
• 
• 
J 

• 

• 

• 
• 
• 

BELL SYSTEM PRACTICES 
Central Office Maintenance 
Apparatus Requirements and Adjusting Procedures 

SECTION A460.040 
Issue 7-D, Jan., 195S 

AT&TCo Standard 

RELAYS 

221, 222, 223, 224, 225, 

l 

1.01 This section covers the following re­
lays: 

(a) All 221-
248-, 

(b) AECo 
in (a) 

drawings. 

222-, 
, and 

247-, 

similar to those covered 
shown on Bell System 

(c) relays similar to those covered 
in ) and shown on non-Bell System 

drawings, provided they are listed in 
Section A460.04l. 

1.02 This section is reissued to revise 
the requirement covering contact 

separation; to add a soak requirement; to 
add spring combination Fig. 444 to 446, 529, 
530, and 725 to 734; to omit combina-
tion Fig. 1016; and to revise procedures 
covering adjustment of the residual and heel­
piece airgaps. Detailed reasons for reissue 
will be found at the end of the section. 

1.03 Supplementary Requirements: The cir-
cuit requirement tables contain the 

necessary supplementary requirements except 
in the following cases where referenc.e must 
be made to the BSP sections indicated. 

) Where the circuit requirement tables 
still show a schematic of the spring 

combination (see Section A804.00l), refer­
ence must be made to Section A46o.04l for 
supplementary mechanical requirements. 

(b) Where modified 221- and 222-type or 
similar AECo relays (see 1.04) or re-

247- and 248-type relays are not 
on the circuit requirement table, 

reference must be made to Section A460.04l 
for supplementary electrical and mechanical 
requir•ements. 

(c) Where timing requirements are to be 
applied to B, C, E, and similar rune­

relays of selectors, connectors, 
, and test distributors and these 

requirements are not specified on the cir­
cuit requirement table, reference must be 
made to Section A493.051 for timing, resid­
ual, and electrical requirements. 

1.04 Where existing 221- and 222-type and 
corresponding AECo have been 

modified to employ a 1:1 armature such 
relays for the purpose of this section 
be regarded as 247 and 248-type relays, 
respectively . 

, 248, 251, AND 252 TYPES 

1.05 Reference shall be made to Section 
A400.001 requirements 

and definitions for information 
necessary for the proper application of the 
requirements listed herein. 

1.06 is said to operate 
connected to its 

winding, the armature moves all the way up 
to the core where a residual airgap 
is specified, all normally closed con-
tacts break, and all normally open contacts 
make. Where a residual is specified, 
the residual screw instead armature 
touches the core. 

1.07 Nonoperate: A relay is said to non-
operate if', when current is connected 

to its winding, the armature does not move 
sufficiently to close any normally open 
contacts or to reduce the contact pressure 
on normally closed contacts enough to cause 
an unreliable contact. 

1.08 Hold: A relay is said to hold if, 
after it has operated and the current 

is reduced abruptly to the hold value or is 
interrupted momentarily, the armature does 
not move sufficiently from its operated 
position to cause normally open contacts to 
become unreliable or to cause normally 
closed contacts to make. 

1.09 Release: A relay is said to release 
if the armature moves from its operated 

position sufficiently to cause normally open 
contacts to break and normally closed con­
tacts to make reliably. 

1.10 Heelpiece airgap is the between 
the end of the heelpiece the 

nearest point on the armature when the ~elay 
is electrically operated. 

1.11 is the gap between 
relay core and the 

nearest point on the armature with the re­
lay electrically operated and the residual 
screw touching the core. 

1.12 Armature travel is the gap between 
the core and the armature (or the 

core and the residual screw where a residual 
airgap is specified) with the relay in the 
normal (unoperated) position. The value 
specified in the ARM TRVL column of the cir­
cuit requirement table applies as follows: 

(a) Where the first lever spring is a nor-
mally open contact spring or a balanc­

ing spring (or in the case of 223- and 
224-type relays where the first lever 
spring of one or both spring assemblies is 
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a normally open contact or a 
balancing spring)~ the specified 
in the ARM TRVL column of the circuit 

table is the test armature 
travel. 

On special make-before-break con­
springs per Fig. B~ the first con­

tact is considered a normally open 
contact. 

(b) 

in 
where 
assemblies are normally closed contact 

), the value specified in the ARM 
column of the circuit requirement 

table is not armature travel as defined 
above, but is the test value on which the 
first contact (or contacts) Should not 
break. Information for gauging this 
value is covered in requirement 2.08(b 
under Armature Travel. 
ture travel is specified for 

1.13 Armature stud gap is the clearance be-
tween the armature stud and the first 

lever spring when the armature is resting 
against the backstop or backstop screN. 

1.14 Spring assembly is an arrangement of 
all the springs operated by one arma­

ture lever of a relay having either one or 
two armature levers. 

1.15 ~~~~~~~~~~ consists of all 
a relay. 

1.16 Standard make-before-break contact 
springs are an arrangement of springs 

where the lever spring makes contact when 
the relay is operated (see Fig. A ). 

LEVER SPRINGlJ 

Fig. A - Standard Make-Before-Break 
Contact Springs 

1.17 Special make-before-break contact 
springs are an arrangement of springs 

where the lever spring breaks contact when 
the relay is operated (see Fig. B). 

ij_LEVER SPRING I v . ~ 
Fig. B - Special Make-Before-Break 

Contact Springs 
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1.18 Preliminary break 
breaking contacts 

electrical requirements are 
the circuit requirement table or in 
A46o.o41. 

1.19 Spring combination figures are for read-
just and the values specified 

on them are expressed in thousandths of an 
inch. 

1.20 

stops, 
adjusting purposes and 
be made ineffective. 

r+ 1.21 Use of No. 510C Test Lamp: In 
general, the No. 510C test lamp, 

equipped with a No. 561A straight tip or 
No. 562B curved and held so as to 
illuminate the springs adjacent to 
the contacts, may be used to facilitate 

L adjustment and gauging operations. 

2. REQUIREMENTS 

2.01 Cleaning: The contacts and other 
parts shall be cleaned when necessary 

in accordance with Section A503.605. 

2.02 

Gauge by feel. 

Relays shall be fast­
the mounting plate. 

2.03 Vertical Clearance Between Relays 

(a) There shall be a clearance between the 
armature or springs of any relay and 

the armature, springs or heelpiece of the 
relay above or below of 

Min 1/32 inch 

Gauge by eye. 

(b) There shall be a clearance between the 
armature backstop and the heelpiece of 

the relay above it. 

Gauge by eye. 

2.04 Contact Alignment 

(a) Relays Having Round-type Contacts: 
Fig. C(l} - Contacts shall not be out 

of alignment more than 40 per cent of 
their base diameter. 

Gauge by eye. 

Fig. C - Maximum Permissible Contact 
Misalignment 
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(b) Relays Having Heavy Bar Contacts: 
Fig. D - On relays equipped with bar 

contacts, the contact alignment shall be 
within the limit indicated in Fig. D. 

Gauge by eye. 

Max. 1/3 Width of 
Contacting Surfacel 

(A )------'-----1~ 

Width of on~ con­
tact must be wholly 

within length of mat­
ing contact (See A) 

End View 
'-------Not 

Permissible 

Fig. D - Alignment of Heavy Bar Con­
tacts - Plan View of Contact­
ing Surfaces 

2.05 Armature Movement 

(a) Pin-type Armatures: Fig. E(l) - The 
armature shall move freely on its 

bearings and the end play shall be 

Max 0.030 inch 

Gauge by eye and feel. 

To check the end play, hold the armature 
against one of the bearing lugs and 
observe the clearance between the other 
side of the armature and the other bear­
ing lug. 
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Residual 
Specified 
on Circuit Minimum Maximum 

SL or The armature 0.002 inch 
Slight shall not touch (see ex-

core ception 
below) 

s The armature As speci-
shall not touch fied 
core 

~----------~Assembly Clamping Plate 

Lever 

~-------------Lever Springs 

~-------Stationary Spring 

Armature 
jjackstop 

~---Armature Stud 

Residual 
Screw 

Locknut 

Spring 
Bushing--_...J ~~]~--Residual 

screw 
Armature Yoke--_.~ -----Armature 

(1)--.... '--..41.-?" 

~-----Armature 

Bearing 

Fig. E - 221-type Relay 

(b) Pivot-type Armatures: Fig. F(l) - Arm 
The armature shall more freely on its Lev 

ature ,~~ \ 

I bearings and shall have perceptible end 
play. 

Gauge by eye and feel. 

2.06 Residual Airgap: Fig. G(l) - With 
the relay electrically energized, it 

shall meet the residual airgap requirement 
specified in the RESID column of the cir­
cuit requirement table or in Section 
A493.05l. The designations S, SL, or Slight, 
specified on the circuit requirement table, 
shall be interpreted in accordance with the 
following table. 

er 

(1) 

Res 
Scr 
Loc 

idual 
ew 
knut 

Resi dua 1 Sor 

~ 

I I 

~--- Ill 

, .. wr-- --Armature 

ew ? 
Fig. F - Illustrating Armature Movement 

Requirement for Pi vot-type 
Relays 
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Exception: Where timing requirements are 
applied, the maximum 0.002-inch limit does 
not apply as a test requirement to B-posi­
tion relays of local selectors, connectore, 
and repeaters, and similarly functioning 
relays of other circuits. For these re­
lays the maximum limit is controlled by 
timing requirement 2.18. 

f------(1) 

~-----Residual Screw 
Locknut 

L---------Residual Screw 

Fig. G - Illustrating Residual 
Airgap Requirement 

Check the residual airgaps as follows: 

(a) Residual Airgaps of Zero (0); Minimum 
Limit S, SL, or Slight: Insert a 

strip of KS -'718'7 Bell Seal bond paper 
between the armature and core. Electri­
cally energize the relay, and when nec­
essary, supplement the energizing force 
of the relay by pressing the armature to­
ward the core by hand sufficiently for a 
dot or impression to appear on the paper 
if a residual airgap is present. Release 
the relay and withdraw the paper. Ab­
sence of a dot or impression on the bond 
paper indicates zero (0) residual airgap. 
Presence of a dot or impression indicates 
that the residual screw protrudes beyond 
the face of the armature an~ therefore, 
that the minimum requirements for S, SL, 
or Slight residual airgaps are met. 

(b) Residual ~irgap of 0.003 Inch or 
Less; Maximum Limit or SL or Slight: 

Insert the proper KS-6909 gauge between 
the armature and core as shown in Fig. H 
so that the residual screw is free to 
touch the core through the hole in the 
gauge. Then, holding the gauge against 
the armature, insert a strip of KS-7187 
Bell Seal bOnd paper between the gauge 
and core so that the paper is back of 
the hole in the gauge as viewed from in 
front of the relay. Electrically ener­
gize the relay, and when necessary, sup­
plement the energizing force by pressing 
the armature toward the core by hand with 
sufficient force to cause a dot or im­
pression to appear on the paper if the 
residual airgap is greater than the thick­
ness of the gauge. Release the relay and 
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withdraw the paper and the Absence 
of a dot or impression on paper indi-
cates that the residual airgap is less 
than the thickness of the Presence 
of a dot or impression on indi-
cates that the is greater the 
thickness of gauge. 

'----------Armature 

Fig. H - Checking the Residual Airgap 

(c) 

between the armature core as 
Fig. H so that the residual screw is 
free to touch the core through the hole 
in the gauge. Electrically the 
relay. When the gauge is tight, re-
sidual airgap is less than the thickness 
of the When the is not 
tight, gap is greater the thick-
ness of the gauge. 

(1) Specified Residual Airgap S-4: The 
S gap (m1minum) 1s checked 1n ac­

cordance with (a) above and is met if 
a dot appears on the bond paper. The 4 
gap (maximum 0.004 inch) is checked in 
accordance with (c) and is met if the 
0.004-inch gauge is tight. 

