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SECTION IX

CAPABILITY DATA

IX~10 A Relay - Operate

Introduction IX-11 AF Relay - Nonoperate
. . . IX-12 AF Relay - Hold
This section describes the method of
determining the spring loads and current 1X=13 %gsﬁiiii - Release From Operated
flow reguirements for the wire spring .
relays. These loads have been tabulated for TX-14 %gsﬁgigﬁ - Release From Pickup
the AF, AJ, and AK relays. The AG relays . .
are treated in more detail in Part II due 1X=15 ézugiigy - Release With Special
to thei . T .
o thelr precige releage-~time requirements. IX-16 AJ Relay - Operate
Pull curves are provided from which IX~17 AJ Relay - Nonoperate
the operate, nonoperate, hold, and release IX-18 AJ Relay - Hold
ampere turns may be obtained. The ampere I¥X-19 AJ Relay - Releage From Operated
turns required to operate various numbers Position
of springs on the AF and AJ relays have IX~20 AJ Relay - Release From Pickup
been tabulated. Position
The following tables and pull curves 1x-21 égugiizy - Release With Special
form & part of this section. IX-22 AJ Relay With Laminations -
Tables: Operate
IX-1 Procedure for Obtaining Cperate and TX-23 ﬁgnggéigtzith Leminations -
ﬁ%lgefgggre Turns for AF, AJ, and IX-2l AJ Relay With Iaminations -
R . . Hold
IX-2 Critical Load Points and Maximum . . .
Operated Loads for AF, AJ, and AK Ix-25 AJ Relay With Laminations -
Relays P ielease Frgm Opergted‘P051t10n
IX-3 AF Relay - Operate Ampere Turns 1x=2 RglgzlinW1thP?ailnaglogi.~
IX-4 AJ Relay - Operate Ampere Turns TX-27 AJ Reia agﬁh I;mggatggi ron
IX-5 AJ Relay With Laminations - Operate R I . 5,
eleage With Specilal Gauging
Ampere Turns TX-28 AJ Relay - With or Without
IX~6 Procedure for Obbtaining Release Am- Tami y
minations 0.014-Inch Stop
pere Turns for AF, AJ, and AK Relays , ;
L Discs - Marginal Operate Data
IX-7 Procedure for Obtaining Operate and _ X .
IX-29 AJ Relay - With or Without
Hold Ampere Turns for AG Relays leminations 0.01l-Tnch Sto
IX-8 Procedure for Obtaining Nonoperate Disc - Marginél Release Daga
igiagglease Ampere Turns for AG IX-30 AJ Relay - With or Without
IX-9 AG Relay - Critical Operate Loads %igégaflﬁgi gﬁg§2512;2titop
TX-10 AG or Slow Release AK Relays - Dot & P
Maximum Operated Loads R s
— _ IX~31 AJ Relay - With or Without
IX-11 ﬁgniiuglgweizizzsioig Relays Iaminations 0.022—Inch Stop
p s Discs - Marginal Release Data
Pull Curves - Figures: IX-32 AK Relay - Operate
D4 dexiaun Loas Buisaus A e e erease
S Lo o1 IX-35 AK Relay - Hold and Release
Ampeiea%urnsoanda%imee ease Ampere Turns and Time - 0,069~
IX-7  AG Relay - Operate IX-36 i§?§e§§§p3rﬂii§elid Release
IX-8  AG Relay - Nonoperate Ampere Turns and Time -
IX-9 AG Relay - Release Times With Shunt

Domed Armature

PART I - AF, AJ, AND AK RELAYS
General 3.

The maximum airgap which, with the
stop~disc height, determines the

In considering ampere turn adjusting armature travel:
s

requirements for any spring combination, the

following must be considered: 4, The gram loads at the critical

1. The magnetic capability of the re- points in the travel.

lay, including the size, flatness,

and quality of the magnetic parts; With such a large number of varilables,

it does not seem reasonable to assume all
contributing factors at their extreme
limits. The gram loads, therefore, have
been taken as maximum and the airgaps as

2. The operated airgap, or stop-disc
height;
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nominal. The nominal air gap values may be
used in considering maximum critical loads
because, for the small percentage of cases
where the maximum loads are combined with
minimum pull, maximum airgap, and unfavora-—

ble contact gauging, adjustments can be made.

If the load at the backstop is too high,
the armature travel cannot be changed to
obtain & smaller airgap, but the back ten-
gion can be adjusted to compensate for this.
Congildering the critical load point, if
there 1s a large spread between contact
actuations, the critical load point will be
toward the minimum anyway. If there is a
small spread between contact actuations, a
mass adjustment can be made to reduce the
load point.

The construction of the relay is such
that for any stage the break-contact loads
may be picked up earlier than the make-con-
tact loads. However, to provide a simple
method of computing spring loads and operate
ampere turns, no differentiation has been
made between the pickup point of breaks and
makes. The resulting error in the load is
small and usually on the conservative side.

Contact -Actuation

The wire spring relay uses a glngle
card system with the single wires held in a
fixed position. The twin wires are actuated
by the moving card on the armature, either
making or breaking contact with the single-
wire contact.

Makes

The make twin wires are pretensioned
toward the single contact, but held away
from them by the tensgsion of the balance
spring ageinst the moving card. Thus, they
provide an opposing back tension tending to
push the armature toward the core but
counteracted by the balance spring. As the
relay starts operating, the tension of the
twin wires decreasged in magnitude, resulting
in an increasing balance spring load on the
armature. This continues up to the pickup
point where the twin wires Just make contact
with the single wire. During the next
0.8-mil travel, the make load is transferred
from the card, or armature, to the single
contact. At this critical load point, the
make wire tension against the card becomes
zero, resulting in further increased load
on the armature. The make wire tension on
the armature remains zero for the remainder
of the armature travel as the moving card
and twin wires separate. Filg. IX-1 shows
how the load on the armature changes as the
armature moves toward the core.

Breaks
In the unoperated position, the twin
break wires rest against their mating single

IX-2

contact. The twin wires do not touch the
card and no load 1s on the armature at this
point; therefore, no build-up of load
occurs as the gap between the card and the
twin wires closes to the pickup point.
During the next 0,8-mil travel, the load

is transferred from the single contact to
the card. From this critical load point,
where the transfer ig completed, to the

end of the travel, the break spring load
builds up at a small, but uniform, rate

due to the buildup of the break spring
wires, the balance spring, and the armature
hinge.

The load on the armature from com-
bined make and break loads 1s shown in
Fig. IX-1. The armature is held against
the backstop by the balance spring tension.
This tension has two components, the as-
gumed back tensgion, holding the armature
against the backstop, and the twin make
wire spring tension, tending to operate the
armature. As the armature moves toward
the core, the load builds up at a slow
uniform rate due to the buildup of the
balance spring, armature hinge, and the
contact spring. When the actuating card
touches the break spring, there is a
rapld buildup of load until the break-
contact opens, at which point the armature
is carrying the full break spring contact
pressure,

Ag the armature continues its move-
ment, the make~contact closes. At this
point there is another rapid buildup of
load as the twin wire make-contact tension
tending to operate the armature is trans-
ferred to the single contact. From this
point on there ig only the buildup due to
the balance spring, armature hinge, and
break-contact spring.

For multiple stage loads, the load
would increase in a similar manner as
later stage makes and breaks are picked

up .

Critical Ioad Points

The critical load points are the
points in the armature travel where a major
load change takes place, such as picking
up & break or a make twin contact spring.
Fig. IX-2 shows a typical load buildup
curve and pull curves indicating the way
in which the critical load points control
the ampere turns required to operate the
relay.

The critical load ailrgaps have been
computed for the different armature travels
and stop discs and are shown on Table IX-1.
The loads at the critical points for relays
with 0.006-inch stop discs are shown on
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%‘Table IX~2. Thesgse loads assume that the
g}last of all makes and breaks in each stage
ﬁ-is picked up at this point.
<
When considering marginal or sensitive
relays, the adjustment should be computed on
a more exact basis. Fig. IX-4 shows the
distribution of the contact pickup points

CRITICAL LOAD
POINTS

PULL OR LOAD

AIR GAP

Fig. IX~2 - Typical Load and Pull Curve -
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IX-1 - Single Stage Load Buildup

for marginal or sensitive adjustments. This
figure will be discussed in more detail in
Appendix A.

Light Contact Forces

In relay applications reguiring great
gengitivity, an extremely slow release,
etec, a lighter contact force has been used.
The loads are figured the same as for the
standard force except that the nominal con-
tact load is reduced from 13.3 grams at the
card to 8.6 grams.

Balance Spring, Armature Hinge, and Back
Tensilon

The balance spring is pretensioned to
provide an initial tension on the armature
of minimum 30 gramg above that required to
counteract the tengion of the make-contact
springs. Critical or sensitive relays may
be figured with a back tension of minimum
20 grams, and the lower tension is specified
in the shop requirements and on the Circuit
Requirements Table. The balance spring
tension can be adjusted, if necessary,
meet the electrical requirements.

to
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The thickness of the balance spring
varies with the number of makes and arma-
ture travel in accordance with the following
table.

Balance Springs

No. ¢ Thick- Buildup in

of Travel¥ P ness Gm/Mil Travel
Makes S I L Detail inch Min Nom Max

AF and AJ Relays

0 x x x 15A220 0.01% 0.090 0.107 0.127
1 x x x 15221 0.016 0.13% 0.159 0.189
2 x x x 15A221 0.016 0.13% 0.159 0.189
3 x x x 15226 0.018 0.189 0.225 0.267
L x x x 15A226 0.018 0.189 0.225 0.267
5 X 154226 0,018 0.189 0.225 0.267
5 x x 15A222 0.020 0.258 0.307 0.364
6 x x x 15222 0.020 0.258 0.307 0.364
7 x 15a222 0.020 0.258 0.307 0.36k
7 x x 15A223 0.022 0.338 0.403 0.478
8 x x x 154223 0.022 0.338 0.403 0.478
9 X 154223 0.022 0.338 0.403 0.478
9 x x 1sae2k 0.025 0.4ok 0.588 0.697
10 X X 15a22h  0.025 0.494k 0.588 0.697
10 x 15A225 0.025 0.kok 0.588 0.697
11 % 15422l 0.025  0.4ok 0.588 0.697
11 x x 15AP25 0.025 0.49hk 0.588 0.697
12 x x x 154225 0.025 0.h9k 0.588 0.697
2l x 154334 0.032 1.030 1.230 1.460
24 x 11F880 0.036 1.h52 1.696 1.977
AX Relays
D02 x x 10B698 0.018 0.175 0.209 0.249
3to05 x X 10B69T ©.020 0.234 0.278 0.330
*3 = Short
T = Intermediate
L = Long

A thicker balance spring may be speci-
fied to facilitate meeting a nonoperate or
releage requirement.

