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PREFACE 

This pamphlet is issued for the purpose of describing the general 
char~cteristics of trip relays, the particular part of the wave method of adiust­
ing and testing these relays and the new AC-DC ringing system for the benefit 
of the Western Electric insta1lers. The pamphlet contains brief explanations 
only and no attempt has been made to give the underlying theory. 

· This pamphlet will not be reissued to keep it up-to-date in accordance 
with changes in equipment. If there are changes o! sufficient importance or 
general interest, a new pamphlet will be written. 

The information contained in this pamphlet is based on various infor­
mation issued by the American Telephone and Telegraph Company and the 
Bell Telephone Laboratories. 

The contents are of a purely descriptive nature and in no way prescribe 
methods or give engineering information for the installation of Central 
Office Equipment. 
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TRIP ULAYS 
and 

.SUBSCRIBERS RINGING SYSTEMS 
By F. P. Ellsworth 

of the 
GENERAL INSTALLATION ENGINEER'S STAFF 

G;ENERAL DESC-RIPTI.QN . OF . 
· SUBSCR,IBERS RINGING SYSTEMS 

The purpose pf this pamphlet- is to discuss ''the 
characteristics of trip relays· and their action· on 
ringing currents, as well as explain the "particular 
part of the wu·e'' method of adjusting and testing 
these· refays, and the new AC-DC::: ·rfoging system. 
As it is desirable, however:, to have a. basic knowl­
edge of the fundamental problems involved in 
signalling ,a telephone subscriber, a ·brief descrip­
tion of the .conditions encountered is 'gh·e.n for pre­
liminary information~ . . ~' •.. ' 

These conditions vary with the. number a!HI ar­
rangement of subscribers placed on the line and are 
clependent primarily ~pon tbe class of Rervice pur­
chased by the subscriber. ::rhe type of equipment 
and kincl of ringing current together with the 
dn·uit used for signalling the subscriber is called 
the "ringing system." There arc a number of dif­
fer~nt ringing systems in use throughout the Bell 
System. For .our purpose, however, the present day 
ringing systems- will he clas..-.ified into four. groups 
as follows: 

' Ri09.Gen. R 

. Sinc]le Part;y Line 

Two P.sf"bl Line 

R 

Four Party 
Semi-selective· 

Line 

-Fig. 1. Single, Two Party. and Fo11r farly Semi­
··Selutivc Ringing Systems 

( 

Single Party 
Two Party 
Four Party, Semi-Selecth·e 

.Four Party, F~ll Selective 

As a general rule two party and four party semi­
selective systems "are broadly classified as single 
party systems, since· the. only difference is the num­
ber and arrangement of subscribers sets on the 
line. A~y single party area may have two party 
and four party semi-selective subscribers on some 
lines. Figures 1 an<l 2 show the essential parts of 
the above systems . 

On single party lines the ringer is connected di­
rectly across the line ancl in series with a condenser. 
The condenser prevents the leakage of battery cur­
rent thru the windings of the line rela)· when. the 
line is idle but allows alternating current for oper­
ating the bell to pass. 

On two party lines the ringers are connected 
thru the condensers between gro1,1nd and one side 
of the line instead of across the line. One party's 
ringer is connected to the tip side of the line, and 
the other party's to the ring side. Two keys or 
their equh·alent arc proYicled for determining which 
subscriber will be signalled. 

(iirP•416) 
Rin9i"'J Gen. 

Pig. 2. Four Party Full Se/ecti-i:e Ringing System 
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Four party semi-selectn·e lines are the same as 
two p·arty lines except that there .are two sub­
scribers on each side of the line. Both bells oper­
ate at the same time when ringing current is sup­
plied to that side of the line. The subscriber being 
signalled is distinguished by code ringing, that is, 
one and two ring signals. 

