

9-1
9-5

9-6

pts
pts
pts
pts

pts
pts
pts
pts

pts
pts

pts
pts

pts
pts

pts
pts

pts
pts
pts

pts
pts

pts

Pick R-3 (2K)

Pick R-16 LT (2C) Drop 16

Pick R-15 LT (2D) Drop 15

Turn on "Not Ready' light; set R/W
trigger to read. (3J)

Pick R-4 and DP-1 (2E)
Set up pick to R-8 (2E)
Hold R2 and R-28 (2E)
Pick R-9 (1K)

(3A) No effect (Shunted by 9-1 pts)
(3F) No effect (Shunted by 3 BL &
Head Down switch.

(3K) Drop R-10

(2G) Set-up future pick for R-27

(2L) Set-up future hold for R-12 & R-13
(3B) Set-up pick for DP-3 & R-23; Open
pick to R16LP

(5D) N/O - Drops R-15 LT coil

(5D) NC - Connects Adj. resistor

(3C) Pick HD-4; Drop R16 LT coil
(2G) Set-up pick to DP-4 ‘
(2D) Shunts L.P. & E.O.T. lights
until R4 picks.

(3A) Set-up pick for run relays
(2L) pick R-12 (Nylon pulleys go to
reverse-start)

(1F) Open pick to R-22
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R-12  Rewind Status Relay

-

12-1 pts - (4G) Bring up manual reverse line
(See 9-5 pts above)

12-2 pts - (2L) Hold R-12 thru 25-3 N/C pts
and 10-2 N/C pts.

12-3 pts - (4J) Set R/W FF to read status if .
R-13 is picked; turn on "Not Ready"
light. -

12-4 pts - (2F) Open pick to R-22

12-5 pts-N/O - (4G) Bring up rewind status line
-N/C - (4G) Drop ""Ready'" line; disable C..
switch

12-6 pts - (2B) Set-up pick to R-23 & DP-3
DP-1 Take-up Motor Reverse Relay

1) Connects take-up motor to run in reverse.
(Bring head cover down. )

HD-4 Vacuum Motor Relay
1) Apply AC to vacuum motor. Picked by 16-1
N/C.

2) Vacuum comes up.

R-4 LOW SPEED REWIND STATUS RELAY

4AU pts - (2E) Pick st thru head cover dowr
. switch i
4AL pts - (2G) Open picktto DP-4

4BU pts - (2D) Open shunt around L. P. & E.C
lights. (Both lights lit)
4BL pts - (3E) Hold R-4 & DP-1 thru 3AL

R-8 Time Delay Motor Relay

8AU pts (10C) Start time delay motor
8BU pts (2B) Open pick to R-23 & DP-3

Vacuum up

Flapper switches close (1J) pick R5 & R6
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R-5 & R-6
. 5-6 AU pts (2A) Open hold to run relays
5-6 AL pts (3G) Open pick to R-27 (R-27 still
picked 28-4)
5-6 BU pts (4B) Set-up pick to R-23 & DP-3
5-6 BL pts (2E) Hold R-2 & R-28

R-1

R-27

DP-4

Note:

Vacimm safety switch closes picking R1; HD-1, 2, 3
(Thru 9-1 pts) (2B) ' '

RunMRelay

1AU pts - (4F) Set-up "Ready" line

1AL N/O pts - (1L) Set-up pick to R-13

1BU pts -) (6-8C) Put clutches under control
1BL pts -) of R-2

HD 1, 2, 3, ¢1, ¢2, ¢3 Relays (2A-B)

Start Forward-Reverse Motors
Time delay runs out (approx. 6-secs)
Open time delay switch (2G)

Go Status Relay - Now R27 is dropped.

27-1 pts - (4F) Drop manuat start line (Nylon
pulleys go to Reverse-Stop)
27-2 pts - 2F Pick DP-4

Take-up motor start relay (12-13A) relay points
Head cover starts down.

Head up switch opens (No effect at this time) (3B)
Tape starts into columns.

Take-up motor reverse and stop clutches
energized cause reels to turn inward so
tape is loaded into vacuum columns.

Head down switch opens (3E)

Prepare to drop R-2 & R-28

Tape in both columns

Drop R-5 & R-6 dropping R-2 & R-28 & R-8 and holding the
run relays thru 5 & 6 AU N/C points.
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Drop R-2 Clutch Status 1 Relay

2J AU pts (1H) Pick DP-2 (Starts capstan rot.
2 AL) (6B) Put clutches under control
BU) (8B) of the dipahragm switches
Drop R-28 Clutch status 2 Relay
28-2 pts - (2K) prepare to drop R-3
28-3 pts - (3D) Turn out T. B. light; turnon L. F
& E.O.T. lights
28-4 pts - (2G) Drop DP-4

DP-2

DP-4

R-4

Time Delay Motor Relay

8AU pts - (9C) Stop time delay motor (time dela
points close)
$BU pts - (3B) Set-up pick to R-23 & DP-3

Caps Motor Relay (1H)

Capstans extend (Note: Due to solenoid action of armature &
field.)

Take -up motor stops (13A)
Caps out switches open (3K)

Note: . Right caps out N/O pts hold DP-1 to keep torque on
take-up motor,

Load Rewind 1 Relay

3AU pts - (2E) Open pick to R 8
3AL pts - (2E) Drop R-4
3BU pté - (1K) Drop R-9

Low Speed Rewind Status Relay

4BL pts - (3E) Set-up pick to R-2 & R-28

4AL pts - (2G) Set-up pick to DP-4

4BU pts - (3D) Set-up shunt around L. P. & E.
lights )

4AU pts - (2E) Open pick to R-8
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x. R-9 Load Rewind Relay

9-1 pts - (3A) No effect (Shunted by 5-6 AU)

9-2 pts - (1L) No effect (Shunted by 1AL)

9-3 pts - (3G) Pick R-27

9-4 pts - (2K) No effect

9-5 pts - (2L) No effect (Shunted by 12-2, 10-2,
oo and Reset PB)

9-6 pts - (1F) Set-up pick to R-22 (Not F. P.)

y. R-27 Go Status Relay

27-1 pts

(4F) Bring up manual start line (Nylon
pulleys to Reverse-Start.

Tape now moves in reverse until the load point marker is
reached.

z. Sense Load Point (6G)
Fire L. P. Single Shot dropping' start line for 20 milliseconds,
Tape stops. Nylon pulleys to Reverse-Stop - Pick R-25LP
(R27 dropped 12-1 opening due to R25 pick which opens 25-3)

aa. R-25 Load Point Relay (10H)

25-1 pts - (4G) Open C. E, switch backward line
25-2 pts - (2K) Open pick to R-3

25-3 pts - (2K) Drop R-12

25-4 pts - (4E) Bring up "At Load Point Signal)

bb., R-12 Rewind Status Relay

12-1 pts - (4G) Manual Reverse line goes down;
N ‘ also dropping R-27
12-2 pts - (2L) Open hold to R-12
12-3 pts - (4J) Turn out ""Not Ready'' light if
R-13 is picked. ’
. 12-4 pts - (2F) Pick R-22 (if not file protected)
12-5 pts - (4G) N/O drop rewind status signal.

Bring up "Ready' line if R-13 is
picked; enpable C, E. Sw.
12-6 pts - (2B) Open pickto.DP-3 & R-23.
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R-27 Go Status Relay (1G) -

27-1 pts - (4F) Drop manual start line (Nylon
pulleys to Forward-Stop)
27-2 pts - (2F) Set-up pick for DP-4

dd. R-22 File Protect 2 Relay (1F)

ee.

ff.

gsg.

hh.

!

22-1pts (4H) - N /O bring up ""Not file protect line'
N/C turn out file protect light
22-4 pts (8L) - N/C remove gnd from erase inverte

N/O apply -130V to erase inverter
R-25 Remains latch picked until tape is started forward.

The tape drive is now loaded and at load point. The tape break
light is out; the L. P. & E.O. T. lights are on. The nylon pulleys are i-
forward stop. Relays NFP, 1, 7, 17, 22, 25; HD-1, 2, 3 & 4; DP-1 &
are picked.

PUSH THE START PB (2L)
R-13 Start Relay (Calculator Interlock) (1L):

13-2 pts (2L) - Hold R-13
13-3 pts (4J) Turn out "Not Ready' light
13-4 pts (4H) Open manual load-rewind line (Load-rewin
» PB is now inoperative) '
13-5 pts (5F) N/O bring up mech. ready signal line
13-6 pts (2C) Open pick to R-15 LP (Unload PB is now
inoperative) -

Tape drive is now ""Ready' and under computer control. If a
start RDS or WRT is now given, R-26 will be picked and the start line
will come up putting the nylon pulleys in forward-start. Tape will mov
forward.

R-26 Load Point Trip Relay (7E)
26-1 pts (1H) - Pick R-25 LT
R-25 Load Point Relay (9H)

Drop ""At Load Point' Signal
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LOAD REWIND BUTTON

R-2I REWIND P.U.

R-19 UNLOAD !

R—16 UNLOAD STOP

R-10 UNLOAD 2

TAPE BREAK LAMP

HD4 VACUUM MOTOR

R-3 LOAD REWIND |

R-4 L.S.REWIND STATUS
OPI TAKE UP REVERSE
R-8 TIME DELAY

R-9 LOAD REWIND 2

R-12 REWIND STATUS
FLAPPER SWITCHES

R-5 8 R—6

BELLOWS SWITCH

R~! RUN

HDI,HD2,8 HD3
BREAK - LEFT AND RIGHT
TIMER SWITCH POINTS \
DP4 TAKE UP MOTOR .
HEAD DOWN MICRO SWITCH
R-2 CLUTCH STATUS |
R-28 CLUTCH STATUS 2
DP2 CAPSTAN MOTORS
R-17 POWER ON RESET
CAPSTAN IN SWITCHES L. 8 R.

CAPSTAN OUT SWITCHES L & R

R-27 GO STATUS

+48 VOLTS TO MAN. REVERSE

+ 48 VOLTS TO MAN. START

R-25 LOAD POINT

* EOT AND L.P. LAMPS

NoTE"

LOCATION

4H
4H
20
2C

X
30
2C

28

28
28
76.10.01
26

16

3E

36
3K
16
56
SF
I0H

20

VACUUM MOTOR STARTS
VACUUM COMING UP

VACUUM FULLY UP

TAKE UP MOTOR STARTS
TAPE MOVES INTO COLUMNS
CAPSTANS START OUT

TAPE MOVED BACKWARD
LOAD POINT REFLECTIVE SPOT
SENSED BY PHOTO CELL
TAPE DRIVE IN FORWARD
STOP STATUS

_ e
6 VOLTS ACROSS BOTH LAMPS

ERRS P NY 7R

NOTE:
*EEEEEE- /2 BRAKE

Low-Speed Load Rewind, Model Ill, Sequence Chart

The following initial conditions exist when external
power is first turned on. The 48Vdc supply is energized
from phases 1 and 2 of the 3-phase 208Vac supply. The

blower and fan motors are energized from phases 2 and
3, and the filament power is supplied through the fila-
ment transformer by the 236V regulated external supply.

1510
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LOAD-REWIND OPERATION (LOW-SPEED AREA), MODEL Iit

.

SEQUENCE OF

LOCATION OPERATIONS CONDITIONS REMARKS
1C R15, unload 1, and R16, un- - These relays were latched the last time
load stop, are latched. the machine was unloaded.
1K Pick R10, unload 2. R15-3 N/O.
4D Pick R7. Circuit through the load point, EOT,
and tape-break lamps.
1F Pick R2 and R28, clutch R15-2 N/O.
status 1 and 2. .
1G Pick R27, go status. R28-4 N/O. The moving coil will not be energized
) until d-c power comes up.
6C Full power to stop clutches. R1BU N/C and R1BL Power to stop clutches is controlled by
7C N/C. reel release switch.
4] High-speed-area lamp on. Used for high-speed rewind area.
After a 5-minute warmup period, d-c
supplies are available from the ex-
ternal source.
8D Reset NIFA trigger. R17-4 N/C. After 140V is on before R17 is picked.
2A Pick R17, power on. “When d-c supplies have been
completely sequenced on.
6K Reset R/W status trigger to  R13-3 N/C. Called relay reset.
read status.
Start line up. R27-1 N/O closed and R27 has been picked waiting for d-c
power on. power to tape drive. The moving
pulleys are transferred away from
the stop capstans,
Thread tape on tape drive.
4H Depress LOAD REWIND
button.
4H Pick R21, rewind R7BL, read status relay R21 has no hold.
pickup. driver logic (76.08). It remains picked as long as button is
depressed.
2D LT R15, unload 1. R21-3 N/O. Drop unload status relays.
2C LT R16, unload stop. R21-2 N/O.
1K Drop R10, unload 2. R15-3 N/O.
2C Pick HD4, vacuum motor.
1K Pick R3, load rewind 1. R21-1 N/O. Starts load-rewind operation. Used for
load operation only.
1E Pick R4, low-speed rewind R3AL N/O. R4 controls low-speed rewind. DP1
status and DP1, takeup R29-1 N/C. prepares takeup motor to run in

motor reverse,

reverse, to lower head and drop tape
in columns.
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LOAD-REWIND OPERATION (LOW-SPEED AREA), MODEL Il (cont'd)

SEQUENCE OF

REMARKS

LOCATION OPERATIONS CONDITIONS
1F R2 and 28 held. R3BL N/O. Picked from unload status.
1E Pick R8, time delay motor. R3AU N/O.
R4AU N/O. ‘
Time delay motor starts. R8AU N/O. '
1K Pick R9, load rewind 2. R3BU N/O. Used with R3 for load operation only.
R9-4 points hold R3.
1L Pick R12, rewind status. R9-5 N/O. Used for rewind operation after the
) load operation.
5G - Manual reverse status to R12-1 N/O. Reverse magnet energized.
logic 76.05.02.

sG Rewind status. R12-5 N/O.

The above operations take place with-
in a fraction of a second after the
LOAD REWIND button is de-
pressed.

When sufficient vacuum is obtained,
the flapper and the bellows switches
transfer, causing the following ac-
tion.

1] Pick RS and R, tape out of Flapper valves and flapper The flapper valves are closed before
left and right columns. switches close. the bellows. The valves help pro-
vide sufficient vacuum to pick the
bellows. '
2B Pick R1, run, HD1, HD2, Bellows, R7AL N/O, and
and HD3, phases 1, 2, and R9-1 N/O.
3.
One-half power applied to RI1BU N/O, R2AL N/O, One-half brake is always apj)lied with
stop clutches. RiBL N/O, R2BU N/O. R1 and R2 picked.
The time delay points open.
1G R27, go status drops. Time delay points.
Manual start drops. R27-1 N/O. The moving pulleys move against the
stop capstans, pinching the tape.
1G Pick DP4, takeup motor R27-2 N/C. -
start.
Start takeup motor. DP4 points. Takeup motor goes in reverse. The

Head-up microswitch opens.

Head more than 14 turn
from upper limit.

upper head assembly moves down,
and tape goes into columns.

When tape goes in the columns, the
flapper valves open, dropping their
associated relays.
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LOAD-REWIND OPERATION (LOW-SPEED AREA), MODEL Il (cont'd)

SEQUENCE OF

LOCATION OPERATIONS CONDITIONS REMARKS
1] Drop RS and R, tape ;N Flapper valves open.
The columns. :
Head-down microswitch Head 1/ turn from its lower
opens. limit.
1F Drop R2 and R28, clutch Head-down microswitch
status 1 and 2. points.
Tape reels under control of R2AL N/Cand R2BUN/C. Tape is adjusted in columns,
" vacuum columns.
1G Drop DP4, takeup motor R28-2 N/O. Stop takeup motor.
start.
4D Tape-break lamp is shunted. R28-3 N/C. Not usable when tape drive is loaded.
1H Pick DP2, capstans motors. R2AU N/C.
Capstans motors start and DP2 points. Capstans extend because of ‘solenoid
extend. action.
Capstans-in microswitches Capstans extending.
open.
Capstans-out microswitches Capstans fully extended.
open.
1K Drop R3, load rewind 1. R28-2 N/O capstans-out
microswitches,
1K. Drop R9, load rewind 2. R3BU N/O.
1E Drop R4, LS rewind status. R3AL N/O. DP1 remains energized through the
right capstans-out N/O switch
. points.
1E Drop R8, time delay motor. R3AU N/O. Time-delay motor has been held ener-
gized during the load operation.
The load operation is completed. The
rewind operation may now be
started.
1G Pick R27, go status. R9-3 N/C.
SF Manual start up. R27-1 N/O. The reverse line has been up since R12

was picked.

Tape moves in the reverse direction
until the load-point photocell senses
the load point. As the tape passes
under the load-point photocell (GF),
the light is reflected by the load-
point to the cell, causing the cell to
conduct more heavily. The cell out-
put is a negative shift that is applied
to an inverter (logic 76.04). The
output of this inverter is combined



1550

LOAD-REWIND OPERATION (LOW-SPEED AREA), MODEL Il (cont'd)

SEQUENCE OF
LOCATION OPERATIONS » CONDITIONS REMARKS

with manual reverse in AND circuit
B23. The output of the AND circuit
is used to flip a 20-ms SST.

