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Preface

This book presents the basic information needed to repair record chang
crs. The evervday mechanical motions involved arc first explained one by
onc. Next, the levers, cams, gears, and other actions that produce these mo-
tions in rccord changers are taken up. By considering only one motion at
a time and learning the easy practical way to correct its troubles, the reader
gains confidence along with compctence.

For vears the serviceman has been faced with the problem of obtaining
basic record-changer information. The few service manuals that were avail-
able often did not tcach. As an analogy, they gave a map of a maze of
streets along which the serviceman could travel with little idea of where
to go or how to get there. Now at last the serviceman can be independent
of such information. Only rarcly will such service manuals be needed.

The book is intended for home study, for reference, and as a classroom
text in vocational and trade schools. The practical how-to-repair approach
allows the reader to apply his newly found knowledge to his own changers
and to others right from the start.

For men working in service organizations, whether as drivers, helpers, or
apprentices, the book offers an opportunity for rapid upgrading. The radio
and television serviceman will benefit by broadening his knowledge.

Manufacturers of record changers and combination radio or television
scts can usc the text for company-sponsored training courses, helping ambi-
tious cmployees to progress in a minimum time to take over test and trou-
bleshooting positions of greater responsibility.

Just as in radio and television servicing, a thorough knowledge of the
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vi Preface

basic fundamentals is very important for fixing record changers. Each manu-
facturer has a different arrangement of mechanical parts reflecting the taste
of the designer, much the same as cach house reflects the ideas of its archi-
tect. As a result, the varicty is almost endless, even though the changers
may have the same basic form of operation.

Knowing the basic fundamentals or motions makes it easy to figurc out
the operation of a particular record changer. The actions can then be iso-
lated and the faulty opcration spotted. This lcads to a quick and sure re-
pair that usually involves nothing more than adjusting a screw, bending a
lever, or cleaning some parts.

This how-to-fix knowledge is built up in a convenient, logical sequence.
The serviceman is first introduced to the clean, pleasant atmosphere of
servicing record changers both in the shop and in the home. The instruction
is entirely practical throughout, cven down to dctails of the tools and work-
bench required. With his cquipment rcady, the scrviceman can start get-
ting practical experience after studying only the first few chapters.

Replacing needles and pickup cartridges can be a big business, particu-
larly if given proper attention. Since these two parts are the causes of most
of the troubles in record changers, they are studied first. The reader is thus
ready to start making actual repairs by the time he has finished the first five
chapters.

Next comes a study of motors and motor drives. The three main chang-
ing actions—tripping the change cvcle, dropping the record, and cvcling
the pickup arm so the next record will play—are discussed scparately for
simplicity. The mechanisms discussed are those most likely to be encoun-
tered. Causes of trouble and practical how-to-fix details are provided while
the mcchanism is fresh in the reader’s mind.

Special, deluxe, and auxiliary features such as automatic shutoff. special
45-rpm changers and spindles, and various amplifier techniques are similarly
handled. A summarizing chapter then introduces simpler and faster meth-
ods of troubleshooting and checking the record changer.

Magnetic tape recorders, now becoming increasingly popular, offer addi-
tional repair business. A scparate chapter is devoted to these machines and
their problems. Since no changing mechanism is involved, magnetic record-
ers are even easier to repair than record changers.

Since new changer designs use the same basic motions, often in simpler
forms, this book prepares for the future as well. The basic knowledge com-
bined with experience will assure recognition in a field currently mastered
only by few.
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Handling Record-changer

Service Calls

Value of Record-changer Knowledge. In recent vears the use of record
changers, wire recorders, and tape recorders has become more and more
popular. Almost cvery home that has a radio or television set in it also
has a record changer. Sometimes the automatic record changer is included
as part of a combination radio. Sometimes it is a separate picee of equipnient
that is plugged into or used with a radio.

Record changers are uot as troublesome as radio or television scts, but so
many changers are now being used in homes and in industry that service-
men encounter them quite frequently. Unfortunately, however, many sery-
iccmen don’t know how to fix record changers. It is truly surprising how
many top-notch radio and television servicemen are actually turning down
record-changer repair jobs even though the modern changer is simple in
design and quite casy to fix.

"T'he serviceman is not totally at fanlt here because only a few trade schools
thoroughly cover the repairing of record changers. Besides, there has pre-
viously been no common source of basic information. Manufacturers™ in-
formation is available on individual models, and there arc books which
compile data on a number of individual models, but there has been no
sourcc which thoroughly discusses the common fundamentals involved.

It also scems that mechanics of gears and gadgets for some reason tends
to confusce the scrviceman. Although the serviceman encounters cach of
the mechanical clements of a changer in cvervday life and work, the
combining of all these in an automatic record changer scems to discourage
and cven scare him,



2 Repairing Record Changers

Confidence a Prime Requisite. One of thc most important features in
any type of service work is confidence. This can be gained only through
a thorough knowledge of the subject. When a serviceman recognizes the
basic actions involved, he has a familiar starting point for tackling any
record-changer problem. This is the basis of confidence.

Easy and Profitable Work. Record-changer servicing is a good source of
income. Therc arc servicemen who specialize in this ficld exclusively. Vir-
tually every record changer in usc requires a new ncedle. A proper approach
to the problem is almost certain to result in a sale. In addition, many of these
same record changers requirc a new pickup cartridge for proper results. This
adds to the income.

Therc is no servicing job quite as simple as changing a necdle or a car-
tridge. Record-changer servicing as a whole is relatively clean and physically
casy. Manufacturers use women in assembly and test, as shown in Fig. 1.
The work is just as casy for you once you know how.

Wire and Tape Recorders. I'hc cxistence of many wirc and tape recorders
adds to the service business. Although wire recorders are being manufac-
tured in smaller quantitics, tape recorders are becoming increasingly popu-
lar. Both of these recorders are discussed in a scparate section of the book.
Althougli the operation of tape and wire recorders differs considerably in
appearancc from that of the disc-type record changer, the mechanical
actions arc very much the same, though fewer.

Customer Relations. Ncedless to sav, good customer relations are im-
portant in any business. The impression which a serviceman leaves with
the customer can mean added profits and a mmch more pleasant job.

Customer relations are services extended to the customer which are not
of a technical naturc. The important point in all contacts with the enstomer
is to try to appreciate his point of view. The prime qualities expected are
courtesy, consideration, honesty, and valuc.

Respect for the Customer’s Property. Ilomc is a man’s castle. What may
be a picce of junk to one person may be a prize posscssion to another. This
point of view must be borne in mind in all transactions. Walking on the
sidewalk rather than on the grass, using the doorknob rather than the wood-
work when entering or lcaving, closing the door rather than slamming it
shut or lcaving it ajar, wiping the fect rather than tracking in dirt or mois-
ture—all arc simple but important considerations.

Your hat should be removed in front of women and in the house. Any
jacket or coat which is taken off should be neatly placed in a spot where it
will not cause concern. When work is donc in the home, newspapers or a
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cloth should be laid on the floor before placing the tools or the record
changer there. Tools should gencrally be retumed to the toolbox rather
than placed on the floor. They should not be placed on top of fumiture,
as this is almost a surc way of scratching it. Caution should be used so
that tools which arc tucked into the pocket will not accidentally scratch the
furniturc or the wall.

