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INTRODUCTIOPJ 

This i s  one of a s e r i e s  of Engineering Reference Data Bul le t ins  containing 
information on apparatus designed by the  Bell  Telephone Laboratories, Incorporated, 
f o r  other than mi l i t a ry  applications,  and manufactured by the Western E lec t r i c  
Company or  by other  suppl iers  i n  accordance with spec i f i ca t ions  prepared by the  
Laboratories. It i s  intended primarily f o r  use by engineers of the  Laboratories, 
and contains information on apparatus which may be ra ted  AT&TCo Standard, A&M 073y, 
Component Par t ,  or  Special; codes c l a s s i f i e d  ML; or codes designated f o r  non- 
associa te  use. Codes ra ted  Manufacture Discontinued a r e  not included. 

Items designated a s  PREFERRED a re  those recommended f o r  use wherever p rac t i -  
cable.  Items not  so  designated a re  NONPREFERRED and should not be specif ied  i n  
new applications unless there i s  no other way of economically accomplishing the 
desired r e s u l t s .  The NONPREFERRED items include ( a )  the  older designs which may 
have been superseded but a r e  s t i l l  required f o r  maintenance purposes, (b )  designs 
more expensive t o  manufacture than others which may perform the same functions, 
and ( c )  items i n  such small demand tha t  they a r e  more cost ly  t o  furnish .  

It i s  planned t o  bring t h i s  b u l l e t i n  up t o  date periodically;  however, the 
information contained herein may not be complete and ra t ings  of the items a re  not 
shown, The f i n a l  se lec t ion  of apparatus should, therefore,  be made on the bas is  
of the usual sources of information such as the Western E lec t r i c  Apparatus Card 
Catalog, the  manufacturing specif ica t ions ,  and p r ice  data.  For information regard- 
ing  the output of apparatuq r e f e r  t o  the  Western E lec t r i c  Report A-822.1. 

The b u l l e t i n  may include some codes of apparatus f o r  which catalog cards w i l l  
not  be found i: the Western E lzc t r i c  Apparatus Card Catalog. Such codes a re  i n  
general  r a t e d  Component Part .  This r a t i n g  i s  applied t o  apparatus where it i s  
believed t h a t  the associated telephone companies w i l l  have no need f a r  apparatus 
card catalog information and orders for the apparatus from the  f i e l d  a r e  not 
expected. 

When apparatus which i s  not l i s t e d  on a white card i n  the  Western E lec t r i c  
Apparatus Card Catalog i s  se lected f o r  use i n  new appl icat ions ,  the Standards 
Engineer, Department 5241, Bell  Telephone Laboratories, Incorporated, 463 West 
S t ree t ,  New York, should be no t i f i ed  of the  new use and probable demand so t h a t  
consideration can be given t o  re ra t ing  the  apparatus. When such new applica- 
t ions  a r e  made within the Laboratories, the se lec t ion  should f i r s t  be discussed 
with the department responsible f o r  the design of the apparatus. 
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SECTION I 

GENERAL 

General 

The AF, AG, A J ,  and AK re lays  cons t i -  
tute a new class of relay characterized by 
card operation of pretensioned wlre-spring 

._ subas sernblies . The important characteristics 
that have been attafned in these new wire- 
spring relays wlth respect t o  the U, Ub, UB, 
and Y relays are : 

1. Lower ( 

2. Faster 

3 0 ~ t .  

operate ? and releaae times. 

3. S e n s i t i v i t y  and marginal capability 
comparable to that of UA relay. 

4. S l o w  release times comparable to 
those  of' Y relay. 

5+ Reduced con tac t  c h a t t e r  and 
amnature rebound, 

6. Negligible contact lacking. 

7. Fewer open contacts. 

8. Reduced contact erosion and faster 
QI o opening of  contacts and low con- 
Ln 
'n tact load energy. 
t- 

1 
>* 

9 .  Greater life and adjustment' 
stability and nonaging magnetic 
material. 

10. Low magnetic in ter ference .  

11, Spring combination switching capa- 
b i l i t y  equivalent to U relay. 
(Greater spring capacity has been 
obtained. ) 

12, Lower cost of wiring. 

13, Single contact metal 
(palladium). 

14. Lower power eons&pti -... 

and a12 

tan. 

The various design and engineering 
characterfatice of the wire-spring relays 
are presented in this specification. The 
new relays are  not Interchangeable, from a 
mounting standpoint, wlth  the U, UA, UB, 
and Y relays; consequently, equipment as 
w e l l  aa circuit e p g h e e ~ i n g  is required in 
applying them in switching Bystems. 

The BF, AQ, and AJ wire-sp~fng relays 
consist of an armature, a cope, three molded 
spring blocks or combs, and a moving card 
a l l  held together by a spring clamp which 
has sufficient tenelon to hold the parta in 
r i g i d  alignment. There are separate twin- 
wlre blocks fop makes and breaks, and a 

single-wire block which is associated w i C L  
the twin-wire makes or breaks. The t w i n  
wires are actuated by a moving card,  mak 
and breaking contact  wi th  the con tac t s  o 
the single-wire block which is stationar,. 
The con tac t s  are arranged i n  twelve posi- 
t ions  i n  a v e r t i c a l  row. Each pos i t ion  
may have a make, a break, a make-break, or 
a break-make spring combfnation. The make 
and break con tac t s  can be operated i n  three 
stages of tk ;ure t r a v e l ,  cowonly 
termed la te  , and pre l iminary ,  

The Ah r e s a y  is sJmilar to the AF 
relay except  that the armature and card 
are d iv ided  horizontally, effectively 
making two relays on one structure. Spring 
p o s f t i o n s  6 and 7 are n o t  used. Only two 
stages of  armature travel, e a r l y  and late, 
are uaed. 

Connection t o  the wiring t e rminals  of  
a l l  relays l s  obtained by wrapplng the con- 
necting wire' around the straight terminal. 
The terminals are satisfactory for solder- 
less wrapped connectiona, 

Relay m e s  

There are four types of wire-spring 
relays, namely, AF, AG, A J ,  and AK. 

AF Relay 

The AP relay 1s used as the genepal- 
purpose relay w i t h  a load capability of  
18 contact pairs, and is equipped with a 
short armature (0.062 inch thick and 
1/2-inch legs ) . This armature has been 
provided t o  reduce armature rebound when 
the re lay  releases. It is always provided 
with stop discs of 0.006-Inch, 0.014-Inch 
o r  0.022-inch thickness, as Pequired to 
meet circuit conditions. The core i s  zinc- 
plated and  t h e  armature and backstop t h i n l y  
chromium-plated to eliminate sticking on 
the backstop. In addition t o  the  opera te  
requirement, nonoperate,  hold, o r  release 
requirements may be specified for marginal 
a p p l f c a t i o n s ,  Fig. 1-1 and 1-2 show the 
front and rear views of this relay, 

AG Relay 

me AG relay, which generally hae a 
copper or aluminum sleeve ( F i g .  1-3) over 
the center leg of the core, is a slow- 
releaae relay t o  replace the Y relay. Slow- 
releasing act ion may also be obtalned by 
the uae of' a noninductlve shunt or a short- 
circuleed secondary windin . It l e  equipped 8 with a long armature (0.07 inch th ick  and 
l-l/4-lnch legs) without stop diBcs, but 
embonsed where it s t r i k e s  the core, s$mllar 
to the Y relay armature. The armaturk and 
core are chromium-plated. Hold and release 
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F ig .  1-1 - AF Relay (Front view) 
P 

Fig;  1-72 - AF Relay (Rear View) 
3-1-58 
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Fig. 1-3 - Additional Pafts Eor AG and A 3  Relays 

Fig. 1-4 - 24-make-contact F.elay 

requirements are always specif led In addf- loada where greater sensitivity 1s required, 
tlon to the operate requirement in order to It is equipped w i t h  t h e  long armature and 
control the spread between minimum and maxi- always provided with 0.006-inch, 0.014- 
m releasing t imes .  inch, or 0.022-inch thick stop discs, as 

required to meet c i r c u i t  conditions. The 
A J  Relay core is zine-plated and the amnature and 

backstop thinly chromium-plated to eliminate 
The AJ relag i s  uaed for operating sticking on the backstop. Nonaperate, hold, 

the heavier spring loads and a X ~ o  f o r  light o r  release re uirements may be specified for 
marginal apgl?cationa. 
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F i g ,  1-5 - AK Relay 

The AJ relay ma be equipped with core 
laminations (Fig. 1-37 con~isting of a strip 
of iron on each side o f  the core. This In- 
c r e a s e s  the impedance so  that the relay fa 
satisfactory ror use as a bridged impedance 
transmission relay. A relay equipped with 
core lamknatlona will also p u l l  heavier 
spring l o a d s .  

24-make -contact Relay 

A special va r i e t y  of the AJ relay has' 
been made available for conditions where 
&more than 12 make contacts are required. 
This relay can replace two relays, or can 
be used where a multicontact relay might 
otherwise be required. 

The 24-make-contact relay uses four 
molded-wire blocks, t w o  single- and two 
twin-wire blocks. The contacts are ar- 
ranged i n  two v e r t i c a l  rows of 12 contacts 
each as shown i n  Fig. 1-4. 

AK Relay 

The RK relay 1s essentially t w o  relays 
which mount: l i k e  a single relay. There is 
a single core plate, core and balancing 
spring, but two armatures and two actuating 
cards. The twin-  and sfngle-wire combs for 
the two relays are molded as single units. 
Flg. 1-5 shows the general appearance of 
the relay. 

The AK relay has a Capacity of five 
cantact sets on each half .  Each contact 
set  may be a make, break, break-make, or 
make-break. No preliminary contacts are 
used, since there ape only two stages of  
armature travel. 

Fig. 1-6 - AF Relay Magnetic Structure 

Magnetic Structure 

The magnetic structure of  the AP, AG, 
and A J  relays (F ig .  1-6) cons i s t s  of a 
simple E-shaped care and a flat U-shaped 
armature, both 1 per cent silicon iron. 
Silicon Iron is used ror the armature and 
core in preference to magnetic iron because 
i t  has a higher resistivity which con t r i -  
butes to faster operating and releasing 
t imes and also has much less  magnetic aging 
properties. The one-piece E-shaped core 
construction avoidswelded or butt Joints, 
common to many magnets. These are reaponsi- 
ble f o r  added reluctance and decreased 
magnetic s e n s i t ~ v i t y .  The re la t ive ly  wide 
spacing of the legs reduces the leakage and 
in turn increasen the useful  m a m e t i c  flux. 

Two different armatures are provided; 
a s h o r t  armature, 0.062 inch thick wlth 
legs 1/2 inch long for the AF relay and a 
long armature, 0.018 inch thick with legs 
1-1/4 inch long for the AG and RJ xelays. 
Both armatures are coined to a thiclmess 
of 0.058 inch at the front where they paes 
through the opening in the core plate so 
that the same core plate may be used regard- 
less of the armature used .  The AF and A J  
relays are equipped with nonmagnetic se a- 
rators, or stop d i s o a ,  0.006 inch, 0.08 
fnch, or 0,022 i nch  high. The stop discs 
vary -0.000 inch, +0.003 Inch. The AG 
relay armature has a apherfcal embosa3ng 
( ~ i g .  1-3) .  The stop discs prevent; an 
iron-to-iron contact between the armature 
and the core, and the embossing pr0VidW a L 
more zrnlform reluctance between the arma- 
ture and the core f o r  the s low releasing 
AG relays. The armature 18 supported by 
a hinge attached to the two legs in a 
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Fig. 1-7 - AF and AK Relay Balancing Springs 

mnner to  produce a mlnfmum rebound when 
the re lay releases. 

LF1 -. e The armature i s  held against the back- 
A stop by a pretensioned U-shaped balancing 

sprfng. ( ~ l g .  1-7,) There are seven balancing 
sprfngs of  various thicknesses wlth different 
offsets, and the one used on any particular 
relay depends on the number of make contacts 
on the relay. These springs may be adjusted 
within ce r ta in  limits to meet marginal c i r -  
cuit  conditions. 

The magnetic strrlcture o f  t he  AK relay 
differs conskderably f r ron  that of the other 
wire-spring relays. The core is U-shaped 
(Fig. 1-81 and the coils are placed ovep t h e  
two legs. The U-sl-qped armature i s  replaced 

F i g .  1-8 - AK Relay Coil and Core Plate 

by a flat armature that has a double offset 
(see Fig, 1-51 t o  f i t  around the coil, Only 
one stop-dlsc height, 0.005 inch, has been 
used. Where slow release times a r e  required, 
a s p h e ~ k c a l  embossing similar t o  C h a t  on the 
AG relay is used, 

Each armature is  held against its 
backstop by two arms of a balancing spring 
( ~ i g .  1-71, There are two balancing sgrlngs 
and the one used depends on the number o f  
make contacts on the relay. 

Core Plate 

AF, AG, and AJ EEelays 

After a cel lulose  acetate f i l l e d  c o i l  
(see Section X) has been assembled t o  the 
center leg o f  the core, a core plate shown 
i n  F i g .  1-9, i s  forced over the ends of the 
E-shaped+core t o  hold the three legs in good 
alignment for proper matlng with the 
amature. The speed and pull depend, ';o an 
impor tan t  extent, on the alignment of the 
armature with respect to the three legs of 
the core. A clearance 1s  required between 
the amatu~e and the s ide  legs to ineure 
that the armature h i t s  the stog' discs ,  or 
dome, and not the s ide  legs. On the other 
hand, if t h i s  side-gap clearance is too 
large, a loss of pull capability results. 
A l i p  on the core plate  serves as a back- 
stop f o r  the armature. The core plate 
also provides a meme of mas-adjusting the 
contacts. This c a n  be done by ineerting a 
screwdriver in the upper o r  lower adjusting 
slots and twisting the 8crewddrlver. The 
lower slot controle contacts 1 through 6, 
and the upper slot controla contacts 7 
through 12. The armature travel i a  
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AK Relay 

A single core pla te  (~ig. 1-8) fits 
over  the cores  of the two halves of the 
re lay.  It provides  the same method o f  ad- 
justment as that of the AF relay,  except 
that the upper slot con t ro l s  the adjustment 
of the top r e l a y  unit and the lower slot 
t he  bottom relay u n i t .  The core p l a t e  has 
two l i p s ,  one servlng as the backstop f o r  
each relay u n t t .  

Spring Assemblies 

One o f  the major f ea tu res  oS the new 
relay I s  the use of molded spr lng assemblies. 
A number of wires are  fed into a molding 
press,where a plas t ic  block i s  molded around 
the wires t o  h o l d  them in place .  The molds 
are  also shaped to provide  dowel p i n s  and 
ho le s  In the molded blocks which facilitate 
the relay assembly and hold the  parts in 
alignment. Fig. 1-10 shows continuous 
Ladders o r  molaed wire spring sections be- 
f o r e  they are cu t  t o  length.  

In genera l ,  three basic  wire-spring 
assemblies, o r  combs, are required. Two of 
these carry twin wlres of nickel-silver for 
make and break contacts and are iden t fca l  
except f o r  some detai ls  in forming at the 
terminal end f o r  convenience in wiring. 
The t h i r d  comb cons is ts  05 a group of 12 
(ten on the AK relay) relatively heavy 
nickel-silver a ing l e  wires molded i n  plastic 
s e c t i a n s ,  one a s h o r t  d is tance  behind the 
contacts and the o t h e r  near the terminal end 
of the relay. These sections are rigidly 
supported i n  the relay structure. The twin- 
wire assemblies are mounted on e i the r  side 

PLATE 

F i g .  1-9 - RF, AG, or AJ Relay Coil 
and Core P l a t e  

governed by the height of an opening Fn the 
core plate,  the armature thickness, and the 
stop-disc height. Thus, a separate core 
plate 1s required for  each of the three 
stop-disc  heights and each armature travel 
stage. 

Fig. 1-10 - Molded Spring Assemblies Before Cutting to Length 
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of the stationary s i n g l e  wires. Fig. 1-11 
shows a top  view 01' the re lay and the loca-  
t l o n  or the p a r t s .  

Contacts on the movable twin wlres 
are  associated with the s l n g l e  fixed contact .  
The twfn w i r e s  are held i n  good alignment 
wlth the s i n g l e  con tac t s  by molded guide 
slots i n  the single-wire comb just  behind 
the card. These slots are s l i g h t l y  wider 
than the wires so t h a t  the wires are f ree  
t o  move i n  t he  d i r e c t i o n  of the single wfres 
but are r e s t r a i n e d  In the la tera l  movement. 
Fig. 1-12 shows the independent action of 
the twfn contacts compared wfth the l imi t ed  
ac t ion of the t w i n  contacts on the U and UB 
r e l ays .  Th is  contac t  arrangement assures 
contact r e l i a b i l i t y  and reduction of open 
con tac t s  i n  the  presence or d i r t .  

Each group o f  twin wires i s  tensioned 
toward the stationary wires by means of 
large prederlectfons (approximately 1/2 
i nch )  before assembly. The contac t  pressures 
are con t ro l l ed  by t h i s  p rede f l ec t ion  as 11- 
lustrated in Fig, 1-13, When the twin-wlre 
blocks are assembled in the r e l ay ,  t he  twin 
wires are displaced from cheir  ?Pee posl- 
tion by the  single con tac t s  or by the 
actuating card. The stiffness o f  the  t w i n  
wires i s  such that t h i s  results i n  a con- 
tact  pressure of about 12.5 grams for  the  
twin paira.  

The twin wires are actuated by a 
stngle punched fiber card, which i n  turn  
i s  actuated by the armature. The t en s ion  
of the twin wires is always i n  a d i r e c t i o n  
t o  hold the contacts closed; therefore, the 
card must hold the make con tac t s  open when 
the re lay i s  unoperated, and the break con- 
t a c t s  open when the r e lay  1s operated. The 
armature back t ens ion  I s  thus con t ro l l ed  by  
the back tension of the balancing spr ing  
minus the forward tension of the twfn-wire 
moving springs of t he  make contacts. 

The single-wire stationary combs are 
always provided wlth a full complement or' 
wires i n  order to support  the f r o n t  molded 
section which is held aga ins t  the core 
p l a t e  by t he  tens ion  or  these wires. Only 
fhe  single wires mating w i t h  twin wires may 
be equipped wfth precious metal contacts. 
Thus, the single wire may be equipped wlth 
no contac t  metal ,  contact  metal on both 
s i d e s ,  ar on e i t h e r  s i d e  only. 

Actuating Card 

The twin wires are ac tua t ed  by a phenol 
f i be r  moving card ( ~ i g .  1-73 held aga ins t  
the amnature by the tension o r  a f l a t  balanc- 
ing spring.  The tw in  wires t h a t  form the 
make con tac t s  are pretensioned against the 
outer edge o r  this card and toward the 
slngle mating contacts and the core.  As the 
armature moves toward the core,  the card 
al lows t h e  twin-wire springs to move forward 
t o  make contact with the single-wlre con- 
tacts. As the armature movement continues, 

the  card touches the break-twin wires which 
are tensioned against the ~ingle-wire con- 
t a c t s .  As the armature continues to move 
Lurther toward the core, the actuating card 
l i f t s  the break-twin wlres from the mating 
single-wire contac ts  and the break con tac t s  
open. The rinciple 0s' opeyakion Is shown 
in F i g .  1-11 f o r  t ~ a n z ? e r  con tac t s .  

Contact Sequences 

Contact sequences are obtained by 
contralllng the contact s o  that i t  funct ions  
ear ly  o r  l a t e  i n  the armature stroke, The 
particular po ln t  a t  whlch contac ts  make o r  
break depends mainly on the  dlrnension o f  
t he  card between the surface which bears  
against the armature and that which engages 
the twin wires. By p rov id ing  recesses f o r  
early makes and shoulders for early breaks, 
any contact  can be made t o  operate ear ly  o r  
la te  i n  the armature s t r o k e .  Thus, a trans- 
fer i s  obtained by makfng the card dimension 
such that a break con tac t  will open berore 
its associated make contac t  closes. A con- 
tinuity combination is obtained by con t ro l l -  
ing the card drlmensions so t h a t  the make 
contact  closes before i t s  assoc l a ted  break 
opens. Fig. 1-15 shows an e a r l y  break-make 
( t r ans fe r ) ,  an early make-break ( c o n t i n u ~ t y ) ,  
and a break-make (nonsequence t r a n s l ' e r )  side- 
by-side. O f  the con tac t s  shown, on ly  two 
operate early and this is accomplished by 
means OL' the two s t eps  In the a c t u a t i n g  
card. If no different sequences were re- 
quired, the card would have t w o  stralght 
unbroken surfaces, one f o r  the makes, and 
one f o r  the breaks. 

Combinations with sequences require 
a langey armature t r a v e l  than those w i t h  
no sequences. Three different t r ave l s  
o r  contact stages are provided. A t  the 
card, these travels a re :  0.026 inch (short 
for no sequences, 0.044 inch (intermediate 

prel iminary contacts which Involve t w o  

i 
f o r  one sequence, and 0.060 inch  ( l ong )  f o r  

stages o r  sequences. The 0.050-lnch t r a v e l  
is no t  used on the AK r e l ay .  
Mounting 

The relays a re  mounted w i t h  two screws 
~ h i c h  engage a clamp p l a t e  held in the rear 
assembly. The molded rear assembly i s  such 
that t h e  relays are insulated from t h e  
mountlng plate without  the use of aeparate 
mounting plate  insulators. 

Generally, a l l  relays mount on 2-  
inch vertical and I-l/2-.inch ho r i zon ta l  
centers, except transmission relays r e -  
quiring a magnetic s h i e l d ,  and the 24-make 
re lay.  In the ease o f  transmiasion relays, 
1-3/4-inch ho r i zon ta l  cen te r s  are required.  

When mounted next to each other on 
1-1/2-inch ho r i zon ta l  centers, the wire- 
spr lng  relays nest i n  such a manner that 
these I s  a nom3nal clearance of 1/8 inch 
a t  the c l o s e s t  poin ts .  When mounted next 
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t o  dissimilar apparatus, however, the ad- 
Jaeent apparatus seldom nests with the wire- 
spring relay and somewhat larger space must 
be allowed. Where no  penalties in the num- 
ber of mounting p l a t e s  occur, the center-to- 
center  dimension, between the wire-spring 
relay and the dis~imilar apparatus, should 

Fig. 1-16 - Buffer Sprifig 

be increaeed 1/8 inch. The AJ relay, equip- 
ped with a magnetic shie ld ,  is considered 
dissimilar apparatus since relays equipped 
with the boxlike shield will not nest. 

Where the additional 1/8-inch allow- 
ance, due t o  dissimilar apparatus, w i l l  
cause the use of  an extra mounting plate ,  
the following minimum mounting allowances 
may be used, 

Dissimilar apparatus 
on coil sfde of relay - 
all lengths 1.566 inches 

Dissimilar apparatus 
on s ring side of relay - 
2-7/8 inches o r  less from 
mounting plate 1.566 inches 

Dissimllar apparatus on 
spring side of relay - 
over 2-7/8 inches from 
mounting plate 1.634 inches 

The 24-make relays may be mounted on 
1-7/4-inch centers with respect to other 
24-make relays, but the use o f  2-112-inch 

mounting centers  is recommended as a means 
of reducing the wiring congestion at the 
back o r  the relay. When a general  purpoae 
wire-spring relay l a  mounted on the sprfng 
s ide  of a 24-make relay, the minLrnum 1-5/8- 
inch center-to-center spacing should be 
increased to 1-3/4 inches  to obtain an 
adequate clearance between the outer row 
of terminals on the 24-make relay and the 
coil terminals of the general purpose relay, 
24-make relays with more than one winding 
require a s p e c i a l  layout  of mounting holes  
and a rninlmum mounting center o r  2 inches .  

Assembly of Coded Parts 

The design of the wire-spring re lay 
permits considerable savings in assembly 
and adjusting cost. Major deslgn features 
which con t r ibu te  to low assembly c o s t  are: , 

1, The use of molded spring sub- 
assemblies which avoid individual 
handling of the wire springs. 

2. Clamping the relay pile-ups by 
means of a simple steel spring 
clamp, No screws are used in t h e  
re lay except those that fasten it 
to the  mounting plate. 

3. A single, easily-mounted operating 
card. 

A large variety of different relay 
codes are obtained by aesembling parts 
which, for assembly purposes, are identi- 
cal. Thus, the asaembly operatian I s  es- 
sentially the same f o r  a l l  codes. A buf- 
fer spring (Fig. 1-16), which 1s used t o  
obtain an Increased load in the operated 
position without increasing the unoperated 
position load, can be placed on the relay 
(except the AK relay) after the assembly 
is completed. Fig. 1-17 shows the part 
that i s  used in the assembly of the AF 
relay, and Fig. 1-18 the AK relay. 

While it i s  poaslble t o  have a 
grea t  number of different molded spring 
combs, it l a  expected that a relatively 
small number will be adequate for all uses. 
Relatively few of the large number of actuat- 
ing cards possible w i l l  be used. Only seven 
have been ueed on the AFy AG, and Ad relays 
and two on the AK relays up to the present 
time . 
Contact Cover 

Each re lay is equipped with a molded 
methyl methacrylate cover which encloses 
only the f r o n t  of the contacts and pratscts 
them from dlrt. The cover also traps the 
twin wfres In the individual guide slots to 
avoid displacement and crossing of these 
wires such as would occur during shipment 
and under pressure-cleaning conditions, It 
I s  important that the cover  be kept i n  
place at a l l  t imes  except f a r  relay mainten- 
ance. 
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P i g .  1-17 - A F  Relay Parts 

It is expected tha t  AP, AG, and AJ 
relaya will have a llfe of LOO to.300 
m i l l i o n  operations depending on the coil 
resistance and spring combination. Where 
longer Life is essential, special reatures 
can be used that w 9 1 1  extend the life to 
approximately one bilXiop operatlone. These 
special features c o n s i s t  of heavy chromium 
plate  on the armature, core, and core-plate, 
stop discs of No. 1 contact metal, and 

1- stainless steel wear pads on the core legs 
in the region where the armature p i v o t s  

A t  present the AK relay has a life of 
about 25 million operations, but it l a  
hoped that this can be extended to 50 or 60 
million by contemplated design changes. 

Contact Chatter and Rebound 

Contact c u t t e r  in general purpose 
relaya has several causes. For convenience 
in d f s ~ u ~ s i n g  the extent and characteristics 
of chat ter  on the wire-spring relays, 
chatter can be divided i n t ~  four fundamental 
types characterized by their cause as fol- 
lows : 

1. Initial Chatter Xa chatter occurring 
immediately after contac t  closure. 
This ts usually confined to a period 
of about 100 mlcroseconda af ter  
closure. It 18 usually Of high 
frequency and haa been sometimes 
called fine chatter. 



- Fig. 1-18 - AK Relay Parts 

2. Shock Chatter is caused by vibration Type of  Relay 
of the springs from the impact o r  
the armature as it strikes the core C h a t t e e  AF or RJ S l o e *  
or backstop on operate or release. C o n t r o l l e d  by 
This type of chatter usually starts Mass Load 
Srom 1 to 3 millisec~nds after the 

- 
initial closure and is periodic in rn i t i a l  J 4 J 
nature. Shock J 

Hes i t a t i on  d 4 
3. Hesitation Chatter is caused by 

hesitation of the armature during 
the operate o r  release stroke. 
Abrupt changes in load cause the 
armature t o  momentarily stop or 
even reverse i t s  di rec t ion  o f  motion 
before completing its stroke. 

4. Rebound Chatter is caused by the 
bounce of the armatu~o on s t r ik ine  
the backstop. 

Condltlons under which the various 
kinds of chatter can be anticfpated are 
shown in t h e  following table. 

Rebound - 
Shopt A T J 

Rebound - 
Int & 
Long A T d J J 

*Check marks indicate conditions where 
chatter c a n  occur. 

**AF, AG, or AJ relays ~ 5 t h  sleeves Or Shunts. 

The wire-spring relays show sub- 
stantial improvement in performance over 
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older relays In all types of chatter ex- 
cept hesitation and rebound chat ter .  

Inftlal Cha t t e r  

This type of chatter may occur on any 
wfre-spring re lay contact, but w i l l  be found 
more o f t en  on the make ccon tc t t s  of fast- 
operate or lightly-loaded relays. Its 
occurrence and duration are so s m a l l  that 
for most circuft appl ica t ions  i t  can be 
neglected. It has some adverse effect on 
contact eros ion  but  the e f f ec t  1s included 
in the life est-tes of contact performance 

Shock Chatter 

This t ype  of chatter I s  a function 
of the armature speed and does not occur 
on the operate of the slower relays or on 
the release of lightly-loaded or slow re- 
lease relays. It will occur most fre- 
quently on the fast operating speed coils. 
I t s  occurrence and duration are se small 
that for moat cfrcuit applications it can 
be neglected. 

Hesitat ion 
m 

Hesitatlon is a temporary alowing 
down, stopping or reversal of the armature 
durlng its travel between the core and 
the backstop on e i ther  operate or release. 
This tends to increase the stagger time 
between contacts and prolong the operate QT 
release time. Operate hesitation occurs 
when the spring load b u l l d s  up faster than 
the amnature pull, and usually occurs on the 
hLgh-inductance coils or under marginal 
conditions. Operate hesttation is worse on 
relays with a large number of springs, 
which are picked up early in the armature 
travel with  little dispersion of the cen- 
tact pick-up points. A change in the ad- 
justing requirements to prevent picldng up 
the contacts t o o  early has practfcal ly  
e l iminated  hesitatLon on c o i l s  of less 
than 700 ohms and reduced the tendency of 
hesitation on the higher resistance c o i l s .  

Keaitation may be reduced or 
eliminated by t h r e e  methods, 

1. Use more power on the coil, 

2. Use an adjustment to guarantee a 
gradual o r  a late load pick-up. 
Adjusting the core plate  tabs so 
that the single-wire comb is moved 
nearer to the core increases the 
distance that the armature travels 
before plcking up the Load. As a 
consequence, the armature I s  travel- 
i n g  faster  and the pull is greater 
as t h e  load is picked up, both o f  
which reduce hesi ta t ion.  

3 .  Use an AJ relay i n  p l a c e  of an 
AF relay. The g r e a t e r  p u l l  of 
the  AJ relay, under the same c i r -  
cuit conditions, tends to reduce 
nesttation. 

Release hesitation is encountered 
almost e n t i r e l y  on relays w i t h  buffer 
spsings. When the buffer spring load  is 
dropped, on the pelease of the relay, the 
armature my stop or momentarily reoperate 
some contacts be fa re  moving t o  the backstop. 
Since the hesitation is caused by the abrupt  
dropping o f  t he  heavy buffer spring load 
while there is still some f l u  fn the delay, 
the remedy i s  to remove the buffer spr ing,  
if this can be done, 

Rebound 

Rebound ia the bounce of' the armature 
af ter  it hits the backstop on release. On 
wire-spring relays with a short armature 
t rave l  all the contacts may close at about 
the same t h e  leaving no contact  safe from 
rebound, i f  i t  occurs. On intermediate 
travel relays the l a t e  contacts are usually 
safe from closure on rebound. 

The make contacts of continuity (EMB) 
sp r ings  are vulnerable t o  rebound on re- 
lays v r i t h  intermediate travel. Where such 
spr ings  are used to lock a relay, the 
locking c i r c u l t  should no t  be re-enabled 
for  at least 20 millfseconds after the 
relay has released in order that rebound 
will not cause the relay t o  lock falsely. 
This condition can sometimes be overcome 
by the use of a long t ravel  r e l a y  whose 
prellmlnary contacts may abaorb the rebound. 
Rebound can a l s o  be reduced by the use of 
a minimum 60 grams armature back tension. 
A f l ex ib le  mounting, LF-19~890, can also be 
used to a i d  fn reducing rebound, especially 
under pulsing condftions. 

