DESIGN OF TRANSCRIPTION TURNTABLES

By E W MORTIMER
Gwrard Engineering Limited

THE term transcrption as applied to gramophone

turntables describes thoso of the highest possible
quality and rebiabdity, Turntables in this class are used
for professional purposes, such as in rado, television
and recording studios, schools, ship installations and
by audio enthusiasts who require the very best.

The quality s primarily assessed by the degreo of
wow and flutter (Nuctuations in speed), and rumble
(enwanted background noise), generated by the turn-
table whilst playing a record. Accuracy of speed
regulation and its stability, limitation of external mag-
netic fiold from the electric motor and the suppression
of electrical interference such as can occur when

breaking the switch contacts, are also some of »QQ

additional factors in assessing performance. N\
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A transcription turntable must have perfoieidnce
figures of befter than 01 per cent S wow
004 per cont RMS flutter and - 4008 1
fcm/sec at ThHz for rumble. This represonts a veey
high standard, which is at least twice as good asfhat
acceptable for the popular type of record pln(qc unit.

There cannot be such a thing as a perfect tumublo'\\

for . spindles do not rotate without some
degree of friction, however small. This in turn pro-
duces hoat and noise. Whereas in such an application
8% a turntable spindle bearing, the bearing temperature
rise is almost unmeasurable, any noise generated can
be ampliified and reproduced as ru during the
playing of a record. friction can aiso vary and
couso wow ond flutter in the reproduced sound.
Recogrising the fact that wow, flutter and rumble must
always be prosent to some degroe, the major problem
both in the design and manufacture of a transcription
turntable is to keep them to the peactical minimum,

When considering the design of a transcription
turntable, even assuming that the pedformance ree
quired can be attained, the objective is 10 make sure
that the performance will bo maintained throughout
long periods of continuous use, possibly running into
yoars. The turntable must also be able 1o withstand
the rigours of transport and, for export requirements,
use in conditions of high temperature and humidity.

Fortunately cost is not an overriding factor when
designing a turntable of this calibre, the attalnment
and maintenance of a high performance being the
principal criterion.

To meet the conditions required the complete tum-
table assembly must be mechanically robust, whilst at

JWOW, o
atve 107 " pnetic pickup which may be used in conjunction with &

the same time manufactured to a high standard of
precision engineering. The Garrard 401 tran-
scription turntable (figure 1) is considered to be one
of the best examples in this class and some of the
problems in its des:ign and manufacture will now be
described.

One of the most important items in a transcription
turntable is the actual turntable on which the record s
placed, and although the majority of commercial record
playing units use a turntable pressed from shoet steel,
thig gmod of construction Is insufficiently accurate

transcription purposes  Additional weight is also

a4 adv ' in improving stability and constancy of
spoed. this reason, the turntable of the Garrard
Modo! 401 is an aluminium gravity casting weighing
«onimately Blb after machining. Aluminium was
5&: for thie purpose because of its non-magnetic
0% ¢ will not interfere with any sensitive mag-

In 2ad6tian, aluminium is a stable metal and it is readily
machinable, and the gravity casting process which is
amployed in the production of the initial blank preduces

Ja casting which is almost free from porosity or blow

holes. The ultimate turntable is, therefore, a reasonably
homogenoous mass requiring a minimum of attention
in ocder to achieve near perfect balance, providing that
the machining operations are carefully controlled.

Much thought has been given 1o the planning of the
various machining operations of the Model turn-
table, in order to maintain perfect accuracy and
performance.

The casting is held in a chuck on its outer diameter,
and the inside surface including the inside rim, is rough
turned. At the same time a hole is bored in the hud,
and a brass bush is pressed into this hole. The casting
i then reversed in the chuck and held on the rough
turned inside rim whils the largest duameter and t
top surface are machined. During this operation a
small raised rim is loft at the periphery. This rim will
provide a location for the rubber mat on which the
record is ploced and in this way the true running of the
rubber mat is assured, and a good appearance main.
tained. The tumntable is thon again reversed In the
chuck and is held on the turned outside diameter while
the inside rim, which constitutes the driving surface,
Is carefully machined, and in the same operation, the
taper hole is accurately bored in the centre brass bush.
The taper of the bore has an included of 4 degrees
which must correspond ¢ withthe ed section
of the spiadie on which @ will fit, for the shghtest mis-
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matching of the two tapers will cause arock in the
tqrn!ab(' CU"”'J rynning., with a con .)\\lnl\)‘.‘r'. incrosse
in rumble and possidly wow