Fig. 1. Recard-changer repairing is light, cleon work generally requiring anly adjustment of o
screw or bending a piece of thin metal

Anothicr point to avoid is using furniturc as a basc when writing out
invoices or receipts. A wood finish is usually soft, and an impression may be
left in the surface. A magazine placed under the paper will solve this
problem.

Considerations for the Work Area. In most instances it will be found
that pictures, vascs, clocks, and other ornaments arc placed on the record
changer, radio, or television set. These should be moved to a spot where
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there is no possible danger of damage. Furniture which might get in the
way should also be moved before beginning work. Anvthing which is moved
at the beginning of the job should be returned to its original position.

Where record changers arc being repaired in the home, it may be a good
idca to request the use of a card table. The record changer may then be
placed on the card table, taking caution to first place a newspaper or other
means of protcction over the card table’s surface. 'T'he card table will provide
a convenient means of work.

Upon completing the job, any scraps, including newspapers, should be
cleancd up. If nccessary, a vacuum cleaner should be requested. If the
customer advises the serviceman not to bother because he or she will clean
up, this is perfectly acceptable, but the serviceman should first offer to do it.
If the serviceman becomes dirty from working, he should ask permission to
wash up in the kitchen. This will prevent any dirt or greasc from being
carried about the customer’s home or on to the next job.

Personal Attitude. A checrful disposition is a big asset in scrvicing. A
smilc gocs a long way. It helps to put both the serviceman and the customer
at casc.

The customer’s questions often are prompted by ignorance, and a word
of explanation is in order. llowever, it is never desirable to try to impress
the customcr, cither by the usc of technical terms or by boasting. T'he facts
should be stated simply. If the answer is unknown, this fact shonld be
acknowledged. If questions arc of a general nature, a general answer should
be given, indicating that specific examples do not always follow the general
case. If specific answers are not possible, it is permissible to give vour per-
sonal opinion, saving frankly that others may not fully agree with it.

Endorsement of Products. Caution must be used in evaluating a product
or in condemning it. An approach should be used which avoids a definite
opinion or answer. It is usually possible to say somcthing good about any
product. In general, it is not wise to say positively that anv onc product
is the best. Even if such a fecling is in order, it may get vou into trouble.
For example, to remark that product A is the best available may bring
repercussions if the customer talks to a ncighbor or friend who owns
product B—the owner of product B mav be a present or future cus-
tomer.

Customer Information of Considerable Valve. Conversation with the
customer regarding the nature of the trouble is very helpful and often cs-
sential. At the time of the customer’s request for service it is often possible
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to obtain much information which will be of later value. The type of trouble
involved, whether or not such trouble exists constantly or intermittently,
whether or not it occurs on all records and all sizes of records, and whether
or not the difficulty occurs only with the phonograph as opposcd to the
radio opcration—all will assist the scrviceman in making an intelligent
approach.

If the trouble occurs in the phonograph only and is concerned with poor
tonc or volume, it is quitc probable that the ncedle or the cartridge is at
fault. If the changer-operating difficulty occurs with only a few records,
it 1s possiblc that they have badly worn center holes, arc of nonstandard
dimensions, or lack a changing groove. Discussion of the problems with the
customer both before leaving the shop and after arriving at the home can
therefore be of considerable value to the serviceman.

Customer Operation of Record Changer. When making a call to service
an unfamiliar record player, it is often advisable to have the customer start
the opceration. This enables the serviceman to get his bearings and saves
cmbarrassment. Morcover, it is possible that the customer is operating the
record player in an improper manner, which will become apparent by his
actions.

Confident Appearance. At all times the serviceman should exhibit an
air of confidence. If a questionable point occurs, he may stall for time by
engaging the customer in conversation or by opcrating the record changer in
a mamner which will not damage the unit. This enables the serviceman to
view the situation and to think out the problem with which he is faced with-
out letting the customer become aware of the complications involved.

Personal Appearance. T'he scrviceian should be presentable at all times.
A ncat appearance breeds neat work, which is appreciated by both customers
and fcllow workers. Much cffort has been extended to raise the clectronic
serviceman to a professional status. To succeed, the serviceman must play
the part.

Summary. It is not intended that this short discussion give all the details
of conduct pertaining to service calls. The basic considerations have been
pointed out, including the more frequent problems confronted. The prime
principle is to be awarc of the customer and to give him 100 per cent con-
sideration. There is no substitutc for being observant and thoughtful.
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QUESTIONS
1. Are record players as troublesomec as radio or television sets?
2. What is one of the simplest of servicing jobs that will help virtually every
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record changer in use?

. Is the wire recorder more popular than the tape recorder?

. What considerations should you give to a customer’s property?
. Why should you be cautious in endorsing products?

. What personal traits should you emphasize?
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How a Record Changer Works

Mechanical Record Player. The micchanical phonograph was the forerun-
ncr of our modem record plavers and changers. In this unit everything was
accomplished mechanically from the spinning of the record to the repro-
duction of the sound.

When recording, the desired sounds were collected by means of a horn,
as in Fig. 1, and guided to a thin diaphragm, which was free to vibrate
when the sound waves rcached it. By usc of a lever a pointed stylus was
comnccted to the center of the diaphragm and thereby caused to vibrate.

DIAPHRAGM

STYLUS —_ —SETSCREW
MOTION
GROOVE
IN RECORD
RECORDING PLAYBACK

Fig. 1. Eorly method of recording ond reproducing sound. Graoves are cut in recording by a
stylus with o shorp cutting edge. Recards ore ployed bock with o needle, which hos a rounded
paint

The stvlus rested lightly upon a disc or record coated with wax on the
upper surface. This record was rotated on a turntable at a predetermined
speed while the needle was moved across the disc surface. Thus the stylus
cut a spiral groove in the wax coating. As the sounds caused vibration of

7



8 Repairing Record Changers

the stylus, the spiral groove became wavy. These waves were proportional
in both amplitude and frequency to the original sound waves.

To reproduce the recorded sounds, the process merely had to be reversed.
The turntable and record werc rotated at the original speed by means of
a spring motor. A rounded-cdge ncedle was allowed to follow the wavy
groove thus causing the diaphragm to vibrate. This vibration, in turn,
moved the surrounding air, producing sounds that were concentrated by a
megaphonc-like homn or sound box and then passed on to the listencr.

The soft wax-coated disc could not withstand very many plavings because
the friction of the ncedle as it followed the groove soon caused the record
waves to disappear. Conscquently, the original wax disc was used only as
a mold or pattcrn from which other records were made, of harder, longer-
lasting matcrials. The main disadvantages of the mechanical system, how-
cver, were the limitations in volume and sound fidelitv.

Modern Mechanical Record Player. The old phonographs are rarely in
usc today, and it is unlikely that you would be called upon to repair onc.
However, their exact counterparts, the portable phonographs, which arc
gencerally packaged in luggage-type cases, arc in widespread use in the home,
at beaches, vacation spots, or places where clectric current is not available.

Operating the Mechanical Record Player. The following procedure is
generally used in operating a mechanical, or portable, phonograph. The
crank is removed from its storage hole or clamp, and inserted in the crank
holc on the side of the casc. Before the machine can be wound, the brake
lever must be placed in the sror position so that its leather shoc is in con-
tact with the inside surface of the rim of the turntable. This stops the move-
ment of the turntable. The motor spring is then wound until the crank
stops. The spring should not be forced beyond this point because any fur-
ther strain is apt to break it or onc of its associated parts.