Rebound P s  aggravated by operation 
under a pulalng condition, a release 
from a short pulse closure and the use 
of a shunt, contact p r o t e c t o r ,  o r  s leeve.  
The following table summarizes the re- 
sults of a study of rebound an the wlre- 
spring relay w i t h  con tac t  p ro tec t ion  
but no sleeve or shunt. This table shows 
that relays with l i g h t  spring loads 
(two to slx contacts) should be free 
from rebound, except possibly under pulsing 
condltlons. Rebound chatter increases 
with the use of the long armature, the 
number of springs, and an increase in the 
armattlre t ravel .  
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TABLE 1-1 

Estimate of Occurrence and Duration of 
Contact Operat ion Due t o  Rebound 

Length of  
No. of Fslse 

Relay A r m .  Contact Opera t ion  In 
Type T r a v e l  Sprin~ P a l r s  Milliseconds 

AF 
A F  
AF 
A J 
A J 
A J 
A J 
A J 
AJ* 

Short 
Int 
I n t  
Short 
Short 
Short 
Tnt 
In t ;  
Int 

None 
None 

0 to 2 
None 

0 to 3 
1 to 4 
0 to 1 
0 to 4 
2 to 6 

*May have two or t h r e e  false o p s r a t i o n s .  

Long travel  r e l a y s  are  n o t  inc luded  
i n  t h e  t ab le .  They are worse than the 
intermediate t r a v e l  r e l ays .  Lightly-loaded 
long t r a v e l  r e l a y s  may be liable to false 
c lo su re  of t h e  p r e l i m i n a r y  contacts and 
heav i ly  loaded relays may c lo se  both t h e  
preliminary and the e a r l y  c o n t a c t s .  

Rebound is n e g l i g i b l e  on  t h e  AK r e l a y  
if e i t h e r  hal f  of  the r e l a y  is .bperated or 
released while t h e  other half of the re lay 
is stationary. If both halves a r e  released 
together, or within 50 mflllseconds of each 
other, rebound chatter may occur. 

Short  Pulse Operation 

The contacts of a r e l a y  can be caused 
t o  f i n c t i o n  on a p u l s e  of current shorter 
than the actual operate time of t h e  r e l ay .  
T h i s  e f f e c t  Is due to t h ?  armature I n a r t l a  
and is aggravated by the  use  of a con t ac t  
p r o t e c t i o n  network. The actual.  opera te  t i m e  

of a re lay operating from a short pulse  is 
l onge r  than i t s  operate t ime  on a long 
steady closure. 

Under t he  w o r s t  conditions, s h o r t  
travel mass c o n t r o l l e d  wi re - spr ing  r e l a y s  
may opera te  on a p u l s e  equal  to about 
50 per cent of their a c t u a l  operate time 
if pro tec t ed  by a 1 8 6 ~  network, 60 p e r  
cent if protected by a 185A network, and 
70 p e r  c en t  i f  unp ro t ec t ed .  Increasing 
the back t en s ion ,  the armature travel or 
the contact gap tends to make the length 
of t h e  pulse r e q u i r e d  t o  operate t h e  r e l a y  
approach the  normal opera te  t i m e .  

S i m i l a r l y ,  an interruption of the 
coil c u r r e n t ,  much s h o r t e r  than t he  r e l ease  
time of t h e  relay, may permit the armature 
t o  f a l l  away from t h e  core and open some o f  
the c lo sed  contacts. In extreme cases, w l t k  
no con tac t  psotectlon, an i n t e r r u p t i o n  of 
c u r r e n t  as s h o r t  as 40 p e r  cent o f  the re- 
lease time can release t h e  re lay.  With 
conzact p m t e c t i o n  t he  open i n t e r v a l  to re- 
lease the relay would v a r y  from 50 to 75 p e r  
cent of the normal re lease  time depending 
on t he  con tac t  protection and r e l a y  coil. 

Grounding S t r a p  

The wira-spring r e l ay  is u s u a l l y  i n -  
sulated from t h e  'mounting p la t e ,  bu t  i t  
I s  sometimes necessary to ground t he  r e l ay  
core f o r  shielding reasons i n  high-frequency 
circuits. A grounding strap,  which is 
assembled in the r e l a y  behind the mountlng 
bracket  has been developed f o r  t h i s  purpose 
and is specified as p a r t  of? t h e  r e l a y  code, 
There are a l i m i t e d  number of codes t h a t  
have t h i s  grounding s t r a p .  Relays with 
t h e  grounding s t r a p  are  n o t  recommended f o r  
general use and t he re fo re  s h o u l d  be used 
only  where t he  grounded re lay i s  r equ i r ed  
f o r  c i r c u i t  reasons .  



SECTION I1 

CODE INFOmiATION 

General 

This s e c t i o n  conta ins  code information 
f o r  a l l  AD', A G ,  AJ, and AK r e l a y s  t h a t  have 
been coded on t h e  d a t e  of i s s u e .  The in -  
formation i s  arranged i n  a  form t o  f a c i l i t a t e  
t h e  s e l e c t i o n  of r e l a y s  t o  meet p a r t i c u l a r  
c i r c u i t  requirements. 

The r e l a y  code information,  t h a t  i s ,  
code number, sp r ing  combination, winding, 
and adjustment  information is  l i s t e d  i n  
Tables 11-1, 11-2, 11-3, and 11-4 accord ine  
t o  t h e  number of con tac t s  on each code. 
The M ,  B ,  EM, EB, PM, and PB con tac t  arrange-  
ments each count a s  one contac t .  The EldB, 
B&l, and EBIt3 con tac t  arrangements each count 
a s  two con tac t s .  

To l o c a t e  t h e  design information f o r  a  
p a r t i c u l a r  coded r e l a y ,  l is ts  of codes i n  
numerical o rde r  a r e  provide6 preceding 
Table 11-1. These show t h e  t a b l e  number and 
t h e  number of c o n t a c t s  where t h i s  information 
may be found. 

High-Operation Relays 0' 
L J  
Ln 
~n Wire s p r i n g  r e l a y s  t h a t  a r e  expected 
7 t o  opera te  s e v e r a l  hundred mi l l i on  t imes  i n  
X a  40-year l i f e  r equ i r e  t h e  use of s p e c i a l  

l ong - l i f e  f e a t u r e s  t o  avoid t h e  n e c e s s i t y  of 
pe r iod i c  readjustments  t o  compensate f o r  
wear. These s p e c i a l  f e a t u r e s  c o n s i s t  of 
heavy chromium p l a t e  on t h e  a rmature ,  core ,  
and core p l a t e ,  No. 1 metal  s t o p  d i s c s ,  and 
s t a i n l e s s  s t e e l  wear pads on t h e  co re  l e g s  
i n  t h e  region where t h e  armature p ivots .  
The number of ope ra t ions ,  i n  m i l l i o n s ,  f o r  
which r e l a y s  with d i f f e r e n t  c o i l s  a r e  s a t i s -  
f a c t o r y  without  t h e  use of t h e  l o n g - l i f e  
f e a t u r e s  a r e :  

1 t o  6 Contacts  Over 6 Contacts  
Res S  Travel  I Travel S  Travel  I Travel  - 

Relays t h a t  opera te  i n  excess of t h e s e  f i g -  
u re s  should be equipped wi th  t h e  l ong - l i f e  
f e a t u r e s .  Relays wi th  t h e  l o n g - l i f e  fea-  
t u r e s  a r e  coded i n  a  s epa ra t e  code s e r i e s .  
These r e l a y s  should no t  be used unneces sa r i l y  
s i n c e  t he  l o n g - l i f e  f e a t u r e s  i nc rease  t h e  
p r i c e  of t h e  r e l a y  approximately 20 
cents .  , ,> I 

Code Numbers 

The follorving blocks of code numbers 
have been e s t a b l i s h e d  f o r  t h e  AF, AG,  and 

AJ re lays .  There i s  only one code s e r i e s  
f o r  t h e  AK r e l ays .  

Ordinarv Relavs 
1 t o  12  
Contact 

P o s i t i o n s  24 Makes 

AF1 t o  499 None 
AJ1 t o  199 AJ200 t o  299 
A G l  t o  199 None 

Long-Lif e  Relays 
1 t o  1 2  
Contact  

P o s i t i o n s  24 Makes 

AF500 and Up None 
AJ500 t o  699 AJ700 t o  799 
AG None Ant ic ipa ted  

P re fe r r ed  Codes E : 
The coded AF and A J  r e l a y s  l i s t e d  i n  

t h e  a t tached  t a b l e s  a r e  marked wi th  (P )  
when t h e i r  use i s  p re fe r r ed  over o t h e r  codes. 
The p re fe r r ed  codes a r e  t hose  wi th  p re fe r r ed  
windings and sp r ing  combinat i ons  which w i l l  
be s a t i s f a c t o r y  f o r  many c i r c u i t  appl ica-  
t i o n s  and consequently w i l l  have h igh  pro- 
duct ion.  Wherever pos s ib l e ,  p r e f e r r ed  codes 
should be used. I n  ca se s  where t h e  pre- 
f e r r e d  code w i l l  not  meet c i r c u i t  requi re -  
ments ,  o r  where i t s  use is  uneconomical be- 
cause of t h e  c o s t  of e x t r a  s p r i n g s  o r  in-  
c reased  c u r r e n t  d r a i n ,  o t h e r  codes should be 
used. 

Relays wi th  t h e  l ong - l i f e  f e a t u r e s  a r e  
shown i n  t h e  nonpreferred l i s t  s ince  t hey  
c o s t  more than  t h e  normal r e l ay .  

Spare Contacts  1.; 
It is  economical t o  use  r e l a y s  having 

spa re  c o n t a c t s  on t h e  fol lowing b a s i s  before  
cons ider ing  a  new code wi th  t h e  exac t  number 
of con tac t s  required.  

Demand p e r  Permiss ib le  
10,000 Lines  Spare Coctac ts  

800 - 400 1 
400 - 200 2 
200 - 100 3  
100 - go 5  

80 - 60 6  
60 - 50 8 

Less t han  50 10  

Procedure 6 '  
Count t h e  t o t a l  number of requi red  

c o n t a c t s  (18, B ,  BM, EBM, e t c )  . For AF and 
AJ r e l a y s ,  look i n  Table 11-1 f o r  
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single>-wound or in Table 11-2 for multiple- 
wound relays, starting with the total number 
of contacts required; for AG relays look in 
Table 11-3, and for AK relays Table 11-4. 
If the exact combination is not coded, then 
select the code available having the lowest 
number of contacts which will meet the re- 
quirements and determine if this design is 
economically satisfactory for the known 
demand. 

If a satisfactory relay is not found 
in these tables, submit a wire--spring relay 
request in duplicate to the relay require- 
ments group (~orm E-973A). 

Adjustments 

The Western Electric Company adjusts 
all U, UA, and Y relays furnished on wired 
equipments in the wiring shop, and uses the 
current flow values shown in the circuit re- 
quirements table. With this program, the 
current flow values on the circuit require- 
ments table do nct necessarily have to be 
the same as the M specification. 

With the introduction of the wire- 
spring relay, the Western Electric Company 
feels that it is more economical to adjust 
these relays in the relay assembly shop. 
This is due to the greatep stability of the 
relay, the use of fewer adjustable features 
resulting from more preformed and preten- 
sioned springs, the expectation of less ad- 
justing effort, and the mass adjustment of 
the same code of relay. This program also 
permits the establishment of a single ad- 
justing shop instead of one in the assembly 
shop and another in the wiring shop. The 
circuit requirement values must therefore be 
no more severe than the M specification 
values in order to avoid checking and read- 
justing effort in the wiring shop. 

It will not be permissible to specify 
requirements on the circuit requirements 
table that are not a part of the M specifi- 
cation. Where a relay requires current 
flow values different from those in the M 
specification, it will be necessary to 
change the M specification or to issue a 
new code with the new adjustment. The 
choice of which procedure is to be followed 
will be determined by the economics of the 
situation. If the M specification is 
changed, the more expensive adjustment must 
be applied in the shop to all relays of that 
code, which might be uneconomical if there 
existed a high demand for the relay without 
the additional requirements. On the other 
hand, a new code for a relay with a small 
use would result in an increased over-all 
production cost by manufacturing more small- 
lot orders. The cost of the two methods 
must be compared to determine the most 
economical procedure. Section XI contains 
the data for making this comparison. On 
low-demand uses, a new code cannot be 
justified because the existing code has 
extra adjusting requirements. 

Where a multiplicity of requirements 
are shown in Tables 11-1, 11-2, and 11-4 for 
AF, AJ, and AK relays, all of them need not 
necessarily be shown on the circuit require- 
ments table for every circuit application. 
Those requirements which do not apply to a 
particular circuit condition may be omitted. 
For instance, a nonoperate requirement 
should not be shown if there is no nonoperate 
condition in the circuit. Check adjustments 
on other windings are not considered as 
additional requirements, and therefore may 
be used on the circuits without affecting 
the M specification. For example, if a 
relay is adjusted with two windings series 
aiding, a check adjustment may be shown for 
either winding alone in a particular circuit 
requirements table even though it is not 
specified in the M specification. 

The current flow require~ents for the 
coded relays i n  Tables 11-1, 11-2 and 
11-4 are readjust requirements. $he test 
requirements are 105 per cent of the operate 
and hold requirements and 95 per cent of 
the nonoperate and release requirements. 

Both test and readjust current flow 
requirements are shown for AG relays in 
Table 11-3. The margin between release test 
and readjust for these relays is on an am- 
pere turn rather than a percentage basis to 
provide margin for wear. The margin between 
test and readjust is 5 per cent for operate, 
nonoperate, and hold requirements 

For AG relays, always specify the 
soak, operate, hold, and release require- 
ment s. 

Show "FS" in the "After Soak" column 
of the circuit requirements table when soak 
currents are given, provided the full soak 
obtained under the test condition is equal 
to, or greater than, the specified value. 
If the full soak exceeds 0.7 ampere, the 
specified soak should be used. 

Armature Back Tension 

Armature back tension other than 
standard - minimum 30 grams'for AF, AJ,and 
AK relays, minimum 45 grams for relays with 
24 makes, minimum 20 grams for AG relays - 
must be shown in the circuit requirements 
table. 

Contact Gauging 

Contact gauging values other than 
standard are shown in Tables 11-1, 11-2, 
11-3, and 11-4 and must be shown $n the 
circuit requirements table. 

A visual check, without gauges, will 
be made for all EBM, EMB, PBEM, and PMEB 
spring units. No check is made for any 
other sequence unless the sequence is speci- 
fied in the circuit requirements table. 
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Res i s tance  Tolerances  

Unless o therwise  s t a t e d ,  t h e  r e s i s t -  
ance v a r i a t i o n  of i n d u c t i v e  windings i s  
+ l o  p e r  c e n t  and noninduct ive windings i s  
+ 5  p e r  c e n t .  A l l  r e s i s t a n c e  va lues  a r e  
based on 6 8 ~ .  

Contac t s  

Only pa l lad ium (No. 2 m e t a l )  c o n t a c t s  
of one s i z e  a r e  used on AF, AG,  A J ,  and AK 
r e l a y s .  The twin-wire c o n t a c t s  have a  t h i n  
go ld  o v e r l a y .  

B a t t e r y  Connection t o  Spr ings  

B a t t e r y  and ground s h a l l  n o t  be con- 
nec ted  t o  s p r i n g s  i n  a d j a c e n t  p o s i t i o n s ,  
s i n c e  t h e s e  s p r i n g s  may be s h o r t e d  by t h e  
c o n t a c t  b u r n i s h e r .  

Contact  P r e s s u r e  

The AF, A G ,  A J ,  and AK r e l a y s  a r e  
g e n e r a l l y  designed t o  p rov ide  a  nominal 
12.5-gram c o n t a c t  p r e s s u r e .  The s e n s i t i v e  
r e l a y s  a r e  designed t o  p rov ide  a  nominal 
8-gram p r e s s u r e .  S ince  t h e  c o n t a c t  p r e s -  
s u r e  i s  n o n a d j u s t a b l e ,  no r e f e r e n c e  w i l l  be 

cn made t o  i t  i n  t h e  c i r c u i t  requirements  
t a b l e .  

L n  
t- 
I Armature Trave l  

X 

The armature  t r a v e l  i s  nonad jus tab le  
and s o  w i l l  no t  be s p e c i f i e d , f . n  t h e  c i r c u i t  
r equ i rements  t a b l e .  The nominal armature  
t r a v e l s ,  measured a t  t h e  c a r d  a r e :  

Spr ing  
Trave l  Contact  Combination 

Inch Sequence Number 

S h o r t  0.026 1 S t a g e  1 t o  199 - 
and 5 0 0 ~  

I n t e r m e d i a t e  0.044 2  S tage  200 t o  399 
Long 0.060 3 s t a g e  400 t o  499 

Operate and Release Times 

The o p e r a t e  and r e l e a s e  t imes f o r  t h e  
AF, A J ,  A G ,  and AK r e l a y s  a r e  shown i n  
Tables  11-5, 11-6, 11-7, and 11-8. These 
t imes a r e  based on l o c a l  c i r c u i t  o p e r a t i o n ,  
45 t o  50 v o l t s  and no c o n t a c t  p r o t e c t i o n .  
The o p e r a t e  t imes a r e  n o t  shown f o r  r e l a y s  
which cannot be used i n  l o c a l  c i r c u i t  on 
48 v o l t s .  

C i r c u i t  P r e p a r a t i o n  

Wire-spr ing r e l a y s  may be blocked i n  
t h e  opera ted  o r  t h e  unoperated p o s i t i o n ,  
and t h e i r  c o n t a c t s  may be i n s u l a t e d .  When 
a  make c b ~ l t a c t  on t h e  r e l a y  under  t e s t  i s  
i n s u l a t e d ,  t h e  margin between t h e  r e a d j u s t  
and t e s t  o p e r a t e  should be i n c r e a s e d  t o  
1 0  p e r  c e n t  t o  compensate f o r  t h e  e f f e c t  of 
t h e  c o n t a c t  i n s u l a t o r  on t h e  o p e r a t e  c u r r e n t  

Kinding t e r m i n a l s  a r e  extended t o  t h e  
f r o n t  of t h e  r e l a y  t o  p rov ide  connec t ing  
p o i n t s  f o r  t e s t  purposes .  The s i n g l e - w i r e  
c o n t a c t s  may be used a s  connect ing p o i n t s  
f o r  t e s t  purposes .  This  connect ion i s  made 
by a  t e s t  prod t h a t  p lugs  i n t o  a  360 t o o l ,  
a s  shown i n  F i g .  V I I I - 1 .  Mechanical i n t e r -  
f e r e n c e  between 360 t o o l s  makes i t  impos- 
s i b l e  t o  p i c k  up a d j a c e n t  c o n t a c t s  wi thout  
i n t e r f e r e n c e .  A t  l e a s t  two c o n t a c t  p o s i -  
t i o n s  should be l e f t  between c o n t a c t s  t o  
be picked up.  A s  an  e x c e p t i o n ,  only one 
c o n t a c t  p o s i t i o n  need be l e f t  between con- 
n e c t i n g  p o i n t s  s t r a d d l i n g  the  c e n t e r  of t h e  
s p r i n g  combination because of t h e  wider 
space between c o n t a c t s  6 and 7.  

Maintenance S p e c i f i c a t i o n s  

The fo l lowing  B e l l  System P r a c t i c e s  
cover  t h e  in format ion  f o r  main ta in ing  t h e  
wi re - spr ing  r e l a y s .  

S e c t i o n  Contents  

Maintenance and Adjustment - 
AF , AG, and A J Re l a y s  
Maintenance and Adjustment - 
AK Relays  
Blocking and I n s u l a t i n g  
T e s t  Connections 
Contact  Cleaning 
Contact  Replacement 
P iece  P a r t s  and Replacement- 
AF, AG, and A J  Relays  
P iece  P a r t s  and Replacement- 
AK Relays 

005-12@-1°3 Winding and Spr ing  
Des igna t ions  

QLtQ-502-101 Educa t iona l  - Informat ion 
AF, AG,  and A J  Relays J 
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I AF RELAY CODES 

Code - 
AF 1 
AF2 
AF3 
AF4 
AF 5 

A F ~  

AF 
AF9 
AFlO 

AFll 
AF12 
AF13 
AF14 
AF15 

~ ~ 1 6  
~ ~ 1 7  
~ ~ 1 8  
AFlg 
AF20 

AF21 
AF22 
AF23 
~ ~ 2 4  
AF25 

~ ~ 2 6  
AF27 
~ ~ 2 8  
AF29 
AF30 

Contacts Table Code 

AF51 
AF52 
m53 
AF54 
AF55 

~ ~ 5 6  
AF57 
AF58 
AF59 
~ ~ 6 0  

~ ~ 6 1  
~ ~ 6 2  
AF63 
AF64 
~ ~ 6 5  

AF66 
~ ~ 6 7  
-68 
~ ~ 6 9  
AF70 

AF71 
AF72 
AF73 
AF74 
AF75 

AF76 
m77 
AF78 
AF79 
~ ~ 8 0  

Contacts Table Contacts 

4 

Table 

None 
10 
12 
9 

None 
4 
7 

5 
Replaced by AF115 

7 
None 

4 
18 

None 

3 
Replaced by A~526 

6 

5 
4 
8 

Replaced by AF5OO 
Replaced by AF501 

Replaced by AF502 
-12 

None 
14 

Replaced by AF503 
Replaced by AP114 

12 1 

AF31 Replaced by AF5l2 
AF32 12 1 
-33 12 1 
AF34 10 1 
AP35 9 1 

~ ~ 8 1  Replaced by AF525 
~ ~ 8 2  15 1 
m83 12 1 
~ ~ 8 4  12 1 
AF85 7 1 

~ ~ 3 6  Replaced by AF514 
AF37 12 1 
mj8 Replaced by AP515 
AF39 Replaced by ~ ~ 5 1 6  
AF40 10 1 

~ ~ 4 1  Replaced by AF517 
AF42 16 

6 1 
11 1 

Replaced by AF504 
12 2 
14 1 

AF43 3 
AF44 4 
~ ~ 4 5  Replaced by AF519 

~ 4 6  Replaced by AF52O 
~ F 4 7  Replaced by AF521 
~ ~ 4 8  16 
~ ~ 4 9  13 
AF50 6 
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AF AND AJ RELAY CODES 

A F  RELAY CODES 
Contacts Table Code - 

AJ RELAY CODES 
Contacts Table Code - 

AJ1 
AJ2 
AJ3 
A34 
A J5 

AJ6 
AJ7 
A J ~  
AJ9 
A JlO 

AJll 
AJ12 
AJ13 
A J14 
AJ15 

~ ~ 1 6  
AJ17 
~ ~ 1 8  
AJlg 
A J20 

2 2 
Replaced by AJ24 

20 1 
None 
24 1 

None 

2 1 
24 1 

Replaced by AJ503 
16 2 

20 1 
Replaced by AJ25 

13 1 
4 2 
16 2 

Replaced by AF534 
6 1 
6 2 
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A J  E L A Y  CODES 

A J  RELAY CODES 
C o d e  C o n t a c t s  Table 

A J  RELAY CODES 
C o d e  C o n t a c t s  Table  

~ ~ 9 6  
A J97 
A J 9 8  
A J99 
A J l O O  
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AG R E L A Y  CODZS 

-- AG R E L A Y  C O D E S  
C o d e  C o n t a c t s  Table 

AG R E L A Y  C C D E S  
C o d e  C o n t a c t s  - T a b l e  

AG 3 
A G 4  
A G 5  

A G ~  
A G 7  
A G 8  
A G 9  
A G l O  

A G l l  
A G 1 2  
A G 1 3  
A G 1 4  
A G 1 5  

I ~ ~ 1 6  
A G 1 7  
A G 1 8  
A G 1 9  
A G 2 0  
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AK RELAY CODES 

AK RELAY CODES 
C o d e  - C o n t a c t s  Table 

A K 1  
AK2 
AK3 
AK4 
AK5 

AK6 
AK7 
AK8 
AK9 
AKlO 

A K l l  
A K 1 2  
A K 1 3  
A K 1 4  
A K 1 5  

~ ~ 1 6  
A K 1 7  
~ ~ 1 8  
A K 1 9  
AK20  
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TABLE 11-1 

CODE INFORMATION 

SINGLE-WOUND AF AND A J  RELAYS 

CONTACT ARRANGEMENT WINDING 
SPg See 

M B Other Comb. Code - - Turns Res. Oper 1.0. Hold Rls Notes -- 
1 CONTACT 

I - -  - - - 1 AJ7 34900 9100 1.6 .5 A,  (AC)G,Z,(ATJ 
- 1 - - - - 53 AJ25 3710 220 24 22 D,XIN 

( a f t e r  soak-50) 
- 1 - - - - 53 AJ47 3710 220 23 21 D,X,N 

( a f t e r  soak-50) 
- 1 - - - - 53B ~ ~ 1 3 8  3900 100 30 - - 12.5 A 

2 CONTACTS 

- - - 1 - - 209 A F ~ ~ ( P )  5150 700 25.5 
2 - -  - - - 2 A J l l  5625 180 15 9. 5.1 A,G,W 

6;fter soak 453 
1 1 -  - - - - 208 AAJFZ59 

1 80 - -  1 - 
- 2  - - - - - 2 A J ~ O ~  34900 9100 2.1 W 

2260 71 2% 

3 CONTACTS 

Notes : 

A. Equipped with v.014-inch s top discs .  
D. Equipped with 0.091-inch copper sleeve. 
G. Contact make 5, no make 8.5, readjus t ;  make 3.5, no make 10, t e s t .  

. N. Winding arrangement Ho. 5. 
W. Armature back tension minimum 20 grams readjust ,15 grams t e s t .  
X. Equipped with one i ron and two copper washers. 
Z. Adjusted on l i g h t  contact pressure. 
(AC). Armature back tension minimum 18 grams readjus t ,  15 grams t e s t .  
(AY . The use of a protect ive  network on the c o i l  i s  required t o  l i m i t  the peak voltage t o  

a sa fe  value. 
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TABLE 11-1 (Contd) 

CODE INFORMATION 

SINGLE-WOUND AF AND A J  RELAYS 

CONTACT ARRANGEMENT WINDING CrnZRENT FLOW l3.E- 
SPg See 

M g Other Comb. - Code Turns Res. Oper #.O, Hold Rls Notes -- 
4 CONTACTS 

2 - - - 1 - 216 m 1 5 ( ~ )  19400 2500 6.7 
4 - - - - - 3 1580 16 64 
4 - - - - - 3 2130 270 48  
4 - -  - - - 
4 - - 3 - - - 3 

241" 5150 700 19.1 
AF59 P 19400 2500 

2 2 -  - - - 4 1 ~  A~89 2260 9 4:*2 29.5 17. 
(a f te r  soak 1303 

- 1 1  3 i -  - 211 AF17(P ) 2110 270 62 46 - - - 38 A ~ 8 0  8250 1050 11 7.9 C 

5 CONTACTS 

Notes: 

B. Equipped with 0.022-inch s top  d i s c s .  
C .  Equipped with 0.147-inch copper s l eeve .  
( A Y )  The use of a p r o t e c t i v e  network on t h e  c o i l  i s  requi red  t o  l i m i t  the  peak vol tage  t o  

a s a f e  va lue .  
(RA) Resistance f5$. 
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TABLE 11-1 ( ~ o n t d )  

CODE INFORMATION 

SINGLE-WOUND AF AND A J RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
SPg See 

M g BM Other Comb. - - Code Turns Res. Oper N.O. Hold Rls Notes -- 
6 CONTACTS 

7 CONTACTS 

9.7 
54 5 
16  11.7 3.5 
62 
54 30 (soak 225) 18 

85 
8 

Notes : 

A. Equipped with 0.010-inch s top  d i sc s .  
C .  Equipped wi th  0.147-inch copper s leeve .  
G. Contact make 5, no make 8.5, r ead jus t ;  make 3.5, no make 10, t e s t .  
T. Armature back tension,  minimum 65 grams r ead jus t ,  60 grams t e s t .  . Maximum buffer  sp r ing  gauging waived. . H~s i s tanw *5 per cent. 
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TABLE 11-1 ( ~ o n t d )  

CODE INFORMATION 

SINGLE-WOUND A F  AND A J  RELAYS 

CONTACT ARRANGEPlENT WINDING CURRENT FLOW REQTS 
SP!~ See 

M 3 O t h e r  C o m b .  - C o d e  Turns R e s .  O p e r  N.O. H o l d  Rls N o t e s  --- 
8 CONTACTS 

9 CONTACTS 

10 CONTACTS 

Notes : 

A .  Eauipped wi th  0.014-inch s t o p  d i s c s .  - - -  
C I  Equipped wi th  0.147-inch copper s leeve .  . Armature back tension,minimum 60 grams . Armature back tens ion ,  maximum 60 grams. . Resistance +5 per  cen t .  . Resistance + 1 5  per  cen t .  
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TABLE 11-1 (Contd) 

CODE IRFaRYATION 

SINGLE-WOUND AF AND A J  RELAYS 

CONTACT AKRANGEMENT W I N D I N G  
S P ~  

M 3 @J Other Comb. - Code Turns Kes, - 
11 COBTACTS 

CURRENT FLOW REQTS 
See 

Oper M.O. Hold @& Notes 

1 PB 
1 PBEM 

Notes: 

A. Equipped wi th  0.014-fnch s t o p  d i s c s .  
W. Armature back t ens ion  minimum 20 grams r e a d j u s t , l 5  grams t e s t .  



1 

CODE INFORMATION . ~ 
TABLE 11-1 ( ~ o n t d )  

CODE INFORMATION 

SINGLE-WOUND AP AND AJ RELAYS 

CONTACT ARRANGFMENT 
I 

W I h D I N G  CURRENT FLOW REQTS 
SPg See 

M B g Other Comb. * Code Turns Res, Oper N.O. Hold Rls Notes 1 - 
I 

12 CONTACTS 1 

Notes: - 
A.  Equipped wi th  0.014-inch s t o p  d i sc s .  
E. Equipped with 0.046-inch copper s leeve.  
T. Armature back t ens ion  minimum 65 grams r e a d j u s t ,  60 grams t e s t .  
AW. Conts 2 ,  4 & 1 0  make 8 r e a d j u s t ,  7 t e s t .  

no make 1 2  r ead jus t ,  13.5 t e s t .  
Conts 1 ,3 ,5 ,7 ,9  break $ r e a d j u s t ,  7 t e s t .  

no break 12  r e a d j u s t ,  13.5 t e s t .  
AX. Armature back tens ion  minimum 55  crams r e a d j u s t ,  50 g r a m  t e s t .  

maximum 75 grams r e a d j u s t ,  t%O grams t e s t .  



CODE INFORMATION 

TABLE 11-1 (Contd) 

CODE INFORMATION 

SINGLE-WOUND AF AND A J  RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
SPg See 

M B BM EBM Other Comb. - Code Turns Res - - Oper N.O. Hold Rls Notes --- 
1 3  CONTACTS 

3 1 - 3 1 1EM 212 AF49 3330 400 50.5 29 
1 4 4  - - - 24 AF53 ( P ) 5150 700 30 
1 4 -  3 1 - 245 AF9 8 11850 950 14.1 
4 1 -  4 - - 263 ~ 3 1 8  5625 180 26.5 
7 - -  3 - - 268 ~ ~ 1 1 2 ( ~ )  5150 700 33.5 
1 4 -  3 1 - 245 AF125 8275 500 20 
5 4 1  - - 2EM 304 A ~ 1 4 0 ( ~ )  19400 2500 8.6 
7 2 -  2 - - 261 AF153 6700 275 38 
1 - 2 2 - 3EM, 418 AF155 19400 2500 9 . 3  

1 PM 
1 2 1  3 1 - 29 1 A J ~ ~ ( P )  19400 2500 6.5 
5 -  4 - - 301 A ~ 8 4  10450 800 12.2 

14 CONTACTS 

2 -  4 2 - 205 AF20 P 5150 700 34 
- 2 - -  4 2 - 205 AF791PI 19400 2500 9.2 4 . 5  

4 6 2  - - - 4 2 ~ ~ 8 8  P 5150 700 31.5 12.9 
7 2 -  1 1 1EM 244 AF9 5 1580 1 6  115 43 
7 3 -  2 - - 285 ~ ~ 1 1 6  3330 400 55.5 

1 0 - 2  - - - 61 ~ ~ 1 3 2  ( P  ) 5150 700 32.5 
- 3 2  2 - 2EM 411 A J51  3850 375 48.5 37.5 

1 PM 
+ -  - 2 1 4  - 238 A ~ 6 1  5150 700 30.5 

- - 2 2 1 2PBEM 415 A F I ~ ~ (  P ) 2110 270 90 
2 2 -  2 1 1 ~ ~ ~ ~ 4 1 9  AJ79 15800 1625 8.7 

1 PMEB 
4 - 2  1 4  - 238 A ~ 8 9  2110 

- - 270 75  45 
2 1 4  - 238 ~ ~ 1 0 6  1580 1 6  loo 

1 0 - 2  - - - 61 ~ ~ 1 6 1  3950 200 41.5 
1 0 - 2  - - - 61 AF165 11850 950 14.2 
1 5 -  1 - 3EM-1PM 422 

1 PMEB ~ ~ 1 0 5  1580 1 6  105 - 58 
- 4 -  4 1 - 328 A J l l l  827 5 500 18.5 

Notes : 

A .  Equipped with 0.014-inch s t o p  d i sc s .  
C. Equipped w i t h  0.147-inch copper s leeve.  
W.  Armature back tens ion  minimum 20 grams r ead jus t ,  1 5  grams t e s t .  