The balance gpring tension, plus a
buildup of 1 gram per make-contact per
stage, is added to the spring load at the
critical points in computing the total gram
loade. The 24-make relay requires an extra
heavy balance gpring which if figured as
24 grams per stage.

The armature hinge is assumed to have
an initial load of zero grams and builds up
at a uniform rate of 7 grams per stage for
AF, AJ, and AK relays.

Buffer Springs

Buffer springs are provided to ald in
meeting a release requirement. The buffer
spring is provided on a code basils and is
used normally in adjusting the relay if the
specified release cannot be met without its
use. This spring is picked up with a mini-
mum O.004=inch, maximum 0.010-inch gauge at
the center line of the card.

The buffer spring load is thus picked
up after the last critical load point.
ally, it should not affect the operate

IX-4

ampere turns, but the operate load where
the buffer spring is picked up should be
checked to be sure that the operate is not
affected. The buffer spring tension is
effective only with less than the maximum
spring load and thus will not affect the
hold ampere turns.

Determination of Airgaps

The backstop position is set by the
core plate and the core, while the operated
position is controlled by the stop disc
height. The airgap with the armature at
the backstop is dimension A of the core
plate minus the 0.058-inch armature thick-
ness. The height of the stop disc has no
effect on this. The tolerances affecting
the unoperated airgap total 0,005 inch and
are due to variations in the core plate
dimension A, the armature flatness, and the
armature thickness. Dimension A for the
various travels and stop discs 1is shown on
Table IX=1. A short travel relay with
0,006~inch stop discs will have a nominal
unoperated airgap of 0.092 inch - 0.058 inch
= 0,034 inch +0.005 inch. The minimum
airgap for a nonoperate would be 0.034 inch =
0.005 inch = 0.029 inch.

The armature stop discs set the
operated position of the armature. With
0,006-inch stop discs, the armature is
parallel to the core in the cperated posgi-
tion and the gap at the center line of the
card is the same as that at the stop disc.
This is because the armature hinge holds
the rear of the armature 0.006 inch away.
from the core. With larger stop discs,
there is, effectively, a triangle on top of
a rectangle as shown in Fig. IX-3. The
triangular part, ie, the difference be-
tween the stop disc height and 0.006 inch,
is cohverted to the center line of the card
by dividing by the a/b ratio of Fig. IX~3.
For example, with 0.022-inch stop discs
(average 0.0235) on an AF relay, the
average effective stop-disc height at the
center line of the card is:

0.0235 inch - 0.006 inch
0.718

0.006 inch + = 0.030 inch

Operate Ampere Turns - Simplified Method

Norm-

The simplified method of computing
the operate ampere turns is recommended for
general use. The detailed method described
later should be used for marginal or sensi-
tive requirements where a more precise
method may enable more difficult circuilt
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conditions to be met. The simplified method
of computing the operate ampere turns for
standard adjustments is shown on

Table IX-1. This table also shows the
airgap values for the different armature
travels and stop discs. The critical load
points and maximum operated lcads computed
in this manner are shown on Table IX-2.
This table is calculated on the basis of
0.006-inch stop discs, but may be used for
any stop disc by substituting the proper
airgap from Table IX-1. The operate ampere
turn values have been computed and are
shown on Tables IX-3, IX-4, and IX-5 for
the AF and AJ relays and the AJ relay with
laminations.

Operate Ampere Turns — Detailed Method

This method of computing the operate
ampere turns gives more accurate results
than the simplified method. It is used on
sengitive or marginal relays where the re-
quirements figured in the normal manner
fail to meet the circuilt requirements.

Fig. IX-4 shows the maximum load

curves from which the load buildup for any
spring combination may be determined. This
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IX-3 - Airgap Relationship

curve starts with an assumed back tension

at the unoperated airgap; has a slight
buildup t¢ the point where the contacts
make, or break; and then a rapid buildup
ocecurs for a small travel interval. The
make-contacts at the pickup point have a
load of 13.3 gramsg *25 percent. At the
backstop, this tension will be 13.3 grams
plus the buildup in tension from the pickup
point to the backstop.

After contact actuation, there is a
small buildup on break-contacts to the end
of the travel. For intermediate travel,
there are two stages of contact pickup;
for long travel, three stages.

The buildups for the various thick-
ness balance springs and the armature hinge
are also shown.

The actual method of uging the load-
buildup curve to determine the ampere turn
operate 1s shown in Appendix A.

Nonoperate Ampere Turns

No load tables are needed for the
nonoperate ampere turn values as the back

IX-5
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Core Plate P Number

Minimum Core
Stop Unoperated Plate Ordinary Long
Travel Digcs Alrgap Dim. A Duty Life
Inch
Short 0.006 0.029 0.092 154212 15A215
Intermediate 0.006 0.047 0.110 15A213 154216
Long 0.006 0.063 0.126 154214 15A217
Short 0.014 0.040 0.103 154280 15A279
Intermediate 0.014 0.058 0.121 15A2°77 154281
Long 0.014 0.074 0.137 154278 -
Short 0.022 0.047 0.110 154213 154216
Short (special) 0.006 0.020 0.083 154282 -

tension, stop discs, and armature travel are
the only significant factors. The non-
operate ampere turns are obtained by

reading the back tension at the minimum
unoperate alrgap on the nonoperate pull cur-
ves Fig. IX-11, IX-17, IX-23, or IX-33. The
minimum airgaps are tabulated above.

The back tension is usually taken as
30 grams, but this may be increased to
60 grams with no change in spring thickness,
or to a maximum of 85 grams by using the
next thicker balance spring. A still higher
nonoperate may be obtained by using a
balancing spring two sizes thicker. This
allows a maximum back tension of 115 grams.
Any increase in tension over 60 grams must
be added to the critical load points. A
higher nonoperate may also be obtained by
using an alrgap higher than that required
for the spring combination. The speed
coils 4~ 16~, 270-, 395-, 400~-, and
700-ohm coils) have a maximum armature back
tension of 60 grams specified in the M speci-
fication. Nonoperate or release require-
ments for these coils should not be figured
on a back tension greater than 60 grams.
The back tengion requirement in the M speci-
fication for these relays with a nonoperate
or release should be maximum 80 grams.

Where no nonoperate adjustment 1is
gpecified and anh equivalent nonoperate is
degired for time studies, or for considera-
tion in a marginal circuit, the equivalent
nonoperate is assumed to correspond to
30 grams at the minimum unoperated alrgap.
This nonoperate should be met without
readjustment and should be used, if possible,
when adding a nonoperate requirement to
existing relays.

Hold Ampere Turns

The maximum load in the operated
position is the critical point for the hold
ampere turns. These maximum loads are shown
on Table IX-2 and read on the hold pull
curve to determine the hold ampere turns.
The operated alrgap for hold is based on
the maximum stop-pin height and corrected
to the equivalent gap at the center line of
the card. These operated position ailrgaps
are shown on Table IX-1.

IX-6

Release Ampere Turns

The procedure for obtaining the re-
lease ampere turns, together with the
critical release loads, is shown on
Table IX-6. The critical release loads
shown on Table IX-6'are based on a back
tension of 30 grams, but the nominal 60-gram
tension may be used by increasing the re-
lease loads by 30 grams. This does not
change the operate requirements. The 30-
gram back tension gives a release require-
ment that can be met with the minimum amount
of adjustment and should be used where it
will meet the circult conditions.

A relay may be tensioned up to an 85-
gram back tension to meet a release circuit
condition by using the next thicker balanc-
ing spring. This, however, reduires that
the operate loads at the critical points be
increased by the amount the back tension is
raised above 60 grams. Where critical re-
lease conditions 'are involved, a more exact
release requirement may be computed using
the minimum load buildup curve (Fig. IX-5).
The method of using this figure is the same
as shown in Appendix A for figuring the
operate.

Current Flow Requirements

The current flow requirements are ob-
tained by dividing the ampere turns by the
specified turns. The operate and hold re-
gquirements must be increased and the nonop-
erate and release decreased, 1f necessary,
to use values that are readable on the 35F
relay test set.

The 35F relay test set has four scales
with the nearest readable value as shown
below:

Readable
Scale Tolerance
ma
0=3 £0.02
3=-15 +0,10
15-75 +0.50
75-750 +5.00
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Check Adjustments

Multiple-wound relays may be used
with fthe windings in seriles or with the
windings in separate operating circuilts.
The current flow requirements for the first
condition are computed the same as for a
single winding equivalent to the sum of the
turns of the two windings.

Where each winding has a different
operating condition, readjust requirements
are computed for one winding in the normal
manner. Check adjustments are computed for
the other winding, or windings, assuming a
+5 percent variation in turns on the wind-
ings. This is necessary in order to insure
that any relay, adjusted on the winding that
has the. readjust requirements, will always
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meet the requirements on the check winding
provided the check winding has the proper
nunber of turns.

The method of computing the check
readjust or test requirements is as follows,
assuming that the primary winding is the
adjusting winding.

pri operate x pri turns x 105%
sec turns

Operate -

pri hold x-pri turns x 105%

Hold -~ gec turns

pri nonoperate x pri turns
sec turns x 105%

pri release x pri turns
sec turns x 105%

Nonoperate =

Releasge -

IX-7
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PART IT - AG RELAYS AND SIQW RELEASE AKX RELAYS

AG Relays

The AG relay 1is a slow release wire
spring relay having a maximum capacity of
12 transfers. An AG relay with the lightest
contact load 1s capable of providing a
minimum release time of 0.380 second.
The maximum release time is generally 2 to
2-1/2 times the minimum release time.