A needle must be placed in the chuck of the sound box and the thumb
screw tightened to hold it secure. After a record is placed on the tumtable,
the brake lever should be moved to the star position. This allows the motor
to rotate since the shoe no longer contacts the turmntable rim. In a few
seconds the motor will attain its proper speed. The sound-box hcad may
then be placed gently on the record so that the needle contacts the record
in the space between its outer edge and the fisst grooves. At this point the
starting groove engages with the needle and carrics it forward to the plaving
groovces.

Control of Turntable Speed. Mcchanical record plavers have a speed
scale and pointer. On onc side of the center line the speed-indicating scale
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is marked Fast, the other side is marked sLow. Under nommal conditions
the pointer is sct at the center line of the scale, which provides the correct
speed of the record.

In order to check the speed of the turntablc, a stroboscope disc can be used
and the speed pointer adjusted accordingly. The stroboscope disc will be
discusscd in detail later. An alterative is to adjust the speed to produce the
most pleasing sound.

When the record has been played, the brake lever should be moved to the
srop position. The sound box should then be removed from the record and
placed on its rest. In some machines an automatic device is used which
throws the brake to the srop position at the conclusion of the record.

In some of the old record players an clectric motor was substituted for
a spring motor. In this casc the stopping and starting of the motor was donc
with an clectric on-off switch. Automatic stop switches were somctimes
uscd, climinating the necessity of turning off the motor.

Electronic Record Players. The mcchanical phonograph has been out-
moded by the modem clectronic record player. About the only similarity
between the two devices lies in the physical character of the record. The
recording process utilizes a microphone which converts the desired sounds
into clectrical energy which then is amplified by vacuum tubes. Next, the
resulting signals are fed to a recording head which converts them into
mechanical vibrations. These vibrations, through the medium of a recording
stylus, producc the wavy groove on the surface of the rotating disc.

To reproduce the original sounds, the record is rotated again at its
original speed, and a needle following the wavy groove produces mechanical
vibrations, which are converted into clectrical encrgy by a pickup mechanism.
The resulting electrical energy may then be amplified by vacuum tubes to
any desired level, and finally reconverted to sound by a loudspeaker. A
volume control is provided in the andio amplifier to control the level of the
sound reproduced by the loudspeaker. In most cases the power required for
turning the record is supplicd by an electric motor. Since synchronous a-c
motors are used in these plavers, speed regulators are generally unnccessary.

Operation of Modern Record Players. Thc opcration of a modern record
player is quite simple. The motor must be turned on by means of a switch,
a record placed on the tumntable, and the pickup arm lifted from its rest
position and gently lowered into the playing grooves of the record. The
volume control of the record player, amplifier, or radio, depending on which
is uscd, will have to be regulated to give the desired amount of sound. At
the conclusion of the record, if there is no automatic stopping device, the
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motor must be turncd off. The pickup then should be removed from the
record and placed on its rest.

This same system is used when the radio and record player are combined
into one unit, called a radio-phonograph combination. Some of these record
players arc put into portable cascs and look very much like the mechanical
portable except that they arc all clectric, incorporating their own amplifiers
and speakers in the design. Others, table-model phonographs, are installed
in wooden cabinets. Whatever the case may be, the operation of all these
units is similar.

Wireless Record Players. Scvcral manufacturers designed their record
players so that they could be plaved through a radio with no connection
to it. This was accomplished by means of an oscillator that was built into
the record plaver. This oscillator sent out a signal capable of being picked
up by the tuning portion of a radio in the same manner as this tuning
portion picks up a signal broadcast by a radio station.

Wireless record plavers were used mostly when the record player was
placed at a distance from the radio. This idca was once very popular and
still is used sometimes, cven though a record player attached directly to
an amplificr is much better. Like radio signals, signals from the oscillator
are subject to man-made and atmospheric disturbances, and the quality of
tone through a direct hookup is much better.

The operation of wircless equipment is the same as previously described
except that the radio must be tuned to the proper dial setting to receive the
oscillator signal.

Avutomatic Record Changers. The desire to have continuous music for a
long period of time without constantly operating the record plaver resulted
in the devclopment of the automatic record changer. Once placed in opera-
tion, several records are played in succession, requiring no further attention
until the last one is finished. Sclection of the records and proper operation
of the pickup arm arc accomplished automatically.

Becausc of the popularity of these record changers many clectric portables,
many table-modcl phonographs, and almost all radio combinations use
them. The automatic changers operate in various wavs, but they all ac-
complish the same job regardless of the manner in which it is done.

Types of Records. Thc carly record changers were designed for use with
standard or 78rpm (revolutions per minute) records only. At that time
33Y4-tpm records were used solely for motion picture and transcription
purposes. Only recently did the 3314-rpm microgroove, or long-playing (LP),
record become available for domestic use. The 45-rpm record followed shortly
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thercafter. As a result record changers that are designed for 78 rpm only,
for 78 rpm and 3314 rpm, and for all three speeds are now in use. The single-
speed 45-rpm changer is also used cxtensively as a separate plug-in unit be-
causc of its significant diffcrences and low cost. Other spced combinations
arc used in small quantitics, also.

Operation of Record Changers. A general over-all procedure for the
opcration of record changers will follow. Because of the many different
methods usced by the various manufacturers to do the same job, detailed
procedures will be indicated in later chapters.

RECORD STABILIZER,

RECORD
SUPPORT

SPINOLE

PICKUP ARM

CONTROL KNOB
RUBBER NEEDLE PAD
PICKUP ARM REST POST,

PLUG
(TO AMPLIFIER)

Fig. 2. One style of automatic record changer, showing thase points which are important to
operation

Before an automatic changer is operated, the buttons, levers, and adjust-
ments should be studicd thoroughly. This saves damaging of records, needle,
pickup cartridge, or other parts of the mechanism. One general style of
record changer is shown in Fig. 2.

‘The usual record changer can be operated in cither the manual or auto-
matic method. When the control knob is tumed to aranvar, or M, the
machine will operatc as an ordinary clectric record plaver. The operating
procedure is then as previously described.

Avutomatic Record-changer Operation. When the control is moved to
AUTOMATIC, or A, the machine opcrates as an automatic record changer.
Assumc that an automatic record changer is being set up to play a stack of
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10-inch records. The record support, or supports, must be placed in the
10-inch position and the stack of records put in place over the spindle. Any
stabilizer arm or record weight should then be placed on the top of the
stack. If there are any levers that can be placed in a position marked
10, or if there are any buttons marked 10, they should be moved into posi-
tion. This will gencrally affect the record supports.

When plaving standard 78-rpm records, make certain that the cartridge
or ncedle is sct in the sraxparp or 78 position. This adjustment will be
located on the pickup arm, ncar the needle. The motor drive mechanism
should also be sct in the 78 position. This is located on the base of the
changer. The motor may then be started, and the lever or button marked
ReJECT opcrated. ‘Fhe mechanism now will start through its automatic cyele.

Some changers will turn themsclves off and move the pickup arm to its
rest position when the final record has been played. In this case, it is only
nceessary that the record supports be moved out of the way and the records
taken off the tumntable.