[ ;$ . Frame of r e l a y  grounded by m0unting screws. Not recommended f o r  genera l  use ,  . Resistance *5 per  cent .  

11-14 8-1-62 



CODE INFORMATION 

TABLE 11-1 (Contd) 

CODE INFORMATION 

SINGLE-WOUND AF AND AJ RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 

Spg 
See 

M B gBJ Other Comb. - - Turns - Res. Oper N . O .  Hold R l s  Note? 

15 CONTACTS 

Notes: 

16 CONTACTS 

A .  Equipped with 0.014-inch stop d i scs .  
C .  Equipped with 0.147-inch copper s leeve .  
F. Equipped with 0.046-inch aluminum sleeve.  . Resistance +5 per  cent .  . Resistance +15 per cent .  



COEE INFORWATION 

TABLE 11-1 ( ~ o n t d )  

CODE INFORMATION 

SINGLE-WOUND AF AND A J  RELAYS 

CONTACT ARRANGEMGNT WINDING CURRENT FLOW REQTS 
S P g  See 

M g O t h e r  Comb. - C o d e  Turns R e s .  Oper N.O.  Hold Rls N o t e s  - - 
17 CONTACTS 

18 CONTACTS 

19 CONTACTS 

700 

20 CONTACTS 

Notes: -- ~ A. Equipped with 0.014-inch stop discs. 

+ W. Armature back tension minimum 20 grams readjust, 15 grams test. 



CODE INFORMATION 

CONTACT AR.RANGEXEN!C 
S P g  

M g g QlIB O t h e r  Comb.  - 

TABLE 11-1 ( C o n t d )  

CODE INFORMATION 

SINGLE-WOUND A F  AND A J  RELAYS 

WIND I N 0  

C o d e  Turns - R e s .  

24 CONTACTS 

Notes 

C .  E q u i p p e d  w i t h  0.147-inch copper s leeve.  

CURRENT FLOW REQTS 
See 

O p e r  N . O .  H o l d  N o t e s  



CODE INFORMATION 

TABLE 11-2 

CODE INFORMATION 

MULTIPLE-WOUND AF AND A J  RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
SPg Tes t  See 

- - Turns Res. Wdg Oper N.O. Hold Rls N o t e  M B g Other Comb. Code - 
1 CONTACT 

1 - -  - - - 1 A J ~  P.L5200 400 P/S 6 1.8 z 
S.L5200 400 (soak 20) A,R, 

G,L 

1 - -  - - - 1 AF510 P.L5200 400 P 19 
(AB) 
L 

S.L5200 400 S 19.5 
I - -  - - - IB AJ23 P.L3235 200 P/S 1 .  10 6 .5  B,Y, 

S.L3235 200 RIH, 
L,W,Z 

2 CONTACTS 

2 - -  - - - 2B A J 1  P.L3235 200 P/S 19 
S .L3235 200 (soak 31) 

-1 1 - - - - 52B AJ24 P.L3235 200 P/S 19 
S .L3235 200 (soak 31) 

Notes: 

A .  Equipped wi th  0.014-inch s t o p  d i s c s .  
B. Equipped with 0.022-inch s t o p  d i s c s .  
G. Contact make 5, no make 8.5, r ead ju s t ;  make 3.5, no  make 10, t e s t .  
H.  Contact make 10, no make 14.5, r e ad ju s t ;  make 8.5, no make 16, t e s t .  
L. Winding arrangement No. 3. 
R. P/S Primary and secondary i n  s e r i e s  a i d i n g .  
W. Armature back tens ion ,  minimum 20 grams r e a d j u s t ,  15 grams t e s t .  
Y.  Laminations next  t o  core .  
2. Adjusted on l i g h t  con t ac t  p r e s su re .  . Armature back t ens ion  minimum 23 grams r e a d j u s t ,  20 grams t e s t .  . Contact break 5, no break 8.5, r ead jus t ;  break 3.5, no break 10, t e s t .  



CODE INFORMATION 

TABLE 11-2 ( C o n t d )  

CODE INFORMATION 

MULTIPLE-WOUND AF AND A J  RELAYS 

t CONTACT ARRANGEMJBT WINIIING CURRENT FLOW REQTS 
S P ~  T e s t  See 

M 2 BM EBM EMB O t h e r  Comb. C o d e  - ----- - Turns Wdg Oper N.O.  H o l d  9 N o t e s  

3 CONTACTS 

9 
7.5 

(soak 27) 
14.3 

(soak 100) 
10 5.5 

7 . 5  6.4 
(27 soak) 

Notes: 

A .  Equipped with 0.014-inch s top  d i s c s .  
B. Equipped with 0.022-inch s top  d i s c s .  
G. Contact make 5, no make 8.5, r ead jus t ;  make 3.5, no make 10,  t e s t .  
K.  Winding arrangement No. 2. '1 

L. Winding arrangement No. 3. r X-/? @''Cc-' -!' 
R .  P/S primary and secondary i n  s e r i e s  a id ing .  
W: ~ ' rma tu re  back tens ion  m i n i m u m  20 grams r ead jus t ,  15 grams t e s t .  
Y. Laminations next  t o  core .  
Z .  Adjusted on l i g h t  contac t  pressure .  

[El . Armature back tens ion  maximum 60 grams r ead jus t ,  65 grams t e s t .  

c . With 4.5 gauge i n s e r t e d  between armature and backstop and the  r e l a y  not 
energized, no contac t  s h a l l  make. . Contact break 13 r e a d j u s t , l l . 5  t e s t ,  no break 16.5 r e a d j u s t ,  18 t e s t .  . Resistance 215 p e r  cent .  . ,Secondary winding r e s i s t a n c e  +15 p e r  cent .  



CODE INFORMATION 

TABLE 11-2 ( ~ o n t d )  

CODE INFORMATION 

MULTIPLE-WOUNI).AF AND A J  RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
S P ~  Tes t  See 

Turns Res. Wdg Oper N.O. Hold Rls Notes M g BM EBM EMB Other Comb. Code - ---- - - 
4 CONTACTS 

4 ~ ~ 7 1  

39 A J l O  

55B ~ ~ 2 6  

39 AJ510 

55 A ~ 6 6  

315 AJSG 

5 CONTACTS 

P.L3235 200 P/S 15.5 
S.L3235 200 
P -560 2.7 P 240 215 
s.3020 690 s 47 
P. L3235 200 P/S 15.5 
S. Id3215 200 
P.L3235 200 P/S 19.5 
S.L3235 200 Af ter  Soak 31 

Notes: -- 
A .  Equipped with 0.014-inch s top  d i sc s .  
K. Winding arrangement No. 2. 
L. Winding arrangement No. 3. 
R .  P/S Primary and secondary i n  s e r i e s  a id ing .  
S. F//S Primary and secondary i n  p a r a l l e l  a id ing .  
W. Armature back tens ion  minimum 20 grams r ead jus t ,  15 grams t e s t .  
Y. Laminations next t o  core. 
Z .  Adjusted on l i g h t  contact  pressure .  . Resistarlce &5 p e r  cent.  . Resistance +15 per cent.  



CODE INFORMATION 
I 

TABLE 11-2 (Contd) 

CODE INFORMATION 

MULTIPLE-WOUND AF AND AJ RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
S P ~  Test See 

M_ B BM EBM EMB Other Comb. Code Turns - Res. Wdg Oper N.O. Hold Rls Notes 

6 CONTACTS 

7 CONTACTS 

2 1 -  2 - - 218 AFlOg P.2590 100 P 50.5 27 K 
s.9625 1100 s 14.5 

3 - -  2 - - 294B AJ38 p.2800 170 P 45 18.5 11.4 K 
s.3850 140 S 34.5 (soak 90) 

Notes: 

A.  Equipped with 0.014-inch stop discs. 
E. Equipped with 0.046-inch copper sleeve. 
K. Winding arrangement No. 2. 
L. Winding arrangement No. 3. 
R. P/S Primary and secondary in series aiding. 
Y. Laminations next to core. 
(AG). Armature back tension maximum 60 grams readjust, 65 grams test. 



CODE INFORMATION 

TABLE 11-2 ( ~ o n t d )  

CODE INFORMATION 

MULTIPLE-WOUND A F  AND AJ RELAYS 

CONTACT ARRANGEMENT WINDING CURFENT FLOW REQTS 
SPg T e s t  See 

M B BM EBM EMB O t h e r  Comb.  C o d e  - ---- - - Turns R e s .  Wdg Oper N.O. H o l d  N o t e s  - - 
8 CONTACTS 

9 CONTACTS 

8 1 -  - - - 48 A F 5 3 3  P . 3 2 0 0  300 P 44.5 24 K 
S.3550 300 S 41.5 

1 4 -  2 - - 293 AJ77 P.L3235 200 P/S 27 17.5 A ,  L, R,Y 
S. Ti3235 200 

-5 - - 1 1  - 319 A J l l O  P.L3235 200 P/S 19.5 ( 3 1  soak) 3.2 L,R,Y 
S.L3235 200 

4 1 4 -  2 - - 293 ~ ~ 1 1 4  p.560 2.7 P 225 175 FY m, 
s.3020 690 s 47 RC 

10 CONTACTS 

Notes : -- 

A .  Equipped with 0,014-inch s top  d i s c s  
K. Winding arrangement No. 2. - 
L. Winding arrangement No. 3 .  
R.  P/S primary and secondary i n  s e r i e s  a id ing .  
Y. Laminations next t o  the core. 

. Armature back tens ion  maximum 60 grams r ead jus t ,  65 grams t e s t .  . Resistance v a r i a t i o n  ?15$. 

. Resistance v a r i a t i o n  on secondary winding 215%. 



CODE IIBORMATION 

TABLE 11-2 (Contdd 

CODE INFORMATION 

MULTIPLE-WOUND AF AND A J  RE.LAYS 

C CONTACT ARRANGEMENT WINDING ClJlWENT FLOW R E m  
SQsc T e s k  See - 

M g EB EBM EMB 0 t h ~ ~  c&G. Code - ----- - Turns 5 Wdg Oper 1.0. H o l d  Notes 

11 CONTACTS 

Notes: 

A .  Equipped with C.014-inch s t o p  d i s c s .  
E. Equipped with 0,&6-inch copper s leeve .  
K.  Winding arrangement No. 2. 
L. Winding arrangement No. 3 .  

L R. P/S primary and secondary i n  s e r i e s  a i d i n g .  
- r w .  Armature back tens ion  minimum 20 grams r e a d j u s t ,  15 grams t e s t .  
-tY. Laminations next  t o  core .  . Only con tac t s  i n  p o s i t i o n  1 2  need make on 26.5 primary opera te .  . Frame of r e l a y  grounded by mounting screws. Not recommended f o r  genera l  use. . Resistance *5 p e r  cen t .  



CODE INFORMATION 

TABLE 11-2 (Contd) 

CODE INFORMATIOW 

MULTIFLE-WOUND AF AND AJ RELAYS 

CONTACT .Axmw- 
Sipg 

MgBHBBMEMBOther Comb. - ----- 
WIrnIrn 

Test 
CXJEBBXT FLOW REQTS 

Omr N.0, Hold g& 

15 CONTACTS 

17 CONTACTS 

18 CONTACTS 

Notes r 

K. Winding arrangement No, 2 
R. P/S Primary and secondary s e r i e s  aiding. 
S. P//S primary and secondary i n  p a r a l l e l  aiding. 

-+ w. Armature back tension minimum 20 grams readjus t ,  15 grams t e s t .  
AA. Winding arrangement No. 9. 
AE. Resistance var ia t ion  &3 per  cent on secondary winding. 
AR. Winding arrangement No. 6. 
AS. Winding arrangement No. 7. 



TABLE 11-2 (Contd) 

CODE INFORMATION 

MULTIPLE-WOUND AF AND AJ RELAYS 

CONTACT ARRANGEMENT WINDING 
S P ~  

M  2 B M  E B M  EMB Other Comb. Code - ----- n Res 

19 CONTACTS 

20 CONTACTS 

24 CONTACTS 

Notes : - 
K. Winding arrangement No. 2. 

Test 
CURRENT FLOW REQTS See 

SJdg Qper N.O. Hold Els Notes 



CODE INFORMATION 

TABLE 11-3 

CODE INFORMATION 

AG RELAYS 

RELEASE 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS TIME-MS 

SPg See 
M g BM EBM EMB Other Comb. Code Turns Res. Sleeve Soak Oper Hold Rls Q Notes - ------ - - - -- - 

4 CONTACTS 

3 1 -  - - - 3 8 ~  AG12 15800 1625 - 19 R 6.4 0.8 0.6 
T 6.8 0.9 0.4 - - -  1 - PBEM 405B AGl9 8250 1050 0.147 36 R20 1.8 1.3 
T21 2.0 1,O 250 500 (AF) 

Notes: 

5 CONTACTS 

1050 0.147 36 

2000 0.091 20 

2200 0.046~~ 18 

450 - 90 
200 

. Requirements apply to primary winding with secondary winding short-circuited. . Resistance variation +3 per cent on secondary winding. . Armature back tension minimum 45 grams readjust, 40 grams test. 
Winding arrangement NO. 6. 

10-3-59 



CODB INFOWTION 
t /  

;! TABLE 11-3 (Contd) - 1  
; I  
i / CODE INFORMATION 
I 
I AG RELAYS 

'1 
RELEASE 

I CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS TIME-MS 
I SPg See 
I M B EM EBM EPlB Other Comb. Code Turns Res. Sleeve Soak Oper Hold Rls Q Notes 

I 6 CONTACTS 

7 CONTACTS 

Notes : 

- 1g ~8.9 1.1 0.9 
~9.4 1.2 0.8 

- loo ;>.~46 5.7 4.6 - ~.~48.5 6 3.9 136 267 K,(AD), 
ssR57.5 
~.~60.5 

(AH) 

K. Winding arrangement No. 2. 
Z. Adjusted on light contact pressure. . Requirements apply to primary winding with secondary winding short-circuited. El . Resistance variation tg per cent on secondary winding. . Armature back tension maximum 80 grams readjust, 85 grams test. 
( AR ) . Winding arrangement No. 6. 

11-26 8-1-62 



CODE INFORMATION 

TABLE 11-3 ( ~ o n t d )  

CODE INFORMATION 

AG RELAYS 

RELEASE 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS TIm-MS 

SPU . See 
M B BM EBM EMB Other ~omii. Code Turns Res. Sleeve Soak Oper Hold R l s  Min Max Notes -------- - --- - - - - - - 

8 CONTACTS 

AG3 8250 1050 0.147 

~ ~ 1 6  8250 1050 0.147 

A G l l  8250 1050 0.147 

m 
0, 
ln 
t- 

d 9 CONTACTS 

Notes: 

K. Winding arrangement No. 2. 
T. Armature back tension minimum 65 grams readjus t ,  60 grams t e s t .  

Requirements apply t o  primary winding with secondary winding shor t -c i rcui ted .  
Armature back tens ion maximum 60 grams readjus t  65 grams t e s t  

(AY): The use of a protect ive  network on t h e  c o i l  i s  'required t o  l i m ' i t  the peak voltage t o  
a safe  value. 



CODE INFORMATION 

TABLE 11-3 ( ~ o n t d )  

CODE INFORMATION 

AG RELAYS 

RELEASE 
TIME-MS CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 

SPg 
B BM EBM EM13 Other Comb. Code Turns Res. Sleeve Soak Oper Hold g 

10 CONTACTS 

See 
Notes 

11 CONTACTS 

7 -  2 - - - 20B A G 4 5  16050 2200 0 . 0 4 6 ~ ~  18 ~ 6 . 6  1.3 1.1 
T7 1.4 0.9 

7 -  2 - - - 20B ~ ~ 4 6  7975 1000 - ~ 3 8  ~ ~ 1 2 . 8  2.7 1.7 
13950 2700 PT13.5 2.9 1 .4  

SR7.7 
ST8.1 

12 CONTACTS 

8250 1050 0.147 36 

10050 875 0 . 0 4 6 ~ ~  30 

A G 1  

A G l O  

A ~ 3 8  

13 CONTACTS 

Notes* 
-9 

K. Winding arrangement No. 2. 
(AD). Requirements apply t o  primary winding with secondary winding sho r t  -c i r c u i t e d .  



CODE INFORMATION 

TABLE 11-3 (Contd) 

CODE INFORMATION 

AG RELAYS 

RELEASE 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS TIME-MS 

SPg See 
M B BM EBM EMB Other Comb. Code Turns Res. Sleeve Soak Oper Kold M&  ax Notes 

14 CONTACTS 

~ 9 . 3  1.6 0.8 37 95 
5 - 4 - - 1EM 2 8 1 ~  ~ ~ 4 4  6525 1000 - 46 P.R21.5 3.8 2.4 K 

2260 42 P.T23 4.0 2.1 95 250 (AD) 
S. ~ 6 5  
S . T70 

~ 15 CONTACTS 

1 6  CONTACTS 

Notes: 

K. Winding arrangement No. 2 .  
R. P/S = Primary-secondary i n  s e r i e s  aiding.  
(AD). Requirements apply t o  primary winding with secondary winding sho r t - c i r cu i t ed .  



CODE INFORPIATION 

TABLE 11-3 (Contd) 

CODE INFORMATION 

RELEASE 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS TIME-MS 

SP!~ See 

M 2 g E m  Other Comb. Code Turns Res. Sleeve Soak Oper Hold R l s  Min Max Notes - 

18 CONTACTS 

21 CONTACTS 

' 3 -  3 6 - - 326 AG57 16050 2200 .046cu 18 R.9.4 2.0 1.1 
T.9.9 2.1 0.9 40 100 

1 24 CONTACTS 

- -  - 9 3 - 249B A G 5 3  3000 450 100 ~ . ~ 6 2  11.4 6.6 K ,(AD) 
2540 57 - 100 P.T6512 5.9 57 195 

S . R80 

Notes: 

K. Winding arrangement No. 2 
(AD). Requirements apply t o  primary winding with secondary winding shor t -c i rcu i ted .  



CODE INFOWiATION 

TABLE 11-4 

CONTACT ARRANGEMENT 

M g g pJ O t h e r  
S pg 
C o m b .  

CODE INFORMATION 

AK RELAYS 

WINDING 

C o d e  T u r n s  

4 CONTACTS 

6 CONTACTS 

7 CONTACTS 

CURRENT FLOW REQTS. 
See 

O p e r  N.O. H o l d  g N o t e s  - - - 

Notes: 

( A V )  W i n d i n g  a r r a n g e m e n t  Mo. 8. 



CONTACT ARRANGEM'nNT 

M 2 gl O t h e r  - 

Notes: 

( A V )  'riinding a r r a n ~ e m e n t  

S P ~  
C o m b .  

No. 8. 

TABLE 11-4 { C o n t d )  

CODki INFORMATION 

AK RELAYS 

W I N D I N 3  CURRENT FLOW REQTS. 
See 

c o d l  Turns  3 Dper PJ.O. Hold R l s  Notes - 
t) CONTACTS 

10 CONTACTS 



CODE INFORPIATION 

CONTACT ARRANGEMENT 

M 2 gJ pJ Other - 
S P ~  
Comb. 

TABLE 11-4 (Contd) 

CODE INFORMATION 

AK RELAYS 

WINDING 

Code Turns Res. - 
12  CONTACTS 

13  CONTACTS 

Notes: 

( A T )  Copper s l eeve  and domed armature on bottom u n i t .  
(AV) Winding arrangement No. 8.  
(BB)  Domed armature on bottorn un i t .  

CURRENT FLOW REQTS. 
See 

Oper N.O. Hold Rls Notes 

22.5 
29 
10.4 3.5 
12.6 1 . 5  
13.8 
14.2 
13.5 
22 (35 Soak) 2.5 



TABLE 11-4 ( ~ o n t d )  

CODE INFORMATION 

AK RELAYS 

CONTACT ARRANGEMENT WINDING 
S P ~  

M 2 gvJ E M  Other Comb. Gode Turns Res, - 
14 CONTACTS 

15 CONTACTS 

Notes: 

Armature back t ens ion  minimum 20 grams r e a d j u s t ,  15 
Domed armature on top  and bottom u n i t s .  
Winding arrangement No. 8. 
Resis tance v a r i a t i o n  on t op  winding *15%. 

11- j4  

CURRENT FLOW REQTS. 
See 

Oper N.O. 9 Rls Notes - 

__, I 

grams t e s t .  



CODE INFORMAT I ON 

TABL2 11-4 ( ~ o n t d )  

' CODZ INFORMATION 

AK RELAYS 

CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS. 
S P ~  See  

M 2 g~ EBM O t h e r  Comb. Code Turns  Res. Oper N.O. Hold Q Notes  -- - 
18 CONTACTS 

20 CONTACTS 

Notes  : 

+ AT Copper s l e e v e  and domed a r m a t u r e  on  bot tom u n i t .  
[Rvj !din,,, a r r angemen t  No. 8.  ,,j, f 9  x 12 -3 



CODE INFORFkTIdN 

TABLE 11-5 

OPERATE AND RELEASE TIMES 

AF RELAYS 

SPg OPERATE TIMES 
Comb. - Max - W i n  Avg 

RELEASE: TIMES 
Max - Min - Artg Code - Res. - 

*In series with 90o noninductive resistance. 



CODE INFORMATION 

TABLE 11-5 (Contd) 

OPERATE AND RELEASE TIMES 

AF RELAYS 

Code - 
A F  46 

47 
48 
49 
50 

51 
52 
5 3 
54 
55 

56 
57 
58 

Res.  

270 
400 
700 

700 
700 
700 
700 
700 

700 
700 

SPg 
Comb. 

28 
21 2 
18 

3 
19 
24 
25 
26 

209 
210 

3 
1 2  

23 

229 
219 

225 

207 
10 

20 2 

4 

201 

20 3 

8 

205 

235 
8 

236 
401 

237 
240. 
4 2 
41B 

24 2 

OPERATE TIMES 

Max M& Avg 

RELEASE TIMES 

M S  Avg 



CODE I N F O ~ T I 0 l ~  

TABLE 11-5 (~ontd) 

OPERATE AND RELEASE TIMES 

AF EiE.LA323 

S P ~  OPERATE T m  
Comb. Max - @¶in - Avg 

RELEASE T m  
!!E M* Res . 

288 9 6 4.2 6.7 10.9 1.3 4.8 
215 Supervisory Relay 

*In series with 9Ow noninductive resistance. 



CODE INFORMATION 

TABLE 11-5 (Contd) 

OPERATE AND RELEASE TIMES 

AF RELAYS 

S P ~  
R e s .  Comb. - - 
P-100 210 

S-1100 
270 407 
700 61 

P-1175 37 
S-1075 

2500 230 

500 409B 
700 410 
270 412 
100 53B 

2500 256 

2500 304 
P-540 225 
S- 540 

180 PO 
863 311 
700 258 

500 269 
2500 207 

OPERATE TIMES 
Max - l> Av@; 

RELEASE TIMES 
hax - Min - 8vg Code - 

55 *O 13 .O 29.0 
Line R e l a y  

""24-volt operation 

8-14? 



CODE INFORHATION 

TABLE 11-5 (Contd) 

OPERATE AND =EASE T m S  

AF' RELAYS 

S P ~  OPERATE TIMES RELEASE TIPIES 
Code - Res. Comb. 
7 - Max - 9 Avg &ax - - Min 8vg 

55 -0 13 .O 
Line Relay 

**24-volt operation 

8-14? 



CODE INFdRMATIOM 

TABLE 11-5 (~ontd) 

OPERATE AND RELEASE TIMES 

AF RELAYS (500 SERIES) 

SPg 
Comb. 

OPERATE TIMES 
Max - Min - Avg 

RELEASE TIMES 
M a x  - Min - Avg Code - 

AF500 
501 
502 
503 
504 

Res . 

*In series with 9 0 m  noninductive resistance. 



CODE INr'C)@aT;JN 

TABm 11-6 

OPERATE AND RELEASE TIMES 

AJ RELAYS 

S P ~  OPERATE TIMES RELEASE TIMES 
Comb. Max Min - Avg - Max Min - Avg Code Res . 

P-200 2B Supervisory Relay 
S -200 

9100 1 37.5 14.0 23.5 11.0 
P-400 1 Supervisory Relay 
S -400 
700 234 12.0 5.1 8.3 9.1 

P-1800 39 15.5 8.6 12.0 14.5 
S-85 

7.9 3.6 5.6 
13.2 5.6 9.1 

Supervisory Relay 

Supervisory Relay 

Ring Trip Relay 

P-200 55B Supervisory Relay 
S-200 
2200 213 84.0 28.0 50.0 56.0 

P-1000 24.0 8.2 1%. 0 
S-2700 2 57 60.0 14.5 2 .5 10.1 

425 4 6 ~  Supervisory Relay 

500 36 11.0 5.5 8.2 14.1 
4.4 254 10.1 
180 5B 9.8 5.2 7.5 8.0 

P-200 4 6 ~  Supervisory Relay 

*In series with gOcu noninductive resistance. 



TABLE 11-6 (Contd) 

OPERATE AND RELEASE TIMES 

AJ RELAYS 

SPg OPERATE TIMES RELEASE TIMES 
Comb. - Max - Min 8vg !!!EL Min Code Res . - 
215 12.0 1-9 
234 6.1 2.7 4.3 9.1 1.3 
294B Supervisory Relay 

220 40.0 10.0 18.0 8.5 1.0 
52 Supervisory Relay 

40 36.0 10.0 21.0 11.3 
66 

1.9 
Supervisory Relay 

266 27.0 10.0 18.0 12.0 1.9 
53 Ring Trip Relay 
3 17.5 7.7 10.2 16.0 3.1 

23.0 11.0 18.5 
302 Ring Trip Relay 

46 Supervisory Relay 

411 80.0 30.0 40.0 360.0 31.0 
303 Supervisory Relay 

11.5 4.2 7.8 
Supervisory Relay 

Ring Trip Relay 
49.0 10.0 22.0 
supervisory Relay 

Supervisory Relay 

*In series with 90w noninductive resistance. 



CODE INFORMATION 

TABLE 11-6 (Contd) 

OPERATE AND RELEASE TIMES 

A J  RELAYS 

OPERATE TIMES RELEASE TIMES 
SPg 

Comb. Code - 
AJ73 

Max - Min Avg M a x  Min - Avg 

Supervisory Relay 

35.0 14.0 18.5 
Supervisory Relay 

Supervisory Relay 

- - - 
Supervisory Relay 

Supervisory Relay 

*In  s e r i e s  with g 0 h  noninductive resistance. 
**24 v o l t  opera t ion .  



CODE INFORMATION 

TABLE 11-6 (Contd) 

OPERATE AND RELEASE TINEX 

A J  RELAYS 

S P ~  
Comb. 

OPERATE TIMES 
Max Min Avg 

RELEASE TIMES 
Max P i ~ i  n - Avg Code - 

r AJ108 
109 

44.0 13.0 33.0 
- - - 

27.0 3.4 15.5 

Supervisory Relay 

Supervisory Relay 

~ ~ 7 0 0  270 500 6.2 3.1 4.6 
701 
702 700 500 10.0 5.0 7.3 

*In s e r i e s  with 9 0 ~  noninductive resistance 



CODE INFORMATION 

TABLE 11- 7 

OPEFUTE AND RELE3SE TIMES 

AG RELAYS 

Code 
SPg OPERATE TIMES RELEASE TIMES 
Comb. Max - Min - !El$ - Max - Min Res . - 

50 30.0 8.0 18.0 20 8 + 

2 6 4 ~  95.0 1 0  50.0 2 5 
2 0  155 

12 0 
37.0 1 .O 

'28th secondary winding short -c?rcuited. 
46 



CODE INPORMATION 

Code Res. - - 
S P ~  

Comb. - 

TABLE 11-7 (Contd) 

OPERATE AND 'IWIES 

AG RELAYS 

OPERATE TIMES 
Max - Min 

7 Avg 
RELEASE TIME 

Max - Min - 

*With secondary winding short circuited. 



CODE INFOEMATION 

O P ~ i i k T i  XiW dr?;LEASL TMES 

RELKASE TIMZS 
Max Pa Avg 

S P ~  
Res. - Comb. Code 



CODE II\JFORI4ATIOIi 

TABLE 11-8 (Contd) 

OPERATE AND RALEASE T I I U S  

AK RELAYS 

S P ~  
Comb. 

+ *Has copper s l eeve  and domed armature. 
;k*Has domed armature. 

**::::24-volt opera t ion .  



SECTION I11 

SPRINGS 

General 

This section on spring combinations 
deals with: 

Armeture Travels 
Core Plate 
Contact Arrangements 
Actuating Cards 
Contact Pressures 
Contact Sequences 
Spring C~mbination Numbers 
Balancing Springs 
Buffer Spring 
Terminals 
Terminal Numbering 

The AF, AG, and hJ relays are designed 
to provide single-wire contacts in 12 
positions with provision for a make twin- 
wire contact and a >real: twin-wire contact 
in each or any of the 12 ~ositions. 
The AK relay has single-wire contacts in 
ten positions with provision for a make 
twin-wire contact and a break twin-wire 
contacfin each or any of the ten positions. 
The txin wires farthest from the core form 
make contacts, and those nearest the core 
form break contacts. The twin wires are 
held in alignment bvith the single &ires by 
grooves molded in the single-wire comb near 
the front end. Twin uires are provided only 
as required by the spring combination. 

cn 
0 - 
Ln 
Ln 

The twin wires are actuated by means 
r- of a moving card which is held against the 

armature by the tension of a flat balancing 
spring. 

The single wires, molded in the 
middle block, are at ali times stationary, 
being molded into fixed blocks at the front 
and rear end. A full complement of pre- 
tensioned single wires is always supplied. 
This facilitates terminal numbering and 
provides sufficient tension to hold the 
fixed card against the core plate, and pre- 
vents false closures or openings of contacts 
during relay operation or removal of the 
contact cover cap. Contact metal is pro- 
vided only where make or break combinations 
are furnished. 

The twin wires that form the make 
contacts are tensioned against the outer 
edge of the moving card and toward the 
single mating contacts and the core. This 
tension tends to close the make contacts 
and to move the armature toward the core. 
The balancing spring, however, which is 
also tensioned against the moving card at 
the outer edge, but away from the single 
contacts and the core, provides the arma- 
ture back tension and a force to counteract 
the tension in the twin wires. Thus, the 
make contacts and armature are held in the 
unoperated position. As the relay operates, 
the armature pulls the moving card in the 

direction of the core, thereby permitting 
the twin-wire contacts to make contact with 
the single mating contacts. After the con- 
tacts make, the tension of the twin wire is 
transferred from the moving card, or arma- 
ture, to the mating contact. 

In the unoperated position, the break 
contacts are tsnsioned, by the formation of 
the twin wires, against the single mating 
contacts. The twin wires are hpll away 
from the moving card. As the relay oper- 
ates, the card moves forward and lifts the 
twin wires off the single wires. Slightly 
after this pickup point, the back tension 
of the break contacts is transferred to the 
moving card, thereby increasing the load 
on the armature. 