·1n· four party full selectiv·e systems •. selective 
ringing of the· two subscribers on the same side of 
the line is accomplished by! arranging the ringers 
to operate on different currents. Positively and 
negath·ely superimposed or pulsating ringing cur­
rents are used instead of alternating current, the 
ringers being biased to operate on one polarity of 
ringing current only. Superimposed or pulsating 
curr('nt takes the form of straight alternating cur­
rent when sent thru a condenser, and for that 
reascin the 't'ingers must be connected directly be­
tween ground and the line. In order to prevent 
a useless drain on the central office battery while 
the line is idle, a relay is connected across the line 

·in series with a condenser, the ringer being con­
nected to the line thru the contacts of the relay. 
In four party manual ringing systems the sub­
scribers are usually designated hy a common 
number and the letteri' :\I. "·· J. and R. The ring­
ing ke,·s are labeled with these letters and so con­
necte(l. that the operation of any key will cause the 
proper ringing c~~rent to be connected to the line. 

In the above circuits the lamp shown in series 
with the ringing generator is pro..,·ided to prevent 
an excessive flow of current when the subscriber 
answers and when . the line becomes crossed or 
grounded. 

Where manual ringing is used a considerable 
portion of the operator's work in completing a con­
nection thru the local subscribers multiple is that 
incident to signalling the called station, especially 
in the case of slow answers. It is obviously desir­
able to reduce the operator's work as much as pos:' 
sible, and .in the case of automatic or machine 
switching telephone systems it is necessary to pro­
vide some means of controlling ringing other than 
manual. For this reason nearly all ringing systems 
are applied on a machine ringing basis, that is, 
ringing is controlled by means of relays and inter­
rupters, and the operator is relieved of this work. 

However", when ringing systems are applied on 
a machine ringing basis a number of prohkms are 
encountered which are not found under manual 
ringing conditions. In machine ringing it is irr.-

4 

---i (l.'-4414) 

... 
Fig. 3. F•"""''""hll Mot:hine Ri1Cgi1111 CirtHil 

portant"that the subscriber be signalled without fail 
when his numb'er is called,· and that the ringing cur­
rent be cut off as soon as he answers so that con­
versation can take place and so that the subscriber 
will not be disturbed by ringing in the receiver. 
Since signaHing is done over the line and is stopped 
hy a change in the line condition due· to the sub­
scriber having answered, it is apparent that line 
l·onclitions must be taken into consideration, other­
wise ringing may be stopped prematurely or may 
not stop when the subscriber answf:rs. In either 
case no conversation can take place 1lnd the tele­
phone would be useless. Therefore; when ringing 
current is applied on a rtlachine. bf!sis reliable equip-. 
ment must be provided for controlling it, and limits 
must be placed on the lines over which it is used. 

The arrangement in use throughout the Bell 
System for applying machine ringing consists es­
sential.ly of supplying ringing current to the Jipe 
thru a relay which operates and trips the ringing 
current when the subscriber answers... A typical 
machine ringing circuit for manual equipment is 
shown in Figure 3. Ringing current is placed on 
the line thru the interrupt~rs and the trip relay by 
the operation of the "R" relay as soon as the cord 
is placed in the subscribers jack. The current 
passed by the subscribers station is not sufficient to 
operate the trip relay until the rieceivet is removed 
and the conde~ser and bell are shunted· by the 
transmitter and induction coil windinr which have 
a _low resistance. 'l;he operation of the trip relay 

/ 
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allows the R-2 relay to operate which, in turn, 
shunts out the R relay which releues. The release 
of the R relay cuts off the ringing current and 
establishes the talking circuit. 

The interrupters shown in Figure 3 are pru,·ided 
•to apply the ringing current to the line intermit 
tently, a.nd to connect direct current battery to the 
line during the silent period. The silent period 
battery is provided so that the talking circuit will 
be established at once if the sub.scribet answers 
during the silent period, . and insures the discon­
nection of the ringing current from the tine before 
the subscriber places the receiver to his e~r. The 
ringing and silent intervals are' usually two and 
four seconds respectively for selective ringing 
systems. 