On record plavers which keep repeating the last record instead of stopping
automatically, the pickup arm should be lifted up from the surface of the
record when it starts replaving and then placed in its rest position. The
motor switch must then be shut off, the record supports moved out of the
way, and the stack of records removed from the turntable.

A similar procedure is followed for plaving a stack of 12-inch 78-rpm
records cxcept that the supports, levers, and buttons must be placed in the
12 position.

Likcewisc, other record speeds require adjustment of the pickup or of the
ncedle and drive mechanism to the 3314 or 45 position as required. The
LP or 3314-45 position of the pickup is used for both speeds since the same
ncedle is used for both. In somce cases the same pickup or needle position
may be used for all records owing to the use of a compromise needle. In
some cascs it is nceessary to insert a special plug-in spindle before playving
7-inch 45-rpm records.

If a changer is made for one speed and once record size, it is obviously
unnceessary to make the preliminary adjustments.

Removing Pickup from Record. Many rcecord changers are designed to be
childproof. Since not all are designed this way, it is necessary to use caution
in handling the pickup arm. When the pickup arm is removed from the
record, if it has gonc morc than one-third of the way across the record, the
REJECT button should first be pushed. Then the mechanism should be al-
lowed to swing the pickup arm up and off the record and back down again
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into the starting groove, before it is manually removed. Thus the whole
cvele has been completed and the pickup arm s free, with no danger of
initiating the change cvcle.

'The motor switch should never be turned off while the pickup arm is
still going through a part of the change cyvele.

T'en- and twelve-ineh records should never be placed on the record support
arms to be plaved at the same time unless it is definitely known that the
machine is an intermix record changer. An intermix record changer is de-
signed to play both 10- and 12-inch records intermixed in a stack. It can be
recognized by the absence of controls marked 10 and 12.

Use of Reject Control. 'T'hc purpose of the REjrct control is to actuate
cveling of the record changer. This causes the bottom record of the stack
to drop in position for playing, and then moves the pickup arm into the
starting groove of the record. If the rijrct button is pushed while a record
is being played, the pickup arm is automatically raised and moved out of the
way by the mechanism before the next record is dropped.

intermix Record Changer. In the case of the mtermix record changer
the previously deseribed precautions on sctting the record supports may be
neglected. Ten- and twelve-inch records may be stacked at random and
placed on the record supports.

Records. The purposc of a record is to store sounds. The record changer
and the associated amplifier and speaker equipment provide a mcans of
taking the recorded information from the record and converting it back into
audible sounds.

Recordings are generally made on both sides of a record. Where the record
contains popular songs or music, a diffcrent sclection is recorded on each
side of the record. With microgroove recordings one side of the record may
contain several musical selections. With these records the sequence in which
the music is played is gencrally of little conscquence.

With classical music or cven the semiclassical types such as operettas
the musical score is of rather long duration. Ilere it is not usually possible
to get the cntire sclection on a single side of a record. With the standard
78-rpm records it is then gencrally necessary to usc several records to present
the complete group or sequence of music. Such records arc assembled into
albums for sale. Albums consist of two to possiblyv cight records recorded on
both sides. Even with long-playving 33'4-rpm records it is somctimes neecs-
sary to usc two or more records for a classical sclection.

Records for Manual Operation. If the records are played manually, it
is convenient to start the musical sequence on one side of onc record and to



14 Repairing Record Changers

continue it on the other side so that the operator need only turn the record
over to continue the sequence. The third portion is contained on another
record and the fourth portion on its reverse side.

Records for Automatic Operation. In the usual record changer only one
side of the record is played. Upon completion, another record drops onto
the turntable and one side of it is played. As a result, it is necessary that the
first part of the musical sequence be placed on one record and the second
part on another record. The third part would likewise be placed on a third
record.

PART 6
_ PART 1
PART 5
PART § PART 2
PART 1 PART 4
S~ _— PART 6 PART 3
(A) START (B) FINISH

Fig. 3. The recarding sequence of o three-record olbum for use with on outomatic record
changer. When the first three ports hove been ployed, the stock must be turned over to play the
ather three ports

The initial arrangement of a three-record album is illustrated by Fig.
3A. For convenience it is desirable that the stack of records can be re-
moved intact and merely turned over on the record changer, as in Fig.
3B, to complete the playing of a long musical composition. This arrangcment
of records is said to be made for the drop-type record changer. Since virtually
all record changers and record albums currently being made are of this type,
it is generally not necessary to specify. On the other hand, it is possible that
a record dealer may overlook this fact and sell your customer an album of
older records made for manually operated phonographs. Ilere all you can do
is explain why record albums have been made two ways and suggest that
the customer try to exchange his album for the other type.

Functions Recorded on a Disc. In addition to the grooves which contain
the music, a record generally has other desirable features which are necessary
in the operation of a record changer.
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Except for a few very old 78-rpm rccords, practically all records have a
lcad-in groove at the outer edge of the record. This groove starts at the extreme
outer edge and leads in to the point where the reproduction portion begins,
This portion of the record is a band approximately 344 inch wide next to
the cdge of the record. It provides a convenient arca in which the operator
may sct the needle down on the record. By placing the needle down in this
arca, the operator is assured that the very first notes of the recorded portion
will be played. This portion is known as the starting groove.

The starting groove moves inwardly in a spiral manner much more rapidly
than do the recorded grooves of the reproduction portion. This limits the
time that the operator is required to wait before the record begins. Modern
records designed for use with automatic record changers require this start-
ing groove since, due to mechanical tolerances, the set-down or indexing
mcchanism does not drop the pickup arm at absolutely the same place each
time the record changer operates. The set-down point is bound to vary
slightly due to mechanical tolerances in the manufacturing process.

NEEDLE VIBRATORY MOTION
OF NEEDLE
RECORD e

===l |
%Jm .ﬂl q

= [I53]
LI ‘.,,Fr}!' ;‘ﬁlﬂ ?"! 1)
&1\\\\\\\\\\\ NO FA‘/!VT Louvo W HIGHER-FREQUENCY

Fig. 4. An enlarged view of a record and needle illustrates the nature of the sound track.
(A) Wiggles in groove contain the sound. (B) The number of wiggles determines the frequency,
and the amount of wiggle determines the volume

Recorded Sounds. The reproduction portion of a record occupies the
prime arca since this is the purpose of the disc. It contains a continuous
serics of grooves in the otherwise smooth disc. This is illustrated in Fig. 4.
With modern records the depth of the groove is held constant but it waves
from side to side as the pitch of the music changes. The number of times
it moves from side to side in cach sccond of time determines the frequency
or tonc of the reproduction. The rclative loudness is determined by the
amount of lateral variation of the groove. Actually a single tone is only held



16 Repairing Record Changers

for a very small portion of a sccond. In addition, scveral tones may be
superimposed on one another since they can occur simultancously. As a
result, the variations from side to side are constantly changing.

The recorded portion of the record varics in width from about 1 inch to
3% inches on the commercially available records. The amount of space
allotted to reproduction is dependent upon the size of the record, the width
of the groove, and the desired quality of the sound. The term playing
grooves will be used to designate this arca.

