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GENERAL DESCRIPTION

GENERAL

The 3M Brand Series 500 Professional Audio
Recorder (Part No. 56000A000) is manufactured by
the Mincom Division of the 3M Company in
Camarillo, California.

FUNCTION

The recorder fulfills a requirement in the profes-
sional recording industry for a versatile, multi-
channel, compact magnetic tape recorder for
producing superior quality master recording tapes.
The recorder features up to 16 track record/
reproduce performance with full remote control
operation, including synchronous overdub. The
patented Isoloop tape drive system has been
incorporated in a 2 inch tape transport which
provides the Series 500 line of recorders all the
flexibility, ecase of threading, and tape handling
performance enjoyed by other 3M Brand Profes-
sional Audio Recorders. A new standard of
timing accuracy has been attained in the Series
500 tape transports as a result of an entirely new
capstan drive design.

Coupled with these features, the recorder incor-
porates packaging concepts providing greatly
improved accessibility of components for alignment
and maintenance purposes. The exclusive use of
silicon solid-state devices throughout the electronic
circuits of the Series 500 recorders provide greater
stability and long-term reliability.

EQUIPMENT DESCRIPTION

Three tape recorder configurations are available in
the 3M Brand 500 Series: 1) a 16 track version; 2
an &8 track version; 3) an &8 track convertible version,
capable of conversion to a 16 track system by
inserting additional plug-in circuit cards and replac-
ing the 8 track heads with 16 track heads.

Physically, each version consists of a tape transport
pivot mounted in the top of rectangular plastic-
laminated wood console (see figure 1). Below the

transport is a signal electronics module assembly
containing the record/playback electronics and oper-
ating mode switching circuits. A meter display panel
mounted above the transport provides selective
input/output signal monitoring of each channel. The
system is completed by the addition of a self-
contained solid-state power supply fastened to the
floor of the console and a remote control unit which
is detachable from its mounting position on top of
the meter panel, allowing the recorder to be
operated up to 25 feet from the console.

Tape Transport

A 2 inch tape transport is used in the 16 track and 8
track convertible versions of the Series 500
recorders (see figure 2). The tape guides on the
transport are adjustable to accommodate either 1 or
2 inch tape. A 1 inch transport is provided with the
8 track version. The transport will accommodate
10-1/2 inch diameter NAB reels for the 1 inch width
tape (8 track version), and semi-precision video tape
reels when using 2 inch width tape (16 track
version). The tape transport operates at either of
two electrically selectable tape speeds. The most
common speeds are 7-1/2 and 15 ips; however, other
speeds are available (see table 1).

The tape transport contains the tape motion and
tape handling controls; plus, it performs certain
electrical command functions common to each
channel of the record/reproduce electronics. The
POWER button on the transport controls power to
the entire system.

Isoloop Tape Drive

The tape transport mechanism of the 3M Brand
Professional Audio Recorder is derived from designs
used in instrumentation recorders, where standards
of timing accuracy and wow and flutter are even
more demanding than they are in audio recording.
The heart of the patented Isoloop tape drive is the
differential capstan, which maintains a constant tape
tension within the drive and positive contact of the

M5S6 PAR 1-70 1
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Figure 2. Tape Transport

Table 1. List of Components

Component Description

TAPE TRANSPORT

BASIC TAPE TRANSPORT
56013B100-1 Consists of basic 2 inch tape transport equipped for 7.5
and 15 ips, 60 Hz power. Less head assemblies and
mounting hardware.

56013B100-2 Same as 56013B100-1 but equipped with 7.5 and 15 ips,
50 Hz capstan motor.

56013B100-3 Same as 56013B100-1 but equipped with 15 and 30 ips,
60 Hz capstan motor.

56013B100-4 Same as 56013B100-1 but equipped with 15 and 30 ips,
50 Hz capstan motor.

MS6 PAR 1-70
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Table 1. List of Components (Cont.)

Component

Description

TAPE TRANSPORT (Cont.)

TAPE SPEED KIT (Capstan Motor)
Speed (ips) Power (Hz)

56013A910-1 15-30 60
56013A910-2 7.5—15 50
56013A910-3 15-30 50
56013A910-4 7.5—15 60

HEAD ASSEMBLIES
S6119A100 (8 Track)
56119A100 (16 Track)

Consists of capstan motor assembly, including capacitor
and connector.

Includes playback head door shield, and erase, record,
and playback head stacks mounted on bolt-on precision
plate, with connectors.

RECORD/REPRODUCE ELECTRONICS

ELECTRONIC MODULE ASSY
56059B100-1 (16 Track)
56059B100-2 (8 Track)

ELECTRONIC ASSEMBLY (PC)
BOARDS

16 CHANNEL BOARD SET
56059A900

8 CHANNEL BOARD SET
56059A910

INDIVIDUAL BOARDS:
BIAS AND ERASE BOARD (1)

23059B020

RECORD AMPLIFIER BOARD (4)
23059B040

LINE DRIVER AMPLIFIER BOARD (6)
23059A060

PREAMPLIFIER WITH OVERDUB
BOARD (7/9)
23059B090

Consists of the basic electronics chassis less all plug-in
printed circuit boards

These boards may be obtained individually or in sets to
accommodate either the 8 or 16 track machine versions.

Consists of 64 plug-in printed circuit boards and one
extender board.

Consists of 32 plug-in printed circuit boards and one
extender board.

One cach of four boards required for cach channel of
record and reproduce.

Part of the record circuit.

Part of the record circuit.

Part of the reproduce circuit.

Part of the reproduce circuit.
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Table 1. List of Components (Cont.)

Component

Description

RECORD/REPRODUCE ELECTRONICS (Cont.)

EXTENDER BOARD

METER PANEL ASSEMBLY

REMOTE CONTROL ASSEMBLY

23059A110 Used as an aid in troubleshooting; allows circuit board to
operate in an extended position outside its slot, providing
access to both sides of the board.

56038A100-1 (16 Track) Consists of 8 or 16 VU meters panel mounted as well as
56038A100-2 (8 Track) their associated monitor select switches and indicator
lamps with interconnecting cable and connector.

56017A100-1 (16 Track) Consists of a control box with a 25 foot cable and con-

56017A100-2 (8 Track) nector containing controls and indicators appropriate for
providing remote control of either an 8 or 16 track
recorder.

POWER SUPPLY ASSEMBLY

56031A900 Consists of a 28 volts dc regulated power supply with

cable and connector assembly.

tape against the heads (sce figure 3). In addition, the
unsupported tape path is extremely short in com-
parison to standard design tape recorders. This short
path reduces longitudinal oscillation to a new low
and eliminates the need for a series of tape guides to
maintain a proper tape path.

The tape tension required to minimize flutter and
hold the tape against the heads is generated within
the closed loop by the differential drive capstan.
The tape drive surface of the capstan is divided
into regions of two different diameters. The
incoming idler roller is contoured so as to press
the tape firmly into the matching “grooves™ (of
the smaller diameter) of the capstan. The out-
going idler roller is shaped so as to press the
tape firmly against the “ridges” (of the larger
diameter) of the capstan. This differential of
capstan diameters constantly tries to extract more
tape than is being fed into the loop and creates
the necessary tension due to the slight elasticity
of the tape itself. This tape tension is always
kept safely within its elastic limits.

CAPSTAN A

\ OUTGOING
CAPSTAN

IDLER .

~¥—_ REVERSING

IDLER
2650

Figure 3. Isoloop Tape Drive
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Signal Electronics Assembly

The signal electronics assembly located below the
tape transport (see figure 4) consists of three rows
of printed circuit plug-in boards and two rows of
adjustment controls. The top and bottom rows of
the 16 track or 8 track convertible versions will
accept 24 boards cach; eight channels of record and
reproduce boards are grouped in each row by track
sequence rather than function, in order to provide a
more logical means of locating the circuit boards
associated with each channel. The center row
contains either 8 or 16 tracks of bias/erase amplifier
boards, as required by the machine configuration.

In the two open spaces between the rows of plug-in
boards are the control components which consist of
three plug-in relays per track for record, sync, and
input/output monitor select; two potentiometers for
RECORD LEVEL control and SYNC LEVEL
calibration; and two plug-in transistors for the relay
logic circuits. The erase current adjustment controls
and erase current monitoring jacks are also located
in the center row.

The signal electronics assembly is accessible through
two doors on the front of the console, allowing
access to all of the circuit boards, adjustments, and
control components. The input and output signal
connectors, function control input connector, meter
monitoring output connector, and input (dc) power
connector are located on the rear of the signal
electronics assembly which is accessible from the
rear of the console.

Display Panel

The 16 track and 8 track convertible recorder
configured versions contain 16 VU meters mounted
on the display panel. See figure 7. Each meter is
numbered for channel identification. Above each
meter are two lamps which indicate the signal being
monitored, input A or output B, and a selector
switch which allows the selection of the signal
monitored on the meter, A or B.

REAR VIEW

FRONT VIEW

2651

Figure 4. Signal Electronics Assembly
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Remote Control

The remote control box, figure 8, is divided into
two groups of controls and indicators. The right-
hand group of back lighted pushbutton control
switches are common to the tape motion controls
on the transport and provide identical control at a
remote location when desired. A tape RUNOUT
indicator lamp is also included in this group, along
with two pushbutton switches that provide simul-
taneous transfer of the output monitor function (A
or B) of all channels. The output monitor switches
are also common to identical switches on the
transport. The left-hand group of switches are
common to the remote control box only, and allow
the mode of operation of each channel to be
preselected to fit the need of any particular tech-
nique of recording desired. Sixteen 3-position lever
switches accomplish this function, allowing the
selection of any one of three modes of operation
(READY-SAFE-SYNC) for each channel. In addi-
tion to these switches, a Program Select switch is

provided which allows two modes of logic (NORM/
CUE) when cuing up on a prerecorded sync track.

Power Supply

The record/reproduce electronics and their asso-
ciated control circuits are energized by a common
solid-state regulated power supply fastened to the
floor of the console.

SPECIFICATIONS

Specifications for the 3M Brand Professional Tape
Recorder are presented in table 2. These specifica-
tions are based upon operation and maintenance in
accordance with the procedures and conditions
presented in this manual. Deviation from these
procedures, use of other than recommended mag-
netic tapes, or modification of the equipment may
result in degradation of the equipment performance.
These specifications are subject to change without
notice.

Table 2. Specifications

Characteristics

Specifications

GENERAL

Power Requirements
Transport:

Signal Electronics:

Transport:

Size and Weight

Operating
configuration
Shipping
configuration

Weight

115 +10 volts single phase, 60 Hz nominal.

Alternate input power provisions

500 watts maximum.

200 watts maximum (8 track)
400 watts maximum (16 track)

May be operated at 115 £10 volts single phase, 50 Hz
with tape speed kits 56013A910-2 or 56013A910-3
(50 Hz capstan drive motor kits).

Height Width Depth
53% in. 27 in. 22% in.
43 in. 27 in. 22% in.

304 1bs (16 track)
256 1bs. (8 track convertible)
241 lbs. (8 track only)
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Table 2. Specifications (Cont.)

Characteristics I Specifications

GENERAL (Cont.)

Remote Control 6%2 Ibs. (16 track with 25 foot cables and
connectors)
4% 1bs. (8 track with 25 foot cables and connectors)

TRANSPORT

Tape Speeds

Speed Accuracy

Tape Width

Reel Size

Recording Time

Start Time
Stopping Time
Rewind Time

Flutter

[soloop Drive

Each transport is provided with two electrically switchable tape speeds.
Standard machines are equipped for 7% and 15 ips. 15 and 30 ips speeds
are available on special order.

$0.10% measured relative to line frequency. Specification does not include
line frequency variations.

| or 2 inch,
1 inch tape: ~ Standard 10% inch reel with NAB hub.
2 inch tape: 10%2 inch semiprecision video type reel.

2400 ft. tape
60 minutes at 7% ips
30 minutes at 15 ips
15 minutes at 30 ips
1.0 second maximum in play or record mode at 15 ips.

1.0 second from play or record mode.

1% minutes for 2400 feet,

Speed (ips) I'lutter Band (Hz) Maximum % Flutter (rms)
15 0.5 to 200 0.06
15 0.5 to 5000 0.08
T2 0.5 to 200 0.13
7% 0.5 to 5000 0.16

All measurements of flutter are made by recording a tone on the machine
under test, rewinding the tape, and measuring the flutter on replay. The
maximum additive phase case is accepted as maximum flutter.

A closed loop positive drive, universal capstan, pinch rollers, and reversing
idler for I and 2 inch tape. Tape guides are adjustable for | or 2 inch tape.

M56 PAR 1-70




Table 2. Specifications (Cont.)

Characteristics

Specifications

TRANSPORT (Cont.)

Operating Controls

Braking

Tape Sensing

Two control groups on the transport control system operation.
Group 1 Located on lower left corner of transport:

Power: On/Off (backlighted pushbutton)
Speed: High/Low (slide switch)
Tape Width: Wide/Narrow (slide switch)

Group 11 Located on lower right corner of transport:

Backlighted pushbuttons for

PLAY FORWARD
RECORD* REWIND
STOP

All controls are electrically interlocked to prevent possible damage to tape
or transport due to operator error.

* )
PLAY and RECORD button must be pressed at the same time to place
the transport and associated signal electronics in the record mode of
operation.

Dynamic braking is provided from all modes to stop.

Photocell sensor stops transport motion when tape runout or tape breakage
occurs.

SIGNAL ELECTRONICS

Tape Type

Equalization

Bias and Erase
Oscillator

Phasing

Specifications herein are based on the use of Scotch Brand Dynarange
magnetic recording tapes, Type 202 or 203.

Each signal electronics channel contains two (2) speed adjustable equaliza-
tion networks. Transfer of equalization networks are automatic when
transport tape speed is changed. Normally, machines are equalized for
NAB 7% and 15 ips speeds. Other speeds and forms of equalization are
available on special order.

A master oscillator on the tape transport supplies 120 kHz through a low
impedance bus to individual bias and erase amplifiers for each channel.

Signal input to output phase is held to less than 90° on all channels.

MS6 PAR 1-70



Table 2. Specifications (Cont.)

Characteristics

Specifications

SIGNAL ELECTRONICS (Cont.)

Channel Separation

Degree of Erasure

Input Impedance

Output Impedance

Frequency Response
(Record/Reproduce)

Signal-to-Noise Ratio

Harmonic Distortion

Monitoring

Channel-to-channel crosstalk separation is greater than 50 dB at 500 Hz
(zero VU).

A 1 kHz signal at 3% distortion level is reduced 72 dB or more by the erase
head provided for NAB standard operation.

20,000 ohm balanced or unbalanced line. -10 dBm to +8 dBm signal on
600 ohm line.

600 ohm terminated or unterminated by selector switch. 150 ohm output
tap is provided on the output transformer. Nominal line level +4 dBm.

15 ips NAB Equalization

+2 dB 100 Hz to 15 kHz
+2

3 dB 50 to 99 Hz

,{,2

4 dB 30 to 49 Hz

7% ips NAB Equalization

+2 dB 100 Hz to 10 kHz
+2

3dB 50 to 99 Hz

+2

4 dB 30 to 49 Hz

For standard 8 or 16 track NAB equalized recording systems, the S/N ratio
is maintained at 65 dB, or greater, with a machine speed of 15 ips. S/N
ratio is measured with reference to the level of 6 dB above the 700 Hz
reference signal on a standard NAB alignment tape.

Distortion reduction circuits hold total harmonic distortion to less than
1.0 percent at input signal levels up to 6 dB above the 700 Hz reference
signal on a standard NAB alignment tape.

The input or output signal of cach channel is displayed on a 2% inch VU
meter.

M56 PAR 1-70
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Table 2. Specifications (Cont.)

Characteristics

Specifications

SIGNAL ELECTRONICS (Cont.)

Operating Controls

Remote Control Box:

Tape Motion Controls (identical function with controls on tape
transport).

Output Select Pushbuttons A--B (identical function with controls on
tape transport).

Mode Select switches, READY-SAFE-SYNC (one 3-position switch
for each channel).

Program Select switch, NORM-CUE.
Electronic Module Assembly:

Input Level (one for each channel)
Meter Panel:

A--B Monitor Select switches (one for each channel).
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INSTALLATION

RECEIPT INSPECTION

The 3M Series 500 Brand Professional Audio
Recorder was inspected, completely checked out,
and adjusted before leaving the factory. Imme-
diately upon receipt, inspect the equipment for any
shipping damage. If any damage is noticed, notify
the carrier immediately. If everything is normal,
proceed with the installation.

LOCATION CONSIDERATIONS

The tape recorder can be installed in almost any
location as long as reasonable judgement is used.
The recorder should not be installed in an extremely
dusty or damp location. Strong magnetic fields
should be avoided, such as from power transformers
and tape degaussers. Dimensions of the console are
given in figure 5.

e— 10% —> 2%
( A ]
6%
Y 1
A
HEBEHHHEHH
HHEHHEBHBEH
1 IR
=
53% 36 60%
/
¢ 1P o't ‘o S
< 27 B <t 22V >
2652
Figure 5. Outline Dimensions
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INITIAL SET-UP

When the console is uncrated, the following steps
should be taken to prepare the recorder for
operation:

I. Remove the meter panel from the rear
compartment of the console by removing
10 screws, three on each side of the
console cabinet, and two ecach on the left
and right sides on the rear of the console.
The remote control box is shipped
attached to the top right hand side of the
meter panel. Two captive screws are
located under the top flange of the meter
panel which allows removal of the control
box for remote use.

2. Place the meter panel in the upright
position; slide the bottom section of the
panel down and over the rear sides of the
cabinet. Secure the panel by replacing the
screws removed in step 1.

3. Connect the input and output signal lines
to their proper jacks, as marked on the
rear of the signal electronics assembly.
Type XL 3 wire standard audio plugs (not
supplied) are required for both input and
output connections. See figure 6 for plug
wiring details.

4. The termination slide switches, located
cither above or below each output jack,
should be placed in either the left-hand
position (600 ohm termination), or the
right-hand position (unterminated),
depending on the termination required.
Taps are available on each output
transformer for 150 ohm output.

5. Inspect all connectors on the rear of the
signal electronics assembly and underside
of the tape transport to ensure that all are
properly engaged.

6. Open the doors on the front of the
console; inspect each circuit board within
the electronics assembly to ensure that all
are properly engaged.

7. Rotate by hand the reversing idler,
capstan, take-up reel hub, and the supply
reel hub. There should be no binding;
cach should turn freely and smoothly
with very little torque applied.

8. Connect the 3 conductor power cord
between the receptacle located on the
underside of the tape transport and a 115
volt, 60 Hz power source. A ground
terminal is furnished on the transport
frame. It may sometimes be desirable to
connect this to a good earth ground to
minimize electrical noise, although this is
generally unnecessary if the power cord
ground is sufficiently noisefree.

GROUND ———— GROUND

0]
LINE 5 3 7 LINE 2 3 1

(FEMALE PLUG)
BALANCED UNBALANCED

SIGNAL INPUT CONNECTOR WIRING

GROUND GROUND
(@) (0]
1 3 2 LINE 1 3 5 LINE
(MALE PLUG)
BALANCED UNBALANCED

SIGNAL OUTPUT CONNECTOR WIRING

2653

Figure 6. Input/Output Connector Wiring
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OPERATING INSTRUCTIONS

GENERAL INFORMATION

The 3M Brand Series 500 Professional Audio
Recorder may be operated at the console or up to
25 feet from the console, using the remote control
provided with the recorder. The tape motion

controls are conveniently grouped on the tape
transport and remote control box so as to provide =
minimum of movement by the operator. All con-
trols and indicators are identified in figures 7 and =
with a complete description of each control func-
tion tabulated in table 3.

CHANNEL NUMBER
INPUT INDICATOR (A)

A—B MONITOR SELECT SWITCH
I*——OUTPUT INDICATOR (B)

00 O©00 o2 G0en .Q.M .0.1’ 00 01

--

METER PANEL

TAPE MOTION
CONTROLS

POWER
ON-OFF

»
iR rrorEssioNAL
A RECORDER 5

\ TAPE SPEED SWITCH
TAPE WIDTH SWITCH ,
(UNDER SLIDE PLATE) 2654

A—B
SIGNAL OUTPUT
SELECTOR

Figure 7. Console Operating Controls
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MODE A—B

MODE INDICATOR SIGNAL OUTPUT
SELECT LAMPS SELECTOR SWITCHES
SWITCHES

PROGRAM
SELECI
SWITCH

__NoARwm f’ cuEe Al TAPE RUNOUT
| C)_‘,jij”nNDmATORLAMP

. -
TOP PLAY J
i

TAPE MOTION
CONTROL SWITCHES

LI

Figure 8. Remote Control Box

NOTE
For consistently good recordings, the heads, guides, reversing idler, and capstan

should be cleaned frequently to remove dust and oxide deposits. The heads
should also be degaussed for optimum performance.