Instead of stop discs, which are pro-
vided on the AF and AJ relays, the AG relay
has a dome embossing on the armature pole
face. In the operated position of the arma-
ture, the dome touches the center leg of the
core. This provides a relatively uniform
point of contact between the armature and
the core and thereby minimizes the effects
of varying alignment of the armature and
the core on the release times. The core of
the AG relay is hydrogen annealed to obtain
the permeability and coercive force
required, so that the AG relay minimum to
maximum releage time spread is within the
required limits.

Generally, the AG relay is provided
with a short-circuited winding in the form
of a sleeve over the center leg of the core.
An aluminum sleeve of 0.046~-inch wall thick-
ness or & copper sleeve of 0.046-inch,
0.091~-inch, or 0.147-inch wall thickness is
furnished ag reguired to obtain the desired
release times. Most AG relays are equipped
with a buffer spring which 1s adjustable to
provide additional load in the operated
position for reducing or controlling the
maximum release time.

Relays having a copper or aluminum
sleeve over the core are slower in operating
than relays having only a single inductive
winding. For this reason, where a fast
operate, slow release relay is required, an
AG relay may be used with a noninductive
registance in parallel with the inductive
winding. The same arrangement may also be
used where the required relay release times
are less than those provided by the minimum
size of sleeve. Ingtead of a gleeve, a
short-circuited secondary winding may be
provided. This is used only where the cir-
cuit conditions require that the variation
in relay release times shall be less than
those obtainable with a sleeve. Where fast
operate time 1s required, the secondary
winding 1s short-circuited by a make-contact
of the relay.

Tegt and readjust hold and release
current flow requirements are specifiled to
control the releasing times of AG relays.
The hold requirement determines the minimum
release time and the release reqguirement
determines the maximum release time.

IX-8

Current flow requirements are more con-
venient to apply than direct timing require-
ments and are unaffected by variations in
copper resistance due to changes in ambient
and relay winding temperatures. These hold
and release requirements shall not be used
to meet any circuit marginal hold or
release current conditions. A circuilt cur-
rent release condition is not desirable for
an AG relay and would require special con-
sideration.

In the manufacturing specification
for an AG relay, minimum and maximum
release times, based on the readjust hold
and release current requirements, are
specified. In the shop, the relays are
adjusted to the readjust hold and release
current requirements, and the release time
requirements provide a check of the dimen-
slonal and magnetic characterigtics of the
parts and thelr proper assembly in the
relay. This assures that the relays as
manufactured are capable of providing the
required release times.

Slow _Release AK Relay

The AK relay can be made slow release
by using an embossing on the armature,
gsimilar to that of the AG relay, and a
copper or aluminum sleeve over the core.

It is not necessary that both units on the
AK relay be made slow release, since one
unit can have the embossed armature and

the other unit the standard stop digscs.
Requirements similar to those of the AG
relay are usually specified for the slow
release AK relay, except the release re-
quirements are not as effective in control-
ling the maximum release time gince buffer
springs are not provided on the AK relays.

Selection of Coded Relay

List of Codes

Section IT of this specification pro-
vides a list of coded AG and AK relays
according to the number of contacts. When
the selection of a relay code 1g made,
spare contacts may be tolerated, depending
on the demand, as outlined in Section IT,
page 1.

Release Times
The minimum and maximum test release

times are given in Section II for each
relay code, except where the relay does
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not have a sleeve, These are the release
time 1limits that the relay will not exceed
with the relay adjusted within the test
hold and release current requirements.
These release times, although they are not
specified in the circuit reguirements table,
are listed here for information purposes
when selecting a sultable coded relay. The
effect of heating or magnetic interference
on the release times will be considered
later in this section.

Requirements for Circuit Requirements Table

The current flow requirements given
in Section II are the test and readjust
operate, hold, and release reqguirements
that shall be specified in the Circuit
Requirements Table. With AG relays, as
well as with AF and AJ relays, 1t 1s imprac-
tical from a manufacturing consideration to
have more than one adjustment for a relay
code. This is because all wire spring
relays are adjusted in the relay assembly
shop in accordance with the M specification
requirements. Accordingly, current flow
requirements other than those shown in
Table II-3 cannot be specified without
changing the M specification requirements.

A full soak (FS) requirement shall
be specified in the soak column of the
Circuit Requirements Table before all cur-
rent flow requirements. The current flow
soak shown in Section II corresponds to 300-
ampere turns saturation and is specifiled in
the manufacturing specification as we have
no control of the voltage used in the shop
adjustment. The difference between the
effect of FS and 300-ampere turns soak on
the releage time is negligible.

Socak Effect

The release times for AG relays are
based on releasing after a 300-ampere turn
soak. If the scak is less than 300-ampere
turns, the releasing time will decrease by
the following amounts.

250 NI soak - 1.0%
200 NI soak - 2.0%
150 NI soak - 4.0%

The circuit current should be applied
to an AG relay for a period of time some-
what longer than the actual operate time of
the relay to insure that the full releasing
time will be obtained. The minimum circuilt
closure should be 0.3 second for the
0.147-inch sleeve, and 0.2 gecond for
the 0.091- and 0.046-inch sleeves.
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Effect of Heating on Release Times

Where a slow release relay has a long
circuit holding time, an appreciable in-
crease 1n winding resigtance results, due
to the temperature rise of the relay coil.
A corresponding increase in the resistances
of the sleeve and the core, or equivalent
decrease in the sleeve and the core conduct-
ance results. The effect is to reduce the
minimum release times shown in Table II-3,
which were determined on the basis of the
relay at an ambient temperature of 80° F.

The final winding temperature is
obtainable from the information provided in
Section IV. For the relay winding at
final temperature T, the minimum release
time is equal to the minimum release time
at room temperature multiplied by

1

N 5.9T IO The 0.9 factor allows for
o asg

the sleeve and the core being at a lower
temperature than the average winding
temperature T.

Effect of Magnetic Interference

The effect of magnetic interference
on the requirements and performance of AG
and AK relays is covered in Section V.

Operate Times

Operate times may be determined from
the data contained in Section VII, Part I.
In general, operate times of AG relays are
considered to be load-controlled. This is
due to the time congtant of the AG relay
coil, including a sleeve where provided,
being of such length as to result in an
average operate time greater than 0.0I10
second.

General Design Information

In determining the adjusting require-
ments for slow releasing relays, the same
factors are involved that are described in
Part I of this section for the AF and AJ
relays under the headings "General' and
"Contact Actuation." There are, however,
some differences because of the dome embos-
sing on the armature of the AG relay and
some AK relays, as compared with stop discs
on the armature of the AF and AJ relays.
These differences are:

1. The operated airgap is zero, since
the dome embossing on the armature
touches the core. For this reason,
the airgap is the same as the arma-
ture travel at all critical load
points.
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2. The critical load airgaps for
determining operate and nonoperate
requirements for AG relays and AK
relays with the domed armature
have been computed and are shown
in Tables IX~7 and IX-8.

3. PFor light contact force, the loads
are figured the same ag for the
heavy contact force, except that
the nominal contact load is reduced
by 5 grams for each contact
pair.

The general procedure for designing
an AG relay is as follows:

1l. Determine the maximum operated
load.

2. Determine the corresponding readjust
and test hold ampere turn and current
flow requirements.

3. Select a sleeve so that the minimum
release time required of the relay
igs met with the test hold require-
ment.

4, Determine the minimum operated
load, and add the buffer spring
load that is to be used (generally
160 grams).

5. Determine the corresponding read-
Just and test release ampere turn
and current flow requirements.

6. Determine the maximum test and
readjust release times.

7. Determine the operate readjust and
test requirements.

Details of this procedure are covered
in subseguent pages of this section and in
Appendixes B and C. The design of an AG
relay with a sleeve 1s covered in Appendix
‘B, and the design of an AG relay with the
winding in parallel with a noninductive
resistance 1s shown in Appendix C.

Balance Spring, Armature Hinge, and Back
Tension

Balance springs are pretensioned and
are used to provide back tension to position
the armature against the backstop. With
make-contacts in the spring combination, the
balance spring must also overcome the for-
ward tension of the twin wire make-contact
springs in keeping the contacts open in the
uncperated position. For AG relays, the
net back tension of 85 grams is used in de-
termining the operate and release loads and
20 grams in determining the nonoperate and
hold loads. The balance spring tension and
the bulldup of the balance spring at the
critical load points are included in the

IX-10

spring load data in Tables IX-9 to IX-11,
inclusive,

Balance Spring for

AG Relays
Thick- Buildup in

No. of Travel* P nesgsg Gm/Mil Travel

Makes 5 I L Detail inch Min Nom Max
0 V4 15A220 0.01% 0.090 0.107 0.127
0 v/ 15A221 0.016 0.13k 0.159 0.189
1 J 154221 0.016 0.13h 0.159 0.189
1 J/ 154226 0.018 0.189 0.225 0.267
2 AN 154226 0.018 0.189 0.225 0.267
2 J 154222 0.020 0.258 0.307 0.36h4
3 N4 154226 0.018 0.189 0.225 0.267
3 J 15222 0.020 0.258 0.307 0.36h4
i v v/ / 15A222 0.020 0.258 0.307 0.36k
5 Vv 154222 0.020 0.258 0.307 0.36h
5 v/ 154223 0.022 0.338 0.403 0.478
6 v/ v/ 15223 0.022 0.338 0.403 0.478
7 v 154223 0.022 0.338 0.403 0.478
7 J/ 15A22k 0.025  0.49k 0.588 0.697
8 v 15223 0.022  0.338 0.L03 0.478
8 v/ 15A22L 0.025 0.49L 0.588 0.697
9 AN 15A22h  0.025  0.49k 0.588 0.697
9 v 154225 0.025 0.494 0.588 0.697
10 v 154224 0.025 0.494 0.588 0.697
10 v/ 154225 0.025 0.494 0.588 0.697
11 v/ / 158225 0.025 0.494 0.588 0.697
12 v/ / 15A225 0.025 O.4ok 0.588 0.697

%3 = Short

T = Intermediate

L = Long

The required thickness of the balance
spring depends on the number of make-con-
tacts used and the armature travel, as
shown in the foregoing table. For the same
spring combinations, balance springs for AG
relays are generally thicker than those for
AF and AJ relays because the back tension
for AF and AJ relays is considered to be
60 gramg instead of 85 grams in computing
the operate and release requirements. The
greater back tension for AG relays allows
for a wider range of operated load adjust-
ment.