The AF, AG,and AJ relays are designed 
to permit operating contacts in three 
stages, that is , preliminary, early-, and 
late-contact operation. The point in the 
armature stroke at which contacts are 
actuated is controlled by the cutting of 
the moving card. Using the card designed 
for 12 makes or 12 breaks as a base, 
the surfaces of the card in positions used 
for early and preliminary make contacts are 
recessed 0.013 inch and 0.026 inch 
respectively. The surraces of the card in 
positions used for early and preliminary 
break contacts are extended 0.013 inch and 
0.026 inch respectively. (See Fig. 111-1). 

An AJ relay has been designed to pro- 
vide single-wire contacts in 24 positions 
with a make twin-wire contact provided in 
each of the 24 positions. These positions 
are arranged in two vertical rows of 12 
positions each. The make contacts larthest 
from the core are in positions 1 to 12 and 
those nearest the core are in positions 13 
to 24. The positions in each row are 
numbered from bottom to top. 

The construction and actuation of the 
single and twin wires are the same as for 
the 12-position relays; however, in assem- 
bling these relays, a new clamping plate, 
core plate, and actuating card are required. 

The AX relay contact action is like 
that of the AF relay except that only two 
stages of contact operation, early and 
late, are used. 

Armature Travels - Core Plate (See Fig. 1-91 
The stop-disc height and the core-plate 

dimensions primarily determine the armature 
travel. In general, single-stage (non- 
sequence dontact) relays have short travel 
(0.026 inch 20.005 inch), 2-stage (sequence 
contact) relays have intermediate travel 
(0.044 inch k0.005 inch), and 3-stage (pre- 
liminary contact) relays have long travel 
(0.060 inch +0+.005 inch). Some marginal or 
sensitive relays may have a combination of 
stop disc and core plate that provides a 



SPRINGS 

travel differing from the standard travel. 
Armature travels will not be shown in the 
circuit requirements table. 

A lip formed from the core plate, 
which is rigidly attached to the core, serves 
as a backstop for the armature. 

Contact Arrangements 

By proper selection of the actuating 
card and single- and twin-wire blocks, 
the more common contact arrangements shown 
below may be obtained. 

M - Fake 
B - Break 
EM - Early Vake 
EB - Early Break 
BY - Break-Kake  onse sequence 

 rans sf er ) 
EBM - Early Break-Kake (sequence 

~ransfer ) 
EiYB - Early Rake-Break (Continuity) 
PlY - Preliminar; Make 
PB - Preliminary Break 

PKEB - Preliminary Make - Early Break 
(preliminary continuity with 
respect to late contacts) 

PBEM - Preliminary Break - Early Make 
(preliminary transfer with 
respect to late contacts) 

If ali possible combinations of the 
above were made available, an excessive 
number of twin-hire blocks and cards would 
be necessary. To keep the cost of these 
relays to a minimum, the number of twin- 
wire blocks and actuating cards are 
restricted to that which will provide the 
greatest number vf combinations normally 
used in service. For the same reason, 
relays are frequently recommended with 
more contacts than required for a particul3r 
application. 
Actuating Cards 

Actuating cards for the 12-position 
relay have been designed to operate various 
contact arrangements in positions 1 to 12 
as shown in Table 111-1. Additional cards 
may be necessary for special spring com- 
binations that may be requested in the 
future. These cards are removable and may 
be replaced without dismounting the relay. 
The actuating cards for the 10-position AK 
relay are also shown in TaDle 111-1. 

The actuating card for the 24-spring 
relay is designed to provide only 24-make 
contacts. 

Contact Pressures 

The twin wires that form make and 
brealc contacts are pretensioned to provide 
nominal 12.5-grams contact pressure for each 
contact pair. For special cases, the twin 
wires may be pretensioned to provide nominal 
8-grams contact pressure. 

Fig. 111-1 - Card Profile 

Contact Sequences 

Where the EBM or PBEM coitacts are 
used, the break contacts will always open 
before their associated make contacts close. 
Where the EMB or PMEB contacts are used, the 
make contacts will close before their associ- 
ated break contacts open. 

Where circuit races are involved 
between contacts in different positions, it 
can be assumed that ordinarily all pre- 
liminary contacts function before the early 
contacts, and all early contacts function 
before all late contacts. These sequences 
are guaranteed by the M specification or 
readjust gauging requirements, but not by 
the test gauging requirements, or after a 
few milli-inches of adverse contact wear. 
The probability of the nonsequential con- 
tact action however, is low, and when it 
does occur, the false closure or open time 
will be small. For critical circuits. 
where the sequence must be maintained to 
insure satisfactory performance, it is 
recommended that a special note be added 
to the circuit requirements table. Consult 
the relay requirements group on these 
critical conditions. 
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TABLE 111-1 

Contact Arrangements 
Contact Pos i t i on  Number 

Travel  -- 
Short 
LP-19A130 

M M M  M M M 
B B B  B B B 

Intermediate 
LP-19A131 

M M M  
B EB B 

Intermediate 
LP-19A132 

Long 
LP-19A133 

Intermediate 
Lp-lgA134 

M M M  
EB EB EB 

M M M  M M M 
EB EB EB EB EB EB 

Intermediate 
LP-19A135 

M M M  
EB EB EB 

Intermediate 
LP-19~136 

Short M M M M M  
LP-lOB'/Ol* B B B B B  
Short  
LP-lOB702* 

Intermediate M M M EM EM 
LP-10~699" EB EB EB B B 
Intermediate 
LP-lOB700* 

Intermediate M M EM EM EM 
R LP-1OB703 EB EB B B B 

I 
x *Used on AK r e l ays .  

Spring Combination Numbers 

AF, AG, and A J  Relays 
Spring combination numbers from 1 t o  

199 a r e  assigned t o  s ingle-s tage  ( s h o r t  
t r a v e l )  r e l ays ,  200 t o  399 t o  2-stage 
intermediate t r a v e l )  r e l ays ,  and 400 t o  499 
t o  3-stage ( long t r a v e l )  r e l ays .  Spring 
combination No. 500 has been assigned t o  
24- make contac ts .  

The spr ing  combination numbers which 
have been assigned t o  da t e  a r e  given i n  
Tables 111-2, 111-3, and 111-4 which a l s o  
ind ica t e  the  pos i t i ons  i n  which the var ious  
contact  arrangements a re  loca ted .  

On r e l ays  with s i x  o r  l e s s  pos i t i ons  
used, the  spr ings  should be loca ted  i n  the  
even-numbered pos i t i ons  i f  i t  can be done 

C without a new ac tua t ing  card.  This  permits 
t he  shop t o  speed up production by arrang- 
ing  the contact  welders t o  sk ip  the  odd- 
numbered pos i t i ons .  

Where a r e l a y  i s  t o  be furn ished  with 
a bu f fe r  spring,  the  spr ing  combination 
number w i l l  be followed by a l e t t e r  "B". 

AK Re l a y s  

Spring combination numbers rom 1 t o  
199 a r  assigned t o  s i n  l e  s tage  f s h o r t  
t r ave l7  r e l ays  and 200 f o  399 t o  2-stage 
( in termedia te  t r a v e l )  r e l ays .  Since the  
twin-wire combs f o r  the  top  and bottom p a r t s  
of t he  AK r e l a y  a r e  molded a s  one u n i t ,  the  
spr ing  combination number assigned t o  a 
r e l a y  inc ludes  the  spr ings  i n  both the  top  
and bottom r e l a y  u n i t s .  

The spr ing  combination numbers which 
have been assigned t o  d a t e  a r e  given i n  
Table 111-5 which a l s o  i n d i c a t e s  t he  posi-  
t i o n s  i n  which the  various contac t  arrange- 
ments a r e  loca ted .  Pos i t ions  1 t o  5 a r e  
t he  bottom re l ay  u n i t  and 8 t o  12 the  top  
r e l a y  u n i t .  

Balancing Springs 

The balancing sp r ing  used i n  any 
p a r t i c u l a r  r e l a y  w i l l  depend upon the num- 
be r  of make contac ts  on the  r e l ay ,  i t s  
armature t r a v e l ,  and whether the  r e l ay  i s  
requi red  t o  meet marginal condi t ions .  The 
proper s e l e c t i o n  of balancing spr ings  i s  
described i n  Sec t ion  I X .  

111-3 
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Buffer  Spring (see Fig. 1-16) 

A removable U-shaped bu f fe r  spr ing  i s  
ava i l ab le ,  and may be a t tached t o  the  AF, 
AC,and A J  r e l a y s  t o  provide an  add i t i ona l  
load  on the  armature t o  t he  operated pos i -  
t i o n  i n  order  t o  ob ta in  a  high percentage 
r e l e a s e  requirement, o r  t o  meet a  s p e c i f i e d  
maximum re l eas ing  time. 

The pretensioned bu f fe r  spr ing  i s  po- 
s i t i o n e d  between the  spoolhead and ou te r  l e g s  
of t he  core with a  l i p  r e s t i n g  aga ins t  the  
cen te r  l e g  of t he  core between the  corepla te  
and card .  An ad jus t ab le  tang, adjacent  t o  
t he  l i p ,  con t ro l s  t h e  point  a t  which t h e  card 
engages the  bu f fe r  spr ing  a s  t he  r e l a y  oper- 
a t e s .  The tens ion  of t h e  spr ing  i s  con t ro l -  
l e d  by changing the  o f f s e t  i n  t he  spr ing .  

Terminals and Terminal Numbering 

For t e s t  purposes, t he  winding termi-  
n a l s  a r e  extended t o  the  f r o n t  of t he  r e l a y .  

The te rminals  f o r  wiring a r e  shaped t o  per- 
m i t  t he  use of so lde r l e s s  wrapped connec- 
t i o n s .  The numbering f o r  winding and con- 
t a c t  te rminals  i s  shown i n  Fig. 111-2 f o r  
t h e  AF AG, and A J  r e l a y s  and i n  F ig .  111-3 
f o r  t h& AK re lays .  

Spring Combinations 
I n  t h e  c i r c u i t  schematics, t h e  wire- 

spr ing  r e l a y s  a r e  numbered by spring p o s i t i o n  
and not  i nd iv idua l  spr ing  numbers. A s  an 
example, an EBM i n  p o s i t i o n  3 would be snown 
simply a s  3 i n  the  detached contac t  sche- 
matics  and a s  EBM 3 i n  t h e  a t tached contac t  
schematics. Fig. 111-4 shows t h e  way the  
spr ings  a r e  shown on t h e  a t tached contac t  
schematics. When r e f e r r i n g  t o  a p a r t i c u l a r  
contac t ,  a s  f o r  purposes of i n s u l a t i n g  a 
contac t  of an E B M  combination the  M o r  B 
des ignat ion  should be used. I n s u l a t e  3B 
would thus  mean i n s u l a t e  t he  break contac t  
i n  p o s i t i o n  3 .  



W;ad;ng erruty 

I---- SINGLE CONTACT WIRES 

SPRINGS 
mefi-k p y K i ~ - e  

WINDING AND CONTACT SPRING ARRANGEMENT 
AS VIEWED FROM THE FRONT (CONTACT SIDE) 
I 2  -POSITION AF, AG AND AJ RELAYS. 

r-7- SINGLE CONTACT WIRES 

12M I& 2 4 M I h  
12 2 4  

I I M : O  23M:D 
II 2 3  

IOM :O 22M:D 
10 22 

9 M  :0 21M:O 
9 21 

8 M  :O 20M:U 
8 2 0  

7M:D ISM:= 
7 19 

6 M  :O 18M:D 
6 18 

5 M  :O  I7M:D 
5 17 

4 M  :O 16M:O 
4 16 

3 M  :0 l5M:O 
3 15 

WINDING AND CONTACT SPRING ARRANGEMENT 
AS VIEWED FROM THE FRONT (CONTACT SIDE) 
2 4  -POSIT ION A J  RELAYS. 

Fig. 111-2 - AF, AG, and AJ Relays 

WINDING AND TERMINAL ARRANGEMENT AS 
VIEWED FROM THE REAR (TERMINAL S I D E )  
12 -  POSITION AF, AG AND AJ RELAYS. 
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2L o ~ ~ ~ e  3 o 'Ye  
$L o 13 " I 3 M  $ '*"o I I e M 

WINDING AND TERMINAL ARRANGEMENT AS 
VIEWED FROM THE REAR (TERMINAL S I D E )  
2 4  -POSITION AJ RELAYS. 

- Terminal Arrangements 



SPRINGS 

(S1.l 
]-SINGLE CONTACT WIRES 

WlNDlNQ AND CONTACT SPRINO ARRANGEMENT WIND~NG AND TERMINAL ARRANGEMENT AS 
AS VIEWED FROM THE FROWT  CONTACT SIDEI VIEWED FROM THE R EAR (TERMINAL SIDE I 

Fig .  111-3 - AK Relays - Terminal Arrangements 

I. S Y M B O L  ILLUSTRATED IS FOR AF28 RELAY. 

2. IF RELAY CONTACTS ARE ALL OF SAME ARRANGEMENT 
(ALL MAKES E X . ) ,  OMIT THE ABBREVIATION (M, ETC.) FROM 
THE S Y M B ~ L  AND AOD A NOTE ADJACENT TO THE CORE 
AS FOLLOWS: ALL CONTACTS ARE M ( E T C ) .  

Fig. 111-4 - Symbol for Use on Attached-Contact Type Schematic 



SPRINGS 

TABLE 111-2 

SPRING COMBINATIONS 
AF, AGsAND AJ RELAYS 

Positions 
Spring 

Eombinations 
Comb. 
NO. 



S P R I N G S  

TABLE 111-2 ( C o n t d )  

S P R I N G  COMBINATIONS 
AF, AG, AND A J  RELAYS 

Spr ing  
C o m b i n a t i o n s  P o s i t i o n s  

- 4 3 - - 5 - - 6 8 7 - 
C o m b .  

N o .  



TABIIE 111-7 

S P R W  eOMBI1ATIONS 
AF, AG, AND A J RELAYS 

Spring Combinations Positions 

z a ~  
B EMB B 
- EBM - 
B 
- EBM - 
- EBM B 
- EMB - 

- EMB - 
E M B -  
- E m  - 
- EBM - 
- EBM - 

- EMB - 
- EMB B 
B EMB B 
- EMB B 
B EMB B 

- EMB - 
- EBM - - EBM B 

BM EMB BM 
EBM EBM EBM 

- E r n  - - EMB B 
- EMB B 
- EMB B 
- EMB - 
M EM3 - 
M EBM B 
B EMB B 
B EMB B 
I3 E m  B 

B EBM B 
- ?SIB - 
B EBM B 
- mB - 
M EBB M 

Comb. 
8 - 

EBM 
EBM 
EBM 
E r n  
EBM 
EBM 

EBM 
EBM 
EBM - 
EBM 

EBM 
EBM 
EBM 
EBM 
EBM 

M 
E m  
EBM 

M 
E r n  

EBM 
EBM 
EBM 
E m  
E r n  

E m  
EBM 
EBM 

M 
FBI 

Em 
R 

E m  
E r n  
EBM 

No. - -- 
/> 

M 2 E z  EMB Others - 
EBM 
- 
M 

EBM 
EBM 
EBM 

- - 
- EBM 
- M 
- EBM 

- 
M 

EBM 

- 
M 

EMB 
I 

M 
- 

EBM 
- 
EI 

EBM 
EBM 
EBM 

- M 
- - 
- EBM 

EM - 
EMB 

- 
EBM 
EBM 
M 
M 

- - 
- EBM 
B M 
- M 
- M 

M 
EBM 

M 
M 

E r n  

- 
EBM 
- 
M 

EBM 

- - 
- EBM 
- M 

BM M 
EBM EBM 

- 
EBM - 
EMB 
EBM 

- 
- 

BM 
EBM 

- 
M 

EBM 

- 
M 

EBM 

14 
M 
M 

EBM 

M 
M 
M 

EBM 
M 

EBM 
EBM 

M - 
M 

EBM 
EBM 

M 
M 

EBM 

M EBM 
M EBM 
B M 
B - 
B EBM 

M - 
- 

EBM 
EM 

EBM 
M 
I 

EBM 
EBM 

M EBM 
- M - M 

E r n  EBM 
M t4 

- 
EBM 

M 

- 
EBM 

M 

M BM 
M - 
- EM 

EBM - 
El3 EM 

B B 
EBM - 
EBM EM 
EESB B 
EMB - 

EBM 
EBM 
- 
E m  
EMB 

B M 
- 1 

Ern - 
- E m  
- EBM 

EM - 
- C 

EMS3 - 
I 
- 
EN 
EM - 
- 
M 

EM 
EBM 
EP4 

If 1-9 

EBM 
M. 
EBM 
EBM 
E m  

M EBM 
- - 
- M 
M M 
B EBM 

1 : 2 -  2 - - - 
6 1 -  2 - - &I 
4 2 -  - f IEM - - - -  9 3 - =  
2 5 -  3 f l E M  IrL 

PI B 
E m  - 

M B 
EBM am 
EBM B 

El34 E 
EBM B 
EMB B 
EMB EBM 
EMB I 3  

E m  
ER14 

M 
m 
EBN 

- 
M 
M 

EBM 
M 

- - 
- M 
- M 

EBM EBM 
B EBN 

- 
M - 

EBM 
B 



SPRINGS 

TABLE 111-3 (Contd) 
SPRIlilG COMBINATIONS 

AF, AG* AND AJ RELAYS 

S p r i n g  Comb_inations P o s i t i o n s  

M BA E M B O t h e r s  1 _2 2 4- -5 - - - 6 7 

- 2 -  1 - - - - - B E M B B  
4 -  t 2 - M EBM M EBM - EMB - 
1 - -  2 1 - - - - EBM - EMB - - - -  6 2 - E B I E B M  E B M  E M B -  
7 2 -  - - 2 E M  M M M M B E M  B 

1 4 -  2 1 - - - B EBM B EMB B 
5 - - 4 1 1EM M EBM M EBM M EMB - 
1 - -  - 2 - - - M - EMB - 
- - - 8 1 2EM EBM EBM EBM EBM EM EMB - 
1 1 -  - 2 2EB - - - M B EMB EB 

7 2 -  2 - - M M M M B E B M B  
5 -  3  2 - M EBM M EBM - EMB - 
4 1 -  4 - - M M - EBM - EBM B 
2 3 -  2 - - - - - M B EBM B 
- 5 - 4 1 1EM - EBM B EBM B EMB B 

6 3 -  - - 2 E M  M M - M B E M  B 
1 - -  3 - - - - - EBM - EBM - 
7 -  3 - - M M M E W - E r n -  
3  - - - 2 1 E M  - M - - EM EMB - 
7 1 -  2 1 1 E M  M M M E B M M E M B B  

2 1 -  4 2 - M EBM - EBM - EMB B 
- 1 -  3 1 - - - - EBM - EMB - 
- 4 -  4 - - - - B EBM B EBM B 
2 1 -  2 - - - E B M  M - 33 - 
1 - - 6 1 2EB EBM EBM EB EBM - EMB M 

Comb. 
No. 8 -- 

EBM 
EBM 
EBM 
EMB 

M 

EBM 
EBM 
EMB 
EM 
EMB 

EBM 
EMB 
EBM 
EBM 
EBM 

M 
EBM 
EBM 
EMB 
EBM 

EBM 
EBM 
EBM 
EBM 
- 

- 
EBM 

M 
E r n  

M 

- - 
M EMB 
- - 

E M  EBM 
M EM 

B 
M - 

EBM 
EB 

M 
EBM - 
EBM - 

- - 
'M EM - - 

EBM EBM 
- - 

M 
EBM 
EBM 

M 
EBM 

EBM 
EBM 
EBM 

M 
EBM 

M EMB 
- B 
- - 
- - 

EBM EBM 

EBM B 
M B 

EBM EBM 
- - 
M - 
M Bhl 
M - 
M M  
M - 
M M 

M - 
M - 
M - 
M M 
- - 

SBM B - - 
B 
M - 
M - 

- - 
- - 
M M 

EBM EMB 
M -  

M - 
M B 
Ivl EM6 - B 

F Y B 

M BM 
M 

EBM EM 
EBM - 

M B 

EBM - 
- EM 
M - - EM 

EBM - 

- - 
M B 
4 B 
M - 
M B 

M B 
EBM - 
EBM M 
EBM BM 
EBM - 

EMB 
EMB 

B 
E m  
EBM 

EBM - EBM 
B M 

EBM EBM 
B M 
- M 

- 
B 

EBM 
- 

EMB 
EM 
EB 
EMB 
M 
EM 

EBM 
B 
M 

EBM 

!?iH 
B 

EBM 

8% 
B 

EBM 

B 
EMB 
EMB 

kM 
E r n  

- EBM 

a 
EMB 

EBM 
EBM 

M 

M 
E m  
EBM 
EBM 
DM 

- M 

B M 
- M 
M EBM 
EMB EEIq 
- M 

EMB 
EMB 
EBM 
EBM 
EBM 

- 
PI 

EBM 
- 



SPRINGS 

TABLE 111-3 (Contd) 
SPRING C oMBINAT~uI:$ 

AF AGj AND AJ RELAYS 

Spring Combinations Positions 
Comb. 
No. M B BM EBM EMB Others 

- M M mM r4 
- - - - BM 
- M E B M -  
M M B M B  
M M E B M B  

M M - BM 
EMB - 
EM B 
EMB B 

EBM M 
- BM 

EMB - 
M B 

EBM B 

EBM - - - 
M - 

M BM 
M - 

EBM M 
E r n  M 

M B 
M -  
M - 

M M B E B M B  
M E m  - EBM - 
M M B M M  B 
M v E B M B M  
- M B M B  

EMB B 
EBM - 
- B 
B B 
B B 

EBM B 
EBM - 
- BM 

EBM B 
EB B 

1 1 - 5 1 1EB EBM EBM EB M - EMB - 
2 1 -  2 1 1 E M  - M E B M E M B B  
4 1 - 2 2 3EB M M EB EBM B EMB EB 
2 - 3  5 - - BM EBM BM M - EBM - 
- 3 -  1 - - - - - - B EBM B 

B - 
EBM - 
EMB EB 
EBM I 
- B 

EBM EBM 
M - 

EBM M 
EBM BM - - 

EBM 
EM 

M 
EBM 
- 

M EBM M 
B M B  

EMB - EMB 
M M -  
M EBM M 
M M B  

EMB M B 
M EBM - 
- EBM - 
- EBM - 

EBM - 
M B 
- BM 
M -  

EBM B 
M B  
- B 
M - 

EBM - 
M - 

EMB El3 
EBM B 
EBM BM 
EMB - 
EM B 

B 
EB B 
EPLa M 
EMB - 
EM - 

EMB M 
EBM B 
EBM EMB 
EBM - 
EBM B 
EBM - 
- B - - 

EBM - 
M -  

EBM M 
M -  
- EMB 
M. M 
M BM 
M M  
- EMB 

EBM M 
EBM - 
EBM - 

EBW BM 
M -  

EBM - 
M M 

EBM M 
M - 

EBM 
- 
- 
- 

EM 
M 
M 

EBM 
- 

3 - 3  6 - - BM EBM BM EBM M EBM M 
5 -  - 1 1 E M  M M - M E M B -  
4 -  4 1 - - EBM M EBM M EMB M 
6 2 -  - 1 - M M - M B E M B B  

EBM 7 
EM 
- 
- 

EBM M 
M - 

EBM M 
M - 

7 -  3 2 E M  M M M E B M E M  M 
5 -  2 - 2EB M M M - EB E B M E B  

EBM M 
EBM - 



SPRINGS 

TABLE 111-4 
SPRING COMBINATIONS 

AF, AG, AND A J  RELAYS 

S p r i n g  C o m b i n a t i o n s  P o s i t i o n s  

Comb. 
No. 5 5 7 8 g g ~ g  - 

B EBM B EMB - M - - 

M B BM EBM EMB PM PB O t h e r s  - - - - - -- - 
1 2 -  1 1 1 -  
1 - -  2 - 2 -  - 
- - -  2 - 1 -  - 
- 2 -  2 1 1 -  2EM 
- - -  1 - - -  1 PBEM 

- - EBM - - PM EBM - - 
- EBM - - - EBM - - 
B EBM B EMB - EBM - EM - - - -  - EBM - - 

- - 
- EM 
- PBEM 

- 3 -  2 1 1 -  2EM 
- 2 1  1 1 - -  1 PBEM 

1EM 
- - 3  2 1 - -  2 PMEB 

B EBM B EMB - E3M - EM 
BM EBM - EMB - - - PBEM 

BM EBM BM EME? PMEB EBM - - 

- - B E ' ? !  
M PBEM - - 

B EBM B EMB - M - - 
B EBM - EME? - M M PB 

BM EM B 
- PBEM - 
M PBEM M 

EBM B EM - EBM BM - 
- - E m -  - - PEEM 
M B EMB PAEB M BM EM 1EM 2PMEB 

1 PBEM 
- 2PBEM 

2 PMEB 
2 PBEM 
1 EM 

2 l E 3  
- 3EM 
- lPBEM 

1 PMm 
- 3EM 
- 1EM 

BM PBEM BM EBM BM EMB PMEB EBM BM PBEM 

BM PBEM BM 
M EM - 
M PB M 
M EM BM 
M PBEM - 

EBM - EMB - EBM - PBEM 
EBM B EMB - EBM M - 
EBM M - PM EB M PB 
EBM - EM - EBM BM EM 
EBM B EMB - EBM M - 

EBM B EM - M B EM 
EBM B EMB - M - - 
EBM B EM PMEB M B EM 

EBM M EM Ph EB M PB 

500 2 4  Make i n  24  p o s i t i o n s  



SPRINGS 

TABLE 111-5 

AX RELAYS 

Contact  Arrangement 
Comb. 

No. 

M M M M M M M  
BM BM BM BM BM BM BM 
BM BM - - - - - 
M B B B -  - B  
- M  B  B M  - 

M B M B  - - - - 
BM BM BM BM M  M  M 
- M - M - M -  

BM BM BM M  - - - 
M B M B B M M M B  

M M M M -  - - 
B M B M  - M M M  M  
BM BM B  - - - - 
M M B -  - BM BM 
M 31.: M EM B B B 

BM BM BM B B BM BE 
M M B B B B B  
- M - M - M -  

*Special f o r  use  on F-51&77 only. 



SPRINGS 

TABLE 111-5 ( C o n t d )  

AK RELAYS 

Comb . 
NO. 

C o n t a c t  Ar r angemen t  P o s i t i o n s  

2 3  3 1 - -  M E B M -  B B E M B B  M EBM EBM 
2 - - 4 4 - -  M EBM EBM EMB EMB EMB EMB EBM EBM M - - - 6 - 4 - EBM EBM EBM EM EM EM EM EBM EBM EBM 
3 1  3  1 2 - M EBM EBM B EM EM EMB EBM M - - M 
2 - - 2 -  - M E M  E M -  M - - 

M 
M 

EBM 
EBM 

M 

M 
M 

EBM 
EBM 

M 

EBM 
M 

EB 
EBM 

- 
M 

EBM 
EB 

M 

M 
M 
- 

EBM 
M 

EBM 
EBM 

M 
EBM 

- 
EB 
EBM 
EB 
EMB 

M 
EBM - 
EBM 

M 

EBM 
EBM 
- 
M 

EMB 
EM - 
EMB 
EM 

EMB 
EM 

B 
- 
EM 

EMB - 
B 

EM 

B 
EM - 
EMB 
EMB 

EMB 
EMB 
EM 
- 

EMB 

EMB - 
EMB 
EMB 

B 
EM 

B 
B 

EMB 

EMB 
EMB - 
- 
EMB 

EMB - 
EMB 
EMB 

EMB 
EM 

B 
B 

EM 

EMB 
EM - 
- 

EM 

EMB - 
- 

EM 

- 
EB 
EBM 

M 
EMB 

M 
EBM 

M 
EBM 

M 

EBM 
M 
M 
M 

- 
M 

EBIS 
M 
IS. 

M 
M 
M 
Ern 

M 

EBM 
M 
M 
M 

M 
M 

EBM 
M 
M 

M 
M 
M 

EBM 
M 

EBM 
M 
M 
M 

220 2 - - 3 2 - 1 M EBM EBM EMB - - EMB F B M  EB M + 



SECTION I V  

HEATING DATA 

General 

The primary hea t ing  cons idera t ions  
i n  the  design of c o i l s  f o r  switching appa- 
r~ t u s  a r e  : e f f e c t s  of temperature under 
normal opera t i n e  conditions, and e f r e c t s  
of temperature under t roub le  condi t ions .  

Normal hea t ing  i s  considered t o  be 
the  condi t ion  imposed on a  c o i l ,  wi th  
r e spec t  t o  t he  wattage anc? dura t ion  of 
energ iza t ion ,  when the c i r c u i t  i n  which 
the  c o i l  i s  used i s  funct ioning  i n  a  
normal manner. 

Trouble hea t ing  i s  considered t o  
be the  condi t ion  t o  which a c o i l  i s  sub- 
jected when the  c i r c u i t  ceases t o  funct lon  
normally. Trouble condit ions may r e s u l t  
from a continuous app l i ca t ion  of vol tage  
which normally i s  appl ied  i n t e r m i t t e n t l y ,  
o r  from a  s h o r t  c i r c u i t ,  c ross ,  o r  f a l s e  
ground which causes a  h igher  vol tage  
than normal t o  be impressed on the  c o i l .  
It i s  assumed t h a t  any increase  i n  tem- 
pera ture  above the  normal 02era t ing  tem- 
pera ture  l i m i t ,  whether caused by c i r c u i t  
f a i l u r e s  o r  by maintenance a c t i v i t y ,  
c o n s t i t u t e s  t rouble  hea t ing .  It i s  not  
g u a ~ a n t e e d  t h a t  apparatus which has been 

a subjec ted  t o  a  t rouble  condi t ion  w i l l  
func t ion  s a t i s f a c t o r i l y  t h e r e a f t e r .  The 

m 
p, c o i l ,  however, must withstand i h e  t rouble  
& heat ing  without danger of c r e a t i n g  a  

f i r e  hazard.  A c o i l  meeting t h i s  t rouble  
condi t ion  i s  s a i d  t o  be se l f -p ro t ec t ing .  

Normal Operating Temperature Limits 

Normal opera t ing  temperature l i m i t s  
a r e  based on fou r  f ac to r s :  

A .  The a b i l i t y  of the  c o i l  t o  with- 
s t and  the  opera t ing  temperature 
f o r  extended periods of continu- 
ous o r  i n t e r m i t t e n t  opera t ion  
without impairment of t he  e l e c -  
t r i c a l  performance throughout 
the  l i f e  of t he  r e l ay .  

B. The p b i l i t y  of o the r  p a r t s  of 
t he  s t r u c t u r e ,  such a s  s epa ra to r s  
and i n s u l a t o r s ,  t o  withstand the  
temperature imposed without the  
adjustment be ing  a f f e c t e d  ad- 
verse ly .  

C .  The p o s s i b i l i t y  of i n j u r y  t o  
personnel from bodi ly  contac t .  

D. The p o s s i b i l i t y  of contamination 
of apparatus and contac ts  by t h e  
v o l a t i l e  substances emit ted.  

A normal mean winding temperature 
l i m i t  of 225F has been i n  e f f e c t  s ince  

1919, and r e l ays  and switching apparatus 
general ly have been designed t o  withstand 
an average operat ing temperature of the  
c o i l  of 235F. Since,  under condit ions 
of normal operat ion,  a l l  the  foregoing 
considerat ions a r e  con t ro l l l np ,  the  nor-  
mal opera t ing  temperature l i m i t  was 
e s t ab l i shed  i r r e s p e c t i v e  of t he  type of 
wire i n s u l a t i o n .  I n  a  few s p e c i a l  cases,  
a f t e r  cons idera t ion  3f t he  f a c t o r s  i n -  
volved, temperatures i n  excess of P75F 
have been permit ted.  

The normal hea t ing  i s  computed on 
the  b a s i s  of t he  maximum i n i t i a l  wat t s  
and the  maximum holding time pe r  c a l l ,  
o r  the  average holding time per  busy hour, 
whichever i s  t he  g r e a t e r .  