Table 3. Operating Controls and Indicators

Control/Indicator Function

TAPE TRANSPORT

POWER switch (S6) AC power to the tape transport and the signal electronics assembly is
controlled by this switch.

POWER lamp (DS6) When lighted, indicates ac power is applied to the system. The
indicator lamp back lights (S0).

STOP switch (S3) Stops tape motion from any mode of operation.
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Table 3. Operating Controls and Indicators (Cont.)

Controls/Indicators

Function

TAPE TRANSPORT (Cont.)

STOP lamp (D53)

PLAY switch (S5)

PLAY lamp (DS5)

RECORD switch (S1)

RECORD lamp (DS1)

FORWARD switch (S4)

FORWARD lamp (DS4)

REWIND switch (S2)

REWIND lamp (DS2)

SPEED switch (S8)

TAPE WIDTH switch (S7)

OUTPUT A switch (S10)

OUTPUT B switch (S11)

When lighted, indicates tape motion has stopped, tape is threaded,
and the transport is ready to operate. The indicator lamp back
lights (S3).

Causes the transport to move the tape at the selected playback speed,
and activates the logic circuits in the signal electronics assembly.

When lighted, indicates the transport is in the playback mode of
operation. The indicator lamp back lights (S5).

Causes the transport to move the tape at the selected record speed,
and activates the logic circuits in the signal electronics assembly when
the RECORD and PLAY pushbuttons are pressed simultaneously.

When lighted, indicates the transport is in the record mode of opera-
tion. The indicator lamp back lights (S1).

Causes the transport to move the tape at high speed in the forward
direction.

When lighted, indicates the transport is moving the tape in the high
speed forward direction. The indicator lamp back lights (S4).

Causes the transport to move the tape at high speed in the rewind
direction.

When lighted, indicates the transport is moving the tape at high speed
in the rewind direction. The indicator lamp back lights (S2).

Selects HIGH or LOW capstan motor speed, usually 7.5 or 15 ips.
Selects proper equalization circuit in the signal electronics assembly.

Selects the proper reel motor torque for 1 or 2 inch width tape.

Switches all input signals simultaneously to the VU monitor meters
and the OUTPUT signal jacks of their respective channels.

Switches all playback signals simultaneously to the VU monitor meters
and the OUTPUT signal jacks of their respective channels.

METER PANEL

VU Meter

A—B Monitor Selector

Monitors the signal input recording level or the signal output playback
level of each track.

Selects the input or playback signal for monitoring on the VU meter.
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Table 3. Operating Controls and Indicators (Cont.)

Control/Indicator

Function

METER PANEL (Cont.)

Input Indicator

Output Indicator

Indicates the input signal is being monitored on the VU meter when

illuminated.

Indicates the playback signal is being monitored on the VU meter

when illuminated.

REMOTE CONTROL BOX

Tape Motion Controls
OUTPUT A/B switches
RUNOUT lamp (DS6)

Mode Select Switch
(READY-SAFE-SYNC)

Program Select Switch (S8)
(NORM/CUE)

Same function as the tape motion controls on tape transport.

Same function as the OUTPUT A B switches on tape transport.

Lamp illuminates when all the tape has been run off the supply or
take-up reels, or when the tape is unthreaded from its running path.

READY position —

SAFE position  —

SYNC position —

NORM position —

CUE position

Causes the signal electronics circuits of the respec-
tive channel to operate in the record mode when
the RECORD and PLAY buttons are pressed
simultaneously.

Causes the signal electronics of the respective
channel to lock out the record circuits, preventing
accidental erasure of prerecorded material. Nor-
mal playback of any material on the track can be
monitored with the transport in either the
RECORD or PLAYBACK mode when the Mode
Select Switch is in this position.

Causes the signal electronics of the respective
channel to playback a prerecorded signal, utilizing
the record head rather than the playback head,
thus providing a synchronized signal for use in
dubbing in additional material on an adjacent
track or tracks in sync with the prerecorded pro-
gram material. Activation of the SYNC mode is
programmed by the position of the program select
switch described below.

Causes the SYNC mode to be activated on any
preselected channel only when the transport is
placed in the RECORD mode of operation.

_ Causes the SYNC mode to be activated on any

preselected channel when the transport is in the
record, play or stop mode.

SIGNAL ELECTRONICS ASSEMBLY

RECORD LEVEL

Adjusts the input signal recording level.

16
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TAPE THREADING

Threading the recorder is extremely simple, as there
are no compliance arms or other mechanical devices
in the tape path. Also, there is no tension on the
tape until it breaks the light path of the photo-
electric circuit in the Isoloop assembly.

The use of Scotch Brand Dynarange recording tape,
Type 202 or 203, is recommended, although adjust-
able bias and equalization permits accommodation
of a wide range of tape characteristics.

To thread the tape, refer to figure 9 and proceed as
follows:

1. Slide the cover plate, located on the
transport bearing the 3M Brand trade-
mark, to the left, exposing two slide
switches. Set the SPEED switch to either
HIGH or LOW, as desired. Set the TAPE
WIDTH switch to the WIDE position
when using 2 inch tape, or the NARROW
position when using 1 inch tape.

CAUTION

The SPEED switch should not be
operated with the capstan motor
running.

2656

Figure 9. Tape Threading

2. With the thumb and index finger, rotate
the incoming and outgoing tape guides to
the proper position for the tape size to be
used.

3. Press the POWER button; the input indi-
cator lamps on the meter panel should
come on. The tape sensor lamp should
come on, the head shield cover will open,
and the POWER button should illuminate,
indicating power is applied to the trans-
port and signal electronic assembly.

4.  Place a reel of tape on the left-hand
spindle in such a manner that the reel
rotates counterclockwise when tape is
unwound. Unwind about two feet of tape
from the supply reel and drop it on the
inside of the incoming tape guides,
between the capstan idler and the capstan,
past the erase and record head, around the
reversing idler, past the play head,
between the right-hand capstan idler and
the capstan, past the outgoing tape guides
on to the take-up reel. Thread the tape on
the take-up reel hub so that it will wind in
a counterclockwise direction. As the tape
breaks the photoelectric light path at the
exiting tape guides a slight reverse torque
will be applied to the reel motors which
takes up any slack in the tape threaded
through the Isoloop. The STOP button
should also illuminate at this time indi-
cating the transport is ready to operate.

TRANSPORT TAPE MOTION OPERATION

Upon initial operation of the transport, observe each
mode of operation to gain familiarity with the
mechanical actions of the transport as follows:

1. Press the PLAY button and observe that
the capstan starts, the capstan idlers pull
in and tape starts to move in the forward
direction at the selected speed, and the
head shield cover closes.

2. Press the STOP button and observe the
capstan idlers release their tension, the
capstan stops, the head shield cover drops
back, and the tape comes to a smooth
stop.
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3. Simultancously press the PLAY and
RECORD buttons and observe that the
PLAY and RECORD buttons both illumi-
nate and that the transport mechanical
functions are the same as in step 1. Press
the STOP button and allow the tape to
stop.

4.  Press the FORWARD button and observe
the tape lifters lift the tape away from the
heads, the head shicld cover remains open,
and the tape rapidly accelerates in the
forward direction.

5.  Press the STOP button; the tape motion
will come to a smooth, rapid stop and the
tape lifters will drop back. Press the
REWIND button and observe that the
transport mechanical functions arc the
same as step 4 except the motion will be
in the rewind direction. Press the STOP
button and allow the tape to stop.

6. Observe that in standby (STOP button
illuminated), the head shield cover will
remain open or closed when opecrated
manually. Note that the head shield cover,
if closed in the standby mode, will open
when the tape is lifted from its running
path between the right-hand tape guides.

NOTE

With the tape in motion, it is neces-
sary to stop the tape in order to
change the mode of operation of the
transport only when selection of the
record mode is desired and the trans-
port is operating in the forward or
rewind modes. The tape motion con-
trols may be pressed in any sequence
at any time with complete safety to
the tape and transport.

MONITORING

Signals that are to be recorded or reproduced are
monitored on the meter panel above the transport.
External monitoring equipment can be connected to
the output jacks at the rear of the electronics
assembly.

NOTE

The auxiliary output adapter
described at the end of this section
(figures 10 and 11) is recommended
when additional output lines are
desired for local monitoring or
studio distribution.

Output/Monitor Switching

OUTPUT select buttons A and B provide simultane-
ous switching of the output and meter monitoring
circuits of all channels to either the input signal
being recorded or the reproduced signal from the
recorded tape. Button A selects the input signal;
button B the output (playback) signal.

Individual switching for each channel is provided by
the A-B monitor select switches above each VU
meter. These switches allow either the input or
output of any one channel to be selected indepen-
dently of all other channels.

If the A-B OUTPUT select function is not desired
from the transport or remote controlabox, open the
console front doors and position the upper slide
switch on the line amplifier board (No. 6) of the
desired channel to the OFF position. A-B switching
for this channel is then solely under the control of
the corresponding channel A-B monitor select
switch on the meter panel.

PREPARING TO RECORD

The following procedure is for a single recording
channel. When multiple channel recording is desired,
perform the same procedure for each channel.

1. Set the RECORD LEVEL knob to mini-
mum (fully counterclockwise).

o

Press the POWER button on the trans-
port, applying power to the recorder.
Thread a reel of tape through the Isoloop
as previously described. For critical
recording applications, new or previously
degaussed tape should be used.

3.  Position the program select switch to
NORM, and the mode select switch of the
particular channel being recorded to
READY.
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4. Press OUTPUT select button A, and
slowly increase the RECORD LEVEL
control until the meter peaks at +2 VU on
the loudest peaks of the input program
material.

5. To start recording, simultaneously press
the PLAY and RECORD buttons on the
transport or remote control box.

6. Press OUTPUT select button B; the play-
back signal monitored on the VU meter
should be approximately the same level as
the input signal being recorded. Alter-
nately press the A and B OUTPUT but-
tons to ascertain that the input and
output signals are at the same level. Listen
critically on a good monitor speaker or
headphone system to be certain the sig-
nals sound identical with the switch in
both the A and B positions.

7.  To stop recording, press the STOP button
on either the transport or remote control
box. The tape will stop. The STOP button
will light, placing the recorder in the
standby mode.

CAUTION

Care should be taken not to switch
from READY to SAFE when the
recorder is operating in the record
mode. First stop the transport. This
will prevent the possibility of a
thump being recorded on the tape
and possible magnetization of the
record head.

PLAYBACK

When the recorder is to be used to playback
prerecorded tape, the following procedure should be
followed.

1. Place the mode select switch in the SAFE
position.

2. Press the BOUTPUT select button.

3. Press the PLAY button to start the
recorder in the playback mode of

operation. The playback output level of
the prerecorded tape monitored at the VU
meter or output jack will represent the
true amplitude level of the signal recorded
on the tape. This is established by the
calibrated adjustment of the reproduce
level control located on the reproduce
preamplifier board in the clectronic
module assembly. This control should
only be adjusted when performing the
playback alignment adjustments covered
in the maintenance section.

OVERDUBBING

The overdub feature provides a means of adding one
or more audio tracks in synchronism with a first
track or set of tracks previously recorded on the
tape.

Consider a tape which has had an orchestra previ-
ously recorded on track No. 1. It is desired to add a
synchronized vocal on track No. 2 which has been
left unrecorded. To accomplish the synchronized
dubbed-in vocal recording on track No. 2, the
following procedure should be followed. '

1. Thread the prerecorded tape on the trans-
port in the normal manner.

2. Place the program seclect switch in the
NORM position.

3.  Place the channel No. 1 mode select
switch in the SYNC position.

4. Position the A-B monitor select switch
above the channel No. 1 VU meter to the
right momentarily. The B output indi-
cator lamp should illuminate.

5. Connect an appropriate headphone moni-
toring set to the output of channel No. 1.

6. Place the channel No. 2 mode select
switch in the READY position.

7. With the vocalist listening in the head-
phones, start the recorder in the record
mode. The orchestra previously recorded
on track No. 1 will be heard in the
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phones, and the voice of the vocalist will
be recorded on track No. 2 in synchronism
with orchestra on track No. 1.

After an overdub selection has been
recorded, the same tape can be replayed
in the normal playback mode by pressing
the PLAY button without resctting any
switches. If a second recording attempt is
necessary, starting the recorder in the
record mode will again activate the previ-
ously selected sync and record tracks.

If it is desirable to listen to a prerecorded
track for cuing purposes before the
recorder is activated in the record mode,
the program select switch should be
placed in the CUE position. Monitoring of
the sync track will now be obtained in the
play and stop mode as well as the record
mode. The program select switch should
be returned to the NORM position when

the overdub recording is played back,
otherwise the prerecorded track and the
overdub track will not be in sync.

AUXILIARY OUTPUT ADAPTER

The auxiliary output adapter shown in figures 10
and 11 is recommended if additional signal output
connections are desired at the console for monitor-
ing or studio line connection. The adapter is simple
to construct by the user and requires no special
parts or hardware. The adapter is inserted in the
meter panel cable between connector P2 and J2.
When installed, the output signal cables from the
adapter are connected in parallel with their respec-
tive output channels; as such, the termination
impedance of the auxiliary output lines should be
considered when connected to monitoring equip-
ment or studio lines in the same manner as the
regular output lines from the XL connectors at the
rear of the electronics assembly.

J1 — AMP CONNECTOR TYPE 201311-3
P1 — AMP CONNECTOR TYPE 201310-3

UTILITY BOX

16 CHANNEL OUTPUT

CABLE — (LENGTH OF CABLE
AND TYPE OF CONNECTORS
ARE AS REQUIRED)

2657
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Figure 10. Auxiliary Output Adapter
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MAINTENANCE

GENERAL

Maintenance is of prime importance for reliability
and usefui life of all magnetic tape systems. Main-
tenance consists of: preventive maintenance, to
help prevent breakdowns; and corrective mainte-
nance, to correct the malfunction when a break-
down occurs.

FIELD SERVICE

Regularly scheduled maintenance service is available
from the Mincom Sales and Service Office on a

TEST EQUIPMENT

Test equipment recommended for alignment and
troubleshooting of the Series 500 tape recorders is
listed in table 4 which follows.

PREVENTIVE MAINTENANCE

Perform the following inspections at intervals con-
sidered necessary, based upon the operation and
environment in which the recorder is operated.

contract basis, or service may be obtained on an 1. Watch for excessive wear of moving
emergency basis through the same office. In ecither surfaces, such as capstan, capstan
case, every effort is made to provide the needed idlers, reversing idler, tape guides,
service in the minimum amount of time. etc.
Table 4. Test Equipment
Equipment Function

Flutter Meter, D & R Ltd, or equivalent
Wave Analyzer, HP 302A or equivalent
Oscilloscope, Tektronix RM504 or equivalent
VTVM, HP 400LR or equivalent

Audio Oscillator, HP 200CDR or equivalent
Frequency Counter, HP5233L or equivalent

7 1/2 ips (1 inch) NAB calibration tape,
Ampex catalog number 46-90007-01

15 ips (1 inch) NAB calibration tape, Ampex
catalog number 46-90006-01

15 ips (2 inch) NAB calibration tape, Ampex
catalog number 46-90024-01

Measure percentage of flutter in reproduced output.
Measure percentage of harmonic distortion.
Measure phase and observe test signals.

Measure voltages and continuity.

Provide test and alignment signals.

Measure bias frequency.

To provide standard NAB reproduce alignment
signals.

To provide standard NAB reproduce alignment
signals.

To provide standard NAB reproduce alignment
signals.
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7.

Observe that the two cooling fans
mounted below the transport are oper-
ating and that there is no obstruction to
keep air from circulating.

Check all connectors for security and
tight fit, and tighten if necessary.

Inspect input and output cables for
broken or frayed leads, and repair if
necessary.

Inspect printed circuit logic board at the
rear of transport for broken leads, burnt
or damaged components, broken or
shorted conductor tracks and pads. Check

> that all relays on this board are mounted

securely in their sockets and the retaining
clamps are positioned over each relay.

Check that all circuit boards in the signal
electronics assembly are engaged properly.
Also, check that the A/B and SYNC
transistors, and their associated relays are
well seated in their sockets. The RECORD
relays should also be checked for proper
seating in their sockets.

CAUTION

Should any of the SYNC relays be
removed from their sockets, care
should be used when replacing these
relays due to the fragile nature of the
contact pins. Hold the relay at an
angle so that one lower bank of pins
start to engage their proper contacts
in the relay socket; then, carefully
pivot the relay about its lower edge
so that the remaining pins progres-
sively engage their contacts in the
socket.

The brushes on cach reel drive motor
should be checked for length. Any brush
less than 1/4 inch should be replaced.

The capstan speed should be checked by
using a neon or fluorescent light. With the
light projected on the marked capstan, the
marks should appear to stand still if the

capstan is rotating at the proper speed.
The belt tension adjustment in this sec-
tion should be performed if the capstan
speed is not constant or appears to be
slow.

NOTE

Reel motor bearings are sealed and
have been lubricated to last the
useful life of the motor.

Cleaning

The tape handling surfaces should be cleaned period-
ically. The time between cleaning will depend on the
amount of use and the environment, since increased
temperature, dust and humidity will cause the tape
handling surfaces to become dirty more quickly.
The best precaution is to clean the surfaces just
prior to a recording session.

To clean the guides, capstan, and reversing idler use
a cotton swab dipped in a Freonxylene cleaner
(Mincom catalog number 83-9830-0075), or equiva-
lent. Caution must be used when applying this
solvent because it damages plastic and rubber
surfaces, and excessive amounts that could get into
the bearing surfaces can dissolve the lubricants,
causing bearing problems.

To clean the capstan idlers, use a dry cotton swab
on the rubber idlers lightly pressing while the
transport is in the RUN mode. If an extra amount of
cleaning is necessary, use a swab lightly dipped in
Freon TF, but do not apply the swab while the
transport is in the RUN mode because some of the
fluid may be splashed on other surfaces and may
cause damage. After cleaning with Freon TF, allow
the idlers to dry and then use a dry swab on the
rubber idlers with the tape transport in the PLAY
mode. This process will clean the surfaces of
fingerprints that may accumulate.

CORRECTIVE MAINTENANCE

Corrective maintenance involves procedures for the
correction of malfunctions and possible adjustments
that are required when assemblies are changed or
replaced because of wear or damage.
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The Series 500 recorder has been factory adjusted
for peak performance. With use, it will occasionally
be necessary to make certain adjustments to main-
tain optimum performance. The following informa-
tion provides a procedure for a thorough perform-
ance check and adjustment of the recorder system.

Tape Transport Adjustments

Before attempting mechanical or circuit adjustments
on the tape transport, a thorough understanding of
the transport operation is necessary. Review the
equipment specifications, mechanical and electrical
descriptions, and the circuit diagrams in the Sche-
matics Section. Location of the transport adjust-
ments is shown in figures 12 and 13.

Power Supply Check

Before performing any adjustments on the transport
the following power supply voltage and regulation
checks should be made.

1.  Connect the input power cord to the
output of a 7-1/2 amp Variac. Set the
Variac for zero volts output.

]

Connect the positive test lead of a dc
voltmeter (50 volt scale) to TP-1 and the
negative lead to TB1-1.

3. Press the POWER button on the transport
and increase the Variac output voltage; at
approximately 90 volts, the POWER
button should light, the tape sensor lamp
should come on, and the RUNOUT
indicator lamp on the Remote Control
Box should come on, indicating K1 has
operated. Both cooling fans in the trans-
port should also be running at this time,
and the A/B indicator lamps on the meter
panel should be on. If these indications do
not occur, return the Variac to zero, press
the POWER button again, and increase
the Variac output as before. If the proper
indications are not observed, refer to the
troubleshooting table in this section.

4. Continue to increase the Variac output
voltage to 115 volts. The dc voltage at TP-1
should be between 26 and 28 volts dc.

5. Place a picce of opaque material in the
tape path between the tape sensor light
and the tape-threaded sensor cell. This
will be referred to hereafter as the “tape
sensor mask.” The STOP button should
light. The take-up motor should rotate at
approximately 200 rpm in a counter-
clockwise direction. The rewind motor
should rotate approximately 200 rpm in a
clockwise direction.

6. Press the PLAY button, then press the
FORWARD button, and then the
REWIND button. The voltage at TP-1
should remain between 26 and 28 volts.
The voltage at TP-1 should not drop
below 26 volts dc until the Variac output
voltage is below 105 volts ac.