(2) Specified Residual Airgap 7-11: 
Both the minimum 0.007-inch and the 

maximum 0.011-inch gaps are checked in 
accordance with (c) above. The minimum 
0.007-inch requirement is met if the 
0,007-inch gauge is not tight, and the 
maximum 0.011-inch requirement is met 
if the 0.011-inch gauge is 

2.07 Heelpiece Airgap (Relays with pin-type 
armatures only) 

(a) All Relays Except 247 and 248 Types: 
Fig. I(l) - When the relay is electri­

cally operated with the specified residual 
airgap: 

(l) The armature shall be parallel to 
the heelpiece 

Gauge by eye, using the P-220366 dental 
mirror. 
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(2) The clearance between the armature 
and heelpiece measured at the closest 

point shall be 

Min - Armature shall not touch the 
heelpiece 

Max 0.004 inch 

Use gauges and checking methods covered 
in (c). 

Note: On B-position and similar func­
tioning relays and C-position relays, it 
may be necessary to readjust the heel­
piece airgap toward the minimum value 
to facilitate meeting the pulsing tests . 

~----------Center 
Pole Piece 

Arrnature 
Yoke Screw _____ _,::,~IL J 

(1) 

Armature Yoke------~ 

.--------Front 
Pole Piece 

Clamping 
Screw 

Back­
Stop 

Screw 

Lock 
Nut 

Armature----------------~ 
Front 

Pole Piece 

Fig. I - Heelpiece Airgap Requirement 
on 251-type Relay 

(b) 247- and 248-type Relays: Fig. J(l) -
When the relay is electrically operated 

with the specified residual airgap [except 
as noted under (2)]: 

(l) The armature shall be parallel to 
the heelpiece. 

Gauge by eye. 

(2) The clearance between the armature 
and heelpiece measured at the 

closest point shall be 

Test - Min 0.0015 inch, Max 0.007 
inch 

fReadjust - Min 0.0015 inch, Max 0.004 
inch 

fReadjust requirements shall be met 
with zero residual airgap (armature 
touching core). 

Use gauges and checking methods covered 
in (c). 

I . 
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Note: On B-position and similar func­
tiOning relays and C-position relays, 
it may be necessary to readjust the heel­
piece airgap toward the minimum value to 
facilitate meeting the pulsing tests. 

Armature Back Stop 
(Crimped Type)-----. 

Yoke---·"' 

~~--~---Armature 
Yoke Screw 

Fig. J - 248-type Relay 

(c) Checkin' Methods for Requirements 
2.07 (a_(2) and (b)(2~: To check for 

these requirements, inser the gauge 
specified for the individual relay in 
Table A between the armature and heelpiece 
as shown in the figures referred to in 
Table A. Take care not to extend the 
gauge between the armature and the core . 
When checking 247- and 248-type relays as 
shown in Fig. L, M, and N, take care not 
to extend the gauge beyond the heelpiece 
adjacent to the yoke. Electrically oper­
ate the relay. The requirement for 
minimum gap is met if the gauge does not 
bind. The requirement for maximum gap is 
met if the gauge is tight. Be sure to 
check the gap over the entire width of 
the heelpiece. 

TABLE A 

Use Refer to 
Type of Gap Blade Relay Gauge (Inch) Fig. Notes 

221, Min KS-6909 0.0015 L 1 

222 Max KS-6909 0.004 K 

223, Min KS-6909 0.0015 K 1,2 

224 Max KS-6909 0.004 K 2 

Min No. 75F 0.002 1,3 
225 Max No. 75C 0.004 3 

Test Min KS-6909 0.0015 L 

247, Test Max No.l29A 0.007 M 

248 Readj Min KS-6909 0.0015 L 4 

Readj Max KS-6909 0.004 N 4 

251, Min KS-6909 0.0015 L l 

252 Max KS-6909 0.004 K 
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Notes 

1. 

2. 

3. 

4. 

This requirement is also met if light 
can be observed between the armature and 
heelpiece throughout the entire width 
of the heelpiece. Use the P-220366 
dental mirror. 

On the 223BN relay, use the Mo. 92R 
gauge (minimum requirement) and the 
No. 75C gauge (maximum requirement) 
inserted at an angle from the right. 

Insert the gauge from the right just 
above the relay armature arm. In 
checking these relays it may be nec­
essary in some cases to remove the 
relay from the mounting plate. 

Before readjusting for this requirement, 
set the residual airgap to zero (arma­
ture touching core). 

~~---Heelpiec~ 

KB-6909 
Gauge---"""'1 

-------First Check In 
This Position 

Fig. K - Checking Minimum and Maximum Heel­
piece Airgap on 223- and 224-type 
Relays and the Maximum Gap on 221-, 
222-, 251-, and 252-type Relays 

2.08 Armature Travel (See 1.12) 
(a) 221-, 222-, 225-, 247-, and 248-type 

Relays Where the First Lever Spring Is 
a Normally Open Contact Spring or a Balanc­
ing Spring, and 223- and 224-type Relays 
Where the First Lever Spring of One or Both 
Assemblies Is a Normally qpen Contact Spring 
or a Balancing Spring 
All 251- and 252-type Relays 

Test - When the relay is in its normal 
position, a gauge of the value specified 
in the ARM TRVL column of the circuit 
requirement table or in Section A46o.041 
shall not enter between the core and the 
armature, or between the core and the 
residual screw where a residual airgap 
is specified. 

Use the KS-6909 and KS-6938 gauges. 
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Heel piece------~ 

Armature 
Yoke Screw--------~ 

KS-6909 Gauge~--------~ 

Fig. L - Checking Minimum Heelpiece 
Airgap on 221-, 222-, 247-, 
248-, 251-, and 252-type Relays 

..----------No. 129A Gauge 

~-------------Heelpiece 

~--------Armature 

Fig. M - Checking Maximum Test Heelpiece 
Airgap on 247- and 248-type Relays 

Attem~t to insert the gauges as described 
in (cJ or {d). If the gauge just enters, 
the requirement is considered met if the 
armature does not leave the backstop or 
backstop screw when the relay is elec­
trically energized against the gauge. 

Readjust 
Min -The armature shall leave the back­
stop or backstop screw when the relay is 
electrically energized against the gauge 
of the smaller value specified for arma­
ture travel on the individual figure of 
the spring combination figures herein. 

Use the KS-6909 and KS-6938 gauges. 
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/ 

, 
/ 

/ 

1
/ , ..... , ,.., 
\ 

Fig. N -

/ 
/ 

Fix:,st Check In 
This Position 

~-------KS-6909 Gauge 

/ 
/ 

/ 

"---Armature 

-~Next Check In 
This Position 

Maximum Readjust 
Airgap on 247- and 

Relays 

th€ gauges as covered in (c) or 
and energize the relay electrically. 

the position of the armature 
lever with respect to the backstop or 
backstop screw. 

the relay is in its normal 
a gauge of the larger value 
for armature travel on the 
figure of the spring combina­

herein shall not enter be­
core and the armature, or the 

residual screw where a residual airgap 
is specified. 

Use the KS-6909 and KS-6938 gauges. 

Attempt to insert the gauges as describ~d 
in (c) or (d). If the gauge just enters, 
the requirement is considered met if the 
armature does not leave the 
backstop screw when the relay is 
cally energized against the gauge. 

In the case of a 
similar to that shown P 

the armature must not leave the 
when electrically energized 

of 0.015 inch, but it must leave 
stop when the relay is electrically 

energized against a gauge of 0.011 inch . 
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I ,.--
2
-.--

3
-----SPRI NG 

ARMATURE ~Y~f GAUGING 
TRAVEL------<~ 'f' ':l 

- 0' It) 

Fig. P - Spring Combination 
Showing Armature Travel 

Spring Gauging Values 

- 1he first contact (or contacts) 
not break when the ~elay is elec­

energized against a gauge of 
the specified in the ARM TRVL 
column on the circuit requirement table 
or in Section A460.041. 

Use the KS-6909 and KS-6938 gauges. 

Insert the gauges as covered in (c) and 
energize the relay el~ctrically. Ob­
serve whether the normally closed con­
tacts are open or closed. 

Note: In order to determine whether 
pitted contacts are open or closed, it 
may be necessary to apply the KS-6320 
orange stick to the lever spring and 
attempt to move this spring. 

Readjust - Values as covered in require­
ment 2.16. 

(c) Method of Inserting Gauges on All Re~ 
lays Except 251 and 252 T.YPes: 

Insert the gauge between the nearest point 
on the core and the armature where no 
residual airgap is specified, or between 
the core and residual screw where a resid­
ual airgap is specified. Insert the gauge 
approximately vertically so that it com­
pletely covers the core and rests against 
the armature lever as shown in Fig. R. 
The armature lever acts as a stop for the 
gauge on all relays 247 and 248 
types. In the case of and 248-type 
relays, no is available 
as a guide in gauge. In 
this case and or other parts 
of the switch interfere positioning 
the gauge as shown in . R, insert the 
gauge approximately at angle shown in 
Fig. s. Take care to insert the gauge 
so that it covers the core 
but does not proj more than l/16 inch 
beyond the core toward the heelpiece as 
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gauged by eye. When inserted in this 
way, the bend in the blade will coincide 
approximately with the circumference of 
the relay spoolhead. If the gauge is 
inserted so that it extends beyond the 
core, the armature rather than the resid­
ual screw may con tact the gauge as shown 
in Fig. T. This is most likely to occur 
when gauging relays having low residual 
airgap and high armature travel require­
ments. In such cases, insert the gauge 
only far enough to engage the residual 
screw. 

Note: When gauging values over 0.040 
inch are specified on the spring combina­
tion figures herein, it will be satisfac­
tory to stack two gauges to make up the 
required value. 

r------ KS-6909 or 
KS-69!38 Gauges 

---------------core 

'-----·····-~--- Armature 

Fig. R - Checking Armature Travel 
and Spring Gauging on All 
Relays Except 251 and 252 
Types 

(d) Method of Inserting Gauges on 251-
and 252-type Relays: Insert the 

gauge from the bottom of the relay so that 
it rests against the lower arm of the front 
pole piece at a slight angle as shown in 
Fig. U. Observe the position of the arma­
ture with respect to the backstop screw. 
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~---------KS-6909 or 
KS-69!38 Gauges 

'~~~---------------Residual 
Sorew 

~----------------core 

L-------------------Ar.mature 

Fig. S - Checking Armature Travel and 
Spring Gauging on All Except 
251- and 252-type Relays Where 
the Method Illustrated in 
Fig. R Cannot Be Applied 