Finishing Groove. At the end of the reproduction portion is a finishing
groove. Since the plaving of the record started at the outer cdge, this
finishing groove is on the inside. This groove has a fast-leading spiral in
much the same manner as the starting groove. With the manual record used
i carlicr times, this groove led rapidly inward for about % ¢ to % inch and
then stopped in a continuous circle so that the needle staved in the same
groove until the pickup arm was lifted from the record.

The present-day record also makes use of the finishing groove. In this
casc, however, not only docs the groove lead in at a rapid speed, but when it
rcaches its maximum excursion (smallest diameter), it then moves outward
to the start of the finishing groove. A groove with a continuous spiral in and
out results. This finishing groove is used in conjunction with the pickup
arm to opcerate the mechanism which causes the record changer to trip and
changce records.

Characteristics of the Grooves. Ilarly rccords had grooves that varied
up and down. As the pitch at any instant changed, the groove changed in
depth. As a result of the appearance of this np and down cut in the record,
the groove was often called a hill and dale tvpe of recording. Because of com-
mercial disadvantages of this vertical type of groove the lateral or sideways
variation came into being and is now used predominantly. The vertical cut
is today uscd in some professional recording equipment, chiefly for recorded
radio programs. Commercial recordings all utilize the lateral tyvpe of groove.

"The number of grooves per inch varies depending upon the type of record
and the playving time for the sclection. In order to standardize on records, the
arca used for the reproduction portion has been defined. For flexibility
there may be more than one standard for a record size. Seven-inch 45-rpm
records, for example, are made in two wavs: one with about 74 inch recorded
portion and the other (extended play) about 134, inches.

Within the limits of any onc standard size, a relatively long reproduction
reqquires a large number of grooves, whercas a short recording requires a
rclatively small number of grooves. The needle radius and thercfore the
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shape of the groove is determined by industry-wide standards. Also the
relative loudness of the record is determined by the amplitude or amount
of lateral variation in the groove. Since the maximum number of grooves
in a given spacc is determined by the width of the groove and the lateral
variation, a limit is sct as to the maximum number of grooves which can
be recorded.

The number of grooves used per inch is known as the pitch. For the stand-
ard 78-tpm rccord the cutting pitch varics from approximatcly 88 grooves
per inch to 112 grooves per inch. In order to present more playing time in
a given recorded arca, recordings are made at slower speeds and with smaller
groove sizes. 'I'hese are often known as the long-playing or microgroove type
of record. The 45-rpm record is made only in the 7-inch size and has from
about 120 to 275 grooves per inch. The 33%-rpm records usc from about
120 to 300 grooves per inch. It is interesting to note that at least one record-
ing group uscs a variable number of grooves so that where the volume is
low a greater number of grooves per inch are used. When the recorded
volume and thercfore the amplitude of the lateral cut inercases, the number
of grooves is decrcased. This allows a greater over-all number of grooves to
be cut in the reproduction portion of the record.

Characteristics of Recorded Sounds. I'hc sounds that can be heard and
that arc normally recorded can range from a low of around 30 cycles to a
high of around 15,000 cycles. Only a few special high-fidelity records cover
this entire range, however.

Because of the characteristics of the human ear, not all sound frequencics
arc of cqual cffcet. 1caring varics from individual to individual, and many
older people cannot even hear frequencies above 10,000 cycles. Furthermore,
there arc technical factors that actually make it desirable to usc a limited
frequency range on the average commercial record and in record-playing
equipment. One important factor is the inhcrent noise produced by the
ncedle traversing the surface of the record. This noise occurs at audible
frequencies above 10,000 cycles per second. Another is the high cost of
loudspcakers that are capable of reproducing extremely low and extremely
high frequencics.

Taking into consideration the human limitations, the drawbacks of sur-
facc noisc, the limitations of the loudspeaking deviee, and the cost of con-
structing cquipment capable of reproducing the upper and lower frequency
extremcs, it is common practice to restrict the range of reproduction.

Various recording standards have been devised, and record manufacturers
use scveral of these. Basically, two characteristics arc available for usc in
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recording; constant amplitude and constant velocity. These are shown in
Fig. 5. With a constant input, constant-amplitude recording gives an cqual
lateral excursion for all frequencies. Constant-velocity recording moves the
stylus the same lineal distance for all frequencies. This gives a lateral ampli-
tude which changes with the frequency; the higher the frequency, the
smaller the amplitude.
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Fig. 5. lllustration of recording characteristics. Comparisan of A and B shows difference in
appearance when plotted for relative amplitude and relative velacity

To have constant amplitude, the needle must travel further at high
frequencies than at low frequencies. This requires additional power at the
higher frequencies. Constant velocity, on the other hand, limits the number
of grooves per inch becausc the lateral amplitude is large for the low fre-
quencies.

In general, records are made with constant-amplitude recording for the
low frequencics. At some frequency, called the crossover point, this is
changed to constant velocity.

Noise is a high-frequency phenomenon. Since it is desirable to keep it to
a minimum in relation to the wanted high-frequency audio, the latter is
increased in level when recording. Then when the record is plaved back, the
high frequencies can be reduced in level and the noisc will be subdued. This
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increase in level is usually something between constant amplitude and con-
stant velocity.

The various standards are designed so that it is relatively easy to compen-
satc for such variations by mcans of special tonc controls. The stan-
dards diffcr in the amount of such compensation. In Fig. 6 the record-
ing characteristic used by RCA for Victor records is compared to the char-
acteristic used by the Columbia Broadcasting System for their Columbia
records.
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Fig. 6. Recording chorocteristics of Victor ond Columbic discs

To understand thesc curves, it is necessary to define the scales used. Loud-
ness or signal level is described by the term decibel which is the ratio of
one level to another. The abbreviation db is usually used for decibel. In
amplifiers it is customary to work with cither power levels or voltage levels.
A ratio of onc is used as reference and is equal to zero db.

A voltage ratio of two to one is equal to 6 db. A voltage ratio of ten to onc
is cqual to 20 db. Other valucs are indicated in Table 1. Decibels of power
ratios arc similarly indicated. The other scale of the curves is in frequency.
ITowever, it is customary to spcak of decibels change per octave, so it is
nceessary to define an octave. An octave is a frequency ratio of two to one.
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It will be noted that the Victor records have a high-frequency rise of ap-
proximatcly 4 db per octave above about 1,000 cyeles per sccond (cps). The
Columbia records have a rising compensation of about 5 db per octave over
this range. Both characteristics tend to level off somewhat in the neighbor-
hood of 600 to 1,000 cvcles per second. Below this the Victor characteristics
drop off at about 6 db per octave, while the Columbia records drop off at
about 5 db per octave.

Toble 1. Power and Voltage Ratios Expressed in Db

Power Ratio P,/P; Valtage Rotio E,/E; Decibels (db)
1 1 0
1.26 1.12 1
1.58 1.26 2
1.99 (roughly 2) 1.41 3
2.51 1.58 4
3.16 1.78 5
3.98 (roughly 4) 1.99 (roughly 2) ]
5.01 2.24 7
6.31 2.51 8
7.94 2.82 9

10.00 3.16 10
12.6 3.55 1M
15.8 3.98 12
19.9 4.47 13
251 5.01 14
31.6 5.62 15
39.8 6.31 16
50.1 7.08 17
63.1 7.94 18
79.4 8.91 19
100.0 10.00 20

Restoration of the audio response to its original form is done in the
amplifier. This is called compensation and is provided in the form of bass
or treble boost. Where the amplifier is a standard unit, a preamplifier is
often used to compensate for the cartridge and record characteristics. Some
expensive amplifiers have a switch which allows sclection of the compensa-
tion so as to match the particular record being plaved. Most amplifiers,
however, have only a single compensation circuit which is a compromise
between that required for the various recording standards. Most listeners
will not be able to discern the difference. However, if the listener is a high-
fidclity enthusiast or complains of the difference between different make
records, this knowledge becomes of importance.