7. Remote the tape sensor mask. The STOP
button should go out.

Capstan Speed

Set the Variac to 115 volts ac, and reinsert the tape
sensor mask. Place the capstan motor SPEED switch
to HI. Press the PLAY button and observe that the
capstan runs at high speed. Press the STOP button,
and move the SPEED switch to the LO position.
Press the PLAY button. The capstan should run at
half speed in the same direction. Remove the tape
sensor mask, and move the SPEED switch to the HI
position.

Transport Cover Plate Removal

Access to the adjustments located on the top arca of
the transport shown in figure 13 is obtained by
removing the transport cover plate. If reels are on
the machine, they should be removed. The cover
plate is fastened to the transport by twelve screws;
four of these screws are located on the top of the
cover plate, and four each are located at the right-
and left-hand sides of the transport. These screws
secure the side trim plate as well as the flange of the
top cover plate. After removing these screws, lift the
cover plate up from the rear until the reel hubs clear
the holes in the plate. Then slide the cover to the
rear until the retaining clip on the front edge of the
cover is disengaged. The cover plate can now be
completely removed from the transport.
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Figure 12. Transport Adjustments, Bottom View
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Figure 13. Transport Adjustments, Top View
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Tape Sensor Adjustment

Proper operation of the tape sensor circuit is
dependent on the adjustment of R73 with respect to
the translucence of the tape leader material used.
For this reason it is important that the adjustment
of R73 be made using the same type of leader that
will be used on the machine during recording
sessions, etc. The following steps should be per-
formed when adjusting R73.

1. Place a length of translucent tape leader in
the normal tape path over the two out-
going guides in such a manner that the
leader falls between the photocell and the
tape sensor lamp assembly. The leader
should be held taut over the tape guides.

-]

Position R73 to the extreme counter-
clockwise position (maximum resistance);
then slowly adjust R73 in the clockwise
direction until the STOP button illumi-
nates. Note the position of R73.

3. Remove the leader. The STOP button
lamp should go out. Slowly adjust R73 in
the clockwise direction until the STOP
button illuminates again. Note this
position.

4. Position R73 mid-way between the two
points noted above. The STOP button
lamp should go out. The STOP button
lamp should come on when the leader is
inserted.

Capstan Belt Adjustment

Occasionally it may be necessary to adjust the belt
tension or belt alignment on the capstan drive
assembly. The following adjustments should also be
followed when replacing the belt or any of the drive
components, i.e., capstan, capstan motor, flywheel,
etc.

Access to the belt drive assembly is accomplished
through the bottom of the transport as shown in
figure 12. To facilitate adjustments in this area, the
transport can be pivoted up to approximately 45
degrees by grasping the front edge moulding on the
transport and raising the transport to the canted
position.

To expose the belt inside the dust cover, remove the
two screws on the front, and the two screws at the
rear of the cover, and slide the lower half of the
cover down and away from the top section.

Five socket head cap screws located on the capstan
motor bracket assembly permit the adjustment of
the belt alignment and tension. Three screws located
on the motor base, when loosened, allow the motor
to be positioned in the vertical plane so that the belt
will not skew on the flywheel. The remaining two
screws fasten the motor bracket to the transport
frame through two slotted holes in the bracket.
Loosening these screws allows the motor to be
moved back and forth, which adjusts the tension on
the belt.

The following procedure should be used when
adjustment of the belt is necessary.

1.  Spin the flywheel by hand and observe
that the belt, as it passes, over the crown
of the flywheel remains centered. There
should be no skewing of the belt (up or
down motion across the crown of the
flywheel).

If skewing of the belt is noticed, loosen
the three screws on the capstan motor
base, and cock the motor back and forth
until a position is found which allows the
belt to ride true on the flywheel without
skewing. Tighten the three screws.

S

3. Position the SPEED switch for 15 ips
operation. Press the POWER button, and
insert the tape sensor mask. Press the
PLAY button and allow the capstan to get
up to speed; then press the STOP button.
Observe that the flywheel stops at the
same time the capstan motor pulley stops
with no belt slippage over the motor
pulley or flywheel. If slipping occurs,
loosen the two screws through the slotted
holes on the motor bracket and move the
motor back to a point where the belt just
stops slipping. Tighten the screws in the
motor bracket at this point.

Capstan Idler Tracking

The alignment of the capstan idlers with the capstan
is important in maintaining the proper tape tension

28 MS6 PAR 1-70



within the Isoloop. Shims are used under the idler to
shift the idler up or down, depending on the
alignment needed. Figure 14 shows the proper
relationship of the idlers to the capstan and the
position.at which the shims are placed.

% <~ 4—40 PHILLIPS HEAD
dw ~———SPLIT LOCK WASHER

FLAT WASHERS
Sy

»L, ~¢——SPRING WASHER
4—-—FLAT WASHER

INCOMING OUTGOING
IDLER IDLER
CAPSTAN
<\
SHIM WASHERS 2661

Figure 14. Capstan Idler Alignment
Capstan Idler Pressure Adjustment

Capstan idler pressure is adjusted by means of a
spring-loaded screw in the solenoid linkage which
varies the linkage arm length. See figures 13 and 15.
Perform the capstan idler pressure adjustment as
follows:

1. Press the plunger of the ingoing idler
solenoid all the way in, and turn the
adjustment screw clockwise until the idler
does not contact the capstan.

2. Repeat step 1 for the outgoing idler.

SOLENOID ADJUSTMENT SCREW

/ (PHILLIPS)\

2662

Figure 15. Capstan Idler Linkage Adjustment

3. Insert the tape sensor mask.

4. Press the POWER button, then the PLAY
button. The capstan idlers should move
toward the capstan.

5. Adjust the ingoing linkage arm screw
counterclockwise until the idler is posi-
tively driven by the capstan, then turn the
screw approximately 1-1/4 additional
turns-counterclockwise.

6. Repeat step 5 for the outgoing idler.

7.  Remove the tape sensor mask, and thread
a full reel of tape on the transport.

8. Press the PLAY button; both idlers should
press the tape against the capstan, and
tape movement should start smoothly
without any loops forming in the tape
path.

9. Observe the tape just before it enters
between the ingoing idler and the capstan.
If any wrinkling or deformation of the
tape is observed at this point the idler
pressure is too great. Turn the ingoing
linkage arm screw clockwise until there is
no distortion of the tape as it enters the
idler.

10. With the finger, press in firmly on the
capstan idler solenoid plungers to be
certain the plungers are fully seated when
the solenoids are energized. The solenoid
mounting screws may be loosened, and
the solenoid positioned to obtain proper
seating of the plunger.

Reel Height Adjustment

Reel height adjustment is required only if tape drags
on the reel flanges, or if a new motor or reel hub is
installed. The following procedure should be used if
reel height adjustment is necessary.

CAUTION

Before attempting adjustment of the
reel height, inspect the reels to be
sure that the reel flanges are not
bent.
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1. Check the distance between the reel hub
flange and the top of the motor mounting
plate. See figure 16.

SNAP PLUG
REEL /

HUB\( " =)
1 1
1
! :\ REEL HEIGHT
i ~ ADJUSTMENT
! SCREW
1 |
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i
LocK | e
SCREWS (2) — > f----- ‘JITIIIII: :m _____
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1 1
1 [ G
- Y ) 740.706 +0.01
[ 1 INCHES
‘ |
MOUNTING
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Figure 16. Reel Height Adjustment

2. Loosen the two locking screws (10-32
Allen head) accessible through the holes
on the side of the reel hub. Remove the
snap plug on the top of the reel hub; this
allows access to the reel height adjustment
screw. Insert a 10-32 Allen wrench, and
adjust the reel hub height for
0.706 £ 0.01 inch between the top of the
reel hub flange and the motor mounting
plate.

NOTE

Snap plugs covering the reel height
adjustment screws are not used on 1
inch tape transport reel hubs.

3. Tighten the two reel hub lock screws.

4. Load and thread a full reel of tape on the
transport.

5.  Press the POWER button, then the PLAY
button. The tape should wind onto the
take-up reel without touching the inside
of either reel flange.

6. If the tape should drag on either reel
flange, loosen the two lock screws, and
adjust the reel hub up or down in the

direction away from the flange that the
tape is dragging on. Repeat the adjust-
ment until the tape winds on and off the
reels without touching the reel flanges.
The tape should not crease on the shoul-
ders of the ingoing or outgoing tape
guides when the reel height adjustment is
correct.

Reel Torque Adjustment

The incoming and outgoing tape tension is con-
trolled by the reel motor torque. The amount of
torque developed by the take-up and rewind motor
is controlled by the setting of R61 and R62. See
figure 12. The required torque for each motor is
developed when R61 and R62 is set at maximum
resistance.

Incoming Tape Tension

The incoming tape tension is controlled by R8 on
the transport logic board (see figure 19) in addition
to R61 and R62. R8 should also be set for
maximum resistance for proper holdback torque on
the rewind motor when the transport is operating in
the PLAY or RECORD mode. »

Head Shield Cover Adjustment

Place the transport in the PLAY mode, observing the
time required for the head shield cover to close after
the PLAY button is pressed. The cover should close
between 1/2 and 3/4 second. Adjust the head shield
cover dash pot air port for the proper closing time.
See figure 13. When the transport is placed in either
the STOP, FORWARD or REWIND mode, the head
shield cover should open immediately.

Tape Lifter Adjustment

The tape lifter assembly should seldom need adjust-
ment. However, the following checks can be made
to determine proper operation:

1. The tape lifter arms should operate when
the transport is activated in the FOR-
WARD or REWIND mode, lifting the tape
away from the heads.

]

Moderate finger pressure on the tape lifter
override lever (see figure 13) should allow
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the tape to return to its normal path over
the heads. If excessive pressure is required
to override the tape lifter, adjustment of
solenoid L5 may be necessary. See figure
12. For smooth opcration and moderate
pressure to operate the override lever, the
solenoid plunger must not seat. Adjust-
ment of the solenoid is accomplished by
loosening the two phillip head screws that
hold the solenoid to its bracket, and
adjusting the position of the solenoid
until the proper override operation is
obtained. The solenoid must be posi-
tioned so that sufficient torque is applied
to the lifter arm to hold the tape away
from the heads yet not allow the solenoid
plunger to seat.

When the tape lifter operates, the tape
should be lifted away from the record
head; the distance between the tape and
record head should be 0.005 to 0.015
inch. Adjustment is accomplished by a
setscrew located on the tape lifter arm.
Access to the setscrew is obtained by
removing the head mounting plate. The
setscrew should be adjusted until the tape
and record head are separated by 0.005 to
0.015 inch when the tape lifter solenoid is
energized. This adjustment is made by
trial and error. First, adjust the setscrew;
replace the head mounting plate and
measure the separation between the tape
and record head. This process should be
repeated until the proper separation is
obtained.

Flutter Test

Flutter is checked by recording a 3 kHZ signal and
then playing it back into a flutter meter. Flutter
checks are useful as a troubleshooting aid in
determining which component, or group of com-
ponents, is contributing to the flutter. Using a
flutter meter in which three bandpasses are pro-
vided, components contributing to flutter can be
determined, as shown in table 5. The following steps
are to be followed in checking flutter.

NOTE

It is extremely important that all
tape guides, heads, capstan surface,
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puck idlers, capstan flywheel, and
capstan motor spud be thoroughly
cleaned, as described at the begin-
ning of this section.

Table 5. Components Contributing to Flutter

Waveband Component Area

0.5 to 30 cps Flywheel and capstan

30 to 300 cps Capstan motor and reversing

0.5 to 300 cps | Used to check overall flutter

idler

up to 300 cps

Connect an audio oscillator to the input
of the recording electronics. Set the oscil-
lator frequency to approximately 3kHz
(some flutter meters contain their own
internal oscillator). Connect the output of
the playback eclectronics to the flutter
meter input.

Position the SPEED switch for 15 ips
operation. Position the tape so that it will
start near the beginning of the reel.

Record the test signal at 0 VU for
approximately 3 minutes. Rewind the
tape to the start of the test signal
recording.

Start the tape and calibrate the input level
to the flutter meter. Check the frequency
acceptability to the discriminator, then
switch to the fullband flutter position
(0.5 to 300 cps). Employ 0.5% full scale
sensitivity. Flutter should not exceed
0.04% at 15 ips, or 0.07% at 7-1/2 ips.

Since it is possible for flutter components
to cancel in playback because the phase of
the recorded flutter may be opposite to
the same component being generated
during playback, it is necessary to stop
and start the tape during playback at least
15 or 20 times and to accept the worst
reading, where the recorded and reproduc-
ing phases are additive, as the true worst
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flutter case. This must be done on each
test. Do not check flutter with a playback
head while recording the carrier with
another head.

6. Make each flutter measurement at about
100 feet from the beginning of the reel,
near the center, and again at about 100
feet from the end of the reel. '

7. ldentify any prominent frequency compo-
nents in observed flutter, using an oscil-
loscope. Sources of such components
must be determined and steps taken to
minimize them if they cause overall

flutter readings to exceed specifications.

Several sources are:

a.  Rotation rate of the capstan. A large
component at this rate indicates
improper belt tension.

b. Rotation rate of the reversing idler
(same rate as capstan).

c.  Rotation rate of the ingoing pressure
roller.

d. Rotation rate of the outgoing pres-
sure roller (rate close to that of ¢).

e. Rotation rate of the capstan motor.

f. Rotation rate of the take-up or
supply reel.

g.  Resonant component of the revers-
ing idler mass coupled to elasticity of
the tape; approximately 100 cycles
on the idler for 1 inch tape, 70
cycles for 2 inch tape. Try running
the tape at high speed over the
reversing idler. If the latter produces
considerable noise, whining, growl-
ing, or hissing, it may mean that the
bearings have been damaged; in
which case the idler should be
replaced, since considerable flutter
will otherwise be genecrated. Do not
try to repair the idler. Replace it.

SIGNAL ELECTRONICS ALIGNMENT

The 3M Brand Series 500 Professional Audio Tape
Recorder is factory aligned for peak performance. It
is recommended that, whenever a circuit board, the
heads, or other components are changed, the

following applicable alignment procedure be per-
formed to insure optimum performance of the tape
recorder. All controls are accessible from the front
of the console by opening the two doors below the
transport. A chart is located on the back of one of
these doors that is an aid in locating the circuit
boards for each channel, and their associated align-

-ment controls and test points. This chart is repro-

duced in figure 17.
Power Supply Adjustment
Prior to performing any alignment on the signal

electronics, the output voltage of the dc power
supply should be checked. Press the POWER button

‘on the transport, and measure the dc voltage at the

power supply output terminals. The voltage should
be 28 volts dc; if not, adjust the power supply
output to the proper voltage.

NOTE

For maintenance and adjustment
information on the signal electronics
power supply, refer to the manual
supplied with the unit.

Playback Alignment

The 7-1/2 and 15 ips playback alignment is accom-
plished by using industry standard calibration tapes
which conform to the NAB format. These calibra-
tion tapes are listed in table 4.

NOTE

The following alignment procedures,
in many cases, make reference to a
single channel. In these instances, the
procedure should be repeated for all
channels requiring alignment.

15 ips Playback Alignment
1. Thoroughly degauss and clean all heads.

2. Remove the head cover plate to expose
the head azimuth adjustment screws.

3. Place all output TERMINATION switches
to the ON position (600 ohm termination).
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Figure 17. Signal Electronics Adjustment Locations
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10,

11.

12.

To provide auditory monitoring of the
calibration tape tones and tone frequency
voice announcements, connect a high gain
power amplifier and loudspeaker to one
of the OUTPUT jacks of the recorder. The
output impedance of the channel driving
the monitor should be maintained at 600
ohms.

Place the program select switch to NORM,
and each mode select switch to SAFE.

Place all SIMULTANEOUS A/B TRANS-
FER switches on the number 6 boards to
the ON position.

Place the SPEED select switch to the
position providing 15 ips tape speed. This
will be the HIGH position with recorders
having a speed range of 7-1/2 — 15 ips or
the LOW position with recorders
equipped for 15-30 ips operation.

Apply power to the recorder by pressing
the POWER button.

Press the B OUTPUT button on the
transport or remote control unit.

Load and thread the 15 ips calibration
tape on the transport.

Start the recorder in the reproduce mode
by pressing the PLAY button. The first
tone on the calibration tape is 700 Hz:
this tone is used to establish a calibrated
output reference level for each reproduce
channel. Observe the VU meters; if the
output level of each reproduce channel is
not within *1/2 VU of zero, VU adjust
the NORM PLAYBACK LEVEL CAL
potentiometer on the corresponding
PLAYBACK amplifier board (7/9) to pro-
duce zero VU output.

The second tone from the calibration tape
is 15 kHz. At this time, check for proper
tape tension in the Isoloop by applying
finger pressure to the tape as it moves
against the incoming tape guide. If an
increase of more than 1/2 VU is observed
on the VU meters the incoming capstan
idler pressure should be increased. Refer
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to the Tape Transport Adjustment section
herein for details on this adjustment.

13. If adjustment of the capstan idler pressure
was necessary during step 12, rewind the
calibration tape to the 700 Hz reference
tone and repeat step 11.

14. Continue to play the 15 kHz test tone,
and adjust the playback head azimuth
adjustment screw (see figure 18) for a
peak signal level on all VU meters. Care
should be taken to ensure that the largest
peak is found, as two lesser peaks may be
noticed while performing this adjustment.

ERASE
HEAD

PLAYBACK HEAD
AZIMUTH
ADJUSTMENT

RECORD HEAD
AZIMUTH
ADJUSTMENT

2665

Figure 18. Record and Playback Head
Azimuth Adjustments

15. Connect the OUTPUT of channel 1 to the
vertical input of the oscilloscope, and the
horizontal input of the scope to the
recorder OUTPUT channel corresponding
to the center track.

16. Shuttle the calibration tape to the com-
mencement of the 2.5 kHz test tone.

17. Press the PLAY button and observe the
lissajous  pattern on the oscilloscope.



18.

19.

20.

21.

23.

24.

25.

Adjust the playback head azimuth adjust-
ment screw to obtain minimum phase
error between the two output signals.

Play the calibration tape through all test

tones (30 Hz to 15 kHz) and minimize
the phase error.

NOTE

NOTE

Readjustment of the PRIME SPEED
LO FREQ PB EQ potentiometers
may be necessary to bring the low
frequency tones within the response
limits stated in step 25.

7 Y2 ips Playback Alignment

The 7-1/2 ips playback alignment is performed in

If the phase error should approach
180 degrees between 2.5 and 5 kHz,
the wrong peak was selected during
the adjustment in step 14. Repeat
step 14, 17, and 18, if necessary.

the same manner as the 15 ips alignment described
earlier except for the following.

1.

The 7-1/2 ips calibration tape shall be
used.

Compare the phase relationship between
channel 1 and all other channels while
playing the 15 kHz tone, and readjust the
playback head azimuth screw to obtain a
phase error of not more than 90 degrees.

Shuttle the calibration tape to the com-
mencement of the 10 kHz test tone.

Press the PLAY button and adjust the
PRIME SPEED HI FREQ PB EQ potenti-
ometer on the PLAYBACK boards (7/9)
to obtain zero VU on the corresponding
channel VU meter.

Check the 700 Hz playback reference
level by repeating step 11.

Shuttle the calibration tape to the com-
mencement of the 50 Hz tone.

Press the PLAY button and adjust the
PRIME SPEED LO FREQ PB EQ potenti-
ometer on the PLAYBACK boards (7/9)
to obtain zero VU on the corresponding
channel VU meter.

Play all test tones from 30 Hz to 15 kHz.
The frequency response should be within
+1 VU from 100 Hz to 12 kHz, increasing
to+2,-1 VU at 15 kHz. The 30 and 50 Hz
tones shall be within +1, -3 VU of the 700
Hz reference level.
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NOTE

At the time of this publication, a
7-1/2 ips 16 track 2 inch calibration
tape was not available from the
customary supplier. Until such time
this tape becomes available and the
user requires a need for performing
alignment at this secondary speed,
the 1 inch calibration tape specified
in table 4 may be used. When using
the 1 inch calibration tape on a 2
inch transport, tracks 9 through 16
may be aligned by simply loading
and threading the tape in the normal
manner. To enable the 1 inch test
tape to guide over tracks 1 through
8, a spacer should be placed on the
reel tables before the 1 inch test tape
reels are loaded and threaded on the
transport.

A VTVM shall be used to monitor the
reproduced output of the test tone signal
levels rather than the VU meters.

