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SECONDARIES

By Secondary Clocks, we mean those clocks that operete froa s Baster
clock and are used to indicate the tine, Thelr movemeat usually counsists of
& nagnet, ratchet and pawl arrangement. They are made in meveral typea as
followa:

ROTOR SECOMDARY MOVEMENT
Style 561-8

The Silent secondary movement operates upon the same general principle
as our No. g61 secondary movement, [t is designed to operate secondaries
op to and lacludiog 34" dials.

The movement is practically silent, very efficieat, sturdy ia coan-
struction, and has very few moviag parts (See Fig. 1). The srmature is of
the oscillating type and is equipped with son-metallic stops which imsores
sileat and smooth operatioas.
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The electro-magaets are of the double coil type which iasures bhigh
efficieacy or a strong pull from a snall currest.

The electro-magnet which coasists of two coils and a soft iroa yoke
is mounted rigidly to the main plate. The pole pieces of the electro-
magnet are flush against two auvxiliary pole pieces betweens which the ar-
mature oscillates. The auxiliary pole pleces are also mouated rigidly to
the main plate. The laside eads of the auxiliary pole pieces are cut cir-
cular so that the armature may oscillate between them and have as small an
air gap as possible. This construction iasures the higheat possible ef-
ficieacy from the electro-magoet.

The armature consists of several laninated pieces of soft iron riveted
together so as to form a rectangular block, the ends of whicd are cot cir-
cular to fit the avxiliary pole pieces. The armature oscillates thru an
angle of approximately 70 degrees, Normally, the eads of tbe . armature
overlap the auxiliary pole pieces approximately 3/3a". The armature is
beld in this position by the tension of the armature retura or driviang
spring. _Whens the electro-magnet receives as impulse, the magaetic circuit
is complletéd thru the amature, rotating same.until it forms s bridge be-
tween the two auxiliary pole pieces. The armature is beld ia this positios
for the duration of the impulse and then the driving spring returos it to
its sormal positioa. .

Attached to the ammature shaft s a disc which carries the feeding
pawvl and a locking pin. As the armature is attracted the disc is taraed,
uatil the feeding pawl engages the opext succeeding tooth ia the ratchet.
At the same time, the locking pia is traveling down toward the top of the
retaining pawl. Tbe secondary cannot advance when the impulse ia oo as
the locking pin prevents the retaining pawl from rising sufficieatly to
let - the ratchet move. As the armmature returas to its nomal positioa, the
feeding pawl is wedged between its stop aad the ratchet which foras a pos-
itive lock.

The secondsry ia designed a0 that only one spring is used and that
for the return of the armature to its de-energized positioa. Both the re-
taining pawl and the feeding pawl operate by gravity.

The movemeat is eguipped with a felt pad whick acts as a cushion for -

the ammature, stopping its momeatum and preveating it from over-throwiag
past its atrongest field.
‘ ADJUSTMENTS

1. Adjust the stop for the feed pawl until the retsining pawl will
Just drop freely in the ratchet for its eatire circumfereace.
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Either the masually or meckanically reset secondaries may be equipped
with a bell whichb is mechanically tapped every 1s Seconds. The operatiag
mechanism for the bell is a cam and lever and its fuaction ia easily nnder-

stood upoa examination.

WIRING ARRANGEMENT

Woen the operating power is DC and only 1 or 2 seconds beat secoadaries
are used, no relay cabipet is pecessary. [t is pecessary to rus oply two
wires to each secondary, aad coonect-the switch in series with one of the
lead wires. ' However, if 3 or more seconds beat secondaries are used o8
D.C. a relay cabinet is vecessary. The relay cabinet has ooe circuit clos-
ing relay to carry the currest 10 the secoadaries. It is thes pecessary
10 rus three wires to each secondary. The switch is then wired so as to
cut out the secondary coil and also the relay coil provided po other sec-
ondaries are in operation. The principle of operation of the D.C. operated
aecunds beat secondary will be easily uaderstood by studylog tbe wiring

diagram Fig. 3.
It is well to remember that the seconds beat contact is eatirely in~
dependent of the repid impolse contact in the master clock.

Yhenever the operating power for tbe seconds beat secondaries is ob~
tained from A.C. supply thru & copper plate rectifier, a relay cabinet is
required azd it is aecessary to run ¢ wires to each secondary and switch
as both A.C. pover to the relay coils and. the D.C. power to the secondary
electro-nagnets bas to be cut off and one wire camnot te used as a comnon
returas for both kinds of current. This will be easily understood by study-

ing the wiriog Diagran Fig. 4.