CONSTRUCTION OF TRIP RELAYS 

Since trip relays must function on alternating 
current and under marginal conditions, a relay of 
special design is required. The relars now supplied 
as trip relays are the ?\o. 114 and No. 198 types. 
These relays are identical in design except that the 
No. 198 type is provided with two windings and is 
used in four party full selective systems where two 
different ringing currents are required. A cross 
section of a No. 114 type relay is shown in Figure 4. 
The foltowing features of the design of these relays 
shou14-"be noted: 

Adjusting Screw 

Fig. 4. Crou S"litHf of Tri, Rdoy 
I 

1. They have a much better magnetic circuit 
than is · found in the average relay. This is 
accomplished by enclosing the core and winding 
in an iron cylinder which is closed at one end. 
The armature forms the other end of the cylinder. 

2. They have copper sleeves o\·er their cores. 

3. The armatures are much heavier than are 
required for the magnetic circuit or the mechani­
cal construction of the relay.· 

s 
4. The contacts are arrranged so that the 

armature can move a considerable amount of it9 
tra,·el hefore breaking contact. 

\Vith a copper sleeve over the core the trip relay 
is in effect a transformer ha,·ing a short circuited 
secondary winding, and since ringing currents are 
alternating (varying currents). the sleeve creates 
a demagnetizing effect which opposes the magnet­
izing action of the line winding. The action of the 
sleeve, together with the mechankal ·design of the 
arn1ature and contacts, gives the relay considerably 
better operating characteristks than if these fea­
tures were omitted. This sleen also improves the 
operating characteristics of the trip relay when 
used with ringing currents hadng DC components. 

· The iron cylinder provides a1,1 excellent magnetic 
circuit which is necessary for the best action of the 
slee,·e, and also prevents magnetic interference 
with adjacent apparatus. 

METHODS OF MAINTAINING 
TRIP RELAYS 

In maintaining any relay to meet scrdce condi­
tions it is necessary to set up testing requirements 
that indicate whether or not the relay will meet 
the worst service conditions. Since trip relays 
function in service on ringing current through the 
line loop and subscribers' set, it would seem satis­
factory to test them on this hasis by simulating the 
worst service ron<litions with re;;istance, inductance · 
and capacity, but this method was found unsatis­
factory due to the ~·ommercial variation in the in­
ductance arid capacity used in the test circuit itself. 
The AC current ffow method was also found im­
practical due to the excessive cost and dclkate cnn~ 
struction of dependable meters for this purpose and 
if this method of testing had been adopted the same 
difficulty would no doubt have heen encnuntered 
as was encountered with the test adopted, since the 
current ftO\v would have heen regulated with non-
inductive resistances. · 

The trip relay or any relay having a similar de­
sign operates differently on alternating current 
than on direct current. A direct current test is, 
therefore, a poor test for n~aintaining thes~ relays 
for service on alternating current. These condi­
tions and the fact. that resistance can easily be held 
to close limits led ta the adoption of non-inductive 
resistance test.s on ringing current as the routine 
test of the trip relay. 
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Non-inducti,-e resistance tests did 'not pro,·e en­
tirely satisfactory, however, whe11 applied in the 
field as then· was some unk11own factor in the test 
that cause<l inconsistent results. On consecuth·e 
tests the relay would fail ancl then meet the test for 
a con~iderable number of times or might fail after 
meeting the first test and under these conditions. 
the test was not an accurate indication of the ad­
justment of the relay. 

An investi_gation made by the. Bell Telephone 
Laboratories as a result of this condition showed 
that the inconsistent results obtained with non­
incluctive resistance tests were due to the varying 
operating characteristics of the trip relay when 
functioning in testing circuits. It \~•as found that 
due to these characteristics. closing at the zero 
point on the wave constituted an operating condi­
tion approximately one and one half times the 
operating co~dition when the circuit was closed at 
the peak of the waH. This means that one and 
one half times as much current is required to oper­
ate the relay when the i.'ircuit is closed at the peak 
of the wan. 