The playback head azimuth adjust-
ments and the NORM PLAYBACK
LEVEL CAL adjustment made at 15 ips
should not be disturbed unless 7-1/2 ips
is to be used as the speed of primary
usage.
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With the above considerations the 7-1/2 ips align-
ment should be performed as follows:

36

1.

o

Play the 700 Hz reference tone at the
beginning of the calibration tape and note
the output level from each channel on the
VTVM. Use a meter scale that will give a
middle to three quarter scale reading on

Record Alignment

The following alignment procedure should be per-
formed, using the same type of tape to be used for

subsequent

recording whenever possible.  The

recorder was factory aligned for use with 3M type
202 or 203 tape. It is essential that the preceding
playback alignment be checked before performing

the VIVM.

NOTE

The 700 Hz reference tone, and the
frequency run on the 7-1/2 ips cali-
bration tape is recorded at a level of
10 VU below zero VU to accom-
modate the heavier recording
preemphasis used at the higher fre-
quencies. For this reason, a more
accurate measurement can be
obtained when using a VIVM to
monitor the output level of the test
tones rather than the VU meters.

the record alignment.

Bias Frequency Adjustment

1.

2.

Shuttle the calibration tape to the com-
mencement of the 10 kHz test tone. Play
the 10 kHz tone and adjust the SECOND-
ARY HI FREQ PB EQ potentiometer to
produce the same level on the VIVM
noted in step 1.

Shuttle the calibration tape to the com-
mencement of the 50 Hz test tone. Play
the 50 Hz tone and adjust the SECOND-
ARY SPEED LO FREQ PB EQ potenti-
ometer to produce the same level on the
VTVM noted in step 1.

Play all test tones from 30 Hz to 10 kHz.
The frequency response should be within
+1 dB from 100 Hz to 10 kHz. The 30
and 50 Hz tones shall be within +1, -3 dB
of the 700 Hz reference level.

NOTE

Insert the tape sensor mask.

Place the transport in the record mode
and allow the recorder 3 minutes to
stabilize.

With a frequency counter, measure the
bias frequency at one of the ERASE
TEST POINTS. If necessary, adjust C11
on the transport logic board to obtain a
frequency of 120 kHz + 500 Hz at
the test point. Access to C11 is obtained
by tilting the transport up, and adjusting
C11 on the logic board through the hole
provided at the rear of the transport. '

Bias Level Adjustment

1.

Readjustment of the SECONDARY
SPEED LO FREQ PB EQ potentiom-

cters may be necessary to bring the -

low frequency tones within the
response limits stated in step 4.

M56 PAR 1-70

Load and thread a degaussed reel of tape
on the transport. Set the SPEED switch to
15 ips.

Connect an audio oscillator to the INPUT
of the channel under test. Set the oscil-
lator to 1 kHz at a level of +4 dBm.

Connect a VIVM to the OUTPUT of the
channel under test.

Press the B OUTPUT button. Place the
mode select switch corresponding to the
channel under test to the READY
position.

Start the recorder in the record mode.
Turn the BIAS ADJUST potentiometer
on the BIAS/ERASE board of the channel
under test to the maximum CCW position.
Slowly turn the BIAS ADJUST potenti-
ometer in the cw direction, watching for a
peak signal indication on the VTVM.



When the peak is established, continue to 3.

turn the BIAS ADJUST potentiometer in
the cw direction until the signal level on
the VIVM drops 2 dB from the estab-
lished peak reading. The record head bias
is now set for 2 dB overbias, which is
recommended when using 3M heads and
type 202 or 203 tape.

Adjust the INPUT LEVEL control corre-

Start the recorder in the RECORD mode,
and adjust the record head azimuth screw
(see figure 17) for minimum phase error.
Sweep the input oscillator frequency over
the range of 30 Hz to 15 kHz while
maintaining an input level of +4 dBm.
Check each combination of any two
tracks, and optimize the phase error for
less than 90 degrees.

sponding to the channel under test for Record Equalizer Adjustment

zero VU, as measured on the VU meter

panel. 1.

Repeat the above for the remaining
channels.

o

NOTE

A VIVM may be connected to the

BIAS TEST POINT during the bias 3.

adjustment. As the bias is adjusted
for each channel, the VITVM reading
is recorded. This data can then be
used during preventive or corrective

maintenance checks. 4.

Bias Trap Adjustment

1.

]

Record Head Azimuth Alignment

1.

Remove all input signals from the re-
corder. Connect a VI'VM to the RECORD
AMP TEST POINT on board No. 4.

Thread a degaussed reel of tape on the
transport. Apply a 1 kHz +4 dBm signal
to the input.

Press the B OUTPUT button, and start the
recorder in the RECORD mode. Adjust
the INPUT LEVEL control for O VU on
the corresponding VU meter.

Press the A OUTPUT button and adjust
the INPUT MONITOR CAL potentiom-
eter on the No. 4 board for O VU on the
corresponding VU meter.

Press the B OUTPUT button, and adjust
equalizer trimmer capacitors on the
RECORD amplifier No. 4 boards in
accordance with the test conditions given
in table 6.

Table 6. Record Equalizer Test Conditions

Place the transport in the RECORD

mode, and adjust the BIAS TRAP trim-
mer capacitor on board No. 1 for
minimum signal on the VIVM. Repeat

this adjustment on all channels. Speed (ips) Signal Reading of:

Adjust for
Input VU Meter

-6 dBm
Thread a degaussed reel of tape on the - N R
transport. Set the SPEED select switch for 15 (primary) ig ggrzn@ Zero VU
1S ips operation. Apply a 2.5 kHz +4
dBm signal to the recorder input. 30.(secondary) 15 kHz @]  Minimum
+4 dBm signal

7-1/2 (secondary) | 10 kHz @ -10 VU"

Connect the outputs from the reproduce
electronics corresponding to the top and

center tracks to the inputs (vertical and S.

horizontal, respectively) of an oscillo-
scope to produce a lissajous pattern. Press
the B OUTPUT button.
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Set the SPEED select switch for 15 ips
operation. Slowly sweep the input signal
maintaining a level of +4 dBm from 30 Hz
to 15 kHz. The response should be within
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+2 VU 100 Hz to 15 kHz, and +2, -4 VU
at 50 and 30 Hz.

Set the SPEED switch to 30 ips if the
recorder is provided with this speed, and
repeat the frequency response check out-
lined in step 5.

Set the SPEED switch to 7-1/2 ips if the
recorder is provided with this speed.
Slowly sweep the input signal maintaining
a level of +4 dBm from 30 Hz to 10 kHz.
The response should be within £2 VU 100
Hz to 10 kHz, and +2, -4 VU at 50 and 30
Hz.

Sync Level Adjustment

1.

Apply a 700 Hz +4 dBm signal to the
INPUT, and place the recorder in the
record mode. Adjust the INPUT LEVEL
control for zero VU on the corresponding
VU meter, if necessary. Record this signal
for approximately 1 minute at 15 ips.

Rewind the tape to the beginning of the
recorded 700 Hz signal. Place the program
select switch in the CUE position and the
channel under test mode select switch in
the SYNC position. Start the recorder in
the PLAY mode and adjust the SYNC
CAL control for zero VU on the corre-
sponding VU meter.

Linearizer Adjustment
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NOTE

3. Adjust the 1 kHz oscillator input signal
level for exactly 3 percent third harmonic
distortion, as measured on the wave
analyzer.

4. Place the LINEARIZER switch on the
No. 4 board to the ON position. Adjust
the LINEARIZER ADJ potentiometer to
obtain minimum distortion on the wave
analyzer. The third harmonic distortion
level should be less than 0.8 percent with
the LINEARIZER switch ON and 3
percent with the LINEARIZER switch
OFF. Leave the LINEARIZER switch ON
after this adjustment is completed.

NOTE

The recorder may be operated with
the linearizer distortion reduction
circuit disabled if it is felt that this
circuit is misaligned. This is accom-
plished by placing the LINEARIZER
switch in the OFF position until
proper alignment can be performed.
Third harmonic distortion products
will be more prevalent at the higher
recording levels when operated under
this condition.

Noise Balance Adjustment

Before making the noise balance adjustments, it is
absolutely essential to degauss and clean all heads
very carefully. Remove power from the recorder
while degaussing the heads. Perform the noise
balance adjustment as follows:

As delivered, the recorder is adjusted
for use with Scotch Brand low-noise
tape types 202 or 203. If the re-
corder is to use a different type of
tape, the LINEARIZER ADIJ control
may require adjustment, as outlined
below.

Place the LINEARIZER switch on No. 4

board to the OFF position.

Apply 1 kHz at +10 dBm to the INPUT.
Connect a Wave Analyzer and VI'VM to

the reproduce OUTPUT.

MS6 PAR 1-70

Load and thread a used reel of degaussed
tape on the transport.

Connect a high gain power amplifier and
loudspeaker to the reproduce OUTPUT
jack of the channel under test. Short the
INPUT of the channel.

Place the recorder in the RECORD mode,
and advance the gain control on the
external monitor amplificr until the tape
noise is heard loudly.



Adjust the RECORD HEAD NOISE
BALANCE potentiometer on the No. 1
board for minimum thumping and
crackle.

Adjust the ERASE ADJ capacitor to
further minimize thumping and crackle.

Erasure Test

1.

]

Connect an audio oscillator to the INPUT
of the channel under test. Set the oscil-
lator for 1 kHz output at a level of +10
dBm.

Connect a VI'VM to the ERASE TEST
POINT of the channel under test.

Connect a wave analyzer to the OUTPUT
of the channel under test.

Place the mode select switch correspond-
ing to the channel under test to the
READY position. All other mode select
switches should be in the SAFE position.

Start the recorder in the RECORD mode
and adjust the ERASE ADJ capacitor for
peak on the VTVM. Then adjust the 1
kHz input signal level to obtain 3 percent
third harmonic distortion as read on the
wave analyzer.

Remove the input signal and rewind the
tape to the start of the 1 kHz recorded
signal.

Place the mode select switch in the SAFE
position. Start the recorder in the
RECORD mode.

When the 1 kHz signal appears, establish a
reference level on the wave analyzer; then,
initiate erasure of the track by placing the
mode select switch to the READY
position.

Return the mode select switch to the
SAFE position, and rewind the tape once
again.

10.

Playback the erased segment of tape,
noting the amount of signal erasure on the
wave analyzer with respect to the refer-
ence level established in step 8 above. The
signal should be at least 72 dB below the
reference level; if not, turn the erase level
potentiometer (R3) on the BIAS/ERASE
board (No. 1) a few turns clockwise and
repeat steps 4 through 10. The voltage
measured at the ERASE TEST POINT
should be less than 0.55 volt ac when 72
dB of erasure is accomplished.

Signal / Noise Test

1.

Clean and degauss the heads. Load and
thread a degaussed reel of tape on the
transport.

Connect a VI'VM to the OUTPUT of the
channel under test.

Record a segment of tape with an input
signal of 1 kHz at +10 dBm. Establish a
reference level of the reproduced 1 kHz
signal on the VI'VM.

Record a segment of tape with the input
signal removed, and note the noise level as
measured on the VIVM,

The difference between the VI'VM read-
ings noted in steps 3 and 4 represent the
signal-to-noise ratio of the channel under
test.

NOTE

Noise figures stated in the system
specifications are obtained by the
use of bandpass filters. Such filters
exclude all noise outside the stated
passband.

TROUBLESHOOTING

The modular construction of the 3M Brand Series
500 Professional Audio Recorders provide not only
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a fast and easy method of repair but also an
excellent method of troubleshooting. The signal

electronics assembly is so arranged in modular form -

allowing individual circuit boards of any channel to
be replaced or exchanged with a similar board from
a known good channel. When boards are inter-
changed, alignment of the channel(s) may be neces-
sary to provide peak performance.

Failure of the recorder to operate properly may be
caused by a malfunction in the recorder, or by
external causes. Before troubleshooting the re-
corder, verify that the power and signal connections
are correct, and that all of the operational controls
are properly set.

Some of the troubles most likely to be encountered
are presented in table 7. However, the best trouble-
shooting tool is a familiarity with the equipment
and a thorough understanding of its theory of
operation.

Figure 19 shows the major parts location on the
transport logic board to help in troubleshooting.

The following paragraphs contain some general
precautions which should be observed when per-
forming maintenance on the recorder.

Do not strike the reversing idler. It is
delicate and located in a vulnerable posi-
tion at the front of the mechanism. If
damaged, flutter will be excessively high.

Exercise great care in installing head
mounting plates. They can be screwed
into place with a head lead pinched
between the mounting plate and the
transport casting, thus breaking wire insu-
lation or cutting a head lead. Be certain
no leads will get in the way before
installation.

Exercise great care in removing and
replacing the mu metal cover over the
playback head stack. The slot at the rear
cover can slice head lead insulation,
thereby grounding head leads or actually
cutting through them. Be certain that this
cover is fully seated so that the lower lip
will not scrape on tape as it passes by.
Otherwise tape edge may be cut and bad
tracking over the heads may result.

Do not go from READY to SAFE when
the recorder is operating in the RECORD
mode. First stop the transport. This will
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Figure 19. Transport Logic Board
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prevent the possibility of a thump from
being recorded on the tape and possible
magnetization of the record head.

5. Do not remove any of the electronics
cards when the power is on. It requires
only a few seconds to turn off the power,
remove a card, restore power and be ready
to operate. Otherwise it is possible to
magnetize a head or damage a meter.

FIELD SERVICE

Regular scheduled maintenance service is available
from the Mincom Division service office on a
contract basis. If immediate service is required, it
may be obtained on an emergency basis. Every
effort is made to furnish the needed repair as soon
as possible. For a complete description of 3M’s
maintenance service plans and their costs, contact
the Mincom Division service office.

FACTORY REPAIR SERVICE

If desired, the recorder or major assemblies, may be
returned to the factory (transportation prepaid) for
repair. When recorder or assembly is returned:

1. Indicate the symptom of defect. State as
completely as possible, both on an instru-
ment tag and on the order form, the
nature of the problem encountered. Too
much information is far better than too
little. If the trouble is intermittent, please
be specific in describing the instrument’s
performance history.

]

Give special instructions. If any changes in
the instrument or assembly have been
made, and it is desired to retain the
modified form, please indicate this
specifically.

To facilitate expeditious repair, your
Contract or Purchase Order authorizing
the work should be directed to Mincom
Division — 3M Company — 300 South
Lewis Road — Camarillo, California
93010 — Attn: Contracts Department.

Pack securely and label. Proper packaging
saves money. The small amount of extra
care and time it takes to cushion a part or
instrument properly may prevent costly
damage while in transit. Make certain that
the address is both legible and complete;
failure to do so often results in needless
delay. Address all shipments and corre-
spondence to:

Mincom Division

3M Company

300 South Lewis Road
Camarillo, California 93010

Attn: Receiving Inspection

Show return address on repair corre-
spondence. Please clearly indicate the
exact address the equipment should be
returned to after repair is completed.
Terms are net 30 days — f.o.b., Camarillo,
California.

Table 7. Troubleshooting Guide

leader passes photo cell V60. | out of adjustment.

2. STOP button lights when | Lamp DS8 burnt out.
tape is not threaded.

Symptom Cause Correction
TRANSPORT
1. Transport stops when Tape sensor adjustment R73 Adjustment R73 in accordance with Tape

Sensor Adjustment procedure.

Replace DSS.
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Table 7. Troubleshooting Guide (Cont.)

Sympton

Cause

Correction

TRANSPORT (Con

-

)

3. STOP button does not
light when tape is threaded.

4. Transport coasts to stop
from PLAY mode when
STOP button is pressed.

5. Transport coasts to stop
from FORWARD mode
when the STOP button is
pressed. Possibly causing
tape breakage.

6. Transport coasts to stop
from REWIND mode when
STOP button is pressed.

7. Tape continues in RE-
WIND when STOP button
is pressed. Does not clear
after tape runs out or
POWER switch is turned
off and on.

8. Transport throws loop
when starting in PLAY
mode, generally worse near
end of reel rather than
beginning.

9. Capstan coasts to stop
from PLAY or RECORD
mode when STOP button is
pressed.

10. Sluggish Solenoid oper-
ation: L1, L2.

Defective component on
tape sensor board.

V60 defective.

Relay K7 cannot be opera-
ted during stop sequence
because the reed switch is
not closed.

Same as 4, above.

Same as 4, above except Ko.

K7 hung up. Contacts 5 and
9 sticking.

Ingoing solenoid capstan
idler needs adjustment.

Defective contacts on

either K5 or K101.

CR101, R101 or C101
defective on Capstan Start-
Stop Assembly (56013A170)

Misalignment or in need of
lubrication.

Troubleshoot sensor board (56013B075)
Q1 or Q2 possibly defective.

Replace V60.

Adjust flag stops and clearance of magnets
over reed switches on direction sensor

board (56004A100).

Same as 4, above.

Same as 4, above.

Replace K7.

‘Adjust ingoing capstan idler linkage.

Replace K5 or K101.

Troubleshoot Capstan Start-Stop Assem-
bly. Replace defective components.

Try lubricating first with graphite or sili-
cone. Loosening to improve alignment
may change absolute position of linkages
when plunger is seated necessitating their
further adjustment.
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Table 7. Troubleshooting Guide (Cont.)

Symptom

Cause

Correction

TRANSPORT (Con

t

Y

I1. Tape lifter hangs up.

12. Tape lifter difficult to
override manually.

13. Tape lifter fails to lift
tape from heads.

14. Transport appears
completely dead.

15. All lamps excessively
bright and short lived.

16. Flutter and Wow
excessive.

Misalignment or in need of
lubrication.

Plunger approaches full
seated position too closely.

Plunger operating too far
from scated position.

Blown fuse F1.

Intermittent operation of
power switch S6.

C66 charged to greater than
30 volts but no 27 volt dc at
collector of Q60 or at test
point means Q60 is defective.

Regulator Q60 and associate
circuit, Q1, R14, R15, and
CRS50 not functioning.

Numerous sources possible.
Most likely are: a) Insuffi-
cient capstan idler pressure
either ingoing or outgoing.
b) Defective reversing

idler. ¢) Capstan bell ten-
sion in need of adjustment.
d) Dirty flywheel and motor
pulley.

Plunger must not drag too forcefully
against core of solenoid. Body should be
so positioned to avoid such side drag, and
to provide best compromise of depth of
travel to satisfy easy override yet adequate
lifting power.

Loosen two mounting screws, lubricate
plunger and shift body (holes are oversize )
to achieve above requirements.

Replace with 5 amps slow blow.

Press a few times to observe if lights come
on.

Replace Q60 after checking load resistance
from collector to ground for short circuit
defect. Clear defect before again applying
power.

Replace Q60. Catcher diode CRS1 will
also require replacement if condition
persisted for more than a few seconds.
Check resistance of 27 volt load to be cer-
tain Q60 will not be overloaded. Transport
may be operated without CR51 until
replaced.

Localize cause of trouble using oscillo-
scope while referring to Transport Align-
ment Procedures in this section.

ELECTRONICS

1. A-B monitor lamps are
dim or do not come on
when POWER button on
transport is pressed.

Short circuit on 28 vdc bus
in electronic module
assembly.

Defective 28 vdc power
supply.

Remote one plug-in board at a time and
re-insert to determine if fault is in cards
or module wiring.

Troubleshoot power supply using instruc-

tion manual supplied with the unit as a
guide.
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Table 7. Troubleshooting Guide (Cont.)

Symptom

Cause

Correction

ELECTRONICS (Cont.)

2. A-B transfer causes
clicks in output.

3. Loss of signal in
record board 4.

4. Noise or intermittent
operation in any area of
electronics module.

5. High distortion.

6. Poor noise figure.

7. Wrong output level.

Leaky capacitor C15 in output
of record monitor amplifier

on board 4 or at output of pre-
amplifier C6 on board 7/9.
Also can be leaky input capaci-
tor on line amplifier board 6.

Defective field effect transistor
Q2. Easily damaged by static
charge from soldering iron or
tool held in hand.

Dirty contacts at base of card
plug.

Insufficient bias.

Magnetized head, either
record or reproduce head.

Noise balance control mis-
adjusted.

Noisy Q1 or Q2 on preampli-
fier board 7/9.

Head cables badly routed,
near hum fields.

Defective playback head re-
quiring excessive gain.

Lack of good system ground
can produce hum or buzzing.
Third wire in power cord not
always effective as good
ground.

Improper choice of line im-
pedance or termination.

Exchange boards 4, 6, and 7/9 one at a
time from known good channel to deter-
mine defective board. Troubleshoot defec-
tive board looking at capacitors mentioned
as being most possible cause of trouble.

Replace Q2. Be very careful to avoid
static charges. Ground soldering iron to
ground bus on board.

Remove and reinsert board. Use ink
eraser to clean contact surfaces.

Adjust record bias as prescribed under
Signal Electronics Alignment.

Degauss heads.

Adjust for minimum noise after degauss-
ing all heads.

Substitute another preamplifier board to
compare noise and replace transistors.