Al this stage, the stroboscopic marings.ale made
on the periphery of the turntable, and herdejain, absa
lule accuracy is ossential, for the shghtest variabioh In
the spacing of the stroboscopic bars will presedt a
false improssion of unsteadiness. In order to achieve
this accuracy the bars are gear cut on a Sykes gear
shaper which not only ensures an absolute reqularity
of spacing, but also presents a wvery pleasant
nstrument-liko appearance when completed

As the Model 401 transcription turntable I8 used In
all parts of the world, it is necossary to provide strobo-
scopic markings for either fifty or sixty hertz power
supplies, and whereas for sixty hertz It is possible to
cut all three markings in one operation, for fifty hertz
two operations are nocessary, due 1o the number of
bars not having a common factor.

After the stroboscopic cutting operation, the outer
rim of the turntable is sprayed with a matt black enamel.
The top surfaces of the bars are then skimmed in a
lathe in order to expose the bright aluminium which,
against the dark matt background of the recesses, pro-
vides the roQuired contrast 10 obtain clear wvisual
siroboscopic Indication of the speed when the turn-
table rim is lluminated by the built-in neon lamp
Finally, the turntable is statically balanced by dnilling
recesses on the underside of the rim In appropriate
positions 10 correct any out-of-balance which may be
caused by variations in the density of the metal
casting.

n

To ensure stability, the whole turmable assembly
compdsing the electric motor, turniable spindle
hossing and ancilary componoents is assombled o
% Substantial base plate. This plate is an aluminium
diecasting woll ribbed o prevent distortion. The loca
tion for the turntable spindie housing is machined so
that the spindle, when assembled, is square with the
base plate. This makes sure that the turntable and top
fece of the base plate are paraliel, After final machin-
nQ the plate s stove enamelled an attractive shade of
dark grey and the chrome trims fitted

The performance of the whole unit mainly deoonds
upon the accuracy of the turntable spindle assembly
which, therefore, requires special attention. Thesoindle
i$ machined from a high grade of steel which Is then
hardenad, tompered, ground, lapped and auper.
finished, the turntable location being tapered to
correspond exactly with the bore in the turntable

As the spindle carries the whole weight of the turn-
table, a special thrust bearing was dosigned. The
bottom face of the spindle s lapped a'most 10 a mirror
finish and this runs upon an oll reaining sintered
bronze disc, whichis skghtly convex onthe underside 5o
thet it can move, ensuring that its flal, top fece makes
intimate contact with the lapped face on the bottom
of the spndle. The convex face of this sintered disc
rests upon a pad of plastic material in the base of the
housing 10 provide a certain amount of vertical resi-
kence which assists in reducing rumble (figure 2)

Thoe bearings in the turntable spindle housing are
also of oil retaining sintered bronze and are broached
10 size aftor being pressed into machined locations in
the housing. This accurately aligns and sizes the



bearings,
duct accosnible by removing o screw an top of the
Rowsing. This duct is necossary as the small tolerance
may not Allow suflicignt ol to seep through the top
bearing to lubsicate the Icwer one.

The four-pole inducton motor used for driving the
turntable is basically similers to that in on
Bgh quality record playing units, Byl hes the additon
of a relativsly hoawy cast wron casing 10 provide mag-
polic screening; the mass of the

teduce vibratior which is imherent in all 2.c. eloctic
@ot0rs. The motor assembly is isolated from the base
pinte Ly sin Wosion springs, the molor being held in
suspension between them. The spring anchored
in & Oadie stiached 10 the base plate. This provides
on ofective Vibrston bavrer between the motor and
the rest of the anit. This form of motor syspension is
vsod as It is not subject 10 deteriozation,

With & transcrigtion turntable of the class of the
Model 401, it must be possible to vary the nominal speed
of the turntable by a emall amount 50 that when re-
quired, the correct pitch may be obtainad when playing
records of musical instrumonts, and to enadle pro-
ov:;r:mn t0 be precisely timed In broadcasting
studios.

