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FOREWORD

This manual has been prepared for teaching purposes and as an aid for learning
the IBM 729 II, III, and IV Magnetic Tape Units. Engineering changes may alter
logic and machine functions, causing a tape unit to differ from the descriptions
presented here; this manual should not be used alone as a reference manual or
servicing aid.

The manual covers theory of magnetic writing on tape, mechanical operating
principles, circuit logic, and the operation of some special component circuits in
the tape units. Names of electronic lines are distinguished by quotation marks.

Systems diagrams in this manual are for educational use only.
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IBM 729 1I, Ill, IV, TAPE UNIT



1.0.00 INTRODUCTION

THE IBM 729 TI, III, and IV Magnetic Tape Units are used with other data processing
equipment as input-output devices. These tape units are mechanically and electrically
similar except for the following:

729 T1 729 11 729 IV
Tape Speed 75 inches/sec 112.5 inches/sec 112.5 inches/sec
Bit Density 200 555 555
Write Pulse Frequency 67.2 usec 16 usec 16 usec
Signal Levels Transistor Vacuum tube Transistor levels
levels input, levels input and  input, output, and
output, and output; transis- internally
internally tor levels
internally

The tape units are controlled externally and have self-contained, automatic, and
manual functions. AC voltage is obtained externally while all DC voltages for relay
and electronic circuits are developed within the tape unit. '

Functions of the tape unit are:
Writing
Reading
Backspacing
Rewinding

The mechanism provides for:
Easy loading and unloading

Fast rewind of tape
Recognizing the physical ends of tape and tape breaks
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2.0.00 MACHINE SPECIFICATIONS

2.1.00 TAPE UNIT

Weight: 1000 pounds

Dimensions: 33" long x 29" wide x 69" high
Vacuum: approximately 16" water

Voltage: 208v,three-phase, 60 cycles per sec
Current: 6.4 amps approx.

Input: 1.34 KVA

S Ul LN

2,.2.00 TAPE -- ACETATE AND MYLAR*

Width: 0.498 £ .002 inch

Total thickness: 0022 ( + .003 - .004 ) inch
Base thickness: .0015 = 10% inch
Ferromagnetic material and binder: .0006 inch
Tensile strength (minimum)

Mylar: 12 pounds

Acetate: 8 pounds

U W N

The ferromagnetic material, or magnetic oxide, is the physical medium on which
information is stored.

Magnetic tape used in data processing is of the highest quality. Each reel of tape
is tested by IBM before it is shipped to help eliminate conditions leading to an error
either in storing or reading information when using IBM magnetic tape equipment.

2.3.00 HUMIDITY CONSIDERATIONS

Cellulose acetate is dimensionally unstable with respect to relative humidity.
Between 20 percent and 80 percent relative humidity, tape width can change as much
as .0069 inch. When relative humidity varies over a wide range, resulting width
variations present a problem of storing and using the tape.

Mylar is more stable. Between 20 percent and 90 percent relative humidity, tape
width varies . 0023 inch or 1/3 the variation of cellulose acetate tape.

Proper tape storage is, therefore, necessary to obtain satisfactory performance.
If tape is stored where the humidity ranges between 40 percent to 60 percent relative
humidity, design tolerances are maintained. If tape is stored in an atmosphere
outside the specifications, the probability of errors increases.

Temperature variations are secondary in comparison to humidity. If the tape is
stored at about 70°F, no departure from the specified width should be observed. See
Section 5.0.00.

* Trademark of E. I. du Pont de Nemours & Co. (Inc.)
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2.4.00 TAPE CAPACITY
Information may be written in any of seven tracks across the face of the tape;
each track is independent of every other track. The tracks appear similar to

Figure 2.4-1.

C Bit Track Closest to Tape Unit

FIGURE 2.4-1. BIT TRACKS ON TAPE

As tape is fed through the tape unit, the writing of characters (bits)is controlled by
write pulses generated in the external source. Tape speed, number of bits per inch,

and frequency of write pulses for the 729 II, TII, and IV are given in Section 1.0.00.

Information is placed on tape in any desired bit configuration. Configuration and
interpretation are controlled by the external control.

Tape capacity is greatly affected by the inter-record gap (the distance required
to stop and start the tape). About 1/4 inch is required to stop tape; about 3/16 inch
is required to get tape up to speed. (For accuracy, a write delay is built into the
external control source, so total tape travel before writing is about 1/2 inch.) The
combined distance required to stop and start writing is 3/4 inch.

Through good programming, records may be grouped to conserve space on tape.
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3.0.00 STORING INFORMATION

3.1.00 MAGNETIC THEORY

A magnetic material can be polarized or partially polarized under the influence
of a magnetic field. For every magnetic material, a B-H curve (Figure 3.1-1) can
be plotted. The B-H curve shows the resultant flux densities (B) when the material
is placed in 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 at first increases rapidly, then slowly attains a steady
value of flux.

B = Flux Density

H = Ampere Turns

B
FIGURE 3.1-1. B~-H CURVE

The phenomenon of attaining a steady value of flux density is called saturation of
the magnetic material. When the ampere-turns are slowly reduced, flux density
also decreases, but at a different rate. This is the hysteresis effect. When the
magnetizing force is again zero, the flux density is not equal to zero, but is equal
to some positive value (point A}, The amount of magnetic flux remaining {distance A-0)

STy
when H is equal to zero is the residual magnetism in the material.

If: (1) the ampere-turns are reversed by a reversal in circuit, (2) current
magnitude is increased in the negative direction until saturation again is reached,
and (3) current magnitude again is returned to zero, a negative resultant flux
remains (point B). Using suitable circuit techniques, a flux pattern of either positive
or negative polarity can be impressed on a magnetic material.

Figure 3. 1-2 shows how information is stored on magnetic tape. The magnetic
circuit consists of a laminated core, an air gap, a mylar shim, and magnetic oxide
on the tape. The core is mu metal, which has a high permeability and low
retentivity. Permeability is 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 =g the mu of air = 1. Retentivity is
the capacity of a magnetic material to retain magnetism after the magnetizing
force is removed. The oxide has a low permeability of about 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.
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FIGURE 3.1.-2. METHOD OF WRITING ON MAGNETIC TAPE (NRZI SYSTEM)

3.2.00 NRZISYSTEM (NONRETURN TO ZERO IBM)
3.2.01 Introduction

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'. The
process of storing information is called writing and the process of detecting stored
information is called reading.

3.2.02 Operation

When switch 1 (Figure 3. 1-2A) is closed at time T1, current generator El causes
current to flow through the coil; a flux path is set up as shown by the arrows. Because
this flux path extends into the magnetic oxide on the tape, the oxide particles are
magnetized in the direction of the flux path. If the tape is moving, all the area passing
over the write head is magnetized in the same direction.

h 2

s closed and ewitch 1
g closeqa ana 1tcn 1

i W igo erator Es
causes current to flow through the opposite write coil. 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 during the reversal. This
process constitutes writing a one bit on the tape. If, at time T3, the flux in the head
is again reversed, another binary one is written. If, at time T4, no reversal is made,
a binary zero is written. Thus, if a reversal in flux is made at any time, a binary

one is written; if no reversal is made, a binary zero is written.

If, at time T2, swit
i, at SW

O
LT L 4, BRAes
+
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The magnetic material on the tape can be considered 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 (Figure 3. 1-2C).

Reading a binary one also makes use of this principle; a voltage is induced in a
coil whenever there is change of the flux cutting the turns of the read coil. (This
principle can be stated in the fundamental equation: e = - Ndg / dt.) When a reversal
of flux pattern is encountered as the tape is passed over the head, a voltage pulse is
induced in the windings. This voltage is routed to amplifier circuits.

A binary one is sensed as a voltage pulse at the terminals of the coil. (This pulse
is produced by a flux change in either direction). The-absence of a pulse (no change
in flux) indicates a binary zero.

The IBM 729 II, ITI, and IV tape units employ a two gap head which eliminates the
need for a separate erase head. With the present system erasing is accomplished
by writing a new record over the old one.

The advantages of the NRZI system are:

High inherent density. Binary ones can be written closer
together than in a pulse system.

High output when reading. Maximum change of flux occurs from
one saturation level to the other.

Simplified erasing technique. Erasing to saturation is simpler than

erasing to zero flux. (Writing a new
record erases the old record).

C10



4.0.00 PHYSICAL DESCRIPTION

THE IBM 729 Magnetic Tape Unit is built on a frame. The reels, vacuum columns,
two-gap read-write head, prolays, and capstans are on the front of the frame. The
manual control keys and lights are at the top of the unit. Figures 4.0-1, 4.0-2,
4.0-3, and 4. 0-4 show the tape unit without covers.

4.1.00 TAPE MOTION

Tape is transported from the file reel past the read-write head to the machine
reel by a drive capstan and prolay idler. It would be impossible to start and stop the
tape efficiently under control of the reels because the reel drives are relatively
sluggish.

Vacuum columns below the reels provide buffer storage areas. A loop of tape is
retained in each of these columns. As tape is drawn from one column, it is replen-
ished by the associated reel. As tape is pushed into the opposite column, the associ-
ated reel winds the tape. The control of reel motion and the reel drive is discussed
later. Figure 4.1-1 shows the path of tape through the 729 tape unit.

Forward Direction

The right and left drive capstans turn continuously in the direction shown. To
move tape from left to right, the right prolay idler is pivoted to the right, squeezing
the tape between the prolay idler and the right drive capstan. The left prolay idler
is pivoted into a neutral position so it does not obstruct tape movement.

Backward Direction

To move tape from right to left, the left prolay idler is pivoted to the left, causing
the tape to be squeezed between the prolay idler and the left drive capstan. The right
prolay idler pivots to a neutral position.

Stop

To stop tape motion, the prolay idlers pivot toward the stop capstans, causing the
tape to be squeezed between either the right or left prolay idler and the right or left
stop capstan, respectively. If tape is being drawn from left to right, (forward
direction) it is stopped by the left stop capstan. If the tape is being drawn from right
to left, (reverse direction), it is stopped by the right stop capstan.

Cil



Operatbr Panel

Door Interlock
Switch

File Protect
Sensing Pin

File Reel Hub

R/W Head Assembly
{Covers Removed)

Read Preamplifiers

Bellows Sw.

Clutch Filter Box

Capstan Motor (Right)

Upper Vacuum Col.
Switch (Right)

Vacuum Pump Lower Vacuum Col:

Switch (Right)

Tape:in C8l.
Sensing Sw..
(Right)

FIGURE 4.0-2. TAPE UNIT RIGHT
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Stop Gap

Stop Capstan
Split Guide
Prolay Idler
—

Drive Capstan L=

Left Prolay/|

Assembly

Right Prolay
| Assembly

L

~ - B
T Read-Write Head
Assembly

FIGURE 4.1-1. PATH OF TAPE THROUGH IBM 729 MAGNETIC TAPE UNIT

4.2.00 PROLAY ASSEMBLY

o

4.2.01 Introduciion

Motion is imparted to the prolay idler by a prolay. Basically, a prolay consists
of three sets of electro-magnets and an armature. The magnets are arranged so the
armature can assuine one of three positions depending on which set of magnets is
energized. The motion of the prolay armature is transferred to the prolay idler and
can cause it to move against the stop capstan or the drive capstan, or to a neutral
position between the two capstans. Figure 4.2-1 shows a prolay energized in stop
status.

4,2.02 Operation

Prolay operation follows: The armature is pivoted at the lower end of an arm. The
prolay idler is attached to the upper end of the arm. The arm is pivoted as shown.
With this arrangement a movement of the prolay armature will produce movement of
the arm about its pivot point, causing the idier to change its position. In Figure 4.2-1
it can be seen that energizing the stop magnets moves the prolay armature to the right,
causing counterclockwise movement of the arm about its pivot. This causes the
prolay idler to squeeze tape against the stop capstan.

H
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Stop Capstan
> (Fixed)

Tape— Drive
Prolay Idler—» /Capsfcm
Prolay Arm Pivot
[ J
Armature Pivot
R Stop
Magnets

Armature =7

FIGURE 4.2-1. RIGHT PROLAY WITH
STOP MAGNETS ENERGIZED

Stop Capstan
“~ (Fixed)

Drive
Capstan

Tape —~a

Prolay Arm Pivot

Go Magnets

FIGURE 4.2-3. RIGHT PROLAY WITH
GO MAGNETS ENERGIZED

Stop Capstan
“(Fixed)

Tape
® Drive

,” Capstan

Prolay Idler ———»

Prolay Arm Pivot —

Armature Pivot

e Armature \

Neutral Magnets

AN

FIGURE 4.2-2. RIGHT PROLAY WITH
NEUTRAL MAGNETS ENERGIZED

Stop Capstan (Fixed)

Drive /Tupe
Capstan

<«— Prolay Idler

/ Prolay Arm Pivot

y

Stop Magnets

?

Go
Magnets

Y

\\
Neutral
N~ *——— _ Magnets
FIGURE 4.2-4. LEFT PROLAY SHOWING
POSITION OF MAGNETS




When the neutral magnets are energized, the prolay armature assumes a slanted
position as shown in Figure 4.2-2. This causes the arm to be in a vertical position,
placing the prolay idler where it cannot contact either the drive capstan or the stop
capstan. This is called neutral status.

Figure 4. 2-3 shows the go magnets energized, causing the prolay armature to move
to the left while maintaining a vertical position. This produces clockwise movement
of the arm about its pivot point, causing the prolay idler to squeeze tape against the
drive capstan.

The previous description covers operation of the right prolay. Operation of the
left prolay is similar except that the prolay arm is bent in the opposite direction
and the position of the stop and go magnets are reversed (Figure 4.2-4),

4.3.00 HEAD ASSEMBLY

The head assembly is constructed on two castings or plates. The lower plate is
stationary, and the upper plate moves up and down under power, The two-gap read-
write head, the tape break light, and the tape cleaner are on the lower plate. The
load point and end-of-reel photo cell assemblies, split guides and head shield are on
the upper plate. The shield prevents interaction between the read and write sections of
the two-gap head.

The upper plate swings upward from the lower plate to allow threading of tape when
the tape unit is in an unload status and to provide free movement of tape during high-
speed rewind. When tape is transported through the machine for reading or writing,
the upper plate is down, and the tape is held in close contact with the read-write
head. The upper plate assembly is swung open and closed by a worm drive which is
belt driven from a motor at the rear of the clutch frame. When the upper plate of
the head assembly is fully closed, positive locking is provided. Figure 4.3-1 shows
the head assembly both opened and closed. Two microswitches are used to sense
the status of the head assembly. Connections to the read-write head, photo cells,
lights and so on are made through three multipin connectors.

4.3.01 Two-Gap Read-Write Head

The two-gap head used in the IBM 729 II, III and IV Tape Units, contains seven
write heads in laminated form, one adjacent to the other. The assembly also contains
seven read heads. The two groups of heads are positioned so the gap in the write
heads is three tenths of an inch to the left of the gap in the read heads. Tape passes
over the head assembly, oxide side down, to complete the flux path of the write and
read heads. The construction of the two-gap head is shown in Figure 4. 3-2. By using
separate heads for writing and reading it is possible to read a record for checking
purposes, while it is being written.

The two-gap head eliminates the need for the separate erase head necessary in
tape units having a single gap read-write head. Erasing now is accomplished by
writing the new record over the old one. To provide for interchangeability of tape
between tape units using thie two-gap head, it is necessary for the read head to read
a narrower track than that written by the write head. As illustrated in Figure 4.3-3,
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there is no chance of reading an old record, even if the new record is written so that
a portion of the old record is not erased. The width of the write track is .048 inch;
the read track is only .030 inch wide. A safety factor of . 009 inch exists on each

side of the read track.
x%
AP
<Lamincfed

Write Coil Write Gap

FIGURE 4.3-2. TWO-GAP READ-WRITE HEAD

Portion of old record not erased because of differences in tracking

Portion of track
covered by read head
Bit track representing

Bit track representing old record

new record

NOTE: Only 1 of 7 bit tracks shown

FIGURE 4.3-3. WRITE-WIDE READ-NARROW CONCEPT

4.3.02 Load Point Sensing

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 reflective spot locates the beginning of the usable
portion of the tape. The ten feet of tape preceding the spot is for threading the
machine reel.
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The load point is used only during a rewind operation. It is sensed by a photo cell
arrangement (Figure 4.3-4). Light from the front bulb is reflected from the spot to
the photo cell directly to the left of it.

End of Reel

Photo Cell Photo Lights

Load Point
and Tape
Break Photo

X
Cell Load Point

End of Reel Mark

Tape Break Light

Tape Cleaner

FIGURE 4.3-4. PHOTO-CELL SENSING
4,.3.03 End-of-Reel Sensing

The end of the usuable portion of a reel of tape is indicated by a reflective spot
about 18 feet from the end of the tape. This spot is placed on the plastic side of the
tape 1/32'" from the back edge. The photo cell (Figure 4.3-4) senses this reflective
spot. If the tape unit is in write status when the end-of-reel reflective spot is sensed,
a tape indicator trigger is turned on. If the tape unit is in read status when the re-
flective spot is sensed, there is no indication.

4.3.04 Tape Break

During a high-speed rewind operation, tape passes between a light source on the
lower head plate (to the left of the read-write head) and the load-point photo cell. I
the tape breaks, light strikes the load-point photo cell, causing the tape unit to stop.

4,3.05 Split Guide Assembly

Two split guides (Figure 4.3-5) maintain proper alignment of the tape as it passes
over the read-write head. They are located on the upper head plate to the right and
left of the head assembly. The split guides keep the tape parallel, at a fixed distance,
to the front casting. Alignment between machines can be closely controlled. To avoid
complex systems, alignment is maintained to one edge of the tape. The stationary
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part of the guide holds the front edge of the tape at a fixed distance from the front
casting. The rear portion of the guide is free to slide on the shaft and is held in
continual contact with the rear edge of the tape by three spring loaded plungers
which protrude from the upper head assembly casting.