Needle Pressure and Shape. Tlic information which is recorded in a
disc is picked up by means of a needle which rides in the groove. The manner
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in which the needlc fits into the groove is important since if it fits incor-
rectly or exerts too much pressure, it will cause unduce wear citlier to the
record or to the ncedle. On the other hand, insufficient pressure will result
in weak volume and possibly a tendency for the needle to skip grooves or
slide across the record.

The pressure of the standard 78-rpm ncedle should gencrally be between
% and 1% ounccs. ‘The pressure of the needle for microgroove recordings
should be between 5 and 7 grams.

The pressure which the needle exerts is duc primarily to the weight of the
pickup-arm assembly. As a result, it is necessary to balance this in a rather
dclicatc manner. Although the ncedle pressure in itsclf is not very great,
the force per square inch of needle surface is rather tremendous because it
makes contact with the record at only two points. The included angle of
the needle is approximately 45 degrees. The needle rides in a groove which
las an included angle of almost 87 degrecs.

Pickup, Amplifier, and Speaker. 'I'lic nccedle serves as a mcans of trans
mitting the groove variations to the pickup. The pickup is an electro-
mcchanical cartridge which converts the mechanical variations to clectrical
variations. An cxact transfer is desired in order to faithfully reproduce the
rccorded portion, but this is not always possible and variations may exist.

The clectrical variations produced by the cartridge arc an audio signal of
very low intensity and cannot drive a loudspeaker. An amplificr is thercefore
required to build up the strength of the audio signal. The loudspeaker is
another clectro-mechanical device used to convert clectrical energy to me
chanical energy. The mechanical motion of the loudspeaker conc pushes
the air so as to producc audible sound.

In the process of recording it is not possible to handle the full range of
volume actually uscd by a large orchestra. At very low volume, noises from
the record surface and within the amplifier may mask the desired sound. 1f
the maximum volume is recorded, the spacing between record grooves must
be large or the grooves will break through to cach other. For these rcasons
the recording is restricted or compressed at the two extremes of volume.
Quality amplificrs, as used in listening to operatic recordings, somctimes
include an expander circuit to restore the volume range to the original rla-
tionship.
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How do you operate a mechanical record player?
How do you opcrate an automatic record changer?

. What is the proper way to remove a pickup arm from the record?
. Name two types of record albums.

What determines the tone of a rccord?
What determincs the loudness of a record?

. Name the functions of various areas of a rccord.

. Do modern records have grooves that vary sideways or up and down?

. What is the pitch of a record?

. How high and how low do records go in frequency?

. What is the crossover point?

. In what manner do the recording characteristics of the various record man-

ufacturers vary?

. Why is it important that the needlc properly fit the record groove?
. How is the output of the pickup cartridge converted to sound?



Getting Acquainted with
Record-changer Actions

introduction. In order to provide continuous reproduction without in-
terrupting the listener, an automatic method of changing records is desired.
To accomplish this, methods must be used to carry out the motions that
a person would usc when changing records. When once record is completed,
the pickup arm must be removed from the record, another record must
be placed on the turntable, and the pickup arm must be sct down at the
beginning of the next record.

Turntable Rotation. Whcther the record plaver is of the manual tvpe
or of the automatic-changing type, it is nccessary to have a means of ro-
tating the turntablc. The turntable is driven by means of a motor and
some sort of drive mechanism, and turns in a clockwisc dircction.

The motor may be a spring-driven type necessitating manual windup,
or an clectrical tvpe. The spring-driven motor is common in older machines
and in incxpensive or portable manual players. Since the spring-driven
motor must be wound up frequently, it is not suitable for usc in the
automatic changer.

The drive mechanism between the motor and the tumtable may be onc
of scveral varictics. The most obvious mcthod of driving the turntable is
direct drive with a slow-spced motor. In this method the motor shaft is
connccted dircetly to the tumtable. Since the turntable has a large mass
(or weight), a powerful motor is required.

A more common mecthod is the rim-drive system. 1lere the motor has a
small wheel connected to its shaft. This wheel pushes against the rim of
the turntable as shown in IYig. 1. When the motor and drive wheel turn,
the turntable is causcd to rotate. This also gives speed reduction, permitting

usc of smaller and less expensive high-speed motors.
23
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Othier methods are variations of this, using gears or belt drive instead of
friction or dircct coupling. For example, a rim-drive machinc may opcrate
by connccting the motor shaft and the turntable drive wheel with a small
Dbelt, as shown in Iig. 2.

Opecration of the motor is controlled by mcans of a switch. If the motor
is clectrical, an on-off switch is used to complete or interrupt the circuit. If
the motor is spring-driven, it can be stopped by means of a heavily loaded
friction unit holding the turntable from rotating, in much the same man-
ner as a person might stop it by holding his hand against it. Wherc a con-
stant-speed arrangement is not used, a speed adjustment is usually provided.

MOTOR SHAFT.
BELT

TURNTABLE
\ SPINDLE \.(1 ORIVE WHEEL ~

/

TURNTABLE RiM

MOTOR
SHAFT DRIVE WHEEL /
MOTOR TURNTABLE RiM
Fig. 1. Rim-drive principle of rotating the turntable Fig. 2. Belt cannection between

wheels in the turntoble drive mech-
anism

Initial Record-changing Cycle. When a stack of rccords is put on a
rccord changer and the machine is started, mechanical action must cause
the pickup arm to swing clear of the turntable prior to dropping the first
rccord. ‘The pickup arm then must be caused to set down at the beginning
of the record.

Normal Changing Cycle. Upon completion of a record the changing
mcchanism must be actuated so as to start operation. This action is called
trip. The remainder of the evele must then be carried out as usual with the
pickup arm lifting and moving to the side, the next record dropping, and
the pickup arm then indexing itsclf at the beginning of the record. The
turntable kecps rotating during all of this so the cvcle docs not affect it.
In fact, usually the rotation of the turntable is an intcgral part of the change
cvele.

Various methods arc used by the many record-changer manufacturers to
accomplish the actions described above. This also applics to rejeet action,
automatic shutoff, and other featurcs of modern record changers.

Basic Mechanical Movements. The various actions of a record changer
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are nearly always mechanical in nature. A number of different types of
mechanical movements are utilized in conjunction with onc another to
obtain the results desired. Recognition of these movements and an under-
standing of how they work makes it possible to do repair work without the
continual need of manufacturer’s information.

‘I'he various mechanical movements can be broken down into a few
basic types. This is true not only of record changers, but of mechanics in
general. The movements uscd in record changers arc: the lever, link, wheel
and axle, gear, pulley, cam, clutch, ratchet, roller, spring, and screw. In
addition, the cffccts of friction and gravity will also be discussed.