Armature 

Residual 

Fig. T - Incorrect Method of Checking 
Armature Travel and Spring 
Gauging 

~~~-----------Front 
Pole Pieoe 

~----------Lower Arm 
of Pole Piece 

~-------Backstop 
Screw 

~---------Ks-6909 or 
KS-6938 Gauges 

Fig. U - Checking Armature Travel and 
Spring Gauging on 251- and 
252-type Relays 
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2.09 Armature Stud Gap: (Position of first 
lever spring with respect to armature 

stud) Fig. V(l) With the armature resting 
against the backstop or backstop screw, the 
gap between the first lever spring and the 
armature stud shall be as shown in the 
following table. 
Gauge by eye . 

Type of 
Relay 

221, 
222, 
225, 
247, 
248, 
251, 
252 

223 
and 
224 

Type of First 
Lever Spring 

Balancing or Normally 
Open Contact Spring 

Normally Closed 
Contact Spring 

Armature 
Stud Gap 

(See 1.13) 

See Note 1 

r--------------1 0. 008 Inch 
Spl Make-Before-Break 
Contact Springs per 
Fig. B 
Normally Open 
Contact Springs on 
Both Assemblies 

See Note 2 

Normally Closed Min 0.004 
Contact Springs on Inch on Each 
Both Assemblies Assembly, 

~~-------------------4 Normally Closed Max 0.012 
Contact Spring on Inch on at 
One Assembly Least One 

and Assembly 
Spl Make-Before-
Break Contact Springs 
Per Fig. B on Other 
Assembly 
Normally Open Contact 
Spring on One Assembly 

and 

See Note 1 

~ - -- --~ --
Normally Closed 
Contact Spring 

or 
Spl Make-Before-Break 
Contact Springs Per 
Fig. B on Other 
Assembly 

Min 0.004 
Inch 

1. The spring shall rest against the stud 
with sufficient pressure to hold the 
armature against the backstop or back­
stop screw. 

2. Each spring shall rest against its asso­
ciated stud, and the combined tension 
of the two springs shall hold the arma­
ture against the backstop. 

Exception: Where one of the normally 
open contact springs is associated with 
a stop spring such as spring X of 
Fig. 267, there shall be a 0.008-inch 
gap between the stud and the associated 
No. 1 spring . 

SECTION A460.040 

r-----Arma"Gure Stud 

uo. 1 Spring 

(1) 

No. 2 Spring 

Armature 
Backstop 

Armature 
Lever 

Fig. V - Illustrating Armature Stud 
Gap Requirement 

2.10 Armature Backstop Screw Position: 
(251- and 252-type relays only) -

With the armature resting against the back­
stop screw, there shall be a clearance be­
tween the armature and the front pole piece, 
at the closest point, of 

Min 0.030 inch 

Use the KS-6938 gauge. 

To check, insert the 0.030-inch blade of the 
KS-6938 gauge from the side of the armature 
away from the hinge pin and from the top 
and bottom of the armature. The gauge should 
enter in any of these positions without mov­
ing the armature away from the backstop 
screw. 

2.11 Straightness of Springs: All springs, 
from the point where they leave the 

assembly clamping plates and insulators to 
the ends of the springs, shall be free of 
sharp bends or kinks due to adjustment, but 
a maximum 1/32-inch bow in the springs is 
permissible. 

Gauge by eye. 

2.12 Contact Separation 

Test - Unless otherwise specified on the 
circuit requirement table or in BSP 
Section A460.041, the contact separat~on 
between all normally closed contacts with 
the relay electrically operated, and be­
tween all normally open contacts with the 
relay in the normal position shall be 

Min 0.005 inch 

Gauge by eye . ..._ 

Readiust - As covered in requirement 2.16. 
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Normally Closed 
Contact of l'vlake 
Before Break 
Spring Assembly----++~ 

(~~r~ 

I

; Q~ ~~ ( ~~t; - ---No. 680 
Gram. Gauge 

/ I 
\8 / 
~--------------_/ 

Fig. W - Measuring Contact Pressure 
on Make-Before-Break Spring 
Combination 

2.13 Contact Sequence (Normally closed 
contacts, except those of standard 

make-before-break contact springs per Fig. A) 

Test - (1) All normally closed contacts 
of each spring assembly, con­
sidered separately, shall break 
in sequence beginning with the 
normally closed contacts near­
est the heelpiece. 

(2) Unless otherwise specified on 
the circuit requirement table 
or in Section A460.041, all 
the normally closed contacts 
of each spring assembly, con­
sidered separately, shall break 
before any normally open con­
tacts make. 

Gauge by eye. 

To check this requirement, operate the 
relay manually. The check will be 
facilitated by using lamps to indicate 
the contact sequence. 

Readjust - As covered in requirement 2.16. 
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2.14 Contact Pressure (Make-before-break 
contacts only) 

Test - Unless otherwise specified on the 
circuit requirement table, the pressure 
of the normally closed contacts of make­
before-break springs per Fig. A with the 
relay in the normal position, and normally 
open contacts of make-before-break springs 
per Fig. B with the relay operated shall 
be 

Min 25 grams 

Use the No. 68c gauge as shown in Fig. W. 

Readjust - As covered in requirement 2.16. 

2.15 Cm1tact Follow 

(a) Normally Open Contacts 

Test - The contact follow of normally 
open contacts shall be as covered in the 
following table. 

Special Follow 
Requirement 
(Circuit re-
quirement 

Application Standard table speci-
of Follow fies 0.008 

Requirement Requirement inch) 
(See Note) (See Note) 

Mfg Dept Min 0.010 Min 0.008 on Wired Inch Inch Equipments 

Before and Min 0.008 Min 0.006 Inch 

After Turn- Inch (This supersedes 

over in the 0.008 inctl on 

Field the circuit 
requirement 
table) 

Gauge by eye with the relay operated 
manually. 

These requirements are considered met 
if the contacts close when the relay 
is electrically energized against 
the KS-6909 gauge, specified in the 
following table, inserted between the 
armature and core, as described in 
requirement 2.08. 

( 



• 
• 
• 

• 

• 
• 
• 

KS-fi909 Gauge 
to 

Check Contact 
Make (See Note) 

-

Application For 2L~7- and All 
of Checking 248-type Other 

Requirement Req Relays Relays 
(Inch) (Inch) 

lVIfg Dept Standard 0.010 0,004 
on Wired 
Equipments Special o.oo8 0.003 

Before and Standard 0.008 o. 
After Turn-
over in 
Field Special 0.006 0.002 

Different values are 
for requirement 

on wired equipments the manufacturing 
department and before and after turn­
over in the field. These differences 
allow margin for slight in 
adjustment caused by changes humidity 
and temperature. 

- As 
2. 

in requirement 

{b) Normally Closed Contacts: Normally 
closed contacts shall have follow 

when the armature is operated sufficiently 
to break the contacts. This requirement 
is waived for contacts on extra heavy 

(such as o. springs on 
A of selectors on preliminary 
break contacts (see l. In these 
cases, the nonoperate electrical require­
ment specified on the circuit requirement 
table or in Section A460.04l insures 
satisfactory operation. 

Gauge by eye. 

This requirement is considered met if the 
contact of the contacts is 
minimum , measured at the contacts 
with the No. just as the con-
tacts break, the lower gauged 
normally closed contacts as shown on the 
particular assembly of the spring combina-
tion , closed. 

2.16 Spring Gauging: (Readjust only) 
Fig. P - All the spring gauging limits 

as specified on spring combination figures 
or on the circuit requirement table shall 
be met. 

(a) Normally open contacts shall not 
make and normally closed contacts 

shall not break when the relay is electri­
cally energized against a gauge, equal 

SECTION A460.040 

to the larger 
between the 
closest point. 

value, inserted 
and core at the 

Check as described in (c). 

(b) Normally open contacts shall make and 
normally closed contacts shall break 

when the relay is electrically energized 
against a gauge, equal to the smaller 
specified value, inserted between the 
armature and the core at the closest pojnt. 

Cteck as described in (c). 

Note: When the minimum spring gauging 
limits specified for two or more normal­
ly closed contacts are the same, the se­
quence of break shall be in the order of 
the maximum gauging values specified in 
the spring combination figures, the one 
with the highest gauging value breaking 
first. 

(c) To check for the spring gauging re-
quirement, use the KS-6909 and KS-6938 

gauges inserted between the armature and 
core as described in requirement 2.08. 
Electrically energize the relay and de­
termine visually whether the contacts are 
open or closed. 

2.17 

Note: In order to determine whether 
Pitted contacts are open or it 
may be necessary to apply the 
orange stick to the lever spring 
attempt to move this spring. 

DC Requirements 

(a) Soak: 
taille 

specified 
the 
the 

Where the circuit requirement ~ 
refers to the BSP or a soak is 
in the circuit requirement table, 
shall be soaked before applying 

test or require-
through winding or 

the maximum current 
(not to exceed 0.700 ampere) permitted 
by the specified test clip data with mini­
mum resistance in the relay test set. 

Use the 35-type test set. 

Since the release 
of 251- and 

applied in the reverse 
the soak, operate, 

current flow 
relays are 

from 

values, the release key 
operated when applying these 

and hold 
not be 

requirements. 
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(c) Relays Having Timing Requirements 
Shown on the Circuit Requirement 

Table or in Section A493.05l, and Which 
Are to Be Checked on a Timing Basis: 
The relay shall meet the nonoperate elec­
trical requirement shown on the circuit 
requirement table or in Section A493.051. 

Use the 35-type test set. 

{d) Relays Having Timing Requirements 
Shown on the Circuit Requirement 

Table or in Section A493.051, but Which 
Are Not to Be Checked on a Timing Basis: 

Operate 

- (1) Relays Having the Test Hold 
Timing Requirement Shown in 
Terms of Loop and Leak: The 
relay shall meet the loop and 
leak pulsing tests specified 
for the office involved in­
stead of the test operate 
electrical requirement spec­
ified on the circuit require­
ment table. 

Use the J34717A pulsing test 
set or other locally approved 
apparatus for making the 
pulsing tests. 

(2) Relays Having the Test Hold 
Timing Requirement Shown in 
Terms of Time Interval: The 
relay shall meet the test 
operate electrical require­
ment table. 

Use the 35-type test set. 

Readjust - The relay shall meet the read­
just opera~e electrical requirement shown 
on the circuit requirement table. 

Use the 35-type test set. 

Non operate 

Test and Readjust - The relay shall 
meet the nonoperate electrical require­
ments shown on the circuit requirement 