Reroute for minimum noise. Keep away
from power cord. This can be very
important.

Try breakin tape if head appears to be
smeared over by oxide material. Replace
head if necessary.

Connect casted frame of transport to good
earth ground.

Check TERMINATION switch position of
the channel in question. Output trans-
former impedance may be changed from
normal 600 ohm output to 150 ohms by
moving lead from terminal 6 to terminal

4.

44
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TECHNICAL DESCRIPTION

INTRODUCTION

The 3M Brand, Series 500 recorders consist basically
of a tape transport and the required record and
reproduce electronics with their associated control
circuits. The signal to be recorded is amplified and
applied to a magnetic record head which impresses a
magnetic pattern in the oxide coating of the
magnetic recording tape in accordance with the
variations of the input signal. During reproduction,
the variations in magnetic flux that were impressed
on the tape during recording are sensed by a
reproduce head, amplified, and applied to the
recorder output and monitoring circuits.

In order to record and reproduce with a minimum
of distortion, a high-frequency bias is mixed with
the input signal at the record head so that recording
takes place in the portion of the magnetization
curve that is essentially linear. The signal recovered
by the reproduce head must also be equalized by
circuits that compensate for the response character-
istics of the reproduce head at low and high
frequencies.

The high-frequency signal that is used for bias is also
used to erase signals that may have previously been
recorded on the tape. The erase signal is applied to a
separate erase head, which is similar to the record
head but applies the high-frequency signal at a much
higher level. The signal applied to the erase head
drives the magnetic material of the tape to complete
magnetic saturation to obliterate any signal or noise
that may have been previously recorded on the tape.
Then, as the tape moves out of the saturating field,
alternate field oscillations result in completely
degaussed tape.

The Isoloop tape drive maintains differential tension
within the loop of tape passing over the heads and
ensures that the tape remains in close contact with
the heads during tape travel. This ensures that the
magnetic flux impressed by the record head pene-
trates the oxide material uniformly and climinates
variations in amplitude that can result if the close
head-to-tape contact is not maintained. Similar
amplitude variations can take place if the tape is not
maintained in close contact with the play head.

TAPE TRANSPORT MECHANICAL FUNCTIONS

Figure 20 illustrates the basic mechanical operation
of the tape transport. When tape is placed in the
Isoloop drive path as shown, the tape transport
motion control logic circuits (to be covered later)
are automatically activated by the photoelectric
tape sensor, placing the transport in the standby
condition. Operation of the transport is then accom-
plished by pressing the desired tape motion control
switch either on the transport panel or at the remote
control box. Each tape motion control switch
operates through a system of safety interlock relays
that allows any button to be pressed in any
sequence at any time with complete safety to the
tape and machine.

Components of the tape drive system (see figure 21)
consist of a capstan drive motor, two reel drive
motors, and control relays that determine the mode
of operation. When in play and record modes, the
tape is moved through the Isoloop by the capstan.
The reel drive motors maintain constant tension on
the tape as it enters and leaves the loop. When in
fast-forward or rewind, the capstan motor is
stopped, tension is released within the Isoloop, and
the reel drive motors move the tape through the
loop independently of the capstan. Before entering
and after lecaving the Isoloop, the tape passes over
guides to ensure that the tape is properly aligned
with the magnetic heads.

When the transport is placed in the play or record
mode, the capstan motor starts, the solenoids press
the capstan idlers against the tape, clamping it to the
capstan to prevent it from slipping. The tape is
moved past the incoming idler and capstan, past the
erase and record heads, and around the reversing
idler, From the reversing idler, it passes the play
head, and the outgoing idler and capstan. During
fast-forward and rewind, solenoid-actuated tape
lifters hold the tape away from the heads so that
signals on the tape will not be played back which
would cause an annoying squeal. The tape lifters are
inactive in the play, record, and stop modes. The
tape lifter may be manually overridden by pressing
the tape lifter override lever. This restores the tape
against the head so that it may be heard.
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Figure 20. Tape Transport, Block Diagram
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The play head is enclosed in a magnetic shield to
avoid pick up of noise from surrounding equipment
and bias-frequency energy radiated by the erase and
record heads. A solenoid-actuated cover is posi-
tioned over the tape as it passes the play head and
serves to complete the shielding of the head. During
fast-forward, rewind, and stop, the hinged cover is
moved away from the head to allow the tape to be
lifted by the tape lifters and allows easy threading of
the tape. The cover is closed during play and record.

TAPE TRANSPORT CIRCUIT DESCRIPTION

Figure 23 in the schematic section should be used as
a reference throughout the following discussions of
the tape transport circuits.

Power Circuits

The POWER switch, S6, when operated, closes both
sides of the AC input power line activating a number
of circuits. These are as follows:

1. Bridge rectifier CR46 through CR49 charges
capacitor C65 through R60 to approximately
165 volts in the absence of a load. This voltage
is applied through J7-2 and J9-1 to the fields
of the take-up and rewind motors. Field
returns are through J7-1, and J9-2 through
J6-4, and K1 contacts 6 and 10. Relay K1
operates as soon as power is turned on, unless
the transport has been previously threaded
with tape.

[\

. AC power is supplied to the clectronic assem-
bly power supply through pins 11 and 12 of
connector J4.

3. Power is supplied to step-down transformer
T60 through connector pins 1 and 2 of J13.
The low-voltage secondary feeds a full-wave
bridge rectifier, consisting of CR37 through
CR40, which suppliecs DC power through
terminals J5-5 to C66 and series regulator
transistor Q60. Zener Diode CR50 is supplied
from R14 and establishes a voltage reference
of 27 volts, applied through R15 to the base
of amplifier transistor Q1. The collector of Q1
is directly coupled to the base of Q60 and the
output collector potential of Q60 establishes
the emitter voltage of Q1. The two transistors

thus act to regulate the bus potential (approxi-
mately 26.5 volts). When power is applied, the
bus potential lights POWER indicator DS6 and
tape sensing lamp DSS8. If fail-safe brakes are
furnished, this voltage causes them to be
released. Without tape on the machine, light
from DS8 falls on photo sensor V60. The base
of Q61 is thereby held near ground potential.
The collector at Q61 is then at a relatively
high potential, causing Q62 to increase con-
duction. Current flows through Q62 to relay
K1 through J6-7 to operate relay K1. Through
K1 contacts 12 and 8, voltage is applied
through J6-9 to J3-N to light the RUNOUT
indicator lamp on the remote control box,
indicating that the machine is on but inoper-
ative due to the absence of threaded tape. The
playback head shield cover door is caused to
open through CR-25, J6-14, to solenoid L4,
with a return path through TB1-1. Also at this
time, K1 contacts 11 and 3 and 12 and 4 are
open, and the 27 volt bus can perform no
further function. Because of this, the machine
may not be put into any mode of operation
until tape is threaded on the machine.

4. The blower fan Bl operates when the POWER
switch S6 is closed, AC power being supplied
to the fan motor through TB1-5 and TB1-6.

Tape Threaded Condition

When tape is threaded through the Isoloop, light
from DS8 is blocked by the tape, causing the
resistance of V60 to rise. This action causes Q61 to
conduct, cutting Q62 off, releasing K1. CR1 pro-
vides surge protection.

When K1 contacts 12 and 8 open, the head shield
cover remains open because S12 is closed whenever
it is in the open position. This applies power
through J6-M, CR26, and P6-14 activating L4 which
holds the cover in the open position. However, the
opening of K1 contacts 12 and 8 removes 28 volt
power from P6-9, extinguishing the tape RUNOUT
lamp on the remote control box.

Closure of K1 contacts 11 and 3 and 12 and 4
applies 28 volt power through K7 contacts 11 and 3,
K6 contacts 12 and 4, K8 contacts 11 and 3, and K5
contacts 12 and 4 through J5-14 to light STOP lamp
DS3; and a path through CR13 and R5 charges C3,
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and operates K4. Opening of K1 contacts 10 and 6
inserts R9 in the return path of the reel motor
fields. The voltage developed across this resistor is
applied through K5 contacts 1 and 9, K6 contacts 1
and 9, K7 contacts 1 and 9 through J6-A to the
armature of the rewind motor. A similar path
applies the same voltage to the take-up motor
through K5 contacts 2 and 10, K6 contacts 2 and
10, K7 contacts 2 and 10, and J6-2. The polarity of
the voltage and the armature terminals used in
connecting the reel motors cause them to turn in
opposite directions. The torque generated is small
but sufficient to remove any slack in the tape
threaded through the Isoloop. With the tape now
threaded and the STOP lamp illuminated, the
transport is ready to be put into motion from its
standby condition.

From Standstill To Play

28 volt power is present at PLAY switch S5 through
J6-D, J2-9, and J2-10. Pressing the PLAY push-
button applies power through J6-18 and CR4 to
operate relay K3 momentarily. Through K7 contacts
11 and 3, K6 contacts 12 and 4, K8 contacts 11 and
3, K101 contacts 1 and 9, and K3 contacts 8 and
12, K5 is activated. The power activating K5 is also
applied through P6-17 to PLAY indicator lamp DS35,
and capstan idler solenoids L1 and L2, which press
the tape against the capstan. AC power is applied to
the capstan motor through K5 contacts 7 and 11,
K1 contacts 1 and 9, P5-D, J11-2, switch S8, and
through plug P8 to the capstan motor.

Prior to the operation of K5, relay K4 is operated,
and capacitor C3 is charged through R5, CR13, and
K35 contacts 4 and 12. Upon operation of K5, power
is transferred from contact 4 to contact 8 of KS.
The transfer of power to contact 8 provides the
necessary holding power to maintain K5 operative
when the initial path through K3, and K101 is
broken. The breaking of contacts 12 and 4 when K35
operates removes power from the STOP lamp DS3
and relay K4; however, K4 does not release immedi-
ately due to the charge on C3, but K4 remains
operative for approximately 0.5 second.

When K5 operates, full dc power is applied through
K4 contacts 6 and 10, K5 contacts 6 and 10, K6
contacts 2 and 10, and K7 contacts 2 and 10 to the
take-up motor armature. Reasonably high hold-back
torque to the supply motor is obtained through K4

contacts 6 and 10, R8, K5 contacts 5 and 9, K6
contacts 1 and 9, and K7 contacts 1 and 9. After the
tape is up to speed and K4 releases, the break at K4
contacts 6 and 10 inserts resistors R61, R62, and
R63 in the armature paths to establish proper
winding and hold-back torque, since the acceleration
period is now replaced by constant-velocity
operation.

From Play To Stop

Directly beneath the take-up reel hub on the take-up
motor shaft is mounted a ball bearing. The outer
race of this bearing is not rigidly mounted but is
centered in a light-weight vane. The vanec would
rotate with the take-up motor shaft but is prevented
from doing so by two posts. The vane rests against
one post when the motor turns in one direction and
shifts through an angle of about 15 degrees to rest
against the other post when the motor turns in the
other direction. The vane carries a small magnet,
which causes operation of reed switch S14 when the
motor runs in the forward direction. Switch S14 is
released and S13 is caused to close when the motor
turns in the reverse direction.

With the machine in the play mode, if the STOP
pushbutton is pressed the following takes place: Bus
voltage is applied from K3 contacts 10 and 2
through J6-11,J2-12,J2-11, and the closed contacts
of S3, through J6-8, to operate relay K8. Bus power
from J6-D is applied through S14, which is closed in
the forward direction, through J5-18, K8 contacts 6
and 10 to operate K7. Relay K7 closes a holding
path for relay K8 through K7 contacts 12 and 8, K&
contacts 8 and 12, to K8 terminal 14, so that K7
and K8 both remain operated after pressure is
removed from S3. The REWIND lamp is lit through
K7 contacts 11 and 7. The break at K8 contacts 3
and 11 opens the holding circuit for K5, extinguish-
ing the PLAY lamp and dropping out the capstan
idler solenoids so as to release the tape from the
capstan.

Relay K5, however, does not release immediately
when its holding circuit is broken due to the charge
on C13 and C14. This delay is necessary in order to
allow sufficient time for the capstan idlers to release
their tension on the tape before the braking action is
initiated to stop the capstan motor.

When K5 releases, ac power is removed from the
capstan motor due to the breaking of K5 contacts 7
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and 11. Concurrently with the removal of the ac
power, dc power is applied to the capstan motor,
which causes a dynamic breaking action on the
motor, bringing it to a rapid stop.

The dc braking power applied to the capstan motor
when the STOP button is pressed with the transport
operating in the play or record mode (K5 energized)
is provided by the capstan start-stop assembly
56013A170. The operation of this circuit assembly
“follows.

As described earlier, the capstan is started when K5
operates to close contacts 7 and 11, which applies ac
power to the capstan motor. AC power is also
applied at this time to J12-4 on the capstan
start-stop control assembly. P12-4 routes the ac line
power to the junction of R102 and R103. R103 is
in parallel with R102 through closed contacts 10
and 2 of K101. Diode CR102 is connected in such a
manner to R102 and R103 that it will conduct
during the negative swing of the ac power cycle,
charging C102. The return path for C102 is through
K101 contacts 3 and 11. When power is applied to
J12-4, C102 charges very rapidly through the low
resistance of R102 and R103 in parallel, causing
relay K101, which is connected across C102, to
operate immediately. When K101 operates, contacts
10 and 2 are broken, removing R103 from the
charging path. This increases the resistance 10 fold,
limiting the voltage rise across the coil of K101 to
the nominal operating value for the relay.

When K101 operates, capacitor C101 is charged
through R101, CR101, closed contacts 8 and 12 of
K101, and J12-1 which is connected to one side of
the ac power line. When K5 releases, contacts 11
and 7 arc broken, removing ac power from the
capstan motor and J12-4 on the capstan start-stop
control board. K101 releases approximately 0.5
second after the removal of ac power from J12-4.
This delay is due to the charge on C102 across the
coil of KI101. During this time, brake power is
supplied through J12-1, contacts 8 and 12 of K101,
CR101, R101, J12-2, contacts 3 and 11 of K5 to
the capstan motor. This rectified dc power applied
to the motor causes its rotating inertia to be
overcome very rapidly, bringing the capstan to a
stop. When K101 releases after the delay period,
contacts 8 and 12 open, removing power from the
braking circuit. Capacitor C103 provides arc sup-
pression between K101 contacts 8 and 12. Capacitor

C101 continues to discharge through the capstan
motor until its charge is dissipated.

Capacitor C102 is connected in the charging circuit
in such a manner that, if relay K101 should be
removed from its socket, one side of the capacitor is
opened through contacts 11 and 3 or 11 and 7. If
C102 remained in the circuit and the relay was
removed with the transport operating in the play or
record mode, the voltage developed across C102
would exceed the dc¢ breakdown voltage of the
capacitor. Because of this, relay contacts 3, 7, and
11 on K101 are used to remove C102 from the
circuit to prevent damage to the capacitor in the
event K101 is removed.

When the STOP button S3 is pressed, relays K8 and
K7 operate; the operation of K7 provides full torque
power through K7 contacts 5 and 9 and through
J6-A to the rewind motor, while the break at K7
contacts 2 and 10 removes all take-up motor torque.
The tape comes to a standstill and attempts to start
in the reverse direction. Motion of the tape in the
opposite direction, however, causes the vane in the
sense switch assembly to leave its former position
against the forward stop and swing toward the
reverse stop. When the magnet moves away from
S14, this switch opens, dropping out K7. This
applies a light holding torque to the tape. When K7
releases, it releases K8 by opening K7 contacts 8 and
12. Relay K4 is held closed through K7 contacts 11
and 3, K6 contacts 12 and 4, K8 contacts 11 and 3,
K5 contacts 12 and 4, CR13 and RS5. It previously
operated through K7 contacts 12 and 8, CR14 and
R5. With the exception of K4, all relays are
deenergized and STOP lamp DS3 is lit.

From Stop To Rewind

With the machine in standby, pressing REWIND
pushbutton S2 causes bus voltage to be applied
tbrough K3 contacts 10 and 2, J6-11, J2-12,J2-11,
S3, S2, J5-R, and K8 contacts 2 and 10, which
operate  K7. This rclay applies rewind torque
through K7 contacts 5 and 9, as outlined above; and
K7 locks up to the power bus through K7 contacts
11 and 7, and K8 contacts 2 and 10. The tape
accelerates in the rewind direction with full power
on the armaturce of the rewind motor. Since this is a
dc shunt motor, it would reach a certain terminal
velocity at which time tape would be looscly wound
except for the following feature. As the tape comes
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up to speed in rewind, the armature of the take-up
motor is open circuited because of the break at K7
contacts 2 and 10. It operates as a dc generator
without load until a definite terminal voltage is
reached, the voltage rising as the speed increases.
Zener diodes CR52 and CR53 will not pass current
until the total potential across the diodes reaches 60
volts. Therefore, when the generated voltage reaches
this level, current flows through J9-4, J6-S, CR53,
CR52, J6-2 and J9-3 to act as a load and effective
brake on the take-up motor, limiting the maximum
speed at which it will supply tape and thereby
providing a controlled tension in the reel being
filled. Closure of K7 contacts 12 and 8 provides a
path through CR24, and J6-14 to open the head
shield door and through J6-15 to operate the tape
lifters.

When either K5, K6, or K7 release, removing power
from the armature of the take-up or rewind motor,
an arc would normally develop between the break-
ing relay contacts due to the large inductive load of
these motors. Two circuits are incorporated to
reduce or suppress this arcing in order to increase
the life of these relay contacts. CR30, R10, C5, and
C6 constitute one of these arc suppression circuits.
CR30 and R10 provide a common charging path for
CS5 and C6 which are connected to K7, 9 and 10,
respectively. The opposite junction of CR30 and
R10 is connected to the positive bus of the bridge
rectifier power supply. Consider the transport to be
running in the rewind mode, power being supplied
to the armature of the rewind motor through closed
contacts 5 and 9 on K7. Capacitor C5 is discharged
at this time due to the closed contacts 5 and 9 on
K7. When the transport mode of operation is
changed, K7 will release, breaking contacts 5 and 9.
Instantly, capacitor C5 will charge very rapidly to
the power supply potential through CR30, thus
absorbing, to a large measure, the current that
would normally cause arcing as contacts 5 and 9 are
drawn apart. C6, in the same manner, shunts the
current away from contacts 6 and 10 on K5, and K6
when these relays release. The discharge path for C5
and C6 is provided through R10 and the closed
contacts of their associated relays when they
are energized.

To provide still further protection against relay
contact damage, a second circuit is also used to
suppress arcing between the relay contacts men-
tioned above. Two high voltage power transistors

Q1, and Q2 are used to effectively shunt the relay
contacts whenever these relays are released, remov-
ing power from either the rewind or take-up motor.
The collectors of Q1 and Q2 are at the positive bus
potential supplied from the junction of CR47 and
CR49 through P5-11 and J9-1. The motor armature
circuit supplying power to the rewind motor is
connected to the emitter of Q1 through connector
J7-3. This arrangement places Q1 in parallel with
contacts 5 and 9 on K7. During the period in which
K7 is energized providing power through contacts 5
and 9 to the rewind motor, capacitor C1 will charge
to the power supply bus potential. The charging
path for CI1 is provided from the junction of CR46
and CR48, through P5-L, R60 or S7 if in the WIDE
position, J9-4 to CI, through R1, CR1, J7-3, J6-A,
closed contacts 5 and 9 on K7, jumper E11/E15 to
the positive return of the bridge rectifier at the
junction of CR47 and CR49. When K7 releases,
contacts 5 and 7 are broken, which removes the
short circuit between the collector and emitter of
QI1, the charging path for C1, and power to the
rewind motor. Instantancously, the charge on Cl
causes Q1 to conduct, shunting the current that
would be drawn in the form of an arc between the
opening contacts of the relay. The current through
Q1 to the rewind motor after K7 releases will-decay
exponentially due to the discharging of CI through
R1, R2, J7-3, and the armature of M2.

The operation of Q2 is identical to the operation of
QI1, providing arc suppression between contacts 6
and 10 on K5 and K6.