Trouble Tempera t b r e  Limits 

The temperature of a  magnet winding, 
placed across  a  b a t t e r y ,  w i l l  r i s e  by an  
amount depending on the  values of t he  
voltage and r e s i s t a n c e  and the  hea t  d i s s i -  
pa t ion  c h a r a c t e r i s t i c s  of the  magnet. The 
temperature of t h e  winding w i l l  continue 
t o  r i s e  u n t i l  t h e  poin t  i s  reached where 
the  power obtained from the  b a t t e r y  i s  i n  
equi l ibr ium wi th  the  hea t  d i s s ipa t ed  by 
the  winding. The condi t ion  w i l l  s t a b i l i z e  
a t  some e l eva ted  temperature provided 
t h i s  temperature i s  not  h igh  enough t o  
cause a  breakdown of t he  wire insu1a;ion. 
I f  t h i s  occurs, t u rns  w i l l  become s h o r t -  
c i r c u i t e d ,  t he  magnet r e s i s t a n c e  w i l l  be 
lowered, more cu r ren t  w i l l  be drawn from 
t h e  b a t t e r y ,  and the  temperature w i l l  r i s e  
f u r t h e r .  Once s t a r t e d ,  the  complete 
breakd3wn of t he  c o i l  w i l l  proceed very 
rapid ly ,  and cur ing  t h e  period of d i s i n -  ' 

t eg ra t ion ,  a  very h igh  temperature t h a t  
may cause t h e  magnet t o  become a  poss ib l e  
f i r e  hazard w i l l  be reached. Such a  f i r e  
hazard may be avoided by in su r ing  t h a t  
t he  maximum temperature of the  winding w i l l  
never exceed t h a t  a t  which the  wire  i n -  
s u l a t i o n  breaks down. 

Various types of i n s u l a t i o n  have 
d i f f e r e n t  h e a t - r e s i s t i n g  p rope r t i e s  and 
these c h a r a c t e r i s t i c s  a r e  c o n t r o l l i n g  i n  
e s t a b l i s h i n g  t rouble  temperature l i m i t s .  
The t roub le  temperature l i m i t s  f o r  a  p a r t i c -  
u l a r  type of wire i n s u l a t i o n  were de t e r -  
mined by energiz ing  c o i l s  wi th  various 
amounts of energy corresponding t o  pre- 
determined winding temperatures. A c o i l  
f a i l u r e  was de tec ted  by measurements of 
the  inductance a t  1900 cycles.  The i n -  
ductance a t  such frequency shows a  marked 
change wi th  only a  few shor t - c i r cu i t ed  
turns .  Table IV-1  shows the  temperature 
l i m i t s  t h a t  have been e s t ab l i shed  f o r  the  
various wire i n su la t ions .  

IV- 1 



HEATING DATA 

48-hour Trouble Heating L i m i t  

When the  t rouble  temperature l i m i t s  
were es tabl ished i n  1919, the  l i m i t  f o r  
each type of insulated wire was s e t  on 
the  bas i s  of t h e  temperature t h a t  the c o i l  
would withstand s a t i s f a c t o r i l y  f o r  an in- 
d e f i n i t e  period. I n  1941, it was consid- 
ered advisable t o  include i n  t h e  l i m i t s  
t he  temperature a t  which c o i l s  with 
enameled wire might be expected t o  func- 
t i o n  f o r  a l imi ted  period without becom- 
ing a f i r e  hazard. Accordingly, a 
r e s t r i c t e d  temperature l i m i t  of 360F, 
f o r  ce l lu lose-aceta te- f i l led  c o i l s  wound 
with LRM 70 wire, was adopted, with the  
s t i p u l a t i o n  t h a t  t h i s  l i m i t  applied only - 
where t rouble  condit ions would not occur, 
or recnr ,  f o r  a cumulative t o t a l  of more 
than 48 hours during the  40-year l i f e  of 
the  relay.  The 360F temperature l i m i t  can 
be used only i n  c i r c u i t  appl ica t ions  where 
it is  f e a s i b l e  t o  administer t h e  use of the  
c o i l s  t o  guarantee t h a t  t rouble  condit ions 
would be detected within a very shor t  time. 
Since a f i r e  hazard might be involved i n  
o e ra t ing  c o i l s  wound with LRM 70 wire a t  
3 8 0 ~  f o r  a cumulative time longer than 48 
hours, the  25OF l i m i t  was retained f o r  
t rouble  heating periods of indef in i t e  
duration. Formex wire, however, w i l l  with- 
stand a 360F temperature indef in i te ly .  

Maintenance Heating 

It is a common pract ice ,  during in- 
s t a l l a t i o n  and maintenance t e s t i n g  and 
t rouble  shooting, t o  block a c i r c u i t  so 
t h a t  some re lays  a re  held energized f o r  
long periods of time. The heating, under 
t h i s  condition should not exceed t h e  
normal l i m i t  i h  s a t i s f a c t o r y  performance 
is  required subsequent t o  such maintenance 
a c t i v i t y .  I n  a few spec ia l  cases, such a s  
the 270- and 400-ohm c o i l s ,  where speed 
of operation is  important, and a f t e r  con- 
s ide ra t ion  of the  f a c t o r s  involved, tem- 
peratures i n  excess of the normal l i m i t  
have been permitted. While it is  expected 
t h a t  no great  r i s k  is  being taken with 
these  two c o i l s ,  based on experience with 
the  400-ohm U r e l ay  c o i l ,  it is  not con- 
sidered expedient t o  extend the  mainten- 
ance heating l i m i t  above 225F u n t i l  more 
information has been obtained. 

In termit tent  Heatinq 
With respect  t o  the  way the a r e  

used i n  c i r c u i t s ,  re lays  ma be drvided 
i n t o  two general  groups: J o s e  energized 
during conversation, and those energized a s  
t h e  c a l l  is being established.  

The f i r s t  group of r e l ays  has c o i l s  
t h a t  must meet the normal heating l i m i t  
when energized continuously. 

The second group of r e l ays  is ener- 
gized f o r  times varying from a f r a c t i o n  of 
a second t o  severa l  seconds on a c a l l  and 
is then deenergized u n t i l  the  c i r c u i t  is 

again seized on another c a l l .  The magnets 
a r e  thus subjected t o  a l t e r n a t e  periods of 
heating and cooling, generally ca l led  in- 
t e rmi t t en t  operation. With in te rmi t t en t  
operation,  t h e  magnet temperature w i l l  r i s e  
during the  heating,  o r  "onw period, and 
drop during t h e  cooling, o r  wof fw period. 

The percentage of the  "onw period 
t o  the  t o t a l  period is cal led  the  per cent 
time energized, o r  duty cycle. The u l t i -  
mate c o i l  temperature t h a t  w i l l  be a t t a ined  
is  dependent on both the  duty cycle and t h e  
t o t a l  cycle. The duty cycle cannot always 
be applied,  but approximate l i m i t s  have 
been established f o r  which t h e  duty cycle 
may be applied. Tes ts  have shown t h a t ,  f o r  
c i r c u i t s  l i k e  the  marker, where the  t o t a l  
cycle is  approximately one second, o r  f o r  
i n t e r v a l s  up t o  one minute with equal "onw 
and "offw periods, the duty cycle may be 
applied. 

The maximum temperature t o  which t h e  
c o i l  w i l l  r i s e  is not the  temperature t h a t  
the  c o i l  would a t t a i n  if energized con- 
t inuously with t h e  same i n i t i a l  wattage; 
therefore ,  with in te rmi t t en t  operation,  an 
i n i t i a l  wattage higher than t h a t  which 
would cause a r i s e  i n  temperature t o  the  
normal l i m i t  of 225F, with t h e  magnet ener- 
gized continuously, may be allowed. 

The temperature r i s e ,  where the  duty 
cycle is  appl icable ,  i s  based on a wattage 
equal t o  the  i n i t i a l  wattage t imes the  duty 
cycle. The allowable i n i t i a l  in te rmi t t en t  
watts  ( W I )  is found from 

WI = WC where WE is the  continuous 
watts ,  a . i s  the  "onw i n t e r v a l ,  and b the  
"offw in terval .  This method permits rea- 
sonably close r e s u l t s  f o r  shor t  i n t e r v a l s  
i n  the  order of one second with any,duty 
cycle,  o r  one minute with 50 per cent duty 
cycle,  but introduces a subs tan t i a l  e r r o r  
f o r  50 per cent duty cycles i n  the  order 
of 3 minutes. 

Thermal Conductance 

Most magnet c o i l s  a r e  wound with 
copper wire which increases  i n  res is tance  
a s  i t s  temperature is  raised.  Unless t h e  
energy supplied t o  the  magnet is manip- 
u la ted  so a s  t o  remain constant a s  the  
temperature r i s e s ,  the re  w i l l  be a change 
i n  energy consumption a s  the  c o i l  grows 
hot ter .  The temperature t o  which a magnet 
w i l l  r i s e  bears a d e f i n i t e  r e l a t ionsh ip  
t o  t h e  e l e c t r i c a l  energy with which it is 
supplied. The quant i ty  of heat  which may 
be s tored i n  a body is  measured by i t s  
mass, i ts  s p e c i f i c  heat ,  and i ts  increase 
i n  temperature. 

Heat flows away from a c o i l  pr inci -  
pa l ly  through the  core, by conduction, and 
through the ou te r  surface  of the  c o i l  by 
convection and radia t ion.  The flow of 
thermal energy from a body r e s u l t i n  from 
i ts  being a t  a higher temperature tgan its 
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surroundings,  and t h e  energy l o s t  by r a d i -  
a t i o n  t o  surrounding bodies  depends on the  
thermal conduct iv i ty  and dimensions of t h e  
body, and may be termed t h e  thermal conduc- 
tance p .  

The thermal conductance w i l l  depend 
on the  conduct iv i ty  of hea t  through t h e  
core ,  t h e  a r e a  of t h e  winding ad jacent  t o  
t h e  core .  and t h e  ou t s ide  a r ea  of t he  c o i l .  
An empir ica l  equat ion  express ing  t h i s  r e l a -  
t i o n  i s  p = p a  -+ p c  = K,A, + - 1 

R c l  ' & 
Where p = t o t a l  thermal conductance 

p a  = thermal conductance t o  t h e  a i r  

pc  = thermal conductance t o  t h e  core 

K = c o e f f i c i e n t  f o r  conductance t o  
a the  a i r  

Kc = c o e f f i c i e n t  foi? conductance t o  
t h e  core 

A, = c o i l  a r e a  exposed t o  t he  a i r  

A, = c o i l  a r e a  ad jacent  t o  t h e  core 

Rcl = thermal r e s i s t a n c e  t o  t he  core 

K i s  a c o e f f i c i e n t  expressed a s  t h e  tem- 
pe ra tu re  r i s e  which would r e s u l t  from sup- 
plying 1 watt pe r  square inch of r a d i a t i n g  
a r ea ,  and i s  assumed t o  be independent of 
t h e  gauge and i n s u l a t i o n  of t h e  wire,  but 
varying with t h e  a rea  ( A ) .  

The thermal r e s i s t a n c e  i s  def ined  a s  
t h e  r ec ip roca l  of t he  thermal conductance, 
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The va lues  of p have been determined 
a s  p a r t  of t he  fundamental design of t h e  
wire sp r ing  r e l ay .  These va lues  have been 
p l o t t e d  i n  F ig .  I V - 1 ,  which shows the  t h e r -  
mal conductance f o r  d i f f e r e n t  winding 
depths,  and Fig .  IV-2, which shows t h e  f i n a l  
temperature f o r  d i f f e r e n t  va lues  of i n i t i a l  
wa t t s  and t h e r r ~ a l  conductance. 
Allowable Heating 

Since t he  thermal conductance i n -  
c r ea ses  with t he  winding depth, the  allow- 
ab l e  hea t ing  on a c o i l  i nc reases  a s  t h e  
r a d i a t i n g  a r ea  i nc reases .  The al lowable 
i n i t i a l  wattage and thermal conductance 
Tor t he  AF, AG, and A J  r e l ay  c o i l s  a r e  shown 
in Table IV-2. The wattage f i g u r e s  a r e  
v a l i d  only f o r  c o i l s  wound wi th  copper wire.  
The al lowable i n i t i a l  wattage and thermal 
conductance f o r  t h e  AK r e l a y  i s  shown i n  
Table IV-3. 

The allowabie i n i t i a l  wa t t s  f o r  any 
A F ,  AG, o r  A J  r e l a y  c o i l  may be computed 
f i nd ing  the  thermal conductance f o r  the  
p a r t i c u l a r  c o i l  from F ig .  I V - 1  f o r  t h e  
winding depth of the  c o i l .  The depth of 
t h e  c o i l  may be found from da t a  i n  Sec- 
t i o n  X .  From F ig .  IV-2, t h e  allowable i n i -  
t i a l  wa t t s  may be found from the  thermal 
conductance and temperature l i m i t .  The 
i n i t i a l  wa t t s  should be computed from the  
maximum vol tage  and minimum r e s i s t a n c e .  

Resis tance Rise 

Tne r e s i s t a n c e  of a c o i l  wound with 
copper wire, subjec ted  t o  a constant  v o l t -  
age, r i s e s  t o  some value h igher  t han  t h a t  
obtained a t  ambient room temperature.  This  
r i s e  i s  computed from t h e  minimum i n i t i a l  
wat t s ,  t h a t  i s ,  minimum c i r c u i t  vol tage and. 
maximum c o i l  r e s i s t a n c e .  I f  sho r t  holding 
t imes a r e  involved, t h e  i n i t i a l  wa t t s  may 
be mu l t i p l i ed  by t h e  duty cyc le  t o  ob t a in  
t h e  equivalent  i n i t i a l  wa t t s .  Knowing t h e  
i n i t i a l  wat t s  and t h e  thermal conductance, 
t h e  Tina1 temperature may be found, in  
F ig .  IV-2. The temperature coe f f ik i en t  f o r  
copper -lire r e s u l t s  i n  a r i s e  of 1 pe r  cent  
f o r  e a ~ k 4 . 5 8 ~ i n c r e a s e  i n  temperature.  The 
hot r e s i s t a n c e  i s  t h e r e f o r e  

F ina l  temperature - 6 8 ~  RH = ~ ~ ~ ( 1  + 458 ) 

To f a c i l i t a t e  determining the  hot  
r e s i s t a n c e ,  t he  p e r  cent  r e s i s t a n c e  r i s e  
has  been p l o t t e d  aga ins t  t h e  i n i t i a l  wa t t s  
f o r  d i f f e r e n t  thermal cons tan ts  i n  Fig.  IV-3  
and IV-4. 

Resis tance wire has a zero  temperature 
c o e f f i c i e n t  and the re fo re  does not  i nc rease  
i n  r e s i s t a n c e  due t o  hea t ing .  

Heating Conditions 

The allowable wattage i n  Table IV-2 
and t h e  r e s i s t a n c e  r i s e  i n  F ig .  IV-3 and 
Iv-4 a r e  based on a cons tan t  vo l tage  ac ros s  
t h e  c o i l .  Serv ice  condi t ions  sometimes 
a r i s e  i n  which o t h e r  t han  a cons tan t  vo l tage  
i s  used ac ros s  a magnet. A l i s t  of t he se  
condi t ions ,  t oge the r  wi th  t h e  formulae f o r  
determining t h e  al lowable wa t t s  and f i n a l  
temperature,  a r e  shown i n  t h e  appendix. 
Condit ions not covered h e r e i n  should be 
r e f e r r e d  t o  t h e  r e l a y  requirements group. 



KEATING DATA 

APPENDIX 

Service condit ions sometimes a r i s e  Condition 1 
i n  which o ther  than a constant  voltage i s  ,7 

used across  a magnet. The condit ions E ' 
under which a magnet may be subjec ted  t o  I n i t i a l  wat t s  (=)= 168 p (?25F) 
a temperature r i s e  a re :  68 

1. Constant vol tage .  
r. 

2. Constant cur rent  condit ion.  If E~ I n i t i a l  wat t s  (K-) = 210 p (250F) 
the  magnet i s  used i n  s e r i e s  with 68 
an e x t e r n a l  r e s i s t a n c e  of zero  
temperature c o e f f i c i e n t ,  and t h e  
r e s i s t a n c e  of t he  magnet i s  a small  E I n i t i a l  wat t s  (K--) = 426 p (360F) 
p a r t  of the t o t a l  c i r c u i t  resist- 68 
ance, the cu r ren t  w i l l  not  de- 
crease m a t e r i a l l y  a s  t he  magnet 
r e s i s t a n c e  increases  due t o  the  Condition 2 
temperature r i s e .  

3. Constant power. The c i r c u i t  con- 
s t a n t s  may change t o  maintain the  2 I n i t i a l  w a t t s  ( I  R ~ )  = 93.1 F (225F) 
wattage on t h e  magnet constant .  

4. Constant voltage w i t h  a copper 
winding i n  p a r a l l e l  wi th  a r e s i s t -  2 I n i t i a l  wat t s  ( I  R ~ ~ )  = 107.3 p (250F) 
ance winding of zero  temperature 
c o e f f i c i e n t .  

5 .  Constant voltage wi th  a copper 2 I n i t i a l  wat t s  (I  R ~ ~ )  = 158.8 p (360F) 
winding i n  s e r i e s  wi th  a r e s i s t -  
ance winding of zero temperature 
coe f f i c i en t .  Condition 3 

6. Constant voltage wi th  a copper 
winding i n  s e r i e s  wi th  an ex te rna l  
r e s i s t ance  of zero temperature co- Watts = 125 p (225F) 
e f f i c i e n t .  

Temperature formulae have been de- 
veloped g iv ing  the  maximum i n i t i a l  watts  Watts = 150 p (25OF) 
t h a t  w i l l  prevent an electromagnet from 
r i s i n g  above given temperature l i m i t s .  
These formulae f o r  condit ions 1 t o  6 above Watts = 260 p (360F) 
and the  temperature l i m i t s  a r e  : 
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Condition 4 
E E2 I n i t i a l  watts on cu wdg (=) + x a t t s  on res  wdg (F) = 125 p (225F) 

68 

E2 E? I n i t i a l  watts on cu wdg (K--) + watts on res  wdg (i;-) = 150 p (250F) 
68 

T1 

E ' E2 I n i t i a l  watts on cu wdg (K--) + v a t t s  on res wdg = 260 p (360F) 
68 

Condition 5 

Condition 6 

s e r i e s  r e s .  ( r )  not l e s s  than - 1.343 R68 + J E ~  RE8 (225F) 

-T 

Ser ies  res .  ( r )  not l e s s  than - 1.397 R~~ E ' R ~ ~  (250P) + J m ,  
Ser ies  r e s .  ( r )  not l e s s  than - 1.638 R68 + i 2 

J :5B:g; (360F) 

The f i n a l  temperature of a magnet f o r  the d i f fe ren t  heating conditions l i s t e d  pre- 
viously may be calculated as shown below. 

Condition 1 

IV- 5 
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Condition 2 

Condition 3 

Condition 5 

f 

Heating condit ions o the r  than shown should be r e f e r r e d  t o  t he  r e l a y  requirements 
group . 

I n  the foregoing formulae: 

E = Voltage i n  v o l t s .  

RG8 = Resist,ance of the copper winding 
a t  68F. 

r = Resistance of zero  temperature 
c o e f f i c i e n t  winding. 

p = Thermal conductance (from Fig.IV-1). 
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TABLE I V - 1  

RECOMMENDED TEMPERATURE LIMITS FOR ELECTROMAGNETS 
CONCENTRIC '&?DINGS. INCLUDING WINDINGS WITH SERIES TURNS OF RESISTANCE WIRE 

I n s u l a t i o n  

Mean Winding Temperature Limit f o r  Trouble Conditions 
Cellulose-acetate-  

f i l l e d  c o i l s  Spoolwound Coi l s  
I n d e f i n i t e  48 Hours** lnde f  i n i t  e  48 Hours** 

Enamel Per LRM-70 250F 360 F Not Recommended 
Enamel Per  LRM-159 250F 360F 250F 325F 
Heavv Formex Per LRM-222 360F 360F 
S lng le  Nylon Per  LRM-6002 1 
Double Nylon Per LRM-6003 1 
Sing le  Nylon P lus  Enamel (LRM-6004))" 360F 360F 
Double Nylon P lus  Enamel (LRM-6005 ) ) 
Cotton o r  Cotton Plus  Enamel 360F 360F 

*Formerly S i l k  Insu la t ion .  
**Coils should not  be used i n  c i r c u i t s  where t h e  cumulative hours  

o f  opera t ion  under t r o u b l e  condi t ions  may exceed 48 hours. 

Notes: - 
For c o i l s  i n  which freedom from sho r t - c i r cu i t ed  t u r n s  i s  e s s e n t i a l ,  o r  where inductance 
requirements  a r e  s p e c i f i e d ,  enameled wire  p e r  LRM-222, o r  nylon i n s u l a t e d  wires  pe r  
LRM-6003, LRM-6004, and LRM-6005 should be used. 

Where s e r i e s  r e s i s t a n c e  w i re  i s  used, t h e  t u r n s  should be spread over  a s  much of  t h e  
c o i l  l eng th  a s  possible .  The hot-spot temperature should no t  exceed t h e  recommended 
maximum mean winding temperature f o r  t h e  t ype  of  i n s u l a t i o n  employed. 

Ch o Coi l  temperatures  a r e  based on ope ra t ion  a t  lOOF ambient temperature.  
IA 

P a r a l l e l ,  Twisted, and Noninductive Windings 

Enameled wi re s  s i n g l e  nylon, o r  co t ton  should not  be used. The i n s u l a t i o n  should be 
nylon pe r  LRM-6003, LRM-6004, o r  LRM-6005. S ingle  co t ton  over LRM-222 wire ,  o r  double 
co t ton  over  LRM-159 wire  a l s o  may be used. The t r o u b l e  temperature l i m i t s  a r e  t h e  
same a s  those  f o r  concent r ic  windings. 

Note: For a l l  t ypes  of  i n s u l a t i o n  and windings, t h e  maximum mean winding temperature 
7 

f o r  normal opera t ion  should not  exceed 225F. 
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TABLE IV-2 

Heating L i m i t s  for AF, AG, and AJ Relays 

Re s - Sleeve Ther 
Cond 

Allowable Wattage 
225- - - 250 " - 360"+ 

*48 hour cumulative 

IV-8 
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TABLE IV-2 ( ~ o n t d )  
Heating Limits  f o r  AF, AG, and A J  Relays 

Sleeve Ther - 
Cond - 
0.041 
0.043 
0.041 
o.oq3 
0.030 
0.040 
0.042 
0.037 
0.043 
0.039 
o .033 
0.043 
0.033 
0.043 
0.034 
0.041 
0.044 
0.040 
0.040 
0.043 
0.034 
0.040 
0.039 
0.030 
0.034 
0.045 
0.034 
0.040 
0.043 
0.038 
0.043 
o .018 
0.032 
0.044 

Allowable Nattage 
250" 300"" 

"48 hour cumulative 
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Res Sleeve - 

TABLE IV-2 ( ~ o n t d )  

Heating L i m i t s  f o r  AF, AG, and A J  Relays 

Ther Allowable Wattage 
2 2  - - - 3 

0.034 $7 7.2 14.5 
0.043 7 .2  9.0 18 .3  

0.034 5 .7  7.2 14 .5  
0.043 7.2 9.0 18.3 

0.032 5.4 6 .8  13.6 19.2 t 
0.045 7.6 9 5 

0.035 5.9 7.4 14.9 
0.044 7.4 9.2 18.7 

0.034 5.7 7.2 14.5 
0.044 7.4 9.2 18.7 

0,040 6.7 8.4 17.0 
0.044 7.4 9 .2  18.7 

+48 hour cumulative 

TABLE IV-3  

Heating L i m i t s  f o r  AK Relays 

A l j  owable Wattage 
22T" 222" - S'u- 

One Coi l  0.031 5 .1  6.5 13.2 
Energized 

Two Co i l s  
Energized 11.0 (Each c o i l  ) 

*48 hour cumulative 
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F l q .  IV-1 - Thermal Conductance (:p) f o r  Various Winding 
De~ths - 4F, AG, and A2 Relays 

I V - 1 0  
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Fig. IV-3 - Resistance Rise 
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PGigTEfj 'i " 

Fig. IV-4 - Resistance Rise 



SEC'PION V 

IGGdETIC INTERFERENCE 

General 

The performance of a  r e l a y ,  o r  t h e  
adjustment appl ied  t o  a  r e l c y ,  may be 
a f f e c t e d  by t h e  leakage or s t r a y  f l u x  froln 
ad jacent  energized apparatus.  The xaagni- 
tude  of t h e  e f f e c t  on t h e  r e l a y  performance 
o r  opera t ion  depen' L~ on: 

A. The ampere t u r n  ene rg i za t ion  and 
amount of leakage f l u x  of t h e  
ad jacent  appa r i t u s .  

B. The func t ion  of t h e  r e l a y ,  t h a t  
i s ,  whether ope ra t e ,  nonoperhte, 
hold,  o r  r e l e a s e  i s  involved. 

C. The spacing between t h e  r e l a y  and 
t h e  i n t e r f e r i n z  apparatus.  

D, The amount and p o l a r i t y  of t h e  
leakage f l u x  from t h e  ad j acen t  
r e l ays .  

E. 'Phe ex t en t  t o  which t h e  r e l a y  i s  
a f f ec t ed  by s t r a y  magnetic f i e l d s .  

F. The use of covers on t h e  i n t e r -  
f e r i n g ,  o r  i n t e r f e r e d  with,  - 

apparatus.  

The s t r a y  f i e l d  from a  r e l a y  v a r i e s  
wi th  i t s  ampere t u r n  ene rg i za t ion ,  i n -  s c reas ing  a s  t h e  ampere t u r n s  a r e  increased ,  
up t o  t h e  s a t u r a t i o n  poin t  of t h e  r e l ay .  
The e f f e c t  of t h e  s t r a y  f i e l d  on a r e l a y  

4 w i l l  vary wi th  t h e  a d j u s t i n g  ampere t u rns .  
Thus, hold o r  r e l e a s e  va lues  of slow re-  
l e a s i n g  hG r e l ~ y s ,  which a r e  r e l a t i v e l y  
low ampere t u r n s ,  w i l l  be a f f e c t e d  more on 
a  percentege bhs i s  th;n t h e  opera te  o r  
nonoperate. 

Only t h e  ad jacent  r e l a y s  1, 2 ,  3 ,  4 ,  
6,  7, 8 ,  and 9, i n  t n e  i n t e r f e r e n c e  p a t t e r n  
s h o ~ m  below, w i l l  s i 5 n i l i c a i l t l y  a f f e c t  
r e l a y  ho. 5 ,  which i s  the  one under 
cons idera t ion .  

In t e r f e r ence  
Pa t t e rn  

The mounting cen te r s  f o r  t he  re-  
l a y s  i n  t h e  i n t e r f e r ence  p a t t e r n  a r e :  

AF r e l a y s  1-1/2 in .  Hor. 

U r e l a y s  1-1/4 i n .  Hor. 

U&AF r e l a y s  2 i n .  Vert. 

Relays ou t s ide  t h e  i n t e r f ,  ~ r s n c e  
p a t t e r n  a r e  2-1/2 inches  o r  more away and 
t h e i r  f i e l d  h & s  no e f f e c t  on t h e  r e l a y  i n  
pos i t i on  ho. 5. Thus, me n e t i c  i n t e r -  
f e r ence  may ( i f  necess i ry?  be e l imina ted  
by a  s u i t a b l e  l o c a t i o n  of t h e  energized 
r e l ays .  This method g e n e r d l y  involves  
no penal ty  i n  c i r c u i t s  wi th  a  l a r g e  number 
of mounting p l a t e s ,  l i k e  senders  o r  
r e g i s t e r s ,  but  may involve space p e m l t i e s  
f o r  t runk  c i r c u i t s .  Trunk c i r c u i t s  may 
have only one o r  two mounting p l a t e s ,  
i n  which case t h e  ad jacent  reiziys mhy not  
be r e a d i l y  con t ro l l ed  ss they  may be i n  
o t h e r  c i r c u i t s .  

There a r e  two e f f e c t s  of mhgnetic 
i n t e r f e r ence :  (1) t h e  e f f e c t  on t h e  i d -  
justment of a  r e l a y  when it i s  ac jus t ed  
wi th  ad jacent  r e l i y s  energized,  and ( 2 )  
t h e  e f f e c t  on t h e  performance of t h e  
r e l s y .  

Effect  on the-Helay Adjustment_ 

This  e f f e c t  on t h e  ad justment would 
be noted when t h e  r e l h y  i s  ad jus tea  with 
o r  without t h e  i n t e r f e r i n p  r e l a y s  ener- 
g ized ,  and then checketl, using c.pproxi- 
mately t h e  shme cur ren t  :low va lues ,  with 
t h e  oppos i te  i n t e r f e r i n g  condit ion.  This  
e f f e c t  w i l l  o ccm gene rc l ly  i n  t runk ,  
or  s i m i l ~ r  c i r c u i t s  i n  which a  r e l s y  
may be i d Jus t ed  when r e l s y s  i n  ad jacent  
c i r c u i t s  i r e  energized. xd 'zcent energized 
r e l i y s  may be avoided by (l? rn-k a ing t h e  
ad jacent  c i r c u i t s  busy or  ( 2 )  loczt i r ig  
t h e  c r i t i c a l  r e l h y s  on the  midale y l ~ t e  
of a 3 -p l a t e  2- o r  3-trurilc u n i t .  The 
f i r s t  method i s  undes i r i b l e  s ince  i t  may 
r equ i r e  making a  t runk  busy a t  another  
o f f i ce .  Phe l a t t e r  method imposes r e -  
s t r i c t i o n s  on t h e  equ i~men t  ae s ign  and 
may x a s t c  space. rhe l a t t e r  ncthod was 
used i n  t h e  ho. 5 crossbar  t r u n h s  uslng 
U and Y r e l ays .  Phe i n t e r f e r e n c e  i n  
t he se  c i r c u i t s  was s o  p e a t  t h a t  it could 
not  be ignored. 

This  i n t e r f e r e n c e  e f f ec f  i s  present  
on a l l  hd justnient s of AP , hG, a d  HJ 
r e l z y s ;  ope ra t e ,  nonoperkte, hold and 
r e l e a s e ;  however, t h e  e f f e c t  i s  s o  
s n h l l  on a l l  ad justmenis, except t h e  hold 
and r e l e a s e  of t h e  hti r e l s y , t h a t  t h e  
i n t e r f e r e n c e  e f f e c t  can be ignored. Table 
V - 1  shows   he e f f e c t  of i n t e r f e r e n c e  from 
adjacent  nF and U r e l c y s  on t h e  o p e r i t e  
or  nonoperste of h Y ,  nG, and I J  r e l s  ys 
and on t h e  hold o r  r e l e a s e  of t.F and hJ 
r e l ays .  
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MAGNETIC INTERFERENCE 

This t a b l e  shows t h a t  the U re lay  
has a negative or a id ing  e f f e c t  on the wire 
spr ing re lay  ins tead of a posi t ive  or 
opposing e f f e c t .  When U and wire spr ing 
re lays  a r e  energized. with ground on the 
inner end of the  winding, i n  accordance 
with the standard wiring pract ice ,  the U 
r e l ay  is poled opposite t o  the wire sp r ina  
re lay .  The U and wire spr ing re lay  cof l s  
a r e  wound i n  the  same di rect ion,  and the  
winding leads a r e  terminated a t  the  same 
end of the c o i l ;  however, the  U r e l ay  c o i l  
i s  assembled on the core s o  t h a t  the 
terminals a r e  brought out a t  the r e a r  
spoolhead, and the wire spr ing re lay  c o i l  
i s  assembled so  t h a t  the terminals appear 
a t  the f r o n t  spoolhead. This means t h a t  
the d i rec t ion  of the  magnetism of the  wire 
spr ing re lay  is  opposite t o  t h a t  of the  U 
re lay .  Thus, the in ter ference  from sur-  
rounding AF or A J  re lays  has an opposing 
e f f e c t ,  whereas t h a t  from surrounding U 
re lays  has an a id ing  e f f e c t  on the ad jus t -  
ment and performance of the  wire spr ing 
re lays .  