The SST output is fed to inverter 7B,
. thereby dropping the lower leg of
AND circuit F27 (logic 76.05.01).
This causes the moving coil to trans-
fer to the stop position, stopping the
tape drive in a reverse-stop status.
At the same time, the right output
of the SST goes up, allowing the
: relay driver at SF (logic 76.04) to
conduct, latch-picking R25, load-
point relay.

10H Latch-pick R25. Photocell. Tape break and load-point relay.

1L Drop R12. R25-3 N/C. End of rewind operation.

1G Drop R27. R12-1 N/O.

SF Drop manual start. R27-1 N/O. Start line is still deconditioned by the
: 20-ms SST.

’

The moving coil has been put in a stop
status by not arriving at load point.
At the end of the 20-ms SST, the

_line goes up again. By that time,
however, the manual-start line has
gone down, keeping the moving coil -
in a stop status. During the 20-ms
period, the status is changed from
reverse stop to forward stop.

At this time, the takeup motor is held
in reverse by DP1. With DP4 (the
takeup motor start relay) de-ener-
gized, thete is still a small current
supplied to the takeup motor
through the head lock capacitors
(logic 76.10.02). This produces suf-
ficient torque to hold the upper head
assembly in the down position.
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E. Another approach to the Low Speed Load-Rewind Mod III
Sequence.

1. The LOAD REWIND button starts two distinct opera-
tions. (1) loading tape and (2) rewinding the tape to Page 1510
load point. The rewinding operation is conditioned by
the depression of the button but willanot begin until the
last sequence of the load operationiis completed.

In this discussion of a load-rewind operation, aésume
the following initial conditions:

a. The power cable is connected to an external con-
trol that is a source of power., The power is off.

b. The tape drive is unloaded (the normal condition
with power off); the capstans are in and the head
cover is up.

c. No reels of tape are on the machine.

2. What follows ia a word sequence of bringing up power
and load-rewinding:

a, Turn on power in unit controlling tape drive. With
power on, ac is supplied to the tape drive for the
48Vdc and filament supplies, and to start the
blower and fan.

b. After a 5-minute warm up period, dc is supplied
to the tape drive. A power-on relay picks to'in-
dicate the presence of these supplies. The drive
may now be operated. ‘

c. Mount full reel of tape on file reel, and thread
tape past idlers and read-write head assembly
over to machine reel. Reel brakes may be re-
leased by pressing switch below file reel. Wind
several turns of tape on machine reel until load
point is well to right of head assembly. Close
reel door, and depress LOAD RE WIND button.

d. Vacuum motor and time-delay motor start turn-
ing, and tape drive goes into a reverse status.

e. At the end of the time delay (about 6 seconds),
the vacuum is at operating strength. The take-up
motor starts turning in a reverse direction, low-
ering the upper head assembly and the tape into
each column.



Magnetic Tape Element

f. The takeup motor is turned off when three condi-
tions are satisfied: (1) the head cover is all the
way down, (2) tape is in the right column, and
(3) tape is in the left column. The drive capstans
start turning and are extended.

g. When the capstan-out microswitches indicate that
both capstans are fully extended, the machine l/las
completed the load operation., The machine then
goes into a start status, and tape is moved in a
reverse direction until the load point is sensed.
When the START button is depressed, the ma-
chine will be in the ready status.

Summary Questions

1. Refer to Fig. 1-1. Depressing the load-rewind push-
button will pick R21. How long is R21 held energized?

2. What relays are interlocked by the ""Power On'' relay

"R11?

3. Refer to Fig, 1-1. In a load-rewind operation, assume
that DP-1 has an open pick coil. What would be evident
to the operator after the load-rewind pushbutton is
depressed?

4. Why is it undesirable to rewind tapes while in WRT
status ?

5. In question #4, what circuit block will prevent a re-
wind operation when the drive is in WRT status?

1570
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H. Unload Operation, Model III
Page 1590
To remove a reel of tape and mount a new reel, the drive
must be in the unload status. Unload status may be tb-
tained by depressing the RESET button and then the UN- Page 3540
LOAD button. (Depressing the RESET button is necessary
only if the NOT READY light is not lit.) During the unload
operation, the capstans are retracted, the upper head
assembly is raised, and tape is pulled from the columns.
At the end of the operation, all motors, except the fan and
blower, are stopped.
Since the tape drive is in the load status, the bellows switch
is closed. The following relays are picked: R1, 7, 17, and
25; HD1, 2, 3, and 4; DP1 and DP2. The file ppotection
circuit is not covered in this discussion. (Tape is at load
point. )
Unload Operation, Model II1
Sequence of
Location Operations Conditions Remarks
2C Depress RESET button, If not ready light is out, Drops R13.
Depress UNLOAD button. Door must be clr
Latch pick R15.
2D Latch-pick R15, unload 1. Unload switch points R13-6 R15-1 points for
N/C. ’ parallel circuii
hold R1, HD1, 2,
and 3,
1F Pick R2 and R28, clutch R15-2 N/O.
status 1 and 2.
1H Drop DP2, capstan motors. R2AU N/C.
1K Pick R10, unload 2. Re- R15-3 N/O.
set NIFA trigger (logic
76.03).
4D Tape-break lamp lights. R10-5 N/C, R28-3 N/O. The tape-break
Load point and EOT lamp is lighter
lamps shunted. when going intc.

and in, an unload
condition.
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MOD T ‘
728 UNLOAD SEQUENCE
PUSH UNLOAD RB
K-18
dwee ori K-2 1 K-10 1 K-26 J_
' NIFA
) UONT
TAKE-UP MOTOR : :
TO FWD. STATUS
e “"' - _o" l ]
1/2 8TOP CURRENT EOT L TAPE
- DE-ENEROIZE YO 8TOP CLUTCHES LIGHY  LIOHT BREAK
X o noTecr CAPSMOTORS LIGHT
ON LIGHT ON OIM
CAPSTANS
RETR
ETRACTING CAPS OUT
SWITCHES
CAPS IN
SWITCHES
oP 4
K87
YAKE-UP MOTOR
STARTS FWD,
} K-26
MOVING COIL ;
YO STARY K28
K20 SWITOH —
. RIOHT
FLAPPEZR 'L"Al::ll
SWITCH SWITCH
K= K=0 ’
@
NEXT PAGE

TAPE SEQUENCES -

Unload
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HC.UP SWITH

g0 Ko kgm0

8 VACUUM 8TOPS TAKE=
OTOR UP MOTOR
_ RIGHT [ ]
FLAPPER s\mcui J:un FLAPPER BWITCH
' K-o K-8
+Txrn. BELLOWS BWITCH
-Luol -Luoa ‘ -l-uos -l-n-l
— J PULL STOP CURRENT
v TO 8TOP CLUTCHES

8TOPS FWD-REV
AND PRESSURE BLOWER
MOTORS.

TAPE SEQUENCES- Unload
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LOCATION
UNLOAD BUTTON 2¢C
R-1SLP UNLOAD | 20
R-2 CL. STATUS | | F
R-28 CL. STATUS 2 | F
DP2 CAPSTAN MOTORS I M
R—10 UNLOAD 2 I K
TAPE BREAK LAMP 30
oPI 1 E
BRAKE - LEFT & RIGHT 76.10.00
CAPSTAN OUT MICRO — SWITCHES 3K
CAPSTAN IN MICRO — SWITCHES 36
R—27 GO STATUS 16
+48 VOLTS TO MANUAL START 4F
R-26 LOAD POINT TRIP TE
R-25LT LOAD POINT I'H
DP4 TAKE UP MOTOR ST. 16
HEAD DOWN MICRO SWITCH 3E
HEAD UP MICRO SWITCH 38
FLAPPER SWITCHES (]
R-5 & R-6 (X
R—16LP UNLOAD STOP ?C
EOT & L.P. LAMPS 20
. HD4 VACUUM MOTOR 2c
BELLOWS SWITCH 28
R-1 RUN ) 28
HDI, HD2,8 HD3 28

o &
z ] [
= = [ =)
2z 9 o w -z
s a = o
- 4 @« [%] a o
[ [ - i @
w w [ o
2 & € 3 g 8
- o
1 & 5 5 a 8 z a
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z 14 [re =4 % ] H E
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£, 0§ B3 : & i £
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A
Z
EENERERMEEREN

]
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xzr—'
.‘I

v

. /[ [ |

NOTE!

xEEEEEN- /2 BRAKE. .
RELAY 17 AND 7 UP AND DOOR INTERLOCK
SWITCH CLOSED THROUGHOUT THIS SEQUENCE.

Unload, Model lll, Sequence Chart
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Unload Operation, Model III (Cont'd)

Sequence of

Location Operations Conditions Remarks
6A, 8A One -half power is applied R1BU N/O, R2AL N/O, One -half power is appl
to stop clutches. R1BL N/O, R2BU N/O. when the tape drive is i
either a load or unlor
operation.
1H Capstans motors stop. DP2 points out. Capstans begin retract
. because of pressure
erted, by a spring, on
the rotor.
Capstans-out microswitches Capstans moving in.
close.
1E Drop DP1 takeup motor Right capstans-out micro-
reverse. switch transfers.
Capstans-in microswitches Capstans fully retracted.
close.
1G Pick R27, go status. Capstans-in microswitches
' closed.
S5F Manual start line up (logic R27-1'N/O. Moving pulleys away fror
76.05.01). stop capstans, in lowe
position since capstans
are retracted.
1E Pick R26, tape break and R25-4 N/O, manual R26 picked as long as
load-point trip. start (logic 76,04) R25 remains picked.
RDX5B-
1H Latch-trip R25, tape break R26-1 N/O. Prepare the tape break
and load point. and load-point relay
for the next load-rew.
operation.
1G Pick DP4, takeup motor Capstans-in microswitches

start. closed.



Magnetic Tape Element
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Unload Operation, Model III (Cont'd)

Sequence of

Location Operations Conditions Remarks
1G Takeup motor starts. DP4 points. Upper head assembly start
moving up, and tape is
pulled from the columns.
Head-down microswitch Head more than 1/4 turn
closed. from its lower limit.
Head-up microswitch Head 1/4 turn from its
closes. upper limit.
Flapper valves close. Tape is pulled from the
Flapper switches close. columns.
1J Pick R5 and R6, tape out Flapper switches closed.
of left and right columns.
2C Latch-pick R16, unload R10-3 N/O, head-up Tape must be removeh
stop. microswitch closed, from both columns and
R6BU N/O, R5BU the head raised to its
N/O. ‘ upper limit,
3D Load point and EOT lamps R16-3 N/C. All lamps are now lit.
2D lit. If any are burned out,
R7 will drop, - prevent-
ing further operation.
1G Drop DP4, takeup motor. R16-2 N/C,
start.
. 2C Drop HD4, vacuum motor. R16-1 N/C.
10A Vacuum motor stops. HD4 points.
Flapper valves and Insufficient vacuum.
switches open .
1J Drop R5 and R6, tape out Flapper switches open.

of left and right columns.

Bellows switch opens.

, Insufficient vacuum.
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Unload Operation, Model III (Cont'd)

raa

Location

Sequence of

2B

Operations Conditions Remarks
Drop R1, HDI, 2, and 3.  Bellows switch opens.

The tape drive is now in
; the unload status. Al)
' motors are stopped ex
cept the fan and blower
motors. The drive re
mains in this status w.
til the LOAD REWIND
button is depressed.

(T/F)

Summary Questions

1,

In an unload operation, control is removed from the
vacuum switches and transferred to the stop clutches
by picking R2 and R28.

Assume tape drive is loaded, selected, at.load point,
and NOT READY. R28-4 N/O points cannot make
contact.” What indication of a malfunction would the
operator see if the Unload pushbutton is depressed?
The tape drive is loaded and not ready. R10-3 N/O
point fails to make. What visual indication occurs

if the unload pushbutton is depressed?

With the tape setting at EOT and loaded, the LOAD
REWIND switch is depressed. The tape drive be-
comes unloaded but does not rewind. Trouble could

be:

a. R4 AU contacts fail to make.

b. R24-4 contacts fail to make.

c. R21-4 contacts fail to make.

d. R3 BU contacts fail to make.

e. Head cover up switch fails to break.

Select the false statement(s):

a. The vacuum safety switch points close when the
vacuum motor stops. }

b. If the NOT READY light is off, the RESET button
must be depressed before the LOAD-RE WIND
button is effective.-



6. Select the false statement(s):

a.

Magnetic Tape Element

The NIFA flip-flop is set by a PER (71) from
central computer.

R29 is picked only when less than } inch tape is
present on the machine reel.

The vacuum motor does not stop until tape is re-
moved from the columns during an UNLOAD

- operation.

The moving coil will be in the "'Start' position
and the ""Reverse'' magnet will be energized
during UNLOAD operation.

The tape drive can become unloaded only if it is
in a NOT READY condition.

Tapes are erased by magnetizing them in such a
way that the lines of flux are in one direction.
Consecutive blank bits on tapes would appear as
zero bits if they were to be read.

High-Speed Rewind, Model III

1630

Page 1650

Time is of prime importance in the handling of large amounts

of tape by the drive.

rewind the tape at high speed.

A high-speed rewind may be started when there is at least

; inch of tape on the machine reel. Refer to figure 1-1,
foldout, for relay circuitry.

When a tape has been written or read
and the bulk of the tape is on the machine reel, it is best to
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Assume the tape to be in the load status; i. e., tape in both
columns, the head down, the drive capstans extended and
turning, and more than } inch of tape on the machine reel.

Since the tape drive is in the load status, the bellows
switch is closed; the following relays are picked: R1, 7,
and 17; HD1, 2, 3, and 4; and DP2 and DP1.

In addition to the above relays, R29 is picked. The high-
speed rewind area lamp beam is blocked by the tape on the
machine reel. Because this beam cannot strike the high-
speed-rewind area photocell, the cell's conduction is light
and its plate is at +15V. This +15V level is applied to RD
6F (logic 76.08), picking R29 to allow the tape drive to
perform a high-speed rewind. When sufficient tape has
been removed from the machine reel, the beam is per-
mitted to strike the photocell, causing heavy conduction.
The plate voltage of the cell drops to approximately a -22V
level that is applied to the RD. The RD is cut off, causing
R29 to drop. Dropping R29 permits a low-speed rewind
operation to begin. ’

The high-speed rewind circuitry is designed for safety.
If the RD filaments open or the lamp burns out, the tape

- cannot perform a high-speed rewind.

High-Speed Rewind, Model III

1640

Location

Sequence of
Operations Conditions

Remarks

4H

4H

1K

Depress LOAD RE WIND R13-3 N/C. NOT READY
button. light must be on.

.Pick R21, rewind pickup. R7BL, read status, relay
driver (logic 76.08).

Pick R3, load rewind 1. R21-1N/O.

Reset button must be:
depressed to turn or
NOT READY light.

R21 has no hold. It
remains picked as
long as the LOAD
RE WIND button is
depressed.

Starts load-rewind -
operation. Used for
load operation only.
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MOD. IIX HIGH SPEED REWIND SEQUENCE
TYPE 728 (NOT FILE PROTECTED)

GIVEN: TAPE DRIVE LOADED, AND IN FORWARD - STOP STATUS
K=1, K-7,DP-2 AND HD-I, 2,+3 ARE PICKED.

MORE THAN 172" Y K-29
TAPE ON MACHINE
REEL.

N
X PUSH LD.- REW. PB, OR PER 7|
XK-21

XK-3

XK-20 XK-2 ’ K=9

X = i'Lm - 0P2 I !rop k-22 K12
i S T g T 3,,
REVERS

BRIGHT

CLOSE CAPS.
OUT SWITCH

OP-|

TAKE~UP MOTOR
TO FWO, 8TATUS

CAPSTANS RETRACTING

¥ CLOSE CAPS,
IN' SWITCH

X0P4 l K=27
8TAR

£ TAKEIUSP

MOTOR FWD.

CLOSE HEAD COVER
*DOWN BWITCH

4

NEXT PAGFE
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TAPE OUT OF ¥ TAPE OUT OF
RIGHT COL. LEFT COL.
CLOSE LEFT
agsE o o
x-6 K-8
' CLOSE HEAD COVER
UP SWITCH
. WOP3 K-23
STARTS H.S.
REW. MOTOR K-24
REMOVES ALL 8TOP CURRENT
FROM RIGHT 8TOP CLUTCH
P4
. REMOVES ALL 8TOP CURRENT
FROM LEFT STOP CLUTCH
:‘# STOPS TAKE-UP
' MOYOR
SENSE 172" TAPE ON
MACHINE REEL
K-29
oP-l K-4
K-8
YAKE-UP MOTOR
TO REVERSE STATUS
oP3 . X STARTS TO. K-23
MOTOR
8TOPS H.8. APPLIES 1/2 8TOP CURRENT
REW, MOTOR * YO RIGHT §TOP CLUTCH
b 1.0. POINTS
¥ TRANSFER
K-27 - =24
MOVING COIL TO
8ToP oP 4
. 1/2 STOP CURRENY
STARTS TAKE-UP YO LEFT 8TOP CLUTCH
' MOTOR
Ja
NEXT PAGE

TAPE SEQUENCES- High Speed Rewind
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RIGHT
FLAPPER 8W.

or‘"‘

uh

: I OPEN H.C. UP 8W

+

LEFY
i FLAPPER 8W.