The armature hinge is agsumed to have
zero load in the unoperated position. As
the armature moves to the operated position,
there is an additional load because of the
gtress in the armature hinge. At each
critical load point, the increase in hinge
tension is added to the contact load. This
bulldup of armature hinge tension 1s appro-
ximately 1 gram per stage for operate and
hold, and 0.5 gram per stage for release.

Buffer Spring

AG relays are generally provided with
a buffer spring which is effective after
most or all contacts have been actuated.
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The buffer spring is adjustable and pro-
vides for increasing the release load with-
out materially affecting the operate ampere
turns. The buffer spring load ig adjusted
as required, to take care of variations in
release characterigtics of AG relays asg
manufactured. Where a particular relay has
a coerclve force greater than average (poor
anneal), the buffer spring is adjusted so
that the release requirement is met., On the
other hand, where a relay has a coercive
force less than average (good anneal), the
hold reguirement is controlling and the
release requirement can be met without any
buffer spring locad. By this means, a
smaller difference between the hold and
release adjusting ampere turn requirements
is obtailnable, and this reduces the spread

‘between minimumn and maximum release times,

AG relays require the buffer spring
where the balancing spring and contact
springs do not provide the release load
that 1s necessary for a 6-ampere turn
readjust release requirement. This i1s the
lowest readjust release recommended for AG
relays in order to provide adequate margin
for adjustment deterioration.

Originally, only a 0.0l2-inch buffer
spring was provided. Iater a 0.016-inch
buffer spring was made available., The use
of either the 0,012-inch or the 0.016~inch
thick buffer spring is optional with the
shop depending on which spring they find
mogst desirable in meeting the release
requirement of the relay being adjusted.
The 0.012-inch buffer spring is capable of
being adjusted to a maximum of 160-gram load
at the center line of the card, and 0.016~
inch buffer spring to 280 grams.

Before the 0.016-inch buffer spring
was made availlable, it was the general prac-
tice to use the full 160-gram buffer spring
load in calculating the readjust release
requirement. This gives the least spread
in release times and often makes the relay
suitable for many circult applications,
thereby reducing the number of codeg. = For
future AG relay designs, the use of 160-
gram buffer spring load will be continued
as the standard; however, with the avail-
abllity of the thicker buffer spring, the
buffer spring load may be increased to a
maximum of 280 grams, if required.

Minimum Releage Time

A particular AG or AK relay design
meets the minimum release time reguired for
circuilt application by means of the speci-
fied hold requirement and the size of the
sleeve. These are determined as outlined
briefly in the following paragraphs and as
covered in greater detail in Appendixes B
and C.
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The readjust hold ampere turn require-
ment is determined by the maximum operated
load with the minimum armature back tension
of 20 grams for the AG relay and 30 grams
for the AK relay. The maximum operated
loads are shown for the various spring
combinations in Table IX-10, The maximum
operated load read on the hold pull curve
of Fig. IX~6 or IX-35 gives the readjust
hold ampere turn requirement. All AG
relays have a readjust hold of not less than
9~ampere turns and generally a minimum of
3-ampere turns difference between the hold
and release readjust requirement. The 3-
ampere turns provide a suitable adjustment
range so that the relays are adjustable
with normal adjusting effort. The test
hold shall be 5 percent, but not less than
1-ampere turn greater than the readjust
hold.

The minimum release time 1s obtained
from Fig. IX-6 or IX-~35. The test and
readjust hold ampere turns are referred to
the minimum time curve for the specified
size of sleeve,and the minimum test and
readjust release times are read on the
ordinate scale.

Maximum Releage Time

The specified release requirement and
the gize of gleeve selected for the relay
determine the maximum release time. These
are determined as outlined briefly in the
following paragraphs and as covered in
greater detall in Appendixes B and C,

The minimum operated load, with an
armature back tension of 85 grams for the
AG or 60 grams for the AK relay, is used
to obtain the readjust release ampere turn
requirement. This load can be determined,
for any particular spring combination, from
the data in Table IX-11l. The minimum oper-—
ated load 1s applied to the release pull
curve of Fig. IX-6 or IX-35 to obtain the
readjust release ampere turn reqguirement.
When a buffer spring is provided on the AG
relay, an additional load of 160 grams is
generally added to the minimum operated
load and the readjust release ampere turn
requirement is determined for this total
operated load. With the introduction of
the thicker 0.016-inch buffer spring, a
maximum of 280-gram buffer spring load
may be added. In most cases, however,
the 160-gram added buffer spring load 1s
sufficilent to provide the required readjust
releage requirement and maximum release
time.

The minimum readjust release require-
ment permissible for the AG relay is 6~
ampere turns. The minimum difference be-
tween the readjust hold and release ampere
turns shall be 3-ampere turns. Where the
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relay hag a light contact load, the buffer
gpring must be provided in order to obtain
at least 6 ampere turns readjust release.
The test release is 2 ampere turns less
than the readjust release. A test release
below U4 ampere turns is undesirable because
an adjustment range is approached where
releage performance becomes unreliable due
to small differences in operated load caus-
ing large differences in release ampere
turns and release times.

The margin provided between test and
readjust requirements is greater for re-
lease than for the hold because (1) the
maximum release time is generally not as
critical ag the minimum release time and so
greater release requirement margin is per-
missible and (2) the tendency is for the
release time to increase due to wear, It
is desirable to make allowance for this
effect so that maintenance is not excessive
and therefore, a 2-ampere turn spread
between test and readjust release is
generally provided.

The maximum releage time is obtained
from Fig. IX-6 or IX~35. The test and
readjust release ampere turns are referred
to the maximum release time curve for the
proper sleeve from which the maximum test
and readjust release times are cbtained.

Operate Ampere Turns

AG Relay

The operate ampere turn requirement
is based upon maximum loads, maximum arma-
ture travel, and average contact gauging.
The loads and the alrgaps are at the center
line of the card. The load at the backstop
and at each critical load point is determined
from the data shown in Table IX-9. These
loads include the balance spring load. The
operate ampere turns are read for the various
loads at their respective alrgap on curves
of Fig. IX~-7. Since a buffer spring is
generally provided, a critical operate load
occurs at the buffer spring pickup poilnt,
which is at the 0.007-inch airgap. This
load is obtainable from the data shown in
Table IX-9, and the operate ampere turns for
this load are determined from Fig. IX-T7.
The greatest of the operate ampere turns for
the various critical load points 1s specified

IX-12

as the readjust operate reguirement. For
many of the AG relay designs the critical
load in determining the operate ampere turns
is the 85-gram back tension load at the un-
oper?ted airgap (armature against the back-
stop).

AK Relay

The operate ampere turn requirement
for the AKX relay with the embossed armature
ig figured as shown in Part I for the relay
with the standard stop disc.

Nonoperate Ampere Turns

A nonoperate requirement 1s specified
only where there ig a nonoperate circuilt
condition or a minimum operate time require-
ment. A margin of 15 percent shall be pro-
vided between the readjust nonoperate and
the maximum circult nonoperate current.
Nonoperate requirements are not recommended
on the slow releasing AK relays due to the
difficulty of adjusting the balancing spring.

The nonoperate readjust ampere turn
requirement for the AG relay is determined
by the minimum back tengion of 20 grams
at the minimum unoperated airgap which is
shown in Table IX=8. The readjust non-
operate ampere turn requirement is read on
curves shown in Fig. IX-8.

If the 20-gram back tension 1is
insufficient to provide a suitable readjust
nonoperate requirement, greater back ten-
gion may be uged. The added back tension
must also be congildered when determining
the hold requirement. A thicker balance
gspring may be required and shall be in
accordance with the recommendation of the
gswiltching apparatus group responsible for
the AG relay. Another method for increas-
ing the nonoperate requirement is to use a
core plate that is assoclated with a larger
armature travel, which provides a greater
unoperated airgap.

Check Adjustments

Check adjustments required for plural
winding AG relays shall be determined in
the same manner as outlined for AF and AJ
relays.
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PART TTIT - AL AND AM RELAYS

For AL and AM relays the adjustments
of the relay that are implied by the cur-
rent flow requirements are verified in the
same way as the requirements of other wire
spring relays. However, the ftechnique for
making current flow tests is different since
the core of the relay can retain a magnetic
bias and in some cases this significantly
affects the outcome of current flow tests.
The added steps in making current flow tests
on magnetic latching relays are necessary to
insure that the proper magnetic state has
been obtained before each relay character-
istic 1s tested.

The operate and nonoperate (if speci-
filed) current flow values are applied when
the magnetic structure of the relay is in
its zero flux state (demagnetized state).

To obtain the zero flux state, the specified
soak current 1s applied followed by the
specified NF release (no flux releage) cur-
rent. These currents are applied in a
manner that causes the NF release flux to

be in the opposite direction from the soak
flux. Single-wound colls reguire current
reversal. The soak current, specified with
a negative (—) sign, will be in the same
direction as the operate current, which also
has a negative sign. All release currents
will be specified with a positive sign indi-
cating that these currents must flow in an
opposite direction to the operate, non-
operate, and soak currents. Double-wound
colls are basically the same as single-wound
colls except that the operate and soak cur-
rents will generally be specified for the
secondary winding. Some exceptions to these
general rules will occur, usually because
the secondary resigtance may be so high that
nonoperate and/or NF release currents cannot
flow from the standard central office bat-
tery. The same sign convention will be used
on both single- and double-wound coils.

The release, nonrelease, and NF
release current flow values are applied when
the magnetic structure of the relay is in
its saturated flux state (latched state).

To obtain the saturated state, the specified
gsoak current is applied. The specified
release, nonrelease, and NF release currents
are applied in such a manner that the

release flux is in the opposite direction
from the soak (saturate) fiux. Single-wound
coils require current reversal. The release,
nonreleage, and NF release current will be
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specified as a positive current. Double-
wound coils are basically the same as single-
wound coils and it is intended that the

flux resulting from release currents be
opposite to the soak and operate flux. The
release, nonrelease, and NF release current
generally will be specifiled on the secondary
winding except as noted previously.