The wiring 1s acmewhat complicated by the fact that the relay is coo-
‘trolled from several switches in parallel asd sll have to be turned off

before the relay will cease to operate.
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The operatioa of thls lype of secondary 1» slailar to the No. J6j. Each
m»tote tbe araature is attracted, It nores a feeding pawl nntll It engages
the neu tooth In xhe ratcbet. Then when the araatnre la released, the feed-
isg pawl aoves the ratchet i/6otb ot a rerolutlon to dealgnate one *inute.

The aagnets are ot the double coli type which glre a «uch strenger pnll
«eeded tor the larger hands.

ADJUSTHEHTS

1. Liner aoat fit saugly agalnat tbe araatnre.

a. Adjoat the poaitloa of the colli ao that the aniatore will atrike

thea a”oarely.

3. AdJoat the poaitloa of tha ratchet on the shait and the poaltlon of
the retaining pawl so that tbe feeding pawl will take froo |I 1/4 to 1 1/3 of
a tooth and the retaining pawl will drop In freeljr. e

«. Adjoat the araatnre return spring for satlsfactory Operation on a
aj* Tultagc drup.

ADJUSTXEKT OF SUPERVISINQ SWITCHES

The caa for operatlng the switch is properly timed at the factory and
ahoold nerer require changiag, howerer, the tinlng of the awitch raay be ad-
Justed by shifting the position of the eatlre switch block asseably. The
secondary nnit -sbonld traasfer to the "B" wlre Just betdre It reaches the
591h «inate and to the "A" »ire Just betdére tbe fourtb mlnute. A quick drop
of the lerer froa the caa Is essential. If the lerer rldes down the face of
the caa there la danger of a poor coatact.

Page ¢
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As explained previously the large gear is the driring gear when re-

setting. khen the secondary is running tbis gear revolres but does not
work. The pawl for this gear is beld out of engagenent by a light coil
spring. The pull Chain is atiached to the pawl in such a way that whea

pulled it causes the pawl to engage the gear and rdtete it.

A part of tbe pawl lever acts as a cam and is tumed each tiae the re-
set- cord is pulled. Thls cam scrves two purposes; rir., releases the laich
pawl for the ratchet and operates the lerer for raising the feeding and
retaining pawls. khen the Chain Is released a spring returas the can and

pawl to their original position.

khen the cam releases the latcb lerer tor the ratchet a light spring
pulls it in position to engage a siop on the ratchet. The purpose of tbe
laichet is to hold the ratchet untll the feeding and reiaining pawls are
again engaged with it. The lateh is nade In two parts. one notable (length-
wisel and one stationary. The notable segneat cushions the iapact of the
ratchei wlieo it otopa and alao e«r*es to hold it firmly agaiast tbe stop
on the other section thus positlrely locatlng, the ratchet at its exact

position.

The lever for operating the feeding and retaining pawls operates tbea

soon after the laich is in position. This positively drops thea back in
position betdre the latcb is released. «
ADJUSTHEHT3

1. All adjustments on movement are Standard.

3. All noving parts rjust be free fron binds and work rery treely.

3. khen in its normal position the pawl for operating tbe large drire
gear should clear the gear by i/j6".

1*. The lever for the abore pawl whilch also is the caa should stop
In such a position that the pawl will engage the gear treely without forc-

Ing It In either direction.

5. The latch should clear the block 00 the ratchet by »/16' when ia
Its normal position.

6. The latch should overlap the block on the ratcbet 1/33- when latcbed
or when the reset cord Is beld down.

7. The lerer should release the feediag pawl when It is I/»6* froa the
top of the can. The retaining pawl has already beea released at thla

tloe.

Page »3
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The fooction of the seconds beat secondary may be compared to 8 stop
valch, oaly the dial is large aad visible from a distance and the starting
and stopping may be coatrolled from aoy coanvenient poinot. The starting
snd stopping 1s coatrolled electrically by means of a switch which cuts out
the driving electromagnet and also the control relay provided a0 other
seconds beat secondaries on the same circuit mre in operation. The switch
say be either the pendent type on an attachmeat cord or the flush type
wusted ia a single gang switch box.

The seconds beat secondaries sre made in two types; viz. manval reset
iod mechanical reset.. The resetting of the magual reset type is accom~
ilished by pulling a cord aad turaing the knob that protrudes thru the hole
-0 center of the protection glass. The resetting of the mechanical reset
ype is accomplished by merely pulling the reset cord.