The e f f e c t  of AF and U i n t e r f e r i n g  
re lays  on the  hold or re lease  of the AG 
r e l ay  i s  shown i n  Fig. V-1. This e f f e c t ,  
although small i n  comparison t o  Y re lays ,  
requires  some consideration.  The com- 
parison i n  the e f f e c t  on the  re lease  with 
one re lay  above and one re lay  below, 
energized a t  600-ampere turns ,  f o r  the AG 
re lay  with AF i n t e r f e r i n g  re lays  and the  
Y r e l ay  with U i n t e r f e r i n g  re lays  i s :  

Interference - - 

N I  Release With Effect  on 
No Interference AaY 

L t  can be noted from t h e  above t h a t  
t h e  e f f e c t  on AG r e l ays  i s  considerably 
l e s s  than it i s  on t h e  Y relays.  For 
example, with one AFrelay energized a t  
600-ampere tu rns ,  above and below an AG 
r e l ay ,  the  maximum interference  e f f e c t  i s  
9.5 per cent ,  whereas with a U re lay  
energized a t  600-ampere t u r n s  above and 
below a Y r e l ay ,  t h e  maximum e f f e c t  i s  
75 per  cent. Actually, very few AF 
re lays  can be energized a t  600-ampere 
tu rns ,  but several  U r e l ay  c o i l s  can be. 
With 300-ampere tu rns  on the  in te r fe r ing  
re lays ,  t h e  maximum e f f e c t  on the  AC re- 
l a y  i s  6.4 per cent instead of 9.5 per cent. 

The minimum interference  e f f e c t  
occurs with a weak adjustment o r  a t  the 
re lease  end or the h o l d - r e l e ~ s e  adjustment 
band. W i t h  a s t i f f  adjustment, o r  a t  the 
hold end of the adjustment band, the  i n t e r -  
ference e f f e c t  on an AG re lay  with one A F  
r e l ay  above and one below energized a t  300- 
ampere turns  i s  not over 5 per cent .  With 

a U i n t e r f e r i n g  re lay  above and below, the  
comparable e f f e c t  on a s t i f f  Y r e l ay  i s  
about 25 per cent .  

I n  view of the marked reduction i n  
the in ter ference  e f f e c t  f o r  the AG re lay ,  
a s  compared with the Y re lay ,  i t  has been 
agreed t h a t  magnetic in ter ference  con- 
s ide ra t ions  should not impose any penal t ies  
an the equipment design of wire spr ing 
re lay  trunk c i r c u i t s .  

It has a l s o  been agreed not t o  
recommend i n  the ESP that adjacent c i r -  
c u i t s  be made busy when readjus t ing or 
t e s t i n g  AG re lays .  There is a small r i s k  
i n  these agreements, but  i t  i s  believed 
t h a t  the  r i s k  is j u s t i f i e d  on the  bas i s  
t h a t  (1) a marginal adjustment is ra re ,  
( 2 )  there  i s  a 5 per cent margin between 
the hold readjus t  and t e s t  and 5 per cent  
o r  more margin between the  re lease  read jus t  
and t e s t ,  and (3)  the in ter ference  generally 
w i l l  not exceed t h a t  from one re lay  above 
and below. Actually, a s  long a s  there  is 
any in ter ference  e f f e c t ,  it cannot be safe-  
guarded f o r  successive checks with and 
without in ter ference ,  using the same t e s t  
current ;  however, it is  believed t h a t  r e -  
lays  w i l l  meet the t e s t  requirements with 
in ter ference  i f  they have been adjusted t o  
the readjus t  requirements without i n t e r -  
ference. It is a l s o  believed t h a t  the ad- 
justment trouble caused by in ter ference  
t h a t  was experienced with the  Y r e lay  was 
aggravated by the  aging of the  magnetic 
i ron  t h a t  was used p r i o r  t o  the introduction 
of hydrogen-annealed i ron.  
Effect  on Performance of the  Relay 

The e f f e c t s  of magnetic in ter ference  
on the performance of wire spr ing re lay  
c i r c u i t s  is generally ins ign i f i can t .  Since 
more ampere turns  may be required t o  oper- 
a t e  a r e l ay  under the  influence of magnetic 
in ter ference  from re lays  poled a l i k e ,  the  
normal margin between the t e s t  and the  
worst c i r c u i t  operate m y  be reduced. I n  
n3 case is  t h i s  s u f f i c i e n t  t o  impair the 
operating margin of the  wire spr ing re lay .  
The reduced operating margin has the e f f e c t  
of increasing the maximum operating time, 
but  i n  no case i s  t h i s  increase significant .  

The re leas ing  times of the  slow-re- 
l eas ing  AG re lays  may be e i t h e r  increased 
o r  decreased depending on whether the 
in ter ference  comes from surrounding A F  
or  U re lays .  The minimum re leas ing  time 
of an AG re lay  with three  A F  r e l ays  above 
and below may be decreased i n  the order of 
10 per cent  which, usually, i s  not serious.  
The worst e f f e c t  of U i n t e r f e r i n g  re lays  i s  
an  increase i n  the maximum re leas ing  time 
which, ordinari ly,  i s  not c r i t i c a l .  I f  both 
AF and U re lays  create  in ter ference ,  the  
e f f e c t s  tend t o  neu t ra l i ze  each other. 

In  c r i t i c a l  cases, such a s  the  slow 
re lease  (RA) re lay  i n  the  or ig inat ing 
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Fig. V-1 - AG Relay - Magnetic Interference Effect on Hold or Release 

v-3 



MAGNETIC INTERFERENCE 

register circuit, it may be found desirable 
to locate noninterfering apparatus adjacent 
to an AG relay. These cases should not 
occur very often. 

The effect of magnetic interference 
on the releasing time of AG relays may be 
found from the release time curve in Section 
IX by resding the release time corresponding 
to (1) the release-ampere turns without in- 
terference, and (2) the release-ampere turns 
with interference. The release-ampere turns 
with interference are obtained from Fig. V-1 

Effect on AK Relays 

P.agnetic interference on the AK relay 
must be considered from two aspects; that 
from surrounding relays and that from one 
coil of the relay on the other coil. The 
first condition, interference from surround- 
ing relays, is negligible. Kagnetic inter- 
ference between two coils of an individual 
relay, equipped with stop discs, may be as 
much as f10 ampere-turns on the operate and 
-5 ampere-turns on the release where both 
coils are poled in the same direction. The 
leakage flux from the interfering coil re- 
duces the pull above the knee of the oper- 
ate pull curve and increases the pull below 
the knee. Since most of the relays have the 
operate point near the knee of the pull 
curve, approximately 150 ampere-turns, the 
interference affect on the operate is usually 
much less than the maxinlwn of 10 ampere-turns 
and can be neglected. The -5 ampere-turns 
interference effect on the release applies 
at high values of release ampere-turns and 
becomes less at lower values of release, so 
it has practically no effect on the relay 
performance. 

Magnetic interference of either half 
of an AK on the other half of the relay, if 
equipped with a domed armature, may be 
appreciable and should be taken into con- 
sideration when figuring release times. This 
effect is shown in Pig. TIT-14~ and 
VII-1bC. The relay adjustment should not 
be af'f'ectea since one half of the relay 
should be adjusted with the other half de- 
energized. 1x1 Fig. PII-14B and Vi.L14~, 
positive interference assumes both coils 
poled in the same direction and negative 
interference the coils poled in the opposite 
direction. To obtain the release time with 
interference, read the hold or release gram 
loads on the hold or release pull curve 
with interference and obtain the holder or 
release-ampere turns. The time can be 
obtained by reading these values on the 
minimum or the maximum time curves. 

Fig. V-2 - AJ Relay With Shield 

Crosstalk 8-2 P" B/q& f4-6 

Another important effect of stray 
magnetic fields is crosstalk between trans- 
mission relays of adjacent trunk circuits. 
The wire spring is about 5 db better than 
the UA relay. This is not sufficient to 
permit mounting transmission relays in dif- 
ferent circuits on 2-inch vertical centers, 
but will permit 4-1/2- instead of 6-inch 
mounting centers. Where the transmission 
relays of different circuits are closer 
than 4-1/2 inches, the relays are equipped 
with magnetic shields. Fig. V-2 shows the 
shields which may be used on the AF, AG, 
or AJ relays. 

The crosstalk with wire-spring relays 
equipped with shields is approximately the 
same as that of UA relays equipped with 
crosstalk covers. 

Where there are wire-spring trans- 
mission relays in the same circuit, cross- 
talk is neutralized to some extent and 
battery noises suppressed by mounting the 
relays side by side. They are connected 
to the tip and ring of the trunk or sub- 
scriber line with the battery winding of 
one relay and the ground winding of the 
other relay connected to the same side of 
the trunk or line. 
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TABLE V - 1  

Interference Effect  on the 
AF, AG, and A J  Relays 

Ef fec t  on Operate or  Nonoperate of AF, AG, and A J  Relays 

Operate or  Ncnoperate N I  Without In ter ference  2 - 120 170 
AF In te r fe r ing  Relays (600 NI) 

1, 2, 31 4, 6, 7 7  8, 9 

2,  4, 6,  8 

U In te r fe r ing  Relays (600 NI) 

1, 2, 3 

2 

Effect  on H o l d  o r  Release of AF and AJ Relays 

Hold or  Releese N I  Without Interference - 16 - 57 90 - 
AF In te r fe r ing  Relays 

1, 2, 3, 4, 6 ,  7, 8, 9 (300 NI) 4.4% 2.5% 2.5% 

1, 2, 3 ,  4, 6 ,  7, 8, 9 (600 NI) 6.3% 5.1$ 4.1% 

U In te r fe r ing  Relays 

1, 2, 3 (300 N I )  

1 2,  3 (600 NI) 

2 (300 N I )  

2 (600 NI) -2.5% -1.6% -1.3% 

A negative s ign ind ica tes  an aiding e f f e c t .  

Test Pat tern  

1 2 3 
4 5 6 Relay #5 under t e s t .  

7 8 9 



SECTION V I  

General 

The AF,  AG, A J ,  and AK r e l a y s  a r e  
equipped with twin palladium con tac t s .  The 
a c t u a t i o n  of t h e  con tac t s  has been designed 
t o  provide long l i f e  and r e l i a b l e  perarm- 
ance. The design ob jec t ives  t h a t  have been 

RADIUS .115" a t t a i n e d  a r e  a s  fol lows:  

One s i z e  and kind of contac t  - palladium 

Lower contac t  fo rce  

Reduced open con tac t s  

No contac t  locking 

Lower r a t e  of contac t  b r idg ing  

Reduced contac t  e ros ion  because of:  I 
( a )  f a s t e r  opening of con tac t s  

( b )  decreased contac t  c h a t t e r  

( c )  l e s s  contac t  a c t i v a t i o n  from o r -  
ganic  vapors, because of i nd iv id -  
u a l  contac t  covers and the  
e l imina t ion  of frame covers  

The ob jec t ive  has been t o  ob t a in  minimum 
annual over-al lcharges,  t ak ing  i n t o  account 
f i r s t  cos t  and annual maintenance charges.  
A cons iderable  reduct ion  i n  t h e  f i r s t  cos t  
of con tac t s  and contac t  p r o t e c t i o n  has been 

- a t t a i n e d  . 
"\  

Contacts  and Contact Welding 
In 
7 Fig.  V I - 1  shows t h e  cons t ruc t ion  of 
x t h e  con tac t s .  The twin-wire con tac t s  con- 

s i s t  of a  palladium tape ,  0.009-inch th i ck ,  
spot-welded t o  t h e  t i p s  of t h e  twin  wires .  
The twin-wire con tac t s  have a  t h i n  2 2 K  gold  
over lay  t o  reduce t h e  development of polymer 
on t h e  con tac t s .  The diagram of t h e  welding 
c i r c u i t  i s  shown i n  Fig. VI-2. The condenser 
C i s  charged by a  power supply t o  a  prede- 
termined vol tage  and then  discharged through 
t h e  primary of t h e  welding t ransformer  T .  
This  causes a  low-voltage surge which pro- 
duces t h e  weld. The con tac t s  a r e  sheared t c  
l eng th  and then  formed t o  a  c y l i n d r i c a l  shape 
t o  provide g r e a t e r  r e l i a b i l i t y  from opens. 

The s t a t i o n a r y  s ingle-wire contact  i s  
made of duplex o r  t r i p l e x  tape,  cons i s t i ng  
of a  n i cke l  s i l v e r  s t r i p -  with a  0.009-inch 
t h i c k  s t r i p  of palladium welded t o  e i t h e r  o r  
both s i d e s  of t h e  n i cke l  s i l v e r .  The s i n g l e  
contac t  i s  equipped with r;he palladium s t r i p  
only on t h e  s i d e  where a  mating twin-wire 
contac t  i s  provided. The s i n g l e  contac t  i s  
butt-welded t o  t h e  end of t h e  s i n g l e  wire by 
a  new process  c a l l e d  percuss ive  welding. 
Spot welding d id  not appear  t o  be t h e  bes t  
method of welding t h e  contact  t o  t h e  end of 
t h e  s i n g l e  wire, due t o  t h e  need t o  g r i p  t h e  
wires  wi th  heavy weld in^ e l ec t rodes  i n  t h e  

Fig. V I - 1  - AF, AG, and AJ Relay Contacts  

of t h e  e l e c t r o d e s  t o  be placed near  t h e  
wir ing  end of t h e  w i r e  sp r ing  without  
developing excess ive  hea t ing  i n  t h e  wire.  
It a l s o  permi ts  t h e  accu ra t e  pos i t i on ing  
~f  t h e  c o n t a c t s  needed t o  c o n t r o l  t h e  podnt 
of con tac t  c l o s u r e  on t h e  assembled r e l ay .  

Fig.  VI-3 shows t h e  diagram of t h e  
percuss ive  welding c i r c u i t .  The condenser C 
is  charged by means of a d i r e c t - c u r r e n t  
power supply and t h e  condenser vol tage  a l s o  
appears  on t h e  s t a t i o n a r y  s ingle-contac t  
wire. The o t h e r  s i d e  of t h e  condenser is  
connected t o  t h e  s i n g l e  contac t .  A s  t h e  
con tac t  t o  be  welded i s  moved toward t h e  
end of t h e  wire ,  t h e  condenser d ischarges ,  
forming an a r c  which mel t s  t h e  a b u t t i n g  
su r f aces  of t h e  contac t  and wire. The 
p a r t s  a r e  he ld  t oge the r  dur ing  a b r i e f  
cool ing  per iod  as t h e  weld i s  completed. A 
small r e s i s t a n c e  R is  used i n  s e r i e s  wi th  
t h e  d ischarge  c i r c u i t  t o  l i m i t  t h e  c u r r e n t  
and c o n t r o l  t h e  a r c i n g  period.  

POWER 1 
SUPPLY 

t .----=- - 
T W I N  W I R E  

l im i t ed  space d i r e c t l y  behind t h e  contac ts .  Fig. VI-2 - Welding Diagram - Twin Contacts  
The percuss ive  welding process  permi ts  one 



CONTACTS 

Expected l i f e  from unprotected and 
protected contacts.  

MOT~ON u L ~ T A T ~ O N A R Y  
W l RE ASSEMBLY 

Fig. VI-3 - Welding Diagram - Single Contacts 

Although percussive welding i s  more 
su i t ab le  f o r  the single-wire contacts welded 
i n  the factory,  the necessary replacement of 
both s ingle  and twin contacts i n  the f i e l d  
i s  made by spot welding using the  standard 
f i e l d  welding equipment provided with s u i t -  
able electrodes.  A spec ia l  shaped palladium 
contact  with a gold overlay w i l l  be used t o  
f a c i l i t a t e  spot welding t o  the s ing le  wire, 
and individual  contact adjustment f o r  the 
f i n a l  posi t ion of the contacts may be 
necessary. 

Contact Actuation 

The " l i f t - o f f "  type of contact  actu- 
a t ion  i s  used. With t h i s  type of actuation,  
which i s  a l so  used on the UB re lay ,  the 
moving springs a r e  a t  a l l  times i n  tension, 
exer t ing a force  e i t h e r  agains t  the s ing le  
contact  o r  the moving card. For both make 
and break contacts,  the  contact  i s  opened 
by " l i f t i n g  o f f "  a moving contact  from a 
s t a t ionary  contact  by the moving card. The 
chief advantage of t h i s  type of ac tuat ion 
i s  t h a t  a common card force  i s  avai lable  
f o r  use i n  opening any contact  tending t o  
lock. It a l s o  has a secondary advantage 
i n  t h a t  the reduced vibra t ion of the moving 
wires causes a reduction i n  contact  cha t t e r .  
The " l i f t - o f f  It  type of contact  ac tuat ion 
r e s u l t s  i n  a small amount of contact  s l i d e  
o r  r e l a t i v e  motion between the moving and 
f ixed contacts.  

Contact Dimensions 

The dimensions of the wire-spring 
re lay  contacts are :  

Twin contact  Single contact  

Width 0.030 in ,  0.073 in. 
Length 0.042 i n .  0.042 i n .  
Thickness 0.009 i n .  0.009 i n .  
Radius of Surface 0.115 i n .  

Contact Capability 

General 

The s i z e  of the contacts f o r  the wire- 
spring re lays  was determined by the follow- 
ing fac to r s .  

Cost of metal and contact protection.  

Cost of replacing contacts having l e s s  
than a 40-year l i f e .  

Consideration of these f a c t o r s  led  t o  the 
adoption of a contact  with an ave age 
erodible volume of about 20 r lo-' cubic 
inches, and with a t o t a l  volume of 56 x 10 
cubic inches. This contact  has an erodible  
volume about one hal f  t h a t  of the present  
bimetal palladium contact  of the U re lay .  
Tests have indicated tha t  the proposed s i z e  
of contact  on the wire-spring re lay  w i l l  
equal, a t  l e a s t ,  the capabi l i ty  of the pre- 
sent  bimetal U re lay  contact  because of the 
reduced c h a t t e r  and g rea te r  speed of 
contact  opening. 

Unprotected Contacts 

Table V I - 1  shows, i n  terms of permis- 
s i b l e  number of operations,  the capabi l i ty  
of unprotected wire- spr ing re lay  contacts 
f o r  a range of typ ica l  wire spring, U, UB, 
and multicontact re lay  loads with shor t  and 
long leads where the contact  breaks, o r  
both makes and breaks the contact  load. 
Contacts which only make the  load do not 
require contact  protection,  because there  
i s  so  l i t t l e  contact c h a t t e r  on closure.  
The est imates i n  t h i s  t a b l e  a r e  f o r  load 
re lays  with low s top d i scs  only. Load 
re lays  with high s top d i scs  d i s s ipa te  a 
somewhat g rea te r  energy on the contacts 
which control  such loads. The est imates 
i n  Table V I - 1  should be reduced by 20 per  
cent i n  the case of load re lays  with the 
higher s top discs .  

The est imates i n  Table V I - 1  a r e  based 
on the capabi l i ty  curves f o r  U r e 1  y con- 
t a c t s  (erodible  volume of 42 x 10-8 cubic 
inches) ,  because l imi ted  t e s t s  indicate  t h a t  
the erosion r a t e  on wire-spring re lay  con- 
t a c t s  i s  about one hal f  t h a t  of U re lay  
contacts.  

Contact bridging has been observed 
on unprotected wire-spring contact  t e s t s .  
It occurs when contact  build-ups become 
large  enough t o  bridge the  contact  gap. 

Where trouble-free contact operation 
i s  necessary and contact  bridging must be 
avoided f o r  any p a r t i c u l a r  c i r c u i t  applica- 
t ion ,  contact  protect ion should be spec i f i ed  
when re lay  operations exceed the following 
limits, except f o r  make contacts which only 
close the c i ~ c u i t .  



Normally Normally 
Open Closed 

Load Contacts Contacts 
Resistance (Makes) ( ~ r e a k s  1 
400 ohms a? 2,000,000 oper 500,000 oper 

l e s s  
over 400 2,000,000 oper 2,000,000 oper 
ohms 

When t rouble-f ree  operation i s  not r e -  
quired, protect ion should be provided only 
when the  re lay  operations exceed those on 
Table VI -1 .  

In  general, load currents  should not 
exceed 0.5 ampere on unprotected contacts.  

Protected Contacts 

Contact protect ion should be provided 
under the  following conditions: 

1. When the  number of operations on a 
p a r t i c u l a r  c i r c u i t  appl ica t ion ex- 
ceeds the  l i m i t s  of unprotected 
contacts.  

2. When c i r c u i t  condit ions require  
t rouble-f ree  operation from contact  
bridging under condit ions described 
i n  the  preceding paragraph. 

In  general, load currents  should not 
exceed 0.5 ampere on protected contacts.  

Contact Protection 
(3\ 
0 
m The contact  l i f e  of a protected con- 
m t a c t ,  with a steady s t a t e  current  of not 
? more than 0.5 ampere, has been assumed t o  
x be 1.5 b i l l i o n  operations. 

Two d i f f e r e n t  contact  protection net-  
works have been standardized f o r  use i n  the  
new No. 5 crossbar system and the  new AMA 
system. They are :  

185A network 0.11 mf i n  s e r i e s  with 470w 
1 8 6 ~  network 0.3 mf i n  s e r i e s  with 1 2 0 ~  

Under extremes of aging, heating, e tc . ,  
t he  res i s t ances  may vary through ranges of 
335 t o  605 ohms f o r  the  470-ohm r e s i s t o r  and 
93 t o  147 ohms f o r  the  120-ohm r e s i s t o r .  

Fig. VI-4 i l l u s t r a t e s  these networks. 
Ordinari ly,  the  networks w i l l  be mounted by 
t h e i r  leads behind the  load re lay  on the  
wiring s i d e  of the  frame. They consis t  of a 
capacitor,  wound with a newly developed 
p l a s t i c  d i e l e c t r i c ,  and a carbon composition 
r e s i s t o r  connected i n  s e r i e s .  The capacitor 
is wound over a metal tube which serves a s  a 
housing f o r  the  r e s i s t o r  and a s  a connection 
between one end of the  capaci tor  and one end 
of the  r e s i s t o r .  The capacitor i s  connected 
t o  the  screw end of the  un i t .  The networks 
a r e  coated with an insu la t ing  f i n i s h  ob- 
ta ined by dipping i n  gray lacquer. 

Fig. VI-4 - Protection Networks 

The dimensions of t h e  two networks 
are:  

Length 
Diameter 

The 185A and 1 8 6 ~  networks were de- 
signed primarily f o r  use with s ing le  r e lay  
loads. Both u n i t s  a r e  r a ted  a t  a maximum 
working voltage of 350 vo l t s .  

The 1 8 5 ~  network i s  intended f o r  use 
on single-load re lays  with a r e s i s t ance  of 
270 ohms and higher. In general ,  s ing le  
r e lay  loads of l e s s  than 270-ohms r e s i s t -  
ance, or  mul t ip le  r e lay  loads, require  the  
use of the  1 8 6 ~  network. Pa r t i cu la r ly  
heavy loads may requ i re  t h e  use of a net -  
work with a higher capacity. 

Method of Determining the  Life  of 
Unprotected Contacts 

Engineering of contacts  f o r  wire 
spring re lays  involves f i r s t ,  t he  determi- 
nation of whether a p a r t i c u l a r  load and the 
number of required operations a r e  within 
the  capab i l i ty  of unprotected contacts,  and 
second, the  determination of a contact  pro- 
t ec t ion  when the  contact  requirements 
exceed the  capab i l i ty  of the  unprotected 
contacts.  

Table V I - 1  gives l i y e  est imates,  i n  
mi l l ions  of operations,  f o r  a range of AF, 
A J ,  and U or  UB re lay  loads where the  con- 
t a c t  breaks o r  makes and breaks the  load. 
Fig. VI-5, from which t h e  est imates were 
obtained, shows the  capab i l i ty  of wire 
spring re lay  contacts  i n  terms of opera- 
t i o n s  p lo t t ed  as a function of energy and 
current  of the  contact  load ( J+ . l I ) .  The 
abscissa  of t h i s  f i g u r e  i s  the  a r i thmet ica l  
sum of the  energy i n  mi l l i jou les  and one 
t en th  of the  current  i n  milliamperes. The 
ordinate  sca le  shows t h e  l i f e  i n  mi l l ions  
of operations. The two curves, f o r  shor t  
and long leads, a r e  based on the  r e s u l t s  
of laboratory t e s t s  of a number of various 
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loads .  I n  eva lua t ing  the  r e s u l t s  of t he  
l i f e  t e s t s ,  i t  has been found t h a t  by com- 
b in ing  the  cu r r en t  f a c t o r  with t he  energy 
f a c t o r ,  and p l o t t i n g  t h i s  combined f a c t o r  
aga ins t  t he  l i f e  es t imates ,  a  r e l a t i v e l y  
smooth curve i s  obtained.  P l o t t i n g  these  
da t a  on log-log paper r e s u l t s  i n  two 
s t r a i g n t  l i n e s ,  g iv ing  l i f e  e s t ima te s  f o r  
s n o r t  and long leads .  ( ~ e s s  than  20 and 
more than 20 f e e t . )  

Determining the  l i f e  f o r  a  given load  
from the  c a p a b i l i t y  curves r equ i r e s  t he  
determinat ion of t h r ee  f a c t o r s :  the  requi red  
number of opera t ions ,  t he  s teady-s ta te  cur -  
r e n t  of the  load,  and tne  amount of energy. 
The f i r s t  two f a c t o r s  a r e  r e a d i l y  ava i l ab l e ,  
bu t  t he  energy f a c t o r  i s  not ,  and r equ i r e s  
a  s epa ra t e  determinat ion.  The amount 01' 

energy ( J )  i s  determined i n d i r e c t l y  from 
peak-voltage measurements obta ined  from the 
discharge of the  load inductance i n t o  a  
l a rge  p a r a l l e l  capac i ty .  After  ob ta in ing  
peak-voltage va lues  f o r  a  given type of 
apparatus,  f o r  varying amounts of cu r r en t  
tnrough the  b a d ,  t he  ene gy i s  ca l cu l a t ed  5 from the  formula J=0.5CV . The r e s u l t s  
a r e  then p l o t t e d  i n  terms of ampere t u rns  
of the  load aga ins t  t he  corresponding energy 
I n  m i l l i j o u l e s .  The curve s o  obta ined  can 
be app l i ed  t o  any load  with t h e  same magnetic 
c h a r a c t e r i s t i c s ;  however, v a r i a t i o n s  i n  s top-  
d i s c  he igh t ,  f u l l n e s s  of the  c o i l ,  and the  
use  of permalloy a f f e c t  t he  magnitude of t he  
d i s s i p a t e d  energy and the re fo re  r e s u l t  i n  a  
d i f f e r e n t  s e t  of curves f o r  t he  same type of 
apparatus.  A s  an example, Fig. VI-6 and 
VI-7 show tne  energy curves f o r  wire-spring 
r e l a y s  f o r  high and low s top  d i s c s  and f o r  
c o i l s  of var ious  degrees of f u l l n e s s .  The 
top  curves on each drawing a r e  f o r  c o i l s  
with a  high number of tu rns ,  while the  lower 
curves a r e  f o r  c o i l s  with a  low number of 
t u rns .  Fig. VI-8 shows t h e  energy curves 
f o r  U r e l a y s .  

The energy f o r  var ious  r e l a y  loads  has 
been ca l cu l a t ed  and i s  shown I n  Table V I - 1 .  

Method of Determining Contact P ro t ec t ion  

I n  designing contac t  p ro t ec t ions  t h e  
va lues  of the capaci tance and t h e  s e r i e s  
r e s i s t a n c e  must be determined. The func t ion  
of the  capaci tance i s  t o  l i m i t  t he  r a t e  of 
vo l tage  r i s e  ac ros s  t he  contac t  a s  i t  opens 
t o  a  value which w i l l  i n su re  no breakdown of 
the  contac t  gap. This requirement w i l l  be 
met, i n  the  case of t he  wire-spring r e l ay ,  
i f  t he  r a t i o  of 6 i s  l e s s  than 2, I being 
the  s teady  s t a t e  cu r r en t  of t he  load  r e l a y  
i n  amperes and C the  capaci tance of the  pro- 
t e c t i o n  condenser i n  microfarads.  The 
capaci tance must a l s o  be l a r g e  enough t o  
l i m i t  t he  peak vol tage  t o  300 v o l t s  t o  pre-  
vent  a i r  breakdown. It i s  a l s o  necessary 
t o  l i m i t  the peak vol tage  i n  o rde r  not  t o  
exceed the  vol tage  l i m i t s  of capac i to r s  used 
i n  p ro t ec t ion  networks. The 185 and 186 

networks a r e  s a t i s f a c t o r y  up t o  350 v o l t s  
and the  177 networks up t o  300 v o l t s .  

The peak vol tage  f o r  any given load  
condi t ion  of known energy ( J )  i s  determined 
from J = o . ~ c v ~ ,  so lv ing  f o r  t h e  va lue  of C 
with V l im i t ed  t o  300 v o l t s .  Peak vo l t ages  
f o r  a  number of commonly used va lues  of 
capaci tance have been p l o t t e d  aga ins t  t he  
energy i n  m i l l i j o u l e s  i n  Fig.  V I - 9 .  The 
use of t h i s  graph permits  d i r e c t  reading  of 
the  peak vo l t ages  f o r  a  given value of en- 
ergy with var ious  va lues  of capaci tance.  
The use of t h e  graph w i l l  determine the  
choice of a  s u i t a b l e  network, o r  t he  choice 
of an adequate capac i to r  where the  use  of a  
s epa ra t e  capac i to r  and a s e r i e s  r e s i s t a n c e  
becomes necessary.  

Usually, adequate p ro t ec t ion  i s  
obta ined  by t h e  use of 1 8 5 ~  o r  1 8 6 ~  n e t -  
works around each ind iv idua l  r e l a y  load .  
I n  t he  case of p a r a l l e l  loads,  however, 
s u b s t a n t i a l  design economies can be achieved 
by us ing  a  s i n g l e  p ro t ec t ion  f o r  combined 
loads .  This can be e i t h e r  a  s i n g l e  network 
o r  a  s i n g l e  capac i to r  i n  s e r i e s  with a  
r e s i s t a n c e .  For i n s t ance ,  t he  1 8 6 ~  network 
o f f e r s  adequate p ro t ec t ion  f o r  any combi- 
na t ion  of loads  with a  t o t a l  energy up t o  
12 m i l l i j o u l e s ;  t he re fo re ,  t he  186A ne t -  
work w i l l  be s a t i s f a c t o r y  f o r  a  p a r a l l e l  
combination of 3-wire-spring o r  U r e l a y s  a s  
long a s  t h e i r  combined r e s i s t a n c e  i s  a t  
l e a s t  100 ohms and the  combined energy 12 
m i l l i j o u l e s  o r  l e s s .  The 185A network i s  
s a t i s f a c t o r y  f o r  p a r a l l e l  loads  with a  
t o t a l  energy of 5 m i l l i j o u l e s  o r  l e s s .  

The choice of t he  r e s i s t a n c e  i n  s e r i e s  
with the  capaci tance is  governed by i n i t i a l  
vo l tage  l i m i t a t i o n s  on the  break of t h e  con- 
t a c t s  and by the  'requirement of keeping the  
condenser discharge cu r r en t  t o  a  minimum on 
contac t  c losure .  For these  reasons,  t he  
s e r i e s  r e s i s t a n c e  should o r d i n a r i l y  be 
chosen t o  be approximately equal  t o  t he  r e -  
s i s t a n c e  of t he  load.  

The r e s i s t a n c e  requirement i s  c l o s e l y  
followed f o r  c u r r e n t s  approaching o r  exceed- 
i n g  0.5 ampere. For cu r r en t s  i n  t he  o rde r  
of 0 .1  ampere o r  l e s s ,  t he  r e s i s t a n c e  i s  
s tandard ized  a t  470 ohms. 

Contact R e l i a b i l i t y  of WireTBpring Relays 

Wire-spring r e l a y s  a r e  equipped with 
independent s p r i n g  a c t u a t i o n  thereby pro- 
v id ing  t r u e  twin-contact  a c t i o n .  Detachable 
covers ,  which enc lose  only t he  contac t  end 
of the  sp r ing  assembly, p r o t e c t  t he  con tac t s  
e f f e c t i v e l y  from e x t e r n a l  dus t .  