This action is explained briefly as follows: When 
the circuit is closed at the zero point the current 
in the acth·e winding builds up along the sine wave 
with the result that the demagnetizing effect of the 
sleeve is minimum and there is the time of a full 
half cycle for operating the retay. On the other 
hand when the circuit is closed at the peak, the cur­
rent increases from zero to a maximum value al­
most in~antly, the demagnetizing action of the 
sleeve is much greater and, since the time until the 
end of the half cycle is less. a much higher current 
is required to cause operation of the relay than at 
zero closure. 

An important point to be brought out here is 
that, when the demagnetizing effect of the sle.eve is 
greater <luring the first half cycle than during nor­
mal half cycles, as it will be for peak closure, a 
relay which will not operate on the first half cycle 
may still operate under normal conditions (succeed­
ing half cycles). The current required to operate 
the relay under normal tonditions, that is after the 
transient conditions due to circuit closure have 
!-Uhsided, is kno\\·n as· the fundamental operating 
current. For this reason the peak closure operat­
ing current and the normal conditirin operating 
current arl' cunsi<lcre<l equivalent· since the normal 
condition al \\'ays exists in the circuit as soon as the 
first half cycle has passcri. 

6 

1 t is apparent that under the· ahove eomlition:< 
· the actual test applied Yarics '"'ith tf1c poinf of 

circuit closure, and if nmi-inductive resi:o:tance tests 
are to he an accurate indication 'of the adjustment 
of the relay. it is necessary to apply erery test at a 
definite point on the wave. · 

As a result the Bell Telephone L:1h11ratories de­
,·eloped a reliable method of applying tests uni­
formly which is known as the ''Particular Part of 
the \Va,·e" (PPW) method. With it the testing 
circuit is always closed at or near the peak of the. 
wave. It would be equally satisfactory to make 
the test at the zero point or at other points on the 
wave pr1widing it was applied uniformly at the 
same point. · However, since the rate of change in 
an alternating current is least at the peak, it is 
most s~tisfactory to use that point so that variations 
in the operation of testing equipment will ha Ye a 
minimum effect on the uniformity of the test; At 
the peak of a sine wave there is a period of time of 
about 30° of the wave (see Figure 5) in which 
the current variation is less than S~-. From an 
equipment standpoint it is also more satisfactory 
to apply the test at the peak as additional equip­
ment is required to apply the test at zero closure, 

· .\n additional point concerning the application 0£ 
l'P\\' tests ·should be noted again at this time. 
\Vhen a DC component is added to a ringing cur­
rent it stabilizes the operating characteristic's of 
the trip relay. \\Then this component is sufficiently 
high it eliminates the necessitv of PPW tests, and 
since the standard four party ;inging currents have 
high DC 'components, tbe~e 'tests are not required 
on . these dniing currents. 

A question that- is· frequently raised concerning 
the applieation .. o(PPW«t~sts sliould.be mentione_d 
here in order to giye a dearer 1mderstanding o{ the 
purpose ol these tests.' ~Ii:. is pointed out that ma­
chine ringing is not applied at a particular part of 
the wave, in view of which the value of a uniform 
test is questioned. The answer to this is that the 
zero closure condition occurs only in .. testing cir­
cuits. and therefore no preveiltative. action· is neces­
sary in Subscribers ringing circuits. Standard ring­
ing currents which do .. not ha,,-e high DC compo­
nents have conden.sers·in series wi.th the ringers, and 
the combined reactions of the condensers and. ring-
.. . . 'l· !' .. ' 

ers ar~ always sufficient to eliminate . the zero . 
closure condition. As ·was mentioned previously, 
it is not practical to test,trip relays with inductance 
and rapacity due _to· the commen:ial ,-ariation in 
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ringers nnd condensers an<l the excessh·e cost oi 
accura.te testing equipment of this type. 

