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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
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] NIFA SELANIFA
START REWIND REWIND- -
CONTROL J6.05
SEL 8 REWIN
76.08 ° -
oP
6 SEL LINES PANEL [TseL
. 76.1
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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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.
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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 re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>