The AL and AM magnetic latching relays
are not polar relays, is, there is no pre-
ferred operate direction. However, the mag-
netic structure does exhibit a hysteresis
ef'fect such that the previous coll current
affects relay performance when the next
current is applied. Therefore, current
flow testing results depend on the technique
that is used to perform the test. The
following sequence 1s recommended:

Omit these

Step steps when:

1. Soak current
2. NF release current

3. Operate current flow
test

4. Soak current
Nonoperate is

NI release current not specified

Nonoperate current flow
test

Soak current

Nonrelease is

8. DNonrelease current flow not specified

test
9, Soak current

10. Release current flow
test

11. Soak current

12, NF release current Relay is to be

left operated

Note: If there is no circuit specifica-
tion that the relay be left operated
after it is tested, it should be re-
turned to its released state.
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Appendix A

Gram Load Determination Using the
Maximum Ioad Curve =~ Fig. IX-4

A brief description of the curves in
Fig. IX-4 will be helpful in describing its
use. The gram load curves have geveral
diagonal lines starting at the right side of
the sheet. The meaning of the different
lines is marked and needs no further explan-

ation. These lines represent the negative
builldup of the springs resting against the
armature. They continue in a uniform manner

until the make-contacts close, at which time
there 1s a rapid change of tension to zero,
where 1t remains until the end of the travel
Just before the make load isg picked up,
there is a rapid bulldup of the break-
contact load for a few mils travel. The
break bulldup then continues at a low,
uniform rate until the end of the travel.

The numbers under TRAVEL at the right
top of the sheet (Fig. IX~4) have the follow-
ing significance.

P  Preliminary contacts
Early contacts
Late contacts

E
L
IONG L Starting point for late contact
on long travel relay
IONG E Starting point for early contact
on long travel relay
INT L Starting point for late contact
on intermediate travel relay
LONG P Starting point for preliminary
contact on long travel relay
INT E Starting point for early contact
on intermediate travel relay
SHORT I. Starting point for late contact

on short travel relay

The four horizontal scales are for the
following purposes.

The top scale (P) is for preliminary
contacts, the next (E) is for early contacts,
the third (L) is for late contacts, and the
lower scale (L SPL) is for contacts on a
relay with a special travel. Thus, an early
contact on a long travel relay would start
on the E scale under LONG E, and on an in-
termediate travel relay on the E scale under
INT E. A special travel relay 1s one that
hag a core plate that does not provide for
the full contact gauging, such as a core
plate for a 0.006-inch stop disc on a relay
equipped with 0.0ld-inch stop discs.

IX-14

Assume that 1t 1s desired to determine
the maximum gram load for a relay having a
spring combination consisting of 2EBM, 2EMB,
4M, and 2B.

Examine the spring combina-
tion to determine:

Step 1:

Types of contacts.
M, and B contacts.

There are EB, EM,

Number of each type of contact. This is

2EB, 2EM, 6M, and 4B.

Whether makes or breaks are predominant.
Makes are predominant. TUse curve 2,
Balance spring required. 8 makes re-
quires 0,022-inch spring.

Armature travel: Intermediate.

From curve find travel points
for backstop, pickup, and
critical load points (CLP).
These are:

Step 2:

Backstop travel point for intermediate
travel: (INT E) - 50 mils.

Barly pickup: first EB (break curve A,
E scale) - 30.8 mils.

Critical load point: gsecond EM (make
curve B, E scale) - 28,2 mils.

Iate pickup: rfirst B (break curve A,
L scale) - 17.8 mils.

Iate critical load point: sixth M (make
curve D, L gcale) - 13.2 mils.

Step 3: Find loads for each type of
contact plus balance sgpring and armature
at backstop, pickup, and critical load
points for late and early contacts and
zero alrgap. Multiply the loads for
each type of contact by the number of
contacts of that type. These are
shown on the following table for the
combination assumed,
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Back- Early Farly Tate Late
stop Contact Contact Contact Contact Oper
(cLp) Pickup (cLp) Pickup (cLp) Pos
Travel 50 30.8 28.2 17.8 13.2 0
2FEB 0 0 29.6 30.6 31.2 32.4
2EM - 35 - 33.2 0 0 0 0
4B 0] 0 0 0 60 62.4
oM ~108 -104.,6 -102 -99.6 0 0
Bal Spg 0 9.5 11 16 18 23 .5
Armtr 0 7 8 11 12.6 16
Step 4
Bal Spg
Tension 203 203 203 203 203 203
Step 5
Total Load 60 81.7 149.6 161 324.8 337.3
Airgap 57 37.8 35.2 24,8 20.2 7
NI Reqd 140 118 158 130 185 118

The balance spring tension selected
in step 4 is a plus load that will exceed
the make contact load at the backstop by an
amount equal to the chosen armature back
tension. In the example above, the armature
back tension is 60 grams. The same value is
added to all gaps. The make-contact load at
the backstop 1s an aiding load since it is a
ten51on tending to operate the relay and must
o‘be counteracted by the balancing spring ten-
{asion. When the make-contacts close, the
ﬁ-negative make-contact load against the arma-
> ture becomes zero, and, in effect, a positive
make~contact load is picked up by the
armature.

These loads are read on the operate
pull curves for the particular type of relay
under consideration and at the airgaps
corresponding to the travel points plus the
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effective stop-disc height. The effective
stop-disc heights are:

Stop Average Effective
Dige Stop Dige at Card
AR AJ
inch
0,006 0.007 0.007
0.014 0.019 0.017
0.022 0.030 0.027

The loads, computed as shown above,
may be used in conjunction with the marginal
capability data for the AJ relay, with
0.014-inch or 0,022-inch stop disc (Fig. 28
to 31). A typical use of these figures is
in the design of the line supervisory relays.
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Appendix B

AG or AK Relay With Sleeve

The hold and release requirements and

the minimum and maximum release times are

determined in the following manner.

Since

the circuit minimum release time is gener-
ally of greater importance than the maximum

release,

the hold requirements and minimum

release times are determined first.

1.

IX-16

Determine the maximum operated load
in grams, for the particular contact
arrangement, from Table IX-10,

Read the readjust hold ampere turns,
corresponding to the maximum operated
load, on the hold pull curve of

Fig. IX-6 or IX-35.

Obtain readjust hold current in
nilliamperes by dividing readjust
hold ampere turhs by the winding (U)
turns.

The test hold current = 1.05 x read- 9,

just hold current. The test hold
current multiplied by the winding (U)
turns gives the test hold ampere
turns, which shall be at least

1 ampere turn greater than the readjust 10,

hold ampere turns. If necessary,
increase the test hold current to pro-
vide the l-ampere turn difference.

The test hold ampere turns are re-
ferred to the minimum release time
curves in Fig. IX-6 or IX-35. A
sleeve ig selected that will provide
an adequate minimum release time as
read on the ordinate scale. The re-
lease time obtained is the minimum

test release time. 11.

The readjust hold ampere turns are
referred to the minimum time curve
of the sleeve selected in Fig. IX-6
or IX=35. The release time as read
on the ordinate scale is the minimum

readjust release time, 12,

Determine the minimum operated load
in grams for the particular contact
combination, from Table IX-11. To

this load is added the buffer spring

load (AG relays only), which igs
generally considered 160 grams. This
is the maximum for a 0,012-inch buf-
fer spring, but values up to 280 grams
may be used for the 0,016-inch buffer
spring.

On the release pull curve of Fig. IX-6
or IX-35, read the readjust release
ampere turns corresponding to the

gram load (Item 7). The readjust
release ampere turng shall be at least
6 ampere turns. A minimum difference
of 3 ampere turns between the read-
just release and hold ampere turns

is a degign objective; however, in
gspecial cases where the required re-
lease times make a smaller difference
necegsary, a smaller difference is
allowable, but the difficulty and

cost of adjustment will be increased.

Obtain the readjust release current
in milliamperes by dividing the re-
adjust release ampere turns by the

winding (U) turns.

The test release current = 0.95 x read-
Jjust release current. The test

release current multiplied by the
winding (U) turns gives the test
release ampere turns. A minimum
difference of 2 ampere turns between
the readjust and test release

ampere turns is preferred. A smaller
difference 1is allowable where required
by the release time limits.

The readjust release ampere turns

are referred to the maximum time
curve of the sleeve selected in

Fig. IX-6 or IX-35. The release
time as read on the ordinate scale

is the maximum readjust release time.

The test release ampere turns are
referred to the maximum time curve
of the sleeve selected in Fig. IX-6
or IX-35. The release time as read
on the ordinate scale is the maximum
test release time.
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Appendix C

AG Relay = Release in Parallel with
An External Resistor

The hold and releasge requirements,

the value of the shunt resistor, and the

Since the

circult minimum release time 1s generally
of greater importance than the maximum
release, the hold requirements and minimum
release times are determined first.

1.

Determine the maximum operated load
in grams for the particular contact
arrangement, from Table IX-10.

Read the readjust hold ampere turns,
corresponding to the maximum operated
load, on the hold pull curve of

Fig. IX-9.

Obtain readjust hold current in
milliamperes by dividing readjust
hold ampere turns by the winding (U)
turns.

The test hold current = 1.05 x re—
adjust hold current. The test hold
current multiplied by the winding (U)
turns gives the test hold ampere
turns which shall be at least

1 ampere turn greater than the re-
adjust hold ampere turns. I1f neces-
sary, increase the test hold current
to provide the l-ampere turn
difference.

The test hold ampere turns referred
to the minimum release time curve
in Fig. IX-9 gives the minimum

test release time in milliseconds
for a core conductance plus relay
coil conductance of 100 kilomhos.

The minimum total conductance re-
quired with the resistor shunt 1is

o = <required min rel time)) 100 Kmhos
c

Test rel time (Lltem 5

The minimum core conductance Ge at
the test hold ampere turns is read
on the minimun Ge curve of

Fig. IX-9.

The minimum conductance of the
shorted winding G¢ is equal to the
conductance (Item 6 minus Item 7).

The maximum total resistance of the
relay winding and the external
shunt resistor in ohms 1is

[winding (U) bturns]
[conductance (Item 8)]10

R

g =
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10,

1%.

1l2.

13.

14,

15.

16.

17.