table. 

Use the 35-type test set. 

AC Requirements (Full selective ring 
trip relays only) 

(e) The relay shall meet the ac require-
ments specified on the circuit require­

ment table for specific maximum subscriber 
external loop range over which the relay 
is intended to function. 

Use the connector test set or test line 
provided for making routine operation tests 
on connectors as covered in the proper 
Division A200 sections. 

Page 12 

2.18 Timing Requirements 

(a) When Relays Are to Be Checked on a 
Timing Basis: The relay shall meet 

the timing requirements specified on the 
circuit requirement table or in Section 
A493.051. These requirements may be met 
with the cover on or off, except in the 
case of C-position relays where the test 
requirement shall be met with the cover on. 

Use the J94713A timing test set where re­
quirements are specified in terms of time 
intervals, and the J34717A pulsing test 
set or other locally approved test appara­
tus for making pulsing tests where re­
quirements are specified in terms of loop 
and leak conditions. Check the require­
ment as covered in (b) and (c). 

(b) Using the proper test set, make con-
nections in accordance with the in­

formation specified in the test clip data 
on the circuit requirement table if the 
table covers timing requirements, or other­
wise in accordance with Section A493.051. 

(c) Also refer to the proper Division A200 
section covering the methods of making 

timing and pulsing tests for the particu­
lar relay. The Division A200 sections 
primarily cover methods of checking test 
requirements. However, they can be used 
for checking readjust requirements wherever 
the test and readjust requirements are 
both pulsing requirements or both timing 
requirements. When checking hold timing 
requirements of relays in accordance wifu 
tests covered in Division A200 sections, 
the performance of relays may usually be 
judged by the reaction of the associated 
switch. On some circuits and on individ­
ually mounted relays where no circuit 
function is available to indicate the 
satisfactory performance of the relay, 
this can be determined by checking the 
reliability of the relay contacts as de­
scribed in Section A400.001. 

(d) When Relays Are Not to Be Checked on 
a Timing Basis: See 2.17(c) 

2.19 Pulse Repeating Requirement: The re­
lay shall meet the per cent break limits 

specified for the pulse repeating require­
ment on the circuit requirement table. 

Check under the conditions covered for the 
specified pulse repeating requirement in 
Section A492.708, using the J34720A pulse 
repeating test set, and Section A490.813, 
using the J64722A pulse repeating test set. 

Note: The pulse repeating requirements 
specified on the circuit requirement table 
need not be applied by the installer if 
the requirement is waived by the telephone 
company or where the J34720A or J64722A 
pulse repeating test set or other testing 
equipment is not furnished by the tele­
phone company. 
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• Spring Combination Figures Are for Readjust Only 

FIG. I FIG.2 FIG. 2A 
t g 8 4 t 2 3 4 1 2 3 4 • 

FIG.3 FIG. 3A FIG. 4 
t 2 3 4 1 2 3 4 1 2 a 4 s 

• FIG. 4A FIG. 5 FIG.5A 
1 2 3 4 5 t 2 3 4 5 t 2 a 4 s 

FIG. 6 FIG. 7 FIG.8 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 

• FIG.9 FIG. 10 FIG. II 
1 2 3 1 2 3 1 2 3 

FIG.I2 FIG.I3 FIG. 13A 
1 2 1234567 123466'1 

• FIG.I4 FIG. 15 FIG.I6 
1234567 123456? 1234667 

• 1284667 
FIG.I7 

12 3466 

FIG.I81 FIG.I9 
1 2 3 4 5 

• Page 13 
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Spring Combination Figures Are for Readjust Only 

FIG. 20 
1234 56 

FIG.22 
1 2 3 4 56 7 8 91011 

FIG.25 
1 2 3 4 5 6 7 8 9 10 l1 12 

FIG. 27 
1 2 3 4 5 6 

FIG.30 
1 ? 3 4 5 6 7 8 9 10 11 

~ ~
0 ~ m~ m ~ ..\-&, rhr!.- ~,!._ ..... ..... ..... 

• 4 4 

FIG.33 
12345678 

FIG. 36 
1234 567 

~ m m~ I I I 
~ 1:\l!,';-......... 

• - L.., 

FIG. 39 
12 345 678 
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FIG. 20A 

REPLACED BY FIG. 20 

FIG. 23 
1 2 3 4 5 6 7 8 ·g 10 1112 13 

~~ 1~ ~j ~j j 
FIG.26 

1 2 3 4 5 6 7 8 9 10 11 

~ -rl .,1 o:l'?l ~1'?1 
~~ :J ~ ~ 
e~=:=:::~::=:±:::::::=:::::::~ 

FIG. 28 
123456 

FIG. 31 
12 345 6789 

FIG.34 
123 4567 

FIG. 37 
12 34 567 

FIG. 40 
1234567 

FIG. 21 
123456 

FIG. 24 
1 2 3 

FIG.26A 

REPLACED BY FIG. 26 

FIG.29 
1 2 3 4 5 6 7 8 9 10 11 12 13 

FIG. 32 
1 2 3 4 5 

FIG.35 
1 2 3 4 5 6 7 8 9 10 1112 13 

FIG.38 
123 456 

FIG. 41 
12345678 
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Spring Combination Figures Are for Readjust Only • FIG.42 FIG. 43 FIG.44 
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 12345 67 89101112 

• ~~ !~ ~~ 
FIG. 45 FIG. 458 FIG.46 

1 2 1 2 1 2 

• FIG. 46A FIG.47 FIG.48 
1 2 1 2 1 2 

FIG.48A FIG.49 FIG. 50 
L 2 1 2 12 34567 

• FIG. 51 FIG. 52 FIG. 53 
1234 567 12 34567 8 1 2 3 4 5 

~ 0) ~C1.) I I I 
0 010 

•=~=~ 
FIG. 54 FIG. 55 FIG. 56 

123456789 12345678 12 3456789101112 

• FIG. 57 FIG. 58 FIG. 59 
12345678 12345678910 1 2 3 4 5 6 7 8 9 10 11 

FIG. 60 FIG. 61 FIG.62 • 12345 678 9101112 12345 678910 1 2 3 4 s e 1 a 9 10 1112 13 

• Page 15 
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Spring Combination Figures Are for Readjust Only 

FIG. 63 FIG. 64 FIG. 65 
123456789 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 

FIG. 66 FIG. 67 FIG. 68 
1 2 3 4 5 6 7 8 9 10 1112 12345 67891011 1 2 a 4 s e .., a g 10 11 

FIG. 69 FIG. 70 FIG. 71 
123458 '18910111213 123456789 1 2 3 4 5 6 7 8 9 10 

~ j~ ~J~~ ~~~~ ~ MJ .-~ .-M 
;- L..., L., 

FIG. 72 FIG. 73 FIG. 74 
1 2 8 4 5 6 7 8 9 1 0 1112 13 12 3 45678910 1 2 3 4 5 6 7 8 9 10 

FIG. 75 FIG. 76 FIG. 77 
128 4567891011 12845678 1 2 2X 3 4 

FIG. 78 FIG. 79 FIG. 80 
1 2 12 34 56 

FIG. 81 FIG. 82 FIG. 83 
123456 12 3456 12345678 

FIG. 84 FIG.85 FIG. 86 
1234 5678 123456789 12345678 
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Spring Combination Figures Are for Readjust Only 

• FIG. 86A FIG. 87 FIG. 88 
12 34 5678 1 2 3 4 5 8 7 8 9 10 123456789 

• 
FIG.89 FIG. 90 FIG. 91 

l 2 3 4 1 2 3 4 123 458 789101112 

• FIG. 92 FIG.93 FIG. 93A 
1234 567891011 123 4567 123456 7 

FIG.94 FIG. 95 FIG.96 
123 4567 12 34567891011 1 2 3 4 5 

• FIG. 97 FIG. 98 FIG. 99 
1 2 3 4 1234 56 1 2 3 4 5 6 7 B 9 10 11 

FIG 100 FIG.IOI FIG.I02 
123 45678 12 345 6789 1 2 3 4 6 

• FIG. 103 FIG.I04 FIG. 105 
123456 t 2345 6 780 

FIG.I06 FIG.I07 FIG.I08 

• 1234 56789 1 2 3 4 5 6 7 8 9 10 11 12 

~3 ~B ~j ~3 • 

1 2 3 4 5 6 7 8 9 10 11 

~~ ~ Jj Jj I~ 

• Page 17 
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Spring Combination Figures Are for Readjust Only 

FIG. 109 FIG. 110 FIG. Ill 
12345 67891011 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 

FIG.IJ2 FIG.II3A FIG. 114 
12345678 9101112 1 2 a 4 5 6 7 a 9 to 11 12 1 2 3 4 5 6 7 8 9 10 1112 13 

FIG. 115 FIG. 116 FIG. 117 
1 2 3 4 5 6 7 8 9 10 11 12 13 12345 6789 1 2 3 4 5 6 '1 8 9 10 11 12 

FIG. 118 FIG. 119 FIG. 120 
1 t 3 4 5 6 7 8 9 10 11 12 t 2 3 4 5 e 7 e 910 123456789 

~~ ~ ~ ~
C':I 

I f f I I t t 
..... 11') co -II') ..... LI'.) ..... .... ..... 

• 
FIG.I21 FIG. 122 FIG.I23 

123456789 12345 6789 123456 

~I~IJ; tl b: tl tl 
~~j [j j 

• 
FIG.I24 FIG. 125 FIG.I26 

123456 1 2 3 123456 

( 
\ 

FIG.I27 
1 2 3 4 5 6 7 8 9 10 

FIG. 128 FIG. 129 
1 2 1 2 3 4 5 6 ? 8 9 10 11 12 13 

t E .... ~ .... ~ ~~ ~~ • d,J, Jv tb.!.r;!.. g ..... ..... ........ 

• 
FIG.I30 FIG.I31 FIG. 132 

1 2 3 4 5 6 7 8 9 10 1234 567 89 1.2345678 
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Spring Combination Figures Are for Readjust Only 

• r-- FIG.133 
I 12345678910 

FIG. 134 
12 34 56789 

FIG.I35 
12 345 67 

• 
FIG.I36 FIG. 137 FIG.I38 

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 11 12 1 2 

• FIG. 138A FIG.I39 FIG.I40 
1 2 1 2 3 4 5 6 1 2 3 4 5 

FIG. 141 FIG. 142 FIG.I43 
1 2 3 4 5 6 7 8 9 10 1112 13 1234 567 1 2 3 4 

• FIG. 144 FIG.I45 FIG.I46 
1 2 123456 12345 678 

FIG. 147 FIG.I48 FIG.I49 
1 2 3 4 5 125456 1 2 3 4 5 6 7 8 9 10 11 12 

• FIG. 150 FIG.I51 FIG.I52 
1234 5678910 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1112 13 

fiG. 153 FIG. 154 FIG. 155 

• 1 2 3 4 5 6 7 8 9 1011 1 2 3 4 5 6 7 8 9 10 1112 1 2 3 4 5 6 7 8 9 10 11 12 

• Page 19 
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Spring Combination Figures Are for Readjust Only 

FIG.I56 FIG. 157 FIG. 158 
123 45678910 1 2 3 4 5 6 7 8 9 101112 1 2 3 4 

FIG.I59! FIG.I60 FIG. 161 
1 2 3 4 5 6 7 8 9 10 1112 13 12345678 12 3 4 56 7 8 9101112 

FIG. 162 FIG. 163 FIG.I64 
1234567 8910 12 3456 

FIG. 165 FIG. 166 FIG. 167 
12345678910 123456789 1 2 8 4 5 6 7 8 910 1112 

FIG.I68 FIG. 169 FIG. 170 
12345678 1 2 3 4 5 6 7 8 9 10 1 2 8 4 

FIG.I71 FIG.I72 FIG. 173 
1234567891011 1 2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 10 1112 18 14 

FIG.I74 FIG.I75 FIG. 176 
123 45678 910111213 1 2 3 4 5 6 7 8 9 10 11 12 18 1 2 8 4 5 6 7 8 9 10 1112 
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• Combination Figures Are for Readjust Only 

FIG. 177 FIG. 178 FIG. 179 
1234567 1 2 1234 587891011 

• 
FIG. 180 FIG. 181 FIG. 182 

1 2 3 4 5 6 7 8 9 10 1112 123456 123456 ?89101112.13 

• 
FIG.I83 FIG. 184 FIG. 185 

1 .2 3 4 5 6 7 8 9 10 1 2 8 4. 5 6 7 8 9 10 

~B ~ 1~ ~~ ~~ J ~ ~~ 
FIG.I86 FIG. 187 FIG. 188 

1 2 3 4 5 6 7 8 9 10 11 1 2 8 4 5 6 7 8 1 2 3 4 5 6 7 8 9 10 1112 13 • 
FIG. 189 FIG. 190 FIG. 191 

l 2 3 4 5 6 7 8 9 10 1112 13 1 2 3 • a e .., a e 10 111212_ 12345678 

• FIG.I92 
1 2 

FIG.I93 
1 2 3 4 

FIG. 194 
12345 67891011 

FIG.I95 FIG. 196 FIG. 197 

• 1 2 a 4 5 e 7 a 9 10 11 12 123 456 789 1 2 a 4 

• Page 21 
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Spring Combination Figures Are For Readjust Only 

FIG. 198 

1 2 8 4 5 6 7 8 9 10 1112 13 

FIG.201 
123 456 7 

tllij~ 
123 456 7 

FIG.204 
12 3 456 

12 3 45678 

FIG.207 
12345678 

12 345 678 

FIG. 199 

123 4567 

FIG.202 
1234567 

1234567 

~:d ~ :d 
~J J J 

• 1:::::=:::1=:::=:::1 

FIG.205 
12 3 45678 

1234567 

FIG.208 
123456789 

1234 567 B 

FIG. 200 
1234567 

~II ~ %1~1 
~J ~:g 

• 
1234567 

FIG. 203 
123 456 

12345678 

FIG.206 
12345678 

12345678 

FIG.209 
1 2 3 4 5 6 7 8 9 10 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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SECTION A460.040 
Spring Combination Figures Are for Readjust Only 

FIG.210 FIG. 211 FIG. 212 
12845678 123456789W 1 2 3 4 5 6 7 8 9 10 

~~ 3 ..-!~ ~ woo ""' ..-1"1:1' ""' 
t I I I I I I 

(l)c:J <0 LOG) <0 
ww ..-1 ..-1 

1234567 9 10 1112 1 2 3 4 5 6 ., 8 g 10 