EQUIPMENT USED IN APPLYING 
PPW TESTS 

Test:' are applied at ·the peak of the wa\·e thru 
the use of polarized relays, which are polarized by 
means of a winding corinC-cted to local battery. A 
s~cond winding of the relay is then connected in 
circuit with the generator' and trip relay am~· wh~n 
the half cycle of ringing current, which acts differ­
entially with the local battery winding, reaches the 
peak of the wave the ftux produced by the ringing 
rurrent neutralizes the flux pr..oduced hy the local 
hattery wihding and causes the relay to release and 
apply the test at that point. Since the action of 
these relays is due to the differential action they 
are known .as differential relays. , 

The ·es!;ential circuit for applyiug tests at the 
peak of the \\'a\·e on· straight .\C ringing current 

+ 

C~2 T,.ip Rei. Operated 
OSCILL~GRAPH CURVES TAKEN AT© A@ 

1i. 
£11~ 

-r . ":"' 

Fig. 5. 'F1i11dam~JitalCircMil for A1tl,U.1 PPW T111 
· ' M1 AC Rniging C11rrrnt 

.. 
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1s shown in Figure 5 together with osrillog-ra.ph 
cur\"es of its operation. The detail operation of 
this circ~1it is. as follows: The differential relay~. 
R-1 and R-2, are operated and locked thru their 
secondary windings (S). When the test key is. 
operated: it (l) remoYes the operating ground from -
the secondary winding of the relays which do. n.ot 
release but remain operated from the ground on the 
front con tad of the R-2 relay, and (2) completes the 
generator circui~ traced from gen~rator thru the. 
winding ofthe trip relay, contacts and P winding 
of the R-1 relay, resistance "A" to ground thru the 
test J;;ey. The resistance "A" is sufficiently high 
to prevent operation of the trip relay. The· two 
windings of the R-1 relay are connected so as to act 
differentially, when the AC current· flo\~·s · thru the 
circuit from generator to ground ( negati ,.e dfrc.>c­
tion), which causes this relay to. release a·t or near 
the peak of the negati,·e wa\"e .. 'fhe release of the 
R-1 relay transfers the ringing curref!t circuit from 
the P winding of the R-1 relay to the P winding of 
the R-2 relay. I<csistance "B" has the same value 
as ".\" ancl pre,·ents operation of the trip rel,ay O\"er 
this circuit. 

The two windings of the R-2 relay arc rorinected 
~o ,as to act di.fferentially when .the current is Row­
ing thru. the circuit from ground to- the generator, 
lpositi\·e direction). which causes this reiay to re­
lease at or.near the peak of the positive \\ave. The 
releast!" of the R~2 relay ("onnect!' the trip rela)' to 
gronncl thru the test resistances and the test key. 
.\fter the R-1 ai1d R-2 relan oo\·e functioned a . ' 
fe\\; q:cles of ringing ct?rrent is sufficient to test 
the trip relay: A study of the· ,)scillograph curves 
accompanying the cirouit \ViII help to make the 
condition in the ahoYe test clear. It may he noted 
that the relay does not operate in synchronism with 
the· peaks of the waves but lags behind. This ts 
clue to the phase relations in the relay cifrnits. 

It is not necessary. to apply the test at the peak 
of the positive wa\·e as might be inferred irom the 
fact that two relays are provided; since huth wa\·es 
of an .-\C current are identkal. The :-;econd relav 
j~ necessary to insure that Closure will ot·cur hefo;e 
the peak ~nd not after, as woul4 he pos:-;ihle with 
a single relay. In this latter case the test key 
might happen tO be Closed just after th'e 11cak of the 
wave on which the single relay was poled to re­
lcai<e, and by the time the armature had rearhrcl 
the hack con.tact the A<;: ,,.a ,.e wou lei he nr;ir the 
7.Crn point. 

;. 
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Another condition which it is necessary to guard 
against is the release of the R-2 relay so low on the 
increasing part of the wave as to materially reduce 
the rate of build up of current at circuit closure. 
This condition might be . brought about by a low 
centfaf office battery voltage which would decrease 
the holding power of the differential relay. In 
order to pre,·ent this condition the ammeter and 
rhe<1stat are placed in circuit with the polarizing 
winding of the R-2 relay and the current is adjusted 
to a defihitc nlue before tests are applied. 