TAPE MOVING $

K-8 F] 7
_
_|_OPEN H.C. DOWN 8w,
K-o T2 N Bt
RELEASE T.0.
MOTOR
TAPE ore .
fore BREAK
r FULL Live
cars X svop
MOTORS CURRENT
v L
o OPEN CAPS
“’:J"“ : IN BWITCHES
our,a yuen !
L
GAPS OUT 1. opeN caPs
OUT BWITCHES
e e Y
[ 1
‘* “n . L “' ‘
K=Y
REVERSEL-
00 STATUS i

*OENOI LOAD POINT

X x-28
MOVING COIL
T0 8TOP FOR wden K= 10
20 mil se0

Y

REV=-FWO.
MAGMNET TO
rwo,

.1-«-17

MOVING COIL

T0 avopP

i.‘..a

TURNS OFF FILE
PROTECTY LIONT

STOP TAKE-
UP MOTOR

TAPE SEQUENCES- High Speed Rewlind
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E ¢ ¢ 3 3 ¢ 37 2 ¢ g ¢ ¢ 31§
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LOCATION
R-21 REWIND PU oH
R-3 LD. REWIND | ™ .
R-9 LD, REWIND 2 " s | { {1 1 [ I [ [ [
R-12 REWIND STATUS " e r..r..rt..r 1 J t [ [ | '
R-2 cLUTCH STATUS | . s | 1 1 {1 [ | | &
R-28 CLUTCH STATUS 2 IF B —
172 BRAKE LEFT 76.10.01
1/2 BRAKE RIGHT 76.10.00 ---- i
F
[ [ ]
CAPSTAN OUT MICROSWITCH 3K
CAPSTAN IN MICROSWITCH 36 e ——— '
R-27 GO STATUS 16 _--_- o o
DP4 TAKEUP MOTOR ST. 16 "H . F
HEAD DOWN MICROSWITCH 3€ ——  ——
HEAD UP MICROSWITCH | 38 e —_—
FLAPPER SWITCHES " ——
" s [ [ s
-5 8 R-6 1 .
DP3 REWIND MOTOR 28
T
R-23 HIGH SPEED REWIND 28
R-24 HIGH SPEED REWIND INTLK. 16 c
TAPE BREAK LAMP 30 - —— F
DPI TAKEUP MOTOR REVERSE \E - 9 ol ——
f—4 .6 REWIND STATUS - P I N O S )
DELAY TIMER MOTOR \E e
TIME DELAY POINTS 26 . --
448 VOLTS TO MAN. REVERSE 56 e e e e —— e ———
4+48 VOLTS TO MAN. ST. or [ I I I A N v
R-25LP LOAD POINT 10H
R—29 HIGH SPEED REWIND AREA 5K

RELAYS UP THROUGHOUT THIS SEQUENCE:

HD 1,2,3,864;R-17,R-1,8 R-7.

THE BELLOWS SWITCH AND DOOR INTERLOCK
SWITCH ARE CLOSED THROUGHOUT THE SEQUENCE.

High-Speed Load Rewind, Model Iil, Sequence Chart
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High-Speed Rewind, Model III (Cont'd)

Sequence of

Location Operations Conditions Remarks
1K Pick R9, load rewind 2. R3BU N/O. Used with R3 for loar
' operation only. Rt
points hold R3.
1L Pick R12, rewind status. R9-5 N/O. Used for rewind ope.
tion after the load
operation.
1F Pick R2 and R28, clutch R3BL N/O and R4B N/C.
status 1 and 2.
1H Drop DP2, capstan R2AU N/C.
motors.
8A One-half power applied R1BU N/O, R2AL N/O. Tape in columns is no
to the left stop clutch, under control of thr
takeup motor, wait.
to go into the unload
condition,
8A One-half power applied R1BL N/O, R2BYU N/O.
to the right stop clutch. ‘
3D Shunt load point and EOT B28-3 N/O. The tape-break lamp
lamps. Tape-break is lit going into, ar
lamp lights. in, an unload condi
tion.
Capstan motors stop. DP2 points open. Capstans begin retra
ing because of pres-
sure exerted by a
spring, on the roto.
2K Capstans-out micro-. Capstans moving in.
switches close.
3K DP1 dropped. N/O caps out switch. Takeup motor rever
status removed.
3G Capstans-in micro- Capstans fully retracted.

switches close.
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High-Speed Rewind, Model Lt {Cont'd)

Sequence of

cation . Operations Conditions Remarks
1G Pick R27, go status. Capstans-in microswitches .
*  closed R28-4 N/O.
5F Manual-start line up R27-1 N/O. Moﬁng pulleys away from
(logic 76.05.01). stop capstans-in lowest

position since capstans.
are retracted.

1G Pick DP4, takeup motor Capstans-in microswitches

start.

Takeup motor starts.

Head-down microswitch
closes.

Head-up microswitch
closes.

Flapper valves close,
closing flapper switches,

Pick RS and R6, tape out
of left and right.col-
umns.

close, R28-4 N/O.

DP4 points,

Head more than 1/4 turn
from its lower limit.

Head 1/4 turn from its
. upper limit.

Tape is pulled from the
columns.

Flapper switches closed.

Head starts moving up,
and tape is pulled
from the columns.

The tape drive is now
in the unload condi-
tion waiting for the
high-speed rewind to
start., The takeup
motor is stopped at
that time.

The unload condition
differs from the un-
load status in that
none of the motors is
stopped. An unload
condition appears as
the unload status, but
does not remain so at
the end of the high-
speed rewind operation
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High-Speed Rewind, Model III (Cont'd)

Sequence of

Location Operati ons Conditions : Remarks
2B Pick DP3, rewind motor: R5BU N/O, R6 BU N/O, Indicates tape is out
and R23, high-speed re- head-up microswitch both columns and th
wind status. R8BU N/C. head at its upper lir
8A One-half power removed R23-1N/C. No power to the righ.
from right stop clutch. stop clutch.
1G Latch-pick R24, high- R23-2 N/O. R24 forms its own
speed rewind interlock. circuit.
1G Drop DP4. R24-5 N/C.
1G Takeup motor stops. DP4 points.
6A One-half power removed R24-2 N/C. No power to the left
from left stop clutch. stop clutch.
High-speed rewind DP3-A,B Tape starts rewindins
motor starts. at high speed, abo-
500 inches-per-sec:
average.

When sufficient tape
been removed from
machine reel to pe
mit the beam of the
high-speed rewind -
photo-lamp to stri
its photocell, R29 i:
dropped.

Dropping R29 causes
the drive to start a
slow-speed rewinc
The beam of the lan
is adjusted to strik-
the photocell when
is } inch of tape let
on the machine ree’
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High-Speed Rewind, Model IlI(Cont'd)

1690

Location

Sequence of
Operations

Conditions

Remarks

5K

1E

1E

2B

8A

Drop R29, higﬁ-apeed
rewind area.

Pick R4, LS rewind
status, and DP1,
takeup motor reverse.

Pick R8, time-delay
motor.

Drop DP3, rewind
motor, and R23, high-
speed rewind status.

Start time delay motor.

Rewind motor stops.

Apply one-half power to
the right clutch.

High-speed rewind area
lamp beam strikes its
photocell, causing
RD6F (logic 76.08) to
be cut off.

R29-1 N/C.

R4AU N/O.

R8BU N/C.

RBAU N/O.

DP3-A,B

R23-1 N/C.

'

‘One-half inch of tape

left on the machine
reel.

The timer is adjusted
to allow the reels to
coast to a stop before
the drive starts the
load operation.

Power removed from
rewind motor.

One-half power is ap-
plied to the right
clutch to slow the
reels down to a stop.

The one -half power to
the right stop clutch
is adjusted so that
about 1/16 inch of
tape remains on the
machine reel when it
coasts to a stop.
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High-Speed Rewind, Model III (Cont'd)

1700

Sequence of

Location Operations Conditions Remarks
2G Time delay points open. Microswitch operated by Set time has elaps
motor. (adjusted to open
approximately 1
' second after ree’
have stopped).
1H Latch-trip R24, high- Time -delay points.
speed rewind inter-
lock.
6A One-half power to left R24-2 N/C. One-half power neeu
stop clutch. for the load opera**
1G Drop R27, go status. Time -delay points.
5F Manual-start line drops. Pulleys move tow:
stop capstans, ou
the way of the re-
tracted drive caj
stans. Tape is al»
pinned against the
stop capstan for
loading in the colun
1G Pick DP4, takeup motor R24-5N/C, R27-2 N/C. From this point oi

start.

sequence of events
identical with the
speed rewind.
operation ends whe
the load-point is

reached.

L. Summary Questions (Refer to Fig. 1-1)

1. In order for R21, the rewind relay to be picked, the
tape drive must be placed in read status. What relay
points control this and under what conditions ?



(1L)
(3BR)
(1E)
(1K)
(4D)
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Fig. 1-1 (5G) If the output of circuit block K T03J 5F
remains at -30 volts, what would occur if a low speed
rewind operation were initiated? ) ,

In a H.S. load-rewind sequence, the head cover is
ra:sed, tape is removed from the vacuum columns,
the nylon pulleys are in REV-start but no H. S. rewind
takes place. The most likely cause would be:

a. R12 open coil

b. 6DU N/O points did not make contact.
c. R4 is picked.

d. 17-3 remain open.

e. RT7 has open coil.

R16 LT coil is open. What would be the symptoms of
this trouble as observed by an operator ?

Purposes of Relay Points and Switches, Model III

For all relay point locations, refer to figure 1-1.

1.

Relay 1, the run relay, is picked when the bellows
switch closes. It senses failures such as fuse bail
operation, loss of vacuum in either column, photo-
cell lamp failure, or bellows switch operation during
a normal operation:

1AU Completes circuit for +48V to CE switch
and ready, drops ready in case of any
of the failures mentioned above.
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1AL Drops R13 (start) for any of the above
failures.

1BU Applies full brhke to the file reel when
normal. N/O points complete a cir-
cuit to the R2AL points when R1 is
energized.

1BL Same use as R1BU but applied to the
machine reel.

Relay 2, clutch status relay 1, is picked during re-
wind, load, and unload operations. When energized,
it allows a circuit to be completed for half-brake on
both reels. R2 points also control the energization
of the capstan drive motors:

2AU N/C points pick DP2 to allow the cap-
stan motors to run only when R2 is
down.

2AL Places file reel under control of the left
vacuum column switches during normal
operation.

2BU Places machine reel under control of the
right vacuum column switches during
normal operation.

Relay 3, load rewind 1, is picked for load operation:

3AU Picks R8 to start time delay in slow-
speed rewind operation.

3AL Picks R4 (high-speed rewind end 1) and
takeup motor reverse relay DP1.

3BU Picks R9 (load-rewind 2).

3BL Holds R2 and R28 when R15 is latch-
tripped at start of a load operation in
a slow-speed area. It picks R2 and
R28 at the start of a high-speed re-
wind operation.
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Relay 4, low-speed rewind area, is picked during
load-rewind operations when less than 3 inch of tape
is on the machine reel:

4AU Picks R8 (time delay motor) when enter-
ing low-speed rewind area from high-
speed rewind.

4AL Completes a pick circuit for DP4 to start
the takeup motor when R27 is up, at the
beginning of a high-speed rewind operation.

4BU Causes the load point and EOT lamps to
come on at the start of a low-speed re-
wind.

4BL Holds R4 and DP1 when entering low-
speed rewind from high-speed rewind.

Relay 5, flapper switch, is picked when the left flapper-
valve switch is operated:

5AU Drops R1 (run) if tape is not in the left
column during normal operation.

5AL Drops R27 (go status) if tape'is not in
left column during a low-speed rewind
operation.

5BU N/O, interlock on pick of R23 (high-

speed rewind status). Tape must be out
of left column before entering high-speed
rewind. N/C, anti-spill device, 1/2
brake is applied to file reel if tape goes
into the left.column at the end of a high-
speed rewind and ensures proper load
operations if file reel is free-wheeling.

5BL Ensures retention of the capstans until
the flapper valves are conditioned.

Relay 6, flapper switch, is picked when the right
flapper-valve switch is operated:

6AU Drops R1 (run) if tape is not in the right
column during normal operation.
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6AL Drops R27 (go status) if tape is not in
the right column during a low-speed
rewind operation.

6BU N/O, interlock on pick of R23 (high-
speed rewind status). Tape must be out
of right column before entering high-
speed rewind status.

N/C, same as 5BU N/C, except with
reference to the right column.

6BL Same as-5BL points.

7. Relay 7, photo-lamp, is picked through the tape break,
load point, EOT lamps when +48V is up. It drops as
a result of a failure of any of the lamp filaments:

TAL Drops R1, HD1, HD2, and HD3 with a
photo-lamp failure.

7BL Interlocks, prevents picking R21 (rewind
PU) when a photo-lamp has failed.

8. Relay 8, time-delay motor, is picked during rewind
operations to start the time -delay motor;

8AU Completes a circuit from phase 1 through
the timer motor to phase 2.

8BU. Drops R23 when timer starts and prevents
picking R23 (high-speed rewind) while
timer is running.

9. Relay 9, load-rewind 2, is picked when R3is picked:

9-1 Parallels R5AU and R6AU to pick R1,
HD1, HD2, and HD3 during a load-rewind
operation.

9-2 Allows R13 to be picked before bellows
switch operates.

9-3 Completes a circuit to R27 (start) during
rewind operation.



9-4

9-5

9-6

Magnetic Tape Element 1750

Hold circuit for R3 during a load operation.

Picks R12 (rewind status) at the start of
a load operation.

Makes it impossible to write during a
load operation by dropping R22.

10, Relay 10, unload 2, is picked when the tapé drive starts
an unload operation:

10-1

10-2

10-3

10-5

Latch-trips R24 high-speed rewind inter-
lock if the UNLOAD button is depressed
during a high-speed rewind.

Prevents R13 from being held during an
unload operation.

N/O, causes R16 to be latch-picked when
the tape is out of the columns on unload.

N/C, drops R23 high-speed rewind status
if the UNLOAD button is depressed during
a high-speed rewind. '

N/C, drops the parallel resistance circuit
around the R7 coil, causing the photocell
lamps to dim when the drive is unloaded.

11. Relay 12, rewind status, is picked when the LOAD RE-
WIND button is depressed:

12-1

12-2

12-3

12-4

12-5

Supplies a circuit for +48V to the 9-3
points so R27 can be picked, and a
circuit to manual reverse.

Supplies a hold circuit for R12.

~

Furnishes a d-c reset to set the R/W trig-
ger to read status in a rewind operation.

Keeps not file protect down during rewind
operations by dropping R22,

Drops mechn nically ready and bring up
rewind status.



12.

13.

14,

12-6

Magnetic Tape Lilecment

Drops high-speed rewind relays when the
. rewind operation is reset.

Relay 13, start relay, is picked when the START but-
ton is depressed and holds until the RESET button is

depressed:

13-2

13-3

13-4

13-5

13-6

Hold point R13.

Drops relay reset so that the R/W trig-
ger can be operated.

Opens the circuit to the load-rewind
switch when the tape drive is under
external control,

Brings up mechanically-ready line.

Opens the circuit from the unload switch
to the latch pick coil of R15. Cannat
unload without first depressing the
RESET button,

Relay 15, unload I latch pick and latch trip, latch-
picks when the UNLOAD button is depressed; it latch-
trips when R21 is picked for a load-rewind operation:

15-1

15-2

15-3

15-4

Drops the NFP relay during an unload
operation.

Picks and holds R2:and R28 when the
UNLOAD button is depressed.

Picks R10 (unload)2) relay.

Breaks the circuit to R27, dropping R27,
go, if the UNLOAD button is depressed
while in manual-forward or backward-go
operation,

Relay 16, unload stop latch pick and latch trip, latch-
picks to end an unload operation when the head is up
and tape is out of both columns. Latch-trips when the
LOAD RE WIND button is depressed:

16-1

N/C points complete the circuit to HD4
to start vacuum motor.

1760
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Magnetic Tape Element

N/O points supply +48V to the 21-1
points to latch-trip R16 for load rewind.

Drops DP4 to stop the takeup motor at
the end of an unload operation.

Opens the circuit around the load-point
and EQT lamps when drive is in the

: unlo'ad status. |

15. Relay 17, power Sn reset, is picked when d-c voltage
is up in the external suvutr'eet

i7-1

17-2

17-3

17-4

brops R1, HD1, HD2, and HD3 if d-c
voltage drops.

Prevents picking R21, R25, LP, R26,
and R29 until d-c power is up.

Prevents picking of R3 when d-c power

is coming up.

N/O preveﬂts picking R12 when d-c
power is coming up.

N/C holds NIFA reset off until d-c
power comes up.

16. Relay 21, rewind PU, is picked by relay driver
TO03J4B (logic 76.08):

21-1

21-2

21-3

Completes the circuit to pick R3, starting

the load-rewind operation.

Latch-trips R16 to drop the unload status.

Latch-trips R15 to drop the unload status.

17. Relay 22, not file protect 2, is picked when file reel
is not protected. It allows tape drive to go into the

write status:

22-1

N/C turns on the FILE PROTECT ON
light.