~~~ C1.l tQ 
..-1 

c:::::::t:::::1==±::::::=4::::! J~Jil11!~ 
FIG. 213 FIG. 214 FIG. 215 

1234 567 89 12 34567 8910 12345 678 910 

J~ ~ ·3 ·3 
1234567 123456789 

~B!WJ~ 
FIG.216 FIG. 217 FIG. 216 

12:3 4 5678 1 2 3 4 5 6 123456789 

~3 
1234567 123 45678 

cr j· j ~ t'- t'--.... 

FIG. 219 FIG. 220 FIG. 221 
1 2 8 4 5 6 7 8 9 10 11 123456789 1284 56789 

* ~ j ~ .. J::±:=:I:=::::I 

1234 56 789 123456789 123456789 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG-222 FIG.223 FIG.224 
1 2 3 4. 5 1 2 3 4- 5 6 7 8 9 10 1112181415 1 2 3 4 5 6 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1234-56789 

FIG.225 FIG. 226 FIG.227 
123456789 123 4567 12345678910 

ltj~jj~ J~Jill~ 
1 2 3 3X 4 5 6 7 8 1224 5678 1 2 3 4 5 6 7 8 9 1011 

~3j1J~ ~~Jill~ 
FIG.228 FIG.229 FIG.230 

12 34-56 1 2 3 4 5 6 7 8 9 10 1 2 3 4- 5 6 7 8 9 10 

~tltillU3 
1234-56 123456789 12345678910 

~B -E ~ ~ 
• t:===:::f=::l::::::::l 

FJG.231 FIG.232 FIG.233 
123456 12345678 1 2 3 4 5 6 7 8 9 10 111218 

llJ~ ~~jjj3 
123456 12345678 

I I I I o:>~ j j ~!"- ['.. t-- j j 

On 224-type relays double spring aasemblies are arranged as shown in the spring combination 
figures. On 223 types the top an4 bottom assemblies ahow.n in the figures are interchanged. 
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SECTION A460.040 

Spring Combination Figures Are for Readjust Only 

FIG. 234 
1 2 3 4 5 6 7 8 9 10 11 

1 2 a 4 5 e 7 a 9 10 

FIG. 237 
1 2 3 4 5 e 7 a 9 10 1112 13 

1 2 3 4 5 e 7 a 9 10 11121a 14 

FIG.240 
1 2 3 4 5 

J~jj 
1234567 

!~Jillj 
FIG. 243 

123456 7891011 

~ .q.~ Oil!:'-.... 
r::=:::t:::::±=:::::::l:::===l 

1 2 3 4 5 6 7 8 9 1011 12 

F1G.235 
128456 76 

~~7~j· j· j· ..oiD-'1'- r-- r--
C\1 ......... 

• I:::::::=:±:::::=J 

1234567 

FIG. 238 
1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 

FIG.241 
123456 78910 

1 2 3 4 5 6 7 8 9 10 

FIG. 244 
1234567 

12345678 

FIG. 236 
1234567 

1234 567 

FIG. 239 
123456789 

1 2 3 4 5 6 7 8 9 10 

FIG. 242 
1234 5678 

12345678 

FIG. 245 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG.246 FIG. 247 FIG. 248 
1!3456 1884567 891011 183456 

183456 

FIG. 249 FIG. 250 FIG. 251 
12345678 123456789 123456789 

188456? 123456789 12345678 

FIG. 252 FIG.253 FIG. 254 
123 456 12345678 1 2 3 4 5 

Wjj 
123 456 12 34567 8 12345678 

jlWJ~ 
FIG. 255 FIG. 256 FIG. 257 

1 2 3 12345678 1 2 3 4 5 6 7 8 9 10 1112 

1 2 3 1234567 8 1 2 3 4 5 6 7 8 9 10 11 12 

J~ 
On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG-258 FIG.259 FIG. 260 
1 2 3 4 5 6 ., 8 9 10 11 12 12345678 1 2 3 4 5 6 7 8 9 10 

!tWJ~ ~~ ::: ~ ~ CD B t I I I I I 
tf.) '<t'<Xl 001::'-
..-l ..... ..... 

4 4 ...... 

1 2 3 4 5 6 7 8 9 10 X1.2S4567 128456789 

~~ ~ B • 1ill]J~ 
FIG.261 FIG.262 FIG. 263 

123456 123456789 1 2 3 4 5 6 7 8 9 10 

J~ ~3J 2 ~ lUWJj 
12345 678 910 12345678910 

~tW1~~ ~~~j 
FIG.264 FIG.265 FIG.266 

123 456789101112 123456789 123 4-567 8 

~~ ~ u j 3 ~ 
12345678910 

JtllUJ~ 
FIG. 267 FIG.268 FIG.269 

X 1 2 3 4 1234-5 678 9 1 2 2X 3. 4 5 

~~ ~j ~ 
12 3456 12345 6789 12ZX34567 

~~ ~~ ~j 

Bn 224~type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjus·t Only 

FIG. 270 FIG. 271 FIG.272 
12 34-5 6789 12345678910 1 2 a 4 5 6 7 8 9 10 1112 

12 3456 78 12345678910 12 3 456789101112 

FIG.273 FIG.274 FIG.275 
1 2 .3 4 5 6 7 8 1 2 3 1 2 a 4 

J~ 
1234-5678 1 2 3 1 2 a 4 

FIG. 276 FIG.277 FIG. 278 
1234-5678 1 2 3 4 1234-5678 

12345678 1 2 3 4- 12345678 

FIG.279 FIG-280 FIG.281 
12345678 1 2 3 4- 5 6 7 8 9 10 11 12 3 45678 91011 

12345 6 78910 12345 678910 12345678910 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG. 282 
12 a 4 s e., a g 101112 

128456789 

FIG. 285 
1 2 3 4 5 

Wjj 
1 2 3 4 5 6 

~tlUE 
FIG.288 

123456789 

12 34 56789 

FIG. 291 
1 2 3 

1 2 3 

~j ., 

FIG.283 
12 3 45 6 7 8 910111213 

12 345 678910111218 

FIG.286 
1 2 3 4 5 6 7 8 g 10 1112 

1234567 8910 

FIG. 289 
128456 7891011 

12345678 

FIG.292 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

FIG.284 
• 123456.,'891011 

·j j j j j 
• l==:::::l:=:::=l::=±==t 

123 466 7891011 

FIG.287 
1 2 a 4 5 6 7 s 9 10 

12345678910 

FIG.290 
12 34 56789101112 

123 45 6789101112 

FIG.293 
1 2 3 4-

1234567B 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged • 
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Spring Combination Figures Are for Readjust Only 

FIG. 294 FIG. 295 FIG. 296 
1 2 1 2 1 2 3 

J~ ~~ 
1 2 1 2 3 

~~ ~~ 
FIG. 297 FIG. 298 FIG. 299 

1 2 3 1 2 3 4 5 e 7 a g 10 11 12 1 2 a 4 5 6 7 a 9 10 11 12 13 14 15 

~j ~ j ~ I I I I I ::!: Q;) co co 

1 2 3 4 5 6 1234587891Dll 

FIG. 300 FIG.301 FIG.302 

123456'1891011 12345 67 891011 123 456 7891011 

FIG. 303 FIG. 304 FIG. 305 

12 34567 8910 123456 123456789 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

• FIG. 306 FIG. 307 FIG. 308 
12 345 678910 1 2 3 4 5 1234 5878910 

• 
FIG. 309 FIG. 310 FIG. 311 

l 2 3 4 5 6 ? 8 9 10 1234567 8910111213 123458 

• FIG. 312 FIG. 313 FIG.314 
12 245 6 7891011 12345€1789 123 4 567891.0111.213 

FIG. 315 FIG. 316 FIG. 317 
123 12 345 678910111213 1234567 

• FIG.318 
1234 t)6 

FIG. 319 
1 2 

FIG. 320 
1 2 3 4 

FIG.321 FIG. 322 F1G. 323 
1 2 3 4 5 1 2 3 4 5 6 7 8 9 10 1112 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

• FIG. 324 
1 2 3 4 5 6 7 8 9 10 1112 13 14 

FIG. 325 
X1234567 

FIG. 326 
1 2 3 4 5 

~IG. 327 FIG. 328 FIG. 329 
12 345 6789 123456 1234567 

• 
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Spring Combination Figures Are for Readjust Only 

FIG.330 FIG. 331 FJG. 332 
1 2 a 4 5 e 7 8 9 to 1112 1a 14 1 2 3 4 5 6 7 8 9 .10 111.2 1314 

FIG. 333 FIG. 334 FIG. 335 
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1112 1314 1234 56 789101112 

FIG. 336 FIG. 337 FIG. 338 
l2 3456 78 12 34567 891011 1 2 3 4 5 6 7 8 9 101112 

~~ ~ j 3 ~ I I I I I I I 
ID CO CO CO CO ..-1 10 ...... ...... 

FIG. 339 FIG. 340 FIG. 341 
12 34567 89 123456789 123456789 

FIG. 342 FIG. 343 FIG. 344 
1 2 12 34567 69101112 12345678 

FIG. 345 FIG. 346 FIG. 347 
12345678910 1234 56 1234567 

FIG. 348 FIG. 349 FIG. 350 
1234 56789 1 2 3 4 5 6 7 8 9 10 1112 1 2 3 4 5. 6. 7 8 9 w 1112 13 14 

FIG. 351 FIG. 352 FIG. 353 
1 2 3 4 5 67 8910111213 123 45878 910111213 123 45678 910111213 
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• Spring Combination Figures Are for Readjust Only 

FIG.354 FIG. 355 FIG. 356 
12 34567 12345678910 1 2 

• ~~ ~ j ~ ~ ~ ~ j 
FIG. 357 FIG. 358 FIG. 359 

12346678 1 2 

• FIG. 360 FIG. 361 FIG. 362 
12845678910 128 45678 128 45678910 

~~ ~3 3 ~ • 
FIG. 363 FIG. 364 FIG. 365 

1 2 a 4 fi e. 7 s 9 101112 ta 123456 1 2 3 

~j j j j j j 
• 

~<Xl~ ~ I I I I I 

~:::1.0 :::11.0 

• FIG. 366 FIG. 367 FIG. 368 
1234567 

~'ij ·~~· 
FIG. 369 FIG.370 FIG-371 

11~2~S 4 51 wS~7 89 ·~: 11~12 
'..-!co .... co c;Q ..-! ~ 

I I I I I I I I 

~ 10 l:~t.O ::: CD 

• 

1 2 3 4 5 

~~ 
• FIG.372 FIG.373 FIG.374 

FIG.375 FIG.376 FIG.377 
1 2 3 4 • ~~ 

•• 
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Spring Combination Figures Are for Readjust Only 

FIG.378 

fiG.381 

fiG.384 

FIG.387 
I 2 3 4 5 

~~ w 
-~ 

FIG. 390 

~·~ ~~ ~·~ '~Ji~4 
• 

FIG.393 

FIG. ~99 

~2 ~nj 1~ •~o'j 
• 
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FIG.379 

F"IG.382 

FIG.385 

FIG.391 

i~. i7i i ~· 7 

~i~i'"~h~
1

;
2 13

;

4 

lil!J~~~<O 
• 

FIG. 394 

FIG.397 

FIG.380 

FIG.383 

FIG.38b 

FIG. 389 

FIG. 392 

FIG.395 

FIG.398 
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Spring Combination Figures Are for Readjust Only 

FIG.400 FIG. 401 FJG.402 
123456 

1 2 3 4 5 6 
122X34567 

~~a>Ulliw~ ~ I I I I I 
!:--,.... 10<:0 010 ww ..... 

FIG. 403 FIG. 404 FIG. 405 

1234.56789 

!~~ 

FIG.406 FIG.407 FIG.408 

123456 3 4 5 6 7 8 910 

~j 
5 e 7 s 

j 3 

FIG.409 FIG. 410 FIG.411 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring CombJnation Figures Are for Readjust Only 

FIG.412 

I 2 3 4 5 6 1 8 9 10 II 12 

~ g 01 ~ ~ ~< ~ I I I I I I I !CD ~..._ ..._ .......... . --

FIG. 415 

I 2 3 4 !5 6 7 B 

~t!&ill~ 
FIG.418 

Mill~ 
123456 

ru~j 
FIG. 421 

~~ ~· ·~ 7 ~ ·~ 

J~jill~ 

FIG.413 

FIG.416 
I 234 567891011 

~~ ~~ ~ ~ ~ 

ru 
FIG.419 

1234!5678 

J~~~ 
FIG.422 

~~ ~ ·~· k" ~ 10~1 12~ 

J~j ~··~· ·~ 

. FIG.414 

FIG. 417 

mill~ 
~~jill~ 

FIG.420 

I 2 3 4 5 6 7 8 9 10 II 12 

~ !~ ~~ ~~01 1 1 1 1 I 1 I 
CD t;;CD ! ~:ID 

• ~ L....oo L....oo 

FIG.423 

I 2 3 4 !56 

J~~ 
12345678 

~~B~ 
On 224-type relays double spr1ng assemo~1es are arrangea as snown 1n ~ne spr1ng como1nation 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG.424 FIG.425 FIG.428 

12345678 

~ ~ ~ j 
• 

6 7 8 

~ I I 
211) 

FIG.427 FIG.428 FIG.429 

I 2 3 4 5 6 7 8 9 10 123456 

~ j 
12345678 l 2345678910 

~t~JiJj 
FIG.430 FIG.431 FIG.432 

rul 2 3~-4~5 ~6 7 (118 9~10 
I I I I 

<0 t'l N "" - - -

FIG.433 FIG.434 FIG. 435 
1.23456 I 2 3 4 5 6 7 8 9 10 

~ ~ ~ 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are intero~-~ed. 
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Spring Combination Figures Are for Readjust Only 

FIG.436 
I 2 3 4 f) 6 7 8 9 10 II 12. 13 

IYJ~ 1'\1 -
I I 

1'- -
N 1'\1 

I 2. 3 4 5 6 7 8 9 10 II 12. 13 

~ • 
FIG.439 

12.345678 

12345678 

FIG.442 
I 2. 