Fewer contac t  opens, due t o  dus t ,  a r e  
a n t i c i p a t e d  on the  wire-spring r e l ays ,  even 
with t h e  lower contac t  pressures .  
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TABLE V I - 1  

Wire Spr ing  Relay Contacts  
L i f e  Est imates i n  Mi l l ions  of Operations 

f o r  Unprotected Loads on 50 Vo l t s  

Number of Contact  L i f e  i n  Mi l l ions  
Turns on Energy i n  of 0 e r a t i o n s  

Contact Load Coi l  M i l l i j o u l e s  J & .lI & 
AF, AJ Relays (0.006-in. s t op  d i s c s )  

U and UB Relays (c .005- in .  s t op  d i s c s )  

4000 5600 
700u 9500 
950w 9000 
10000 12350 
1500W 14600 

m 25000 18800 
0 

Multicontact  Relay (263 type)  
P- 
I 

Y 275d 5380 
1200 3460 

I Iviulticontact Relay (286 and 287 types )  

Hold Magnets 

S e l e c t  Magnets 

For r e l a y  loads  wi th  high s t o p  d i s c s ,  reduce above l i f e  es t imates  by 20 pe r  cen t .  

Lamp Loads 

One ampere s teady s t a t e  cu r r en t .  

C ( 1 )  Leads over 20 f e e t .  
( 2 )  Leads l e s s  than 20 f e e t .  

* In  s e r i e s  wi th  90-ohms noninduct ive r e s i s t a n c e .  
*+ Nominal vo l tage  52. 

*+* Ef fec t ive  t u rns .  
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ENERGY IN MILLIJOULES PLUS .I CURRENT IN MILLIAMPERES (J+,II) 

F i g .  VI-5 - Wire -spring-relay Contacts L i f e  Estimates 
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.. - . 7- - - - -  - 8-  16 ISW 90,400,700 OHM COILS .. , , . 

AMPERE TURNS-NI 

Fig. VI-6 - AF and AJ Relays - Energy Curves - 
O.Oll+-inch or 0.022-inch Stop Discs 
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AMPERE T URNS-NI 

Fig. VI-7 - AF and AJ Relays- Energy Curves - 0.006-inch Stop Discs 
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AMPERE TURNS- NI 

Fig. VI-8 - U Relay - Energy Curves 



F i g .  VI-9 - Protection Peak Voltages 



SECTIOX VII 

OPERATE A$D RELCEASE TIlvIES 

PART I - OPER 

LLsted Operate Times 

Telephone relays are most commonly 
operated in local circuit on 48 volts. 
Since 48-voB applications are so comrnon, 
the mini,~lurn, maximum, and average operate 
time values for each code on this voltage 
will be found in the code section (section 
11). Some minor limitations on the use of 
these listed times are discussed later. It 
is expected that these listed times will 
greatly fasilitate the computation bf relay 
races for circuit analysis purposes. 

For those cases where the operate 
times are not listed, or where the circuit 
conditions are not 48 volts, or where the 
circuit opration is not local circuit, it 
will be necessary to use the graphical 
solutions outlined in the following para- 
graphs. 

Types of Problems 

The most common problem that arises 
in relay application work in connection 
with relay operate time is to determine the 
operate time of a given code of relay oper- 
ating in local circuit. This problem is 
considered separately because it is so com- 

o mon and the solution is relatively simple. 
ln 
L n  
t- A less common type of problem exists 

where the relay and circuit parameters are 
all, or in part, subject to the engineer's 
selection or design. This problem occurs, 
for example, when a new coil is designed, 
or where a 48-vol t  coil is used in a 130- 
volt circuit, assuming, of course, that an 
optimum design from a speed standpoint is 
needed. Under such conditions, it is possi- 
ble to desigp for optimum speed in a 
straightforward manner. Furthermore, i5 
is practicable, where compromises have been 
made with optima, to determine the penalty 
paid for the deviation from optimum design. 
The problem is considered separately, mainly 
because it is less often needed and its 
complexity justifies separate treatment. 

Another type of problem arises where 
a relay is required to operate in series 
parallel arrangements of circuit elements 
involving inductances and capacitances. 
The solutions to the more general cases are 
usually so involved as to be impractical. 
However, in a great many cases, the problem 
can be simplified either by considerations 
of symmetry or by the use of simplifying 
assumptions. The method ofhrilldling some 
typical cases is covered in Appeii~iix A. 

A type of problem, of importance 
mainly to the relay engineer, involves the 

simulation of one relay circuit by another 
relay circuit which happens to be avail- 
able. For example, assuming that an ex- 
treme capability relay is available, it is 
possible to use a single full winding on 
the structure and obtain complete  data on 
relay operate times for all relay coils 
without rewinding the coil. In effect, the 
operate times are obtained in circuits 
which are mathematically similar, the dif- 
ference being only in impedance level. 
Such translations are exact and yield very 
satisfactory data. The method is set down 
in Appendix B. 

Definition of Minimum, Maximum, and Average 
Times 

In most relay operate time problems 
the average, maximum, or minimum operate 
times may be required. The average time 
is, of course, obtained when all variables 
are average. It is not so obvious what the 
variables will be for minimum cr maximum 
times. If the number of contributing vari- 
ables is large, it may be uneconomical to 
consider all variables to be at their maxi- , 
mum adverse values. Furthermore, it may be 
physically impossible for two particular 
contributing factors to be simultaneously 
adverse because one variable is a function 
of the other; therefore, in stating the 
minimum or maximum operate times it is im- 
portant that the conditions and assumptions 
be defined. 

The maximum arid minimum operate times 
listed in the code sections of this manual 
were obtained by means of the methods and 
data to be described later. In these data, 
allowances have been made for the probabi- 
lity that all variables dill not be simul- 
taneously extreme. Allowances have also 
been made where a variable is dependent 
upon some other variable, both of which 
cannot be simultaneously adverse. For ex- 
ample, the size of the airgap and the 
magnitude of the inductance are interrelated 
in such a way that when the airgap is in- 
creased, the inductance is decreased. 

The minimum operate times listed in 
the code sections were obtained with 
minimum resistance and the maximum times 
with maximum resistance. The maximum 
resistance was taken to be the cold 
value on the assumption that no appreci- 
able heating occurred during circuit 
operation. Actually, the maximum operate 
time for the relay when hot will be in- 
creased only about 5 per cent for practi- 
cally all local circuit relays. 
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The minimum opera te  times l i s t e d  i n  
t he  code sec t ions  were obtained a t  50 v o l t s  
and the  maximum times a t  45 v o l t s .  Since 
the  vol tages  cannot be simultaneously ad- 
verse  i n  a  p a r t i c u l a r  c i r c u i t  r e l a y  race ,  
a  margin r e s u l t s  t o  he lp  balance the  hea t ing  
e f f e c t  t h a t  tends t o  r a i s e  t h e  maximum times 
a s  noted above. It i s  the re fo re  concluded 
t h a t  a  f a i r  c i r c u i t  a n a l y s i s  can be made of 
r e l a y  races by us ing  the  l i s t e d  opera te  
tiines and ignoring the  e f f e c t  of hea t ing  
due t o  c i r c u i t  opera t ion .  

Load-controlleu Vsrsus Mass-controlled 
Solu t ions  -- 

The complete so lu t ion  f o r  t he  opera te  
time of a r e l a y  r equ i r e s  cons idera t ion  not 
only of t he  time required t o  bui ld  the  mag- 
n e t i c  f i e l d  up t o  the  value needed t o  p u l l  
t h e  load ,  but  a l s o  t h e  time required t o  
move the  armature system up t o  the  r e l a y  
con tac t s .  The former time i s  commonly 
ca l l ed  e l e c t r i c a l  time and the  l a t t e r  time 
i s  c a l l e d  mechanical o r  t r a v e l  t ime.  

A complete mathematical so lu t ion  i n -  
volving both mechanical and e l e c t r i c a l  con- 
s i d e r a t i o n s  i s  too complex f o r  p r a c t i c a l  
use and i n  f a c t  has never been obtained.  
It i s  usua l ly  found t o  be adequate t o  de t e r -  
mine the  opera te  time on the  assumption t h a t  
e i t h e r  t he  f l u x  build-up, without armature 
motion, o r  t he  armature movement, is  the  
more c o n t r o l l i n g  f a c t o r  i n  the  opera te  time. 
Where t h e  f l u x  r i s e  time i s  more con t ro l l i ng ,  
;he r e l ay  opera te  time i s  r e fe r r ed  t o  as 

load-control led" and where the  armature 
aovement i s  more con t ro l l i ng  the  opera te  
time i s  r e fe r r ed  t o  a s  "mass-controlled." 

This  should not be taken t o  mean t h a t  
i n  t h e  load-control led so lu t ion  the  mass 
e f f e c t  i s  neglected,  o r  t h a t  i n  t he  mass- 
cont ro l led  s o l u t i o n  the  load e f f e c t  is  neg- 
l e c t e d .  A s  w i l l  be seen,  t h e  mass-controlled 
s o l u t i o n  inc ludes  the  wai t ing  time of t h e  
armature a t  t h e  backstop and the  load- 
cont ro l led  so lu t ion  inc ludes  a  f a c t o r  t o  
al low f o r  t h e  t r a v e l  time of the  armature. 

Choice of Mass-controlled o r  Load-controlled 
Method 

I n  genera l ,  t he  load-control led solu-  
t i o n  w i l l  be needed on the  AF, A G j  and A J  
r e l a y s  when t h e  appl ied  power i s  l e s s  than 
2 watts and t h e  mass-controlled so lu t ion  
when t h e  power is  above 2 wa t t s .  For cases 
i n  t h e  v i c i n i t y  of 2 watts, t he  mass- 
con t ro l l ed  so lu t ion  should be t r i e d  f i r s t .  
I f  t h e  .time exceeds 0.010 second, average, 
t he  load-control led so lu t ion  should-be used. 
The AK r e l ay ,  due t o  t h e  mass of  t he  arma- 
t u r e ,  is  mass-controlled t o  about t h e  2- 
watt power l e v e l .  

The fol lowing paragraphsexplain t h e  
methods used f o r  c a l c u l a t i n g  t h e  opera te  
t i m e  . 

Calcula t ion  of Load-controlled 
Operate Time - AFj AG, and A J  Relays 

The opera te  time i s  t h e  time requi red  
t o  bui ld  up t h e  magnetic f i e l d  t o  t h e  oper- 
a t e  value p lus  an allowance f o r  t r a v e l  
time: 

X = allowance f o r  t r a v e l  time 

t = time i n  mil l iseconds 

L = inductance f o r  one t u r n  i n  microhenries 

Gs = s leeve  conductance i n  kilomhos 

Ge = eddy current  conductance i n  kilornhos 

~ ~ ~ 1 0 - 3  Gc = c o i l  conductance i n  kilomhos = 

N = t u rns  

R = r e s i s t a n c e  i n  ohms 

q = i/I 

i = j u s t  opera te  cu r ren t  i n  mil l iamperes 

I = s teady s t a t e  cu r ren t  i n  mil l iamperes 

Some of t h e  above cons tants  have 
var ious  values depending on whether a mini- 
mum o r  maximum time i s  des i r ed  and whether 
fhe  s t r u c t u r e  i s  an  AF, AG, o r  A J  r e l ay .  

The maximum opera te  t imes f o r  t h e  AF 
r e l a y  a r e  computed from Fig .  V I I - 1 .  To 
compute t h e  m a x i m u m  opera te  t imes f o r  t h e  
AG and A J  r e l ays ,  Fig.  V I I - 1  should a l s o  be 
used and t h e  t imes as read should be in-  
creased by 20 p e r  cen t  f o r  t h e  AG r e l a y  and 
1 0  p e r  cent  f o r  t h e  B J  r e l a y  t o  c o r r e c t  f o r  
t h e  higher inductance of t hese  s t ruc tu re s .  

The minimum opera te  times f o r  t he  AF, 
AG, and A J  r e l ays  a r e  computed from Fig .  
VII-2 d i r e c t l y  wi th  no co r rec t ion  needed 
f o r  t h e  AG and A J  r e l a y s ,  This  i s  because 
t h e  minimum time curves a r e  based on high 
a i rgaps  where t h e r e  is  l i t t l e  d i f f e rence  
i n  inductance f o r  t h e  t h r e e  r e l a y  types .  

The curves a r e  based on unsa tura ted  
r e l ays .  When t h e  opera te  adjustment ex- 
tends i n t o  t h e  s a t u r a t i o n  range, a cor-  
r e c t i o n  i s  necessary when f i g u r i n g  t h e  
maximum opera t ing  time t o  al low f o r  t he  
decreased inductance.  The co r rec t ion  f o r  
s a t u r a t i o n  e f f e c t  i s  shown i n  Fig.  V I I - 1 .  
This  co r rec t ion  i s  needed only on t h e  more 
heav i ly  loaded r e l ays ,  as described l a t e r .  

The computation f o r  average time i s  
covered l a t e r .  
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Construct ion of Curves 

The graphs of Fig. V I I - 1  and VII-2 
a r e  constructed as follows: The l e f t  ver- 
t i c a l  s c a l e  is  the  r e s i s t a n c e  in.ohms; t h e  
ho r i zon ta l  s c a l e  andthe r i g h t  v e r t i c a l  
s c a l e  a r e  time o r  time cons tant  i n  m i l l i -  
seconds. The l i n e s  s l a n t i n g  downward from 
l e f t  t o  r i g h t  represent  t he  t u r n s  of t he  
winding. The l i n e s  s l a n t i n g  upward from 
l e f t  t o  r i g h t  represent  t h e  cu r ren t  r a t i o  
i/1 o r  q ,  where i i s  t h e  j u s t  opera te  cur- 
r e n t  and I i s  t h e  s teady s t a t e  c i r c u i t  cur-  
r e n t .  The curve designated "NO SLEEVE" 
r ep resen t s  t he  e f f e c t  on t h e  opera t ing  time 
of the  eddy cu r ren t s  induced i n  t h e  magnetic 
ma te r i a l .  The curves designated 0'.147 inch ,  
0.091 inch ,  and 0.46 inch cu f o r  t h e  copper 
s l eeves  and the  0.046 inch a 1  f o r  t he  alumi- 
num s l eeve  r ep resen t  t h e  combined time con- 
s t a n t s  of t h e  eddy-current pa ths  i n  t he  
magnetic ma te r i a l  and the  various s leeve .  

The i n s e r t  graph of F ig .  V I I - 1  shows 
t h e  e f f e c t  of s a t u r a t i o n  i n  reducing t h e  
e l e c t r i c a l  opera te  t ime.  The maximum oper- 
a t e  time as determined from Fig .  V I I - 1  
should be mult ipled by the  percentage read 
from t h e  co r rec t ion  curve of F ig .  V I I - 1  f o r  
t h e  p a r t i c u l a r  value of opera te  anpere t u r n s  
i n  o rde r  t o  read t h e  a c t u a l  ope ra t ing  t ime.  

Use of F ig .  V I I - 1  To Obtain Maximum Operate 
Time 

The maximum e l e c t r i c a l  opera t ing  time 
of a r e l a y  i s  determined a s  fol lows:  Using 
the  t u r n s  and the  maximum r e s i s t a n c e  of the  

5: energiz ing  winding, determine the  po in t  of 
In i n t e r s e c t i o n  of t he  "TURNS" and "RESISTANCE" 
7 curves and p ro jec t ing  t h i s  po in t  v e r t i c a l l y  
x downward read t h e  time constant  of t he  ener- 

g i z ing  winding on the  ho r i zon ta l  s ca l e .  I f  
t he  r e l a y  has no sleeve,  p r o j e c t  t he  time 
cons tant  of t h e  eners iz ing  winding v e r t i -  
c a l l y  upward t o  the  NO SLEEVE" curve and 
then h o r i z o n t a l l y  t o  t h e  r i g h t  t o  read the  
sum of the  time constant  of t h e  winding and 
the  eddy cu r ren t  time cons tant  ( 2  m s )  of 
t he  magnetic ma te r i a l .  P ro j ec t  t h i s  t o t a l  
time cons tant  h o r i z o n t a l l y  u n t i l  it i n t e r -  
s e c t s  t h e  l i n e  r e p r e s e n t i w  t h e  r c i t ~ o  i/I 
and then  v e r t i c a l l y  downward t o  read the  
maximum operat ing time of t h e  r e l ay .  I f  
t he  r e l a y  has a  copper s leeve ,  t h e  procedure 
i s  the same except t h a t  i n s t e a d  of p ro j ec t -  
ing the  time constant  of t he  ener- izing 
winding v e r t i c a l l y  upward t o  the  'NO SLEEVE" 
curve it i s  projectked upward t o  the  proper 
s leeve  curve and then h o r i z o n t a l l y  t o  t he  
r i g h t  t o  read the  sum of time cons tants  of 
t h e  energizing winding, t h e  s leeve,  and the  
magnetic ma te r i a l .  The mechanical time i s  
included i n  the  q curves a s  drawn. 

In  determining maximum e l e c t r i c a l  
opera t ing  times the  opera t ing  current  i 

should be t h e  maximum o r  opera te  t e s t  r e -  
quirement and t h e  c i r c u i t  cu r r en t  I should 
be the  minimum o r  hot  worst c i r c u i t  cu r r en t .  

The r a t ed  t u r n s  and the  maximum r e -  
s i s t a n c e  should be used i n  determining the  
time constant  of  t h e  energ iz ing  winding. 

A s  an example, suppose it  is  required 
t o  f i n d  t h e  maximum opera te  time of a  
2500-ohm AF r e l a y  having 19,400 t u r n s  and 
ope ra t ing  i n  l o c a l  c i r c u i t  on 45-50 v o l t s .  
The t e s t  opera te  cu r ren t  i s  8.2 ma. 

I n  F ig .  V I I - 1 ,  f i n d  t h e  poin t  cor re-  
sponding t o  2750 ohms and 19,400 t u r n s  (63  
m s  on ho r i zon ta l  s c a l e ) .  P ro j ec t  v e r t i -  
t a l l y  a long 63 m s  l i n e  t o  i n t e r s e c t i o n  wi th  

NO SLEEVE" curve (65 m s  on v e r t i c a l  s c a l e ) .  
P ro j ec t  h o r i z o n t a l l y  a long 65 m s  l i n e  t o  
i n t e r s e c t i o n  wi th  0 .5  "CURRENT RATIO" l i n e .  
P ro j ec t  v e r t i c a l l y  and read 48 m s  on ho r i -  
zon ta l  s c a l e .  For 160 N I  on t h e  AF curve, 
read 0.96 f o r  a s a t u r a t i o n  co r rec t ion  
f a c t o r .  The opera te  time i s  the re fo re  
48 x  0.9b = 46 m s .  

I f  t he  r e l a y  has  apprec iable  hea t ing  
dur ing  normal c i r c u i t  opera t ion ,  t he  r e l a y  
r e s i s t a n c e  should be taken t o  be the  maxi- 
mum value when h o t .  It w i l l  be noted t h a t  
i f  the  cu r ren t  flow margin i s  good, t he  
e f f e c t  on t h e  opera te  time w i l l  be i n s i g n i -  
f  i c a n t  . 

Use of F ig .  VII-2 To Obtain Minimum Operate 
Time 

The procedure f o r  determining minimum 
e l e c t r i c a l  opera t ing  times from F ig .  VII-2 
i s  the  same as the  procedure f o r  maximum 
ope ra t ing  times except as described below. 

I n  determining the  minimum e l e c t r i c a l  
opera t ing  t imes,  t he  opera t ing  cu r ren t  
should be t h e  minimum o r  equal t o  t he  non- 
opera te  t e s t  cur rent  flow requirement and 
the  c i r c u i t  cu r r en t  I should ae the  maximum 
based on maximum vol tage  and minimum r e -  
s i s t a n c e .  I f  no nonoperate requirement i s  
spec i f i ed ,  then t h e  equiva lent  nonoperate 
ampere-turn value should be read from t h e  
nonoperate c a p a b i l i t y  curves f o r  minim'dln 
t ens ion  and minimum armature gap ( see  Set- 
t i o n  I X  f o r  c a p a b i l i t y  d a t a ) .  For A F  and 
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A J  re lays  with 6-mil stop d i scs  and f o r  
the  AG relay,  these ampere tu rn  values 
a r e  : 

AG (20 ~ m s )  AF,  AJ (30 ~ m s )  Arm. Travel 

32 N I  48 N I  shor t  
69 NI intermediate 
88 NI 1 ong 

The ra ted  turns  and the  minimum re- 
s i s t ance  should be used i n  determining the 
time constant of the energizing winding. 

U s s  of Fig. VII-2 To Obtain Average h e r -  
a t e  Time 

The average operate time i s  obtained 
with a l l  constants taken a t  the  average, o r  
nominal value. The average operate current  
flow of the re lay  should be taken a s  the  
average of the  operate and nonoperate read- 
jus t  values. Where no nonoperate value i s  
specified,  the average operate value can be 
obtained by averaging the  ampere turns  ob- 
ta ined from the operate and nonoperate 
ampere tu rn  capab i l i ty  curves (Section I x )  
f o r  a load of 70 grams and nominal airgap. 
For AF and AJ re lays  with 6-mil s top d i scs  
and f o r  the  AG relay,  these values are:  

AF, A J  Arm. Travel 

76 NI 93 N I  shor t  
112 N I  1Fj' N I  intermediate 
135 N I  156 NI long 

The minimum operate time curve, Fig. 
VII-2, should be used. The operate time a s  
read should be increased by 5 pe r  cent  f o r  
the  AF, 10 per cent  f o r  the  AJI o r  20 pe r  
cent f o r  the  AG t o  allow f o r  the  g r e a t e r  
inductance of the  average s t ruc tu re  i n  each 
case. 

The operate time i s  the  waiting time 
of the armature p lus  the  time t o  move the  
armature from the  backstop t o  the  contacts.  
The method appl ies  only where the  r a t e  of 
f l u x  r i s e  i s  so g rea t  t h a t  the  contact  load 
i s  ins ign i f i can t  i n  delaying the  armature 
motion. This assumption i s  j u s t i f i e d  when 
the average operate time i s  l e s s  than 10  ms.  

The operate time i s  obtained from 
Fig. VII-3 and VII-4 which have been ob- 
ta ined from t e s t  data. The data  a r e  given 
f o r  the  average conditions and provide the  
average operate time t o  close the  average 
contact .  The average time t o  the  f i r s t  o r  
the  l a s t  contact  i s  fbund by subtract ing 
from, o r  adding to,  the  average operate 
time, the  following t r a v e l  allowances. 

Coil Resistance 

16  I.S.W. 
395 

o r  
Arm. Travel 90w 270w 4000 700w ---  
Short 0.1 0.1 0.2 0.3 
Intermediate 0.4 0.5 0.7 1.0 

The data  i n  Fig. VII-3 and VII-4 
apply only t o  r e lays  with maximum 60-~rams 
armature back tension. This includes a l l  
the  4.4-, 16-, 270-, 395-, 400-, and 700- 
ohm c o i l s  except those with nonoperate o r  
r e l ease  requirements . Relays with non- 
operate o r  re lease  requirements have a 
maximum 85-gram armature back tension. 
This increases  the  operate time about 10  
pe r  cent. 

Relays using the  shor t  c o i l  have an 
operate time f a s t e r  than the values i n  Fig. 
VII-3 and VII-4. To ob t s in  the  shor t  c o i l  
operate time take 95 pe r  cent  of the values 
from Fig. VII-3 o r  VII-4. 

Average Operate Time 

Determine the  watts  expended i n  the  
re lay  and s e r i e s  res is tance ,  i f  any, using 
average voltage and average res is tance .  
Also ca lcu la te  the  conductance, N2/R, using 
spec i f i ed  tu rns  and average res i s t ance  in-  
cluding any s e r i e s  res is tance .  Using the  
graph of Fig. V I I - 3  f o r  shor t  t r a v e l  o r  
Fig. VII-4 f o r  intermediate t r ave l ,  read 
the average operate time i n  milliseconds, 
in te rpo la t ing  between the  power curves a s  
necessary. 

A s  an example suppose it i s  required t o  
f i n d  the  average operate time of a 400-ohmAF 
r e l a y  having 3330 tu rns  shor t  armature 
t r a v e l  and operating i n  l o c a l  c i r c u i t  on 48 
vol ts .  

2 
T8-3 Avg power = 400 = 5.9 watts  

Conductance = & 
= 27.8 kmohos 

I n  Fig. VII-3, f o r  shor t  armature 
t r ave l ,  the  average operate time i s  found 
t o  be 5.3 milliseconds. 

Minimum and Maximum Times 
The minimum and maximum times a r e  

determined by finding the  average time to -  
the  f i r s t  o r  l a s t  contact  and allowing 
230 p e r  cent var ia t ion.  

For appl ica t ions ,  such a s  t h e  
AMA Center, where t h e  maximum operate 
times a r e  speci f ied  f o r  trouble-shooting 
reasons, and where it is  feas ib le  t o  tu rn  
the re lays  t o  meet t h e  spec i f i ed  operate 
time requirement, l i m i t s  of f 2 0  per cent 
from the  average may be specified.  



Calcula t ion  of Operate Time - AK Relays 

Both t h e  s h o r t  and t h e  in termedia te  
t r a v e l  AK r e l a y s  opera t ing  with an  appl ied  
power of 2 w a t t s  o r  more a r e  e s s e n t i a l l y  
mass-controlled and t h e  contac t  load  has  
p r a c t i c a l l y  no e f f e c t  on t h e  opera te  t ime.  
Tne minimum and t h e  maximum opera te  time 
f o r  s h o r t  and in termedia te  armature t r a v e l  
i s  shown f o r  t h e  mass-controlled condi t ion  
on Fig .  VII-4A and VII-4B. 

Since these  f i g u r e s  a r e  p l o t t e d  f o r  
t he  minimum and the  maximum opera te  times, 
t h e  r e s i s t a n c e  and vol tage  used n comput- 

N h i n g  t h e  power and c o i l  m s t a n t  should 

be t h e  l i m i t i n g  values t h a t  i s  minimum 
vol tage  and maximum r e s i s t a n c e  f o r  t h e  
maximum opera te  and t h e  reverse  values f o r  
t h e  minimum opera te  time. The average 
opera te  time i s  t h e  mean of t he  maximum and 
t h e  minimum time.  

The opera te  time curves inc lude  a 
f a c t o r  f o r  contac t  s t agge r  and the re fo re ,  
t h e  minimum time curves a r e  t he  time t o  
t h e  f i r s t  contac t  t o  funct ion  and t h e  maxi- 
mum times a r e  t o  t h e  last  con tac t .  

The maximum opera te  time f o r  r e l a y s  
operat ing on l e s s  than  2 wat t s ,  based on 
average r e s i s t a n c e  and voltage,  should be 
computed by means of t h e  following expres- 
s i o n  f o r  load-cont ro l led  opera te  time 

where t = r e l a y  opera te  time i n  seconds 

L = inductance p e r  t u r n  as shown i n  
p i g .  VII-GA 

0, = c o i l  conductance 3 i n  mhos R 

Gs = s l eeve  conductance ( i f  s l eeve  is  
used ) 

Ge = core conductance = 10,000 mhos 

i = t e s t  opera te  o r  t e s t  nonoperate 
cu r ren t  

1, = c i r c u i t  cusrent  

The value of L should be taken f o r  a  
t r a v e l  value of one ha l f  t h e  armature t r a v e l  
of t he  r e l a y  i n  ques t ion  (0.015 inch  f o r  
s h o r t  t r a v e l  and 0.022 inch  f o r  in termedia te  
t r a v e l . )  The valnes of t h e  expression 

1 
loge may be obtalned from Fig. VII-4C - 
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which shows t h i s  expression p l o t t e d  f o r  
i values of t h e  cu r ren t  r a t i o  - 
I0 

The above expression g ives  the  elec-  
t r i c a l  build-up time f o r  t he  c o i l .  To 
ob ta in  t h e  maximum opera te  time, a mechanical 
time of 1.3 mi l l i seconds  f o r  sho r t  armature 
t r a v e l  and 2.7 f o r  in termedia te  t r a v e l  
should be added t o  t h e  e l e c t r i c a l  time 
computed. The minimum cpe ra t e  time f o r  a l l  
r e l ays  should be computed from t h e  mass- 
con t ro l l ed  condi t ion  Fig. V I I - & A  o r  VII-4B. 

Calcula t ion  of Maximum Contact Stagger Time 
AF, AG, and A3 4elays 

Where t h e  opera te  time i s  mass- 
con t ro l l ed ,  t he  s t agge r  time w i l l  not ex- 
ceed 1 mill isecond f o r  s h o r t  t r a v e l  o r  
2 mil l i seconds  f o r  in termedia te  t r a v e l .  

Where the  opera te  time i s  load- 
con t ro l l ed ,  compute the  naximum opera te  
time us ing  the  load-control led method, a s  
explained previously. I n  Fig. V I I - 5 ,  using 
80 per cent  of tke  computed maximum opera te  
time, read the  maximum s tagger  time. The 
da t a  f o r  t he  A F  r e l a y  i s  f o r  a  p a r t i c u l a r  q 
value ( r a t i o  of t e s t  opera te  t o  worst c i r -  
c u i t  opera te)  and must be corrected f o r  o ther  
q values a s  shown i n  Fig. V I I - 5 .  This curve 
i s  a  composite curve; i t  does not  imply t h a t  
t he  maximum s tagger  i s  obtained on the  
s t i f f e s t  re lay .  

AK Relays 

The s t agge r  times f o r  t h e  AK r e l a y  
a r e  given i n  t h e  fol lowing t a b l e .  

Power Short  Travel  In termedia te  Travel  

1 w a t t  1 . 3  m s  2 .7 m s  
2  watts 1 .0  2.0 
3 w a t t s  0.9 1.8 
5 w a t t s  0.8 1.6 

Design f o r  Highest Speed 

The p re fe r r ed  c o i l s ,  designed f o r  
speed use,  provide h ighes t  speed f o r  48- 
v o l t  opera t ion .  For  h ighes t  speed des ign  
a t  o t h e r  vol tages  and f o r  s e r i e s  c i r c u i t s ,  
t h e  fol lowing r u l e s  should be followed: 

1. U s e  maximum power: The al lowable 
power is  u s u a l l y  l imi t ed  by consid- 
e r a t i o n s  of  hea t ing ,  power d r a i n ,  
con tac t  cu r r en t ,  and tube  l i f e .  

2. Use minimum armature t rave l :  It is  
adv i sab le  t o  examine t h e  c i r c u i t  t o  
determine i f  sequences a r e  necessary. 
The pena l ty  f o r  increased  armature 
t r a v e l  i s  evident  i n  F ig .  V I I - 3  and 
Vf1-4. 
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3. Use restricted armature tension: 
All relays using the 4.4-, 16-, 
270-, 395-, 400-, and the 700-ohm 
coils haie 45 +15 grams armature 
tension specified in the M-spec. 
The operate time will be increased 
about 20 per cent if the armature 
tension is raised from 45 to 90 
grams. The operate time will be in- 
creased about 60 per cent if the 
armature tension is raised from 45 
to 180 grams. 

4. Use optimum turns': If the relay has 
too few turns, it will be slow 
because of poor margins. If it has 
too many turns, it will be slow 
because of a large winding time con- 
stant. For each case there will be 
an optimum value of turns depending 
on the power input and the armature 
travel. Any deviation from optimum 
should always be on the high side 
to insure positive operation of the 
relay. 

For mass-controlled cases, the opti- 
mum turns will be evident from 
Fig. VII-3, VII-4, or X-13. 

For load-controlled cases, without 
copper sleeves, the optimum turns 
are approximately twice the turns 
needed to just operate the relay 
load. 

For copper sleeve relays, the opti- 
mum turns are greater than twice the 
turns needed to just operate the re- 
lay. Winding space limitations 
usually preclude the achievement of 
the optimum value. 

Inductance Curves 

Inductance values, as a function of 
the airgap are shown in Fig. VII-6 for the 
AF, AG, and AJ relays and Fig. VII-6~ for 
the AK relay. Appropriate values of in- 
ductance taken from these curves have been 
used in the methods set down in the preced- 
ing paragraphs. It should be understood 
that these curves show the build-up induct- 
ance of the relay obtained from the slope 
of the magnetization curve with, as the 
name implies, increasing flux. 