The circuit shown in Figure 5 is ob,·iously an ar­
rangement for applying PPW tests on AC ringing 
current in the laboratory, and the circuit for apply­
ing the test on a commercial basis must necessarily 
be more complicated. In addition the Installation 
Department ii; confronted with the problem of ad­
justing and testing trip relays under varying con­
ditions of ringing current, central office voltage, 
and code of relay, and it is desirable, from a stand­
p0int of conYenience and economy, to combine the 
several different circuits. This has been accom­
plished in the Installation Department's Universal 
Tripping Relay Adjusting Set, ITE-2030. The 
schematic circuit of this set is shown in Figure 6 
and the panel in Figure 7. No detailed explanation 
'of the operation of this circuit will be given here. 
This information is given in Sertion 1 of Hand­
book No. 6. It is, however, desirable to give here 
the conditions which niake necessary the somewhat 
complicated circuit shown in Figure'6. 

In this set the following provisions are maae to 
cover the various conditions encountered when ad­
justing and checking trip relays. 

8 

1. Equipment is provided for making tests on· 
all standard ringing currents as. follows: 

(a) Straight •c Rincinr Currents. PPW 
tests using both differential relays are applied 
on these ringinr currents. Operation of the 
PPW key sets up the circuit for these tests. 
Provision is also made for testing at five sets 
of voltage bands; 75-87, 80-92.5, 85-98.4, 90-
104.2 and 95-110 volts. *The voltage band used 
is determined by cross-connecting the terminals 

•At th4 time thi!1 pamphlet is issued, all ITE-2030 lets have 
not been equipped with these panels and sets without these 
p~ls may be encountered in the field for a short time. 

of ~- small pa:nel mounted inside the :>et. For 
maintaining a constant current fo the J>Olarizing 
winding of the second differentiai rel~fr, regard­
less of the central office battery \·Ottag~. a 
rheostat and meter are provided. This current 
is adjusted under control of the ~uni key. 

(b) AC-DC Ringing Current. This is a 
new and recently developed single party· ring­
ing current described· later in this pamphlet. 
PPW tests using only one differential rela,· 
are applied on this ringing current. The ci;. 
cuit for these tests is set up by mean;; of the 
PPW and 95-103 V.A.C. 16-19 V.P.C. keys. 
;No adjustment of the differential rela\· current 
to cover variations in central office ,:oltage if' 
required on this ringing current. 

( c) Standard Four Party Selective Superim­
poeed Rincinc Currents, all Voltaces and Fre­
quencies. As was previously explained PPW 
tests are not required for these ringing current;; 
and the differential relays are not used. Th~se 
tests are·applied with the PP-W key normal. 

2. . Equipment is provided for making all tests 
in offices having either 24 or 48 volt batteries. 
The key designated 24-\' ;and 48-\' takes care of 
this feature. 

3. Equipment is provided for setting up any 
combination of operate and non-operate resist­
ance values. This i~ accomplished by means of 
a variable resistance unit which contains 199.5 
ohms .in 5 ohm ste1)s. This unit is shown in 
Figure 7. 

. 4. Equipment is pro,·ided. for testing relays 
by dired connection to the relay at the relay rack 
by means of terminals or thru the trunk cord at 
the switchboard by means of jacks. 

5. Suitable signals are provided for indicating 
the operation or non-operation of the relay under 
two conditions. 

(a) When relays are beinc tested at the 
relay rack. For this condition the set is 
equipped with a relay. (the TRP) and two 
lamps. (the TST and TRP). The indication 
is obtained by. locking the TRP relay directly 
to the trip relay contacts with the result that 
operation of the trip relay brings up the TRP 
lamp. Non-operation and the completion of 
the test is indicated by the TST lamp. 
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( b) When relaya are teated from the awitch­
board ia manual o8icea. For this condition a 
meter is used as an indicating device, sin<:e the 
contacts of the trip relay are not available. 
Operation of the TRK key causes the trip relay 

il!!1ill 

:;~ . 
:··11 

9 

--

circuit to be connected to the meter as soon 
as the test is completed. Non-operation of the 
~elay is indicated by an intermittent vibration 
of the needle and operation is indicated by· a 
steady condition. 

• 

.. 
j .. 