N/O brings up NOT FILE PROTECT,

1770
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22-4 Applies -130 voltage to write triggers
and the erase head.

18, Retay 23, high-speed rewind status, is picked when
the tape is out of both columns and the headis up, during
a high-speed rewind operation:

23-1  Opens the circuit for 1/2 brake on the
machine reel during high-speed rewind.

23-2 Picks R24 during the high-speed rewind.

19. Relay 24, high-speed rewind interlock, latch pick,
and latch trip, is latch-picked by R23 and latch-tripped
when unload button is depressed or when the time-delay
points transfer:

24-1 Opens the circuit around the tape-break
lamp during a high-speed rewind.

24-2 Opens the circuit for 1/2 brake on the file
reel during high-speed rewind.

24-8 Opens the circuft to pick DP4 during high-
' speed rewind. '

20. Relay 25, load point relay, latch pick, and latch trip,
is latch-picked when the tape has reached load point
during the rewind operation:

25-1 Disables the manual-reverse line if the
tape is at load point.

25-2 Opens the circuit to pick R3 if tape is at
: load point.

25-3  Drops R12 (rewind status) when load point
is reached during a rewind operation.

25-4 Brings up at load point.

21. Relay 26, load point trip, is picked when start comes
up if the tape is at load point with R25 picked:

26-1 Completés a circuit to latch-trip R25.

/
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23.

24.

25,

26,

21.

28.

Magnetic Tape Element

Relay 27, go status, is picked during any manual
operation: load, rewind, and unload:

27-1 Brings up manual start.
27-2 Picks DP4 during the load operation.

Relay 28, clutch status 2, is picked during rewind,
load, and unload operations:

28-2 Forms a hold circuit for R3 (load-
' rewind 1) at the beginning of a load
operation.

28-3 N/C opens circuit around tape-break
lamp during load and unload operations.

N /O sets up circuit around load point
and EOT lamps during load and unload
operations.

28-4 N/O completes circuit to takeup motor
during load and unload operations.

Relay 29, high-speed rewind area, is picked when
the machine reel contains sufficient tape (3 inch or
more) to block the light to the high-speed-rewind
area photocell:

29-1 Picks low-speed-rewind area relay, R4,
to start low-speed rewind.

DP1.Dtakedsp mator severses sis:picked up duringithe .
load operation. DP1 A and B points switch two phases

to the takeup motor, allowing it to run in reverse.
DP2, capstans motors relay, is picked when tape unit
is in load status. DP2 A and B switches two phases
to the capstans motors, allowing them to operate.
DP3, rewind motor relay, picked during high-speed
rewind. DP3 A and B points switch two phases to the
rewind motor during high-speed rewind.

DP4, takeup motor start, is energized during load
and unload operation. DP4 A and B points switch two
phases to the takeup motor.

1790
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30.

310'

32.

33.

34,
85.
36.

31.

38.

39.

40.

Magnetic Tape Element 1800

HDI1, phase 1 relay, is picked when the bellows switch
closes. Controls phase 1 of the 3-phase 208Vac supply.
Contacts located in systems (logic 76. 10. 02).

HD2, phase 2 relay, is picked same time as HD1, Con-
trols phase 2 of the 3-phase 208Vac supply. Contacts
located in 10C.

HD3, phase 2 relay, is picked same time as HD1. Con-
trols phase 3 of the 3-phase 208Vac supply. Contacts
located in 10A.

'HD4, vacuum motor relay, is energized when R16 is

latch-tripped at start of load operation. Contacts (10B)
complete circuit to the vacuum motor.

NFP, the not file protect 1 relay, is energized by the
sense pin which operates its armature, causing the NFP
AL points to complete the circuit to the relay coil. This
relay is up when a plastic ring is placed in the file reel,
When down, this relay prevents writing on tape:

NFP AL  Provides circuit to energize the NFP
relay coil.

NFP BL Picks R22 not file protect 2.

The fuse bail switch points light the fuse light when the
fuse bail is moved by a fuse plunger.

The door interlock switch points are shown with the
door open. When the door is closed, the points trans-
fer to supply +48V to R1, HD1, HD2, and HD3.

When sufficient vacuum is up, the bellows is contracted,
allowing the bellows switch points to return to the
normally closed position.

The right and left capstan-in switch points are normally
open points of microswitches. When the capstans are
in, they are closed.

The CE switch is a manually operated, single-pole,

" 3-position switch. When the switch is set to:forward

go, R27 is picked. When it is set to backward go,

R27 is picked and manual reverse comes up.

The left and right capstan-out switch points are nor-
mally closed points of microswitches. When the cap-
stans are out, the points are open.

The time delay switch points open at the end of a deter-
mined number of seconds, set on the dial, after the
motor starts. When motor is off, points return to
their normal position. '
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The flapper:switches are mercury switches. When
vacuum is up and tape is out of the columns, the . .

.shown points are closed because the rush of air in

the; columns closed the fldpper. valves, ‘

The UNLOAD switch is a manually cperated pusho
button furnishing a eircuit to latch-pick R15. .
The LOAD-REWIND switch is a manually operated
pushbutton that applies +48V to manual load-rewind

-and AND's with the read status, causing R21 to be

picked.

The head-down switch points are normally closed
points that open when the head is 1/4 of a turn from
its lower limit. '

The RESET switch is a manually operated push-
button which, when depressed, causes R13 to drop.
The START button picks R13 when depressed.

-The head-up switch points are normally open; the
points are closed when the head is 1/4 of a turn

from its upper limit.

Summary Questions

10.

12,
13.

14,

15.

How many tape drives per computer are possible ?
How many bits are written per character in the tape
word?

How long is the end of record gap ?

What is the purpose of unit #18?

. Where.is the +48 volts for the tape drives produced?

When is the unload pushbutton active ?

What is an end of file word ?

What is a record?

On tapes, what system of writing is used?

What is the purpose of the tape adapter unit #13?

If the file protection light is on, what does this' indicate? -
Identify the left and right reels.

List three conditions that can make a tape drive: “Not
Ready."

List three conditions that make a tape drive "Not
Prepared. "

Which of .the following is a normal high speed rewind?

a. Unload and high speed rewind until there were 1/2
inch tape on the machine reel, then load and show
speed rewind to load point and remain loaded,
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17.

18.
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b. Unload, and high speed rewind until there were
4 inch of tape on the machine reel, ‘then load and
slow. speed rewind to load point,  themunload:

¢. Remain loaded and slow speed rewind to load point

d. Unlodd.and high-speed rewind to load point.

e, Unload, high'speed rewind, until there were 4 inch
of tape on the machine reel, then remain unloaded-
and slow speed rewind to load point,’ then load.

Match The followmg switches and lights with their
functions:

(a) Establishes the tape drive address (1) "RESET" button
(b). Makes the tape drive "READY." (2) "NIFA" light

(c) Lights when EOT marker is sensed.  (3) "FILE PROTECT
ON" light

(d) Loads the tape drive at load point. (4) "SELECT" switch

(e) Will cause the tape drive to stop (5) Machine Reel Sens-
if in low speed rewind. ing Light

(f) Will cause the tape drive to change (6) "LOAD AND RE WIND"
from high to low speed rewind. button

(g) Indicates tape can be read but not (7) ""UNLOAD'"" button
written on.

(8) "START" button

Current flow, in one direction, causes the moving coil
to move downward and the nylon pulleys move towards
their respective capstans. Current in the
opposite direction causes the moving coil to' move up-
ward and the pylon pulleys move towards their respec-
tive capstans.

The drive capstan that causes movement of the tape is
determined by the ‘magnets,
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Identify the vacuum switches which control tapes in the
column;

a. 'Tgpe moves forward:

1) Takes tape out of column.
2) Supplies tape to column.

b. Tape moves in reverse:

1) Takes tape out of column,
2) Supplies tape to column.

1830
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V1.. Tape Drive, Model II

A

Differences Between Model II and Model III.

"The basic operation of the Model II 728 Tape Drive Unit

is the same as that of the Model III. The following are
the differences between the two models. -

1., . Electronic Circuits

The electronic circuitry for model II is logically the
same as for model lIl. The model Il relay circuitry
is more complex, using more relays than model III
to perform the same operations.

The model II tape break circuit is entirely different
from the model III. It uses its own relay, R41, and .
end-of -tape photocell.

2. Mechanical Principles

The magnetic clutch mounting is built of fabricated
steel plate. The model II also has an assembly of six
magnetic clutches. The clutches are removed as an
assembly.

The capstans-are spring-extended and solenoid-re- .
tracted; the capstans-in and -out microswitches are
cam-operated by the retracting mechanism. The
capstans are rotated by a motor and pulley arrange-
ment. These are other minor differences which do

. not alter the basic operation.

3. Comparable Relays

Model II

Names Model III " Model II Names

Mode.

.DP2
R13

Capstan motor -DP2 DP2 Rewind motor

Clutch status R2 R40 ﬁewind pickup

9) 3

R2’
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Model II Names Model III Model 11 *Names Mode
R25 - High-speed area R29 R35 and R36 Rewind status R12
R5 and R6 High-speed rewind R4 R1 and R18 Run R1
end 1

R20 Start R13

R12 and R4 High-speed rewind R23 and R24 HD7 Time delay R8
interlock motor
R42 Load point R25 DP1 Takeup motor DP1
reverse

R19 Load point-trip R26

HDS5 and 6 Takeup motor DP4
R2 Load-rewind R3 and R9 start
R34 Manual start R27 R9 Tape out left RS

' column

NFP Not file protect 1 NFP

R10 Tape out right R6
R15 Not file protect 2 R22 column
HDI1, 2, and3 Phases 1, 2, and 3 HD1, 2,and3 R21 Unload start R15
R14 Photo-lamps R7 R11l and R22 Unload status R10
R17 Power-on reset R17 "R26 Unload stop R16

" HD4 Vacuum motor HD4

B. Load-Rewind Operation, Model II

Figure 2-1, foldout, is a relay diagram of the Model II 728
Tape Drive and should be used when following the load rewind
operation of the model II.

Depressmg the LOAD RE WIND pushbutton starts a load-re -

wind operation.
ation,

1.

2.

In this discussion, of the load-rewind oper-
assume the following conditions.

The power cable is connected to an external control that

is a source of power.

The power is off.

The tape drive is in the unload status; the capstané are
retracted and latched; the tape is out of the columns and

the head is up.
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When external power is first turned on, the 48Vdc supply
is energized from phases 1 and 2 of the 3-phase, 208Vac
supply. The blower and fan motors are energized from
phases 2 and 3 (logic 75. 10. 02), and the filament power is
supplied through the filament transformers (logic 75. 10.05)
by the 236V regulated external supply.

The following relays-can pick with the 48Vdc supply because
the tape drive is assumed to be unloaded.

Load-Rewind Operation (Low Speed Area), Model II

Sequence of

Location Operations

Conditions Remarks

J5.09.04.-.05 R21, R26, unload, are

75.009.

}s. 09.

75, 09.
75.009.

75. 10.

75.09,

75.09.

05

01

05

05

01

01

06

latched.

Pick R11, R22, unload.

Pick R14, photo-light.

Pick R8, head not down.

Pick R7, capstans-in.

Full power to both stop
clutches.

Pick R17, power on.

Pick HD3, phase 3.

These relays were
latched the last time
the machine was un-
loaded.

R21-4 N/O.

Circuit through the
load point, EOT, and
tape-break light,

Head-down micro-
switch.

Capstans-in micro-
switch.

R1AU N/C, R4ALN/C, Power to stop clutches
R1BU N/C, R4BL can be interrupted by
N/C. depressing reel re-

lease button. After
a 5-minute warmup,.
d-c supplies are
available from the
external control.

When d-c supplies have
been completely se-
quenced on.

R17-4 N/O.
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Load-Rewind Operation (Low-Speed Area), Model II (Cont'd)

Magnetic Tape Element
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~Sequence of '
Location Operations Conditions Remarks
75.00. 02 Reset R/W status trigger R20-3 N/C. Positive d-c reset.
to read status,
75.08.02 Reset NIFA trigger. R22-4 N/C.
%75.08.02 Manual-start . line up. ‘RTAU N/O, R22-3 The moving pulleys are
N/O, R6BU N/C, transferred away from
R8BL N/O. the stop capstans.
i
Thread tape on machine.
15.09.02 Depress LOAD REWIND
pushbutton.
ks.09.03 Pick R40, rewind RU. 342-3_ N/C, relay R40 has no hold circuit.
driver (logic 75.08),
. manual load-rewind i :
| line and read status.
75.09.04 Pick R2, load-rewind. R40-1 N/O, R14BU Hold R2 through cap-
N/O, R17-3 N/O. stans -out micro-
switch, R2AL N/O,
R22-7 N/C.
75.09. 05 Pick RS, R31, load-rewind, R2BL N/O.
. LT R21, unload.
75.09.05 Drop R11, R22, unload R21-4 N/O.
75.09. 05 LT R26, unload stop. R22-9 N/O.
5. 10 02 Start vacuum motor. HD4 point.
75.09. 01 Shunt load point.and EOT RSAU N/O.
lights. '
75.09. 04 Pick R5, R6, start slow R2AU N/O high- Hold circuit RSAL N/C.
rewind and HD7, time speed rewind
delay, area.
75. 10. 02 Time delay motor. "HD7 point.
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Magnetic Tape Element
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Sequence of

Location Operations Conditions Remarks
75.09, 05 Pick DP1, takeup motor R6BL N/O. Prepare to run take
reverse. motor in reverse.
75.09.01 Pick R35, R36, rewind R31-4 N/O. Held through R35-1
status. N/O until load poin.
is reached.
75.09.02 Drop the manual -start R6BU N/C.
line.
The above operation.
all take place within
N a fraction of a se«
after the LOAD RL
WIND Pushbutton is-
depressed. -

When sufficient vacum
is obtained, the fl
per valve switches
close, causing the
no-vacuum switck
close.

75.09.05 ~Pick R9, R10 tape out Flapper valve micr-
. of columns. switches.
75.09, 04 Pick R1, R18 run. No-vacuum switch.
75.09.06 Pick HD1, phase 1 and R1AL N/O. Reel drive motors #*-+t,
HD2, phase 2.
75.09. 04 Pick R4, clutch. RIBL N/O, R7AL
' N/O, R21-2 N/C
and R2 hold circuit.
75.10.01 One-half power applied to R5BL N/O.
’ right stop clutch,
75.10.01 All power removed from  R4AL N/O,

left brake.
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Load-Rewind Operation (Low-Speed Area), Model II (Cont'd)

Sequence of

acation ~ Operations Conditions Remarks
v.09.06 Pick R13, clutch transfer. R1AL N/O.
' 09. 06 Pick HD8, retract cap-  RIAL N/O.
stans.
09, 06 Energize capstan retract- HD8 points. Remove pressure from
ing solenoid. solenoid latch.
09.06 Energize retracting sole- RI1AL N/O. Capstans are prepared
noid latch. to extend when the
retracting solenoid
is released.
78,09,02 Manua'i-sfart line is RO9BL N/O, R10BL Manual start is not
brought up. N/O, R31-6 N/O, used at this time.
R8BL N/O. .
The time-delay point
closes.
7%,09.06 Pick HD5 and HD6, takeup Time delay point.
motor start.
"%,10.02 Start takeup motor. HD$ and HD6 points.
19.10.01 One-half power applied to R4AL N/O, R12AL With one-half power on

left stop clutch.

N/C, RTBL N/O
time delay point,
R7AU N/O.

both stop clutches, the
takeup motor spills
tape into the columns.

When tape gets into
either column (assume
the left column), its
-flapper valve opens,
dropping R9. The
manual-start line
goes down (logic
75.09,02), pushing
the left moving pulley
up against its stop
capstan, pinching the
tape. The tape then
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Load-Rewind Operation (Low-Speed A_rea). Model II (Cont'd)

Sequence of
Location Operations Conditions Remarks
goes into the other col
dropping R10. If tape
not pinched by dropping
the left column would *
all the tape spilled fro
both reels,
75.09,05 Drop R8, head cover not RSBU, R10BU, head~ Head cover is down, an
down. down microswitch tape is in both columns
opens. ’
75.09. 05 HDS5 and HD6 takeup mo- R 8BU N/O. Stop the takeup no tor.
tor start.
75.09. 06 Drop R13, clutch trans- RB8AU N/O. Vacuum columns now ¢«
fer. trol reel clutches. (log
75.10.01).
75.09.06  Drop HDS, retract cap- R8AU N/O.
stans.
75.09. 06 Pick DP2, capstan motor. R8AU N/C.
75.12.02 Start capstan motor. DP2 points, Capstans start turning.
75.09.06 Drop capstan retracting HD8 points. Capstans start to exten
solenoid.
75.08.05- Drop R7, capstans-in. Capstans -in micro-
switch.
75.09.05  Drop DP1, reverse field. R7AU N/O.
75.09.04  Drop R4, clutch. R7AL N/O.
75.10.01 Complete circuits to R4 points.
‘both stop clutches. N
75.09.04 Drop R2, rewind. Both catpstans are fully

Capstan\s -out micro-
switches.

extended.
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Load-Rewind Operation (Low-Speed Area), Model II (Cont'd)

Sequence of -
cation Operations Conditions Remarks
I

5.09.05 Drop R3, R31, rewind. R2BL N/O.

.09.04 . Drop R5, R6 start slow R2AU N/O.
rewind and HD7, time
delay.