From Rewind To Stop (Tape Moving in Rewind Direction)

Pressing STOP switch S3 operates relay K8 through
K3 contacts 10 and 2, J6-11, J2-12, J2-11, S3, and
J6-8. Since tape is moving in the rewind direction,
the sense switch vane has caused S13 to be closed.
Therefore, K6 is caused to operate through J6-D,
J9-6, S13, and K8 contacts 5 and 9. Relay K8 is
locked up through K6 contacts 11 and 7, K8
contacts 8 and 12, and K6 is held up by S13. Relay
K7, however, is released by the break at K8 contacts
10 and 2 and the fact that S14 is open. The power
that was supplied to the rewind motor through K7
contacts 5 and 9 is removed by its release and
transferred through operation of K6 through K6
contacts 6 and 10 to the take-up motor, which now
operates to bring the tape to standstill and attempts
to reverse it to the forward direction.
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As soon as the sense switch vane moves away from
S13 toward S14, S13 opens, releasing K6 and
placing all circuits in the standby condition. During
the stopping interval, the REWIND lamp goes out
and the FORWARD lamp is lit from release of K7
and operation of K6. In standby, the tape lifter
solenoid is released and K8 is released by the break
at K6 contact 7 and 11. The head cover door
remains operated through S-12, J6-M and CR-26,
unless manually overridden to break S-12. Relay K4
remains energized throughout the above action,
either through K7 contacts 12 and 8, CR14; or
through K6 contacts 11 and 7, CR14; or through K7
contacts 11 and 3, K6 contacts 12 and 4, K8
contacts 11 and 3 and K5 contacts 12 and 4 and
CR13.

From Rewind To Stop (Tape Moving in Forward Direction)

It is possible while shuttling the tape at high speed
to have the tape moving in the forward direction but
to have the controls in the rewind mode. If the
STOP pushbutton is pressed at this time, K8 is
energized in the manner described above; however,
K7 is not released in favor of K6 because the sense
switch vane is in position to cause S14 to be closed
and S13 open. Thus, K7 remains energized and the
tape comes to standstill and attempts to reverse, at
which time the sense switch opens S14, releasing K7
and putting the machine in standby. At this time the
tape lifters are released and K8 is released by the
break at K7 contacts 8 and 12. The door solenoid
remains energized through S12, unless overridden
manually to break S12.

From Stop To Forward

With the machine in standby, pressing the FOR-
WARD pushbutton causes bus voltage to be applied
through K3 contacts 10 and 2, J6-11, J2-12,J2-11,
S3, S2, S4, J5-S, CR17 and K& contacts 1 and 9 to
operate K6. Relay K6 applies full torque to the
take-up motor through K6 contacts 6 and 10, K7
contacts 2 and 10, J6-2, and J9-3, causing tape to
accelerate in the forward direction. Relay K6 locks
up to the power bus through K8 contacts 9 and 1,
K6 contacts 8 and 12, and K7 contacts 3 and 11.
Motor speed is limited by the action of Zener diodes
CR52 and CR53 as described before.

Closure of K6 contacts 11 and 7 provides a path
through CR24 to open the head shield door and
through J6-15 to operate the tape lifters.

From Forward To Stop (Tape Moving in Forward Direction)

Pressing STOP switch S3 operates relay K8 through
K3 contacts 10 and 2, J6-11, J2-12, J2-11, S3 and
J6-8. Since tape is moving in the forward direction,
the sense switch has caused S14 to be closed and
S13 to be open. Thus, K7 is operated through J6-D,
S14, J5-18, and K8 contacts 6 and 10. Relay K8 is
locked up through K7 contacts 12 and 8, and K8
contacts 8 and 12. Relay K6, however, is released by
the break at K8 contacts 9 and 1. The power that
was supplied to the take-up motor is cut off by the
break occurring at K6 contacts 6 and 10 and applied
through closure of K7 contacts 5 and 9 to the
rewind motor, which now operates to bring the tape
to standstill and attempting to reverse it to the
rewind direction. As soon as the sense switch vane
moves by reversal of tape motion, it releases S14,
thereby releasing K7 and placing all circuits in
standby. During the stopping interval, the FOR-
WARD lamp goes out and the REWIND lamp lights
because of the release of K6 and operation of K7. In
standby, the tape lifter solenoid is released. K8 is
released by K7 contact 8 and 12. The door solenoid
remains energized through S12 unless manually
overridden to break S12.

From Forward To Stop (Tape Moving in Rewind Direction)

It is possible, while shuttling tape at high speed, to
have the tape moving in the rewind direction but to
have the controls in the forward mode. If the STOP
button is pressed at this time, K& pulls in the
manner described above. However, K6 is not re-
leased in favor of K7 because S13 is held closed by
the sense switch vane while S14 is open. Thus, K6
remains operated and the tape comes to standstill
and attempts to reverse, at which time the sense
switch opens S13, releasing K4 and putting the
mechanism in standby. At this time, the lifter
solenoid is released, and K8 is released by the break
at K6 contact 7 and 11. The door solenoid remains
operated through S12 unless manually overridden to
break S12.
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From Forward To Rewind

Considering the tape to be in the forward mode
regardless of its actual direction, relay K6 is ener-
gized. Pressing the REWIND pushbutton closes a
circuit to operate K7 through K3 contacts 10 and 2,
Jo-11, S3, S2, J5-R, K& contacts 2 and 10 to K7-14
through K7-13, CR19 and R6 to ground. Relay K7
operates, opening the holding path for K6 at K7
contacts 3 and 11, which releases, further breaking
its holding circuit at K6 contacts 8 and 12. Torque
power to the reel motors is, therefore, reversed.
Relay K7 locks up through K& contacts 10 and 2,
and K7 contacts 7 and 11.

From Rewind To Forward

Considering the tape to be in the rewind mode
regardless of its actual direction, relay K7 is ener-
gized. Pressing the FORWARD pushbutton closes a
circuit to operate K6 through K3 contacts 10 and 2,
Jo-11,J2-12, J2-11, S3,S2, S4, J5-S, CR17, and K8
contacts 1 and 9 to K6-14. Because J5-S applies bus
potential to CR20 as well as to CR17, the coil of K7
is effectively shorted, since the total voltage appears
across R6. This releases K7, K6 remains operated
over the path K7 contacts 11 and 3, K6 contacts 12
and 8, and K8 contacts 1 and 9. Torque to the reel
motors is, therefore, reversed.

From Rewind To Play

In the rewind mode, regardless of actual direction of
tape motion, relays K7 and K4 are energized.
Pressing PLAY pushbutton S5 causes bus power to
flow through S5, J6-18, and CR4 to operate K3. A
holding path is established through K7 contacts 12
and 8, K3 contacts 11 and 7, R1, CR8 and CR7 so
that K3 will not release when S5 is released. Relay
K3 contacts 10 and 2 open the paths to S3, S2 and
S4 pushbuttons to render them inactive at this time.
The potential from K7 contacts 12 and 8 through
K3 contacts 11 and 7, and through R1 also feeds
through CR9 to terminal 14 of K8, causing it to
operate. Whether K7 continues to hold or to
transfer to K6 is determined by the direction the
tape is moving, as outlined above. In any event,
operation of K8 functions to bring the tape to
standby condition. When K6 or K7 is released by
the sense switch as the tape reaches standstill and
attempts to reverse, the break at K6 contacts 7 and
11 or K7 contacts 8 and 12 releases K8. Normally,

the machine would now remain in standby, but at
this time K3 is still operated even though its supply
path through K3 contacts 7 and 11 is open. This is
because it is held by the charge in C1 for sufficient
time to perform an additional function. When K8
releases, bus power is supplied through K7 contacts
11 and 3, K6 contacts 12 and 4, K8 contacts 11 and
3, K101 contacts 1 and 9 and K3 contacts 8 and 12
to operate K5. The functions from here on are as
described in the paragraph, “From Standstill to
Play.”

From Forward To Play

In the fast-forward mode, regardless of actual
direction of tape motion, relays K6 and K4 are
energized. Pressing PLAY pushbutton S5 causes bus
power to flow through J6-D, J2-9, J2-10, S5, J6-18,
and CR4 to operate K3. A holding path is estab-
lished for K3 through K6 contacts 11 and 7, K3
contacts 11 and 7, R1, CR8&, and CR7 so that K3
will not release when S5 is released. Relay K3 opens
the paths to S3, S2, and S4 pushbuttons to render
them inactive at this time. The potential from K7
contacts 12 and 8 through K3 contacts 11 and 7 and
R1 also feeds through CR9 to terminal 14 of K8§,
causing it to operate. Whether K6 continues to hold
or to transfer to K7 is determined by the direction
of tape movement. In any event, operation of K8
functions to bring the machine to a standby
condition. When K6 or K7 is released by the sense
switch as the tape reaches standstill and attempts to
reverse direction, the break at K6 contacts 7 and 11,
or K7 contacts 8 and 12, releases K8. Normally, the
machine would now remain in standby; but at this
time K3 is still energized, even though its supply
path through K3 contacts 7 and 11 is open. This is
because it is held by the charge in C1 for sufficient
time to perform an additional function. When K8
releases, bus power is supplied through K7 contacts
11 and 3, K6 contacts 12 and 4, K8 contacts 11 and
3, and K3 contacts 8 and 12 to energize K5. The
functions from here on are as described in para-
graph, “From Standstill to Play.”

Tape Runout

When the tape runs out from any mode of opera-
tion, the light from lamp DSS8 falls upon photo
diode V60, causing K1 to energize. This action
opens the bus supply to all other relays. All power
is, therefore, removed from the armatures of the
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take-up and rewind motors. A short circuit is
applied to the armature of each motor. One such
circuit is through J9-4, J6-S, K1 contacts 10 and 6,
Jo-4, J2-1, J2-2, J5-P, K5 contacts 2 and 10, K6
contacts 2 and 10, K7 contacts 2 and 10, J6-2 and
J9-3. The other circuit is through J7-4, J6-S, K1
contacts 10 and 6, J6-4, J2-1, J2-3, J5-V, K5
contacts 1 and 9, K6 contacts 1 and 9, K7 contacts
1 and 9, J6-A, and J7-3. As the fields are fully
excited, this system acts to brake the motors to a
standstill, since they operate as dc generators opera-
ting into a short circuit.

Record Mode Operation

To select the record mode the RECORD and PLAY
buttons must be pressed simultaneously. This action
reduces the possibility of accidental activation of
the record mode while satisfying the switch logic
requirements to activate the record circuits. Simulta-
neously pressing the RECORD and PLAY buttons
will apply bus power to J6-18 through S5, and to
J5-13 through S5 and S1. If the reccorder was
previously in the standby mode (STOP light illumi-
nated), K3 will operate, placing the recorder in the
play mode as described earlier. Positive bus power is
applied to the collector of Q4 via J5-13, S1, and S5.
The base of Q4 is connected through R24 to the
holding circuit of K5, which is at the positive bus
potential. With the collector and base connected to
the positive bus in this manner, Q4 will conduct
through the coil of K2, causing the relay to operate.
A holding circuit is established through contacts 8
and 12 of K2 through CRS55 ta the collector of Q4
allowing Q4 to continue to conduct and holding K2
in when the RECORD button is released. The path
established to hold K2 then lights DS1 through J6-3
and supplies positive bus voltage to the electronics
power cable through connector J4-9, which is
routed to the MASTER RECORD relay in the signal
electronics assembly. Relay contacts 11 and 7
provide the ground return for the MASTER
RECORD relay through J6-T. The positive bus
potential at the collector of Q4 is also applied

through R16 and CR29 to the bias oscillator. |

Capacitor C7 provides decoupling from the bus
power supply and also causes the voltage applied to
the oscillator to decay exponentially when power is
removed. Transistors Q2 and Q3 operate as a low
power push-pull oscillator to provide a high fre-
quency signal to J6-U and J6-V. The bias signal is
routed to the bias/erase amplifier boards in the

signal electronics assembly through connector pins
J4-1 and J4-2 and its associated cable.

Speed Change Switch

Speed change switch S8 selects windings of the
capstan motor to provide either of two speeds.
These are related by the ratio 2:1 and, therefore,
can be provided for tape speeds of 7%z and 15 ips, or
15 and 30 ips, etc. Dc bus potential is supplied to
either J4-6 or J4-7 in the electronics power cable,
depending on the motor speed, in order fo control
the equalizer-select relays on the circuit boards in
the signal clectronics assembly.

Monitor Switching

Two pushbuttons on the transport, S10 and S11, are
arranged to transfer the output line amplifier and
VU meter of each channel from the incoming signal
source to the playback signal and vice versa. Pressing
A switch S10 applies positive bus voltage from J6-D
through J2-9, J2-10, and S10 to J4-5, which is in the
electronics power connector, causing operation of
the A/B transfer relays in each channel. Similarly, B
switch SI1 applies a ground to terminal J4-4 to
cause reverse operation of the transfer relays. These
switches are momentary contact types and are not
backlighted.

Tape Width Switch

It is necessary to provide two torque ranges for the
reel drive motors due to the difference in weight and
tape handling characteristics between 1 and 2 inch
tape. Compensation in the torque requirements
between tape sizes is provided by S7 and R60. The
amount of torque developed by the reel drive
motors M2 and M3 is dependent, to a large extent,
on the amount of current that can be drawn from
the bridge rectifier power supply CR46 through
CR49. To provide the proper torque to the drive

.motors when 1 inch tape is used, the current path

from the power supply is from the junction of CR46
and CR48 through P5-L and R60 to J9-4 and J7-4,
which completes the path to the armature of M2
and M3 from the negative side of the power supply.
A path from the junction of CR46 and CR48
through R60 is also provided to the fields of M2 and
M3. With a common current path to both motors
established through R60, its resistance value will
control the amount of torque developed by the
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motors. The resistance value of R60 is such that the
amount of torque delivered to the drive motors
when 1 inch tape is used is sufficient to properly
perform the take-up and rewind handling of the
tape. When 2 inch tape is to be used on the
transport, R60 is shorted through S7, removing it
from the current path and allowing the drive motors
to draw an additional amount of current from the
power supply. This provides the necessary increase
in torque required to drive the larger 2 inch tape
reels and provide a greater tape wrap tension for
proper transfer from one reel to the other.

SIGNAL ELECTRONICS FUNCTIONS

Processing of the output signal to be recorded and
the signal extracted from the recorded tape (play-
back) is accomplished in the signal electronics
assembly. Four plug-in circuit boards provide the
necessary signal processing for each record/playback
channel. In addition to the circuit boards, the signal
electronics assembly contains the necessary signal
switching circuits which control the various modes
of operation of each channel.

The plug-in circuit boards associated with each
channel are described in detail after the following
description of their use in the overall operation of
the recorder.

Record Mode (See figure 22.)

The signal to be recorded is applied through
connector J-A to the primary of transformer T-A,
which reflects an impedance of 20,000 ohms to the
signal source. The secondary of T-A is connected
across the RECORD LEVEL control R-A, which
establishes the signal level applied to the record
amplifier. This amplifier provides preemphasis,
equalization, and linearization to the signal, and
sufficient gain to drive the record head. A relay on
the board selects the proper equalization for two
tape speeds. This relay is controlled by the tape
SPEED switch on the transport. Linearization is
selectable by means of a switch on the circuit board
and is adjustable. The degree of linearization
required depends on the signal level, and corrects for
distortion that occurs as the signal level approaches
the saturation level of the tape.

In addition to the record amplifier, a monitor
amplifier on the board provides sufficient signal

amplification of the input signal to drive the line
amplifier. The line amplifier output is applied to the
VU meter and output connector J-F for monitoring
of the input signal. A RECORD MON. CAL. control
on the record amplifier board enables the monitor
amplifier gain to be adjusted so that, without the
linearizer circuit in service, 3% total harmonic
distortion on playback produces a reading of 6 dB
above zero VU on the VU monitor meter.

The record signal from the record amplifier board is
connected to contact 12 on the record relay K-B.
This circuit is normally grounded until relay K-B is
operated through the mode select switches on the
remote control box and the RECORD function
switch on the transport panel. When K-B operates,
the signal is applied through contacts 12 and 8 to
the bias/erase amplifier board at terminal 22 on
connector J-B. Operation of the record relay K-B
also applies 28 volts dc power to the bias/erase
amplifier at terminal 12 on connector J-B. A 120
kHz bias oscillator is energized in the transport
when the record mode is selected. This bias signal is
applied to the bias/erase amplifiers in cach channel
at terminals 14 and 15 on board connector J-B. This
signal is amplified by the bias amplifier to the
proper magnitude to drive the record head. The
audio signal at terminal 22 is coupled to the bias
output through a bias trap circuit which has no
effect on the audio signal but offers a high imped-
ance to the 120 kHz bias signal, thus preventing the
bias from being fed back into the record amplifier.
A bias amplitude control provides adjustment of the
bias output level to the record head, and a noise
balance control allows an adjustable amount of dc
signal component to be applied to the record head
to correct for any external fixed magnetic fields in
the vicinity of the record head gap.

Bias current through the record head can be
monitored at the TP BIAS test point, which is
connected to the record head return with a 27 ohm
resistor to ground.

The record signal and bias is applied to the record
head through contacts 3 and 9 on the normal-sync
relay K-C which is deenergized, as shown, when the
selected channel is operated in the record mode.

A second power amplifier, also driven by the 120
kHz signal, applies its output through terminal 21
on the bias/erase amplifier board to variable
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Figure 22. Signal Electronics, Simplified Block Diagram
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capacitor C-A, which couples the signal to the erase
head. Capacitor C-A adjusts the amount of erase
current supplied to the erase head. The erase head
current can be monitored at TP-A, which is con-
nected through terminal 16 to a 10 ohm resistor in
the return path from the erase head. Inductor L-A
and capacitor C-B provides the proper reactance to
tune the secondary of the erase amplifier output
transformer and erase head to the 120 kHz signal.

Playback Function (See figure 22.)

Signals recorded by the circuits described in pre-
ceding paragraphs will be reproduced by the corre-
sponding playback head and may be monitored on
the VU meter or at the OUTPUT jack when the B
OUTPUT select button is pressed. The playback
output signal will be delayed from the corre-
sponding record signal by an amount equal to the
linear distance between the record head and the
playback head times the tape speed. This delay is
slight, however, and represents no difficulty when
monitoring the input/playback quality of the re-
cording.

The signal induced in the playback head is con-
nected to terminal 4 on the reproduce amplifier
board connector J-C through contacts 1 and 7 on
the normal-sync relay K-C. The preamplifier board
provides the required signal gain to drive the line
amplifier, high and low frequency equalization, and
phase correction for two tape speeds.

In the normal playback mode, the reproduce pre-
amplifier output is taken from terminal 22 on board
connector J-C. The signal level at this output
terminal is controlled by R17, the REPRODUCE
LEVEL potentiometer on the preamplifier board.
This control is normally adjusted to produce an
output of zero VU with a standard reference level
tape providing a 700 Hz signal tone at the reproduce
head.

The reproduce signal at the junction of R-F and R-H
is routed through contacts 6 and 12 on the
normal-sync relay K-C to the A/B select relay
contact 1. When the B output is selected, the
reproduce signal will be applied to the line amplifier
input through contacts 1 and 9 on the A/B select
relay, as shown. The reproduce signal output from
the line amplifier will then be displayed on the VU
meter and routed to the output connector J-F.

Sync Playback Function (See figure 22.)

When the sync mode of operation is selected the
normal-sync relay K-C operates, disconnecting the
playback head from the reproduce preamplifier
input, and connects the record head through T1 to
the reproduce preamplifier. Due to the operation of
the normal-sync relay, the normal playback head has
been completely disconnected and the record head
connected to the primary of T1, which couples the
sync input to the reproduce amplifier. The use of
transformer T1 provides an improved impedance
match between the record head (used as a playback
head) and the reproduce amplifier input. When the
record head is used as a playback head, it matches
closely the frequency response and gain of the
normal playback head. Due to its wider gap,
however, the extremec high frequencies suffer some
attenuation, depending upon the tape speed.

Mode Select Circuits (See figures 22 and 25.)

The operational mode of each channel in the signal
electronics assembly is selected at the remote
control box. Each channel is provided with a mode
select switch, allowing three (3) modes of operation
to be chosen, i.e., READY, SAFE, and SYNC. The
RECORD and SYNC relays associated with each
channel in the signal electronics assembly provide
the required mode switching within the electronic
circuits of the selected channel. These relays re-
spond to the mode selected at the remote control
box when the transport tape motion controls are
activated. In conjunction with the mode select
switches, an additional switch is provided on the
remote control box panel, which is referred to as the
program select switch. This switch, depending on its
position, i.e., NORM or CUE, determines the trans-
port mode of operation that will activate the
electronic circuits of the channel or channels pre-
programmed by the mode select switches. This
feature is especially useful when overdub recordings
are made, as will become apparent during the
following discussion of the mode selection circuits.