The saoval reset is obviously the moré simple. It consists of a lever
Traogement for disengagiog the feeding pawl so that the secondary may be
dvaoced. As stated before this lever is operated by a pull chain, A
surled koob protrodes toru a hole io the center of the protection glass,
‘oroing this koob ia a clockwise direction advasces the seconds hand. This
nob and likewise the haods are locked in position except whes the poll
haig has disengaged the feeding pawl, It may be pecessary to advance the
econds pointer several revolutions before both hagds are retarnmed to their
riginal positgons as the gear ratio of minutes hand to seconds hand ia
o toa.

The nechasism reset secosds beat secondary is a little more complete
8 that pollisg the reset cord releases both the feeding and retaining
awls and also furnishes the power for resetting the secondary. It will

¢ ooted that in this type of seconds beat secondary the haods move counter '

lockwise while being reset.

The reset mechanism consists of a pinion gear with coil spring mnuated
»side, large driviog gear, pawl for operating drive gear, stop pawl for
stchet, lever for raising feeding and retaining pawls and cam for operat-
1g same, )

.

The pinion gear is mounted on the ratchet shaft aad cosnected to it
70 8 coil spring. Whea the ratchet advances the pinion gear also ad-
ieces which ia turn drives the large gesr. When resetting the procedure
: reversed and the large drive gear is operated by the pull cord. This
'tates the pinion which is turn operates the ratchet. The purpose of the
ring is to eoable the pinion gear to start tevolving before the pawla

‘e released thus building np enough tension to positively latch the ratch-
when the seconds hand is restorgd to its original position.
ge 18
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Make certain that the center switch blade does not tonch both the "A®

and "B" switch bladea at the saxe tige. The brass aupports for the "A" and

wpr switch blades should be sdjusied so that the center switch blade makes

equal and positive contact with each, sad so that the switch operating lever
sever rides on both cams at the same time. This assures that the fall tes-

sion 0f the switch operating lever spring ia applied to the switch.

MONARCH SECONDARY MOVEMENT

This type of secondsry is cow obsolete althosgh there are & grest sua-
ber in the field to be serviced. It ia of the sicgle coll type, the retora
mognetic path beiog through the cast iron back frame.

ADJUSTMENTS

3. Adjust the forward stop for the armature for .003" clearance betwees
the armature nnd'core with correast on the aszgnet.

2. Adjust the feeding pawl stop, 'pofltion of the retaining pawl asd po-
sition of the ratcheton its arbor so that the retsisiog pawl will drop freely
‘{n the ratchet for the estire circumferesce and the feeding pawl will take
between 1 1/4 and 1 1/3 teeth in the ratchet at each lmpnlse.

3. Adjust the armature retura spring for aatisfactory operatios o1 3
as$ drop in voltage.

Note: If the feeding pawl atop screw is pointed, replace same with o
atandard screw. .

SECONDARY MOVEWENT MO. 561

Thia type of secondary slso operates on the ratchet and pavl.principle
Tbe ratchet ia automatically locked in every positios. The feeding pawl i:
of the self lockiag type, being wedged under the atop whes ia its goraal po
sition, A lockiog pawl is provided to lock the ratchet whes the armatare £
attracted. The magnet is of the one coil type, the retorn asgoetic path beis
through the Norway iroo support bracket.

The amature iskept from touchisg thecore by a thic brass liserattache

10 the armature. This provides a magnetic air gap and prevests the armatur

froa sticking due to residual nagnetism. To prevent the magaetisa froa havin

8 secondary patb through the upper part of the armature, the feeding pawl an

the ratchet wheel, a magoetic air gap ias provided between the armatore aa
feeding pawl by the use of brass spaciog washers.

Page
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This type of secondary may be equipped with self regulating coatacts,

the operation of which will be fully explained ia the bulletin of Self Regn--

lating Systems.
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WNO_THE CORE AND NOT THE o IO/
PAKYL, MITTING THE RA r
ADJUSTMENTS

1. Amature muat hit squarely agaisst core..

3. Forward stop for armature must be the araatore liner striking the
core and oot the locking pawl hittiag the ratchet,

3. Shift the entire magnet assembly until the feeding pawl takes from
2 1/4 t0o 1 1/3 teeth in the ratchet when the ratchet is held against the re-

taining pawl.

4. Adjust the amature retura stop 8o that the retaining pawl will drop
in freely for the eatire circumference of the ratchet.

) s. Adjust the height of the feeding pawl stop for 8 clearance of .co8"
betweea the stop and the feeding pawl when on the high point of the ratchet
tooth.