.';. 10.02 Stop time delay motor, HD7 point. Time delay arm returns to
start position.

'6.09..06 Drop retracting solenoid R6AL N/O.

latch.
5.09.01  Pick R33, r.verse. R31-2 N/C.
09.02 Manual reverse comes R33-2 N/O. Energize the reverse mag-
up. net. De-energize the for-
ward magnet.
5.09.01 Pick R34, start. R33-1 N/O.
09..02 Manual start comes up. R34-1 N‘/O. Energize moving coil in the

start direction.

Tape moves in the reverse
direction until the load
point is sensed by the
load-point photocell. The
photocell output is a nega-
tive shift and is applied to
an inverter (logic 75. 04).
The output of this inverter
is again inverted and pulls
over a 20-ms SST. The
positive output of the SST
is fed to an inverter,
thereby dropping the lower
leg of AND circuit F27
(logic 75.05.01. This puts
the moving coil in the stop
position, stopping the tape
in a reverse-stop status.
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Load-Rewind Operation (Low-Speed Area), Model II (Cont'd)

Location

Sequence of
Operations Conditions

Remarks

75.09,01

75.09,01
75.09.01

75.09.02

Drop R35, R36 rewind R42-1 N/C.

status.
Drop R33, reverse R35-2 N/O.
Drop R34, start. R33-1 N,O.

Drop manual-start line. R34-1 N/O.

At the same time, the
right output of the SST
goes up, allowing the
relay driver at 5F (log
75. 04) to conduct, latch
picking R42, load point
(logic 75.09.03).

The moving coil has alre:

been put in a stop posi-
by not arriving at load
point. At the end of the
20-ms SST, this line g
up again. By that time,
however, MANUAL STA
has gone down, keepin,
moving coil in a stop pos
tion. During the 20-ms

period, the status is che

from reverse stop to for
ward stop.

Unload Operation, Model II

To remove a reel of tape and mount a new reel, the drive
must be in the unload status, Unload status may be ob-
tained by depressing the RESET pushbutton and then the
UNLOAD pushbutton. (Depressing the RESET pushbutton
is necessary only if the NOT READY light is not lit.)
During the unload operation, the capstans are retracted,
the head is raised, and tape is pulled from the columns.
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At the end of the operation, all motors, except the fan and
blower, are stopped. The following sequence takes place.
Refer to figure 2-1, foldout, for relay diagram.

Because the tape drive is in the load status, the no-vacuum
switch is closed and the following relays are picked: Rl,
R14, R17, and R18; HD1, 2, 3, and 4; DP2. The file pro-
tection circuit is not discussed here.

D. High-Speed Rewind, Model II

Time is of prime importance in the handling of large amounts
of tape by the drive. When a tape has been written or read
and the bulk of the tape is on the machine reel, it is best to
rewind the tape at high speed. A high-speed rewind may be
started when there is at least 3 inch of tape on the machine
reel. :

Assume the tape to be in the load status, tape in both col-
umns, the head down, the drive capstans extended and turn-
ing, and more than % inch of tape on the machine reel. Since
the tape drive is in the load status, the no-vacuum switch is
closed and the following relays are picked: R1l, R14, R17,
and R18; HD.1, 2, 3, and 4; DP2.

In addition to the above relays, R25, high-speed area, is
picked. This relay functions in the same manner as R29 in
model III.

Unload Operation, Model II

Sequence of

ation Operations Conditions Remarks
15.09.04 Depress UNLOAD push- R20-1 N/C. Door must be closed. R20
button. Latch-pick R21, is dropped by the RESET
unload. pushbutton,

» The R21-1 points open the
circuit to R20, start, so
that machine cannot be
placed in a ready status
when unloaded, R26-2
points are opened to HD5
and HD6 to prevent arcing.
R26 is picked as long as
the UNLOAD button is held
depressed.
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Unload Operation, Modellll (Cont'd)

Sequence of

Conditions Remarks

ncation Operations
©9.09.05 Pick R11 and R22 un- R21-4 N/O
load.
0,09,04 Form hold circuit for R11AL N/O.
R1 and R18.
.9.09.02  Reset NIFA trigger. R22-4 N/O.
09.01 Remove shunt from.tape- R22-1 N/C.
break light.
09.06 Pick HD8, retract cap- R41-3 N/C, R6AU N/C,
stans, R22-8 N/O, RBAU
N/C, R1AL N/O,
.09.06 Capstans retracting sole- HD8 point. Capstans retract and latch.
noid.
12.09.04 Pick R4, clutch. R1BL N/O, R7AL N/O, One-half power to both
R21-2 N/O. stop clutches (logic
75. 10. 01) (to left stop
through R7BL N/O, R6BL
N/C, RTAU N/OQ).
43.09.05  Pick HD5 and HDS.. R7AU N/O. Takeup motor starts HD5
Takeup motor start, and HD#6 points.
12.09.05 Pick R8, head not down. Head-down microswitch, Whgn head is 1/4 turn
' from lower limit.
¥5.09.02 -~ Manual start up, R8BL N/O, R6BL N/C, Moving pulleys move down
R22-3 N/O, R7TAU N/O. out of way.
5.09..06 Pick R13,. R8SAU N/O. Condition control of reels
. from vacuum columns to
! reel release switch.
09.03 Pick R19, drop load At load point and start If tape was rewound to load

point.

to AND circuit G20 to- point and R42 was picked.
condition RD5B (logic
75.04).
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Unload Operation, Model 1I (Cont'd)

“Sequence of

Location’ Operations Conditions Remarks
75,09.03 LT R42, load point. R19-1 N/O.
75.09.03 Drop R19, drop load R42-2 N/O drop at load
point. point. i

75.09,06 Drop HD8, retract cap- R8AU N/C. Stop the capstan motor.
stans and DP2, capstan
motor. :

75.09.05 Pick R9 and R10, tape Flapper valve micro- .Tape out of both columns

out of columns. switches.

75.09.05 Latch-pick R26, unload R11AU N/O, head-up Indicates tape is out of

’ stop. microswitch, R10AU both columns, and heac
N/O, R9AU N/O, all the way up.
R5BL N/C, R6BL N/C,
R7AU N/O.

75.09.05  Drop HDS5 and HDé takeup R26-2 N/C. Takeup motor stops.

motor start.

75.089. 06 Drop HD4, vacuumi mb- R26-1 N/C. ' Va€dum motor turned of’

tor.

75.09.04 -Drop R1, R18, run. No-vacuuii 8witch; Vdcium motor has stopr
75.09.06 Drop HD1, HD2 phasg 1, RI1AL N/O: Btep forward and reverse
phase 2. -#iotors.

75,09, 04 Drop R4, clutch, R1BL N/O: Full power applied to both
stop clutches through t
reel release switch.

75.09. 06 R1AL N/O: The machine remains ir

Drop R13, clutch trans=
fer. :

unload status until the
LOAD RE WIND Button
is depressed.
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High-Speed- Rewind, Model II

2000

~ Sequence of
Location Operations Conditions Remarks
75.09.02 Depress LOAD REWIND R42-3 N/C, relay driver Depress liESET pushbut
pushbutton and pick R40, (logic 75.08), manual- if NOT READY light is
rewind PU, load-rewind line, and not on.
read status.
75.09.04 Pick R2, load-rewind, R40-1 N/O. Hold circuit R2AL N/O,
R5AL N/C.
75.09.05 Pick R3, R31, load-re- R2BL N/O.
wind.
75.09,04 Hold R1 and R18, run. R3AL N/ O.
75.09.01 Turn on tape -break light. R3AU N/C. Dim the EOT and load-pc
photolights.
75.09.086 Pick HDB. retract cap- R3BL N/O, R2BU HDB8 points cause retract
-stans, N/O, R6AU N/C, of the capstans by the
R7AU N/C. retracting solenoid.
756.09.01 Pick R35, R36; rewind. R31-4 N/O. Hold 35-1.
status,
75.09. 03 Rewind status up. R36-1 N/O.
75.09.05 Pick R7, capstans-in. Capstans-in micro- Capstans fully retracted.
switch.
75.09.03 Rewind interlock up. R7BU N/O, R36-1 Condition tape -break ph¢
~.N/O. cell circuit (logic 75.0
to pick tape break rela
75.09. 04 Pick R4, clutch. R1BL N/O, R7AL One-half power to stop
‘ N/O, R2 hold circuit. clutches,
75.09.05 Pick HD5 and HD6 take- R26-2 N/C, R5AL Start the takeup motor te
up motor start. N/C, R6BL N/C, raise the head and puli
R7AU N/O. tape from the columns,
75.09. 06 Drop HDS. T~ R7AU N/C. The capstans remain re

tracted because of the
mechanical latch.
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High-Speed Rewind, Model II (Cont'd)

4

Lacation

Sequence of
Operations

Conditions

Remarks

’5. 09.05

¢5.09.06

’5.09.06

’s.os.oz

)
75.09.05
)

.5.09.05

75.09.05

5.10.01

)5. 10.02

75.09.03

15.09.04

Pick R8, head r;ot down.

Pick R13.

Drop DP2, capstan
motor.

Manual start up.

Pick R9, E.0, tape out
of columns.

Pick R12, high-speed,
DP3 rewind motor.

Stop takeup motor.

Remove power from
both stop clutches.

Start the rewind motor.

Drop R25, HS area.

Pick R5. R6, start slow
rewiod, 2nd HD7, time

delzy

Head-down microswitch. Head 1/4 turn from its

RSAU N/O.

R8AU N/C.

‘R8BL N/O, R6BU

N/C, R31-6 N/O.

Flapper valve micro-
switches.

R11AU N/C, head-up
microswitch, R10AU
N/O, RSAU N/O,
R5BL N/C, R6BL
N/C, R7AU N/O.

R12BU N/C.

R12AL, BL.

DP3 A, B.

High-speed area beam
strikes its photocell
to drop RD 8B (logic
75.08).

R25-1 N/C.

lower limit.

Stop the capstan motor,

The drive is now in a for-
ward-start status. The
moving pulleys are away
from the stop capstans.

Tape out of both columns.

Tape out of both columns
and head all the way up.

No power on any of the six
clutches.

Rewind tape at high speed
until $ inch of tape is
left on machine reel.

.

Start time delay motor.
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High-Speed Rewind, Model II (Cont'd)

Sequence of

Location Operations Conditions Remarks

75, 09.05 Drop R12, high-speed. R5BL N/C. Turn off rewind motor.
and DP3, rewind motor.

75.10,01 One -half power to right R12BL N/C. Start slowing down. No
stop clutch. brake on left stop clutc.

75.09.05 Pick DP1, takeub motor R6BL N/O. Prepare to lower head.
reverse,

75.09. 06 Pick HDS8, retract cap- R6AU N/O, R6AL Prepare to extend capsta
stans, Pick retracting N/O.
solenoid latch.

75.08.05 HD5 and HD6 takeup mo- Time delay point. By this time, tape has bt

tor.

braked to a stop.

From this point on, the
sequence of events is
identical with a slow-
speed rewind; the opers
tion ends when the load
point is reached.

E. Purpose of Importaat Relays, Model II

For all relay point locations, refer to figure 2-1, foldout.

1'

R1, run, is always picked, except when the drive is
in the unload status. When dropped, it indicates a
failure in one of the machine interlocks: a blown
fuse, tape break, dc-power failure, insufficient

vacuum, or a burned-out photo light:

1AU, 1BU When down, they allow full brake

to both stop clutches.

1BL These points control phases 1 and

2 a-c power, and DP2, when the

tape drive is loaded.
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1AL In case of an interlock failure, they
drop R4 if it was up, so the 1AU and
1BU points can brake both reels,

R2, load, rewind, is picked when the LOAD REWIND
button is depressed. If this occurs in an unload status
or in the high-speed area, R2 holds until both capstans
are extended. If the LOAD RE WIND button is depressed
when the tape drive is loaded and in the slow-speed area,
R2 is picked until the button is released:

2AU They pick R5, R6, and HD7 for a
slow-speed rewind.

2AL These are the hold points for R2.

2BU These points form the pick circuit for

HDS8 in a load-rewind operation.

2BL They pick R3 and R31. They trip
R21 and R26 if latched.

R3, load rewind, is the same as R2:

3AUN/O These points shunt the load point
and EOT lights during high-speed
rewind. This makes the tape break
light brighter and prevents the end-
of -tape mark from causing a false
tape-break indication.

3AUN/C These points shunt the tape-break
light when the drive is loaded.

3AL These points allow the run relays
. to hold during load-rewind when
tape is not in the columns. It also
prevents dropping the run relays if
the tape break light burns out during
a high-speed rewind.

3BL These points form the pick circuit
for HD8 in a load-rewind operation.
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R4, clutch, is picked when the capstans are retracted.
It is used to apply } brake totthe stop clutches for load-
ing and unloading:

4AL, BL They apply } power to the stop
- clutches.

R5 and R6, slow-speed rewind, are pi;:ked for a slow-
speed rewind, depending upon the amount of tape on the
machine reel:

S5AU At the start of a load-rewind, from a
loaded status, R5AU points determine
whether to raise the head.

SAL These points hold R5, R6, and HD7.

5BL These points drop R12 and DP3 when
the high-speed area relay, R25, drops.

6AU N/C These points allow the capstans to be
‘ retracted when starting a high-speed
rewind or unload operation.

6AU N/O These points energize HD8 in prepa-
ration for letting capstans out during
the load-rewind from an unload status,
or during the loading portion of a high-
speed rewind.

6AL These points energize the solenoid
magnet latch in preparation for ex-
tending the capstans.

6BU These points allow a manual start
when unloaded.

6BL N/C These points allow the head to be
raised during a high-speed rewind
and an unload operation.

6BL N/O These points reverse the takeup motor
field. '
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6. R7, capstans in: is picked when the capstans are fully

retracted:

TAU N/C

TAU N/O.

TAL

1BU

7BL

These points allow HD8 to retract the
capstans, starting a high-speed re-
wind operation. When the capstans
are retracted, this point opens the
circuit to HDS.:

These points prevent a manual start
while unloading until the capstans are

retracted. They also prevent running

the takeup motor until the capstans
are retracted.

These points ensure that } brake can-
not be placed on the reels until the
capstans are in.

These points condition the tape break
circuit to pick R41. '

If the tape should go into either col-
umn when coasting to a stop following
a high-speed rewind, R7BL allows the
takeup motor to start without waiting
for the time delay point to close. It
also applies 3 brake to the left stop
clutch. )

7. RS, head not down, picks R8 when the head 18 1/4 turn
from its lower limit. It is held until the head is down
and the tape is in both columns:

8AU N/C

8AUN/O

8BU

These poifits run the éapatan motor.

These poitits allow the capstans to ex-
tend during load-rewind by dropping
HD8.

When lowering tape into the eplumns
during load-rewind, 8BU stops the
takeup motor when the holding cir-
cuit for R8 is opened.,

2050



Magnetic Tape Element 2060

8BL

These points allow R34-1 to have com-
plete control of the manual-start line
when drive is in the load status.:

. 8. RS9, 10 (tape out of columns), R9 is controlled by the

left column flapper switch; R10, by the right. When

vacuum is up, these relays are picked only when tape
is out of their correspongding columns:

9, 10AU

9, 10AL

These points ensure that tape is out
of both columns before:

a. Stopping the vacuum motor when
unloading (LP R26).

b. Starting the rewind motor for
high-speed rewind (DP3, R12).

They drop the run relays if tape should
break during any operation where tape
is being moved by the drive capstans.

9, 10BU N/C These points prevent braking the

9, 10BU N/O

9, 10BL,

left reel while slowing down from a
high-speed rewind.

These points hold R8 until tape gets
in both columns.

These points drop the manual-start

line when tape gets into either col-
umn. This occurs during load:re-
wind when tape is being lowered to
ensure that tape will get into both
columns.

9. Rl1l, unload, is picked when R21, unload, is latch-

picked.

11AU

When the head is up and tape is out

of both columns, one of two possible
conditions exists: (a) unload is com-
pleted, (b) it is ready to start the
high-speed motor. If R11 is picked,
the UNLOAD button has been depressed,
so example (a) applies.
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11AL While unloading, keep the run relays
up until the operation is completed.

11BL Retract the capstans when an unload
operation has been started.

R12, high-speed rewind motor, is picked at the start
of the high-speed rewind when all conditions are met
to start moving tape at high speed. R12 and DP3 drop
when the high-speed area relay, R25, drops:

12AL, BL Remove ; power to both stop clutches.

12BU Turn off the takeup motor (starting at
high-speed rewind from a loaded con-
dition) when tape is out of the columns.

R14, photo-light, is always picked when 48V power is
on machine. When dropped, it indicates a burned-out
photo-light:

14AL These points drop the run relays if
any photo-light burns out while low-
speed rewinding, or if the load point
or end-of-tape light burns out while
reading or writing.

14BL These points prevent starting a load-

/ rewind operation if: (a) unloaded and
any photocell is burned out and (b)
"loaded and the load point or EOT
photolight is burned out.