Fixed Ceramic F]ange7 Sliding Cerami\cilonge
ii‘ W—Upper Head Assembly
T REAUAR TS Casting
'?‘__*_y_'f_‘/??n_— — —Retaining Plate
Ay == L
——— = L !_I'\\ 'k"\v'\)!'\ ,I\l:’ﬂ.\—Spring
Assembly N IS SN A
f;/\ounﬁng N 7 \
crew T T
N | Plunger
N
Ne— g N Imr l ]
\

— LT oF LA

NOTE: Entire Split Guide Assembly
Does not Rotate

FIGURE 4.3-5. SPLIT GUIDE ASSEMBLY

When the tape expands in width, it spreads the split guide. 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 inner flange surfaces of the split guides are lined with a ceramic material that
is highly resistant to wear from tape passing over the guide at high speed. The entire
split guide assembly is permanently mounted; it does not rotate when tape passes over
it.

4.4.00 REEL DRIVE CLUTCHES

Each tape reel mounts on a hub protruding from the upper front of the tape unit.
This hub contains a rubber rim that grips the reel tightly when the knob in the center
of the hub is tightened.

The hub is on a shaft controlled by three magnetic powder type clutches: one for
forward motion; one for reverse motion; and one for a brake. The innermost part of
the magnetic clutch (Figure 4.4-1) is a rotor keyed to the reel shaft. Surrounding the
rotor is the clutch housing which is mounted on sealed bearings and free to turn on the
shaft. Each clutch housing (a three-groove pulley) is driven by a continuously running
three-phase motor. Embedded in the clutch housing is a coil with its connections
brought out to slip rings on one end of the housing.
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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 turns continuously through pulley action, the rotor does not
move with it unless current is flowing through the coil. As current flows through
the coil, the rotor begins to move with the housing, turning the hub and reel at the
front of the machine.

Clutch
Housing

/—Flux Gap

Powdered Iron
“ and Graphite

Mixture

) l’\‘i‘\‘\‘\‘l‘i‘\‘l‘\ v \‘$\‘T

Rotor (Connected
to Shaft)

NOTE:
Slip rings have
been omitted.

FIGURE 4.4-1. MAGNETIC CLUTCH

Because of the gradual build-up of current in the coil (due to inductance), the torque
transmitted is proportional to the current, producing a smooth acceleration. This
smooth acceleration prevents tape 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 current. To hold the iron-graphite mixture in the
flux gap, a series of ridges are designed into the clutch parts. These ridges assist

centrifugal force to keep the powder in the magnetic gap. The iron-graphite mixture
polishes but does not wear the clutch parts.
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Three clutches are mounted on each shaft with all rotors keyed to the shaft. The
front clutch has a stationary housing and is a brake. The middle clutch housing is
driven clockwise and is the forward drive. The rear clutch housing is driven counter-
clockwise and is the reverse drive. Control of the clutch energization is discussed
in Section 4.5.02.

In the unload status, both brake clutches are energized and are controlled by a
reel release switch located below and to the left of the file reel (Figure 4.0-1). When
this switch is depressed, power is removed from both brake clutches to permit them
to be turned manually.

4.5.00 VACUUM COLUMNS AND VACUUM-OPERATED SWITCHES

The vacuum columns act as a storage area for the tape, allowing the tape to be
moved across the head, at random, without having to turn the reels simultaneously.
They also exert tension on the tape, preventing tape buckle at the head during starting
and stopping.

4.5,01 Vacuum Columns

The vacuum columns are rectangular with inside dimensions of 2.5 inches x
.510 inch (+.002, -.000), The transparent front of the column is hinged so it can be
opened to permit easy cleaning. The top of the column is open; the lower end is
connected to a manifold leading to a vacuum system that maintains a vacuum of
about 16 inches of water with tape in the column. Tape hangs in the column so only
the sides of the semi-circular loop touch the sides of the column. Vacuum is main-
tained below the tape loop in the column while atmospheric pressure exists above the
loop. The vacuum columns are shown in Figure 4.0-1.

4.5.02 Vacuum Column Switches (Diaphragm Switches)

Each column contains two holes: one about 1/3 of the column length from the top;
the other about 1/3 of the column length from the bottom. A vacuum-operated switch
is attached, by a short tube: to each hole. 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 Figure 4.5-1. 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.

Forward Direction -- Reel Control. The tape reel drive clutches are controlled
by vacuum column switch circuitry (Systems 02.03.1). As tape is pulled past the
read-write head by the right drive capstan, it is pulled out of the left column. When
the loop of tape is pulled above the upper vacuum switch in the column, the contacts
transfer. This energizes the file reel forward clutch (left down) and the reel turns
clockwise feeding more tape into the column. As soon as the tape loop moves below
the upper switch, the left down clutch is de-energized and the brake is energized (left
stop clutch). This causes the tape loop to oscillate about the upper vacuum column
switch of the left column as long as tape is moving past the read-write head, in the
forward direction. At the same time, tape is being fed into the right column by the
right drive capstan. When tile loop of tape in this column falls below the lower switch,
the machine-reel forward clutch (right up) is energized and the reel turns clockwise

to pull tape out of the column by winding it on the reel. As soon as the tape is again

c22



|_—  Push Rod

[® ©®

Diaphragm

[® ©

4 1 Push Rod

N Diaphragm

——

FIGURE 4.5-1. VACUUM COLUMN SWITCHES
above the lower switch, the right up clutch is de-energized, and the clutch brake is
energized. This causes the tape loop to oscillate about the lower switch in the right
column as the tape moves across the read-write head in the forward direction.

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

Whenever the tape 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.

4.5.03 Vacuum-Off Bellows Switch

A bellows-type vacuum switch prevents machine operation until the vacuum is main-
tained above a certain level. The bellows switch is mounted on the manifold between
the vacuum columns (Figure 4.5-2). When vacuum builds up within the manifold,
atmospheric pressure causes the bellows portion of the switch to contract; the switch
closes indicating that vacuum has reached the required level.
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FIGURE 4.5-2. VACUUM MANIFOLD ASSEMBLY

4.5.04 Flapper Valves

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. When tape is in
the column, very little air passes down the column, and spring tension pulls the
5, e flappei valves close and help

maintain enough vacuum in the manifold to keep the bellows switch closed.
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4.5.05 Tape-in-Column Switches

A number of logical functions of the tape unit require that the presence of tape in
the columns be sensed. This is accomplished by pressure sensitive switches called
tape-in-column switches. One switch is mounted at the bottom rear of each vacuum
column and is connected to the vacuum column by plastic tubing.

The tape-in-column switches are constructed like the vacuum column switches
described in Section 4.5.02. The tape-in-column switches operate as follows. When
tape is out of the columns the normally closed switch contacts are closed completing
circuits to pick relays R5 and R6, the tape-out-of col relays. When tape enters the
columns the flow of air in the columns is restricted and a partial vacuum is created.
This causes the tape-in-column switches to operate; the normally closed switch
contacts open, de-energizing R5 and R6.
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4.6.00 MOTOR DRIVE
4.6.01 TForward and Reverse Drive Motors

The reel drive clutches are pulley driven by two 1/4 HP, three-phase, 220v, AC
motors (1140 RPM). One motor provides forward motion; the other, reverse motion.

The forward drive motor is 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
in the lower left corner and is connected to the two rear clutches by two V-belts
(Figure 4.6-1).

CAUTION

Use extreme care when working inside the tape unit to avoid injury
from the reel drive motors and belts. Whenever possible, the motors
should be unplugged as a safety precaution.

Tape Take
Up Motor

Front View

Backward
Motor

FIGURE 4.6-1. DRIVE MOTORS AND PULLEYS

4.6.02 High-Speed Rewind

To provide fast reel motion during high-speed rewind, an additional motor (1/2 HP,
three-phase, 208v, AC, 3450 RPM) is direct coupled to the file reel shaft. During
normal tape motion, the rotor is turned with the file reel shaft. When the tape unit
goes into a high-speed rewind operation, the magnetic clutches are de-energized and
the high-speed rewind motor drives the file reel shaft. Tape is pulled directly from
the machine reel. The location of the high-speed rewind motor is shown in Figure 4.0-3.
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4.6.03 Drive Capstans

Each drive capstan is mounted on the shaft of a reluctance synchronous motor
(1/20HP, 60 cycle, three-phase, 208v). See Figure 4.6-2. 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.

Drive Capstan

e

A. Capstan Out (Motor Energized)

\STeeI Collar
(729 |1 Only)

13/16"

ﬁ—m

B. Capstan Retracted (Mofor De-energized)

FIGURE 4.6-2. CAPSTAN DRIVE MOTOR

The position of the capstans is determined by two microswitches located on the
rear of each capstan motor. Attached to the operating arm of each microswitch is
a magnet that is attracted to a steel disk mounted on the rotor shaft. The capstan
sensing switch arrangement is shown in Figure 4.6-3. Note, in Figure 4.6-3A, the
large steel disk on the rear shaft of the capstan motor. This disk operates the
sensing switches and acts as a flywheel for smooth operation of the high-speed tape
units 729 III and IV.

Figure 4.6-3B shows the sensing mechanism of the 729 II tape unit. Because the

729 1I operates at lower speeds, only a small steel collar is used to operate the
sensing switches.
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4.7.00 TIME DELAY UNIT

The time delay unit (a motor and a microswitch) is located on the relay gate. See
Figure 4.7-1. At the end of a high-speed rewind, this mechanism delays machine
operation to allow time for the reels to stop before tape is loaded into the columns.
When the motor runs, it drives an operating arm through a reduction gear train.
After a given time, the arm operates the microswitch (the time delay points). As
long as the motor is energized, the operating arm holds the time delay switch
transferred. When power is removed, the arm returns 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, and the dial contains ten 1. 5-second divisions. The factory
setting of the timer is 4.2 (6.3 seconds).

FIGURE 4.7-1. RELAY GATE

4.8.00 HEAD RAISING MECHANISM

The mechanism that raises the upper plate of the head assembly is a worm gear
driven from a friction clutch and toothed belt by a three-phase motor which is mounted
on the rear of the magnetic clutch frame. See Figure 4.8-1.

When the head take-up motor is operated, the worm shaft turns causing the upper

plate to swing upward. When two phases are reversed and the motor is operated, the
shaft turns in the opposite direction and lowers the upper plate of the head assembly.
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FIGURE 4.8-1. HEAD RAISING MECHANISM

4.9.00 TAPE TAKE-UP MECHANISM

The tape take-up mechanism is a three-phase motor mounted above and between the
two reel clutch shafts (Figure 4.6-1). The tape take-up motor is geared to each brake
clutch housing so that when the left stop clutch housing is rotated counterclockwise by
the motor, the right stop clutch housing rotates clockwise. With the brake clutches
energized, the tape reels rotate so tape will be removed from the columns. When
the tape take-up motor is reversed and the brake clutches are energized, the tape
reels rotate so tape is dropped into the vacuum columns. When the tape take-up
motor is not operating, the brake clutch housings are held stationary by the worm
drive mechanism.

4.10.00 REEL DOOR INTERLOCK

An interlock switch in the upper left corner of the tape unit is closed when the tape
unit door and its sliding plastic panel are closed. When the door interlock switch
contacts are open, operation of all drive motors is prevented. The interlock switch
may be disabled for scrvice and test purposes by a sliding plunger in the switch
assembly.
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4.11.00 FILE PROTECTION

To protect master files, a groove is molded in the rear side of each tape reel to
prevent accidental writing on a reel of tape. A plastic ring may be placed in this
groove. If the ring is not in the groove of the file reel, writing is suppressed but
reading is allowed. If the ring is in the groove of the file reel, both reading and
writing may occut.

i R

To sense the f)}esence of the ring, a pin protrudes from the front of the tape unit
above the file reel hub (Figure 4.0-1). The pin is connected to the armature of a duo
relay mounted behind the panel. 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 the relay contacts,
energizing the relay to permit writing. When the relay is energized, the sensing pin
is pulled clear of the plastic ring so it does not drag as the reel turns. If the groove
in the reel is empty, the pin is not actuated, the relay is not energized, and writing
is prevented.

4.12.00 POWER CONSIDERATIONS

All DC voltages necessary for operation of the tape unit and its transistor circuits
are developed within the unit. These voltages are:

Voltage Amp Use
+6 1.5 Transistor logic circuits
-6 1.5 Transistor logic circuits
+12 1.0 Transistor logic circuits
-12 1.0 Transistor logic circuits
-7.5 20.0 Prolay driver circuits
+73 . 165 Transistor neon indicator circuits
-48 2.0 Relay circuits
+140 5.1 Magnetic clutch circuit
Three-phase 208v, AC veltage is supplicd to the tape unit through a power cable,

Three-phase input is necessary for operation of the tape unit motors. A single phase
of the three-phase input supplies power for the DC supplies. The three-phase input
enters the tape unit through a three-pole contactor. This contactor is energized
through a 208v line from the control unit and a power-on switch at the lower rear of
the tape unit, below the tape connector receptacles.

CAUTION:

All safety precautions pertaining to high voltage work must be observed
when working on the 729 tape units. In addition to the 208v three-phase
input, dangerous voltage levels are present in the power supplies because
of the resonant type voltage regulated transformers used.

4.13.00 HIGH-SPEED REWIND PHOTO SENSING
A photo cell and light are used to determine the type of rewind that the tape unit will

do. See Figure 4.0-1. The photo cell is located in the lower section of the finger
guard; the light is located on the right corner of the top plate with its beam directed
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on the photo cell. When more than a half inch of tape is on the machine reel, the

light path is blocked and tape rewind will be at high speed (average--500 inches per
second). When less than one-half inch of tape is on the machine reel, rewind will be

at low speed (normal tape speed: 729 II, 75 inches/sec; 729 Il and IV, 112.5 inches/sec).
During a high-speed rewind, when about one-half inch of tape remains on the machine
reel, tape is allowed to coast to a stop. The tape is then lowered 1nto the vacuum
columns and rewinding is completed at low speed. _,ﬁ

e

4.14.00 PANEL KEYS AND LIGHTS

The operating keys and lights (Figure 4. 14-1) are located at the top of the tape unit.

Hluminated Select Indicator Lights
FILE
SELECT READY TAPE IND FUSE PROTECT
LOAD
REWIND START UNLOAD RESET -
\)
/
Serrated Select Knob Panel Keys
A. IBM 729 TIT

Hluminated Select Indicator

Lights —
HIGH[LOW FILE TAPE )
SELECT [ READY DENISITY l l PROTECT—| lNDl FUSEl
LOAD CHANGE
REWIND START DENSITY UNLOAD RESET )
Panel Keys
S
errated Select Knob 8. 1BM 729 1l and IV
FIGURE 4.14-1. OPERATOR PANELS
Select switch This is a rotary switch located at the left

of the group. It is used to set the tape
unit to any of ten addresses associated
with an external source. The select
switch is mounted horizontally and is
operated by a large diameter knurled
disk. Only a small section of the disk
protrudes from the panel. The selected
address is indicated on an illuminated
translucent band which rotates with the
knurled disk.

Select Light The select light is on when the tape unit is
selected by an external source.
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Start Key

Ready Light

File Protection Light

Load-Rewind Key

Unload Key

Tape Indicator Light

Depressing the start key places tape drive
in a ready status if: (a) the tape unit is
loaded and (b) the reel door interlock is
closed. The start key may be depressed
during a load or rewind operation, but the
tape unit will not be in the ready status
until conditions are satisfied.

This light is on if the tape unit is in a
ready status. Manual control is indicated
when the ready light is off if the tape unit
is not rewinding or loading.

This light is conditioned to turn off by
mounting an unprotected reel on the unit
(ring in file reel). It.is on: (a) if no file
reel is mounted, (b) if a file reel with no
ring is mounted, (c) during a load and
rewind operation.

Depressing this key starts two operations:
(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 (more than one
half inch of tape on machine reel),
depressing this key executes a high-
speed rewind before the above operation
takes place. This key is inoperative
unless the tape unit is under manual
control.

Depressing this key causes tape to be
pulled out of the columne and the upper
head assembly to rise, regardless of the
distribution of tape on the two reels. If
the tape is not at load point when the
operator wishes to change it, a load-
point search should be completed before
the unload operation is started. The tape
indicator is reset by depressing the
unload key. This key is inoperative
unless the tape drive is under manual
control.

This light is lit when the tape indicator is
turned on by: (a) reading a tape mark or
(b) sensing the end of reel reflective spot
on tape while writing. It may be turned

off under external control or by depressing
the unload key.
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Reset Key

Fuse Indicator Light

Change Density Key

Density Light

4.15.00 NEON PANEL

This key resets the tape drive (except the
tape indicator) to manual control and can
stop any tape operation that has been
started, with the exception of an unload
operation.

This light is on when any AC or DC
circuit protector is tripped.

Depressing this key (Figure 4. 14-1B)
changes the status of the density trigger
(employed on 729 II and IV tape units only).

This light (Figure 4. 14-1B) indicates
status of the density trigger (high or low).

A neon panel is provided as a service aid for the customer engineer. This panel,
on the upper rear gate of the tape unit, contains neon lamps which indicate the status

of various relays, switches and triggers.
are on Systems 00.08.1,

Panel layout and a neon lamp location chart
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5.0.00 TAPE HANDLING

MAGNETIC TAPE must be protected from dust and dirt; foreign particles can reduce
the intensity of reading and recording pulses by increasing the gap between the tape
and the head.

1. Keep tape in a dust-proof container whenever it is not in use on a tape unit.
During loading, take the tape directly from the container; after unloading,
place the tape directly in the container.

2. While the tape is on the machine, keep the container closed and put it where
it is not exposed to dust or dirt.

3. Store tapes in an elevated cabinet away from paper or card dust to minimize
the transfer of dust from the outside of the containers to the reel during load-
ing or unloading.

4. Do not use the top of the tape unit as a working area. Placing material on
top of the units exposes it to heat and dust from the blowers and may interfere
with cooling the tape unit.