The external resistor maximum value
is the difference between maximum
resistance (Item 9) and the maximum
winding resistance. A suiltable
coded resistor shall be selected
with resistance variation limits as
required by the time conditions.

The minimum conductance in kilomhos
of the coil with the selected re-
sistor in parallel =

[winding (U) turns]2

(coil max res + resistor max res)103
The minimum test release time in
milliseconds = test release time
(Item 5) x

conductance (Item 11 + Item 7)

100 kilomhos

The readjust hold ampere turns
referred to the minimum release time
curve of Fig. IX-9 gives the minimum
readjust release time in milliseconds
for core conductance plus a

relay coil conductance of 100
kilomhos.

The minimum core conductance at the
readjust hold ampere turns is read
on the minimum G curve of

Fig. IX-9. This value is usually
close to that for Item 7.

The minimum readjust release time

in milliseconds = readjust release
time (Item 13) x

Conductance (Item 11 + Item 14)

100 kilomhos

Determine the minimum operated load
in grams for the particular contact
combination, from Table IX-11. To
this load is added the buffer
spring load, which is generally
considered 160 grams. This is the
maximum for a 0.,012-inch buffer
spring, but values up to 280 grams
may be used for the 0.016-inch
buffer spring.

Read the readjust release ampere
turns, corresponding to the gram
load (Item 16), on the release pull
curve of Fig. IX-9. A minimum
difference of 3 ampere turns between
the readjust hold and release ampere

IX-17
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18.

19.

20.

21.

IX-18

turns is preferred; however, where the
required release times make a smaller
difference necessary, a smaller differ-
ence is allowable but the difficulty
and cost of adjustment will be increased.

Obtain readjust release current in mil-
liamperes by dividing readjust release
ampere turns by winding (U) turns.

The test release current = 0.95 x read-
Jjust release current. The test release
current multiplied by the winding (U)
turns gives the test release ampere
turns. A minimum difference of 2 am-
pere turns between the readjust and
test release ampere turns is preferred.
A smaller difference is allowable where
required by the release time limits.

The readjust release ampere turns re-
ferred to the maximum release time
curve in Fig. IX-9 gives the maximum
readjust release time in milliseconds
for a core conductance plus relay coil
conductance of 100 kilomhos total.

The maximum conductance in kilomhos of
the relay coil with the resistor shunt=
[winding (U) turns] + 50)°

(coil min res + resistor min res)lO

22.

23.

oL,

25.

26.

The maximum core conductance at the
readjust release ampere turns is read
on the maximum Ge curve of Fig. IX-9.

The maximum readjust release time in
milliseconds = readjust release time
(Item 20) x

conductance (Ttem 21 + Ttem 22)
100 kilomhos

The test release ampere turns re-
ferred to the maximum release time
curve in Fig. IX-9 gives the maximum
test release time in milliseconds for
a relay coil conductance of 100
kilomhos.

The maximum core conductance at the
test release ampere turns is read on
the maximum Ge curve of PFig. IX-O.

The maximum test release time in
milliseconds = test release time
(Item 24) x

conductance (Ttem 21 + Item 25)
100 kilomhos
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CAPABILITY DATA

TABLE IX-1
Airgap Values Airgap (Center Line of Card)

Relay Stop Core Plate Nom Opr Critical Load Point
Type Discs Dim. A Travel Gauging Backstop Pos TLate Farly Prel
AF,AJ 0.006 0.092 0.026 Std 0.034 0.010 0.019 - -
AF,AT 0.006 0.110 0.044 Std 0.052 0.010 0.019 0.032 -
AF,AJ 0.006 0.126 0.060 Sta 0.068 0.010 0.019 0.032 0.045

AT 0.014 0.103 0.028 Std 0.045 0.019 0.028 - -

AT 0.014 0.092 0.017 Spl 0.034 0.019 0.0245 - -
AF 0.014 0.103 0.026 Std 0.045 0.021 0.030 - -
AR 0.014 0.121 0.044 Std 0.063 0.021 0.030 0.043 -
AF 0.014 0.137 0.060 Std 0.079 0.021 0.030 0.043 0.056

AJ 0,022 0.110 0.025 Std 0.052 0.0285 0.038 - -

AT 0.014 0.121 0.046 Std 0.063 0.019 0.028 0.045 -

AT  0.006 0.083 0.017 Spl 0.025 0.010 0.015 - -
AK 0.005 0.105 0.026 Std 0.032 0.007 0.015 - -
AK 0.005 0.087 0. 044 Std 0.050 0.007 0.015 0.027 -

Note: The above airgap values (all given in inches) are to be used for general

purpose relays only. For marginal relays, use Fig. IX-14.
Procedure for Obtaining Operate and Hold Alrgap Values
Ampere Turns for AF, AJ, and AK Relays

1. For airgap at the backstop, nominal

Load Buildup

The critical loadg shall be determined

using the following assumptions.

1. The back tension, including friction,
shall be 60 grams, except that this
may be adjusted in extreme cases to
30 gramg to permit 18 contact pairs
on the AF relay.

2. Bulildup of the armature spring
shall be 7 grams per stage starting
at the backstop.

3. Buildup of the balance spring shall
be 1 gram per contact per stage,
starting at the backstop, with a
maximum of 12 grams per stage. The
one exception to the 12 gram maximum
is the 24 make relay with 24 grams
per stage buildup.

L, Contact force at the center line of
the card due to contact pickup shall
be 11 grams for light, 16 grams for
standard, and 21 grams for heavy
contact force relays.

5. Contact spring tension buildup
shall be 1/2 gram per contact per
stage, starting at the contact
pickup point.

Nov 1967

travel and stop-disc heights are
assumed.

2. For critical load points, nominal
gauging values and stop-disc
heights are assumed.

The airgap values at the backstop and
at the critical load points for the coded
AR, AJ, and AK relays are as shown above.

Operate Ampere Turns

Using the load and airgap values de-
scribed above and shown in Table IX-2, the
operate ampere turns are obtained from the
operate capability curves which are as
follows:

AT Relay Figure IX-10

AJ Relay Figure IX-16

AJ Relay with Figure IX-22
laminations

AK Relay Figure IX-32

Procedure for Obtaining Hold Ampere Turns

for AF, AJ, and AK Relays

For hold, maximum loads in the oper-
ated position are critical. Thus loads are
built up as for the operate, then continued
one further stage, following the same rules,
toc operate the operated loads. These maxi-
mum operated loads are shown in Table IX-2,

To determine the ampere turns required

to hold, use the maximum load with Fig. IX-12,

IX-18, IX-24, or IX-34 selecting the appro-
priate number of contacts, armature travel,
relay type, stop discs, and soak ampere
turns.
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TABLE IX-2

AF, AJ, AND AK RELAYS

CRITICAL LOAD POINTS
AND

MAXIMUM OPERATED - LOADS

For Use in Figuring Operate For Use in Figuring Hold

Critical Load - Grams Max Operated Load - Grams

Travel and Alrgap

Short Intermediate Long Inter-
No. Late BS Late Farly BS Tate FEarly Prel BS Short mediate Long
Cont 19 34 19 32 52 19 32 L5 68  Travel Travel Travel
1 84 60 - 84 60 - - 84 60 93 - -
2 101 60 110 101 60 - 110 101 60 111 120 -
3 118 60 128 118 60 138 128 118 60 130 140 150
4 135 60 147 135 60 158 147 135 60 148 160 171
5 152 60 165 152 60 178 165 152 60 166 180 192
6 169 60 184 169 60 197 183 169 60 185 200 213
T 186 60 202 186 60 216 202 186 6b 204 219 234
8 203 60 220 203 60 236 220 203 60 222 239 255
9 220 60 238 220 60 255 238 60 240 258 276
10 237 60 256 237 60 274 256 60 259 278 297
11 254 60 274 254 60 294 274 60 278 298 318
12 271 60 293 271 60 314 293 60 296 318 339
13 287 60 309 ’ 60 330 309 60 312 334 356
14 303 60 326 60 346 326 60 329 352 372
15 319 60 342 60 362 342 60 346 368 388
16 335 60 358 60 377 358 60 362 385 Lol
17 351 60 374 60 396 60 378 Lo2 Lok
18 367 60 390 60 L11 60 395 418 439
19 383 60 Lo6 60 428 60 Liz 435 456
20 399 60 4e3 60 hy ‘ 60 428 P 473
21 415 60 439 60 460 60 Liy 468 4go
22 431 60 456 60 L7 60 461 L86 507
23 L7 60 Lra 60 Lg3 60 478 502 524
2l 463 60 4883 60 510 60 Loy 519 541
24 makes 475 60 506
The alrgap values apply only for the relays operated load is changed by the same
with 0.006-inch stop discs (0.005 for the amount.
AKX relay). The critical loads apply with
any stop discs, but for light contact force,
subtract 5 grams per contact. Standard For AJ relays with 20 or more springs,
gauging wvalues apply in all cases. the locad may be assumed to be somewhat
dispersed and the critical load gap
The maximum load values assume 60 grams may be reduced by 0.003 inch if
back tension. If this is changed, the necessary.
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CAPABILITY DATA

TABLE IX-3

AF RELAY

OPERATE AMPERE TURNS

No. Short Intermediate
Contacts Travel Travel Long Travel
L+E B I+E+P E+P P

1 98 - 130 - - 157
2 98 130 130 - 157 157
3 93 130 132 157 157 167
4 101 130 141 157 157 178
5 107 130 151 157 157 192
6 114 130 160 157 169 207
7 120 130 169 157 180 222
8 127 132 181 157 191 2l1
9 133 139 192 157 204

10 139 146 203 157 218

11 145 152 218 160 237

12 151 159 233 169 258

13 157 167 179 279

14 164 177 190 315

15 172 187 205

16 183 199 2063

17 195 2067

18 206 206%

19 206%

* Assumes back tension adjustment 40 grams

+ Assumes back tension adjustment 50 grams

+ Assumes back tension adjustment 35 grams

§ Assumes back tension adjustment 45 grams

Note: This table is for use only for relays with 0.006-inch stop

discs. When other stop discs are used, use Table IX-1 and Table IX-2

with operate capability curve, Fig. IX-10. For marginal relays, use

Fig. IX-4 with operate capability curve.