The curves will supply the inductance 
constant for use in computing the operate 
time under some conditions. For example, 
if the operate time of a series relay or 
switch of another type is needed, and the 
AF, AG, or AJ relay is a series or shunt 
element in the operating circuit, the in- 
ductance constant for the AF, AG, or AJ 
relay may be needed to make the computation. 

The inductance constant shown in 
Fig. VII-6 and VII-6~ is for one turn. For 
a structure of N turns the inductance will 
be obtained b multi~lying the inductance h constant by N . 
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Appendix A 

Equivalent Simple Circuits For 
Series or Parallel Relay Circuits 

General 

The engineering data provided earlier 
in this section applies to a relay operating 
in local circuit or in series with a resist- 
ance and releasing with a contact protection 
network. In practice, relays often operate 
in series or parallel with one or more other 
relays and resistances. The contact pro- 
tection network may be across the operating 
contact, the entire series circuit, or the 
parallel circuit. 

These more complex circuit configura- 
tions do not seriously complicate the esti- 
mation of the operate and release time for 
the relay. For a great many of the cases 
it is possible to reduce the circuit to a 
simple equivalent for which the data pre- 
sented earlier in this section will apply. 

For the purpose of computing operate 
and release times, the equivalent circuit 
may be defined as one in which the ampere- 
turn transient, during operate or release, 
is not altered. This unchanged ampere-turn 
transient in the equivalent circuit is 
guaranteed provided the factors L/R, rC, LC, 
and NI remain unchanged where L is the in- 
ductance of the operate path, R is the re- 
sistance of the operate path, C is the pro- 
tection capacitance, r is the resistance 
in series with the protection capacitance, 
N is the turns on the relay, and I is the 
steady-state current when operated. In 
practice, the factor rC is found to have 
very little effect on the computed times 
so that for practical equivalence only the 
factors L/R, LC, and NI must be equivalent 
in order to guarantee equivalent operate 
and release times. 

Applications of Equivalent Circuit Theory 

Fig. VII-7a shows a relay circuit oi 
the type commonly used in the AMA circuits. 
Because the relays are in series and be- 
cause the contact protection is not per 
relay, the data and curves cannot be 
directly applied. It is desired to reauce 
this circuit to a simple equivalent involv- 
ing only one relay and an equivalent con- 

at all. Also the 90w external resistance 
is distributed equally between tine two 
series relays. In Fig. VII-7c the protec- 
tion network has been distributed equally 
between the two relays. The dotted line 
connects points of equal potential and may 
therefore be added or discarded without 
affecting the transient. Fig. VII-7d as- 
sumes the dotted connector in place and the 
battery divided equally between two equal 
circuit sections. The equivalent in this 
case has been derived in a simple manner 
because of the symmetry of the parts of 
the circuit. Fig. VII-7a and VII-7d are 
shown to be equivalent by noting that the 
factors L/R, NI, PC, and LC are unchanged. 

Although the circuit of Fig. VII-7 
is typical, the theory is not limited to 
such simple cases. In ~ i g .  VII-8a a cir- 
cuit is assumed in which the series relays 
have different windings. Here the total 
series resistance of the operate path must 
be distributed in proportion to the factor 
N2 so as to make the time constant L/R '(pro- 

2 portional to N /R) equal in each relay. 
This has been done in Fig. VII-8b and the 
protection connected to battery as Before. 
In Fig. VII-8c, the protection capacitance 
has been divided into serAes components in- 
versely proportional to N= so as to make the 

2 factor LC (proportional to N C) equal in 
each relay section. Also, in Fig. VII-8c 
the resistance in series with the protection 
capacitance has been-distributed in propor- 
tion to the factor I$' so as to keep the 
factor rC equal in each relay section. The 
dotted line connects points of equal po- 
tential throughout the transient and there- 
fore may be added or removed, as required, 
without- changing the current distribution. 
Finally the voltage has been divided into 
series components (proportional to N ~ )  in 
order to keep the factor NI unchanged in 
each relay and the circuit has been split, 
as shown in Fig. VII-813. The factors L/R, 
NI, rC, and LC are calculated in Fig. VII-8a 
and VII-8d for a recheck of the equivalence 
between the original and final equivalent 
relay circuits. 

tact protection. -This case-is simple and In Fig. VII-gal a parallel circuit is I 
the equivalent can be drawn almost directly considered. The steps to arrive at the 1 
and then the factors L/R, rC, LC, and NI equivalent in Fig. VII-9c are almost ob- 
checked to show equivalence. vious. The method can be extended to any 1 

number of relays in parallel, not neces- 
In Fig. VII-7b, the contact'protec- sarily of the same resistance, as long as 

I 
tion has been connected to battery instead the time constant for each relay is the 
of ground which does not alter the transient same, which is practically true for all full 

wound relays on a given structure. 
i 
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Appendix B 

Simulated Relay Circuits 

In compiling data for operate and re- 
lease times of relays, particularly of new 
designs, it is often necessary to test a 
number of samples having various windings. 
Furthermore, if an extreme capability relay 
structure is available, it may be desirable 
to rewind the relay or remove turns to sim- 
ulate the winding desired. This complica- 
tion can be avoided by using a single wind- 
ing on the extreme capability relay and 
changing all other circuit constants in such 
a way that the ampere-turn transient in the 
relay,during operate and release is unaltered 
thereby resulting in unchanged operate and 
release times. 

The rule for such equivalent circuits 
is as follows: 

It is desired to test a relay circuit for 
operate and release times. The desired 
circuit is made up of a total series re- 
sistance in the cperate path of R ohms,a 
relay with N turns, and a battery of E 
volts. The contact protection consists of 
a capacitance of C mf and a resistance of 
r ohms. The available structure has N t  
turns. The required circuit can be simu- 
lated insofar as operate and release times 
are concerned by using the following equi- 
valents. 

turns = N 1  

N' 2 resistance = (T) R 

N ' voltage = E 

N 2 protection capacitance = (5 )  C 

N' 2 protection resistance = (T) r 

A check for equivalence between the 
desired and the simulating circuit can be 
obtained by noting that the factors L/R, 
XI, LC, and rC are unchanged. Typical ex- 
amples are given in Fig. VII-10. 

A limitation of the simulating cir- 
cuit is that no visible spark should occur 
on the actuating contact during release 
since the voltage of the simulating circuit 
may exceed the sparking potential of air. 
It is therefore recommended that the test 
structure be wound with 3000 turns since 
this value will allow equivalents as low as 
750 turns without exceeding 200 volts in the 
test battery. It is also recommended that 
the actuating contact be a fast opening con- 
tact to further reduce the possibility of 
sparkover and that the protection capacitor 
be capable of the resulting peak voltages. 
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PART I1 - RELEASE TIMES 

General 

The minimum, maximxn, ana average re- 
leasing times for the variouz coded relays, 
on LC5 to 50 volts, ,local circuit, and wlth- 
out contact protection, are listed in the 
c33e section jS2ctica 11). For tnose cases 
;.;hers c,2:ltac+, pyotection is used, ir.  ill 'i.3 - d~;~~,ary -,.-3i.C1 to zonlpixte ths r?lease times s e  
oztlined later in this section. This 
sectlon covers AF, ACT, and AK relays only, 
as the AG slow-relee- i relays requize 
special treatment an6 sre zovsred Ln 
Section IX. 

Definition of Minimum, Maximum, and Average 
Times 

Release time is that interval from the 
time the relay winding circuit is opened to 
the instant tnat a contact is actuated. 
Tnis would oe the first contact to be act- 
uated in tne case of minimum release time, 
the average contact for average release 
time, and the last contact for maximum re- 
lease time. 

The data shown is for relays without 
contact protection unless the data specific- 
ally states that contact protection is used. 

9" = soak flux 

vo - residual flux 
cp = flux corresponding to the re- 

lease ampere turns 

log - is substantially a con- The term Z-l z 
stant in the normal range of release ampere 
turns for the AF, AJ, and AK relays. The 
release time for any given load will, there- 
fore, be proportional to G. 

The conductance term G is made up of 
three parts; the coil conductance (Gc), the 

sleeve conductance (G,), and the eddy- 

current conductance of the core of the relay 
(G~). The eddy-current conductance is al- 
ways present, but the coil conductance is 
present only when the relay releases from a 
short circuit or with a resistance in paral- 
lel with the winding, and the sleeve con- 
ductance is present only when a sleeve is 
provided on the relay. 

J\ The release time consists of three 
parts: The coil conductance may be deteImimd 

S\ from the relay winding data. Gc = - N2 lo-3 
Electrical Time - The time necessary for R 

kilomhos where N is the turns on the coil * the flux to decrease to a point which will and R is the total circuit resistance in- 
allow the release of the armature from the cluding any resistance in series or in core. parallel with the relay coil. If the re- 

lay is releasing on open circuit with no Travel Time - The time necessary for the contact protection or shunt resistance there armature to move sufficiently to actuate 
the nearest contact. is no closed circuit for the coil and Gc is 

Stagger Time - The time necessary for the 
armature to move from the nearest to the 
farthest contgct. For AF, AJ, and AK 
relays the maximum stagger is 1 milli- 
second for short travel and 1.5 milli- 
second for intermediate travel for relays 
releasing on open circuit. Relays re- 
leasing under shunt conditions, or relays 
with copper sleeves, may have an appreci- 
able stagger time, and will require special 
consideration. 

Factors Controlling Release Time 

zero. 

The sleeve conductance is also in 
~2 the form of but N2 = 1 since the sleeve 

is considered a single short-circuited 
turn. The problem therefore reduces to the 
determination of the resistance of the 
sleeve. The values of sleeve conductance 
for the sleeves used on the wire spring 
relays are: 

Max Gs Min Gs Sleeve 

AF,AG, and AJ Relays 
The release time (t) of a relay is 

9"-cia (log z &)I  0.046 in. aluminum 44.0 kmhos 38.3 kmhos 
given by the equation t=GEr Z-l z 
where 0.046 in. copper 73.6 kmhos 65.6 kmhos 

t - electrical time 
G = conductance 

NI = release ampere turns 

0.091 in. copper 135.5 hhos 125.0 hhos 

0.147 in. copper 200.5 kmhos 189.0 kmhos 
AK Relays 

0.069 in. copper 112.0 ~ o s  100.0 hhos 
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The core conductance has been measured 
and found t o  be 5 kilomhos f o r  the  AP, AG, 
and A J  re lays  and 10 MlomhC?s f o r  the  AK 
re lay.  It i s  simpler and more accurate t o  
use a measured value than t o  est imate a 
value f r o m  the  re lay constants. 

The re lease  time curves a re  based on 
the  j u s t  hold, o r  the  j u s t  re lease  ampere 
turns  of the  relay.  These re lease  ampere 
turns  a re  determined as  outl ined i n  the  
following paragraphs. 
Release Ampere Turns (NI) f o r  Maximum Re- 
l e a s e  Time 

The da ta  f o r  maximum release  time i s  
based on the  t e s t  r e lease  ampere turns  of 
t h e  relay.  The re lease  ampere turns  a r e  
obtained by determining the  readjus t  re-  
l ease  value as shown below and multiplying 
by 95 per  cent t o  obtain t h e  t e s t  value. 
A re lease  requirement o f f e r s  the  bes t  method 
of con t ro l l ing  t h e  maximum release  time i n  
order  t o  obta in  t h e  lowest maximm release  
time f o r  a p a r t i c u l a r  re lay.  

Relays With Operate Requirement Only 

Ttle re lease  ampere tu rns  a r e  found by 
reading the  operated load grams of Table 
IX-6 on the  re lease  curve f o r  300-ampere 
turn  soak and the  proper stop-disc height 
i n  Fig. IX-13, IX-19, IX-25, o r  IX-35 depend- 
ing  on whether an AF, A J ,  A J  re lay with 
laminations o r  AK r e lay  i s  being considered. 
If the  re lay has a specified minimum arma- 
tu re  back tension of l e s s  than 30 grams, 
the  operated load should be reduced by an 
amount equal t o  the  di f ference between the  
specif ied  back tension and 30 grams. 

Relays With Nonoperate Requirement 

The operated gram loads i n  Table IX-6 
a r e  based on a 30-gram armature back tension. 
Relays with a nonoperate requirement may 
have a back tension i n  excess of 30 grams a s  
read on the  nonoperate curve, which i s  based 
on a good magnet. If t h e  nonoperate ampere 
turns  were read on t h e  operate p u l l  curve, 
which i s  based on a poor magnet, a back ten- 
sion i n  the  order of 30 grams would r e s u l t .  
Thus the  nonoperate may not increase the  
back tension above 30 grams i n  the  l imi t ing  
case of a poor magnet and maximum unoperated 
alrgap.  Relays with a nonoperate should, 
therefore ,  be t r ea ted  the  same as re lays  
with only an operate requirement. 

Relays With Release Requirement 

Multiply the  re lease  current flow 
value specif ied  by the  number of tu rns  t o  
obtain the  readjus t  ampere turns.  

Release Ampere Turns f o r  Minimum Release 
Time - 

The re lease  ampere turns  f o r  the  mini- 
mum release  time a r e  based on the  t e s t  hold 

ampere turns.  These a r e  found by determin- 
i n g  the  readjus t  hold value a s  shown below 
and multiplying by 105 per  cent t o  obtain 
the  t e s t  value. The hold i s  used s ince  
t h e  re lay may re lease  on a value jus t  below 
t h e  hold value. 

Relays With Operate Requirement Only 

The load used i s  the  maximum operated 
gram load in Table IX-2. These loads a r e  
based on a 63-gram armature back tension.  
The speed c o i l s  (4.4, 16, 270, 395, 400, o r  
700 ohms) have a maximum 60-gram back ten- 
s ion specified i n  t h e  manufacturing require- 
ments, but the  o ther  c o i l s  have no l i m i t  on 
t h e  back tension a s  long a s  they meet the  
operate requirement. With the  exception of 
t h e  re lays  using t h e  speed c o i l s  l i s t e d  
abovo, the  operated gram loads of Table 
IX-2 should be increased by 30 grams t o  
allow f o r  the  ac tua l  back tension t h a t  i s  
l i k e l y  t o  be encountered on the  re lays .  
The ampere tu rns  on which the  re lay  w i l l  
j u s t  re lease  a r e  found by reading the  maxi- 
mum operated gram load on the  hold p u l l  
curve f o r  300-ampere turn  soak and the  pro- 
p e r  stop-disc height of Fig.  IX-12, IX-18, 
IX-24,or IX-34 depending on t h e  type of re-  
l a y  being considered. 

Relays With Hold Requirement 

~ u l t i p l y  the  hold current flow value 
specif ied  by the  number of turns  t o  obtain 
the  readjus t  ampere turns.  

Relays With Nonoperate Requirement 

These re lays  a r e  f igured the  same as 
those with only an operate requirement. 

Release Time on Open Ci rcu i t  With No Shunt 

The re lease  times of the  ordinary AF, 
A J ,  o r  AK re lay a r e  i n  the  range of 1 t o  15 
milliseconds. When adjusted on the  same 
re lease  ampere turns ,  the  AF and A J  re lays  
have e s s e n t i a l l y  the  same re lease  time 
where no contact protection i s  used. The 
constants control l ing the r a t e  of f l u x  
decay a r e  small unless a time delay sleeve 
o r  shunt i s  provided. T h i s  may increase 
the  minimum time t o  about 50 ;nilliseconds. 
Minimum release  times g rea te r  than t h i s  
require  t h e  use of t h e  AG re lay which has 
spec ia l  design fea tu res  t o  provide longer 
re lease  times. Fas te r  re lease  times can be 
obtained by using 0.014-inch o r  0.022-inch 
s top  d i scs  on the  AF o r  AJ re lays  and heavy 
spr ing loads. 

Fig. V I I - 1 1  and V I I - 1 1 A  show the  
maximum and t h e  minimum re lease  time f o r  
re lays  re leas ing on open c i r c u i t  with no 
shunt, sleeve,  o r  protection.  These a r e  
the  times t o  the  first contact  f o r  re lays  
with 0.006-inch s top discs .  If the  s top 
d i s c  i s  o ther  than 0.006 inch the  re lease  
times should be corrected by the  f a c t o r s  
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shown i n  Fig. VII-12. This  may be an 
important co r r ec t ion  and should not  be over- 
looked. The s t agge r  time should be added 
t o  t h e  maximum time obtained from t h e  re-  
l e a s e  time curves.  

The r e l e a s e  t imes shown i n  Fig .  V I I - 1 1  
and V I I - 1 1 A  a r e  based on a 300-ampere t u r n  
soak. Although t h e  t imes may vary as much 
a s  1 0  p e r  cent  f o r  t h e  extremes of high 
soak and h igh  r e l e a s e  ampere t u r n s  it does 
not  appear  necessary t o  complicate t h e  
f i g u r i n g  of r e l e a s e  times by in t roducing  a 
co r rec t ion  f o r  high soak values.  The maxi- 
mum e f f e c t  of t h e  soak on t h e  r e l e a s i n g  
time i s  obtained a t  h igh  r e l e a s e  ampere 
t u r n s ,  which i n d i c a t e s  a s t i f f  r e l a y  and 
t h e r e f o r e  f a s t  r e l e a s e  t imes,  and t h e  use 
of a c o i l  developing about 500-ampere t u r n s .  
Very few c o i l s  w i l l  develop 500-ampere 
t u r n s  and t h e  1 0  p e r  cent  e f f e c t  on t h e  r e -  
l e a s e  t imes a t  the  high r e l e a s e  ampere t u r n s  
i s  only  a f r a c t i o n  of a mil l isecond.  It i s  
concluded the re fo re  t h a t  t h e  e f f e c t  of soak 
va lues  of  250 o r  more ampere t u r n s  can be 
neglected.  For  soak values of 200-ampere 
t u r n s ,  reduce the  r e l e a s e  t imes by 3 p e r  
cen t ,  and f o r  soaks of 150-ampere t u r n s  o r  
l e s s  by 5 p e r  cent .  

Average Releasing Time 

The average r e l e a s e  time is  obtained 
by t ak ing  80 pe r  cent  of t h e  maximum operated 
gram load from Table IX-2 and reading t h e  
r e l e a s e  ampere t u r n s  f o r  t h i s  load on both 
the  hold and r e l e a s e  p u l l  curves. Read the  

0-1 r e l e a s e  time f o r  t h e  hold ampere t u r n s  on 
t h e  minimum r e l e a s e  time curve and t h e  re-  

2 l e a s e  time f o r  t he  r e l e a s e  ampere t u r n s  on 
t h e  maximum r e l e a s e  time curve. The average 

A of these  two readings i s  the  average r e l e a s e  
time. 

Release Time With Resistance Shunt 

Under t h i s  condi t ion  G -  w i l l  be some- 
t h i n g  g r e a t e r  than zero  and k i l l  be found 

N* where from Gc - - - R1+R2 

N = number of t u r n s  i n  c o i l  

R = r e s i s t a n c e  of c o i l  1 

R2 = r e s i s t a n c e  of shunt 

Fig.  VII-13 shows the  maximum r e l e a s e  
time of t he  AF and A J  r e l a y s  p l o t t e d  a g a i n s t  
t h e  conductance i n  kilomhos f o r  d i f f e r e n t  
ampere-turn r e l e a s e  values and 0.006-inch 
s t o p  d i s c s .  Fig.  VII-14 shows t h e  minimum 
r e l e a s e  time f o r  t h e  same condi t ions .  
F ig .  VII-13A and VII-14A shows t h e  cor- 
responding values f o r  t h e  AK r e l ay .  The 
r e l e a s e  times a r e  found by reading t h e  
previous ly  determined r e l e a s e  ampere t u r n s  

f o r  t h e  value Gc determined from t h e  c o i l  

cons tants .  Although t h e  curves a r e  p l o t t e d  
f o r  t he  c o i l  and/or s leeve  conductance 
only,  t h e  e f f e c t  of  t h e  eddy-current con- 
ductance of t he  core (G,) i s  a l s o  included 

i n  the  r e l e a s e  time curves.  For open c i r -  
c u i t  r e l e a s e  with no s l eeve  o r  shunt ,  G _  + 

- C 
G-  i s  zero.  The r e l e a s e  time f o r  AF o r  A J  
3 

r e l a y s  wi th  o t h e r  than 0.006-inch s top  
d i s c s  i s  found by obta in ing  the  time f o r  t h e  
0.006-inch s top  d i s c s  and applying the  cor- 
r e c t i o n  f a c t o r s  from Fig. VII-12. The 
s t agge r  time may be long and w i l l  r equ i r e  
s p e c i a l  cons idera t ion  i f  it a f f e c t s  t h e  
c i r c u i t  opera t ion .  

Release Time With Sleeves 

In  the  r e l e a s e  time of r e l a y s  wi th  
s l eeves ,  p a r t i c u l a r l y  those  with t h e  l a r g e  
s l eeve ,  t h e  major po r t ion  of t h e  r e l e a s e  
time i s  due t o  t h e  slow f l u x  decay. These 
r e l a y s  a r e  t r e a t e d  t h e  same a s  a r e l a y  with 
t h e  r e s i s t i v e  shunt, u s ing  a GR correspond- 
i n g  t o  t h a t  shown previous ly  f o r  t h e  s i z e  
of s l eeve  used on t h e  r e l ay .  

Release Time With Contact Pro tec t ion  

Contact l i f e  requirements f r equen t ly  
r equ i r e  t h e  use  of  a condenser and r e s i s t -  
ance i n  shunt wi th  a r e l a y  winding, o r  
a c r o s s  a contac t  which i s  i n  s e r i e s  wi th  t h e  
r e l a y  winding. This  changes t h e  r a t e  and 
cha rac t e r  of t h e  f l u x  decay and consequently 
t h e  r e l e a s e  time. The e f f e c t  i s  t h e  same 
whether t h e  p ro t ec t ion  i s  i n  p a r a l l e l  wi th  
t h e  r e l a y  winding o r  ac ros s  t h e  s e r i e s  con- 
t a c t s .  I n  e i t h e r  case,  t h e  opening of t h e  
c i r c u i t  s t a r t s  t h e  co l l apse  of t h e  f l u x  i n  
t h e  r e l a y  and causes a flow of cu r ren t  i n  
t h e  condenser c i r c u i t .  This  cu r ren t  may o r  
may not  be o s c i l l a t o r y ,  depending on t h e  
c o i l  t u r n s ,  c o i l  r e s i s t a n c e ,  and t h e  va lues  
of t h e  p r o t e c t i v e  network. The e f f e c t  of  
p ro t ec t ion  on t h e  opera te  time i s  minor and 
can be neglected.  

The maximum r e l e a s e  time f o r  t h e  AF 
r e l a y  wi th  d i f f e r e n t  ampere t u r n  r e l e  s e  

2 values  has been p l o t t e d  f o r  N C x lo-' i n  
F ig .  V I I - 1 5 .  These values a r e  f o r  a value 
of  CRT = 100 where C i s  t h e  p r o t e c t i v e  
capac i ty  i n  microfarads and R1, i s  t h e  sum 

of t h e  c o i l  and p r o t e c t i v e  r e s i s t a n c e s .  
These times a r e  f o r  t h e  t r a v e l  t o  t h e  f i r s t  
contac t .  For t h e  time t o  t h e  l a s t  contact,  
add t h e  s t agge r  time of 1 mil l i second f o r  
s h o r t  t r a v e l  and 1.5 mi l l i second f o r  i n t e r -  
mediate t r a v e l .  The r e l e a s e  t imes must be 
ad jus t ed  i f  t h e  value of CR1, i s  o t h e r  than 
100. This  co r rec t ion  i s  shown i n  Fig.~11-16. 

Other curves show t h e  minimum r e l e a s e  
t ime f o r  t h e  AF r e l a y  and t h e  maximum and 
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minimum re lease  time f o r  t h e  AS re lay .  The 
list of the  re lease  time curves f o r  protected 
re lays  is: 

Maximum re lease  
AF re lays  Fig. VII-15 

Minimum re lease  
AP re lays  Fig. VII-17 

CRT correction pig .  VII-16 
Maximum re lease  

A J  re lays  pig. VII-18 
Minimum re lease  

A J  re lays  Fig. VII-20 
CRT correct ion Fig. VII-19 

These curves apply t o  r e lays  with a l l  
stop-disc heights s ince  the  re lease  time of 
protected re lays  with the  same ampere-turn 
re lease  i s  independent of the  stop-disc 
height .  The re lease  ampere tu rns ,  and 
therefore  the  re lease  time, f o r  the  same 
spr ing load w i l l  vary with the  stop-disc 
height.  

AK Release With Copper Sleeve and Domed 
Armature 

The AK r e l ay  may be equipped with a 
domed armature and a copper sleeve t o  

obta in  a slow re lease  time. The minimum 
re lease  time i s  obtained by computing the  
hold-ampere turnsfrom data  i n  Section I X  
and reading the  re lease  time from Fig. 
VII-14B o r  UII-14C. The maximum re lease  
time i s  obtained i n  a s imi la r  manzer using 
the  re lease  value. 
Release Time Under Shunt-down Condition 

In  case a r e lay  i s  released by shunt- 
ing  t h e  re lay  down and the  shunt i s  not of 
zero res is tance ,  a current  w i l l  flow i n  t h e  
energizing winding during the  re leas ing  
period. The re leas ing  time of such a r e l a y  
can be estimated from the  data  i n  t h i s  
sec t ion .  The D ~ O C ~ ~ U P ~  i s  t o  determine 
the  c o i l  constant ,  Gc = $, a s  described 
previously. The e f f e c t  of the  current  
i n  the  shor t -c i rcui ted  winding is  t o  
increase  the  re lease  time. This in -  
f luence can be accounted f o r  by sub- 
t r a c t i n g  t h e  ampere tu rns  i n  the energiz- 
ing  winding during the  re leas ing period 
from the  re lease  ampere tu rns  deter-  
mined from t h e  hold o r  r e l ease  p u l l  
curves and using the  resu l t ing  re lease  
ampere tu rns  t o  determine the  re lease  
time . 
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AF RELAYS: - USE CURVE AS SHBH 
A6 RELAYS: - ADD 20% TO FiWAL WEAQBN@S 
A$ RELAYS: - ADD 80% TO F I N A L  WEADsMGS 

LARGE TIMES ( ~ 3 6  HSJ W = 6.1 
SHALL TlMES (10 TO 30 NS,) X VARIES FROM 0. % TO 8-5 

ESE VALUES ARE ~IHGLUDEB In 9 CURVES) 

[2[0", 0 lQ7" SeEEVE 
954", .09%" SLEEVE 
78% ,046' SLEEVE, C U e  

%Qa, .W8@ SLEEYE., Ak. 

OPERATE AliD RELEASE TIP4ES 

Fig. V I I - 1  - AF, A G ,  and A 9  Relays - Maximum 
Opsrate T i m e  - Load Cont ro l led  



OPgRI\TE: AND EELBASE TEPES 

Fig, V I 1 - 2  - AF, AG, and AJ Relays - Minimum 
Operate Time - Load Controlled 



Fig. TIII-3 - AF and AJ Relays - Short Armature 
Travel - Average Operate Time 





OPERATE A N D  RELEASE TIMES 

Fig. VII-LA - AK Relay Operate Time Short Travel 
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Fig. VII-4B - AK Relay Operate Time Intermediate Travel 
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Fig. VTI-4~ - Time Constant Curve 



QWRATE AND KELEASE TIKES 

OPERATE TIME - W3 

8.0 

.9 

.7 

.6 

8 -2 .4 .6 .8 
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& IN"B"ERMED1Af E TRAVEL 

Fig. VII-5 - Load-controlled Stagger  Time 

VII-20 
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10 20 3 0 40 50 
MILS - TRAVEL' AT 4 CARD 

Fig. VII-6 - AF, AG, and AJ Relays - Inductance Constant 
of One Turn 
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CKT. TO BE SIMPI.IFIED 

4 0 0 0  TURNS 
9 0  n - -  

FIG. PI[- 7 C 

EQUIVALENT CKTS. 

40CCTURNS 4000TURNS 
1 3 5 f l  1 3 5 n  5 2 V  

V ~l~l~l~k,- 

Fig. VII-7 - Equivalent  C i r c u i t s  

0.5UF 
\I 

1 6 0  n 

- 

I w 



OPERATE AND RELEASE TINES 

CiRCUlT TO BE SIMPLIFIED 

2 0 0 0  TURNS 
6 0 n  4 0 0 0  TURNS 

3 5 o n  
52 V 

m 

FIGURE UI - 8 A  

E Q U I V A L E N T  ClRCUlTS 

2 0 0 0  TURNS 
l o o n  4 0 0 0  TURNS 

2 0 0 0  TURNS 
l o o n  4000  TURNS 

4 0 0 n  
5 2 V  

I 
I 
I 

2 0 0 0  TURNS 4 0 0 0  TURNS 

c = ~(2000)' 0 4 K  X lo6 L: K(400q1"; 0 4 K  X lo6 
R 100 R 4 0 0  

N I  : 3; X 2 0 0 0  : 2 0 8  NI :  41.6 X 4 0 0 0 .  4 1 6  
4 0 0  

r c =  5 x 1 6 ~  x 2 0 :  t o o  x 1 6 ~  rc: 1 . 2 5  x 1 i6x  80:  100 x 

LC: ~ ( 2 0 0 0 ) ~ ~  5 X 1 i 6  = 2 0 K  
- 6 

LC= ~ ( 4 0 0 0 ) ~ ~  1.25 X 10 = 2 0 K  

Fig. VII-8 - Equivalent C i r c u i t s  
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CKT. TO BE SIMPLIFIED 

1640  TURNS * 
t IMF FIG. YE-9 0. 

EQUIVALENT CKTS 

1640 TURNS 
1421. I 

FIG. m - 9 b  

1640 TURNS 52V  
1 9 4 n  illllllk-l 

- 

FIG. Ylt-9C 

Fig. KC1 -9 - Equivalent Circuits 
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AVAILABLE RELAY 
F U L L  SPOOL % ; d  TURNS 

DESIRED CIRCUIT ( I )  SIMULATING CIRCUIT (I) 

7 5 0  TURNS 3 0 0 0  TURNS 

loon 1 6 o o n  

DESIRED CIRCUIT ( 2 )  SIMULATING CIRCUIT (2)  

15,000 TURNS 3 0 0 0  TURNS 

5 0 0 n  2 0 f l  

Fig. VII-10 - Equivaltnt Circuits 
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RELEASE AMPERE TURNS 

Fig.  V I I - 1 1  - AF and A J  Relays - Open Circui t  Release - 
No Sleeve o r  Contact Protection 
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RELEASE AMPERE TURNS 

Fig .  V I I - 1 1 A  - AK Relay - Open C i r c u i t  Re lease  Tiuse - 
No S l e e v e  o r  Contact  P r o t e c t i o n  
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STOP DISC CQRRECTION 
OPEN CIRCUIT OR SHUNT RELEASE 

Fig. VII-12 - Stop Disc Correc t ion  - No 
Contact P ro t ec t ion  



Fig. VII-13 - AF and AJ Relays - Maximum Release 
Time With Resistive Shunt 
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G, ($) - KILOMHOS 

Fig. V I I I - 1 3 A  - AK Relay - Maxi~um Release Time With Res i s t i ve  Shunt 



Pig, VII-14 - AF and AJ Refays - Minianurn Release 
Time With Resistive Shunt 
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Fig. VIII-14A - AK Relay - Yinimum Release Time With Resistive Shunt 



OPERATE AND RELEASE TIMES 

RELEASE AMPERE TURNS 

Fig. VII-14B - AK Relays - Release Time gomed  A r m a t u r e  With Shunt 



OPERATE AND RELEASE TINES 

F ig .  V I I - 1 4 C -  AK Relay - Slow Release  - .069-inch Copper S leeve  



Fig. VII-16 - AF Kalay - Correct ion f o r  Dif farent  
Contact P ro t ec t ions  
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Fig. VII-19 A J  Rs lay  - Correc t ion  f o r  D i f f e r en t  
Contact P ro t ec t ions  