5. When identifying tape reels, use a material that can be removed without
leaving a residue. Adhesive stickers, easily applied and removed, are
satisfactory. They can be prepared in advance and applied during the loading
procedure. Never alter identification by changing labels with an eraser. A
card holder h

(R4 il

as been incorvorated in the desion of the new reel
as peen incorperated 1n the design of new reetl,

6. Place load points and reflective spots on tapes with care. Properly align and
press them tightly on the tape with the back of the fingernail, preferably while
the tape is loaded on a unit. If it is done away from the unit, keep unrolled
tape off the floor and away from dust.

7. Inspect containers periodically; remove accumulated dust by washing with a
household detergent.

8. When necessary to clean tape, wipe it gently with a clean, lint-free cloth
moistened with IBM tape transport cleaner.

9. Exercise extreme care when removing the file protection ring. Under no
circumstances should the ring be removed while the tape is loaded in the
columns.

Recorded information comes within . 020" of the edge of the tape. Proper opera-
tion relies on the edges being free from nicks and kinks.

C34



10.

11,

Reels should be handled near the hub whenever possible. I a reel is difficult
to remove, break the bond between the reel and the hub by placing the palm of
the hands on the periphery of the reel and rotating it. Never rock the reel by
grasping the outer edge.

Carefully avoid pinching reels or contacting the exposed edge of the tape.

When installing the reels, push them firmly against the stop on the mounting
hub to insure good alignment.

Take special precautions to be sure the hub is tightened after the reel has
been mounted.

When placing the tape on the take-up reel, carefully align the tape to prevent
damaging the edge on the first few turns.

When winding the tape to load point, rotate the machine reel with the finger
near the hub and on the reel. Rotating the reel with the finger in the cut out,
nicks or curls the guiding edge of the tape.

Always place sponge rubber grommets or special clips on stored reels to
prevent the free end from unwinding in the container.

If tape breaks, divide the reel into two smaller reels. Splicing is not
recommended. If necessary to make a temporary splice to recover information,
be sure to use special low cold flow splicing tape (Customer Engineering supply
item).

Dropping a reel can easily damage both reel and tape. Use of a reel and tape
after they have been dropped is usually unsatisfactory.

Never throw or mishandle reels, even while they are protected in their
containers.

Allow the tape unit to complete the unload sequence before opening the door.

Magnetic tape, especially acetate tape, is sensitive to changes in humidity and
temperature. Take the following precautions:

1.

If possible, store tape where it is to be used (in the computer room). Tape
storage near the tape units reduces handling and variations in atmospheric
conditions.
The atmosphere should be controlied between the following limits:
Relative humidity 40% to 60%
Temperature 65° to 80° F

If tape must be removed from the computer room atmosphere, hermetically
seal it in a plastic bag. If tape is not hermetically sealed then, it must be
returned before reuse and allowed to remain in the computer room atmosphere
for a time equal to the time it was away from the room. Twenty-four hour
conditioning is necessary if the tape was removed for more than 24 hours.
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When customers ship magnetic tape, the following procedure is advisable:
1. Pack the tape and reel securely in a dust proof container.

2. Hermetically seal the container in a plastic bag. (Ordinary plastic bags that
can be sealed with a hot iron should be available from local merchants.)

3. Obtain additional support by enclosing containers in individual stiff cardboard
shipping boxes.

For long-term storage, take the following precautions:

1. Provide proper mechanical support for the reels by using the dust proof
containers.

2. Enclose the reel and container in a hermetically-sealed moisture-proof
plastic bag.

3. Store tape in an area of constant temperature (between 40° and 120° F is
satisfactory). Either freezing or excessively hot temperatures could harm
the tape. '

If a tape reel is dropped, the reel may be broken or bent, the edge of the magnetic
tape itself may be crimped, and the magnetic tape may be soiled.

The tape should immediately be inspected. Breaking or bending can usually be
verified by visual inspection. Bending can also be verified by mounting the reel on
the hub of the tape frame. If the reel is bent or broken, it should not be used; the
magnetic tape, however, may still be serviceable and can be wound on another reel,

If the edge of the tape is crimped, steps to be taken depend on whether it contains
essential information. If the tape contains no essential information, discard the
footage with the crimped edge  If the tape contains important information, recon-
struct it through tape-to-printer or other machine operation. If this fails, the records
in question must be recreated from the original input or control data.

Any time a tape reel has been drovpped, clean the tape and reel thoroughly.

If visual inspection fails to uncover 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 operating condition. If possible, make a test to verify that the tape operates
properly before using it on subsequent runs.

The following are points of general tape-handling information.

1. Customer engineers and other IBM personnel should take special precautions

to follow the tape handling recommendations to show, by example, the care
required to insure good performance.

C36



2. Replace any tape arriving at the customer's installation in unusable condition
and return the faulty tape tq the factory. To aid the factory in its inspection,
ship the tape according to the shipping instructions outlined in this section.

3. Use discretion about smoking in the vicinity of tape because smoking adds to
the dirt problem. Also, a hot ash could cause serious trouble with a reel of
tape.

Mylar magnetic tape should be handled in the same way as acetate tape. However,
if Mylar tape is removed from the computer room atmosphere for short periods (not
in excess of 3 months), it is not necessary to hermetically seal the tape nor to
recondition it after return to the computer room atmosphere. For long-term storage,
Mylar tape should be hermetically sealed to guard against dirt, dust, and excessive
moisture.

WARNING: Never store reels of tape near magnetic fields.
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6.0.00 MOTION CONTROL

6.1.00 PROLAY DRIVING CIRCUIT

Tape motion is controlled by two prolays which operate the prolay idlers. Each
prolay has three operating positions: stop, go,and neutral. The status of a prolay is
determined by which one of its three sets of magnet coils is energized. The status
of the prolays for various tape unit operating conditions is:

Tape Unit Status Prolay Status
Left Right
Fwd Stop Stop Neutral
Fwd Go Neutral Go
Bkwd Stop Neutral Stop
Bkwd Go Go Neutral

Prolay drive logic is shown on Systems 01.08. 1 and, simplified, in Figure 6. 1-1.
Logic blocks in Figure 6. 1-1 are numbered for easy reference; only blocks absolutely
necessary to develop the circuit logic are shown,

Power
‘ SS Transistor
- 7 1r 9
! Power
N Transistor
—> —‘ I— L T
Go Out of Phase
o N
1 Left Go Coil
. In Phase
Right Neutral Ceil
Out of Ph > _? Out of Phase
A ut of Phase
. 4 2 P > Right Go Coil
rwar
o n Phase TIIR
Out of Ph Left Neutral Coil =
Lo wa [QuiofPhese] [ [ g 5
3 6 Out of Phase Neutral Choke
o In Phase >~
Stop
Left Stop Coil
+A Qut of Phase
4
In Phase Right Stop Coil = 7
Backward - . -
Drive Choke
-7.5v
FIGURE 6.1-1. PROLAY DRIVE LOGIC
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Consider prolay driver circuit operation when the tape unit is in forward stop
status. The right prolay neutral coil and the left prolay stop coil will be energized
(see Section 4.2.00). In Figure 6. 1-1, the upper input leg of the + AND circuit
(block 3) is the forward line which is at an up level (forward status). The lower
input leg to the block is the stop line which is also up when the tape unit is in stop
status. The in-phase output of the AND circuit (block 3) will be up, causing the left
prolay stop coil to be energized. At this time the out-of-phase output line from the
AND circuit (block 3) will be at a down level and feed the lower input leg of a -OR
circuit (block 5). The out-of-phase output of this ~OR circuit is at an up level,
causing the right neutral coil to be energized. Similarly, prolay status for the
remaining tape unit conditions shown in the table can be determined.

The single shots, represented by logic blocks 7 and 8, and the power transistors,
blocks 9 and 10, are in the logic circuit to speed up the change of status of the prolays.
This part of the circuit operates as follows.

Normally the power transistors (blocks 9 and 10) are in heavy conduction and the
single shots are in their quiescient state. When there is a change of status from stop
to go or go to stop, a negative shift is applied to the power transistors causing them
to be cut-off for about five milliseconds. When the power transistors stop conducting,
there is a voltage surge on the lines supplying the prolay coils, due to the chokes in
the -7.5v supply lines. This surge permits a large current to flow momentarily to
assist in changing prolay status.

After five milliseconds the power transistors again conduct and the prolay coils
operate with reduced current until the tape unit is again stopped or started.
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7.0.00 MANUAL OPERATIONS

THIS SECTION describes manual operations of the tape units. To aid in understanding
the relay circuits, a simplified wiring diagram (Charts 1A and 1B) is provided. Con-
nectors, filter circuits, and components not essential to study of the circuits have been
omitted. The relay diagram is divided into horizontal sections 1, 2, 3, and 4; four
vertical sections are lettered A, B, C, and D. Location of circuit components is given
by a number and letter combination. Systems references are given for items not on
Chart 1. Systems diagrams for the 729 tape units are included in Seection 12.0. 00.

7.1.00 LOAD REWIND

The load-rewind key starts two distinct operations: (1) loading tape and (2) rewinding
the tape to load point. The rewinding operation is conditioned by depressing the key
but does not begin until the last sequence of the load operation is completed.

Assume these initial conditions: :
1. The power cable is connected to an external control that is a source of AC
power. Power is off.
2. The tape unit is unloaded (the normal condition with power off); the capstans
are in and the head cover is up.
3. No reels of tape are on the machine.

The sequence of bringing up power and load-rewinding follows (the file protection
circuit is not covered):

Step 1. Turn on power in the unit controlling the tape drive. With power on, AC is
supplied to the tape unit for the power supplies, blowers, and fan. The tape unit power-
on switch at the rear of unit is closed.

Step 2. Mount the full reel of tape on the file reel and thread the tape past the idlers
and read-write head assembly to the machine reel. The reel brakes may be released
by pressing the switch below the fiie reei. Wwind several turns of tape on the machine
reel until the load point is well tothe right of the head assembly. Close the reel door
{the main door and sliding reel door must both be closed) and depress the load-rewind
key.

Step 3. The vacuum motor and time-delay motor start turning, and the tape unit
goes into a reverse status.

Step 4. At the end of the time delay (about six seconds), the vacuum is at operating
strength, The tape take-up motor starts turning in a reverse direction, lowering tape

into each column.

Step 5. As soon as tape enters either column, the head take-up motor operates in
reverse, lowering the upper head assembly.

Step 6. The tape take-up motor is turned off when tape is in both columns. The
head take-up motor is turned off when the head down switch transfers.
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Step 7. The drive capstans start turning and are extended. When the capstan out
switches indicate that both capstans are fully extended, the machine has completed the
load operation. The machine then goes into a start status, and tape moves in a reverse
direction until the load point is sensed. When the start key is depressing the machine
will be in the ready status.

Following is the relay operation for load rewind. The wiring diagram (Charts 1A and
B) and sequence diagram (Chart 2) are used with this description. Locations of relays
on the wiring diagram are included in the sequence diagram.

7.1.01 Power On
When power isturned on, the 48vDC supply is energized from phases 1 and 2 of the
three-phase, 208v, AC supply. The gate blower and pressure blower are energized

from phases 1, 2, and 3 (Systems 02. 04.1).

The following relays can pick with the 48v DC supply, because the tape unit is assumed
to be unloaded (Chart 2).

Location Sequence of
on Chart 1 Operations Conditions Remarks
4B R107, unload 1, and These relays were latched
2D R109, unlead sicp, the last time the machine
are latched was unloaded.
3D Pick R102, unload 2, R107-3n/0

R122 unload 2

4C Pick R7 Circuit through the load
point, tape indicator, and
tape break lamps.

1B Pick R2 and R120, R107-2n/0
clutch status 1 and 2
1D Pick 119, go status R109-1n/0
Systems Full power to both R].BUn/C and Power to Stop clutches is
02.03.1 stop clutches R1BLn/c controlled by reel release sw.
4C Tape break lamp on Used for H-S rewind area.
4C Reset tape indicator R110-3n/0 Tape indicator trigger is
held reset until R110 is
picked when the load re-
wind key is depressed.
2B Reset write status R106-3n/0 Called "read trigger set. "
tgr Write status trigger is held

reset until the start relay
R106 is picked



Location
on Chart 1

3D

3D

Sequence of
Operations

Manual go line up

Pick R5 and R6 tape
out-of-col relays

Thread tape on tape unit.

4A

4C

4B

1D

3D

1D

4D

3B

1B

1B

Systems
02,04.1

4D

Depress load-rewind
key

Pick R111, rewind
pick up

LT R107, unload 1

LT R109, unload
stop

Drop R119 manual

go

Drop R102 and R122,
unload 2 and 3

Pick DP4, vacuum
mirs

Pick K3, load rewind
1

Pick R4, high-speed
rewind,end 1 and
DP7, take-up mtr
reverse

R2 and R120 held

Pick R8, time delay
mtr

Time delay mtr
starts

Pick R101, load
rewind 2

Conditions

R119-1n/c

Thru the tape-
in-col switches
n/c points when
48v is applied

R7BL, read
status, relay
driver
(01.09.1)

R111-3n/0
R111-2n/0
R109-1n/0

R107-3n/0

Riii-in/o

R3ALn/o

R3BLn/o

R4AUn/o
R8AUn/o
R3BUn/o
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Remarks

Manual go will fall when R119
is de-energized.

Tape-in-col switches will trans-
fer when tape enters cols.

R111 has no hold. It remains
picked only as long as key is
depressed.

Drop unload status relays.

Two pumps are used to obtain
sufficient vacuum.

Starts load rewind operation.
Used for load operation only.

R4 controls low-speed rewind.
DP7 prepares the head and tape
take-up mtrs to run in reverse
to lower head and drop tape in
cols.

Picked from unload status.

Used with R3 for load opera-
tion only. R101-4 pointshold
R3.



Location
on Chart 1

3B

1D

Sequence of
Operations

Pick R104 and R9
status 1 and 2

Manual reverse
line to 01.07.1

Conditions

R101-5n/0

R104-1n/0

Remarks

Used for rewind operation
after the load operation.

Prolays conditioned for back-
ward tape movement,

The above operations take place within a fraction of a second after the load-rewind

key is depressed.

switeh transfer, causing the following action.

1B

Systems

—_—~
(=)
o
[
w
b

-’

3D

3D

Systems
02.04.1

Pick R1,run DP1,
and DP2 phases
1, and 2

One-half power applied

to ston clutehes
t0 SUOP cilulcnes

Time delay switch
transfers

Pick DP6 tape take-
up motor start

Start tape take-up
mtr

Vacuum off
bellows sw

R1BUn/o,R2A-

In/o

il O

R1BLn/o,R2B-
Un/o

Time delay
points transfer

DP6 points

When enough vacuum is obtained, the flapper valves and the bellows

One-half brake is always
annlied with R1 and R2 nicked
applied with R1 zed

Lil4 V4 pax

Tape take-up mitr operates
in reverse, and tape goes into
cols.

When tape goes in the columns, the tape-in-col switches transfer, dropping their
associated relays.

3D

2D

2C

2C

2D

Drop R5 and R6,
tape out of cols

Pick DP8 head take-
up motor start

Head up switch
transfers

Head down
switch opens

Drop DP8 head
take-up motor
start

Tape-in-col

switches transfer

R5BUn/c or
R6BUn/c

Head moves
away from
upper limit

Head near its
lower limit

Head down
switch opens
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Head take-up motor operates
in reverse. Upper head
assembly moves down.

Stop head take-up motor.



Location Sequence of

on Chart 1 Operations Conditions Remarks
1B Drop R8 time Head down Time delay motor has been
delay motor switch opens held energized.
1B Drop R2 and R120 Head down
clutch status 1 switch points
and 2
Tape reels under R2ALn/c and Tape is adjusted in cols.
control of vacuum R2BUn/c
cols
3D Drop DP6 tape take- Time delay Stop tape take-up mftr.
up mtr start switch opens
4D Tape break lamp is R120-3n/c Not usable when tape drive is
shunted loaded.
3D Pick DP3, capstans R2AUn/c
motors
Systems Capstans motors DP3 points Capstans extend because of
02.04.1 start and extend solenoid action of rotors.
3C Capstans in switches Capstans ex-
open tending
3C Caps out switches Caps fully
close extended
3D Pick R117 caps out Both cap out

switches closed

4D Drop R3, load re- R117-2n/c
wind

4D Drop R101, load re- R3BUn/o
wind 2

3B Drop R4,H-S rewind R3ALn/o
end

The load operation is completed. The rewind operation may now be started.

1D Pick R119, manual R101-3n/c
go
3D ""Manual go" up R119-1n/c The reverse line has been up

since R104 was picked.
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Tape moves in the reverse direction until the load point photo cell senses the load
point reflective spot. As tape passes under the load point photo cell, light is reflected
by the load point reflective spot to the photo cell causing increased conduction in the
cell. The photo cell output is a negative shift that is applied to a converter (Systems
01.06.1). The negative shift output from the converter is combined with "reverse" in
minus AND circuit D12. The output of AND circuit D12 is used to turn on the pick
load point trigger. The negative shift on the in-phase N level output line from the trigger
is used to latch pick the load point PU relay R116.

The negative shift on the in-phase N level output line fr om the trigger also causes the
output of + AND circuit E13 (Systems 01, 07.1) to fall, This in turn causes the GO line
to fall and the stop line to rise, putting the tape unit in a reverse stop status.

Loeation Sequence of
on Chart 1 Operations Conditions Remarks
4C Latch pick R116 Photo cell Tape break and load point
relay.
3B Drop R9 and R104 R116-1n/c End of rewind operation.
1D Drop R119 R116-1n/c
3D Drop manual go R119-1n/c

When R104 drops, the manual reverse line is deconditioned. This causes the '"back-
ward" line to fall (Systems 01.07.1) and the "forward"” line to rise. The tape unit will
now be in forward stop status.

The +N level "forward" line is combined with "at load point' in +AND circuit D14
(Systems 01.06,1). The output of this AND circuit is used to reset the '"pick load point"
trigger.