I 2. 3 4 

tFIG.445 

I 2 3 4 5 6 7 8 9 10 II 

I 2 3 4 5 6 7 8 9 10 

fiG.437 FIG 438 
I 2 3 4 5 6 7 8 9 10 I 2 3 4 5 6 7 8 9 10 

I 2 3 4 !) 6 7 8 9 10 II 12 I 2 3 4 5 6 7 8 9 10 II 

FIG.440 FIG.441 
123456789 12.345 

1 2 3 4 5 6 7 8 9 10 I 2. 

FIG.443 tFIG.444 
12345678 123456789 

12345678 123456789 

t FIG.446 

12.3456789 

I 23456789 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
f Indicates change in this issue. 

Page 38 



• 
• 
• 

• 
• 
• 

SECTION A460.040 

Spring Combination Figures Are for Readjust Only 

FIG.500 

~·~ ·~ 
• == 

FIG.503 

2'f~ ·r ~ w3 3 3 ~ -

FIGS09 

~~ ·~ ·~ 
-

FIG.512 

~·~ ~·~ 
•= 

FIG.515 

~~ ·~ ·~ 
• 

FIG. 518 

~· 34 5~ 
.1:::::: = 

FIG.501 

~·~ ·~ ·~ 
• 

FIG.504 

~·~ ·~ ·~ 
• 

FIG.507 FIG.508 
1 2 3 

~~ 
FIG.SIO FIG. 5I I 

~·~·~·~ 
• 

FIG.516 FIG.517 

FIG.520 

~·~ ~·~ ~~ ~~1 
• 

FIG. 522 
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Spring Combination Figures Are for Readjust Only 

FIG. 524 FIG. 525 rJG. 526 
I 2 3 4 5 6 7 8 I 2 3 4 5 

~~ ~~ ~ • ru~ 
tFIG.527 FIG.528 t FIG.529 

I 23456789 

~~ ~~ ~~ • 
tFIG.530 

123456789 

~~ ~ ~ ~ • 

f Indicates change in this issue. 
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Spring Combination Figures Are for Readjust Only 

• FIG. 700 FIG. 702 
I 2 3 4 

• ru~ 
FIG. 703 fiG .. 704 FIG .. 705 

• FIG. 706 fiG. 707 FIG. 70 8 
123456769 I 2 3 4 5 6 7 8 9 10 II 12 13 14 

ftC. 709 FIG. 711 
I 2 3 5 6 7 8 9 10 II 12 I:?> 14 

~ ~ j 

• FIG.712 FIG. 713 FIG.714 
1234567 1234567 I 2 3 4 5 6 7 8 9 10 rnj I !"-

• 
FIG.715 FIG. 716 FIG.717 

I 2 3 4 5 6 7 6 9 10 II 1.2 13 I 2 3 4 5 6 7 8 q 10 I .2 3 4 5 6 7 8 9 10 II 12 

• FIG.7f8 
I 2 3 4 5 6 7 8 9 10 II 12 13 

FIG.719 
I 2 3 4 5 6 7 8 9 10 

FfG.720 
I .2 3 4 5 6 7 8 9 10 II 12 13 14 

FIG.721 FIG. 722 FIG.723 
I .2 I 2 3 4 5 I 2 3 4 5 

• 
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Spring Combination Figures Are for Readjust Only 

FIG.724 
I 2. 3 4 5 6 7 8 9 10 

tFIG. 727 
I 2 3 4 5 

tFIG.730 
I 2 3 4 5 

tFIG.733 
123456 

t FIG.725 
I 2 3 4 5 6 7 8 9 10 If 

tFfG. 728 
1234567 

tFIG.731 
I 2 3 4 5 6 7 8 9 10 

]9 'fl ~~ 1J roJ11 l!J ~ :J ~!3 
• 

tFIG.734 
I 2 3 4 5 6 7 8 9 10 II 12 13 14 

~~ ~ ~ ~ ~ ~ ~ 

f Indicates change in this issue. 
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Spring Combination Figures Are for Readjust Only 

FIG.901 FIG.902 FIG.903 

12345678 

1 2 3 4 6 6 7 8 9 10 JtliliJ~ 
12345678 

(N~'3<0 ~ 0) •, j I I I I I 
~ ..... Ql) eN r-. ww .......... 

I 

FIG.904 FIG.905 FIG.906 
1 2 a 4 5 e 7 8 9 101112 13 1 .2 3 

FIG.907 FIG.908 FIG.909 
1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 910 

~~ ~~~ ~3· ~~ 3· 3· lO<O 0 co <0 .... ..... 

• l:::::=:±:::=::t=~ 

FIG.910 FIG. II FIG.912 
12345678 123456 

*~ 3 ~ ~ 
FIG.913 FIG.914 FIG.915 

1 2 3 4 5 

FIG.916 FIG.917 FIG. 918 

FIG.919 FIG.920 FIG.921 
123456 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG. 922 FIG. 923 FIG.924 
1 2 3 4 123456 

!ij~ 
FIG. 925 FIG.926 FIG.927 

FIG. 928 F'IG. 929 F"IG. 930 
1 2 8 4 5 6 7 8 9 10 1112 

FIG. 931 FIG. 932 FIG.933 
1 2 3 4 5 6 7 8 9 10 111213 1 2 3 4 5 6 7 8 9 1011 121314 

I~' ~'f~l <Oe»ttl NQ)ttl 
~ 

F"IG. 934 FIG. 935 FIG.936 
1 2 3 4 5 6 7 8 9 10 

FIG. 937 FIG. 938 FIG. 939 
1 2 3 4 

~3 
F'IG. 940 FIG. 941 F"IG.942 

1234567 1234567 

~ j ;~ ~ 1'1 
~:~ :t :1 
• 

FIG.943 FIG.944 FIG. 945 
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Spring Combination Figures Are for Readjust Only 

• FIG. 946 FIG. 947 FIG. 948 

• 
FIG. 949 FIG. 950 FIG. 951 

1 2 3 4 5 6 7 8 9 10 

• 3 j j 
FIG. 952 FIG. 953 FIG. 954 

123456789 

3 ~ ~ 
FIG. 955 FIG.956 FIG. 957 

• FIG. 958 FIG. 959 FIG. 960 
1 2 3 4 5 1234567 

lJ~ ~3jj~ 
FIG. 961 FfG. 962 FIG. 963 

123456 

~ 

• FIG. 964 FIG. 965 FIG. 966 

FIG.967 FIG.969 

• 
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Spring Combination Figures Are for Readjust Only 

FIG. 970 FIG. 971 riG. 972 
12846678 1284567 

~ ~ ~~~ r:--<? ~a:! CX1 <:»ID 
..-I 

• t:::::::::l===:l 
~Wj~ 

FIG. 973 FIG. 974 FIG. 975 
1 2 3 4 5 6 7 8 9 10 

~ ~ 
FIG. 976 riG. 977 FIG. 978 

12345678 

~U1[]~ 
12345678 

J~~ 
FIG. 979 FIG. 980 FIG. 981 

1234:567 

12345678 

J3Bj 
FIG. 982 FIG. 983 FIG. 984 

1 2 3 4 6 6 7 B 9 10 11 12 

12 .'34 56 78 910 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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SECTION A460,040 

Spring Combination Figures Are for Readjust Only 

riG. 985 

FIG. 988 

FIG. 991 

FIG.994 
7 8 9 10 1112 

j j 
FIG. 997 

3 4 

~ 

FIG. 986 

FIG. 989 

FIG.992 

FIG.995 

FIG.998 

FIG. 987 

12345678 

4~5(/Q6 
I I 
o.o ..... 

j 

F"IG. 990 

FIG. 993 

FIG.996 

·~ ·~ 9~0 

FIG.999 

On relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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Spring Combination Figures Are for Readjust Only 

FIG.IOOO FIG.IOOI FIG.I002 
I 2 3 4 5 I 2 3 4 

~~ ~~ 
FIG.I003 FIG.I004 FIG.I005 

~~ ~·~ 'ffl~ 

FIG.I006 FIG.I007 FIG.I008 
1234567 123456 I 2 

~~ ~ ~~ ~~ ~j 
FIG.I009 FIG.IOIO FIG. lOll 

I 2 

~ ~~ ~~ ·~ ·~ 10~1 ~~ ~· ~· ~ ·~ ] ] 

FIG.I012 FIG.I013 FIG.IOI4 
12345678 

UJ~ 
~· ~ 4 ~ 6 ~ • ~ ~~I 
• 

FIG. lOIS 

·~· ~·~ .j .j 
• 

On 224-type relays double spring assemblies are arranged as shown in the spring combination 
figures. On 223 types the top and bottom assemblies shown in the figures are interchanged. 
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3. ADJUSTING PROCEDURES 

3.001 List of Tools, Gauges, Materials, and 
Test Apparatus 

Code or 

43 

48 

3/16-inch and 1/4-inch Hex. 
Open Double-end Flat Wrench 

Combination 
1/4-inch Hex. 
Socket Wrench and Screw­
driver 

Code or 
Spec No. 

Tools 

AECo 
Hl4769 

P-220366 

Gauges 

68c 

SECTION A460.040 

Description 

Armature Backstop Adjuster 

Dental Mirror 

3-inch Cabinet Screwdriver 

Screwdriver 

70-0-70 Gram Gauge 

207 90-degree Offset Screwdriver,- 74D Thickness Gauge Nest 

209 

259 

Modified (See 3. 002) +-

5/16-inch Hex. Open Single­
end. Offset Wrench 

Spring Adjuster 

Spring Adjuster 

Adjuster 

415B (or Spring Adjuster 
replaced 415A) 

416B (or Spring Adjuster 
replaced 416A) 

417A 1/4-inch and 3/8-inch Hex. 
Open Double-end Flat Wrench 

418A 5/16-inch and 7/32-inch Hex. 

510C 

563A 

564A 

597A 

KS-6320 

KS-7782 

R-1482 

Open Double-end Flat Wrench 

Heelpie.ce Adjusting Tool 

3;16-inch and 1/4-inch Hex. 
Closed Double-end Offset 
Wrench 

3/16-inch Hex. Offset Socket+­
Wrench +-

Test Lamp (must be equipped 
with a No. 561A straight tip 
or No. 562B curved tip, and +­
W2CB (24 volt) or W2BL 
(48 volt) cord] 

90-degree Offset Screwdriver 

45-degree Offset Screwdriver 

Armature Adjuster 

Orange Stick 

Pliers 

File 

92R 

129A 

KS-6909 

KS-6938 

Materials 

KS-7187 

KS-7860 

35 Type 

J34717A 

J34720A 

J64722A 

0.0015-inch Nonmagnetic 
Offset Thickness Gauge 

0.007-inch Thickness Gauge 

Thickness Gauge Nest 

Thickness Gauge Nest 

1/2-inch 1-1/2-inch Bell 
Seal Bond Substance 
No. 20 

Petroleum Spirits 

Hardwood Toothpicks, Flat 
at One End and Pointed at 
the Other 

Current Flow Test Set 

Pulsing Test Set or 
Equivalent 

Pulse Repeating Test Set or 
Equivalent 

Pulse Repeating Test Set or 
Equivalent 

Relay Timing Test Set 

3.002 Modify the No. 207 offset screwdriver~ 
by cutting it in two parts with a 

hacksaw at a line midway between the two 
ends and remove burrs from the cut edges 
with the R-1482 file. 

3.01 (Rq 2.01) 

Clean the contacts and other parts 
of the relay in accordance with 

Section A503.605. 
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13".02 
J:l. 03 

Relay Mounting (Rq 2.02) 
Vertical Clearance Between Relays 
~q 2.03) 

(1) Shift the position of the relay when 
necessary to obtain the required 

clearance by loosening the mounting screws 
with the 4-inch regular screwdriver. 
Securely tighten the screws. 