In mechanics there are three basic desires: (1) translating motion from
one type to another, (2) changing dircction of motion, and (3) obtaining
a mechanical advantage. Although the first two are sclf-explanatory, it is
desirable to discuss the third, namecly, mechanical advantage.

Mechanical Advantage. Mcchanical advantage is a term applicd to the
act of making work casicr. For example, a crowbar provides an advantage
in removing a nail from a piece of wood. A lever is helpful in budging a
licavy object. A pulley is of advantage in raising or pulling a heavy object.
Mechanical advantage is the ratio of the weight of the object moved to the
force required to move it.

Lever. A lever is a long object which is useful in moving a desired picce.
An cxample is shown in Fig. 3. The point at which the lever pivots is
called the fulerum. In practice the fulerum may be located anywhere along
the length of the lever arm.

In Fig. 3A the fulcrum is located at the center. If we assume that the
lever is free to move, then a force exerted on the left-hand end in a down-
ward dircction will result in the right-hand end moving in an upward dircc-
tion. If the fulerum is in the exact center, the distance that the two ends
move will be the same. If a 50-pound weight is placed on the right extremity
and this end is resting on the ground, a force of over 50 pounds would be
required at the other end to make the lever arm move.

Suppose the fulcrum is moved a little further toward the right-hand
edge, as in Fig. 3B. The distance on the left-hand side of the fulcrum is
now larger than that on the right-hand side. As a result, the left-hand edgc
must now move a further distance to obtain the same movement of the
right-hand sidc as was obtained in the previous example. Expericnee has
shown that if the lever has any appreciable weight, the left-hand side will
swing down. This is due to the fact that the weight on the left side is
greater than that on the right. Extending this same principle, if a 50-pound
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weight were now placed on the right-hand side, it would take less effort
on the left-hand end to move it.

‘The amount of cffort needed to move one end of a lever is called the
moment. To figure the value of the moment, just multiply the force in
pounds by the distance in feet from the fulcrum to the point at which
the force is exerted.

RESULTING
FORCE RESULTING
FORCE orion rorce MOTION
RESULTING 1
MOTION 1‘ WEIGHT
FULCRUM T z \
{A) FULCRUM IN CENTER '(B) FULCRUM OFF CENTER (C} FULCRUM AT END

Fig. 3. A lever is ane of the simplest of mechanical actions

If the levers shown in the previous figure are to remain at cquilibrium
(or stand still), the moments must be cqual. Thus, in the first example
the force on the left-hand side times the distance from it to the center
must cqual the weight on the right-hand side times the distance from it
to the center. Since the fulerum in Fig. 3A is at the middle, the force must
cqual the weight.

Supposc that in Fig. 3B the distance on the left of the fulcrum is
3 fect and the distance on the right of the fulerum is 1 foot. If the
weight on the right-hand end is 150 pounds, the moment is 150 X 1.
The force required on the left end to obtain cquilibrium would then be
50 pounds since 50 X 3 =150 x 1.

The mechanical advantage of the lever is the weight divided by the
force. In the first example, then, the mechanical advantage is 50 <+ 50, or 1.
In the sccond cxample, the mechanical advantage is 150 — 50 = 3. The
mcchanical advantage may also be described by the distance which the
force moves divided by the distance which the weight moves.

In similar fashion, the fulcrum can be located at the end, as shown
in Fig. 3C. The same formulas for moment and mechanical advantage
apply. The only difference is that now both the force and the weight move
in the same dircction. To clarify this, consider a problem where the dis-
tance from the fulerum to the weight is 1 foot. If the weight is 150 pounds,
its moment is 150 X 1 = 150. The moment for the force end must also
be 150. For foree X 3 to cqual 150, the force must be 50 pounds.

Use of Lever. The lcver arm is uscd frequently in record changers. Once
usc is to lift the pickup arm during the changing cycle. Figure 4 shows the
manner in which it is done. 'The record arm is pivoted near the left end



Getting Acquainted with Record-changer Actions 27

and this point is considered the fulerum. A rod extends up through the
basc of the record changer a short distance from the pivot or fulcrum. A
small upward movement of this rod results in a rather large movement of
the arm at the end in which the pickup is located. This, then, is a usc of
the lever with the fulcrum at the end.

PICKUP ARM

1
t
1
it
1

LIFT RDD ~—_ ,_L

FORCE

Fig. 4. Example of use of a lever with the fulcrum near the end. A relatively small movement of
the lift rod will cause considerable movement at the right end where the pickup cartridge and
needle are located

A usc of the lever with the fulcrum at the center is shown in Fig. 5. In
this instance the lever or rocker arm, as it is called, is not a straight piecc
but is bent. In order that the record may fall to the turntable during the
changing cvcle, it is desirable to have the upper right-hand end of the
lever move a short distance to the left. Thus it pushes the rccord off the
shelf of the spindle. This movement is accomplished by exerting a down-
ward force at the left-hand end of the rocker arn, which causes the lever
to rotate slightly counterclockwise about the fulcrum.

Link. A link is uscd to conncet two lever arms and thus join or transmit
their motion. Suppose that two lever arms on opposite sides of a record
changer arc to have identical actions. For this, two levers of equal length,
with identical fulcrums, can be joined by a link, as shown in Fig. 6. If
the lower end of lever arm A is moved to the right, the upper end will move
to the left. Since the upper end is joined to the link and the link in turn
joined to lever arm B, the link and the upper portion of lever arm B will
also move to the left. The bottom of lever arm B will then move to the
right in cxactly the same manner as did the corresponding portion of lever
arm A. Thus, the link has transmitted cnergy from A to B.
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The link may be used with many other types of mechanical motion. It
is uscful in a two- or three-shelf changer. In these changers the records are
supported by shelves on the tops of cither two or three posts. In order that
the record may drop, the shelves are rotated so they slide out from under
the record. The motions of the shelves are tied together by means of one
or morc links as shown in Iig. 7.

Pivor -— PIVOT,
A i
RECORD SUPPORT | LINK Tl
SH
e RELATIVE “T
MOTION i JJ
~. l-}f/of,v TICAL FULCRUMS-
l 1'
DOWN
poxs 5"7’/{125 T AT ULEVEI? A LEVER su\
MAKES RECORD ASSEMBLY _— —
DROP FORCE MOTION

ROCKER ARM Fig. 6. Use of o link to connect

R
oLLER FULCRUM two levers. Movement of the bot-
tom of lever A to the right couses
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the rocker arm (lever) couses the ossembly to rotote
slightly counterclockwise around the fulcrum. This is
used for record dropping

Wheel and Axle. When a wheel and axle are rigidly fastened together,
onc rotates when the other rotates. This is another basic mechanical mo-
tion. Thus, a downward force F applicd to the left-hand cdge of the wheel
i Iig. 8A will cause an upward pull on the right-hand side of the axle.

If the distance through which the wheel moves is quite short, the wheel
and axle combination can be compared to a lever. Their mutual center is
the fulcrum. In Iig. 8B a lever has been superimposed on the wheel and
axle to better show the comparison between them. The portion of the lever
to the left of the fulcrum is equivalent to the radius R of the wheel, while
the portion to the right of the fulcrum is cquivalent to the radius r of the
axle.