6. Adjust the position of the locking pawl so that it will eater the
ratchet tooth without hitting os either side. The purpose of the lockiag
pawl is to prevent the ratchet from moving ahead on the impulse,

Pﬂ(e [] ]
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3. To get proper clearance between armature and yokes, move the rub-
ber stop block. This is doose by loosesing the two screws which hold the
stop block bracket to the main plate.

3. VWbea the amature is attracted, the feediog pawl should travel
1=1/3 teeth of the minate wheel.

4. The retaining pawl should fall freely §an all ratchet teeth with
a migimum of back lash. Adjust rubber stop block to get this coanditios.

$. V¥hen the "A" side of the S. R. switch ts made, the upper contact
leaf spring should be raised 1/32" from its support bar.

6. VYhen the "B" side is made, the lower switch finger should drop
332" from its support bar.

7. ¥hen the secondary is at its 58th mloute the pla on the minute
ratchet wbeel must oot touch the coatact operating am. You should be able
to raise the insulator om the contact operating amm up from the center
§. R. switch tisger 1/733".

8. The amature pull back spring should bave sufficient teasion to
advance the secondary from the s8th to the soth minute when the armature
is released slowly. The amoust of spring tension may be varied by locsea-
ing the set screw to which the spring is attached and rotating the collar
as desired. .

9. Y¥hen all adjustmeats are properly made and the movemeat free of
biads,- satisfactory operatioa will be obtaioed on 3/3 of normal operating
soltage.

SECONDS BEAT SECONDARY

The seconds beat secondary usually coasists of two diala mounted og
one mat. Oge dial is our regular bours and aminutes diasl and the other dial
is usually oor standard 1 to 12 hour dial arranged to read mioute and sec-
onds by the aid of a beavy mioute band and a light weight red secoads
pointer. The hours and ainutes secondary is operated by our standard self
regulating rotor movement. The minutes and seconds secondary is operated
by our standard rotor type movement equipped with means for startisg, stop~
piog and resetting.

The misute haad is geared to the seconds band im practically the same
magner as tbe hour band to the minute band in a standard secoadary only the
ratio is 60 to 3 isstead of 13 to 1. The minute band moves ose misute to
every revolntios of the aeconds hand, therefore, 6o minutes completes one

cycle of the seconds beat secoadary.

Page 11
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1y 13 degrees. V¥hen the electro-magaet 1s de-energized and the amature in
released the ends of the amasture overlap the auxiliary pole pleces approxi-
mately 1/16". The amature is held is position by the teasion of the arma-
ture retura or driving spring.

The secondary clock tadesigaed so that osly ooe spring is used and that
for the returs of the amatare to its de-energized position. Botk the retaic-
ing pawl asd the feediag pawl operate by gravity.

The hour hand isgeared to the aisute hand is the ratio of 1at01, there-
fore, when, the misute hand has made 1a revolutions, the hoor haand will dave
made one.

SELF REGULATING ‘A’ SWITCH BLAOE
SWITCH ARM .

CENTER SWIT(H
BLADE

SWITCH ARM B” SWITCH BLACE

OPERATING PIN ,
RATCHET WHEEL

CUT OUT VIEW - SELF REGULATING
SWITCH ASSEMBLY- 561-C MOV'T

Fic. 3 .

ADJUSTHENTS

3. The rocking armature should sot strike the i:ole pieces on either
side, W¥hen the armature is attracted there should be eqgual clearasce 02
both sides sufficieat to enable one to insert a thia plece of paper between
the amature asd yoke. If the amature §s 2ot centered, 100sen Lhe two
screws which hold the brass bearing plate to the yokes aad mave the bear-
isg plate ustil the clearaace is the same at both ends.

Page 10 .
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4. Adjust the ammature returp spring for satisfactory operatios os a
2s3 drop 1o voliage.

POLARIZED SECOMDARY MOVEMENT NO. 664

The Polarixzed Secondary ia 50 called because the principle of operatioa
depends opoa tbe attractios and repulaios of unlike and like poles of a mag-
aet. It is particularly adapted to schools and bospitals because itis noise-
less is operation. The priaciple upoa which it operates is as follows:

The tirst law of megnetisa atates that valike poles attract ‘and 1like
poles repel: each other.

Placed in this secondary 1s an electro-magnet which is energized each
sisute. The curreat reverses with each impulase, therefore, polarity changes
sccordiagly.

The directios of flow of this currest is alternated by special coatacta
ioatalled ia the master clock, workiag io conjunction with the twin reley
cabiget.