3.04 Contact Alignment (Rq 2.04) 

(1) If the contacts are misaligned pro­
ceed as follows. 

(a) If the assembly is loose, align the 
springs as required and tighten the 

spring assembly clamping screws with the 
4-inch regular screwdriver or with the 
No. 563A or No. 564A offset screwdrivers 
as shown in Fig. X. 

(b) If the contact alignment requirement 
is not met and the spring assembly 

screws are tight, refer the matter to the 
supervisor. 

No. 563A or 
No. 564A Of':fset 
Screwdriver--------~ 

Fig. X - Aligning Contact Springs 

3.05 Armature Movement (Rq 2.05) 

Relays With Pin-type Armatures 

(1) If the requirement is not met, re-
place the armature as covered in 

Section A507.040. 

Relays With Pivot-type Armatures 

(2) If the armature binds and there is 
some end play, loosen the pivot screw 

locknut with the No. 43, 417A, or 418A 
wrench depending on the nut provided on 
the relay. Turn the pivot bearing screw 
sufficiently in a counterclockwise direc­
tion with the No. 563A or 564A offset 
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screwdriver as shown in Fig. Y to permit 
moving the armature. Then remove the 
armature and check for burrs on the heel­
piece, armature bearings, pivots, or 
armature. Replace the parts at raul t in 
accordance with Section A501.040. 

?'l-+---No. 563A 
or 564A 
Offset 

Screwdriver 

Fig. Y - Adjusting for Armature Movement 

(3) If the trouble is not due to burrs, 
clean the bearing surface with a clean 

toothpick which has been dipped in petroleum 
spirits. Do not use the same toothpick for 
more than one operation. Exercise care 
that the petroleum spirits do not come in 
contact with insulators, studs, or spool­
heads. Remount the armature, position 
the pivot screw to obtain the required 
end play, and securely tighten the locknut. 
(4) If there is no armature end play, 

loosen the locknut with the No. 43, 
417A, or 418A wrench and reposition the 
pivot screw with the No. 563A or 564A 
offset screwdriver. If the end play is 
excessive, turn the screw in a clock­
wise direction. Then tighten the lock­
nut securely. 

B o6 Residual Airgap (Rq 2.06) 
~.07 Heelpiece Airgap (Rq 2.07) 

All Relays Except 247- and 248-type Relays 

(1) First adjust the residual airgap as 
covered in (2) if the residual screw 

is readily accessible or as covered in (3) 
if the residual screw is behind a normal 
post spring assembly or rotary off-normal 
spring assembly on a switch. Then, if 
necessary, adjust the heelpiece airgap 
as described in (4) through (7). 

(2) If the residual screw is readily ac-
cessible, adjust the residual airgap 

as follows. Loosen the residual screw 
locknut with the socket wrench of the 
No. 48 combination wrench and screwdriver. 
Using the screwdriver, turn the residual 
screw clockwise to increase and counter­
clockwise to decrease the gap. After the 
residual airgap has been adjusted, tighten 
the residual screw locknut. Then recheck 
the requirement. • 



• 
• 
• 

• 
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(3) If the residual screw is behind a ~ 
normal post spring or rotary off­

normal spring assembly on a switch, first 
remove the cover from the switch adjacent 
to the relay being adjusted. Then adjust 
the residual airgap as follows. Loosen 
the residual screw locknut with the No. 
474A wrench, taking care to avoid ground­
ing the adjacent springs. Using the modi­
fied No. 207 screwdriver, turn the re­
sidual screw clockwise to increase or 
counterclockwise to decrease the gap. 
After the residual airgap has been properly 
adjusted, tighten the residual screw lock­
nut. Then, recheck the requirement. 

(4) To adjust the heelpiece airgap, pro-
ceed as follows. Loosen the arllli c..ure 

yoke mounting screw with the No. 563A or 
564A offset screwdriver. Position the 
armature yoke so that there is a gap of 
approximately 0.025 inch as gauged by eye 
between the armature and heelpiece and 
tighten the armature yoke screw to pold 
the armature temporarily ir~ this position. 

(5) Insert the No. 436A heelpiece adjust-
ing tool between the armature and 

heelpiece as shown in Fig. Z, AA, and AB 
for the various types of relays. Operate 
the rela¥, Loosen the armature yoke screw 
about 1;8 turn and tap the armature lightly 
toward the heelpiece with the handle of the 
screwdriver until the No. 436A tool binds. 
Exercise care not to ~ap the yoke. The 
purpose of tapping the armature is to take 
up all the play in the,yoke bearing in the 
direction of the heelpiece. If the 
is tapped rather than the armature, 
play will be taken up in the opposite di­
rection. Hole the armature in this posi­
tion with the fingers and tighteri the 
armature yoke mounting screw securely. 
When using the No. 436A tool from the heel­

side, exercise care not to mutilate 
tool when tightening the armature yoke 

screw. Remove the tool and recheck the 
heelpiece airgap. 

(6) If Band C position relays do not 
meet the timing or pulsing tests 

after the heelpiece has been adjusted with 
the No. 436A tool as described in (3) and 
(4), it may be necessary to readjust the 
heelpiece airgap closer to the minimum 
limit. 

(7) In certain cases changing the residual 
airgap or heelpiece airgap may cause 

the relay to fail to meet the spring gaug­
ing requirement. If the relay was known 
to meet this requirement prior to the 
adjustments and no longer meets the 
ment, the condition may readily be corrected 
by adjusting the armature lever slightly 
with the No. 597A armature adjuster. With 
the armature held against the core, apply 
the adjuster to the straight portion of the 
lever arm at the point shown in Fig. AC, 
taking care not to burr the lever arm. If 
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the lever arm is adjusted in this way, 
make sure that the first lever spring is 
parallel to the heelpiece when the armature 
is in the releasedposition. 

Armature 

Fig. Z -

----No. 436A 
Hee1pieoe 
Adjusting 

Tool 

'=~-----Residual Screw 
and Locknut 

Adjusting the Heelpiece Airgap 
With the No. 436A Heelpiece 
Adjusting Tool Inserted From 
the Armature Side {All Except 
251- and 252-type Relays) 

l-4------No. 456A 
Hee1p1ece 
Adjusting 

Too1 

~-------Heel piece 

Fig. AA - Adjusting the Heelpiece Airgap 
With the No. 436A Heelpiece 
Adjusting Tool Inserted From 
the Heelpiece Side (All Except 
the No. 223BN Relay and 225-, 
247-, and 248-type Relays) 

Heelpiece-----~~~ 

Armature Yoke 
Screw Mounting 

No. 436A.. Heelpieoe 
Adjusting Tool---4~ 

,__ _____ ,Core 

Fig. AB - Adjus·ting the Heelpieue Airgap 
on 251- and 252-type Relays With 
the No. 436A Heelpiece Adjusting 
Tool Inserted From the Bottom 
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r-----Armature Lever 

~------Residual 
Screw 

r-.-------No. 597A Armature 
Adjuster 

Fig. AC - Method of Adjusting the 
Armature Lever 

247- and 248-type Relays 

(8) First adjust the heelpiece 
as covered in (9) if the 

screw is readily accessible or as covered 
in (10) if the residual screw is behind 
a normal post ·spring assembly or behind 
a rotary off-normal spring assembly on 
a switch. Then, if necessary, adjust 
the residual airgap as described in (11) 
and (12). 

(9) If the residual screw is readily 
accessible, adjust the air-

gap as follows. Using the No. com-
bination wrench and screwdriver, back out 
the residual screw all the way before re­
adjusting the heelpiece airgap. Loosen 
the armature yoke screw with the No. 476A 
wrench and set the heelpiece airgap as 
described in (4) through (7). 

(10) If the residual screw is behind a 
normal post spring or rotary off-

normal assembly on a switch, first 
remove cover from the switch adjacent 
to the relay being adjusted. Then adjust 
the airgap as follows. Loosen 
the screw locknut, using the No. 
474A wrench. With the modified No. 207 
screwdriver, back out the residual screw 
all the way before adjusting the heelpiece 
airgap. Loosen the armature yoke screw 
with the No. 476A wrench and the heel-
piece as described in through 
(7). 

(11) After the heelpiece airgap has been 

ual 
Then 
ing care 
that may 
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adjusted, adjust the resid­
as described in (2) or (3). 

the armature yoke screw, tak­
to avoid applying excess force 
cause the screw to break. 

(12) In the case of No. 247C, H, J, and 
N relays having stellite or sapphire 

inserts·in the core (relays manufactured 
after January 1, 1948), note that the 
armature centers vertically with respect 
to the spoolhead before tightening the 
armature yoke screw. To check this, note 
the relation of the armature with respect 
to the winding terminal staking holes. 

[

08 
09 

10 

Armature Travel (Rq 2.08) 
Armature Stud Gap (Position of first 
lever spring with respect to armature 
stud) (Rq 2.09) 
Armature Backstop Screw Position 
?251- and 252-type relays only) 
Rq 2.10) 

First Lever Spring Is a Normally Open 
Contact Spring or a Balancing Spring 

(l) If the fails to meet the arma-
ture requirement, insert be-

tween the armature and core a gauge of 
the larger value specified for armature 
travel in the proper spring combination 
figure on pages 13 to 48. Energize the 
relay. 

(2) If under this condition all first 
lever are not parallel to the 

heelpiece, make following adjustment. 
With the No. 597A armature adjuster 
plied to the armature lever as shown 
Fig. AC, adjust the lever until the asso­
ciated first lever spring is approximately 
parallel to the heelpiece. 

(3) Note whether the armature backstop is 
touching the armature lever. If it 

is not touching, adjust the backstop so 
that it just touches the armature lever, 
using the No. 326B or 416B adjuster or 
the Hl4769 armature backstop adjuster if 
the relay has a pin-type armature (see 
Fig. AD). If the relay has pivot-type 
armature, use the KS-7782 pliers as shown 
in Fig. AE. After making this adjustment 

the relay, remove the gauge, 
and insert the smaller specified 
for armature travel in proper spring 
combination figures on 13 to 48. 
Re-energize the relay note that the 
armature leaves the backstop. 

(4) If the first lever does not 
hold the armature the back-
, tension this spring as required 

the No. 415B, 416B, or 259 spring 
or the KS-7782 pliers. 

(5) Check that springs other than the 
first lever spring meet the spring 

gauging limits specified in the spring 
combination figure, and if necessary re­
adjust the springs as covered in 3.16. 



• 
• 
• 

• 

• 
• 
• 

H-14769 
Armature 

r-~-----Armature 

Backstop 
{Crimped Type) 

Backstop 
Adjuster--------~~ 

Fig. AD Adjusting the Clearance Between 
the Armature Stud and the First 
Lever Spring on Relays Equipped 
With Pin-type Armatures 

Fig. AE - Adjusting the Armature Stud Gap 
on aelays Equipped With Pivot­
type Armature 

First Lever Spring Is a Normally Closed 
Contact Spring 

(6) Before adjusting the relay to meet the 
armature travel or stud gap require­

ments, adjust all lever springs if nec­
essary, so that they are positioned to be 
as nearly parallel to the heelpiece as 
practicable. To position the first lever 
spring parallel to the heelpiece, adjust 
the associated break contact spring as 
required, using the No. 415B or 416B 
spring adjuster. 

(7) To adjust the relays to meet the arma­
ture travel requirement, insert be­

tween the armature and core a gauge of the 
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minimum value specified for the first con­
tact in the proper spring combination 
figure on pages 13 to 48 . Energize the 
relay. Ad,just the armature lever or levers, 
using the No. 597A armature adjuster as 
shown in Fig. AC so that the first con­
tact breaks as near the minimum value as 
is consistent with meeting the sequence 
of the associated normally closed contacts 
and normally open contacts. After making 
this adjustment, remove the gauge and 
insert the maximum gauge specified for the 

contact or contacts of the spring 
assembly. Again energize the relay. Ob­
serve that the first contact does not 
break. 

(8) After making the adjustments described 
in (7), adjust the armature backstop 

tu provide the proper stud gap as described 
in (9). Check that the other springs 
meet the spring gauging limits specified 
in the spring combinat.ion figures and, 
if necessary, readjust as described in 
3.16. 