(Mf) o..--.-J 
• .... • rt 

_____.l:l. f ~ _...,_ ___ _. I 

.i:izlelt:~~-=-=-=;t~~j~-:.-_~---t---------------------------------+~"'"'! ~u -I~ ... 

Fig. 6. Sdln1UJtie Cirrnit Tril R1lo1 ~djruling Sit ITB-ZOJQ 
. ' 
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· (>. . Equipment, 'i~ provided for insuring the 
application of tes~ during the ringing period 
only .. This operational feature is necessary to 
prevent two conditions that· would be possible 
were the tests under manual control. These 
conditions are, application of the test during the 
silent period and applic,ation , of the test so late 
during the ringing period as to cause the test to 
be bridged over into the silent period. In a large 
number of cases the silent period battery voltage 
is high enough to cause operation of the relay 
thru the ringing period testing resistance and this 
would result in false trip indications. The set 
applies the test at . the beginning of the second 
ringing period occurring after the testing key is 
operated and a slow release relay stops the test 
after about one-half of a second. 

the AC components to the limits oi 95:.103 Yolts in-. 
stead of 95-110 volts iil order that the 'nfaximum 
instantaneous voltage used in the past {165 Y.) 
will not be exceeded. This sy5ten1 is. therefore, 
in effect a superimposed ringing' system and to dis­
,tinguish it from the present superimpose<t. riJtging 
systems used for four ·party selectfre ser,·ice the 
term AC-DC is used. The new system offers the 
following advantages over the AC systenL .. 

1. A material impr<:>,·ement is etf.ecteU in ~he 
maintenance of the relay due to the fact that 
greater margins are provided. 

2. Improvement in sen·icc, . particularly re­
garding pre-trips is obtained, 'clue to proYiding 
margins between the worst circuit conditions and 
the test values for the. trip rela~'" 

• • • • • • • • • • ... Z.• !::•"' - --oc e . 

¢ ¢' ¢j ¢! ~ 
• • • • • • • • ...... 

Fig. 1. Panel of Universal Tripping Relay AdjM.Sting Set ITE-2030 

THE AC-DC RINGING SYSTEM 3. The tripping range 1s increased for the 

Coincident with the introduction of the improved ringing period. . 
pa~ticular part of the wave testing and adjusting' 
metho~s,. a new ringing system has been developed 
for use in individu~l line, two-party selective and 
four-party semi-selective panel machine. ·switching 
and manual machine ringing offices, which will_ be 
known as the "A.C.-D.C. Ringing System.'' . 

The ne\v system consists of adding in series with 
the AC generator, a storage battery of nin·e cells 
with a voltage variation of 16-19 volts. With the 
addition of this battery, it is necessary to restriC't 

In single, two-party and four-party semi-selective 
lines condensers are placed in series with the ring­
ers. and in four-party serrii-selectiv·e line~ this re­
duces the impedance of. the line to such an extent 
that the current passed by the shortest ringing cir­
cuit is nearly as great .as· the current passed by the 
longest tripping circuit. Iii other words~ · the 
111argin between the worst non-operate and worst 
operate circuit conditions is ,·ery small. For this 
reason entirely satisfa<:tory adjustment of th~ trip 
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relays cannot be obtained. in straight AC ringing 
:;ystems and it is necessary to cfo;regard the operate 
condition as the non-operate is the ri10st important 
:;ince a pre-trip woul<l prevent completion of ·the 
call. Cnder these conditions the trip relay opt:ratc:s 
during the silent period when the loop is to~ J"n~ 
to allow operati~n during the ringing period. 