Revolviog betwees these aliernatiing poles isan amature which is always
I'ept at the same polarity by & permanent magnet. The amature revolves one
quarter of a tarn or 9o degrees each minute, being designed ia two sectors so
that when the heel of one sector is at the north pole of the electro-nagnet,
the toe of the same sector in one case and the toe of the next sector in the
other case is approsching the south poleof the electro-magnet and vice verss.
As the curreat in the electro-magnet is reversed, changing polarity of the
pole pieces, the heel of the armature sector is pushed away from the like pole

‘ and the uslike pole exerts a pull os the toe of the same sector or the spext

sector depending upon the position of the srmature. This dbrings the ammature
foto positios for the gext misute.

The wagnetic path for the permanent magnet is from the top end of the
pemanent mogoet, through the wom, wom shaft, armature and electro-magnet
cores to the opposite end of the permanent magnet. This will alwaya keep the
sectors of the amature at the same polarity.

When the electro-megnet receives as impulse, thereis a magnetic circuit
created between its north and south poles through the armature sectors.

The energization of the electro-nagnet causes the srmature 1o turn through
aa arc of go degrees.

Tbe electro-nsgoet remains energized for approximately two secosds, there-
fore, after the armmature movea, it must be held in such a position that the

Page 7
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180ds of the secondary will lise up with the migute marker. To hold ¢he arma-
ture io the proper position, its sectors are 3o designed that thelargest air
{ap Detween the amature and pole pieces is at the toe of each sector. It
till be remeabered that the armature, being insduced by the permanest Ragnet,
18 always of the saxe polarity, therefore, dbearing this in mind and the di-
‘ection of rotation of the amature as well as the polarity of the poles of
.be electro-magaet, itwill be soticed that ualike poles.(0of the armature and
w0le piecesl are attracted through the smaller air gap. This holds the mia~
ite baad oo the minute marker. ‘

Mucbed' to the armatore 1a a worn which ia copaected to the hands by a
.rais of gears. -

=

\' .

LINE POLES REAREL

UNLIKE POLES 47 7RACT

UNLIKE POLES ATTRACT

CURRENT REVERSED BY PMASTER
CLOCK CONV 774qu ~EVERY MINUTE.

ADJUSTNENTS

Adjust the two bridges oa the secondary so that the worm and armature shaft )

till spio freely aad at the same ‘time keep the heel of the sector as close
0 the electro-magnet pole pieces as posaible. The closer this adjusiment is
wude and still allow the amature to spis freely, the more positive will be
.be operatioa.

Any ratchet and pawl equipmeat may beoperated from apolarized ayatem but
.he polarized secondaries cannot be operated from a ratchet and pawl aystea
ialess a curreat reveraiag relay is used.

S61-C SECONDARY MOVEMENT
Tie electro-magoet is of the siagle coil typewhich ipaures positive apera~

mea '
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tion aod high efficiescy. The armature is of the rockiog type and operates
between two pole pieces which are extensiona to the magnet core. The rockiog
type amature insures quiet operation, asthere is no contact of armature and
pole pieces to make a noise. The feeding pawl is attached to the armature
and rocks with 1t. When the electro-magoet receives ao impulse, it is eser-
gized and draws back the feeding pawl ustil it engages the sext tootb ot the
ratchet. VWhen the impulse is conmpleted, a spring attached to the armature
returns the ammature and the feeding pawl to their sormal positioss aad at
the same time advances the ratchet one tooth. The ratchet has 6o teeth, asd
as the minute hand is attached to the same shaft, advanciag the ratchet one
tooth advances the minute hand one minute. In the case of half misute im-
pulse secondary clocks, the ratchet has 6o teeth and advasces & aisute each

impulse through reductiou gears.

To préven thepossibility of the secondary clock advaacing when the arma-
ture is attracted, a safety or isterlockiog feature is provided. The ratchet
feed pawl locks the retainisg pawl isplace thus holding the ratchet ia place
during the time the feed pawl is out of its locked msition. Whien the feed-
ing pawl is in its nommal position, it,is wedged or locked behiad & rubber
stop which positively locks the ratchet. .

DRIVE PAWL

RETAIN PAWL
DRIVE SPRING
DRIVE SPRING

ARMATURE
POLS PLKCE

CUT OUT VIEW - DRIVE MECHANISM - 561-C MOV'T
Fic. 2
The single pole electro-asagnet isassenbled between themsgeetic iron pols
pieces which are mounted rigidly to the main plate. The inside esd of th
pole pieces are cut at an angle 80 that the amature may oscillate betweo
them and have as amall as air gap as possible. This conatructioa iasures tb:
bighest possible efficiency from the electro-magaet. .

The amaature is a block of magnetic iron, the eads of which are cot u
fit the pole pieces. The amature osclllates through as asgle of approzimate
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