(9) To change the clearance between the 
armature stud and the first lever 

spring, adjust the armature backstop with 
the No. 326B, 416B, or Hl4769 adjuster 
where the relay has a pin-type armature 
(see Fig. AD). If the relay has a pivot­
type armature, use the KS-7782 pliers as 
shown in Fig. AE. Adjust the backstop 
away from the armature stud to increase 
the gap, and toward the stud to decrease 
the gap. 

(10) If the relay fails to meet the arma-
ture travel requirement, proceed as 

follows. Loosen the backstop screw lock­
nut with the No. 209 wrench. Insert be­
tween the armature and core a gauge of the 
larger value specified for armature travel 
in the proper spring combination figure 
on pages 13 to 48. Energize the relay. 
Hold the locknut with the wrench, and ad­
just the screw so that it just touches the 
armature. Securely the locknut. 
Check that the armature backstop screw 
position requirement is met . 

(11) If the armature stud gap requirement 
is not met, tension the first lever 

spring or balancing spring so that it 
holds the armature against the backstop 
screw. 

(12) If the armature backstop screw posi-
tion requirement is not met, proceed 

as follows. Loosen the backstop screw 
locknut with the No. 209 wrench and turn 
the backstop screw forward until the 
can be inserted betw~en the armature 
thefront pole piece without the armature 
leaving the backstop screw. Before tight­
ening the locknut, check that the armature 
travel requirement is still met. If the 
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armature travel is satisfactory, securely 
tighten the locknut. 

(13) If the armature backstop screw con-
not be located properly and still 

meet the armature travel requirement, it 
will be necessary to relocate the front 
pole piece. Loosen the screws clamping 
the front pole piece to the center pole 
piece, using the No.'563A and 564A off­
set screwdrivers and move the front pole 
piece backward or forward as required. 
The proper position for the front pole 
piece will be obtained with the ends of the 
front pole-piece arms approximately flush 
with the rear surface of the center pole 
piece as gauged by eye. Securely tighten 
the clamping screws and check the arma­
ture travel as covered above. Readjust 
if necessary. 

(14) If it is necessary to adjust the 
armature lever after requirement 2.16 

has been met, recheck the armature travel. 

3.11 Straightness of Springs (Rq 2.11) 

(1) Do not straighten kinked lever springs 
unless the kinks interfere with proper 

adjustment of the springs, since remov­
ing kinks tends to weaken the springs and 
to shorten their life. Normally, straight 
springs that have been adjusted should 
have no sharp bends. A gradual bow, 
however, is permissible. 

(2) If a spring is excessively bowed or 
bent, straighten it with the No. 415B 

or 416B spring adjuster. In some cases 
it may be necessary to use the No. 259 
spring adjuster or the KS-7782 Vliers. 

(3) To remove an excessive bow in a lever 
spring, plate the adjuster or pliers 

on the spring just behind the stud and 
slide the tool along the spring to a point 
near the inner end as shown in Fig. AF 
and AG. Draw the adjuster or pliers 
forward the length of the bow carefully, 
exerting pressure in a direction opposite 
to the bow. Adjust the spring in line 
with its movement to avoid tilting the 
spring. 

(4) To remove a kink in the spring, apply 
the adjuster or pliers just in front 

of the kink and carefully bend the spring 
to remove the kink. Where mounting 
conditions permit, it is desirable to 
hold the spring with one tool behind the 
kink and bend the spring with a second 
tool. 

(5) After straightening the springs check 
requirements 2.12 through 2.16 and re­

adjust if necessary. 
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No. 415.B Lever Spring 
Spring Adjuster 

Fig. AF - Adjusting Lever Spring for 
Tension 

KS-77$2 Pliers _____ _, Armature 
Stud 

(

.12 

.13 

.14 

.15 

.16 

~~~:=::::::j .__...---Lever 
Spring 

Bushing 

Lever Spring 

Fig. AG - Removing Excessive Bow From 
Spring 

(1) If the above requirements are not met, 
adjust the lever springs as described 

in (2) and the stationary springs as de­
scribed in (3). Adjust the springs to­
ward the preferred limit of tne spring 
gauging requirement described in (4). 
Distribute the spring tension as 
described in (5). 

(2) Adjustment of Lever Springs: To ad­
just the lever springs proceed as 

follows. 

(a) Place the No. 415B or 416B adjuster 
on the spring just behind the stud 

and slide it along to a point near the 
inner end as shown in Fig. AF. In some 
cases it may be necessary to use the 

( 
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No. 259 adjuster or the KS-7782 parallel 
jaw pliers. When using the pliers, 
apply them to the spring at the point 
at which the spring adjuster is applied 
as shown in Fig. AF. 

{b) To increase the tension of a spring 
toward the armature stud, bend the 

spring toward the stud; to decrease the 
tension, bend the spring away from the 
stud. Adjust the spring in line with 
its movement to avoid tilting. Take 
care not to disturb adjacent springs. 
Do not adjust springs any more than 
necessary, since repeated adjustment 
may injure a spring. 

(c) If sufficient tension (toward the 
armature stud) cannot be obtained 

by adjusting the spring as described in 
(b) without bowing the spring beyond the 
permissible limit, or reducing the 
clearance between springs to a point 
where they may touch, proceed as follows. 

(d) Apply the spring adjuster or pliers 
to the spring just behind the stud 

and slide the tool along the spring to 
a point near the inner end as shown in 
Fig. AF and AG. Then carefully draw 
the tool forward the length of the 
spring, meanwhile applying pressure so 
that the spring is formed into a slight 
gradual bow with the concave surface 
facing the heelpiece. Then move the 
tool to the inner end of· the spring and 
adjust the spring as described in (b). 
The magnitude of the bow to be formed 
in the spring must be learned by experi­
ence and should be such that when the 
final adjustment is made at the inner 
end of the spring, the spring will be 
approximately straight. 

(3) Adjustment of Stationary Springs: To 
adjust the stationary springs (back or 

front contact springs) proceed as follows. 

(a) Apply the No. 415B or 416B spring 
adjuster to the slanting edge of 

the spring near the point where the 
spring leaves the insulators as shown 
in Fig. AH. In some cases it may be 
necessary to use the KS-7782 pliers or 
the No. 259 spring adjuster. 

(b) Adjust the spring carefully to the 
left or right as required to pro­

perly position the spring, taking care 
not to disturb adjacent springs. Take 
care not to tilt the springs. Do not 
adjust springs more than necessary, 
since repeated adjustment may injure a 
spring. 

(c) In the case of Z-position (225 type) 
relays adjust the stationary springs 

where mounting conditions permit with the 
No. 256 spring adjuster applied from the 

Assembly 
Clamping 
Plates and 1 

Insulators---
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No. 4158 
Spring Adjuster 

Fig. AH - Adjusting Spring to Meet 
the Spring Gauging Requirements 

righ~ near the point where the spring 
leaves the insulators. In some cases it 
may be necessary to remove the switch 
from the mounting plate to properly ad­
just these relays. 

(4) Preferred Adjustments for Spring Gaug­
ing Requirements: Adjust the springs 

toward the preferred limit for spring 
gauging as follows. 

(a) Adjust normally closed contacts (ex-
cept normally closed contacts of 

make-before-break spring assemblies) so 
that they just break with a gauge inserted 
of a value-as-near the minimum specified 
as will insure meeting the sequence of 
normally closed contacts and normally 
open contacts. 

(b) Adjust the normally closed contacts 
of make-before-break assemblies so 

that they break as near the specified 
maximum gauging value as possible. 

(c) Adjust normally open contacts so that 
they just fail to make with a gauge 

of the maximum value inserted. 

(5) Distribution of Spring Tension: Dis­
tribute the tension on springs as 

follows. 

(a) On spring assemblies having more than 
one normally closed contact, it is 

advisable to tension the lever springs 
against the associated normally closed 
contact springs so that the contact pres­
sure at each normal-ly closed contact is 
approximately equal, consistent with meet­
ing the electrical requirements. Check 
for approximate equal distribution of 
tension, using the KS-6320 orange stick 
applied to the spring, first removing the 
tension of the springs which press against 
the spring being checked. On D-position 
relays of selectors and on similar func­
tioning relays, it may not be possible 
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to evenly distribute the tension and 
still meet the electrical requirements. 

(b) In the case of lever springs asso-
ciated with normally open contacts 

only, distribute the tension between 
the lever springs as equally as possible, 
consistent with meeting electrical re­
quirements. 

(c) In order to meet electrical require-
ments applying to the preliminary 

contacts of 2-step.operation relays, it 
may be necessary to tension the lever 
spring associated with the preliminary 
contacts to a different value from that 
of the other lever springs in the spring 
assembly. 

3.17 Electrical Requirements (Rq 2.17) 

DC Requirements 

(1) If a relay fails to meet th~ de elec­
trical operate or hold requirement, 

reduce the tension of the lever springs as 
covered in 3.12 to 3.16. 

{2) If a relay fails to meet the de elec­
trical nonoperate or release require­

ment, increase the tension of the lever 
springs as covered in 3.12 to 3.16. 

(3) If ring trip relays on connectors ar-
ranged for 1400- or 1500-ohm maximum 

external subscriber loop fail to meet the 
pretrip or trip tests (using the test set 
test resistance values as applied by the 
connector test set or test line for making 
tests on connectors in accordance with the 
proper Division A200 sections), proceed as 
follows. Readjust the relay mechanically 
ae covered in this section and electrically 
in accordance with the de readjust require­
ments specified on the circuit require­
ment table. Repeat the test set or test 
line test (using test resistance values). 
If the relay still fails to meet these 
tests, adjust the tension of the No. 1 
spring so that the relay meets the readjust 
resistance values as provided for pretrip 
and trip tests in the test set or test 
line. 

AC Requirements 

(4) If ring trip relays for which ac re-
quirements are specified on connectors 

arranged for 900- or 1000-ohm maximum 
external subscriber loop, having a 60- to 
75-volt silent interval tripping battery, 
fail to meet the pretrip or trip test 
(test set test resistance values) as ap­
plied by the connector test set or tebt 
line for making test in accordance withthe 
proper Division A200 section, proceed as 
follows. Readjust the relays mechanically 
as covered in this section and electrically 
in accordance with the readjust resistance 
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values specified in the circuit require­
ment table and applied by the connector 
test set or test line. Recheck the 
ac requirements. 

3.18 (Rq 2.18) 

(1) If the relay meets all the preceding 
requirements but fails to meet its 

hold timing requirement, decrease the 
spring tension and follow slightly. If 
a satisfactory adjustment cannot be ob­
tained in this manner, -reduce the residual 
airgap as covered in 3.06, In some cases 
it may be necessary to reduce the heel­
piece airgap. If these adjustments are 
made, recheck that the spring gauging re­
quirement is met. 

(2) If the relay fails to meet its re-
lease requirement, increase the 

spring tension s.lightly as described in 
3.12 through 3.16. If a satisfactory 
adjustment cannot be obtained in this 
manner, increase the residual airgap. 
If either of these adjustments are made, 
recheck the spring gauging requirement. 

(3) Also refer to Section A354.062 cover-
ing the analysis and correction of 

pulsing failures. 

3.19 Pulse Repeating Requirement (Rq 2.19) 

(1) If the relays do no~ meet the pulse 
repeating requirements, proceed as 

outlined in Section A492.708 or A490.813. 

REASONS FOR REISSUE 

1. To add a reference to spring gauging 
information under Armature Travel in 
requirement 2.08(b) (1.12(b)). 

2. To delete the paragraph covering inter­
ference of normal post spring assemblies 
(1.21 of previous issue}. 

3. To cover the use of the No. 510C test 
lamp in Part 1 instead of in require­
ments 2.08 and 2.16(1.21). 

4. To revise the requirement for contact 
separation {2.12). 

5. 
6. 

7. 
8. 

9. 

10. 

11. 

To add soak requirement [2.17(a)J. 
To add spring combination Fig. 444 to 
446, 529, 530, and 725 to 734. 
To revise spring combination Fig. 527. 

To delete spring combination Fig. 1016. 

To revise the List of Tools (3.001). 

To add a paragraph covering modifica­
tion of the No. 207 screwdriver (3.002). 

To revise the procedures for adjusting 
residual and heelpiece airgaps 
(3.06-3.07). 
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