The lever arm is normally moved through only a limited distance, whercas
the wheel and axle can be continuously rotated. For this reason the wheel
and axle can be used in many places where it is not possible to use the
lever.

Whecl and axle action as shown results in a change in direction. By ap-
plving the weight to the left-hand side of the axle, the directions of the



/ \SELECTOR GEAR SELECTOR LINK \

GEAR SEGMENT

_<—ORIVE GEAR

GEAR SEGMENT

SELECTOR GEAR

J
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(A) WHEEL AND AXLE (B) COMPARISON WITH LEVER

Fig. 8. The wheel and axle cambinatian has the fulcrum at their mutual centers. It can be cam-
pared ta the lever but has the advantage of camplete ratatian
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force and the weight will be the same. The mechanical advantage of the
system is once again determined by the distances from the force and
weight to the fulerum.

In many applications it is not nccessary to have a complete wheel as-
sembly because the movement is limited. For this reason, in order to save
material and weight, only a portion of the asscmbly is uscd. This may be
viewed in Fig. 9A. In Fig. 9B the wheel has gear tceth to assure a better
grip with its matc. The principles apply equally well to both the whecl
and the gear.
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Fig. 9. Examples of the wheel and oxle where only a portion of the wheel is required. Principle
applies equally to a wheel with either friction contact or gear teeth

Where the portion of the wheel is very small, the combination is fre-
quently termed a crank or crankshaft. Where the portion uscd is larger
in size, it is often termed a segment.

‘The most common use of segments in record changers is in the mecha-
nism which drops the records in a two-shelf or a thrce-shelf changer. One
cxample was shown in Fig. 7 where a link and a segment of a wheel and
axle are combined to actuate the record-dropping posts.

Gear. A gear asscmbly consists of two or more circular toothed wheels
which mesh with cach other. This is shown in Fig. 10. When gear 1
revolves in a clockwise dircction, it makes gear 2 revolve in a counterclock-
wise direction. The tecth assure that there will be no slipping between
the two. This is desired where the load on the gears is relatively large.

It is essential that the gear teeth be designed to fit together smoothly
so as to avoid strain and chatter.

If the tooth of onc gear docs not fit between the tecth of the other
properly, play will cxist; this mcans that if onc gear is held finmly, the
other can be moved back and forth a small amount. This play or movement
is termed backlash.



Getting Acquainted with Record-changer Actions 31

Frequently an assembly is made without the use of tecth. This might
perhaps be termed a wheel assembly, but it is the samc basic principle
as the gear. In order to assure that no slipping occurs, this wheel assembly
usually includes at lcast one rubber wheel so as to provide good friction.
Rubber-wlicel assemblics have the advantage of providing quict movement
since they do not transmit sounds as readily as the metal gears. For this
rcason most record changers have an idler wheel with a rubber tire.

In Fig. 10A two gears arc shown, the larger of radius R and the smaller of
radius r. When the larger wheel revolves through onc complcete revolution,
the smaller wheel will rotate considerably more than one revolution. This

(A} TOOTHED GEARS (B) ENLARGEMENT OF
GEAR MESH

Fig. 10. When geor 1 maves clackwise, geor 2 will move counterclockwise. A perfect mesh be-
tween the teeth is required to prevent ploy colled backlosh

gives a mechanical advantage, just as with the wheel and axle. The speed
of onc wheel multiplied by its radius is cqual to the speed of the other
multiplied by its radius. If the larger wheel has twice the radius of the
smaller whieel, one 1evolution of the large wheel will cause the small wheel
to make two revolutions. Lixpressed another way, if the larger wheel has
twice as many tecth as the small wheel, one revolution of the large wheel
will cause the small wheel to make two revolutions. The gear or wheel
which causcs the rotation (or applies the force) is called the drive gear
or drive wheel. The unit which reccives the force is the driven clement.

Idler Gears or Wheels. Any numbcr of gears or whecls can be assembled
to work together. Figure 11 shows an assembly of threc wheels. 1f the drive
wheel turns in a clockwise direction, the middle wheel will turn counter-
clockwisc. This in turn will cause the third wheel to move in a clockwise
dircction. Since the whcel which performs the final movement is called
the driven wheel or clement, the middle wheel which is used to transmit
the movement is termed the idler wheel.
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Fig. 11. An assembly of three wheels. The speed relations are the same as though the idler

wheel were not present, but both the drive wheel and driven wheel rotate in the same direction

Here, if the drive wheel and the driven wheel arce identical, they both
rotate an cqual number of times. The idler wheel merely acts like a belt
between them. Idler wheels are widely used in rim-drive record changers,
such as shown in Iig. 12.

The most common usc of the gear in record changers is in the eveling
or record-changing mechanism. The cyveling cam generally has an outer
toothed surface which meshes with tecth of a gear on the hub or shaft of
the turntable.

IDLER WHEEL TURNTABLE
\

Fig. 12. The use of a wheel assembly in a record changer. The motor shaft drives the idler
wheel, which in turn rotates the turntable. (General Industries photo)

Belt Drive. A belt or pulley drive consists of two whecls separated by a
distance but connccted by an endless belt which loops around them. This
is shown in Fig. 13A. The principle is very similar to that of the gear or
wheel assemblics. However. where the gear and wheel assemblics causc
a change in dircction of rotation. the belt drive results in both wheels turn-
ing in the same direction.

In most cascs, the belt drive consists of two rubber wheels looped by a
rubber belt resembling a rubber band. The rubber belt is made slightly
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smaller than the required size, and the stretch assures a good friction fit
between the belt and the whecls.

In some cases the same technique is used with an endless chain or spring
linking two gears. This is called a chain drive. ‘The mechanical advantage
and speed relationships for the belt and chain drives arc identical to thosc
for the gear and wheel assemblics. The uses for the belt and chain drive are
much the same as those for the gear and wheel assemblics. Use of a belt or
chain is convenient in some instances to provide linkage between the whecls
or gears where they are relatively widely separated. IFigure 13B shows a belt-
drive arrangement for propelling the turntable.
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(A} SIMPLE BELT DRIVE

{B) USE IN ROTATING TURNTABLE

Fig. 13. Use of belt drive to rotate a turntable. The motor shaft acts as an axle fastened to a
drive wheel, which in turn is connected to a small idler wheel by a belt. The small idler rotates
the large idler which in turn rotates the jurntable

Cam. A cam is dcfined as a rotating picce (as on a wheel) that is used
for imparting a desired peculiar movement to a roller moving against its
cedge or to a pin free to move in a groove on its face. This movement may
be more or less helter-skelter in several directions.

As an illustration of a peculiar movement desired in a record changer,
consider the lateral (horizontal) motion of the pickup arm. It is desired
that the pickup arm stay in a fixed lateral position while it lifts from the
rccord, so its needle won't scratch across the record grooves. Oncee the
pickup anm is free of the record, it must move laterally from the center of
the record outward beyond the edge so that it is free of the dropping rec-
ord. This arm must then move back just inside the edge of the record
and remain motionless laterally there while it is lowered onto the playing
surface. Motions such as this are produced by a cam.
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Figurc 14 illustratcs a cam which is used in a record changer. The cam
here serves to raise and lower the pickup arm. In Fig. 14A the pickup arm
is floating frce on the record because the lift rod is in the vall<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>