7.2.00 UNLOAD OPERATION

To remove a reel of tape and mount a new reel, the tape unit must be in unload status.
Unload status may be obtained by depressing the reset key and then the unload key.
(Depressing the reset key is necessary only if the ready light is lit.) During the unload
operation: the capstans are retracted, tape is pulled from the columns, and the upper
head assembly is raised. At the end of the operation, all motors, except the fan and
blower, are stopped. The following sequence takes place (Sequence Diagram, Chart 3).

7.2.01 Loaded Status

Because the tape drive is in load status, the vacuum-off bellows switch is closed and
the following relays are picked: R1, 7, 110, 117, and DP1, 2, 3, 4, and 7. (The file
protection circuit is not covered.)
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7.2.02 Manual Unload Sequence (Chart 3)

Location
on Chart 1

4A

4B

1B

3D

3D

4D

3C

o
I

3B

3C

3D

3C

3D

3D

2D

Sequence of
Operations

Depress the unload
key

Latch pick R107
unload 1

Pick R2 and R120
clutch status 1 and
2

Drop DP3, caps mtrs

Pick R102 and R122,
unload 2 and 3

Tape break lamp lights
Tape indicator and load
point lamps shunted

Caps-out switches
open

Drop R117

Capstans-out relay

Drop DP7
Take-up motors rev

Caps-in switches
close

Pick DP6 tape take-
up motors start

Tape-in-col switches
n/c points close

Pick R5 and R6 tape
out of col relays

Drop DP6 tape take-
up motor

Pick DP8 head take-
up motor start

Conditions

Unload switch

R107-2n/0

R2AUn/c

R107-3n/c

R120-3

Caps moving
in

Caps-out

switches open

117-1n/0

Caps fully
retracted

Caps-in
switches

Tape out of
cols

Tape-in-col
switches n/c
points closed

5BUn/c
6BUn/c

R5BUn/o
R6BUn/o
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Remarks
Door must be closed. If R106
is up, it must be dropped by

depressing the reset key.

R107-1 points form a parallel
circuit to hold R1, 1 and 2.

Caps retract as motors coast
to stop.

The tape break lamp is lighted
when going into, and in, an
unload condition.

Tape is pulled from cols.

Tape take-up motor stops.

Upper head assembly rises.



Location Sequence of

on Chart 1 Operations Conditions Remarks
Systems Half-brake left and R5BLn/o
02.03.1 right R6BLn/o
2C Head down switch Upper head
transfers assembly
rising
2C Head up switch Upper head
transfers assembly

fully raised

2D Drop DP8 head take- Head up
up mtr switch
2D Latch pick R109 Head up
unload stop 1 switch
1D Drop DP4 vacwum mtr 109-1n/c Vacuum starts decreasing.
1D Pick R119 manual go 109-1n/o0
1B Vacuum off bellows No vacuum
sw opens
1B Drop R1 run Vacuum off

bellows sw open

1B Drop phase 1 and 2, Vacuum off
DP1, DP2 bellows sw open

The tape unit is now in unloaded status. All motors are stopped except the fan and
blower motors. The tape unit remains in this status until the load-rewind key is
depressed.

7.3.00 HIGH-SPEED REWIND

Time is of prime importance in handling large amounts of tape by the tape unit.
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 at
least one-half inch of tape is on the machine reel.

7.3.01 Initial Condition

Assume the tape to be in the load status (tape in both columns, upper head assembly
down, drive capstans extended and turning, and more than one-half inch of tape on the
machine reel). The following sequence takes place (Sequence Diagram, Chart 4).

Because the tape unit is in the load status, the vacuum-off bellows switch is closed,
and the following relays are picked: R1, 7, and 117; DP1, 2, 3, 4, and 7. (The file
protection circuit is not discussed in this section.)
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In addition to the above relays, R121 is picked in the following manner. The high-
speed area lamp beam is blocked by the tape on the machine reel. Because the beam
cannot strike the photo cell, the cell's conduction is light, causing a negative voltage
level to be applied to the base of the transistor amplifier (Systems 01.09.1). The amp-
lifier conducts, producing a +P level at its output. The +P level is applied to a relay
driver to pick R121, the high speed area relay, which allows the tape unit to perform a
high-speed rewind. When enough tape has been removed from the machine reel, the
light beam again strikes the photo cell causing it to conduct heavily., This raises the
base of the transistor amplifier to a positive level which cuts it off and causes the out-
put to drop to a -"P" level cutting off the relay driver (System 01.09. 1) which causes
R121 to drop. Dropping R121 permits a low-speed rewind operation to begin.

The high-speed rewind circuit is designed for safety. If the high-speed area lamp
burns out or the photocell amplifier transistor opens, the tape unit cannot perform a

high-speed rewind.

7.3.02 High-Speed Rewind Sequence (Chart 4)

Location Sequence of
on Chart 1 Operations Conditions Remarks
4A Depress load-rewind R106-4n/c Reset key must be depressed
key Ready light if ready light is lit.
must be out
4C Pick R111, rewind R7BL, read R111 has no hold. It remains
pick up status, relay picked only as long as key is
driver (Sys- depressed.
tems 01, 09.1)
4D Pick R3, load-re- Rl1li-In/o Starts load-rewind operation.
wind 1 Used for load operation only.
4D Pick R101, load- R3BUn/o Used with R3 for load opera-
rewind 2 tion only., R101-4 points hold
R3.
3B Pick R104 and R9 R101-5n/0 Used for rewind operation
rewind status after the load operation.
1B Pick R2 and R120 R3BLn/o and
clutch status 1 R4BIn/c
and 2
3D Drop DP3, caps mtrs R2AUn/c
Systems Full power applied to R1BUn/o Tape-in-cols is now under
02.03.1 the left stop clutch R2ALn/o control of the take-up motor,
waiting to go into the unload
condition.
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Location
on Chart 1

4D

Systems
02.04.1

3C

3D

3B

1D

3D

3D

3C

3D

2D

2C

2C

Sequence of
Operations

Full power applied to

right stop clutch

Shunt load point and

tape indicator lamps
Tape break lamp lights

Caps mtrs stop

Caps-out switches
open

Drop R117

Drop DP7, take-
up motors rev

Pick R119, manual
go

Manual go line up

Pick DP6 tape
take-up motors

Tape-in-col switches

close

Pick R5 and R6 tape
out of col relays

Pick DP8 head take-
up motor

Head down switch
closes

Head up switch
transfers

Conditions Remarks

R1BLn/o

R2BUn/o

R120-3n/0 Tape break lamp is lit going
into, and in, an unload condi-
tion.

DP3 points Capstans begin retracting be-

open cause of pressure exerted by
a spring on the rotor.

Caps moving
in

Caps-out switches

open

117-1n/0 Take-up motors will operate
to take head assembly up and
pull tape from cols.

Cans fnlly

waps

retracted

Caps--in switches
closed Ri20-4n/0

R119-1n/0 Moving pulleys away from stop
caps--in lowest position be-
cause caps are retracted.

Caps-in Tape is pulled from cols.

switches closed

Tape out of
cols

Tape-in-col
switches closed

R5BUn/o or
R6BUn/o

Upper head assembly rises.

Head going up

Head near upper
limit
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Location Sequence of

on Chart 1 Operations Conditions Remark
2D Drop DP8 head Head up switch Head fully raised.
take-up motor n/c points open

The tape unit is now in the unload condition waiting for high-speed rewind to start.
The unload condition differs from the unload status in that the vacuum motors and reel
drive motors are not stopped. An unload status is the completion of an unload operation.
The unload condition appears as the unload status, but does not remain so at the end of
the high-speed rewind operation.

2D Pick R113 H-S Head up switch Remove brake from right reel.
Rew status n/o points
closed
2D Pick R114 H-S R113-2n/0

rew interlock

Systems Release brake on R113-1n/c Left reel driven by H-S
02,03.1 right and left reels P114-2n/c rew motor thru direct drive.
2D Pick DP5 H-S rew Head up sw
motor n/o points
closed
Systems H-S Rew motor DP5-A,B Tape starts rewinding at H-S
02.04.1 starts (approximately 500 inches/sec
average).

When enough tape has been removed from the machine reel to permit the beam of the
high-speed rewind area photo lamp to strike its photo cell, R121 is dropped. Dropping
of R121 causes the drive to start a low-speed rewind. The lamp beam is adjusted to

strilze the photo cell when there ic one-half inch of tape left on the machine reel,

4C Drop R121, high- High-speed One-half inch of tape left
speed rewind rewind lamp on the machine reel.
area heam strikes
photo cell,

cutting off
conduction of
RDBO09 (Systems

01.09. 1)
3B Pick R4, high-speed R121-1n/c
rewind end 1, and
take-up mtrs reverse
DP7
1B Pick R8, time delay R4AUn/o
motor
1D Drop R119 man go R8ALn/c



Loecation Sequence of
on Chart 1 Operations Conditions Remarks
3D Drop manual go R119-1n/e
iine
2D Drop D5, rewind R121-3n/0
motor, and R113,
high-speed rewind
status
Systems Start time delay mtr R8AUn/o Timer provides time interval
02.04.1 to allow the reels to coast to
stop before starting the load
operation.
Systems Rewind mtr stops DP5-A,B Power removed from rewind
02,04.1 mtr,
Apply one-half power R113-1n/c One-half power is applied to

to right stop clutch
(02.03.1)

right clutch to slow reels to
a stop.

The half power to the right stop clutch is adjusted so about 1/16 inch of tape remains

ot
o

oasts {o

stop.

3D Time delay points Switch operated Set time has elapsed (adjusted
open by motor to open approx. 1 second after
reels have stopped rewinding
full reel of tape).
2D Drop R114, high- Time delay
speed rewind points
interlock
Systems One-half power to R114-2n/c One-half power needed for the
02,03.1 left stop clutch load operations,
3D Pick DP6 tape take- Time delay Tape starts into cols.
up motor start switch

From this point on, the sequence of events is identical to low-speed rewind (Section
7.1.00). The operation ends when the load point is reached.

7.4.00 REWIND AND UNLOAD (729 II AND IV ONLY)

Through a program instruction rewind and unload, the 729 II and IV tape units can be
made to automatically rewind and unload as a single operation. The program instruction
conditions a "rewind-unload" line in the external tape control, which latch picks R123
in the tape unit (729 II and IV Systems 01.09.1). The purpose of R123 (rewind-unload)
is to remember to do an unload operation as soon as the rewind is completed.
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When R123 picks, the R123-3n/c¢ points open, producing a +W level (0 volts) on the
"rewind-unload" line (Systems 02, 01. 1) which pick relay R111 (rewind pickup) through
a relay driver (Systems 01.09.1). R111 initiates a normal rewind operation which ends
when the tape reaches load point. The rewind operation was described previously.

As the load point relay R116 latch picks, the R116-4n/o points close (Systems 02. 02, 1)
picking R107 (unload 1) through the R123-1n/0 points (R123 was latch picked as a result
of program instruction rewind and unload).

R107 initiates a normal unload operation. R123 is latch tripped at the start of the
unload operation when R122 (unload 3) is picked (02. 02.1).

7.4.01 Rewind and Unload Sequence

Chart 1, Chart 5 and the 729 II and IV tape unit Systems will be used for the following
It is assumed that the selected tape unit is loaded and in the high-speed re-

operations.

wind area prior to the execution of the rewind and unload instruction.

Location Sequence of
on Chart 1 Operations
Systems +P level on "rew
01.09.1 unload' line
01.09.1 "Rew-unload'" PU
4C Latch pick R123
Rew-unload relay
2B +W "rew-unload"
Systems "Rew PU"
01.09.1
4C Pick R111 rew PU
4D Pick R3 load rew 1
4D Pick R101 load rew 2
3B Pick R104 and R9 rew
status 1 and 2
Systems "Act sel and rew"
01.09.1
4C Latch pick R116 load

point relay

Conditions Remarks

Result of
programmed

instruction

Tape unit must
be selected

Thru relay driver
(Systems 01.09.1)

R123-3n/c

iSel and Ready'’
and "rewind-unload"

Thru relay driver
(Systems 01.09. 1)

R1l1-1n/0 Starts rew sequence,
R3BUn/o
R101-2n/0 Tape unit start H-S rew

Selected and in  Response to external control.

rew status

Reflective spot
on tape

At this point a normal rew
has been completed and tape
is at load point.
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Location

on Chart 1

48

3D

1D

2D

Sequence of
Operations

Latch pick R107
unload 1

Pick R102 and R122
unload 2 and 3

Latch trip R123
rew unload relay

Latch pick R109
unload stop

Conditions

R116-4n/0
R123-1n/0

R107-3n/0
R123-2n/0
R122-4n/0

R102-3n/0
Head-up sw
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Remarks

Tape starts normal unload
sequence .

R123 is dropped as soon as
unload operation starts.

Unload operation complete.
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C I D
GND
02.06.1
-48 MAN REM.
RiC&-i Rie-t  RIOI-3 RBAL RIO7-4 GLo
<48V REW LOAD ki LOAD |¢—|TAPEOUT TAPE QUT UNLOAD |
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< TO RI20-4 N/O RIS
Efac, / ouT T
) L
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TIME DELAY MOTOR
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JL RIOD-1 Rin-2
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STOP-1 PU. I
T SEE NOTE 2
N REW UNLOAD UNLOAD-~ 3 RIZ3)
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NOTE 1.R122 USED ON 729 [l AND I¥ ONLY
2.R123 USED ON 729 TT AND IV ONLY
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T 2 3‘ 4 5v 6 ? 9 10 T'] 12
(4A) A Load Rewind Key 1_ ‘ j § ;
(4B) B "Man Ld Rew" A | :
(01.09.1) C  Rewind PU B ;
(4C) D RI11, Rewind PU C
(4D) E  R3, Load Rewind 1 D k
(4D) F RI101, Lood Rewind 2 E Iy
(3B) G R104, Rewind Status 1 F
(3B) H R9, Rewind Status 2 F p
(38) J R107, Unload 1 D
(3D) K R102, Unload 2 J
(3D) L R122, Unload 3 J
(1ID) M R109, Unload Stop D
(1D} N DP4, Vac Mtrs M
(1D) P RI19, Manual Go M| l | | . k |
(18) Q R2, Clutch Status 1 '
(1B) R R120, Clutch Status 2
(3B) S R4, HSR End £ E
(1B) T RS, Time Delay Mtr S
(3D) U R5o0rR4, Tape Out of Cols 6
(1B) V  Vac Off Switch 3
(1B) W RIT, Run V|
(1B) X DP1, DP2, Phase 1 and 2 V|
(38) Y DP7, Take-up Rev E
(02031) Z  Brake Left -
(0203.1)a  Brake Right w U
(4D) b Tland LP Lamps -
(4C) ¢ Tape Break Lamp -
(3D) d Time Delay Sw 4
(3D) e DP4, Tape Take-up Mtr Start d
(2C) f Head Up Switch [
(2C) g Head Down Switch
3C) h Ca‘ps In Switch
(3C) i Caps Out Switch
(3D) k RI117, Caps Out
(01.06.1)1 Ld Pt Tape Break Photo Cell 10
(01.06.1)m "Ld Pt Tor | qr
(01.06.1)n  "Ld Pt PU" m
(4C) p  R116 LP, Load Point n
(3D) g  "At Load Point" .
0107.1)r  "+N Fwd" —
(01.07.1)s "+N Go" P
(3D} t DP3, Caps Motors
(2B) v "Mech Ready"
(2D) v  DP8, Head Take-up Mir U
Load Rew Key 1
Vac Coming Up 2
Vacuum Up 3
End Time Delay, Start Tape Take-up Motor 4
5
Tape Enters Columns, Head Starts Down 6

Head Fully Down, Start Caps Motors

Caps Start Out

Caps Out - Go Status - Search for Load Point

At Load Point

Load Point Tgr OFff

~—==1/2 current Loaded and at Load Point

CHART 2. MANUAL LOAD REWIND, 729 II, IIT, IV.