Activation of the mode select circuits are initiated
by +28 volts dc commands originating from the tape
transport control circuits. These commands are
routed to the remote control box via connector P3,
pins ‘A, C, and E. Operation of relay K1 depends on
the position of the program select switch S8 and the
transport mode of operation selected. When S8 is in
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the NORM position, operation of K1 will only occur
when the transport record mode is selected. Under
these conditions, +28 volts dc is provided to
terminal 14 on relay K1 through the closed contacts
on S8, which is connected to P3-A. The +28 volts dc
provided at P3-A when the record mode is activated
is also applied to DS1, which illuminates the
RECORD selector switch S1 on the remote control
box. With S8 in the CUE position, operation of K1
will occur when the transport is operated in the
record, play, or stop mode. +28 volts dc from the
transport is provided to P3-C when either the record
or play mode is selected. From P3-C, this potential
is applied through CR3 and the contacts of S8 to
terminal 14 on relay K1, causing it to operate. DS5
is also connected to P3-C, causing the PLAY selector
switch S5 to illuminate when the play or record
mode is active. When the transport is in the standby
mode (STOP selector switch S3 illuminated), +28
volts dc is provided to P-3E, which also causes K1 to
operate through CR2, S8 to terminal 14. CR2 and
CR3 are connected back-to-back, thus preventing
illumination of the PLAY indicator lamp when the
transport is in the STOP mode and the STOP
indicator lamp from illuminating when the transport
is operated in the PLAY or RECORD mode.

Operation of relay K1 provides two descrete volt-
ages to each mode select switch. +28 volts dc is
supplied to the upper contact on each mode select
switch from P5-U through closed contacts 5 and 9
on Kl1. The +28 volt potential on K1-9 is also
applied through R1 to zener diode VRI1 and
produces a regulated voltage of approximately +5
volts dc at K1-8, which is tied to the junction of R1
and VR1. C1 provides a delayed build up of the +5
volts dc across VR1 when K1 operates. The +5 volts
dc is applied to the lower contact on cach mode
sclect switch through closed contacts 8 and 12 on
K1. The middle contact of each mode select switch
can be positioned so as to provide either +28 volts
dc (READY mode) or +5 volts dc (SYNC mode)
and, when left in the center position (SAFE mode),
an open circuit (zero volts) to the record and sync
relay circuits of the respective channel in the signal
clectronics assembly.

The record and sync relay circuits are identical in
each signal channel, each being programmed by the
mode select switches at the remote control box. The
control voltage at on the middle contact of cach
mode select switch is routed through PS5 to its

respective signal channel. This control voltage is
applied to terminal 13 of the RECORD relay (K-B),
through diode (CR-C), and to the base of the SYNC
relay drive transistor (Q-B) through resistor (R-C).
As mentioned earlier, activation of the mode select
circuits are initiated by the transport logic control
circuits which operate K1 in the remote control
box. Two distinct sequences of operation are pro-
vided by the program select switch. Let us first
consider S8 in the NORM position. K1 in the
remote control box will operate, applying +5 volts dc
and +28 volts dc to contacts B and C, respectively,
on each mode select switch only when the transport
is activated in the RECORD mode. Assume that the
READY and SYNC mode has been selected for
several channels. On those channels selected for the
READY mode, +28 volts dc will be applied from the
upper contact of the mode select switch through the
remote control cable and connector PS5 to the
junction of CR-C and R-C in the signal electronics
assembly. Simultancously with the application of
the 428 volts dc control voltage, the MASTER
RECORD relay (K1) will operate due to the closing
of record relay (K2) on the transport logic board.
This relay places +28 volts dc on terminal 13 and
ground to terminal 14 on the MASTER RECORD
relay, causing it to operate. Operation of the
MASTER RECORD relay provides a ground return
for the coil on each RECORD relay (K-B). This path
is from terminal 14 on each relay (K-B) through
CR3, CR4, CRS5, and closed contacts 9 and 5 on
MASTER RECORD relay (K1). Those channels that
have been programmed to operate in the record
mode (mode select switch in the READY position)
will cause the RECORD relay in the channel
selected to operate due to the presence of +28 volts
dc, which is applied through CR-C to terminal 13 of
the RECORD relay. The +28 volts dc control
voltage is also applied to the basc of the SYNC relay
drive transistor through R-C. This would normally
cause the transistor to conduct, causing the SYNC
relay to operate, if it were not that to the breaking
of contacts 9 and 1 on the RECORD relay removing
+28 volts dc¢ from the SYNC relay coil which has its
return connected to the collector of the SYNC relay
drive transistor. The slow risc of voltage across VR1
in the control box prevents any momentary opera-
tion of the SYNC relays prior to operation of the
individual RECORD relays. Thus the +28 volts dc
command from the mode sclect switches at the
remote control box has caused the RECORD relays
of the sclected channel(s) to operate when the
transport is activated in the record mode.
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Those channels selected to function in the sync
mode are supplied with +5 volts dc from the mode
select switches. This potential, applied through
CR-C to the RECORD relay (K-B), is not sufficient
to cause the relay to operate. However, it is of
sufficient level to forward bias the SYNC drive
transistor on, causing the SYNC relay to operate.
The +28 volts dc in this case is maintained through
contacts 9 and 1 of the RECORD relay (K-B) to the
coil of the SYNC relay and, in return, to the
collector of the SYNC drive transistor.

Channels in which the mode select switches are
placed in the SAFE position will present an open
circuit or no command voltage to the RECORD and
SYNC relays in the signal electronics assembly.
Under this condition, the RECORD relay(s) K-B are
unable to operate, preventing accidental erasure of
any prerecorded material. The SYNC relay is also
prevented from operating due to the absence of bias
voltage on the base of the SYNC drive transistors,
thus allowing any recorded material on these tracks
to be reproduced under normal playback conditions.

After a sclection has been recorded with the
program sclect switch in the NORM position, as in
the preceding description, the same tape can be
replayed in the normal reproduce mode without
resctting of any switches on the remote control box.
If a second recording attempt is necessary, starting
the transport in the record mode will again activate
the previously selected sync and record channels.

When it is necessary to listen to a prerecorded track
for cuing purposes before the record mode is
activated, the CUE position of the program select
switch is used. This will allow relay K1 in the
remote control box to operate when the transport is
placed in the PLAY mode, as described earlier. The
control voltages supplied to the mode select
switches through the closed contacts of K1 will then
cause those channels sclected to operate in the
SYNC mode.

Two 28 volt indicator lamps associated with each
mode select switch indicate the mode selected for
cach channel. A red lamp indicates the READY
mode selection, a green lamp indicates the SYNC
mode selection, and the absence of illumination of
either lamp indicates a SAFE mode selection.

DETAILED CIRCUIT DESCRIPTIONS OF ELECTRONICS

The following paragraphs contain detailed descrip-
tions of cach of the circuit boards used in the signal
electronics assembly.

Nab Record Amplifier (Board 4) (See figure 28.)

The input signal to be recorded is applied at
terminal 14, after it has passed through the input
transformer and level control. C1 couples it to QI,
which is biased to the proper operating point by R1
and R2. After amplification, the signal is coupled by
C3 to an equalizer network which provides pre-
emphasis, boosting the high and low frequencies in
accordance with standard NAB practice. This is
accomplished as follows.

Consider R6 and R7 as an attenuator network, with
R8 short circuited, as it effectively is at high
frequencies because of C4 and C5. This attenuator
network reduces the voltage swing at the junction of
R6 and R7 from what it was at collector of QIl.
However, if a bypass capacitor C18 or C19 is
connected across R6 it permits the high frequencies
to suffer less attenuation. The result is an adjustable
rise in response for high frequencies. The degree to
which this is true depends on the setting of the
variable capacitor. Practical values of C18 and CI19
make it necessary for the junction of R6 and R7 to
appear always as a very high impedance. Current
cannot be drawn from this point without upsetting
the equalization characteristic. Thus, the junction is
used to drive a field effect transistor, Q2. At the low
frequency end of the spectrum C4 and C5 show
increasing impedance as the signal frequency is
lowered; therefore, the voltage at the junction of R6
and R7 would continue to rise as the frequency
drops except that R8 provides a shelving off to
prevent unnecessary sensitivity to subaudible
frequencies.

Relay K1 automatically changes the high frequency
equalization when tape speed is changed. The
output of Q2 is applied to terminals into which may
be inserted values of C8, C20, R11, and R12 to
adjust for any requirement arising for shelving
equalization, in addition to the normal NAB equal-
izers just described. All four components may be
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eliminated in many instances, a jumper being
furnished across the R11 or C20 terminals.

After this network, the signal is fed to the base of
Q3 whose bias is set by R13, R14, and R15. This
operates with Q4 in a Darlington circuit to provide
gain and low impedance output at C11 to drive the
record head. R18 normally provides a degree of
degeneration, determined by the setting of R20 and
R19 in series with C12 and C21. But the degree of
degenecration can also be reduced by conduction of
Q5 and Q6 when S1 is closed. Q5 and Q6 act to
change the degeneration with instantancous signal
amplitude; thus, they tend to deform the signal
whenever its amplitude attains a value sufficient to
overcome their contact potential. This results in a
distortion inverse to that which overload of the tape
normally introduces. By employing Q5 and Q6 in
this manner and properly adjusting the overall
degeneration by means of R20, the LIN ADIJ.
control, it is possible to introduce the proper
corrective distortion into the recording process so
that the normal 3% tape distortion point, without
such correction, shows somewhat less than 1% when
this linearizer is employed.

C11 feeds the record head connected at terminal 22.
R22 is a resistor in series with the head to establish a
constant current characteristic. R23 provides a high
resistance path to ground so that the ground side of
C11 will always be discharged, even when no head is
connected to terminal 22. This is a means of
preventing accidental record head magnetization.

C14 couples the input signal to Q7. The gain of Q7
is adjusted by the combination of emitter resistors
R27 and R28, which is bypassed by C16, to provide
the proper range of signal levels to R30. This
control, RECORD MON CAL., can be conveniently
adjusted to serve the input signal audio monitoring
and input signal VU meter monitoring circuits. R29
and C17 are provided to give a slight rise in output
at 15 kc to make up for losses in the input
transformer, wiring, and meter sensitivity occurring
at the extreme end of the spectrum.

Bias And Erase Amplifier (Board 1) (See figure 29.)

Whenever the transport is put into the recording
mode, a 120 kHz signal is generated within the
transport and applied to all bias and erase amplifier
boards at terminals 14 and 15. T1 operates as a

bridging transformer. It has two secondaries. One of
these feeds the base of Q2 through resistor R4. This
resistor is employed to permit insertion of a
feedback signal from R26. Q2 amplifies the 120 kHz
signal and provides sufficient power to drive the
push-pull amplifier Q5 and Q6. C13 and C14 tune
the secondary of T4, and C16 and C17 tune the
primary of T5 in order to minimize harmonic
distortion. Even order harmonics are particularly
objectionable, since they result in increased back-
ground noise recorded into the tape.

The output of Q5 and Q6 is fed through TS and C18
to R19 and R24, the latter variable to control the
amount of 120 kHz bias signal fed through terminal
1 to the record head. The audio signal comes from
the record amplifier and is applied at terminal 22. It
passes without loss through the tuned circuit L2,
C19, and C21 which is tuned to present a high
impedance to 120 kHz, thus preventing feedback of
bias power to the record amplifier.

CR2 and CR3 each operate as half-wave rectifiers. If
the arm of R23 is run to the end connected to CR2,
then the upper end of R21 will have an average
negative potential. Conversely, if the arm is run to
the other end, then the upper end of R21 will have
an average positive potential. R20 allows current set
up by such potential to flow through R19 and R24
to the record head, thereby making it possible to
inject a very small but adjustable dc current into the
head, in addition to the audio and bias frequencies,
to allow minimization of noise resulting from strong
external magnetic fields or even order harmonic
distortion from the bias supply.

These circuits are activated by application of poten-
tial at terminal 12. In order to prevent a recorded
thump when the record button is depressed, R27
and C20 are provided to permit the dc bias on the
base of Q1 to rise slowly, and C15 is provided across
R17 for the same purpose on Q5 and Q6. The bias
envelope, thercfore, grows to operating level in a
matter of about 10 milliseconds. When the recording
mode is deactivated, another thump or click is
avoided by allowing reservoir capacitor C2 to permit
the bias waveform to decay to zero over a period of
about 60 milliseconds. R1 allows C2 to charge at a
reasonable rate when the circuits are activated
without causing a surge on the power supply, but
CR1 permits the capacitor to be connected directly
to the load during discharge. L1 and C1 constitute a
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filter to stop bias frequency ripple on the power bus
connected to terminal 12.

The amount of drive applied to Q5 and Q6 is
controlled by feedback resistor R26, which also
improves the waveform at the output by cancelling
out internally generated distortion products.

The second winding of T1 feeds the 120 kHz signal
to an almost identical circuit, except that the output
transistors Q3 and Q4 have a higher power rating in
order to supply the erase head with sufficient drive
to completely erase a saturated tape. The feedback
signal input at terminal 19 is not connected in the
Series 500 recorders, allowing a greater amount of
drive current to be delivered to the erase head. Erase
current is proportional to the voltage developed
across R29 and is monitored by a test jack con-
nected to terminal 16. Erase current test jacks for
ecach channel are located on the signal electronics
assembly front panel. The center tap secondary of
T3, which is connected to terminal 20, is not used in
the series 500 recorders. The record bias current can
be monitored at TP1 because of the voltage
developed across R22. R22 is in series with the
ground return lead from the record head. R25,
connected between terminals 2 and 3, is also
inactive in this system.

Line Amplifier (Board 6) (See figure 30.)

This is a full-spectrum flat response amplifier which
provides sufficient gain and output power to
adequately drive an outgoing line at up to a peak
level of +28 dBm (600 ohms).

Q1 is an emitter follower, accepting an input
impedance of 10,000 ohms or lower and providing
low impedance excitation for Q2. Q2 drives Q3 and
Q4 (complementary symmetry types) to result in
push-pull excitation of Q5 and Q6. A required static
potential difference between the bases of Q3 and Q4
is established by the contact potential drop across
CR1, CR2, and CR3.

CR4, R20, and C12; CR5, R19, and CI1 are drift
compensation networks that stabilize the operating
points of Q5 and Q6. The dc¢ operating point for
these two transistors is set by R13, R14, and R15;
and Q2, Q3, and Q4. A feedback path through C13,
R21, and R22 assures minimum distortion for all
signal frequencies. The output signal is coupled

through C14, S1, and R24 to terminal 21. The signal
at terminal 21 is routed to the primary of a 600
ohm line matching transformer. The output from
the transformer is connected to the output jack for
the respective channel and to the appropriate VU
meter on the meter panel.

S2, CR6, and CR7 are used in the A-B monitor
select circuits. When S2 is opened, the respective
channel will not respond to the A-B transfer
command when either the A or B pushbuttons on
the transport or remote control box is pressed. The
output transfer can only be accomplished with S2
open by pressing the respective A-B select switch on
the meter panel. With S2 closed, A-B transfer will
take place in the respective channel and all other
channels in which S2 is closed whenever the A-B
buttons on the transport are operated. CR6 and
CR7 are isolating diodes, permitting all channels to
operate from the A-B OUTPUT switches on the
transport or remote control box but preventing the
transfer switches on the meter panel from activating
any channel(s) other than its own.

R1, R2, R3, R4, and R25 are not used in the Series
500 recorders.

Nab Preamplifier (Board 7/9) (See figure 27.)

This plug-in circuit board provides the required
signal amplification of the playback head signal or
the record head signal, when the later is used in the
SYNC mode (overdub). In addition, the circuit
board performs the necessary frequency equaliza-
tion and phase correction for two tape speeds.

Two input circuits are provided on this board. When
the selected channel is operated in the normal
playback mode, the input signal is supplied from the
playback head to terminal 4. When the selected
channel is operated in the sync mode, terminal 4 is
connected to terminal 16, the output of transformer
T1. The primary of TI1 is then connected to the
record head through terminals 14 and 17. The input
circuit is selected through the contacts of the
normal-sync relay, external to circuit board.
T1 provides additional signal gain and im-
pedance matching to the preamplifier when
the record head is used as a playback head.
This is required duc to the reduced voltage
output of the record head when it is used as
a playback head.
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From terminal 4, the signal is applied to the base of
Q1 through C1 and R2. The collector of Q1 is direct
coupled to the base of Q2, providing a signal path
and dc bias to the second amplifier stage. The
output of Q2 is direct coupled to the base of Q3. A
feedback path is also provided from the collector of
Q2, through one of two RC frequency equalization
networks, to the emitter of Q1. Relay K1 in the
normal or deenergized condition (as shown for the
primary speed tape operation) places C7, R18, R19,
and R20 in the feedback path. When K1 is ener-
gized, C8, R21, R22, and R23 are placed in the
feedback path, providing the proper frequency
equalization for the secondary speed tape operation.
C7 (or C8) with R20 (R23) controls the point where
the customary 6 dB per octave correction becomes
no longer effective at higher frequencies. R19 (or
R22) controls the point at very low frequencies
where the relation again no longer holds true, and
the amplifier shelves off. The proper dc operating
point for QI and Q2 is maintained by the bias
established at the junction of R&8 and R9 in the
emitter circuit of Q2. This dc bias is applied through
RS to the base of QI, thus providing a controlled
amount of negative feedback to Q1 in relation to
the input signal level. C4 filters out any ac com-
ponent present at the junction of R8 and R9.

Q3 operates as a phase distortion correction stage.
Considerable rotation of phase normally occurs in
the overall process of recording and playing back
tape, the situation being increasingly pronounced at
shorter wavelengths. In copying tapes, the effect is
compounded. Q3 and its associated circuits provide
an effective correction for such distortion.

A paraphase signal output condition exists between
the emitter and collector of Q3; that is, equal
amplitude with 180 degree phase difference. C5,
which couples the collector signal to the base of Q4,
presents a high impedance to the low frequencies
contained in the recorded signal. R13 (or R13 in
series with R14, depending upon the state of K2)
feeds the emitter signal directly to the base of Q4.

As a result of this action, the low frequency phase
components present at the emitter of Q3 pre-
dominate at the basc of Q4 and are 180 degrees out
of phase with the same signal at the collector of Q3.
Conversely, capacitor C5 presents a very low im-
pedance to the higher signal frequencies, allowing
them to pass readily to the base of Q4.

At intermediate frequencies, the vector sum of R13
(R13 and R14) causes the signal to be applied to the
base of Q4 at some intermediate phase angle
between zero and 180 degrees, while the amplitude
remains constant throughout the entire frequency
range.

The result of this frequency/phase shift action
cancels the inherent phase distortion of the signal
caused by the magnetic transfer characteristics when
the signal was recorded on the tape.

In fast tape speed operation, K1 is deenergized as
shown. During slow tape speed operation, K1 is
energized which removes R14 from the circuit.

Emitter follower Q4 provides the required signal
isolation and impedance output requirements. From
the emitter of Q4, the signal is coupled through C6
to the reproduce level control R17. The output
signal from the arm of R17 is connected to terminal
22; this signal is applied to the line driver amplifier
through the contacts of the normal-sync relay and
the A-B select relay when the selected channel is
operated in the normal playback mode. The signal is
also routed through R16 to terminal 21; this output
is utilized to drive the line amplifier when the
selected channel is operated in the SYNC mode.

Q5 is a series voltage regulator which provides
regulated power from the input bus terminal 12 to
the four transistor stages in this assembly. R24 and
R25 establishes the proper operating point for QS,
thus establishing a fixed voltage drop across Q5. C10
provides filtering of any power supply ripple on the
regulated voltage. CO9 filters any ripple at the base of

Qs.
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SCHEMATICS

This section contains schematics of the 3M Brand Series 500 Professional Audio Tape Recorder. The

schematics included are listed in table 8 below.

Table 8. Schematics

Figure No. Title Drawing No.
23 Tape Transport Assembly E56013B100
24 Signal Electronics Module Assembly E56059B100
25 Remote Control Assembly E56017A100
26 Meter Pancl Assembly E56038A100
27 Overdub Preamplifier Board E23059B090
28 NAB Record Amplifier Board E23059B040
29 Bias and Erase Amplifier Board E23059B020
30 Line Driver Amplifier Board E23059A060
31 Head Wiring Diagram (16 Track) E56119A000
32 Head Wiring Diagram (8 Track) ES6119A100
33 Harness Assembly, Tape Transport E56013A150
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COMPONENT VALUE

NOTES:

TABULATION
VALUE
DASH NO| CAT. NO. CONFIG [®3 R4 |
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NOTES. UNLESS OTHERWISE SPECIFIED
I. CAPACITANCE VALUES ARE IN MICROFARADS
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NOTES UNLESS 8THERWISE SPECIFIED:
| . ALL CAPACITANCE VALUES ARE
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NOTES: UNLESS OTHERWISE SPECIFIED

I . CAPACITANCE VALUES ARE IN MICROFARADS
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PARTS LIST

GENERAL

The parts lists in this section contain all the
information required to order replacement parts for
the 3M Brand Professional Audio Series 500 Re-
corders. Drawings for mechanical assemblies are
included to aid in parts identification. Electrical
parts are identified by reference designators on the
assemblies of which they are a part.