This speed control Is also used 10 correct any slight
varintion from the nomina! speed which may occur
through the unit bein
at the maximam of minimum limits of its range. AC

On the Model 401, provison is made to vary all three
of the turntable speeds by plus or minus J per cent.
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This i3 achieved by means of an eddy cunent brake - -

ying a load 1o tho motor shaft. Thoe speed of an ™
I on motor of the type used for saund repradusing
equipment is dependent upon a censtant load; i the
load varles 80 does the speed, Fortumhb\& lcad
when anving a gramophons turntable—especia
wsing modern lightaeight pichups—varas so Nt thad,
providng the inital speed s correct, the rosultl
varations can be ignored. To obtsin a controll
spoed variation two methods are in general use. Ore
i3 80 heop the speed of the mator constant and vary the

The method used on the Model 81 is 10 vary the
spoed of the motor by regulating the load applied to it
with an eddy curreat brake (figure 3).

Attachoed 10 the motor shaft is an eluminium desc
across which the polas of 2 permanent magnet can bea
traversed, The position of this nat can be varled
ocrons the radius of the disc by means of the speed
varlaton control knobd on the top of the baso plate.
Therae are several advantages with this systeen. The load
Is constant because no mechanical brate—and con-

B :
connected to 8 supply voltage . - |  Sintared bronze thrust pad

when, .\ 80 When the magnet is

Dwsign of Wansriplion tumiabies

i
Funye Y. Setian of carntable ap il bearlng sesmnlly

RS

tequent. triction=is involved, and the eddy current
"""3—'”'“' o the aluminium disc pasaing betwoen
the poies of the magnet occurs only when the disc is
refating 50 the motor will quichly start when switched
r of the disc its offect is
slght, its maximum effect beoing when it is fully over
the outar odpe.

A double-pole switch is used for tho power

to tha motor, and 10 avoid electrical interference whic
can be caused by the shght arc which occurs when
Sreshing the switch contacts, each R3S 3 SUPPres-
sor petwork connected across 2. Tho switch assembly
15 10Cated underneath the base plate, which serves as
A screen 10 praven! sectrical iMarterence from the
sattch (and 23 wwing) inducing hem when sensitive
magneltic pickups are wsed.

A high ietensty neon lamp is ftted to iBumunate the
stroboscopic marking on the rim of the turntable, the
beam of hght from the lene In the end of ™he Lamp boing
refiacted from under the base plate on 10 the turntable
by @ small angulier mirror,

Three basic spoeds are provided XM, 45 and 78 rev)
min. XM and €5 rov/min are the Ones in COMMON Uke
but for brosdcasting studios 78 rev/min is also coqou‘
for playing the oocasional 78 rev/min record. To
provent possible damage 1o the rubber Intermediate
wheel, which drives the turntabla from the motor, the
basic speed of the turntable can be changed only when
the motor awitch is in the “off” postion, this is
achieved by means of a mechanical iInterlock.

Oparating the “on"<"off" control 1o waitch off
23
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removes the intermediale drive whagl \hom contact vibraxusa. This fixture consists of 2 stel framework

with the motor pulley and Inside rim of the turmiable
and at the same tme applies a beake to the (xhubh.
Ratracting the rubber intermediate wheol ys-

load€d with bheavy concrote blocks suspended In a
teddio by four tension springs, the mounting board for

is woy _“the turntedle under test standing on the concrete

prevonts surface indentation when it f%ntationm\ blocks (figure 4).

while the brako 4 required 1o reduce free rotation
turnlabla which, without a brake, could, on Mrev, imin
be as much as twenty revolutions after saitching off.

The mat an the top {ace of the turatable is moulded
from electrically conducting rubber which heips 1o
neutralise the static electtical charge on o record while
i 1% lying on the mat. This doos nol permanently 1e-
maove the §talic as 1he record resumes 115 charge an
removad from tha mat, but in neutrahising the static it
doea prevent the attraction of dust patticles from
soneral foot saway wisle the racord (8 on the turntable
tor playing; it als0 faciitates claaning the record on the
twrniabile.

Camponent party for the Mode! 401 are processed
through the factory in much the same way as those for
other record playing units, but ar¢ subjected to 2
specially rigorous inspaction to make sure the closer
tolerances on this uri are maintained, The tolerances
batweon the various spindles and shafts are extramely
smakl =0 that after selectiva assambly the tumtable
must be run for at feact twenty-four hours before the
shalts are free enough for the unit to be tested. Each
compléto turmntable is visually inspected, then auraily
chaclad in a soundproof booth for mechanical noise.
Having successfully passod thesa praliminary chocks,
the turntable is then mounted on a special fiature
dosigned 1o isalata it from all sources of esternal

M

This procedurs is necassary a8 the rumble from the
turntabie 10 be measured is 50 small that a grester
amount could be tranemittad through the Noor dus 1o
passing traffic or by machines on the tactory floor some
distance away, without some form of isclation these
ﬁb'ai&nt could bo mistaten as being generated by the
tum Q.