(34)
(3B)
(2B)
(28)
(28)
(4A)
(48)
(3D)
(3D)
(1B)
(1B)
(3D)
(02.03.1)
(02.03.1)

A
B
C
D
E
F
G
H
J
K
L
M
N
P
Q
R
S
T
U
\
\i4
X
Y
YA

- ® Qo 0 T Q

«

Reset Key

R106 Start

"Mech Ready"

Ready Light

“Rd Tgr Set" (.01.02.1)
Unload Key

R107 LP, Unload 1
R102, Unload 2
R122, Unload 3

R2, Clutch Statys 1
R120, Clutch Status 2
DP3, Caps Mtrs

Brake - Right
Brake - Left
Tl and Load Point Lamp

Tape Break Lamp

Caps Out Switches
R117, Caps Out

DP7, Take=-up Rev

Caps In Switches 4 ——

DP6, Tape Take-up Start V —

Head s

ad Down Swi

Head UP Switch

ich B e ———

Tape-in-column Switches e ———

R5 & R6, Tape Out of Col

DP8, Head Take-up Start

R109 LP, Unload Stop 1 ‘ 1

DP4, Vac Mtrs o ————————
Vac Off Bellows Switch ————————————————

R1, Run e ———————————
DP1, DP2, @1, @2 e —————————————

R119, Manual Go |

"Manual Go"

Reset Key 1 ‘
Unload Key 2 ’
Caps Start Retracting 3

Caps Retracted, Tape Starts Up 4

Tape out of Cols, Head Starts Up

Head Fully Up, Vac Mtrs Off

Vac Down

Unload Status

=1/2 Current R110 is up throughout sequence

CHART 3. MANUAL UNLOAD, 729 i, Il and IV




1 2 3 5 6 9 10 11 12 13 14 15 16
(3A) A Reset Key i ! ] i i | ! ! i |
{3B) B R106; Start J— A ; \ 1 i ! : ! ;
(2B) C  "Read Tgr Set" (Ov) .01.02.1 |uBod ‘ ; : ; f ;
(2B) D "Mech Rdy" (Ov) 01.01.] B M,
(2B) E  Ready Light B
(4A) F  Load Rewind Key 2 | B
(4B) G Man Ld Rew (-48v) F F
(01.09.1)H  Rew "PU" G G
(4C) J  RIT1, Rewind PU HL_H
(4D) K R3, Load Rewind 1 J Y
(4D) L R101, Load Rewind 2 K K
(3B) M R104 & R?, Rewind Status L X
(1B) N R2&R120, Clutch Status K c
(ID) P "Man Rev" (-48v) 01.07.1 M M
(28) Q RI112, NFP-2 (if ring isin) M M
(3D) R DP3, Capstan Mirs N N
(01.07.1)S  "+N Fwd" P P
(02.03.1)T  Brake Left N . -
(02.03.1)U  Brake Right N F o 9 o o
(4C) V  Tape Break Lamp N R S P S\
(4D) W TI & LP Lamps N RN N N I
(3C) X  Caps Out Switches 3 14
(3D) Y RI17, Caps Out X X
(3B) Z DP7, Take-up Mtrs Rev, Y
(3C) a  Caps In Switches 4 13
(3D) b DP6, Tape Take-up Mtr Start a q N
(2C) ¢ Head Down Switch 5 12
(2C) d  Head Up Switch ) 1
(3C) e Tape-in-Col Switches 5 11
(3D) f R5 &R, Tape Out of Cols e
(2D) g R113, HSR Status d
(2D) h DP5, Rew Mtr d
(2D) R114, HSR Interlock g g
(01.09.1)k  HSR Photo Cell
(01.09.1)1 HS Area PU
(4C) m R121 HSR Arec S ——
(3B) n R4 HSR End K
(1B) p R8, Time Delay Mtr c
(3D) g Time Delay Switch 9 p
(ID) r R119, Manual Go a Y,L X
{3D) s "Manual Ga" (OV) r r
(01.07.1)t  "+N Go" a s s
(01.06.1)u  Ld Pt - Tape Break Photo Cell ]5“
(01.06.1)v  Load Point Tgr u Sy
(01.06.1)w  "Load Point PU" v v
(4C) x R116 (LP), Load Point u
(3D) y  "At Load Point" (Ov) X
(2D) z  DP8, Head Take-up Motor d e <
Depress Reset Key 1
Depress Load-Rew Key 2
Caps Start Retracting 3
Caps Retracted, Start Tape Take-up Motor 4
Head Starts Up, Tape Out of Cols
Head Fully Up, Start HS Rew Mir 6
Tape Rewinding at High Speed
One-HalT Tnch of Tape on Machine Reel
Time Delay Sw Operates, Start Tape Take-up Mtr (Rev) 9
Move Tape into Columns 10
Tape in Columns, Head Starts Down 11
=1/2 currént Head Fully Down 12
Relays up throughout this sequence Capstans Start Out 13
RY, R7, R110, DP1, DP2, DP4 Capstans Out, Tape Moves in Rev 14
NFP (if ring is in) At Load Point 15
Pick Ld Pt Tgr Off (approx 8ms) 16

CHART 4. HIGH-SPEED LOAD REWIND, 729 11, Ili, IV

(Manual Operation; Tape Is Loaded, in High-Speed Area, and Ready



A "Select”

B R106, Start

C  Mech Ready

D "Rew & Unload" TC 39
E  +W "Rew & Unload PU"
F R123, LP Rew-Unload
G +W “Rew~Unload"

H  "Rew PU"

J  RI111, Rew PU

K R3, Load Rew 1

L R101, Load Rew 2

M R 104 & R9, Rew Status

N “Sei and Rew” TC 3

~i

P Load Point Reflective Spot
Q R116 LP, Load Point
R R 107 LP, Unload 1

S R102, Unload 2

T RI122, Unload 3

U R10%, Unload Stop

NOTES:

1. Chart shows pick time of relays

2. Divisions on chart do not
represent equal time intervals

S

Tape Unit Starts Rewinding
Tape Unit at Load Point

<«— Rewinding

Tape
—>

Tape Unit Starts Unloading

Unload Operation Completed

CHART 5. REWIND AND UNLOAD (729 [l and IV ONLY)

Tape
lee— Unloading

TU in
Unload
Status



8.0.00 TAPE UNIT LOGIC

8.1.00 SYSTEMS DIAGRAMS

Two sets of systems are included in Section 12.0.00 of this manual. One set covers
the 729 II and IV; the other covers the 729 III. In general, the logic for the three units
is similar, with only minor differences between the 729 II and IV and the 729 III.

Both sets of systems include charts and diagrams for locating transistor cards and
other components. The systems in this manual, however, should not be used when
servicing a tape unit because they may be at an earlier engineering level than the tape
unit being serviced.

8.2.00 CIRCUITS AND LINES
8.2.01 Select and Ready

A tape unit is ready for selection when these conditions exist: tape unit in load
status, reel door interlock closed, tape unit not in rewind status, and start key
depressed. These conditions are indicated by ''start" and "mech ready' lines on
Systems 01.01. 1.

"Sel TU" is + P level when the external select line corresponding to the setting of
the select switch is at an up level. "Sel TU" causes the select light to come on
regardless of the ready condition.

"Sel TU" and "start' are plus AND'ed to produce "act select"
"Act select” and "mech ready' are plus AND'ed to produce "sel + ready"
8.2.02 Read-Write Status (Systems 01.02. 1)

Set Read Status. ''Set Read" is externally generated and combined in a + AND
circuit with "sei + ready." The resulting up level turns off the write status trigger.
The status of this trigger determines whether the tape unit is in read or write status.

If the trigger is off, the tape unit is in read status. Because the write status trigger
is a -T, the in-phase outputs will be up when the trigger is off. Note: A current
switching trigger is ON when its in-phase output lines agree with the sign of the trigger.

The in-phase output of the write status trigger is plus AND'ed with "sel + ready" to
produce "sel ready + read.' The "sel ready + read" line is returned to the external
control as an indication that the tape unit is selected, ready, and in read status.

The write status trigger is reset to read status whenever the tape unit is under
manual control. This is done by the 'read trigger set' line originating on Systems
02.01.1. This line is +W level when the start relay R106 is down. The write status
trigger is also set to read status during a programmed rewind by "set read" which
originates in the external control unit.
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Set Write Status. "Set write" is externally generated. It combines with "sel +
ready' and ''not file protect' in a minus AND circuit. The output of this AND circuit
turns on the write status trigger. An in-phase output of the write status trigger is
AND'ed with "sel + ready" to produce "write status' and "'sel ready + write'. ''Sel
ready + write" is returned to the external control to indicate that the tape unit is
selected, ready and in write status.

8.2.03 Tape Indicator (Systems 01.05.1)

The tape indicator is a trigger that may be used to indicate certain conditions
sensed within the tape unit. It may be controlled externally or internally. The trigger
is turned on internally by sensing the reflective spot at the end of a reel of tape when
writing. The rear photo cell output is coupled to a converter. The output of the
converter is minus AND'ed with "NFP", and "write status' to turn on the tape
indicator trigger.

The TI trigger may also be turned on by bringing up the "turn on tape indicator"
line from the external control if the 'act sel' line is conditioned. The out-of-phase
output of the TI trigger turns on the tape indicator light. An in-phase output of the
trigger is AND'ed with "act sel' to become 'act sel + TI On, ' which is sent back to
the external control.

"Turn off TI'" originates in the external control and is AND'ed with "act sel'" to turn
off the TI from an external source. When the TI trlgger is off, an out-of-phase output
e ANTTIAA wxiile 1ot aallt A o T Ly Jdai Al + A
1S AND €4 willl "'alCl SC1°° LW pr oauce d.bL bc.l + _Ll OlL'' wiicihi returns to the ex

control to indicate the status of the TI trigger.

nwnnal
Clliial

8.2.04 Tape Break Indication (Systems 01.06. 1)

When the tape unit is rewinding at high speed and a tape break occurs, the operation
is stopped by the load point photo cell and associated circuits. A light source is
located beneath the tape; its beam falls on the load point photo cell when the tape is
broken. This light is mechanically aligned to the photo cell when the upper head
assembly is raised (Figure 4.3-4).

The output of the load point photo cell is AND'ed with '"reverse' to turn on the load
point trigger. An output from this trigger is used to latch pick the load point relay
R116. (Only an unload operation causes this relay to be latch tripped for this condition)
The load point trigger is turned off by the output of an AND circuit whose inputs are
"fwd'" and "at load point. "

Picking R116 causes R3 to be dropped; R3 in turn drops R101 (Systems 02.02. 1),
R12 and R120 (Systems 02.01.1). Dropping R101 causes R1, DP1 and DP2 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 (Systems 02.03. 1); DP1 and
DP2 drop power to all of the motor circuits except the fan, blower and vacuum motors.

Dropping R120 causes R119 to drop opening '""manual go'". In this condition there is
no way to bring up "manual go" needed to latch trip R116 except by starting an unload
operation. When the unload key is depressed, R107-2 points pick R2 and R120. R120-4
points complete a path to R119. '"Manual go' comes up producing "+N go' which is
AND'ed with "at load point" to latch trip R116. The unload operation is now complete.
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8.2.05 Starting from Load Point (01.06. 1)

To read or write from the beginning of the tape, +N GO must be brought up. This
is done either by "GO" when the tape drive is controlled by the external source
(Systems 01.07. 1) or by "manual GO" (when under manual control or when the CE
switch is used.)

+N GO combines with "at load point" (Systems 01.06. 1) to latch trip the load point
relay R116. '"At load point” and "act sel + at load point' drop when R116 is dropped.

8.2.06 Start, Stop, and Reverse Control (Systems 01.07.1)

There are two ways to bring up "+N GO." "GO, " brought up externally, combined
with "'select and ready, " raises +N GO and drops "+N STOP". Also, raising "manual
go" combined with 'not pick load point" raises "+N GO'.

There are two ways to bring up ''reverse, " conditioning the tape unit to move tape
in a reverse direction. "Backward, ' generated externally, combined with "select and
ready" produces "'reverse' (Systems 01.07.1).

'"Manual reverse' (Systems 02.02. 1) also brings up 'reverse."
8.2.07 Read Preamplifier

Each of the seven read coils is connected to the input of its respective amplifier
(Systems 01.03.1). As bits are read they are amplified in the preamplifier and fed
to the read bus through an emitter follower output stage.

The signal level at the read coil is about 15 mv peak-to-peak. The output level of
each pre-amp is adjusted to 8v peak-to-peak by a potentiometer controlling the feed-
back from the third stage.

The 8v peak-to-peak signal feeding the emitter follower output stage swings above

and helow approximately zere, or ground level,

The input to the emitter follower is controlled by ''sel + ready" through a transistor
gate circuit. When "sel + ready" is up, the gate transistor is reverse biased and
looks like a very high resistance across the input to the emitter follower. When "'sel +
ready' is down, the gate transistor is forward biased, causing it to conduct heavily.
This effectively connects the base of the emitter follower to +6v through the low
resistance of the conducting gate transistor shunting out any noise signals reaching
the output of the preamplifier. A 12-section lumped constant delay line is inserted
between the third stage of the preamp and the emitter follower. This delay line
provides adjustable delay in increments of . 25 microsecond to compensate for skew
caused by slight misalignment of the read coils during manufacture of the head
assembly.
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8.2.08 Writing on Tape (Only One-Bit Position Considered)

Review the method of storing information. Note that tape is magnetically saturated
in a predetermined direction by passing current through the write coil in one direction.
Current flow is reversed under control of the write trigger. Current is always
flowing through the write coil when the tape unit is in write status with 'not file
protect' at -6v level (Systems 01.04.1).

The emitter follower outputs of the write trigger are fed to a head driver. The
collector loads for this driver are the two halves of the write coil. Because either
emitter follower output of the write trigger is always at -6v when the fape unit is in
write status, the respective side of the head driver is conducting; causing current
to flow in the associated coil.

The write trigger is flipped by the positive shift of a 'write pulse' applied to its
binary input. Write pulses originate in the external control and have a repetition
rate and pulse duration determined by the type of tape unit employed. Write pulses
for the 729 II tape unit occur every 67.2 microseconds and have a duration of 8.4
microseconds. Write pulses for the 729 III and IV occur every 16 microseconds and

have a duration of 1 microsecond.

Before write pulses can flip the trigger it is necessary for the trigger to be
conditioned by an up level on its gate. The condition of the trigger gate is determined
by the level of the write bus.

When the write bus is at a -N level the write trigger gate is up (0 volts) and the
trigger is conditioned so it will flip when the write pulse occurs. A + N level on the
write bus (no information) causes the trigger gate to be down (-12v), thus preventing
the write trigger from being flipped by a write pulse.

The head driver circuit is conditioned by "write status' and 'not file protect.” The
head driver can conduct and thus pass current through the write head only when the
tape unit is in write status and not file protected.

When a character is written on tape, the bits must be written in a straight line
across the tape. Any deviation from this pattern is called skew and must-be held to
a minimum. There are two methods of obtaining minimum skew. One is by mechani-
cal adjustment to position the head assembly parallel to the tape. The remaining
skew is due to slight misalignment of the individual write coils which make up the
head assembly and is adjusted to a minimum by electronic delay inserted between
the sample pulse line and the write triggers. The delay is obtained from a distributed
constant delay line of twelve . 18-microsecond sections. By selecting the proper tap
on the delay line for each of the seven tracks, all bits for a character will be written
in a straight line across the tape even though the physical position of the write head
gaps may not be in a straight line. There are seven such circuits, one for each of
the seven tracks.

8.2.09 Write Echo (Systems 01.04.1)
For checking purposes, a write echo pulse is developed for any track in which a

bit is written. Echo pulses are generated in the head driver circuit. When a bit is
written, current is switched from one half of the write coil to the other half. This
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is accomplished by cutting off the transistor in series with one half of the coil while,
at the same time, driving into full conduction the transistor is series with the other
half of the coil. There will be a 6v negative shift at the collector of the transistor
which is driven to cut-off. This negative shift is capacity coupled to the base of a
PNP transistor causing it to conduct momentarily. This produces a positive pulse
which is fed to the echo bus and returned to the external control.

8.2.10 Writing a Check Character (LRCC)

Because 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 of 1's has been
written, the write trigger is off; if an odd number has been written, the write trigger
is on.

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

A line referred to as "write check character' is routed to the tape unit from the
external control. This line is normally at + N level. When it drops to -N level the
write triggers are reset.

8.2.11 Rewind (Systems 01.09.1)

A rewind operation may be started in two ways. One way is by "start rewind"
from an external source, which combines with "select + ready" to form "rewind PU".
This line picks R111 to initiate a rewind operation. During the rewind operation,
R104 is picked and "rewind status' is conditioned (Systems 02.01.1). This line is
-AND'ed with "active sel' to form 'select + rewind status, " which 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 key on the tape
unit panel. This key (Systems 02.01. 1) conditions "manual load rewind'" which is
minus AND'ed with "read status" (Systems 01.09. 1) to produce "rewind PU". "Read
status" is used because if the tape unit was in write status, the write coils would
conduct, destroying information as the tape passed over the head.

8.2.12 TFile Protection Circuit

The file protection system is provided to prevent accidental writing on master
tapes (See also Section 4.11.0). When a reel containing the plastic ring is mounted
on the file reel hub, a sensing pin which protrudes from the front of the tape unit
above the hub is depressed.

The sensing pin operates the "not file protect 1" relay armature. The NFP AL
points close, energizing the NFP1 relay (Systems 02.01.1). This action causes the
armature to complete its travel, pulling the sensing pin away from the plastic ring
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to keep the pin from dragging on the plastic ring when the reel revolves. The NFP1

relay remains energized as long as the reel is on the tape unit and the tape unit door

is closed. The NFP BL points close (Systems 02.01.1) to complete a circuit to pick
R112 'not file protect 2. "

R112-1n/0 points close to condition a line "-48v NFP.'" R112-2 and 3 n/o points
close to condition a line "-6vNFP," '-48v NFP'" becomes '"-W NFP" (Systems 01.02. 1)
and is combined with "sel + ready and "set write' to turn on the write status trigger.
Note that R112, NFP 2 must be energized before the write status trigger can be turned
on.

"-6v NFP" (Systems 02.01. 1) supplies voltage to the center tap of the write coils.
R112 remains energized as long as the 'file protect 1' relay is energized and the tape
unit is not in rewind status.

During a rewind operation R104 'rewind status 1" is energized and the R104-5n/c
points open preventing R112 from being energized. With R112 de-energized the NFP
lines are de-energized eliminating the possibility of the tape unit being in write status.

8.2.13 Start Key--Mechanically Ready

To place the tape unit under external control, the start key must be depressed
(Systems 02.01.1). This energizes the start relay R106. The R106-4 n/c points open,
making the load and unload key inoperative. R106-3n/c points open, placing the
start’ line (Systems 02.01.1) at + W level (0 voits).

'"Mechanically ready" (Systems 02.01.1) is raised to + W level when R106-5 n/c
points open if R1 and R117 have previously been energized and R104 is de-energized.

When picked, R1 indicates a closed door, circuit protectors all closed, no burned
out lamps, tape not broken, DC power available, and sufficient vacuum.

R117, when energized, indicates both capstans out. R104 de-energized indicates
the tape unit is not in rewind status.

"Start" is combined with ''select (Systems 01.01. 1) to produce "active select."

"Mechanically ready" is combined with select (Systems 01.01. 1) to produce "select +
ready."

8.2.14 Reset (02.01.1)

Depressing the reset key opens the hold circuit to R106, taking the tape unit out of
the ready status. The reset key stops any operation that has been started except load
and unload operations. R106-5 dropping ""mechanically ready, ' eliminates most
external controls.