It is ob,·iously desirable to have the circuit condi­
tions such that the relay can be adjusted t<? meet 
both worst circuit.~ooditions so as to pro\'ide hetter 
s.en·ice and, further, so t.here will be sufficient 
margin a\"a,ilable to allow economi_cal adjustment 
of the relays. This 1s the function o{ the :\C-DC 

· ringing sYstem. .· . 
Since it is not at once apparent how the ad­

dition of. the DC component provides these ad ,·an­
tages, this is explained below. The DC component 
of the rfriging current has no effect upon the suh-

--t ~.01o·'s£c. 
111111111111111111 

Al 
Trip Relay Opert!ted 

OSCILLAGRAPH CURVES TAKEN AT©&@ 
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Fig. 8. F1111da111ental Cif'c11it for Attlyirsg PPW Tests in 
AC-DC Rirsging System 

scriber s bell or upon the worst non-operate circuit 
condition as there is a condenser in series with the 
hell which absorbs the additional 18 volts on ·the 
negative half cycles and discharges it on the posi­
tive half cycles. The ringing current which oper­
ates the bell is a straight alternating current. and 
the-worst non-operate circuit condition is identical 
with. that of the AC ringing system. However, 
when the subscriber removes the receiver the con­
denser and bell are shunted out of the circuit and 
the operating effort of the DC component is then 
added to the operat.ing effort of the alter!1ating cur­
rent a nil causes operation· of the ·relay over loops 
through which the alternating current alone can­
not cause operation. In view of this, it may be 
stated that adding the DC component widens the 
margins between the worst operate and non-operate 
circuit conditions by shifting the operate c~ndition 
without affecting the non-operate condition. 

Trip relays used in AC-DC ringing systems are 
adjusted by the PP\V method as the DC compo­
nent is not sufficiently high to eliminate the value of 
this test. The circuit for applying these tests is 
shown in Figure 8 together with oscillograph 
ntrYes of its operation. This circuit functions ex­
actly the same as the two relay circuit described . 
for AC. ringing systems except that only one dif­
ferential relay is provided. This relay functions at 
or near the peak of the negative wave. It may he 
noted that the relay does not operate in synchro­
nism with the peaks of the negative waves hut lags 
behind. This IS due to the phase relations in the 
relay circuits. 

I 

It is not necessary·to use two differential relay,; 
as the positive half cycle wiH not cause operation 
of the trip relay due to the superimposed negati,·e. 
hattery which reduces the voltage on the positive 
half cycles. Also variations in office voltage can 
he disregarded as under any condition of central 
office battery voltage, the differential relay releases 
near enough to the peak of the waye to prevent the 
zero closure condition. 

From the foregoing, it will be seen that testing 
and adjusting is done entirely during the ringing 
period. The condition of the trip relays resulting 
from the new testing an<l adjusting method is such 
that the relay \viii function properly during the 
silent period. 

:.)~~ 
.· .. ·~ . ....;;difWPk~ 
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Q\IESTIONS 

1. What is th.a t'unction of a subscribers l"inging ayatem and what are the fo;sr ~,. 
used systems. 

2. What are the advantages of machine. ringing over manual r:lng:t:ng. 

3. D.,scribe briefly the purposes of the ringing 1.nte'rl'Upter1 trip nl• and ltilell'\ 
period battery of a machine ringing SJlltem. 

4. What special conditions do trip relays operate und•r and 1"11at fm:lU.u piece ot AIJ 
apparatus may they be compued to. 

5. Why is it unsat:1ia!aotory to test t~ip relays With direct ellJ"l"ent or by eiJUUl&ting 
the operating conditions and what method o~ testing was finally &4~. 

6 0 State brie:rly why trip rel.sys must be tested at a partieula part. ot "m M: •••· . 
7. At 

1

what part or the .A.C wave is the testing circu1 't clo.ed bJ PP'IJ -~st• M4 •llr ,,.. 
this part of the wave chosen. 

8. Why 1• it unnecessary to test trip relays in wperimpoae4 :ringing .,. • .., .. at a 
partioular part ot the .A.C nve. 

9. What oonditions on_ aubaoribers' lines eliminate the neoeaaitJ' o~ apJtlJ'i.Dc iao111u 
ringing at a particular part of the nve. 

10. What 1a the new ringing current adopted by the Bell Sync ealle4' eat oureat doea 
it replace and what are the component TOltagea. 

ll. What are the advantages of the new .A.C-DC ringing .,.ta . 

.. ~ ' ? @" 
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