The parts lists are arranged in numerical order
according to their part number, which is in the
upper tight corner of the parts list. When an
assembly drawing is included, it follows immediately
after the parts list.

ORDERING REPLACEMENT PARTS

Parts for this equipment should be ordered through
a 3M Sales and Service Office listed in the front of
this manual. Price and delivery information on parts
or complete instruments may be obtained from the
Sales and Service Office. It is recommended that

instrument is used in a critical application, the user
maintain a minimum stock of spare parts.

When ordering parts the following information
should be included.

1. Description of the part, obtained from the
parts list.

S~

The Mincom catalog number, also on the
parts list.

3. The schematic reference designator, if
applicable, given on the applicable
schematic and on the parts list.

4. The part or type number of the major
assembly, as shown on the nameplate, and
the serial number of that assembly.

The following table lists each of the parts lists
included in this manual. To locate a parts list,
determine the part number or assembly name and
locate it in the following table. The referenced page

whenever possible and particularly when an number may then be used to find the parts list.
Table 9. Parts List
Catalog
Part Number Description Number Page Number
23059B020 Bias Erase Circuit Board 83-4930-2952 91
230598040 NAB Record Circuit Board 83-4930-1214 93
23059A060 Line Amplifier Circuit Board 83-4930-1091 95
23059B090-1 Overdub Preamplifier Board 7.5/15 83-4930-2180 97
23059B090-2 Overdub Preamplifier Board 15/30 83-4930-2511 99
23059A110 Extender Printed Circuit Board 83-4930-1746 101
56000A000 Professional Audio Recorder 83-5990-0812 102
56000A009 Assy — 1-8T, 50 Hz, NAB, M 7.5/15 83-5995-6014 103
56000A010 Assy — 1-8T, 50 Hz, NAB, M 15/30 83-5995-6015 104
56000A022 Assy — 1-8T, 60 Hz, NAB, M 7.5/15 83-5995-6012 105
56000A027 Assy — 1-8T, 60 Hz, NAB, M 15/30 83-5995-6013 106
56000A920 Kit — CVRSN, 8-16 Track, 7.5/15 ips 83-5990-1063 107
56000A930 Kit — CVRSN, 8-16 Track, 15/30 ips 83-5990-1064 108
56004A010 Hub Assy-Reel, NAB, 2 Inch 83-4240-0563 109
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Table 9. Parts List (Cont.)

Hd Assy - Snd Rec/Rep, Mag Eraser, 8 Traclk

Catalog

Part Number Description Number Page Number
56004B020 PC Board Assy-Direction Sensor 83-4930-2830 110
56004B100 -1 Motor Assy — Take Up Reel RS 83-4560-0238 ~~—111
56004A150 Motor Assy — Supply Reel 83-4560-0224 112
S6009A100 Power Supply Assy — 2 Inch Transport 83-4930-2642 113
56013A075 PC Board Assy-Sensor, EOT, Outgoing 83-4930-2832 114
56013B100-1 Trans Assy — 2-1 Inch, 60 Hz, 7.5/15 83-5920-1779 115
56013B100-2 Trans Assy - 2-1 Inch, 50 Hz, 7.5/15 83-5920-1780 116
56013B100-3 Trans Assy — 2-1 Inch, 60 Hz, 15/30 83-5920-1781 117
56013B100-4 Trans Assy — 2-1 Inch, 50 Hz, 15/30 83-5920-1782 118
56013B100 Trans Assy — 2-1 Inch, (Mechanical) Drawing 119/120
56013A130 Suppressor Assy-Arc, Torque Motor 83-4550-3727 121
5S6013A150 Harness Assy — 2 Inch, Tape Transport 83-4570-0722 122
56013B160 PC Board Assy — Logic 2 Inch 83-4930-2792 123

> 56013A170 Control Assy — Capstan, Start-Stop 83-4930-2641 125
56013B180 Chassis Assy — Wrap Around, 2 Inch 83-5920-1778 126
56013A190 Fan Assy — Auxiliary 83-4560-0244 127
56013A300-1 Trans Assy — 1 Inch, 60 Hz, 7.5/15 83-5920-1784 128
56013A300-2 Trans Assy — 1 Inch, 50 Hz, 7.5/15 83-5920-1785 129
56013A300-3 Trans Assy — 1 Inch, 60 Hz, 15/30 83-5920-1786 130
56013A300-4 Trans Assy — 1 Inch, 50 Hz, 15/30 83-5920-1787 131
56013A900 Kit -- Capstan Area Parts, 2 Inch 83-5990-0857 132
56013A910-1 Kit — Speed, 60 Hz, 15/30 83-5990-0858 133
56013A910-2 Kit -- Speed, 50 Hz, 7.5/15 83-5990-0859 134
56013A910-3 Kit — Speed, 50 Hz, 15/30 83-5990-0850 135
56013A910-4 Kit — Speed, 60 Hz, 7.5/15 83-5990-0935 136
56013A920 Kit — Capstan Area Parts, 1 Inch 83-5990-1027 137
560138990 Kit — Common Parts, Tape Transport 83-5990-1019 138
56017A100 Mode Control Assy-RMT, 16 Track 83-5920-1749 141
56017A100 Mode Control Assy (Mechanical) Drawing 143/144
56017A250 Mode Control Assy-RMT, 8 Track 83-5920-1805 145
56028A000 Console Assy — Large Module 83-5920-1644 147
56028A900 Kit Mounting 83-5990-0834 148
56028A910 Kit-Installation, Mtg Transport 83-5990-0836 149
56031A110 Cable Assy — 16 Track 83-4570-0723 150
56031A900 Kit — Pwr Sup, Sig Elect 83-5990-0866 151
56038A100-1 Meter Panel Assy, 16 Track 83-5920-1619 152
56038A100-2 Meter Panel Assy, 8 Track 83-5920-1643 154
56038A100 Meter Panel Assy, (Mechanical) Drawing 155/156
56059B100-1 Signal Elect Module Assy, 16 Track 83-5920-1759 157
56059B100-2 Signal Elect Module Assy, 8 Track 83-5920-1760 163
56059B100 Signal Elect Module Assy, (Mechanical) Drawing 169/170
56059A900 Kit — Sig Elect, NAB, 16 Track, 7.5/15 83-5990-0835 171
56059A905 Kit — Sig Elec BDS, NAB, 16 Track, 15/30]  83-5990-0921 172
56059A910 Kit — Sig Elec BDS, 8 Track, 7.5/15 83-5990-0855 173
56059A915 Kit — Sig Elec BDS, NAB, 8 Track, 15/30 83-5990-0922 174
56119A000 Hd Assy — Snd Rec/Rep, Mag Eraser, 16 Track 83-5950-1366 175
56119A200 83-5950-1688 176
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13

A

SECTION IE-IE

.
view -6
178
(163 2 ReQD
2. IDENTIFY, WITH CAT. NO
" {[J SEALANT- LOCKTITE, BLUE, MINCOM CAT. NO. 83-9830-0043 AS REQD.

MOTES: UNLESS OTHERWISE SPECIFIED

36
2 REQD

129
2 PLACES
29—
2 PLACES «E/{d
DSe .
@

_(132) 2 ReQD

2 PLACES %

bS8
(152
Qe0)
2 pLACES— k29D
=N AN

—
—
~
*U 0
m
o
o
N
~
A
~
-
-
»
I
m
»
BEEE
)
P,
>
3]
m
w
alq]s
@ SANA
4 T e
) A
. m
o
o
@@ S
~
A
IS
x
m
~
o

®

156} 2 REQD
(1601

GE) PN
137 . =
. TABULATION T
DASH NO.| 1P FREQ | CATALOG NO 1 56013B100|0
— . > - - ey
4 REQD I 7.5-15 |60 HZ | 83-5920-1779 TABULATED
—2 |7.5-15[50HZ [83-5%20-1780
— 3 [15-30[60HZ[B83-5520-178!
@25 — 4 [1ISS3Q SO HZ 83-5920-1782]
B |
159} 2 REQD
155 '\
ITEM NO.S 36,37, 38, 168,172,178, 141 EESVCNV\WAN 1S
OMITTED ON THESE VIEWS FOR CLARITY 131
3. PART NO. OF PARTS SHOWN ON F/D CAN EE
FOUND ON THE PART LISTINGS SHOWN
F/N P/t _NUMEERS
| THRU 15 56013Bl0O
30 THRU 4S5 | K 560131M900
SO THRU 7S | KIT - SPEED S6OI13A910 |
100 THRU 201 | KIT- COMMON PTS 560138990

Tape Transport Assembly
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IY] SELECTAKE

BRAND

The 3M Brand Selectake unit is an accessory for
3M Brand Professional Mastering Recorders. Four
place readout tubes indicate recorder tape position.
The unit will search and automatically locate a

preselected tape position. This small compact unit,
measuring 12-3/8 inches by 5-3/4 inches by 3-5/16
inches, will adapt to all of the 3M Professional
Audio Recorders.

OPERATING CONTROLS

POWER

Controls the input power, 105 - 120 volts ac,
single phase, 50 - 60 Hz.

SET ZERO
Resets the readout tubes to indicate 0000.

LAMP TEST

Tests all segments of the readout tubes -
indications are 888§,

Readout Tubes

Four digital display tubes indicate recorder tape
location.

COUNT ENABLE

Allows the operator to maintain a registered
count during such modes as editing when one
reel may have tape added or subtracted while the
other may contain the information to be located,
i.e. downbeat vs leader.

SEARCH STOP ENABLE
Inhibits the automatic search operation.
Preselector

Sets the location of a predetermined tape
position on the recorder.

Brightness

Regulates brightness of readout tubes.




A typical use of the Selectake unit would be as The appropriate mode (forward or rewind) would

follows. During a recording session, the operator be initiated on the recorder. The Selectake will
would note and log take starts as indicated on the then command the recorder to stop at the pre-
readout tubes. When replays of certain takes are selected location within +2.0 countsof the readout
required, the previously recorded take starts would counter. The Selectake is inhibited by the SEARCH
be set on the preselector. STOP switch and normal recording can proceed

without interference.

For further information, call or write:

3M Company

Mincom Division

300 South Lewis Road,
Camarillo, California 93010
(805) 482-1911

SELECTAKE Mincom Division 3m

300 SOUTH LEWIS ROAD ¢ CAMARILLU, CALIFORNIA 93010




3 COMPANY

300 SOUTH LEWIS ROAD ¢ CAMARILLO. CALIFORNIA 93010 ¢ TEL. 482-1911

Mincom Division

SELECTAZKE

A counter locator for 3M Model 56 eight and sixteen track
Recorder /Reproducers.

Catalog Number Price

83-5920~1858 S 895.
Factory installed model.
(Price when ordered with recorder)

83-5990-1156 $1,020.
Field Selectake kit.

(Price includes Selectake and

machine retrofit assembly)

NOTE: Special price quotations will be given
upon request for Selectake units to be
used with Model 23 one, two, four and
eight track systems as well as Model 64
one, two and four track Recorder/Reproducers.

Released 4-13-71
Professional Audio ProQucts

MINNESOTA MINING AND MANUFACTURING COMPANY
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Field Service Bulletin

Division

COMPANY

TECHNICAL NO, 120

Subject: Modification to 16 Track PAR (M-56) to Prevent Arcing of
K-5 Run Relay on Logic PC Board.

Applicable to: All M-56 PAR 16 Tracks.

Procedure:

I. The Parts Necessary to Perform this Modification are listed in Table I.

TABLE T

Item Mincom Catalog No, Description Quantity
1 83-1510-4056 Capacitor .luf, 400v 1
2 83-1510-2141 Capacitor 1000uf, 50v 1
3 83-1520-8267 Resistor 200, 50w 1
4 83-9630-0021 Terminal Stud 2
5 83-9350-0783 5/8" Threaded Spacer 2
6 83-9261-4035 6-32 Flat Washer 2
7 83-9261-4305 6-32 Lock Washer 2
8 83-9260-2005 6-32 Nut 2
9 83-9260-4515 4-40 x 3/8" Screw 2

10 83-9261-4002 4-40 Flat Washer 2

11 83-9261-4303 4-40 Lock Washer 2

IT, Remove All Power from machine

ITI. Disconnect J-12 leading to Capstan Start-Stop Assembly on rear of Transport
casting and physically remove assembly, placing same in suitable work area.

IV. 1Install .luf, 400v Capacitor (Item 1, Table I) in parallel with existing 1000
and 1K\ resistors. Refer to Figure 1 for location.

V. Install Terminal Studs (Item 4, Table I) in pre-drilled holes as indicated i
Figure 2, .

VI. Mount 1000uf, 50v capacitor (Item 2, Table I) to studs installed in Step V.

VII. Remove capacitor C-102 250uf, 50v from terminal board as indicated in Figure 1.

April 1972
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VIII.

IX.

XI,

XTI,

XIII,

Using 22 gauge wire connected capacitor mounted in step VI to points on
terminal board where capacitor removed in Step VII was connected.

Remove nut, flat washer & lock washer that secure R-101 to chassis and
install 5/8" threaded spacer (Item 5, Table I). Mount 200, 50w resistor
(Item 3, Table I) on threaded spacer & secure with hardware called out in
Table I, Items 9, 10 and 11.

Disconnect wire from P-12-2 that connects to K-101 side of R-101 and connect
it to K-101 end of resistor added in Step IX.

Run 22 gauge jumper from left end of 200, 50w added resistor to K-101 end
of 500, 50w resistor.

Change Capstan Start-Stop Assembly schematic diagram on logic board diagram
in Instruction per Figure 3.

Reinstall Capstan Start-Stop Assembly, Apply Power and check transport for
correct operation,

April 1972
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FIGURE 1

To be Removed

.luf 400 Capacitor R101 509, 50W
Connection Points
on Terminal Board

Install Terminal
Studs in these holes.
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M-56 MODIFICATION TO PROVIDE A"B" LOCK SWITCIH

In recent months the M-56 Professional Recorder has had in-
corporated in it, circuitry to provide an automatic A-B command.
This function transfers the recorders output to, the "A" or input
monitor whenever a track is recording. At the termination of the
recording the output is transferred to "B" or recorder output.

This modification eliminates the A-B push-button on the remote
boxes. Added are two toggle type switches. One switch is a three
(3) position switch similar to the switches found on the meter
panel.  This replaces the push-buttons, and in normal use becomes
the A-B master command from the remote box. The other is a two (2)
position switch which becomes A "B-Lock". In the "OFF" position
all functions remain as prior to modification.

if the user desires to record and monitor the recorder output, he
positions the "B-Lock" switch to ON or B-Lock. The recorders A-B
relays are now locked in the "B" position. Auto transfer to "A"
upon record activation will not occur. The master A-B or individual
A-B commands will not be accepted. If it is desirous to have some
tracks accept their individual A-B commands or auto A-B commands,

the A-B switch on their respective #6 boards (line amp) may be pOSltlone
to off.

The following are the modifications to accomplish this:
1. Remove the two push-button switches from the panel. Do
not remove their wires until the new switches are installed

and ready to have the wires transferred to the new switches.

2. Install the two toggle switches and new decal plate if available.
The 3 position switch goes above the two position switch.

3. Wire the switches as shown. \

—

@ T
B | i

[ e |50
P3L——-:M = P3 CR

WAL A

56017BI00 Remote Control
S6 — 3 position DPDT C & K #7205 83-1550~5573
£7 - SpDT C & #7101 83-1550-5237



MODIFICATION 1O ASSURE RIECORD RELAY DROPOUL

When using the M-56 Remote Box, rapid movement of the ready-safe
sync switch from record to sync may not allow the record relay

to dropout before the 5v-sync command is applied. This modification
will cause ample reduction of voltage to the record relay thus
assuring dropout of all relays when the +5V sync command is present.

2

KO\O 2 )o

o¢ ¢ O

\

Q \

9 < 2
t g | ——
MASTER RECORD
RELWANY
WAS IS

56059B100 - Electronic Module

Diode In4004 83-1530-0151
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HOW TO CONVERT A M-56 FROM +4 DBM OUTPUT

70 +8 DBM OUTPUT

‘Change the meter calibrate resistors located on the

meter panel assembly from 3.6K to 8.2K (83-1520-7369).
In the signal electronics module, locate the reproduce
preamp connectors (7/9 Bds.). The 5.1K resistors that
are connected to pins 11 and 15 must be removed (ref.
56059A100 resistors R-F).

Using an alignment tape readjust the gain pot on the
reproduce preamp to read "zero VU" when the reference
tone is played. Be certain that the output is properly
terminated with 600 OHMS. -~ The output as measured with
an external VTVM should now be +8 DBM.

Apply +8 DBM at 1 KC to the recorder input. IEnter the
record mode and adjust the Record Gain Control for "zero
VU" output on the "VU Meter". Note: Be certain that the
"B" output lights are on.

Maintaining the +8 DBM into the recorder readjust the
record monitor pots (bottom pot on i4 Bds.) for zero
VU. Note: Be certain the "A Monitor" lamps are on.



M=56 SYNC RIESPONSE

The M-56 does not provide separate adjustable equalization
in the overdub playback mode. Consequently, 15 Kc could’ﬁw

below an acceptable minimun level (usually -3db).

A modification may be made to the reproduce preamp (23059B090)
to provide a fixed boost at 15 Kc of approximately 3db.
The modification consists of adding a .0082 UFD capac.tor

(83-1510-6017) in parallel with R16 (4.7K).



MODIFICATION ‘'O REDUCE POPS, CLICKS & THUMPS

(When entering or leaving the record mode using
the lever switches on the M-56 Remote Box)

The normal operation of the M-56 Professional Recorder is as follows:

3.

pPre-select the tracks to be recorded on by positioning their
respective lever switches to the ready position.

To start the recording, depress the record and play push-buttons
simultaneously.

To terminate the recording the stop button is depressed.

Recently, some users of the M-56 have tried to initiate and terminate the
recording bhy:

r.

2.

3.

Depressing the record-play buttons simultaneously. This pre-sets
the machine into the "record" mode.

Actual recording is then activated by moving the desired lever
switches into the ready position.

Termination of the recording is then accomplished by moving the
lever switch back to the "safe" position.

It is possible that when using this method pops, clicks or thumps may be put
onto the tape at the beginning or end of the recording.

To reduce these problems to a minimum the following modifications are presented:

l’

Modify the bias and erase boards as shown on the attached schematic.

a. Add five idodes - IN270, 83-1530-0263.

b. Change C2's total value to 200 to 250 UFD.
Note: This is generally accomplishéd by adding another 100 UFD
(83-1510-6161) in parallel with the existing C2. However, if
a 200 or 250 UFD capacitor of appropriate size is available C2
may be replaced with it.

Add a 2.7K % watt resistor (83-1520-7361) to each record relay as
shown in figure 1.

2.7K
8 AN e
12 0-—————4 &____J 8 J (
12 4

4

ke

i

o

WA 1

Figurc ¥ 560593100 Electronic Module



perform the following alignments Lo assure optimum perform-

ance.

a.

b.

e.

(e

g.

Connect a scope and vtvm to the erase test point
of track one.

Adjust the coupling capacitor (adjacent to the test
point) for maximum output as observed on the scope or vivm.

Adjust R3 on the bais and erase amp for .5vrms (50 ma).
Note: machine must have a 3M type erase head.

Fine tune the coupling capacitor for the most symmetrical
wave form as observed on the scope.

Repeat A-D for all tracks.

Check to assure that.the machine erases properly by
recording a 1KC tone at 3% on all tracks. Rewind the

tape, remove the input and record again over the same
length of tape while monitoring the tape output. If

the tone is not completely erased, R3 on the bias and erase
board may have to be advanced slightly.

Degauss the heads and adjust the noise balance pot on
the #1 boards for minimum grotzel.

Using a non-metalic adjustment tool, adjust the bias traps
on the #1 boards for minimum bias as seen with ¢ scope at
TPl on the #4 board.

Note: fine tuning of this trap may reduce small snicks
produced when leaving the record mode from the lever switch;

 therefore, it is recommended that a high gain monitor system

is employed whilé making this adjustment.
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MODLILCATION 10 REDUCE ‘Ll POWER SUPPLY BUZZ 1IN

THEI "A" MONITOR MODL

The M-56 Professional Recorder may exhibit a slight buzz in the
"A" mode when used with a high gain monitoring system. Although’
not affecting the recorder's performance it may be an annoyance
to some users. This modification will reduce this buzz to an
inaudible level.

R21 e R21
AN @ [l’ . AVAVS r
338 hd 330

) 200¢
i WAV
{ wes nos ;o
7270k {8k R24  SR26
270K 6 8K
/J N +lSé5
Q7 07
WAS IS
23059B040 RECORD AMP BOARD
Resistor 2000 % watt 83-1520~7346

Capacitor 15UFD/35V 83-1510-6209