The reset key opens the hold circuit for R104 and R9, rewind status 1 and 2, stopping
a low-speed rewind operation. If the tape unit is in a high-speed rewind operation, the
reset key shunts the R121-1 points, high-speed rewind area, causing the drive to load
tape. If the key is held depressed, the drive will stop after the tape is loaded. R104
and R9 cannot be energized after R101-5 is dropped at the completion of the load
operation.
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If the reset key is depressed and released during a high-speed rewind operation,
the tape unit causes tape to load, and then starts a low-speed rewind operation. Tape
will rewind to load point, unless the reset key is again depressed. The reset key does
not reset the tape indicator.

8.2.15 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 loading the tape. The time delay points are set to
close about one second after the reels stop, when rewindihg a full reel of tape.
Because high-speed rewind will not always involve a full reel of tape, the reels may
stop long before time delay 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
stops and the brake is applied. This free-wheeling allows for 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. R114 is picked at the start
of a high-speed rewind by R113-2 (Systems 02.02. 1) and held through its own points
until the time delay points open. R114-2 points (Systems 02.03. 1) are transferred,
removing the one-half brake from the file reel. The n/o point is brought to the n/c
R5BU and R6BU points (Systems 02.02. 1) in parallel. These points are open because
tape is out of the columns during high-speed rewind.

If tape should be dropped into either of the columns, the associated n/c points
return to normal, applying current to the file-reel stop clutch as long as R114 is
picked.

8.2.16 Dual Density —- 729 II & IV Only (Systems 01. 02, 2)

The control unit used with the 729 II and IV tape units is capable of writing tapes
of low density (200 characters per inch) or high density (555 characters per inch).
The density of writing on tape is controlled by the frequency of the write pulses
generated in the control unit,

A density trigger in each tape unit determines the density at which a particular
729 II or IV tape unit is to write. The output of the density trigger is AND'ed with
"act select" and is sent to the control unit to seiect the proper write puise frequency.

When the output of the density trigger is a +P level, tape is written at high density.
A - P level causes low density writing. Note that the density trigger does not directly
affdct the operation of any circuit in the tape unit. It serves only as a memory trigger.

The status of the density trigger can be set manually by depressing the change
density key on the tape unit operator panel (Figure 4.14-1B). The change density
switch applies a voltage shift to a binary input to the density trigger. Each time the
key is depressed, the status of the density trigger changes.

The status of the density trigger can also be set by programmed instructions set hi
density and set lo density. These program instructions produce changes in line levels,
which are sent to the tape unit where they are AND'ed with "act sel' to set the density
trigger.
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The status of the density trigger can be determined visually by indicator lights on
the tape unit operator panel.

8.2.17 Mechanical Counters

Two mechanical counters (Systems 01.10.1) are in the 729 II, III, and IV for
customer engineer use. The counters are actuated by electrical impulses and can be
wired into circuits to count the number of times a particular operation occurs.
Because the counter is a mechanical device, it has limited speed of operation and
should be used only for checking circuits which operate at a low repetition rate such
as backspace, load point and so on. The counters are located at the lower left front
of the tape unit next to the vacuum column.
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9.0.00 PURPOSE OF RELAY POINTS AND SWITCHES

ALL locations refer to Chart 1A and B, unless otherwise stated.

Relay 1, run relay (1B), is picked when the bellows switch closes. It senses
failures such as circuit protector operation, loss of vacuum in either column, photo
cell lamp failure, or bellows switch operation during a normal operation.

1AU (24)

1AL (3B)

1BU (Systems 02.03. 1)

1BL (Systems 02.03. 1)

Completes circuit for 48 volts to "CE
switch and ready;" drops 'ready' in case
of any of the above failures.

Drops R106 (start) for any of the above
named failures.

Applies full brake to the file reel when
normal. N/O points complete a circuit
to the R2AL points when R1 is energized.

Same usage as R1BU but applied to the
machine reel.

Relay 2, clutch status relay 1 (1B), is picked during rewind, load, and unload
operations. When energized, it allows a circuit to be completed for half-brake on
both reels. R2 points also control energizing of the capstan drive motors.

2AU (3C)

2AL (Systems 02.03.1)

2BU (Systems 02.03.1)

N/C points pick DP3 to allow the capstan
motors to run only when R2 is down.

Places file reel under control of the left
vacuum column switches during normai
operation.

Places machine reel under control of the
right vacuum coiumn switches during
normal operation.

Relay 3, load rewind 1 (4D), is picked for load operation.

3AL (3B)

3BU (3C)

3BL (1B)

Picks R4 (high-speed rewind end 1) and
take-up motor reverse relay DP7.

Picks R101 (load-rewind 2).

Holds R2 and R120 when R107 is latch
tripped at start of a load operation in a
slow-speed area. It picks R2 and R120 at
the start of a high-speed rewind operation.
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Relay 4, high-speed rewind end (3B), is picked during load-rewind operations when
less than one-half inch of tape is on the machine reel.

4AU (1B) Picks R8 (time delay motor) when entering
low-speed rewind area from high-speed
rewind.

4AL (3D) Completes a pick circuit for DP7 to start

the tape take-up motor at the beginning
of high-speed rewind operation.

4BU 4D) Causes the load point and tape indicator
lamps to come on at the start of a low-
speed rewind.

4BL (34) Holds R4 and DP7 when entering low-speed
rewind from high-speed rewind.

Relay 5, tape out of left col (3D), is picked when the left tape-in-col switch is
normal.

5AU (1B) Drops R1 (run) if tape is not in the left
column during normal operation,

5AL (2B) Drops R119 (manual go) if tape is not in
left column during a low-speed rewind
operation.

5BU (20C) N/O, in pick circuit for DP8 (head take-

up motor). Tape must be out of left
column before entering high-speed rewind.
( Pick R113 and DP5). N/C, anti-spill
device one-half brake is applied to file
reel if tape goes into the left column at
the end of a high-speed rewind and insures
proper load operations if file reel is free
wheeling.

5BL (Systems 02.03.1) Applies full brake to left reel when tape
enters column while R2 is energized.

Relay 6, tape out of right column (3D) is picked when the right tape-in-col switch

ic AN +od
1S opcrated.

6AU (14) Drops R1 (run) if tape is not in the right
column during normal operation.

6AL (1C) Drops R119 (manual go) if tape is not in

the right column during a low-speed
rewind operation.
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6BU (2B)

6BL (Systems 02.03. 1)

N/O, in pick circuit for DP8 (head take-
up motor). Tape must be out of right
column before entering high-speed rewind
(pick R113 and DP5). N/C, same as
5BUn/c except with reference to the

right column.

Same as 5BL points except with reference
to right reel.

Relay 7, photo lamp (4C) is picked through the tape break, load point, T1 lamps
when 48 volts is up. It drops as a result of a failure of any of the lamp filaments.

7AL (1B)

Drops R1, DP1, and DP2. Prevents
picking R111 (rewind PU) when a photo
lamp has failed.

Relay 8, time-delay motor (1B) is picked during rewind operations to start the

time delay motor.

8AU (Systems 02.04.1)

8BU (2C)

Completes a circuit from phase 1 through
the timer motor to phase 2.

Drops R113 when timer starts and prevents
picking R23 (high-speed rewind) while
timer is running.

Relay 9, rewind status 2 (3B): energized in parallel with R104 during load rewind.

9AL (Systems 02.03. 1)

Prevents energizing left down clutch
during load rewind. This is done to pre-
vent dumping excessive tape in left
column during the load operation.

Relay 101, load rewind 2 (4D), is picked when R3 is picked.

101-1 (1B)

101-2 (3B)

101-3 (1C)

101-4 (4D)

101-5 (34)

Parallels R5AU and R6AU to pick R1,
DP1,and DP2 during a load-rewind
operation.

Allows R106 to be picked before bellows
switch operates.

Completes a circuit to R119 (manual go)
during rewind operation.

Hold circuit for R3 during a load
operation.

Picks R9 and R104 (rewind status) at the
start of a load operation.
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Relay 102, unload 2 (3D), is picked when the tape unit starts an unload operation.

102-1 (2D) Drops R114 high-speed rewind interlock
if the unload key is depressed during a
high-speed rewind.

102-2 (34A) Prevents R106 from being held during an
unload operation.

102-3 (2D) N/O, causes R109 to be latch picked when
the tape is out of the columns on unload.
N/C, drops R113 high-speed rewind
status and DP5 (rew motor) if the unload
key is depressed during a high-speed
rewind.

102-4 (1A) N/O parallels door interlock switch so
that tape can be unloaded with door open.

102-5 (3A) N/O conditions circuit to latch trip R107
(unload 1) when starting load operation.

Relay 104, rewind status, (3B), is picked when the load-rewind key is depressed.

104-1 (1C) Supplies a circuit for -48 volts to R119
and conditions "manual reverse. "

104-2 (3B) Supplies a hold circuit for R9 and R104.

104-5 (2A) Drops "mechanically ready" to 01.01.1
and conditions ''rewind status''to 01.07. 1.

104-6 (2D) Drops high-speed rewind relays when the
rewind operation is reset.

Relay 106, start relay (3B), is picked when the start key is depressed and holds
until the reset key is depressed.

106-2 (3B) Hold point for R106.

106-3 (2B) N/O removes read trigger set to (01.02. 1).
N/C conditions '"start".

106-4 (4A) Opens the circuit to the load-rewind switch
when the tape unit is under external control.

106-5 (2A) Brings up "mechanically ready' and turns
on ready light.

Relay 107, unload I latch pick (4B) and latch trip (3B), latch picks when the unload
key is depressed; it latch trips when R111 is picked for a load-rewind operation.
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107-1 (14) Shunts R5 and D6 points during unload
operation.

107-2 (1B) Picks and holds R2 and R120 when the
unload key is depressed.

107-3 (4C) Picks R102 (Unload 2) and R122 (Unload 3).
R122 is omitted in the 72911 TU.

107-4 (1D) Breaks the circuit to R119, dropping
"manual go' if the unload key is depressed
while in manual forward or backward-go
operation.

Relay 109, unload stop latch pick (2D) and latch trip (1D), latch picks to end an
unload operation when the head is up and tape is out of both columns. Latch trips
when the load-rewind key is depressed.

109-1 (2B) N/C points complete the circuit to DP4
: to start vacuum motor. N/O points supply
-48 volts to latch trip R109 for load
rewind.

109-3 (2A) N/O points complete circuit to pick NFP

: : relay when reel release button is depressed;
prevents bending NFP sensing pin. N/C
points complete circuit to NFP relay
during unload operation.

109-4 4B) - Provides circuit for "manual load rewind"
when load-rewind key is depressed.

Relay R110 remove initial reset (4B), is picked when the load rewind key is
depressed or R1Ub (start) 1s picked.

110-1 (44) Hold for R110.

110-2 ¢4C) Complete common return circuit for
R111, R116, R121, R123.

110-3 (4¢C) Removes trigger reset.
Relay 111, rewind PU (4C), is picked by relay driver (01.09.1).

111-1 4D) : Completes the circuit to pick R3, starting
the load-rewind operation.

111-2 (1D) Latch trips R109 to drop the unload status.

111-3 (3B) Latch trips R107 to drop the unload status.
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Relay 112, not file protect 2 (2B), is picked when file reel is not protected. It
allows tape unit to go into write status.

112-1 (24) N/C turns on the file protect light. N/O
conditions 'not file protect."

112-3 and 4 (24) Applies -6v to center tap of write coils.

Relay 113, high-speed rewind status (2D), is picked when the tape is out of both
columns and the head is up during a high-speed rewind operation.

113-1 (Systems 02,03. 1) Opens the circuit for one-half brake on
the machine reel during high-speed rewind.

113-2 (2D) Picks R114 during the high-speed rewind.

113-3 (4A) Allows unload operation at end of low-
speed rew if R123 is picked.

Relay 114, high-speed rewind interlock (2D), is picked by R113.

114-2 (Systems 02.02. 1) Opens the circuit for one-half brake on

the file reel during high-speed rewind.
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may stay held longer than R113.

Relay 116, load point relay, latch pick (4C), latech trip (4C), is latch picked
when the tape has reached load point during the rewind operation.

116-1 (1C) Drops the manual go relay R119 when tape
reaches load point during rewind.

116-2 (4D) Opens the circuit to pick R3 if tape is at
load point.

116-3 (3B) Drops R9 and R104 (rewind status) when
load point is reached during a rewind
operation.

116-4 (14) N/C brings up '"at load point' to 01.06. 1.

N/O starts unload operation when tape
reaches load point if R123 is picked.

Relay 117, capstans out (3D), is picked when the left and right capstan out switches
are closed, indicating that both capstans are extended.

117-1 (3B) Provides a parallel circuit to keep DP7
energized.
117-2 4D) Drops R3 at end of load operation,
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117-3 (1D) In pick circuit for R119.

117-4 (24) N/O completes circuit to ready light.
N/C conditions circuit to bring up
"mechanically ready. "

Relay 119, manual go (1D), is picked during any manual operation: load, rewind,
unload, and CE manual operation.

119-1 (3C) Brings up ""manual go. "

119-2 (4D) Open circuit around load point and tape
indicator lamp.

Relay 120 (1B), clutch status 2, is picked during rewind, load, and unload
operations.

120-1 (4¢B) Conditions "manual load rew' when load-
rewind key is depressed.

120-2 (4D) Forms a hold circuit for R3 (load-rewind 1)
at the beginning of a load operation.

120-3 (4C) N/C opens circuit around tape break lamp
during load and unload operations. N/O
sets up circuit around load point and tape
indicator lamps during load and unload
operations.

120-4 (2C) N/O completes circuit to tape take-up
motor during load and unload operations.

Relay 121 (4C) high-speed rewind area, is picked when the machine reel contains
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photo cell.

121-1 (34) Picks high-speed-rewind end relay, R4,
to start low-speed rewind.

121-2 (1B) Prevents dropping R2 and R120 during
high-speed rewind if tape unit door is
opened..

121-3 (2D) Completes circuit to R113 H-S Rew

status and DP5 rew motor.

Relay 122, unload 3 (3D) (729 II and IV only),is picked along with R102,unload 2,
during an unload operation.

122-4 (1Q) Completes circuit to latch trip R123 at
beginning of programmed unload operation.

C74



Relay 123, rew and unload (729 II and IV only), latch pick (4C), latch trip (1D) is
picked as a result of rew and unload program instruction. R123 initiates an automatic
unload operation after rewind.

123-1 (30) Completes circuit to pick R107 when tape
reaches load point after rewind. R107
starts unload operation.

123-2 (1C) Conditions circuit to its own latch trip coil
through R122-4. R123 will be latch tripped
at start of unload operation.

123-3 (24) Conditions "rew and unload" which is used
to condition circuit to start rewind
(01.09. 1).

Relay 124, CE plug relay (4D), is picked when CE plug is inserted.

124-2 (34A) N/C points open circuit to start and reset
keys (02.01.1). The functions of these
keys is transferred to the CE box while
R124 is picked.

1B), is picked with R1 and controls phase 1 of the three-phase 208v

(1B),
P > Ve 2 lAanatn 2em oy S e 5
ontact is located in Systems 2. 04. 1.

DP1, phase 1
C

supply. DP1B

DP2, phase 2 and 3 (1B), is picked with R1 and controls phases 2 and 3 of the
three-phase 208v supply. Contacts are located in Systems 02.04. 1.

DP3, capstans motors relay (3B), is picked when tape is in load status. DP3 A and
B contacts (02.04. 1) switch two phases of the three-phase input to the capstans motors,
allowing them to operate.

DP4, vacuum motors relay (1D), is energized at start of load operation, when R109
is latch tripped. Contacts complete circuit to vacuum,motor, Systems 02.04. 1.

DP5, rewind motor relay (2D), is energized during high-speed rewind. DP5 A and
B contacts complete circuits to rewind motor (02.04.1).

DP6, tape take-up motor start (3D), is energized during load and unload operation.
Contacts complete circuit to tape take-up motor to allow tape to be put into columns
during load operation or removed from columns during unload operation.

DP7, take-up motors reverse relay (3B), is picked during load operation. DPI,A
and B,reverses two phases of the tape and head take-up motors to allow them to run in
reverse (02.04.1).

DP8, head take-up motor relay (2D), is energized during load and unload operations.

DP8 A and B contacts complete the circuit to energize head take-up motor, Systems
02.04. 1.
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NFP, not file protect 1 relay (1B), 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 (2B) Provides circuit to energize the NFP
relay coil.
NFP BL (2A) Picks R112 not file protect 2.

CP Switches (1A). When either an AC or DC circuit protector trips, the points
transfer to light the fuse light. R1, DP1, and DP2 are also de-energized.

Door Closed Interlock Switch (1A). The points are shown with the door open. When
the full door and the sliding panel are closed, the points transfer to supply -48 volts
to R1, DP1, and DP2. Note: Opening either the full door or the sliding panel allows
the switch to open.

Bellows Switch (1B). When sufficient vacuum is up, the bellows is contracted,
allowing the points to return to the N/C position.

Right and Left Capstan-In Switches (3A). The shown points are N/O points of
microswitches. When the capstans are in, they are closed.

Time Delay Switch (2B). The points open at the end of a determined number of
seconds, set on the dial, after the timer motor starts.

Left and Right Capstan-Out Switches (3C). The shown points are N/O points of
microswitches. When the capstans are out, the points are closed.

Tape-In-Column Switches Right and Left (3C). The tape-in-column switches are
pressure sensitive switches mounted at the bottom of each vacuum column. When
vacuum is up and tape is in the columns, the shown points are open due to the vacuum

dem dlon A AT
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Unload Switch (4A). This manually operated key furnishes a circuit to latch pick
R107.

Load-Rewind Switch (4A). This manually operated key applies -48 volts to "manual
load-rewind' which AND's with "read status' (01.09. 1) causing R111 to be picked.

Head-Down Switch (2C). The shown points are N/C points of a microswitch that
opens when the head is near its lower limit.