R15, not file protect 2, is picked when the not-file-pro-
tect ring is mounted on the file reel, and the tape is in
the load status and not searching for load point. This
relay allows the drive to write on tape:

15AL These points bring -130V to the IG
and IER (logic 75. 07) for a write
operation.

15BL N/O These points bring up not-file-protect
"to condition the write circuit.

15BL N/C These points turn on the FILE PRO-
TECT ON light.
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R17, power on reset, is picked when all the d-c supplies
are up in the external control and the 48V supply is up in

the tape drive:

17-1

17-3

17-4

R18, run, is

18-1

18-2

18-3, 4

-
)

These points drop the run relays in
case of dc-power failure.

These points supply a power-on reset
to the NIFA trigger in case power is
brought up on a loaded machine.

Phase 3 is picked separately to allow
the vacuum motor to run.

the same as R1l:

Prevents picking start relay (R20)
from external control when door
interlock is open.

In case of an interlock failure during
low-speed rewind, these points stop
tape by dropping the reverse and
manual-start relays.

These points ensure that the inter-
lock conditions are satisfied before
allowing the ready line to be raised
and the READY light to be turned on.

R19, load-point reset, is picked whenever the load-point
relay, R42, is picked and start is brought up. It is

dropped when the

load-point relay is dropped. At load

point is combined with start in AND circuit G20 (logic
75. 04) to pick R19:

19-1

These points latch-trip the load-point

relay.

R20, start, is picked by depressing the START button
if the door is closed and the machine is not unloaded.
It holds until the door is opened or until the RESET
button is depressed:

20-1 N/C

These points prevent unloading or
load-rewinding a tape drive that is
in the ready status, without first de-
pressing the RESET button.
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20-1 N/O These points are the hold for R20,

20-2 These points condition machine
ready.
20-3 When closed, these points provide

a constant reset to the read-write
status trigger.

20-4 These points condition the NOT
.READY light.

16. R21, unload pickup, is latch-picked when the UNLOAD
button is depressed, if the door is closed and the start
relay R20 is not up.

R21 is latch-tripped when a load-rewind operation is
started:

21-1 These points prevent the start relay
R20 from being picked.

21-2 N/C These points allow R4 to be picked
© " while load-rewinding.

21-2 N/O. These points pick R4 during the un-:
load operation.

2-3 These points prevent continuous ener-
gization of R21LT during load-rewind
operation.

'21-4 These points pick unload relays R11.
and R22,

17. R22, unload, is the same as R11:

22-1 These points test all three photo-lights,
in series with R14, when the drive is
in the unload status. )

22-2 These points give file protection during
an unload operation by deconditioning
the write circuit.
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22-3 These points put the moving coil in a
' start position for ease of handling tape.

22-4 N/C  These points drop R33 and R34 to stop
tape if the UNLOAD button is depressed
during a slow-speed rewind operation.

22-4 N/O - These points reset the NIFA in the
unload status.

22-6 These points latch-trip the tape break
relay when unloading after a tape
break.

22-7 These points drop R2 if the UNLOAD
button is depressed during a load
operation,

22-8 If the condition existed where the cap-
stans were extended in the unload sta-
tus, the capstans would be retracted.
This set of points also causes the cap-
stan motor to run while retracting.

22-9 These points prevent latch-trip of R26
until R21 has been latch-tripped. It is
an interlock to prevent latch-picking
R21.

22-10 These points are part'of the interlock
circuit mentioned above.

R25, high-speed area, is picked when there is more
than 4 inch of tape on the machine reel. When picked,

it causes the drive to load tape for a high-speed rewind.
R26, unload stop, latch-picks at the completion of the
unload operation when the head is up and tape is out of
both eolumns. R26 latch-trips when a load rewind oper-
ation is started:-

26-1 These points stop the vacuum motor
(HD4).
26-2 These points stop the tékeup motor-

HD5 and HD6 when unload operation
is completed.
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These points prevent continuous ener-
gization of R26LT during load-rewind
operation,

R30, reset, is picked as long as the RESET button is

depressed:

30-1

30-2

30-4

These points drop the start relay R20.
This takes the machine out of ready
status.

These points pick R5, R6, HD7 if the
RESET button is depressed during a
high-speed rewind. This stimulates
dropping of the high-speed area relay
R25.

These points drop the rewind status
relays R35 and R36. If the RESET
button is depressed a short time dur-
ing a high-speed rewind, the rewind
status relays pick again by R31-4 when
the RESET button is released.

R31, load rewind, is the same as R2:

31-2

31-3

31-4

31-6

These points prevent getting a reverse
start during the load rewind until both
capstans are extended.

These points are used for additional
tape file protection when the rewind
operation is started.

These points pick the rewind status
relays, R35 and R36.

During the load-rewind operation,
these points control manual start
until the capstans are extended.

R33, manual reverse, is picked during the load-rewind
operation when R31 drops. This occurs when both cap-
stans are extended. It holds until the load point is reached.
The customer engineer's external reverse switch or the
reverse switch on the tape tester can also be used to pick
R33 when the tape drive is not in rewind status:
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33-1 These points pick manual start R34.

33-2 These points bring up manual reverse
to energize the reverse magnet.

R34, manual start, is picked with R33-1. The custom-
er engineer's manual forward switch or the forward
switch on the tape tester can also be used to pick R34
when the tape drive is not in rewind status:

34-1 These points bring up manual start
to energize the moving coil to move
tape.

R35, R36, rewind status, pick when the LOAD REWIND
button is depressed (31-4). They hold until load point
is reached:

35-1 These points are the hold for R35,
R36.

35-2 N/C These points allow the external for-
’ ward-reverse switch to control R33,
R34.

35-2 N/O These points allow a manual reverse
at a time determined by R31-2,

35-3 During the rewind operation, the write
and erase heads cannot conduct because
the not file protect 2, R15, is dropped
by these points.

35-4 These points allow the machine to stop
when the capstans are extended, if .
the tape break light has burned out
during a high-speed rewind.

36-1 N/C These points prevent the machine from
being ready when rewinding.

36-1 N/O These points bring up rewind status and
allow R7 BU to control rewind interlock.

36-3 These points ensure that the read-write
status trigger is reset off during rewind-
ing operation.
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36-4 These points prévent the NOT READY
light from being on when rewinding.

25. R40, rewind pickup, is picked: (a) by the LOAD RE -
WIND button if the tape is not at load point, the ma--
chine is in read status, the start relay R20 is down,
and the door is closed, (b) by start rewind from the
external control if the tape is not at load point and the
tape drive is selected and ready. R40 holds until: (a)
the LOAD REWIND button is released, (b) select and
ready goes down:

40-1 These points pick R2 to start a load-
rewind operation if the photolights are
good.

40-3 These points open HD5 and HD6 cir-

cuit to prevent arcing as DP2 is
transferred when the LOAD RE WIND
‘button is depressed.

26. R41, tape break, latch-picks if tape breaks during a
high-speed rewind operation. R41 latch-trips when the
UNLOAD button is depressed following a tape break:

41-1 These point\s drop the run relays in
case of a tape break.

41-2 These points prevent energizing R41LT
continuously when in the unload status.

41-3 These points prevent continuous ener-
- gization of HD8 in case tape breaks
when slowing down after a high-speed
rewind.

27. R42, load point, is latch-picked when the load point
passes under the load point photocell. It is:latch-
tripped when leaving load point or going into an unload

operation:
42-1 Drop the rewind status relays when
load point is reached.
42-2 These points: (a) pick R19 when start

goes up, (b) allow select and at load
point to go plus if tape drive is selected.
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42-3 These points prevent starting a re-
wind operation if the tape is at load
point.

42-4 Brings up NFP line faster.

F. Tape Break Circuit, Model II

If tape breaks during a high-speed rewind operation, light
is reflected into the end-of-tape photocell (logic 75. 03),
causing a negative shift. This output, inverted, is used to
flip a 20-ms SST. The right divider output is fed to two
AND circuits, one of which is conditioned. AND circuit
E32 is conditioned, during a high-speed rewind, by the re-
wind interlock status. It allows the 20-ms pulse to get to
the RDX 7B to latch-pick R41.

R41 causes R1 and R18 to drop. R1 drops HD1 and HD2
and also R4. R4 causes full brake to be applied to both
reels. With R41 latch-picked, no otherwperation may
take place. R4l is latch-tripped only when going into an
unload operation. - ‘

G. Anti-Spill Device, Model II

RI9BU and R10BU form the anti-spill device in model II.
This device prevents tape from falling into the vacuum
columns during the period after the reels are stopped and
before the tape is loaded, at the end of a high-speed re-
wind. If tape should get into one of the columns, the
associated points cause the load operation to begin.

VII. Tape Drive Tester (TDT)
A, Introduction
1. Purpose of Equipment

The TDT is designed to provide all the necessary con-
trol signals arnd supply voltages to allow complete off-
line testing of the tape drive unit. Thus the TDT faci-
litates the testings of a new tape drive unit or the per-
forming of lengthy maintenance away from the tape

drive area. In addition, the tester is used to perform
maintenance checks whicn cannot be executed from the
test door. The mechanical and eliectrical functions of
the tape drive unit may be  checked using the TDT.
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B, Description and Electrical Characteristics

1. Description
Page 2160
The commercial tape drive tester is manufactured for
IBM by an outside vendor. The TDT is designed to
test mechanical and electrical functions of the tape
drive units. It may also supply power to the tape drive
unit,

The tester is 48 inches high, 24 inches wide, 18 inches
deep, and is mounted on casters. The tester consists
of one pluggable unit, an attached 12-foot signal cable
terminated by a summary punch connector, a manual
control plug, a power supply, a switch panel, and other
associated circuitry. The tester is supplied with a 12-
foot power cable.

a. Pluggable Unit

The pluggable unit in the TDT is located in the
upper section of the TDT unit. The pluggable
unit contains the control logic to generate the
necessary output signals to test the tape drive
unit. Two conditions must be established in

the control logic. First, the nature of the oper-
ation to be performed by the TDT, and second,
the ready conditions from the tape drive indicating
that the tape drive is prepared to accept this
operation.’ ' '

b. Control Panel

The control panel serves as the command center
for the TDT; that is, the control of the TDT is
established and directed through the setting of
switches on the control panel. Information and
control levels entering or leaving the TDT are
routed through the control panel. Thus the op-
erator is provided with a means of control. Hubs
are available on thewontrol panel to observe, with
an oscilloscope, the information and control levels.
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Signal Cable

The signal cable (I/O) extending from the right
hand side of the shelf mounted chassis is shown.
The signal cable is terminated in a summary
punch connector. This summary punch connector

-is inserted into the summary punch receptacle of

the tape drive unit to be tested.
Power Supply

The TDT has a self contained power supply located
in the lower section of the TDT unit. The power

supply receives power through a four-prong, three-

phase line cord plug.

A 12-foot power cable which extends from the left
side of the power supply may be used to power the
tape drive unit being tested.

Manual Control Plug

The manual control plug is the black four-prong
plug which extends out of the signal cable, several
inches away from the summary punch connector.
This plug is used to connect the MAN -F WD fMAN -
BKWD switch to the tape drive. The four-prong

.plug is placed into the black receptacle above the

summary punch receptacle on the tape drive unit.

‘S

The TDT requires 3-phase ac at 208 volts +10 percent.
The power requirements of the tester are given below,
The TDT supplies power at the following voltages:

"+270, +140, -270, -130, and -60.

Power Requirements

Condition ‘Power

Supplying only TDT

25 watts (average)

Supplying TDT and tape drive 1, 175 watts (average)
Supplying TDT and tape drive 1, 425 watts

during high-speed rewind

2180
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C. Theory of Operation

1.

Data Processing Machine Logic

The tape drive tester uses commercial data process-
ing machine (DPM) logic. This section will be devoted
to explaining the basic DPM circuits as found in the tape
drive tester.

a.

General Information

The term ''tube'' may refer to one or both sections
of a dual tube, but the term is not used unless the
reference is clear in the text. The terms "left
tube'" and '"'right tube' refer to the placement of the
components on the schematic. They are not to be
confused with the terms '"front'" and ""back" that are
used to denote the physical placement of the tube
socket on the pluggable unit.

Pluggable Unit
1) General
The TDT has only one pluggable unit. The

layout and general appearance of the type of
pluggable unit used in the TDT is shown in

figure . Figure A shows a complete
pluggable unit with some of the parts labeled.
Figure B shows some of the construction

details of a pluggable unit, indicates the front
and top of a pluggable unit, and shows how
terminals and tube sockets are numbered.
Note that the front of the pluggable unit faces
the observer in both parts of figure

2) Terminal Strips or Islands

Mounted within the pluggable unit are eight
terminal strips called islands. The islands
are labeled A through H. Islands A through

D appear beneath tubes 1 through 4 in the
figure, and islands E through H appear beneath
tubes (or sockets) 5 through 8. The terminals
on the islands are numbered as shown in detail.
Terminals 1 through 19 are on the front end of
an island, and terminals 20 through 38 are on
the back edge. "

Page 2200
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(B)

Figure 3-23, DPM Pluggable Unjs



c.

3)

Logic Blocks
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Cornector Terminals

At the bottom of figure B can be seen the
arrangement of terminals on a pluggable unit
connector, The terminals are divided into
eight groups with eight terminals per group,-
Each group is identified by a letter and the
terminals in the group are numbered. The
letters run from A through H under tube
sockets 1 through 8 respectively. Terminals
1 through 4 of a group are located near the
front of the connector, and terminals 5 through
8 are located near the back.

Logic blocks fall into two major classifications:

tube circuits and diode circuits, Figure

shows typical representations of both types. The
lower section locates the pluggable unit but for

this discussion of the tape drive tester this informa-
tion is not necessary. Any special notation that may
apply to a specific basic circuit is explained under
the analysis of the specific basic circuit.

1)

2)

. Diode Circuit Block

Examples of logic blocks for diode type cir-
cuits are given in figure , parts A and B.
Three symbols will be found in the upper part
of this type of logic block. The first two sym-
bols designate an island and a terminal in a
pluggable unit., Connected to this island ter-
minal will be one or moze diodes and a resistor
to form a junction of the circuit. The third
symbol at the top of a diode-type logic block
indicates the class of diodes used in the circuit,
Logic blocks for a diode type circuit also indi-
cate, in units of thousands of ohms, the value
of the resistor used in the circuit.

Tube Circuit Block
Examples of logic blocks for tube type circuits

are given in figure , parts C and D. The
first symbol in the upper section of such a logic

Page 2200
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block indicates the position in the pluggable
unit of the tube which is used for the circuit.
The second symbol indicates whether the

front (F), back (B), or whole tube (=) is used
in the circuit. When more than one tube is
used in the circuit represented by a block,

an additional symbol will be used to designate
the position of the second tube. For example,
the 3K block shown in figure has the sym-
bol 6F above the upper left hand corner of the
logic block. This symbol indicates that the
front half of tube 6 is used, and the symbols
in the regular position just below the 6F indi-
cate that both halves of tube 7 are used. The
upper right hand corner of the block shows a
panel pin number for an output test point. The
same information is indicated by the G4 on the
output line. The G means that the pin is directly
beneath the seventh tube in the pluggable unit.

2. Basic Circuit Analysis

a.

AND Circuit

Figure shows the logic block and the schematic
diagram for the AND circuit. The circuit requires
all inputs to be positive levels (+10 volts) to have a
positive output level (+10 volts), otherwise the out-
put level will be at -30 volts. The action of an AND
circuit may be summarized as follows: the output
voltage of an AND circuit approximately equals the
most negative input voltage. That is, if there is
any negative input level, the output level will be -30

volts. +140V
>
.26 _F]
R:E Terminal 26 A R—»
S Onlsland G -
o— “ ° Logic |
Out Block

N

AND Circuit
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Trigger (Flip-Flop) Circuit Page 2250

The trigger orflip-flop circuit is a bistable multi-
vibrator which remains in either of two stable
states until an applied signal forces it to assume
the other state. The bistable property of a trigger
makes it useful as a storage device.

1)

2)

Input-Output Convention for Trigger

In the AN/FSQ-7 and AN /FSQ-8 logic desig-
nation system, the conventions established
for a flip-flop allow one to know what output
will appear, and where it will appear, when

a signal is placed at a specific input. In DPM
logic the conventions differ slightly; both posi-
tive and negative pulses are used as inputs in
DPM logic. '

In order to determine what output will be pres-
ent when an input is known, observe the follow-
ing conventions. An input on the left side of the
logic block will go to the grid of the left tube
and converaely for the right input. Also, an
output shown on the left side of the logic block
comes from the left tube and conversely for

the right output.

As an example of using the stated convention,
assume that a negative pulse is placed on the

left input of the trigger logic. This means that
the grid of the left tube will be cut off. The left
plate voltage will rise; thus, the positive going
output level should be observed at the left output.’

On and Off Convention for Triggers

Because switch terminology on the TDT and
the state of the trigger in the TDT are related,
it will be necessary to explain the on and off
convention. A trigger is said to be on when
its left tube is conducting. Therefore, the
left side is called the ''on-side', and the right

side is the "off-side'. In the "on' state, the

left grid is up, the right plate is up, the right
grid is down, and the left plate is down.
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Trigger Circuit Operation

Basically, a trigger circuit resembles two
inverter circuits in which each plate output
is coupled to the opposite grid. In one stable
state, the left tube is in full conduction (the
current is about 9. 5 ma) while the right tube
is cut off. In the other state, the right tube
is in full conduction while the left tube is cut
off. To change from one state to another,

an external signal must be applied.