Wow ang fiutler are assessed by measuring the
deviation in frequency of & JL00H2 s«goal reproduced
from a racord played on the turntabla undar tesl. A
repetitive rate of deviation nbove 20Mz is shown as
flutter, wheist below this figure it is shown as wow.

Viow and Nuttor are normally gven as RMS values
DUt S0Ma JUTRANLES A0W Quote DOAK VRIUES whith &e
haher: this point should be noted when malking
comparisons of published specifications.

Rumble is unwintad baciground noise reproduced
whila playing a record, and It normally occurs within
the rango of frequencies botween 20 and 200H: butis
only really significant up to 200Mz, To measure the
rumble content of & turntable & specia’ o6l record 13
played using a pichup and amplifier of known charac-
teristics. A teference frequency band on the recard is
played and the meters on the measauring instrumant are
set 20 & calibrated level, Filtors are then switched in to
cut out ofl frequencies above 200H:. A band of un-



recorded groove is then played. Tha voltaga output
from the pschup under thases conditions is then shawn
as rumble. For & high quality turntable such as the
Model 401 the frequency range is spiit into four bands,
20 to 50, 31 to S0, 91 to 180, and 141 1o 20002 this is
largedy to facilitate the identification of the source of
rumble should the figure shown be above the set imit
For example, 100 high a figure in the 20 10 50HZ2 band
would indicate that the motaor was most likaly 10 bé the
caune, the speed of the rotor being such as 10 produce
vibrations of 202 SH: This could be due to the rotor
Daing Oulside the limits for balance of the driv ng pulley
DaIng Owt of true, oc 1cose. A paad in the 91 10 1408,
band cowld indicate escessive hum fram the motor
being shoan up 2t 100Hz. The meters for measuring
the outout from the Tour bands can be sern on the
Instrument in figure 4

For quality control purposes the whole kequency
SPOCtrum Covning rumbla is plotted on a leval 1000 Ger
and 3 typical curee 1S sHhown in Higure 5

Other tests check that the time talen 10r the turntable
o roach tis nominal spood after saitching on Is within
Nmits: thot after running for ten minutes the speed i
Slabhe . that the peccentage of variaton above and
belom thae nominal s0eed & not Gacessive, also that the
current consumption of the motor is within limits over
the two ranges of 110130 and 220°230V. Finally the
whole assembiy s grren an insulation test Detween
snding s and frame

Dua 10 the close Dearing 10lerances the grade uf
lebncating oll used Is rathar critical. Too thick sn oM
in the turntable spindle dearing could stop e turm
lable, or at Dest increase the Ume taken for thaturntable
10 attain 115 spoad aner swiching on. In view of this »
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supply of the recommendad lubricating oll iz supplied
with each und. For accurate work, such as 18 needed for
(,"OQ’NV\'"-"WNQHQ i racOommended 1hat the Lurntable
be 6‘1('\-«1 on ‘l"’ Sowed 't‘l fun (Or a lﬂo“r ten
minyies 10 allow the motor and turntadlia Daarings 10
ottain their running freoness However, In most studios
the motor is hardly ever switched off. the turntable
besng 114 ] renning continuously ar d u5ed 4% reQuited

As tho motor in s casticon casing 1s relatively heavy
provision is méade o clamp @ rigidly in the cradle t0
prevent possible damage during transit Dy 18 move-
mert un W spring suspanisiung,  Thiv i Jduow Ly
means o tao screws, wiuch are roadily accessible
from the top of the unit aftar removel of the turntable
It is important that the clamping sCrems are relpased
when the unit is Instalied, or at any 1ima prior to playing
{ the motor has baen re-clamped for bransit

The reputabon of the Garrard Model 401 branscrip-
fion turntable is based not only wOON 18 Own Maris,
but aleo upon that of its prodecessoar the Madel N
which in principle and machanical design was similar,
The Model 301 was in production for over ten years and
many of the original units are stll \n yse in studsos
theoughout the world KNXe
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