Reset Switch (3A). This manually operated key, when depressed, causes R106 to
drop. '

Start Key (3A). This key, when depressed, picks R106.
Head Up Switch (2C). This switch transfers when the upper head assembly is near
its upper limit. The N/O points are in the high-speed rewind circuit. The N/C points

open when the switch transfers, stopping the head take-up motor.
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10.0.00 RESUME OF LINES ENTERING AND LEAVING THE TAPE UNIT

Go
(01.07. 1)

Backward
(01.07.1 7291, IV only)

Not Backward
(01.07.1, 729I1I only)

Select Line

(02.01.0, 7291 & IV) (02.02.1, 729III)

Select and at Load Point
(01.06. 1)

Select and Ready
(01.01.1)

Start Rewind

01.09.1)

Select and Not at Load Point
(01.06.1)

Select and Rewind

Set Hi Density
(01.02.2, 729II & IV only)

Set Lo Density
(01.02. 2, 72911 & IV only)

Controls the status of the prolays.
Originates in the external control source.

AND'ed with ''select and ready' to produce
"reverse'' which controls the status of the
prolays. The backward line is also AND'ed
with "not at load point'' to prevent back-
spacing when the tape unit is at load point.
The backward line originates in the external
control.

Performs the same logical functions as
the backward line previously described.

The ten select lines are routed from
external control; they determine which
tape unit is selected.

Generated in the tape unit and routed to
the external control to indicate that the
selected tape unit is at load point.

Routed to the external control source to
indicate that the selected tape unit is
mechanically and electrically ready.

Originates in the external control to start
a rewind operation.

Routed from the tape unit to the external
control to indicate when tape is not at
load point.

This line is an output of the tape unit and
indicates to the external control that the
selected tape unit is rewinding.

Originates in the external control and is
used to set the density trigger in the
selected tape unit,

Sets status of tape unit density trigger to
indicate that writing is to occur at low
density.
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Hi-Lo Density
(01.02. 2, 72911 & IV only)

Turn off TI
(01.05. 1)

Sel and TI Off
(01.05. 1)

Turn On TI
(01.05. 1)

Sel and TI On
(01.05. 1)

Rew and Unload
(01.09. 1, 72911 and IV only)

Check Pulse 1 and 2
(01.10. 1

Set Write Status
(01.02. 1)

Sel Ready and Write
(01.02.1)

Write Pulse
(01.04.1)

Write Bus
(01.04.1)

This line is the output of the density
trigger in the tape unit. It is routed to
the external control to indicate the density
at which writing is to occur (low, 200
characters per inch; high, 555 characters
per inch).

Originates in the external control; used
to turn off the tape indicator trigger in the
selected tape unit.

Response line from the tape unit to the
external control to indicate status of TI
trigger.

Originates in the external control and
turns on the TI trigger in the tape unit.

Response line from the tape unit indicating
the status of the tape indicator trigger.

Originates in the external control for the
72911 and IV tape unit and initiates a
rewind operation followed immediately
by an unload operation.

Two lines originating in the external
control and used to pulse mechanical
counters in the tape unit. The check
pulse lines can be connected to various
circuits in the external control to count
the number of times a particular operation
or condition occurs,

This line is an input from the external
control to turn on the write status trigger.

Originates in the tape unit and is used to
indicate to the external control that the
selected tape unit is ready and in write
status.

This is a line originating in the external
control, over which timed pulses are sent
to flip the write triggers.

Seven lines make up the write bus.
Information is sent over it to the tape
unit to condition the write triggers.
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Write Echo Pulse
(01.04.1)

Write Check Character
(01.04.1)

Set Read
(01.02.1)

Sel Ready and Read
01.02. 1)

Read Bus
(01.03.1)
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The echo outputs of the seven head
drivers are combined in an OR circuit
and sent to the external control source
on the write echo pulse line to indicate
that a character has been written.

Originates in the external control and is
used to reset the write triggers after a
record is written. Resetting the write
triggers causes a longitudinal redundancy
check character to be written on tape.

This line is an input from the external
control to set the:write status trigger off.
This action puts the tape unit in read
status.

Response line from the tape unit
indicating to the external control that
the selected tape unit is mechanically
and electrieally ready and in read status.

The read bus consists of seven lines
over which information is transmitted
to the external control during a read
operation.



11.0.00 SPECIAL COMPONENT CIRCUITS

OPERATION of some transistor circuits in the IBM 729 tape units may be difficult
to analyze from the systems block diagrams. This section shows these cu'cults in
schematic form and briefly explains their operation.

11.1.00 READ PREAMPLIFIER

The input to the preamplifier (Figure 11. 1-1) is a small voltage about 8 millivolts
peak-to-peak developed across the read coil by changes in flux as bits are read from
tape. The signal level fed to the external control as a result of reading a bit from
tape must be 8v peak-to-peak. The overall gain of the preamplifier, therefore, must
be about 1000,

=12y +12v -{W

T4
P
N
P
Load in Ext Ctrl
+12v _—}
100n 130n 1500 } |
gain control 36K i |
| l |
| |
10 ufd P T5 2y ]
10 uf \ N
10 ufd 10 ufd 24K P
Read (+6v
KT S ;Gcte{-év
L L i
- - 1.6K
+H2v -12v oy
Feed-Back
+12v
FIGURE 11.1-1. READ PRE-AMPLIFIER

When the input voltage shifts in a positive direction the collector current of transistor
T1 decreases causing the collector to become more negative. This negative shift is
coupled directly to the base of transistor T2 causing its collector current to decrease.
This results in an amplified positive shift at the collector of T2.
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At this point the shift is capacity coupled to the base of transistor T3 which is held
at about 6v by the voltage divider network made up of a 2. 7K and a 8. 25K resistor
between +12v and -12v. The positive shift applied to the base of T3 reduces its
conduction causing a negative shift at its collector. Note that a positive shift on the
base of T3 also causes a positive shift on its emitter. This shift is capacity coupled
back to the first stage (T1) emitter where it produces degeneration. The 100 ohm
potentiometer in the emitter circuit of T1 determines the amount of negative feedback
and controls the gain of the amplifier.

The collector output signal of T3 passes through a delay line (not shown) before it
reaches the base of transistor T4, the emitter follower output. The delay line makes
it possible to add small increments of delay to the signal to compensate for manu-
facturing tolerances in the read head.

The emitter follower output stage (T4) feeds the amplified read signal to the external
control. The emitter load for T4 is in the external control as indicated in Figure
11.1-1.

Transistor T5 functicns as a gate for the preamplifier output. The base of
transistor T5 is connected to the junction of a voltage divider. One end of this divider
is connected to +12v. The other end of the divider may be either +6v or -6v (read
gate). The emitter of T5 is connected directly to +6v. The cellector cennects
directly to the base of T4. When the read gate is at a +6v level, the base of T5 is
positive in reference to its emitter and, because it is a PNP transistor, it will be

e across

reverse biased (cut-off). In this condition T3 appears as a high resistanc

the base circuit of T4 and has no effect on preamplifier operation.

When the read gate is at its down level (-6v) the base of T5 is negative in reference
to its emitter (forward biased) and T5 conducts heavily. T5 now appears as a low
resistance across the input to the emitter follower and prevents any change in level
at this point. This, in turn, prevents any output from the emitter follower stage.

The read gate is up (+6v) when the tape unit is selected and ready (Systems 01.02. 1).

11.2.00 WRITE CIRCUITS

Writing bits on tape was covered previously. This section discusses, in detail,
the write trigger and the head driver.

11.2.01 Write Trigger

The write trigger (Figure 11.2-1) is a voltage mode, self gated binary input trigger.
Each time a sample pulse (write pulse) is applied to the binary input, the trigger
changes its status (flips), providing it is first conditioned by an up level on the gate
input.

To understand the circuit, consider transistor T1 conducting and transistor T2
cut-off. At this time the voltage at the collector of T1is Ov. Because the collector
of T1is connected directly to the base of the emitter follower (T3), the voltage level
at the emitter of T3 will also be Ov. At this time the voltage divider (R7 and R8) will
have about +1.65 volts at its junction. This positive level on the base of T2 keeps it
cut off.
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FIGURE 11.2-1. WRITE TRIGGER



Because T2 is cut off, its collector tends to go to -12v but will be clamped at -6v
by the action of the emitter follower T4. The -6v on the base of T4 produces a -6v
level on its emitter, causing the junction of the voltage divider (R5 and R6) to tend to
go to -2.7v; however, transistor T1 being in conduction clamps the junction at Ov. In
this status the left output is Ov; the right output is -6v.

Before attempting to flip the trigger with a write pulse, the self-gated binary input
should be considered., Transistors T1 and T2 each have an input voltage divider con-
sisting of R1, R2, and R3, R4, respectively. The junction of these dividers is con-
nected to the base of T1 and T2 through diodes D1 and D2.

Assuming the output levels previously stated and an up level (0v) on the gate input,
the junction of the left input divider R1, R2 will be at Ov. At the same time, the
junction of the right divider will be at -3v level.

The write pulse is capacity coupled to both input dividers through capacitors C1
and C2. Note that when the write pulse occurs, a 3v positive shift will be applied to
the junctions of both input dividers. Because diode D2 is reverse biased by about
4.65v (+1.65v cathode, -3v anode) the 3v pulse will have no effect on transistor T2.
Diode D1, however, has no reverse bias at this time and the 3v positive shift is
applied to the base of T1 cutting it off. As T1 cuts off, its collector voltage drops
to -6v causing the emitter of T3 to become -6v. This action causes the junction of
the voltage divider (R7 and R8) to head toward a 2.7v level; however, T2 will conduct,
clamping the junction at Ov. With T2 conducting,T4 has Ov on its emitter. This
action produces +1.65v at the junction of voltage divider R5 and R6, holding T1 cutoff.

The trigger has now changed status and the outputs will be: left output, -6v; right
output, Ov. Note that diode D1 is reverse biased and when the next write pulse occurs,
it passes through D2 flipping the trigger back to its original status (assuming gate is
still up).

Write pulses occur at regular intervals during a write operation; however, we want
only a particular write trigger to flip if there is information to be written.

When no information is on the write bus, the gate input (Figure 11.2-1) is at -12v
for the associated trigger. This holds the junction of both input dividers negative
enough to prevent the write pulses (+3v shift) from having any effect on either
transistor T1 or T2.

11.2.02 Head Driver and Echo Pulse Amplifier

The purpose of this circuit (Figure 11.2-2) is to alternately pass current through
one half of the write coil, then the other, under countrol of the write trigger. The
circuit alsc produces an "echo' pulse each time current is switched in the write coil.
The echo pulse is an indication to the external control that a character has been
written.

Transistors T1 and T2 have their base connected to the junctions of voltage dividers.

One end of these dividers is connected to a source of +6v. The other end is connected
to the right and left outputs of a write trigger; when one input is at Ov level, the other
is at -6v.
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Write Trigger rite Trigger
R4

+év

Gate @ & - N
R9
+ov R10 n
-bv U +6v

FIGURE 11.2-2. DRIVER AND ECHO PULSE AMPLIFIER

Note that a third input is connected to the base of transistor T4 through a voltage
divider. This input is the write status gate and is -6v when the tape unit is in write
status. "I'Ikon t+tha gate ig at -8v

110141 Lials )

the junction of the divider tends to go below ground
but is clamped to ground because T4 goes into conduction. Transistor T4 acts as a
switch, completing a current path for T1 or T2 only when the tape unit is in write

status.

Consider the following conditions: The gate input is -6v, thus T4 is in full
conduction and acts as a low resistance. The left input is -6v and the right input
is Ov. This causes T1 to conduct while T2 is cut off. With T1 conducting, current
flows from -6v through the left half of the write coil, through T1 and T4 to ground.

As long as current flows in the left half of the write coil, tape is magnetized to
one level of saturation. Now consider the operation when the write trigger is flipped.
The left input rises to Ov and the right input falls to -6v. This cuts off T1 and puts
T2 into conduction. Current now flows from -6v through the right half of the write
coil, through T2 and T4 to ground. With current flowing in the right half of the write
coil, tape will be magnetized in the opposite direction.

The echo amplifier consists of transistor T3 and its two input circuits. Transistor
T3 is normally reverse-biased so it is not in conduction. The collector tends to go to
-12v but is clamped at -6v by diodé D3. Transistor T3 has two input circuits:
capacitor C1, diode D1, and capacitor C2, diode D2. Coupling capacitors C1 and C2
are coupled to the collectors of T1 and T2 respectively. When T1 conducts, its
collector is at Ov; at this time T2 is cut off and its collector is at -6v. When current
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is switched in the write coil, the voltage at the collector of T1 drops to -6v while the
voltage at the collector of T2 rises to zero. This causes a positive shift of 6v on
diode D2 but does not reach the base of T3 because of the polarity of the diode. At this
same time, a 6v negative shift is applied to diode D1 and, because this is a negative
shift, it reaches the base of transistor T3 causing it to conduct momentarily. While
T3 is conducting, output rises to Ov, producing a 6v pulse at the output.

11.3.00 LOAD POINT AND END OF REEL PHOTO SENSING

Two identical photo-sensing circuits are employed in the 729 tape units: one for
sensing the load point reflective spot, the other for sensing the end-of-reel reflective
spot. These circuits use a photo cell which changes resistance when exposed to light.
When dark, the photo cell acts as a high resistance. When illuminated by light from
the reflective spot on tape the resistance of the cell drops.

11.3.01 Circuit Operation

In the quiescent state, the conditions of the circuit in Figure 11.3-1 are as follows:
Transistor T1 is cut off, due to +6 volts on its base produced by resistor R4 and diode
D1 connected between +12v and +6v. Transistor T2 is in partial conduction because
the negative voltage on its base is determined solely by the voltage divider of R5, R6,
and R7 connected between +12v and -12v. With transistor T2 conducting, the N line
output is down (-1 volt). The P line output is up (-5v).

P Line

47 uf N Line

FIGURE 11.3-1. LOAD POINT AND END-OF-REEL PHOTO SENSING

The photo cell circuit of R1, R2 and the photo cell acts as a voltage divider with the
photo cell having a high resistance (dark). This places the junction of R2 and the
photo cell at a relatively high DC level. Coupling capacitor C2, therefore, has a
considerable charge across it.

The circuit remains in this condition until light strikes the photo cell. The reduced

resistance of the photo cell produces a negative shift of the voltage level at the junction
of R2 and the cell. The coupling capacitor discharges through R4, producing a
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negative shift in voltage at the base of transistor T1 and causing it to conduct
momentarily. With T1 conducting, its collector voltage rised to about ground level
(0v), producing a positive voltage shift at the base of transistor T2, cutting it off.
While T2 is cut off the N line level is determined only by the divider current of R10
and R11 and will be +1v (up level). Also, the output of the P line will be -7v (down
level). When transistor T1 again cuts off, transistor T2 goes back into conduction
and the outputs return to their former levels.

11.4.00 END OF HIGH-SPEED AREA SENSING

Tape is in the high-speed rewind area whenever one-half inch or more of tape is
present on the machine reel. This condition is sensed by a photo cell and lamp
arrangement (Figure 11.4-1). The lamp, mounted in the upper right corner of the
tape unit is focused between the sides of the machine reel so it strikes a photo cell
mounted in the finger guard. When tape builds up on the machine reel the light beam
is blocked and the cell is dark.

11.4.01 Circuit Operation

In Figure 11.4-1 consider first the conditions when the photo cell is illuminated
(low speed area). The photo cell and resistors R1 and R2 form a voltage divider
between +140v and -6v. When the cell is illuminated, its resistance is low, and
voltage at the junction of R1 and R2 attempts to rise above +6v but is clamped at
+6v by diode D1. At this time transistor T1 is cut off because its base is positive
in respect to its emitter.

-12v -§v

Not on Transistor Card

+ov m 500
L~ [ Jx k8
+140v R3
]’ D2 16K

[ R6
HS Area 4.7K
Photo Cel} [ PC R4
1.8K
Output to

—> Reloy Driver
R1 R5
130K 3.9K

D1

R2
30K +oy

%

FIGURE 11.4-1. END OF HIGH-SPEED AREA SENSING
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The output voltage level, with the transistor cut off is determined only by the current
flow from -12v to -6v through R3, R4, and R6. The voltage level at the junction of
R4 and R6 is about -7v (down level).

When light is blocked so the cell is dark, the increased resistance of the cell
causes the voltage at the junction of R1 and R2 to fall toward a level below ground.
As the junction of R1 and R2 approaches ground level, the transistor conducts and
clamps the base voltage to ground. With the transistor conducting there is an
additional current path from -12v and -6v to ground through R5 and the transistor.
This raises the output level to -5v (up level).

From Figure 11.4-1, note that the high-speed area lamp is connected between +6v
and -12v through R7 and R8. Resistor R7 is variable and is used to adjust the
intensity of the light beam.