For example, assume that the right tube is
conducting (trigger off). The right plate is
down; that is, its voltage is considerably less
than +140 volts, while the left plate is up (near

'+140 volts). One method of flipping this cir-

cuit is to apply a negative pulse to the right
grid. Because the right tube is conducting,
grid current keeps the grid at about zero volts,
The negative pulse causes the right tube to cut
off; consequently, the right plate voltage rises.
This rise in voltage is then coupled through
the plate-to-grid voltage divider (cross-coupling
circuit) to the left grid, pulling this grid volt-
age up toward ground potential. The left tube
then begins to conduct and its plate voltage
goes down. This shift at the plate of the left
tube is coupled back to the right grid and rein-
forces the initial action. The cross-coupling
circuits speed the regenerative action and the
circuit stabilizes with the right side cut off
and the left side in full conduction. The input
pulse can now be removed without reflipping
the trigger because conduction on the left side.
holds the right side cut off.

Input Circuits for the Trigger

Unlike the AN/FSQ-7 and AN/FSQ-8 logic des-
ignation system, the DPM trigger has many
types of input configurations. This discussion
will cover the input configuration for the type
B tripper used in the TDT,
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Complementary Input - The two diodes and a
capacitor in the dotted square A of figure
represent a complementary input to the trigger.
A complementary input feeds both grids of a
trigger, thus allowing the trigger to be flipped
regardless of its previous state (unless it is
being held by another circuit). The capacitor
indicates that:the input has to be a pulse, not
a d-c level. Actually the capacitor is an inte-
gral part of the circuit feeding the trigger, but
it is placed as shown to indicate that the input
is pulsed. In addition, the orientation of the
diodes indicate that the pulse input is a nega-
tive going pulse. An incoming negative pulse
applied to the cathodes of the diodes causes
the grids of the trigger to swing between zero
and -12 volts. It is obvious that a positive-
going pulse would never allow the diodes to
conduct and the pulse to get through.

AND Circuit Input - The two diodes shown in
the dotted square B of figure represent a
one -legged AND circuit. Diode A and resistor
‘R constitute the AND circuit. Diode B indicates
that only a positive level will cause the diode to
conduct., This is true because the grid swings
between zero and -12 volts. Diode C clamps
the positive level to ground potential.

Assume that the input is -30 volts and.that the
grid is non-conductive (-12 volts). The base of
the limiting resistor is at -30 volts and diode C
is cut off. As the input rises to +10 volts, the
base of the resistor trises to zero and is held
at that point by the ground clamp diode C. Diode
B starts to conduct at -12 volts and continues
to conduct, forcing the grid in a positive direc-
tion, The tube conducts; the trigger flips and
is held in this status by the holding action of
the input circuit. When the input drops to -30
volts, the grid stays at zero volts (conducting),
diode B cuts off as soon as the input passes
zero volts on the fall. Only the holding action
has been removed and the trigger does not flip
back until pulsed by a different input.



C.

Magnetic Tape Element

In summary, the AND circuit input to the
trigger will accomplish the following: When
the AND is up (+10 volts), the right grid will
approach zero volts, turning the trigger off.
The trigger will be held off as long as the
AND is up, due to the holding action of the
AND circuit. The trigger may be turned on
any time after the AND goes down (-30 volts).
This is because the AND no longer has holding
action on the trigger.

Manual Off-On Switch Input - The manual off-
on switches shown in figure are physically
located on the control panel of the TDT. They
are respectively the STOP and START push-
buttons. Depressing the STOP pushbutton
places the right grid of the trigger at ground
potential. The right tube will conduct, pulling
the right plate voltage down. By definition,
when the plate of the right tube is down, the
trigger is turned off.

5) Trigger Outputs

The outputs for the trigger are shown in fig-
ure . There is an output on the top left
side of the logic block. This corresponds to
the tapped plate (T) output in the left tube plate
circuit of the trigger schematic. This output
voltage will swing between +94 volts and +132
volts. The output shown on the right side of
the logic block represents the divider output
in the plate circuit of the right tube. This
voltage will swing between +10 and -30 volts,

' Diode Gate

The diode gate (DG) is another circuit used in the
TDT. The logic block, circuit schematic, and
some voltage waveforms for the diode gate are
shown in figure . The logic block in the figure
shows two diode inputs, but the schematic shows

a diode gate circuit with only one diode input.
Another way in which the diode gate type of circuit
can be varied is to omit the capacitor. The two
types of diode gates which are used in the TDT are
a diode gate with a capacitor and two diode inputs

2280

Page 2290



2290

ntsnsroff: INPUT Diode Gate RESISTOR INPUT
§.
’ " ot et et —t Al *
DIODE
3 ISUUF INPUT: Do [——]f—=outpur
DIODE INPUTO ¢ — -
% WHERE CAPACITOR IS NOT SHOWN
. WITH BLOCK SYMBOL IT IS NOT
‘ . IN THE CIRCUIT .
- (A) CIRCUIT . (8) LOGIC BLOCK

FPTe FYTTY
HHHTHH

TR L ovoLTS J 0.VOLTS ptht
? 10v/SD 1ow/SD 3
| USEC/SD 1 USEC/SD i

\RESISTOR INPUT DIODE INPUT

F

0 VOLTS O VOLTS HebbtHiribh—i

P —
4
H+

N 10 V/SD 10v/S0
| USEC/SD | USEC/SD

JUNCTION POINT OUTPUT

(C) WAVEFORMS

e

150
INPUT
47K
NOThis ciRcuIT wiLL cLamp | w
HIS CIRCUIT WILL CLAM ‘ = _Sv -
A MAXIMUM OF 10 TRIGGERS [ 3.0K 60V 30V
Kc —» w
- LOGIC ]
/ BLOCK léegc‘l;'(

-130v
- GAF P

Cathode Follower Clamp

Grounded Grid Amplifier



Magnetic Tape Element 2300

and a diode gate without the capacitor and only
one diode input. Since the diode gate without the
capacitor is connected to a single-shot circuit
which has a capacitor in the input circuit, this
difference in the diode gate circuits can be ig-
nored.

The diode gate circuit performs an AND function.
While an AND circuit will have only voltage levels
or only pulses as inputs, a gate circuit will have
both level and pulse inputs. The voltage level is
applied to the resistor input of the diode gate and
the pulses arrive at the diode inputs. Since the
junction in the diode gate circuit can only be posi-
tive when all of the inputs are positive, the circuit
does perform an AND function.

The need for having all inputs positive to cause
the junction point to be positive is easily seen.

If one of the diode inputs is at a negative potential,
the junction cannot become positive, because the
diode conducts and keeps the junction at a negative
potential. If the diode inputs are positive and the
resistor input is negative, the diodes will be back
biased. With the diodes back biased and a capaci-
tor in the output circuit, there can be no steady
current flow through the resistor, and there will
be no potential difference across the resistor.
Since there will be no potential difference across
the resistor,in such a case, the junction will be
negative like the resistor input.

The waveforms in figure illustrates the rise
and fall times which are possible in the diode gate.
The resistor input is shown as going positive for
about four usec which is long enough to let one
pulse through the circuit. The rise and fall times
of the pulses at the diode inputs are about a third
of a usec or less. The pulse at the junction, how-
ever, has a rise time of over one usec. This
relatively poor rise time is not important for the
uses of the diode gate in the TDT. A negative volt-
age step complements.a trigger circuit or causes
a single-shot to produce a pulse, and the voltage
at the junction of the diode gate will closely follow
the voltage fall at the end of an input pulse.
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The output waveform shown in figure can be
misleading if the type of load is not considered.
The waveform shows the voltage at the grid of a
trigger circuit which is connected to the output
of a diode gate. Before the trigger is comple-
mented, the input to the trigger is clamped at
ground potential. After the negative shift at the
junction of the diode gate and the grid of the trig-
ger, the grid is clamped at -12 volts. The char-
acteristic of the trigger circuit as a load depends
on the particular state in which the trigger circuit
happens to be.

Cathode Follower

The cathode follower (K) is primarily a power
amplifier and is used to supply a stable voltage
level for driving resistive loads such as diode
AND and OR circuits or capacitive loads such as
wiring capacitance. Their high input impedance
and low output impedance make them useful for
impedance matching and isolation. They do not
invert the signal voltage, but they do attenuate it.

Two types of loading must be considered for a full

understanding of the cathode follower; resistive and
capacitive.

First, assume a resistive load with +10 volts ap-
plied to the input. The tube conducts, tending to
regulate itself and not to allow an appreciable volt-
age difference between the grid and the cathode. If
the current increases, the tube tends to cut itself
off as the cathode tends to become more positive.
This cutoff action tends to decrease the current.

_ Conversely, if the current should tend to decrease,

the cathode potential would tend to move in a nega-
tive direction, thus increasing the current flow.

Current through the cathode resistor causes a volt-
age drop across the 91-ohm resistor. With the
input at +10 volts, this drop should nearly equal
the grid-to-cathode rise, so that output voltage is
also +10 volts. If the input signal should drop,

say, to -30 volts, then the output voltage would
also drop. Characteristics of the tube are such
that a change in current through the tube, which

2310
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accompanies the change in voltage across the load,
increases the grid potential to about 3 volts. With
this bias, the current causes a drop across the 91-
ohm bias resistor from 1 volt to 0. 5 volt. This
means that the voltage developed across the bias
resistor can no longer compensate for the grid-to-
cathode drop, and the output will now be more posi-
tive than the input. The voltage rise in a cathode
follower is about 0..1 volt-per-volt change in signal
level with the minimum cathode load in the circuit.
As the cathode resistor is increased, the value of
the lower level can be expected to increase also,
approximately 1 volt per 3K increase in the cathode
resistor. The gain of a cathode follower is about
0.9,

If the loading becomes capacitive, the situation
changes somewhat. Assume that a capacitor is
connected from the output to ground and that the
grid now shifts from +10 to -30 volts. Since the
voltage across the capacitor cannot change sud-
denly, the cathode is held at +10 volts while the
grid shifts to -30 volts, cutting the tube off for a
time. The output voltage will drop at a rate deter-
mined by the RC constants of the load resistance
and capacitance. After the voltage has dropped
enough, the tube will again start to conduct, and
the current flow through the tube will slow the
voltage change, and eventually stabilize the out-
put voltage and maintain it at an even level. When
the input again shifts to +10 volts, the capacitor
will again be charged by the current through the
tube. Usually the input capacitance from succeed-
ing stages is such that the RC time constants en-
countered are comparable to the rise and fall times
of the input. Therefore, the extremes of cutoff and
very heavy conduction to charge the capacitor are

" not encountered, and the output will follow the
input signal.

Power Cathode Follower

Page
The power cathode follower (2KP) is a twin triode;
the two sections of which are operated in parallel.
The 2KP is used to power the write pulses prior to
entering the tape drive.

2290
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Cathode Follower Clamp

The cathode follower clamp (KC) is used to pro-
duce the regulated -12 volts used for clamping
trigger grids, and at athér points where a -12 volt
clamp is desired. The divider at the grid input
holds the grid at -15 volts. With this grid voltage,
the tube draws 3. 2 ma and the drop across the
cathode resistor is 48 volts. The output voltage
is -12 volts.

Grounded Grid Amplifier
Page 2290
The grounded grid amplifier (GAF') is used mainly
as a level setter. It also possesses desirable
pulse-shaping qualities.

The grid of the right tube is held at approximately

-3 volts by the voltage divider network between -60

volts and ground. With no signal on the left tube,

the right tube plate current is approximately 10. 5

ma. The cathode is at -2. 6 volts and the plate at {
+45 volts. This results in a divider output of -38

volts.

As the input signal rises, the left tube will start

to conduct with approximately - -10 volts on its grid.

More current will be drawn through the cathode re-
sistors as a result, and the cathode goes more posi-

tive. The cathode going more positive causes the _ ___
divider output to rise to +10 volts,

The tube characteristics are such that when the
input signal reaches approximately +3 volts, the"
right tube is cut off and any further rise of the
input causes no further rise in the output. This
discontinuance of output rise is the reason for the
speed-up in the rise and fall times of the output.
Single-Shot Circuit

Page 2350
The single -shot circuit (SS) is a mono-stable
multivibrator; that is, the circuit has one stable
state. When pulsed or trlggered the single-shot
changes to its quasi-stable state and returns to its
stable condition after a predetermined length of
time. These circuits are used to generate gating

levels or pulses of specified duration and to pro-
vide delays.



Magnetic Tape Element 2340

1) . Circuit Description

2)

The initial status of the single-shot circuit is
with the right tube conducting and the left tube
cut-off. This will be the normal state of the
circuit because the left grid is clamped by
diode G to a negative voltage and the right grid
is connected to a positive voltage (the junction
of the 100K-82K voltage dividerrcircuit). Con-
sider a -40-volt shift supplied to the negative
input. Because the voltage across the capaci-
tor C cannot change instantaneously, a sharp
40-volt drop will occur at the right grid. The
tube will be cut-off, the right plate voltage will
rise. Since the left grid is coupled to the right
plate, the left grid voltage will also rise and
the left tube will come out of cut-off. Because
the grid of the right tube is coupled to the plate
of the kft tube, conduction in the left tube will
further the action of .pulling the right grid down.
This essentially is the action taken in the cir-
cuit to change it to the quasi-stable state (i.e.,
left tube conducting, right tube cut-off).

Up to now the right tube has been kept out of
conduction by the action of capacitor C holding
the grid voltage below cut-off. The RC timing
network determines how long it will take capa-
citor C to discharge through resistor R, thus
allowing the right tube to come out of: cut-off.
When the right tube goes into conduction, its
plate voltage goes down, therefore, the left
grid voltage goes down. At this point the left
tube will be cut-off and the circuit is back to
its normal stable condition.

Inputs and Outputs

The logic block in figure shows several
inputs and outputs. The operation of the cir-
cuit has been described for the negative input,
because the single -shot circuit is so used in
the TDT. The negative input is located at the
lower right of the schematic. Negative volt-
age steps of 15 volts to 20 volts in magnitude

at this input will cause the single-shot to gen-

erate a pulse. The positive input circuit shown
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at the lower left of the schematic is not a part
of the single-shot circuit used in the TDT. The
positive output is taken from a divider network
connected to the plate of the right tube. The
output is a positive going pulse from -32 volts
to +8 volts. The waveform is shown at the bot-
tom left corner of figure

Multivibrator Circuit Page 23 76

The name multivibrator as used herein refers to

a free-running multivibrator (MV), as compared
to a bistable (trigger) or quasi-stable (single-shot)
multivibrator. Essentially, free-running means
once the circuit is activated the output will vary
from one state to another without the need of an
input to change the output. In the TDT, the MV is
a source of timing pulses to control reading and
writing operations.

1) Circuit Description

Because the TDT allows reading and writing
at different frequencies, the timing circuit

or MV will be more complex than the basic
free-running MV. Figure shows a basic
free-running MV to be used for the initial cir-
cuit description.

Notice in figure that the plate output of
each tube is coupled back to the grid input of
the other tube. Since a 180 degree phase

shift occurs in one tube, two tubes will pro-
duce a 360 degree shift when coupled as des-
cribed. Thus any change in the output of the
first tube will be amplified through the circuit
causing a greater change in the same direction
in the first tube. To illustrate the operation
of a MV, consider tube A non-conducting and
tube B conducting. Assume that a transient
input to the grid of tube A brings that tube out
of cut-off; its plate voltage will fall. Since the
voltage across a capacitor cannot change in-
stantaneously, the voltage on the grid of tube B
will have to fall. This will cut-off tube B, its
plate voltage will rise and further aid the action
of pulling up the grid voltage of tube A. It now
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can be seen how a change is amplified in phase
through the circuit back to the source of the
change.

Tube B will be held out of conduction until
capacitor Cb discharges through the plate

load resistor R,, thus allowing tube B to

come out of cut-off, At this time the plate
voltage of tube B falls, capacitor C, couples
this voltage drop back to the grid of tube A and
causes tube A to become non-conducting. This
completes one cycle of operation for a basic
free-running MV. The cycle will start over
again as soon as capacitor C, has had sufficient
time to discharge through Ry and thus allow
tube A to start conducting again. The timing
of the MV is a fungtion essentially of two RC
networks (R,Cp and R C,). Any changes to
the RC parameters will vary the width of the
pulse output accordingly.

TDT Multivibrator

Page 2370

The seeming complexity of the circuit is due

to the incorporation of components to allow

the MV to vary its frequency of operation, and
also to allow the MV to be switched as a timing
circuit for either reading or writing. Figure
reveals three distinct sections: the basic free-

* running MV, the timing and switching circuitry,

and the plate divider output. As indicated, all
switch terminals are part of the WRITE-READ
switch and the letter by each terminal identifies
the terminal on this switch.