Example:

Assume the operate is desired for a relay with a spring combination consisting of
2EBM, 2EMB, 3M, and 2B. Armature travel - intermediate.

The spring combination has a total of 13 contacts, 4 early and 9 late. Under
intermediate travel, 4 contacts in column E requires 141 ampere turns and in

column IA4E, 13 contacts requires 167 ampere burns. Thus 167 ampere turns is

required for the spring combination assumed.
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IX-22

LITY DATA
No. Short
Contacts Travel
1 91
2 91
3 91
4 91
5 96
6 101
7 107
8 113
9 118
10 123
11 128
12 134
13 139
14 145
15 150
16 156
17 162
18 168
19 176
20 184
21 193
22 202
23 213
24 227
24 makes 235

TABLE TIX-4

OPERATE AMPERE TURNS

AJ RELAY

Intermediate
Travel
L E_
- 126
126 126
126 126
126 133
126 142
126 151
126 160
126 169
126 179
129 188
135 199
141 211
147
153
159
164
172
180
188
198
207
220
233
245

Long Travel

L+E+P

157
157

157
157

157
157
157

157
157
157

157
160
167

173
181
191

200
211
222

236
251
267

5+P

157
157
157

157
159

168
178
189

200
213
227

240
256
275

298

Note: This table is to be used only for relays with 0.006-inch stop
discs. When other stop discs are used, use Table IX-1 and Table IX-2
For marginal relays, use

with operate capability curve, Fig. IX-22.

Fig. IX-4 with capability curve.

199

212
229
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No. Short
Contacts Travel
1 91
2 91
3 91
4 o1
5 96
6 101
7 106
8 112
9 117
10 122
11 127
12 132
13 137
14 142
15 146
16 151
17 156
18 161
19 166
20 171
21 176
22 182
23 187
24 193
24 makes 200
Note:
discs,

with operate capability curve, Fig. IX-16.

AJ RELAY WITH LAMINATTONS

OPERATE AMPERE TURNS

TABLE IX-5

Intermediate
Travel
i B
- 126
126 126
126 126
126 131
126 139
126 147
126 154
126 162
126 171
127 180
133 189
138 197
143
148
153
158
163
168
174
179
184
190
196
202

CAPABILITY DATA

Long Travel

I+E+P

157
157

157
157

157
157
157

157
157
157

157
157
159

164
169
175

180
187
193

199
206
212

E+P

157
157
157

157
157

162
171
180

189

199
209

218
227
237

2u7

This table is to be used only for relays with 0.006-inch stop
When other stop discs are used, use Table IX-1 and Table IX-2,
For marginal relays, use

Fig. IX-4 with operate capability curve.
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159

171
182
193

203
217
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TABLE IX-6

AF, AJ, AND AK RELAYS

PROCEDURE FOR OBTAINING RELEASE AMPERE TURNS
CRITICAL RELEASE LOADS

Short Intermediate

Long Travel

Total No. Opr Load at Total No. Opr No.BEarly Load at Total No. Opr No. E+P Load at

Contacts Load Pickup

Contacts Load Contacts Late PU Contacts Load Contacts Late PU

1 L7 33 1 - 1
2 59 34 2 64 2
3 73 35 3 78 3
I 86 36 4 92 4
5 99 37 5 106 5
6 112 38 6 120 6
7 125 39 e 134 7
8 138 Lo 8 148 8
9 151 41 9 162 9
10 164 Lo 10 176 10
11 177 43 11 190 11
12 190 L 12 204 12
13 201 4h 13 215
1L 212 4l 14 226
15 223 4y 15 237
16 234 L 16 2U8
17 245 i 17 259
18 256 L 18 270
19 267 v 19 281
20 278 4y 20 292
21 289 Ly 21 303
22 300 Ly 22 314
23 311 i 23 325
24 322 Uy 2l 336

2l makes 334 56 24 makes 360

*
These values assume a total of 12 contacts.

69% 1 - 1 -
8o* 2 - 2 9l »
91* 3 83 3 105%
102% 4 a8 4 116%
113* 5 113 5 127*
12k 6 128 6 138%
135 e 143 7 149%
146 8 158 8 160
157 9 173 9 171
168 10 188 10 182
179 11 203 11 193
190 12 218 12 204

13 229

14 240

15 251

16 262

17 273

18 284

19 295

20 306

21 317

22 328

23 339

24 350

24 makes 386

If total number of contacts is less than

12, subtract 2 grams for each contact less than 12.

Release

For release, minimum loads in the operated
or late pickup positions are critical. The
following rules apply:

1. The back tension shall be 30 grams.

2. Buildup of the combined balance spring
and contact spring shall be 1 gram per
contact per stage, starting at the
backstop (maximum 12 grams per stage).
Builldup of the armature spring shall
be 2 grams per stage.

L, Tension at the center line of the card
due to contact pickup shall be 6 grams
per contact for light, 11 grams for
standard, and 16 grams for heavy con-
tact force relays.

5. These load values assume 30 grams back
tension. If the back tension is

IX-24

changed, the load is changed by the
same amount.

6. To determine release ampere turns, use
critical release loads with the
release curves, selecting the applic-
able number of contacts, armature
travel, relay type, stop discs, and
soak ampere turns. Check the release
for the operated position, Fig. IX-13,
IX-19, IX-25, or IX-34 and for the AF
and AJ relays at the late pickup posi-
tion also (0.012-inch gauging),

Fig. IX-14, IX-20, or IX-26.

Note: This procedure applies for general
purpose relays only. For marginal relays
use Fig. IX-4 for hold, Fig. IX-5 for
‘release. Fig. IX-15, IX-21, and IX-27 show
the release pull for use with special
gauging values.

Nov 1967



X-75509

CAPABILITY DATA

TABLE IX-7

AG RELAYS

PRCCEDURE FOR OBTAINING OPERATE
AND HOLD AMPERE TURNS

Loads - Maximum Loads Used (maximum pickup
and buildup)

Operate: Compute loads at backstop and
all contact points. These are called
critical operate loads. Assume back
tension is adjusted to 85 grams as for
the release case (see Table IX-8),
gince both cases are essentlally the
same magnet (poor anneal), and the
release is more important than the oper-
ate on most AG relays.

Hold: Compute loads at operated position
only. Assume the back tension 1s
adjusted as low as permitted by rebound
(20-grams back tension). These are
called maximum operated loads. (See
Table IX-10)

Assumptions for Computing Loads:

1. Back tension 1g adjusted to 85 grams
for operate, 20 grams for hold.

2. Buildup of the armature spring is
1 gram per stage.

3. Contact force at the center line of
the card due to contact plckup shall
be 11 grams for light, 16 grams for
standard, and 21 grams for heavy con-
tact force relays.

4. Balance springs used and thelr

buildups are as follows:

Stiff-

ness

Spring No. of Makes on Relay Max
Thickness  3hort  Inter Tong gm/mil
mils Travel Travel Travel Travel
14 0 - - 0.133

16 1 0-1 0 0.196

18 2-3 2-3 1 0.280

20 b5 4 2-U4 0.380

22 6-8 5-7 5-6 0.508

25 9-12 8-12 7-12 0.735

Nov 1967

5. Contact spring build-up ig 0.043-
gram/mil travel/contact starting at
the contact pickup point.

6. A contact consists of the palr of
twin contacts that mate wifh one
face of a single fixed contact.

7. Total buildup for all springs from
buffer pilckup to operated position
is 30 grams (approx).

Airgap Values for Computing Loads and
Comparing Pull )

1. Unoperated ailrgaps (at card center
line), assuming maximum travel and
minimum dome height:

Short travel relay 32 mils
Intermediate travel relay 50 mils
Long travel relay 6 mils

2. Nominal gauging values are used as
critical gaps, assuming that criti-
cal load points can be adjusted into
these gaps, 1f necessary. These are:

BUFF = Buffer pickup 7.0 mils
L = late contacts 11.5 mils
E = early contacts 24.5 mils
P = preliminary contacts 37.5 mils

Ampere Turns

Operate: Using critical loads on Table
IX-9 computed from above rules, obtaln
operate ampere turns (for above gaps)
from operate capability pull in
Fig. IX-7.

Hold: Using maximum operated loads on
Table IX-10 computed from above rules,
obtain hold ampere turns from hold
capability pull in Fig. IX-6. Toler-
ance on load adjustment requires that
the specifiled hold ampere fturns shall
be at least 3 ampere turns above the
gpecified release ampere turns.
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TABLE IX-8

AG RELAYS

PROCEDURE FOR OBTAINING
NONOPERATE AND RELEASE AMPERE TURNS

Loads - Minimum Loads Used (minimum plckup

and buildup)

Nonoperate:

Release:
position only.

trolling. Assume back tension is ad-
justed to 20 grams as for the hold case
(see Table IX-7) since both cases are
essentially the same magnet (excellent
anneal) and hold is more important than
the nonoperate on most AG relays. Back
tension up to 85 grams may be used to

increase the nonoperate ampere turns,, if
This also increases the maxi-

required.
mum operated loads on Table IX-10, in-
creases the hold ampere turns, and
reduces the minimum release time.

Compute load at operated

Assume back tension
adjusted to maximum permitted by stress
in balance spring (85 grams). These
are called minimum operated loads (see
Table IX-11). Buffer spring loads must
be added to these values per Note E on
Table IX-11.

Assumptions for Computing Loads:

1.

Spring

Thi

mils Travel Travel Travel

Back tension is adjusted to 20 grams
for nonoperate and 85 grams for
release.

Buildup of the armature spring is
0.5 gram per stage.

Contact force at the center line of
the card due to contact pickup shall
be 6 grams for light, 11 grams for
standard, and 16 grams for heavy
contact force relays.

Balance springs used, and thelr
buildups are as follows:
Stiff-
ness

ckness  Short gm/mil

Travel

Inter Long

Load at backstop must be con-

Nonoperate:
operate) obtain nonoperate ampere turns

Release:
Table IX-11 (including buffer springs

No. oerakes on Relay Min

IX-

.094
L142
.201
.279
. 369
.552

14 0 -
16 1

18 o~
20 4
22 6-
25 9

olololeoRoRe)

26

Contact spring buildup 1s 0.036-
gram/mil travel/contact, starting at
the contact pickup point.