A safety feature is incorporated to prevent high speed rewinding if the lamp burns
out. The voltage at the junction of R7 and the lamp holds the cathode of diode D2 more
positive than its anode when the lamp is operating properly. With reverse bias on
diode D2, it presents a high resistance and has no effect on circuit operation. If
the lamp filament opens, the junction of R7 and the lamp becomes more negative,
causing diode D2 to conduct. This places R7 and R8, relatively low value resistors,
in parallel with R3. With this condition, output voltage remains at a down level and
high-speed rewinding does not occur.
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12.0.00 SYSTEMS DIAGRAMS

12.1.00 IBM 729 II AND IV TAPE UNITS SYSTEMS DIAGRAMS

The following systems diagrams are for educational use only.
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116] 4 | L 186685 [4C [4C [ IC (4D (BB | 3C LOAD POINT 15
117 4 | S [196207 | 3D s [4p [ ID [ 2A CAPSTANS OUT | 16
119 | 4 S ;196207 1D 3C | 40 MAN. GO 20
1201 4 | s [196207 [ 1B 4B [4D[4€ | °C CLUTCH STATUS-2.| 36
121 4 | S | 196207 | 4C 3A [ IB|2D , HS. REW AREA | 26
1221 4 S (196207 | 3D 1C | UNLOAD- 3 ; 38
123" 4 L 1186685 1 4C [ID I3c | iC |2A : REW t UNLOAD " 29
124 4 | S [196207 4D A | 3A . CE. PLUGQ 2
DUO RELAYS
Reway oIl POINTS NEON
w0, PARTNO. o TAOTAL[BUTBL]  NAME .
| [ln484s [ 1B 1 2A | 3B | 7€ [2F | RUN
2 B 13C |28 ]| ?F CUUTCH STATUS-1] 37
3 4D 3R | 3C | 1B [LOAD REW-| 4
4 3B | 1B |30 4D [3A [HS REW END | |
5 3p | |A [ D] 2C | 28 [TAPE OUTLT.COL{ 44
© 3D [ Ia-[1C [ 2C | 2F [TAPE OUT RT.COL{ 44
? 4C B | 4C [4C [PHOTO LAMP | 13
[ B [Ig [ 1D [2C TIME DELAY MOTOR 12
9 28 2€ REW STATUS-Z
NFP [124843 | 1B i-} LA NOT FILE PROTECT-|
DOUBLE POLE RELAYS CONTACTOR
RELAY COIL |POINTS NO.[PART NO,| LOC. NAME
No, PRI NO G0 Ta [B ] NAME Kl | 26523200704, POWER ON
DPI [22%642 | B IG | PHASE |
DP2 B | I [ IH [PHASE 2¢3
bP3 3D | 2H [ 2H [CAPSTAN MOTORS
DP4 1D | (H ]| 1G [VACUUM MOTOR,
bPS 2D | 26 | 2G [REWIND MOTOR.
DPG 3D | 7H | TH |TAPE TAKEUP START COUNTERS
2] ] 3R | 724 | 2H [TAKE-UP REVERSE 0. JPARTNO T toc.
&
DP&/223642.| 2D | 7H | 7H [WADTAKEUPMTR cq;g'lz%:’}m oLIC.




LOCATION CHARTS

KEYS ¢ SWITCHES

[00.06. 1

SHEET ZOF2

NEOL

NAME LocATION NI
CAPSTAN IN SWITCH -LEFT 0L.02.1(30] 471
CAPSTAN IN SWITCH - RIGHT 02.02.130)] 47
CAPSTAN OUT SWITCH-LEFT 07.02.1(3D)
CAPSTAN OUT SWITCH- RIGHT 02.02.1(30
DOOR CLOSED INTERLWOCK, 0201 . H{2ZA) .
HEAD DOWN SWITCH QLo 1A [ 18
HEAD UP SWITCH 0202120 46
H.S: REW THERMAL CUT QUT . 02.01. I(3A
LOAD REWIND B B 02.01. 1{4A)
REEL RELEASE PB. 02.0%. 1(2F)
RESET PB. 0%2.01.1(3A)
START P B, 02.01. 1(»A)
TAPE IN COL SW- LEFT 02.02.1(30) o
TAPE IN COL SW- RIGHT 02.0%.1(3¢) 8
TIME DELAY SW 02.02.1(2D)} 19
UNLOAD PB. Q2.01. 1{4A)
VACUUM COL SW- LEFT 07.0%.1
VACUUM COL SW- RIGHT 02.03.1
VACUUM OFF BELLOWS SW oT.ol. U | 1
SELECTOR. SW 072.01.1 (&A)
CHANGE DENSITY P B. 02.02.1 (i)
LIGHTS § LAMPS DIODES
NAME LOCATION NO. [PART NO. | LOC.
FILE PROTECT UIGHT QZOoLI(2B)] | {35902 | 3B
FUSE LIGHT o2.0li(2e) 2 =B
H.S. AREA LAMP 01.09.1 3 4A
LOAD POINT LAMP 02.0214 D) 4 1=
READY LIGHT 02.01.1(2R) 5 \C
SELECT UGHT O1.0I.1 © 3B
TAPE BREAK LAMP 02.07.1@&D) 3 3B
TAPF INDICATE _AMP N2 .07 1{AD A 3R
TAPE INDICATE ON UIGHT 0.0%.1 | 9 4B
ADDRESS LIGHT 02.01. {1 10 315907 [ 2C
POWER. OFF LIGHT 02.04.1(1&
POWER ON LIGHT 02.641(iG
Hl & LO DENSITY LIGHTS cl.o2.2
POTENTIOMETERS PHOTO CELLS
NO.JPART NO.| LOC. NAME. NAME. oc.
| [528154 |01.09.1 | H.S. AREA LAMP H.S. AREA 0.09.1
2 253198 [ 02.07.1 | PHOTO LAMP LOAD POINT 01.06.1
2 [5%5673[02.05.1 | STOP CLUTCH TAPE BREAK  [0106.1
4 1572845991 08.1 | PROLAY- NEUTRAL TAPE. IND. 01.05.1
5 |528481] 01.08.1 | PROLAY- DRIVE
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R o [o]® ][ @ Q|- § 31371201 e[ 271034 i 311417 041] 371437 |04]] 511439 _[0d7] >1108 |04/
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T BEN o R Q Tl o 271201 04 271034 (04 3714107 |04/ 271439 P41 3114359 |04 71056 |04/
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NEON PANEL 00.0&.1

abcd D © T 8 ° 0 '
HHoHH
H*ﬁo;ﬁ
B2 s 14 15 16 17 16
TYPE |
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9 () -as lon °
RI04 RIO| R3 Ritl W I N1
OXD) 5
TAfE lgio.f. - BELSW R8 R7T WR-2 9
w9 @ @ @ o
RIT CZom R TR RO WRs Sy
@ +62V
R4 RII3 RIZI RIZ4 WR8 02081
shgus WRA

RIZ0 RiZZ2 RI02 Rio7 TJ WRB
RI09 R5¢RG HERDy RN AT WRC
OO OO e ey
02.08.1
TTYPE| SYSTEM TYPE] SYSTEM o
NO.| EC. CKT, Y\.OC- NO | EC. CKT Loc oN
] 02.0L.1 (3B 29 jleéc 3 TYPE 3 -39V
2 02.0.1 (3B) |[ 30 |leb N
3 2 [02.011 (1A) 31 [1ba B o ,/'/
4 02.02.1(3C) || 32 [15h +N =L-9R =]
5 Z__102.02.(aD) - |[ 3 [Is39 ON
% 34 [ 15f | 3 01.02.1 -N N7
7 3 | 01.04.1 35 | 5¢ | 3 01.04.] 1105
8 | 02.02.1 (3D) || 2 | ITb | 02.01.1 (1B A
F) 1 02.02.1 (30) |[37 |17d | 2 02.02.] (3D)
10 58 | 1onh AT AR ET)) 22
2oL iey 20 et AR
Y4 02.01.1 (i | ¢.02. C
5 07051 (4c) |41 [ 16e| 3 | 0LO5I 43K
4 3 | 0L04.1 47 (64| 3 01.04.1
15 02.021 (3C 3 118a ] | 02021 (1<) 5a
1A 02.02.1(4C) |[4& [ 1Th | 1| 0Z.02.1(2¢) +o2V.
3 02,021 (3D0) |45 173 02 o8l
3 [ ~102.0i.1 (1A) (@ | \1F [ 1 02.02.1(2D)
9 ] 02.0Z.1 (3D) {47 |lTe 1 02.0Z.1(2¢C)
20 I 102.021(3C) |/ 48 [11d | 3 01.06.1
21 3 01041 49 [\Jc |- 3 01.04-1
22 %0 | 18h
23 5 89
24 02.02.1(2D) |I'% [
5 2 102.02,1(2D) |[ 53 | \8e
[ 26 0Z0L.T(3A) 54 1184
21 \ 02.01.1 (1A) _|[ 55 118c
28 3 | 0I.04. 56 | 18b




WRITE. AMPUFIER ( SER O1.04,1)

INPUT OUTPUTS .
K CARD  LOCATIONS TWR BUS RED WHITE [euc@ian]_ 1"~ NEON
| o[ 1031 14391439 | 1033 ]1038] 0341417 J1as] 3 [ec PR ec] €. C. [PLUG] BC PG| EC, [PLUG NO. JEC.
L puifa[Cra [A[C3 [Bes (A4 A ALs [E23 [DZo [ARO 229 B [722h 29| R [»2W 23h [ N1 [I2a
g I~ L LoV N N S 172 [4ze 7] ja2k ]
2 |oni|G[C24 [BlCes [Bes [ATale| AZS |25 |D2d [AZI [ | 22| ST | D [32e]| T | %0 3 gl N4 [12h
| |res|alFeale] - 174 |@c 173 [4zd -
|4 joesip[Ced [c]cee [B2e [Adlc]ATG [E26 | De5 [ARR | 2¢| € T22d| U _[21c]| F [32d] 23F | N2 i3g
F2olAl F2d {C] e |aalirylawe| |
| & [ve|C28 |A| C27 [B27 [ABIA[AZT [£27 | D27 | B2O 22a | W T22b| V [3za| J | 32b] e[ N1&14F
i Fe7lA[Fes A 178 [4lg[177 [41h .
A [pelalcis Bl C | B29 e B] AZ9 |E2B | D2 [ B el K T2 [ w [=2ig] L [sih]23d|N>5]i5e
FeiA[F29 b " ligolaielimolais | T
B |FalB|C28 |c[c20 [ B30 |AB[C]ASO €30 | D30 | B2 e | Y T8 [ X [3e M 31f ] 73 NdL|lod
| |{FPOA[F9 [ _ ez |4ic]ier {4id
| [p9fa|Ces Pl | B3 |AZBD] A3 T [ EST [ D31 e | 2ic| A [=2id] P [31c[ N [31d]2%b[ N4 [I7c
L N A ) 184 [4la]i83]dib
READ PRE-AMP ((SEE 0I.03.1)
INPOTS oOTPUT |
TR:‘%E CARD LOCATION s o ST e CLoW << o biedl
143014371432 | €. C.JPwgfreug] E.C T/ Te
I_fMoi Lol [ kot Iy ]| F H | Sla] 2%a] &2] 8>
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W START
02.01.1

+W MECH RDY
02.0L1 —_—

*-TPO-48-I11 S

*»2-1I1'S

*3-34G.

SELECT READY
PWR TSTRS SELECT

LD1.0L1

p p1
Py Bl . b 48V
ol ——ap P92 8205,

' J—
+N SELECT
-01.04.1

+N ACT SELECT
01.02.2
.01.09.1
-01.05.1
-01.06. 1
-P ACT SELECT
-01.05. 1

-01.09. |

01.02.2

< +N SEL+RDY
-1 01.02.)

sig; - % srov

— }——.01.02.1
L'—PDHS(%'I.} RDY
O— 01021
 —

.01.09. |

SELTRDY TC 21

Q02,1

*4=TPO 6-25C IXW—II] M=7 *5-34E. *6-34F *7-1XJ 24C *&—IXN 24D




-N SEL +RDVY
NelNelN|

+P TC I3 SET

AD
OO oz.4
SHIELD

+N SEL+RDY
Ol.OlL |

W READ TRIG
SET
02.01.1

-N TC I SET
WRITE

|
§3:06

-P SEL +RDY
LL.OLI

W NOT FILE
PROTECT
02.01.4

¥ 1-43K. ¥2-46C.

READ WRITE STATUS

oLo2

READ GATE
= 5 -
Eln :‘" P A28 8 PULSE
52l gy »5—0l.0s

WR STATUS

TC 33 SEL RDY
+READ

-P READ STATUS

—.0l.OS. |
P WRITE STATUS
QL. OS. 1|

WRITE STATUS
Ol. O4.1

X3-TP 36 O %4-34C. *35-45E. ¥ G-36A.

*9-34A. -D- XA-34B -U- ¥B-IXC 24B

-PNCT FILE
] PROTECT
01.0S. |
S P
Jla TC 35 SELRDY
'; 8 2 +WR
Aﬁ? B ——————% -00.02.1

-D- %¥7-36B -K- ¥8-IXE 24A




DENSITY
TR RESET
+wW CZ.0l.1

=N SET
Hi - DEVSITY
TC 43 00.02.}

-p
ACT SELECT
1.0t |

+P SET
LO- DENSITY
TC 41 00.02.§

+N
ACT SELECT
oLol |

CHG DENS\TY
PB8. oP
02.02.1

CHG DENSITY
B, NjC
02,071

-2V
02.07.4

CHG DENSITY
PB. VO
02.07.1

*1-TP0-48 T T

*e- XS 23G
*14- 284 28D

01022

DUAL DENSITY

PWR TSTR LO- DENSITY
o PH
—[ o7 o8
;a\\;‘x G| | 1% [RB—t| O 02.05.1
PWR TSTR Hi- DEVSITY

C L DI
E H - B C
NP P T
AL R B2 LyS— 12 jo—
AMZ 2| @ ) [BRVX *5 4 © =z

*8- of © |a Fl*A m —s| ™ L[ "™ |a +P Hl- DENSITY
PN NP >_Z " |& noP -P LO-DENSITY
A03 4 —1 o.
ez |® Tz‘/.ax?a N N ey Hlveid *> TC 4T oo.ond
|
|
%9 b < N ADSP
PN N
AOL 2
avzx|® NN
LR‘O
DIODE oy RES
1) — AA T 240KI—¥ 13—
.
%14 —) -
RES
»IS 160K

*T- WeF
*i5- Xt 2813

*2- TP O-48% YW
% B- 331

*3- 36E ¥4-TP 0-G6
*9 -TLy 33

26C XT ¥R #*5- TPO-6 2WE XU IV
%10~ Tp 37G =11~ TXw 3BA =1L- 38C = 13-37H
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READ PREAMP TRACK 1 L0103,

+¢ -G GATE
READPULSE
01.02.1 3—

DELAY LilIE KC!
ATC H

A
A AM AM e a-| DY |82 -F-[AM
c
Mo Lol wof' |82 Lo _ READ BUS
2 -k - - Lo .
1436/° ey ] 1432/8=  L—gia37| " * .00.02.1
az

2
GROUND
0Z.06.! el

READ)
HEAD|
Al

*#1-55A  %2-5IA *3-54H %*4-5IB




WRITE AMPLIFIER TRACK |

.0L.04.1

¥1-43K. %2-22G  ¥3-22H. X4-43F.
*B-43D--0- ¥C-326

¥A-42C .--D-

¥5-TP-36 O 23H

WRITS Pocse
WRI UL
. [oYaN| A o-|_ ¢ |a- O bt 6— x5
SRIELD 4 PN A N, Neay +73V
7 5B AP | R85 £r| 142 e oz.084
DELAY LINE
B23ATOG OR
C23ATOG
. o L
c A~ CSVM bLY C EF ™ A SPDI 0
:21; 8- ——a-|c 4" czs‘ ?' 24
AMZX| Igal 1439 6 fbéﬁ B- }l\(‘}-,.3
-N WRITE BUS
TRI ta- a- Len
00.02.| ¥ 8—o-| € la- | = AT | LA
SHIELD N oA £ afn- A al_ ]
*» O—4-F23 In- F2 B23|F- E23 |DE £-1D22 1B-
|avizy 1031 1439~ epL10 —A-|14i7] |[]
I
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Ol. 0oL}
TCAI\94 WR CH .
SR, e 2z N I o ECHO PULSE
SHIELD NoB . ] %, TC 192
*® f\lzx%u v B fczgl IOISO Z»ﬁ?x & ©O0Q. 0.
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olL.o2.1 ol IF
E24°
1433
-6 NFP e
.02.01.i Yo e
A
]

¥6-43A ~D- %¥7~43B --J- ¥B-428. D-472F.




+W TRIGGER

RESE T .

02.02.1 — | "
B4 c-
1427
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z
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01.05.1

173V

TAPE IND

LITE
A
2]

|

PWRTSTRS

B oI
A- B- .
A s B "
A0 [B- BQQ |c—*5—-7l10  [9-p———
o lamzz %38

4—.02.08.1

-48V
.02.05.}

CE i6

] —

P TRIG RESET
-01.06.1

+PTC 3 TURN

TC 25 ACT SEL+

OFF T1
.00.02.1 —
A, N 2
SHIELD e o PN
B x| [P gz
+N ACT SELECT
01011
-P ACT SELECT
.OLOL.1
~NTC | TURN
ON T I - oy
.00.02.| C—0-| " E- o wl-
SHIELD D —J-la o AL
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“ C
4700]-~ -- --|.a7 {-- D~ B-
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A A A B
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*B—35D.
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7—.00.02.1
CE 18
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*7—37A.




+W AT LOAD POINT
.0z.ce.\

+N GO
.C1.07.}

+N FWD
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+P TRIG RESET
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-P REVERSE
0107

+N ACT SEL
0101

+1A0V FUTEDED
.02.08.1

GROUND
.02.06.1
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res
® »Z
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01.06.1

+W LD PT TRIP
.02.02.1

PWR TSTRS
A o DR
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N oE 3 w
E-—O—c-{p1a” e A-fe1s®[o-—aT—1-f10 P|3-
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[o-

PICK LD PT

DI
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1422

*3[NEON
A
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—.02.08.1

+N NOT PIKK LD PT
0107

4
DR
W
A
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C G [~}
Noe|TTT S e
A B
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START STOP AND REVERST CCNTROL
W REW STATUS = - e T EWD
02.01.1 #| —3- S A »\-—:.JT.Oé,V
v R - C1.08.1
315 IC-1 1E12 IB-+ Fi2 |b-=— - - N
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.01.09. |
W REVERSE -
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00.02. 1 ——3[ " -
]
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tN'GO 1
01.07.1

+N 5TOP 1
.01.07.1

+N GO
01070

+N STOP
O1.07.1

TN FWD
01.07.1

+N BKWD
O1.07.4

*1-0-7511J *2-0-7.511D
*9Q—6+6 44H —1XBIIIJ
*D—6+6 44D—IXZII'B

PROLAY

A S5
N E
A
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1445
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*A—6+6 44G—-IXTIII D
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B
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12,2.00 IBM 729 III TAPE UNIT SYSTEMS DIAGRAMS

The following systems diagrams are for educational use only.
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