Inputs and Outputs

The free-running MV requires no external sig-
nal input; it'operates unaided, once started by
transitory conditions. The output is taken from
a plate divider network. The voltage will swing
from approximately -30 volts to +10 volts at a
frequency determined by the timing network.
When the MV is in the write status, the output
pulse can be varied from 20'to 100 usec, when
in the read status it can be varied from 10 to
150 ms. '
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D. TDT Block Diagram Analysis

The block diagram shows how the TDT logic operates. The
actual TDT consists of one pluggable unit and several switches
that route and control the operation of the TDT. The addition
of the built-in power supply constitutes the entire TDT.

1.

Response Select Switch and Hubs

The RESPONSE SELECT switch and related observa-
tion hubs receive all incoming information and control
signals from the tape drive being tested. The function
of the switch is to allow selection of a specific incoming
information or control line to be observed with an oscil-
loscope at the proper hub (i.e., T.U. response hub,
READ BUS hub, etc.). Only the AUTO CYCLE position
of the RESPONSE SELECT switch has any command
funct: .n or ability to control TDT operation. In the
AUTG CYCLE position, the end-of-tape mark on a tape
will be sensed automatically and the TDT will initiate a
rewind to the load point and continue to cycle over and
over.

Write-Read Switch

The WRITE-READ switch places the TDT in either read

. or write status. In addition, the WRITE-READ switch

places a variable control voltage on the timing circuitry
to allow variable read or write frequencies,

Timing Circuitry

The timing circuitry is essentially a free-running multi-
vibrator. Under control of the WRITE-READ switch,
the multivibrator generates the necessary timing pulses
to operate the read-write and write pulse circuitry. By
means of two variable resistance networks, the multi-
vibrator can change its frequency of operation to accom-
modate various rates of either reading or writing.

Read- Write Circuitry

The read-write circuitry generates three control levels
necessary for a TDT to operate a tape drive., The three
control levels are: go, backward, and reset-write-trig-
gers. These control levels are derived from the go
backward trigger, which is the key element of the read-

Page 2400
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’
INPUTS TO THE TDT FROM THE TAPE DRIVE
INPUTS FUNCTION

Read bus (seven lines)
Write Echo bus (seven lines)
Select and TI ON (NIFA)
Select and I1 OFF (IFA)

Select and at Load Point

Select and Rewind
Select, Ready, and Write

Select, Ready, and Read

The read bus consists of seven d-c lines over which the seven bits are transmitted '
in parallel to the TDT.

These seven lines send the image of the information that is written on the tape
back to the TDT where it is used for checking purposes.

This output indicates that the selected tape drive has its tape indicator turned
on (i.e., tape drive is not in file area). '

This output indicates that the selecied tape drive has its tape indicator turned
off (i.e., tape drive is in file area).

This line indicates that the selected tape drive is at load point.

This line indicates it has been selected and is rewinding. Reading or writing can-
not be performed if this line is up.

This line indicates that the unit has been selected and is ready to begin writing.
It is a response to the set-write line coming from the TDT.

This line indicates that the tape drive has been selected and is ready to begin
reading. The term “ready” here means that a tape is loaded into the machine
and that the machine is not in rewind status. This is a response to the set-read
line coming from the TDT.
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OUTPUTS FROM THE TDT TO THE TAPE DRIVE

OUTPUTS

FUNCTION

Select lines (ten lines)

Werite bus (seven lin_es)
Set Read -

Set Write

Set TI (NIFA)
Reset TI (NIFA)
Write Pulse

Reset Write Triggers

Backward

Start Rewind
Go

The select lines determine which tape drive is to be selected.

The seven d-c lines that Comprise the write bus transmit the seven bits to be
written in parallel to the tape drive.

This line indicates the desire to read from the tape unit, It is preceded by the
proper select line indication.

This line indicates thg desire to write in the selected tape unit.

This line turns the tape indicator on in the selécted tape drive.

* This line tuns the tape indicator. off in the selected tape drive.

This line generates gated pulss’ to switch the write triggers.

This line generates a pulse that is used to set all the write triggers to the same sta-
tus prior to writing. -

This line controls the status of the forward-reverse magnet in the selected tape
drive.

This line initiates rewind.

This line controls the status of the movihg coil.
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write circuitry. The go- and backward-control levels
are a direct output of the go backward trigger, and the
reset-write-trigger-control level is initiated by the go
backward trigger. When the TDT is in read status,
the backward-control level allows the tape drive to

"move in reverse under TDT control. If the TDT is in

write status, the reset-write-trigger-control level
resets (clears) the tape drive write triggers, and the
go-control level allows the tape drive to move forward
under TDT control.

Write Pulse Circuitry

In the TDT, the output from the write pulse circuitry
controls the timing of writing for the tape-drive being
tested. The write pulse output is derived from a
single -shot that is conditioned by three levels: select-
read-write, go, and timing.

Switching Circuitry

The block labeled switching circuitry in figure

contains the remaining switches of the TDT that have
not yet been discussed elsewhere. None of these
switches has any control on the TDT logic; they merely
allow certain control levels to be passed from the TDT
to the tape drive being tested.

Analysis of TDT Logic

The TDT logic can best be analyzed by examining it in each
of its three modes of operation (i. e., reading, writing, and
auto cycle). In each mode of operation the following items
will be discussed:

1.

2.

The information and control levels supplied to the TDT
from the tape drive being tested.

The information and control levels that the TDT sup-
plies to the tape drive being tested.

In addition, how this TDT output is generated by the
TDT logic. '
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Reading Mode

a.

Inputs to TDT

All inputs to the TDT entering to the RESPONSE -~
SELECT switch, regardless of the mode of opera-
tion for the TDT are shown in figure . To
condition the TDT logic for reading, the select-
ready-read level must be up (+10 volts) and the
select-and-TI-on level must be down (-30 volts).

. To observe any of the tracks of information being

read from the tape drive being tested, all 7 tracks
have read lines entering the RESPONSE-SELECT
switch. Selection of any one of the 7 read lines
may be made at the RESPONSE-SELECT switch,
and observation of that track may be accomplished
at the READ BUS hub by using an oscilloscope..

TDT Outputs

The following control levels or pulses are sup-
plied to the tape drive being tested, when the TDT
is in the read mode: select (1 line), backward,
and set-to-read-status.

Analysis of TDT Logic In Read Mode

The TDT has two methods of operation in the read
mode. One method allows continuous reading un-
til the TDT is &stopped manually or until the tape
drive reaches the end-of-tape mark. The second
means of reading is the start-stop method. The
TDT starts to read until stopped automatically by
the TDT logic. Reading is initiated automatically
again, stopped again, etc. This cycle is repeated
over and over continually.

1) Start-Stop Method of Reading

In figure the WRITE-READ switch would Page 3560
be in READ status (shown in WRITE status). Fig. 1-3
In order to read in the start-stop method, the

START -STOP switch located above the multi-

vibrator MV logic block must be ON. This

supplies +140 volts to the plate of the right

tube of the MV. Under the above conditions,
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the MV is now under control of the variable
resistance network labeled START -STOP
FREQUENCY. The variablé resistance net-
work would be adjusted to give a series of
continuous running pulses somewhere in
width from 10-150 ms.

The output at the MV is passed through a -
cathode follower K and becomes one input
of the two-input diode gate DG, The other
leg of the DG is the set-read-status-control
level (+12 volts) ccming from the WRITE- *
READ switch. The gate level for the DG is
the select-ready-read level (+12 volts)
originating in the tape drive and passed
through the RESPONSE-SELECT switch.

The MV pulses are gated through the DG and
used to alternately turn the go-backward
trigger TB on and off. This is accomplished
through the complementary input to the TB
(double diode input). The turning off and on
of the TB will result in a +10 -30 volt output
being fed to the cathode follower K. The
output from K (+10 -30 volts) is directed
through the MOTION CONTROL switch to
the backward and go lines.

As was noted previously, the set-read-sta-
tus -control level is obtained from the WRITE -
READ switch. This level will place the tape
drive being tested to read status. The
ADDRESS SELECT switch selects the specific
tape drive to be tested by furnishing a +12-
volt level to its selection circuitry. At this
point the tape drive has been selected and
readied to read. When the go-backward
trigger is turned on, +10 volts on the go line
will start the tape drive in motion, thus
causing it to read. When the go-backward
trigger is turned off, -30 volts on the go

line stops the tape drive. The above descrip-
tion indicates how the TDT operates in the
start-stop method of reading.
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2) Continuous Method of Reading

The TDT will operate the tape drive being
tested in a continuous reading manner if the
WRITE -READ switch is set to READ status,
the START -STOP switch is off, the START
pushbutton is depressed to start the read
operation. The operation of the TDT logic .,
differs in one aspect for continuous reading
as compared to start-stop reading. The
difference is the fact that the MV does not
function. Turning the START -STOP switch
off removes the +140 volts from the plate of
the right tube of the MV, thus disabling the
MV. The act of depressing the START push-
button places the left grid of the trigger TB
at ground potential; the result is that the

TB changes status and is turned on. Turn-
ing on the TB (+10 volts) conditions the go
line through the MOTION CONTROL switch.
All other conditions in the TDT logic remain
the same as described for start-stop reading.

2. Writing Mode -

a.

Inputs to the TDT

In order to condition the TDT for writing, the
select-ready write level must be up (+10 volts)
and select-and-TI-on level must be down (-30
volts). Observation of information being written
is facilitated by the write echo lines entering the
RESPONSE SELECT switch. Selection of any one
of the 7 write echo lines may be made at the RE-
SPONSE SELECT switch, and observation of that
track may be accomplished at the ECHO BUS hub
with an oscilloscope.

TDT Outputs

The following control levels or pulses are supplied
to the tape drive being tested when the TDT is in
the write mode; select (1 line), set-to-write-status
go, reset-write-triggers, write-pulses, and 7
write lines.

2450
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Analysis of TDT Logic in Write Mode Page 3560

To write, the WRITE-READ switch would be
placed to the WRITE position and the START
pushbutton depressed. At this time the MV is
under control of the variable resistance network
labeled WRITE FREQUENCY. The variable re-
sistance network should be adjusted to give a
series of continuous running pulses, 53. 8 usec

in width. The output of the MV is passed through
a cathode follower K and feeds the single leg diode
gate DG.

At this point assume that the START pushbutton
has just been depressed. This places the left grid
of the trigger TB at ground potential; the result is
that the TB changes status and is turned on. Turn-
ing the TB on will result in a +10 volt output to the
cathode follower K. The output from K (+10 volts)
is directed through the MOTION CONTROL switch
to the go line. The output from K also feeds one
input of the two-input AND circuit. The second
input is brought up by the select-ready-write level

~(+12 volts). The output of the AND circuit (+10
volts) becomes the gating level for the DG.

At this point the go line has been brought up, the
AND circuit and the single input DG conditioned.
The MV output pulses are gated through the single
leg DG thus causing the single-shot SS to produce
a series of write pulses 12 usec in duration. The
write pulses are passed through a grounded grid
amplifier GAF, a double cathode follower 2K, and
then enter and condition the write circuitry of the
tape drive being tested. The actual information
written on each track of the tape is passed through
the bit switches of the TDT to the tape drive as
either a 1 or 0 bit of information (+12 volts or -30
volts). :

The output levels, the set-write-status and the
reset-write-triggers levels remain to be discussed,
The set-write -status-control level (+12 volts) is
obtained from the WRITE -READ switch and is used’
to condition the tape drive for writing operation,
The reset-write-triggers level is generated from
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the SS whose input is derived from the Tg. When
the START pushbutton is depressed, the Ty pro-
duces a negative shift which is applied to the SS.
The negative shift produces a 100 usec reset-
write -triggers from the SS. This pulse is used
to reset all the write triggers to the same status.

Auto Cycle

In auto cycle, the TDT causes the tape drive to move
forward and write on its tape until the end-of -tape
mark is sensed. At this time the TDT initiates a re-
wind until the load point on the tape is sensed; then
writing starts again. This cycle of operation is con-
tinued over and over again.

a. Inputs to the TDT

The foilowing control levels enter the TDT from
the tape drive being tested: select-and-rewind,
select-and-Tl-on, and select-ready-write.

b. TDT Outputs *

The following control levels or information are
supplied to the tape drive being tested when in
AUTO CYCLE:

Select (1 line) Write pulse
Write (7 lines) Set -to-write -status
Reset-write -triggers Reset TI
Go Start rewind

c. Analysis of TDT Logic in Auto Cycle Mode

Since auto cycle is merely a writing operation
with the additional feature of automatic rewind,
it will only be necessary to explain how auto-
‘matic rewind is initiated. In order to aperate
in auto cycle, the RESPONSE SELECT switch
is placed to AUTO CYCLE and the WRITE-READ
switch is placed to WRITE. When the START
pushbutton is depressed, normal writing opera-
tion commences. Writing continues until the
end-of -tape mark is sensed by the tape drive,
At this point the tape’indicator trigger (NIFA
flip-flop) is turned on, bringing up (+10 volts)
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the select-and-TI-on line. Following the select-
and-TI-on line through the RESPONSE SELECT
switch, notice that this line brings the start-
rewind line up (+10 volts). The start-rewind
level initiates rewind in the tape drive. When
rewind is initiated in the tape drive, the select-
and-rewind level is brought up (+10 volts) and
returned to the TDT. After this level is routed
through the RESPONSE SELECT switch, it will
bring up the RESET -TI level (+10 volts). At
this point the tape drive is prepared to start
writing operation again when load point is reached.

Notice that wafer F of the RESPONSE SELECT
switch disconnects the select-and-TI-on level
from the TDT logic when in AUTO CYCLE status.
Thus the go backward trigger is never turned off
in auto cycle. If this were not the case, it would
be necessary to manually restart the TDT, for
there is no other way to turn the go backward
trigger on when the WRITE-READ switch is in
the WRITE position.

d. Summary Questions

1) List the function of each section of the re-
sponse select switch: (3A-F)
Sections A, B, C, D, E, and F

2) A set write status signal is sent to the se-
lected tape drive by way of 1/0-51(9B).
Which switch and switch section controls
this signal?

3) When the TDT is not in auto cycle, what
switch and section will cause tape to stop
when the EOT marker is sensed?-

4) There are 2 DG circuit blocks (6C & 6B)
on the TDT logic and switching. Explain
when each is used, i.e., for what operations.

(T/F) 5) A starf-stop operation can be performed in
read or write operation.



Magnetic Tape Element 2490

e. Answers to Summary Questions

1)

2)
3)

4)

5)

a)

b)

c)

d)

e)

f)

Section A = To make available to the read
bus read information from tracks 1, 2, 3,
sync, 4, 5, or 6. The skew sync hub
makes track one available for check pur-
poses. ’

Section B = Brings a writing indication
for tracks 1, 2, 3, sync, 4, 5, or 6 to
the echo bus.

Section C = Makes available to the T. U.
response hub the following signals:

(1) Selected Unit Rewinding

(2) Selected and At Load Point .

(3) Selected and Tape Indicator ON
(4) Selected and Tape Indicator OFF
(5) Selected, Ready, and Read

(6) Selected, Ready, and WRT

Section D = For auto cycle operation, it
allows the SEL unit rewinding signal to
reset the TI preparatory to another write
cycle.

Section E = In auto cycle operation, the
SEL & TI on signal produced by EOT will
initiate a rewind.

Section F = In auto cycle, the Go-Back-
ward trigger (TB) is kept on by removing
the SEL and TI on signal from the TB clear
input.

The Write-Read switch, section A.

Response select switch, section F will cause
the go line to go down when the EOT marker
brings up the SEL and TI on signal.

DG (6C) is used for start-stop read operation.
DG (6D) is used for write operation to generate
the write pulses. \

Fal se
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F. TDT Power Supply

1. General Description
Page 2510
The power supply for the TDT is located in the lower
part of the TDT unit. The only controls for the power
supply are the circuit breaker switches located on the
lower, vertical, front panel. The circuit breaker
switches are arranged in a horizontal line and in two
groups of four each. Between the two groups of
switches is a pilot light which will be on if the a-c
circuit breaker switch is in the on position.

The three switches furthest left are fastened together
and act as a gang switch. This switch is the a-c cir-
cuit breaker switch and controls the 3-phase a-c in-
put to the TDT unit from the line cord.

The line cord supplies 3-phase, 60-cycle power at
120/208 volts. The line cord also provides a ground
connection. . The power supply has two outputs: one

to the TDT logic circuits, the other to a tape drive
unit, The internal supply cable is connected to the
chassis in the upper part of the TDT. The large ex-
ternal supply.cable is connected to the tape drive unit
to be tested. Both of these cables supply the necessary
a-c and d-c voltages to operate the equipment to which
they are connected.

2. A-C Supplies

Page 2510
The symbol for the line cord is located on the left side &
of the schematic, and the outputs or supply cords and 2520

connectors are indicated by the contents of the rectangles
on the right side. The rectangles are drawn with dashed
lines. The smaller rectangle is for the internal supply
cord, and the larger rectangle is for the external sup-
ply cord. The numbers inside the rectangles indicate
the pin numbers of the connectors for the power cables.

The 3-phase a-c input to the power supply is controlled
by a circuit breaker which will not allow a current
drain of more than 12 amperes. Three lines carry
3-phase unregulated a-c from the a-c circuit breaker
directly to the connector for the external supply cable.
The drive motors in a tape drive unit require this 3-
phase a-c. The tape drive tester does nui use the
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