A contact consists of the pair of
twin contacts that mate with one
face of a single fixed contact.

Airgap Values

Unoperated alrgaps (at card center
line), assuming minimum travel and
maximum dome height:

Short travel relay 20 mils
Intermediate travel relay 38 mils
Long travel relay 54 mils

Nominal gauging values and nominal
buffer spring plckup are used as the
critical gaps, assuming that the
critical load points and buffer pick-
up can be adjusted out to these gaps,
if necessary. These gaps are:

BUFF = Buffer pickup 7.0 mils
L = late contacts 11.5 mils
E = early contacts 24,5 mils
P = preliminary contacts 37.5 mils

Ampere Turns

Using load above (for non-

(for above unoperated gaps) from non-
operate capability pull in Fig. IX-8.

Using minimum operated loads on

if on relay) which were computed from
the above rules, obtain release ampere
turns from release capability pull in
Fig. IX-6. Tolerance on load adjust-
ment requires that the specified
release ampere turns shall be at least
3 ampere turns below the specified hold
ampere turns. To insure release
however, 1t shall not be less than

6 ampere turns readjust.
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At Stage

Backstop

Preliminary

Early

Late

BUFF

Notes

Gap

66
37.5

24.5

11.5

CRITICAL OPERATE LOADS

TABLE TX-9

AG RELAYS

(To Be Used In Establishing Operate

Ampere Turn Requirements)

CAPABILITY DATA

Load
No, of Actuated Contacts Using Table IX- gm
- - 85
N = 2PM 2 OA 124
M=2PM + M = 9 9B 26
9A & 9B (total) 150
N = 2PM + 3EB = 5 9A 175
M=2PM+ TM =9 e 9B 39
9A & 9B (total) 214
N = 2PM + 3EB + 7M = 12 9A 291
M= 2PM + 7TM = 9 9B 50
OA & 9B (total) 341
Load required for release 392

(see Table IX-11)
minus buildup (Note 4) -30
total 362

1. N = number of contacts actuated at gilven stage or an earlier stage.

inculdes loads per Table IX-7,

2. M = total M, EM, and PM contacts on relay.

Items 1, 2, 3,

Table IX-GA
and item 4 for O make contacts.

Table IX-9B approximates loads per

Table IX-7, Item 5, and the additional buildup per Item 4 above that for O makes.

3. The above loads are for back tension of 85 grams (see Table IX-7 for reason).

Lk, For relays with buffer spring,

critical operate load at buffer pickup is total

operated load (including buffer) required for release (see Table IX-11) minus

30 grams.

(per Table IX-7, Item 7).

5. For light contact force relays, reduce values in Table IX-9A by 5 grams per contact,

ie, 5 x N (grams).

by 5 grams.

USE OF TABLES

Example (Same relay as on Table IX-11):

For heavy contact force relays,

increase values in Table IX-QA

Long travel relay 2PM, 3EB, 7M, with 16-mil buffer spring.
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TARLE IX-9 (Cont)
AG RELAYS
CRITICAL OPERATE LOADS
(To Be Used In Establishing Operate
Ampere Turns Requirements)
TABLE IX-9A (see Note 1)

Loads - For 85-Gram Back Tension

Relay Travel

Stage Short Inter. Long

Airgap (mlls) L BS L E BS L E p BS
N = No. Cont. 11.5 32 11.5 24,5 50 11.5 24,5 37.5 66
1 105 85 111 107 85 115 111 108 85

2 121 85 127 123 85 131 127 124 85

3 137 85 143 139 85 147 143 140 85

i 153 85 159 155 85 163 159 156 85

5 169 85 175 171 85 179 175 172 85

6 185 85 191 187 85 195 191 188 85

7 201 85 207 203 85 211 207 204 85

8 217 . 85 223 219 85 227 223 220 85

9 233 85 239 235 85 243 239 236 85

10 249 85 255 251 85 259 255 252 85
11 265 85 271 267 85 275 271 268 85
12 281 85 287 283 85 291 287 284 85
13 297 85 303 299 85 307 303 85
14 313 85 319 315 85 323 319 85
15 329 85 335 331 85 339 335 85
16 345 85 351 347 85 355 351 85
17 361 85 367 363 85 371 85
18 377 85 383 379 85 387 85
19 393 85 399 395 85 4o3 85
20 Log 85 415 411 85 419 85
21 Log 85 431 85 435 85
22 bhi 85 Luy 85 453 85
23 457 85 463 85 Le7 85
2l 473 85 479 85 483 85

TABLE IX-9B (see Note 2)

M = No. Makes
1 2 1 1 7 5 3
2 5 6 4 14 11 7
3 5 8 5 17 13 9
4 8 13 9 19 15 10
5 9 20 14 28 22 15
6 13 21 15 31 24 16
7 14 23 16 L5 35 23
8 14 34 23 48 37 25
9 20 35 24 50 39 26
10 21 37 25 52 4o 27
11 22 39 26 55 Lo 28
12 23 Lo 27 57 Ll 30
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CAPABILITY DATA

TABLE IX-10
AG OR SLOW RELEASE AKX RELAYS
MAXIMUM OPERATED LOADS

(To Be Used In Establishing Hold
Ampere Turn Reguirements)

TABLE IX-10A (See Notes 1 and 5) TABLE IX-10B (See Note 2)
Loads - For 20-Gram Back Tension
Short Inter. Long Short Inter. Long
N = No. Cont Travel Travel Travel M = No. Makeg Travel Travel Travel

1 43 - - 1 3 o) 7
2 59 67 - 2 6 4 14
3 76 84 88 3 7 4 15
L 92 101 105 i 10 9 16
5 109 118 122 5 11 15 26
6 125 135 139 6 15 15 27
7 iz 152 156 7 16 15 43
8 158 169 173 3 16 15 bl
9 175 186 190 9 25 27 45
10 191 203 207 10 25 27 L6
11 208 220 224 11 26 27 L7
12 224 237 241 12 26 27 L3
13 241 254 258

14 257 271 275

15 274 288 292

16 290 305 309

17 307 322 326

18 323 339 343

19 340 356 360

20 356 373 377

21 373 390 394

22 389 Lot 411

23 Lo6 Lol 428

24 Lo Lhy Lhs

NOTES

1. N = total number of contacts on relay. Table IX-10A includes loads per Table IX-7,
Items 1, 2, 3, Item 4 for O makes, and Item 5 (approx).

2. M = total M, EM, and PM conbtacts on relay. Table IX-10B approximated additional
bulld-up per Table IX-7, Items 4 ard 5, above that for O makes.

3. The above are maximum loads adjusted as low as permitted by rebound requirements
(20-gram back tension). For higher back tension, increase values in Table IX-10A by
the increase in the back tension. This will also increage the nonoperate ampere turn
value (see Table IX-8).

L4, TFor light contact force relays, reduce values in Table IX-10A by 5 grams per contact,
le, 5xN (grams). For heavy contact force relays, increase values in Table IX-10A
by 5 grams per contact.

5. For AK relays, add 10 grams to each of fthe loads in Table IX-10A as the AK relay is
adjusted on minimum 30-gram back tension and the load data is based on 20-gram back
tension.

USE OF TABLES
Example: Long travel relay 2PM, 3EB, M

N 2PM -+ 3EB + TM 12; from Table IX-10A, load 241
M 2PM + TM 9; from Table IX-10B, load L4r
Total 286 grams

mn
I
I
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TABLE IX-11
AG OR SLOW RELEASE AK RELAYS

MINIMUM OPERATED LOADS
(To Be Used In Establishing Release Ampere Turns)

TABLE IX-11A (See Notes 1 and 6) TABLE IX-11B (See Note 2)
Loads - For 85-Gram Back Tension
Short Inter. Long Short Inter. Long
N = No. Cont Travel Travel Travel M = No. Makes Travel Travel Travel
1 99 104 - 1 1 1 4
2 111 115 118 2 2 3 9
3 122 127 130 3 2 4 10
I 134 138 141 4 4 7 10
5 145 150 153 5 4 11 16
6 156 161 165 6 6 12 17
T 168 173 176 T 6 12 27
8 179 184 188 8 6 20 28
9 191 196 199 9 9 20 28
10 202 207 211 10 9 21 29
11 213 219 223 11 9 21 30
12 225 230 234 12 9 22 31
13 236 2h2 246
14 248 253 257
15 259 265 269
16 270 276 281
17 282 288 292
18 293 299 304
19 305 311 315
20 316 322 327
21 327 334 339
22 339 345 350
23 350 357 362
24 362 368 373

NOTES

1. N = total number of contacts on relay. Table IX-11lA includes loads per Table IX-8,
Items 1, 2, 3, and approximately Items 4 and 5 for O makes.

2. M = total M, EM, and PM contacts on relay. Table IX-11B approximates additional
buildup per Table IX-8, Items 4 and 5, above that for O makes.

3. The above are minimum loads adjusted as high as permitted by stress in balance spring
(85 grams). For lower back tension, reduce values in Table IX-11A by the reduction in
back tension.

4, For light conbtact force relays, reduce values on Table IX-11A by 5 grams per contact,
ie, 5 x N (grams). For. heavy conbact force relays, increase values in Table IX-11A
by 5 grams per contact.

5. For relays equipped with buffer springs, the highest load permitted by stress in the
springs is 160 grams for the 12-mil buffer used on the early relays and 280 grams for
the standard 16-mil buffer. The load added with the buffer, however, should be kept
as low as possible.

6. TFor AK relays, reduce the loads in Table IX-11A by 25 grams as the AK relay is adjusted
on 60-gram back tension instead of 85 grams on which the loads in the table are figured.

USE OF TABLES
Example: TLong travel relay 2PM. 3EB, 7M with 16-mil buffer

N = 2PM + 3EB + 7M = 12; from Table IX-11A, load = 234
M = 2PM + TM = Q; from Table IX-11B, load = 28
Add with buffer* = 130

Total 392 grams
* Assuming desired release ampere bturns requires 392 grams total.
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JUST HOLD OR JUST RELEASE -AMPERE TUI.?NS

IX-6 - AG Relay - Hold and Release Ampere Turns and Time
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IX-9 - AG Relay - Release Times With Shunt

NI JUST HOLD OR JUST RELEASE - AMPERE TURNS
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