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Training Manual 16 Section 30'
Western Electric Company, Incorporated

Installation Department 2-11-46
OPERATION TRAINING QUTLINE 301 L
GENERAL éNFORMATION
OR

s CLASSROOM TRAINING ON STEP-BY-STEP SWITCHES AND RELAYS

1. IEST AND READJUST REQUIREMENTS

Step-by-Step equipment is initially adjusted at the time of manufacture and should not ordinarily
require extensive adjustment by the installer. Slight changes, however, may take pleace during shipment
and handling, which make it necessary to check the equipment at the point of installation before it
is turned over to the Telephone Company for service.

Test Requirements are to be used in determining whether or not the equipment is in proper condition
fo. delivery to the Telephone Company. When the test requirements are not met the parts involved will
require adjustment.

Beadiust Regquirements are for use when adjusting equipment that fails to meet the test requirement.
Frequently the readjust are more severe than the test requirements so as to provide a margin of safety.
When a ;equirement is not specifically designated as test or readjust it is to bYe considered both test
and readjust,

2. SEQUENCE OF CHECKING AND ADJUSTING

(a) The requirements and adjusting procedures zr21in the orderwhich experience has indicated to be the
nroper sequence to follow in checking and adjusting the equipment.

(b) Two or more requirements may be covered by the same adjusting procedure. In such instances, the
adJjusting procedure headings list the agsoclatedrequirement numbers and titles, These regquire-
ments are interdependent and in making an adjustment to meet one or more of those requirements, con-
sideration must be given to others.

3. USE OF GRAM GAUGES
Fan type gauges are designed for use in a horizontal position with the movement of the reed to the
right or left. When fan typed gauges are used in a vertical position an allowance should be made for

the weight of the reed. The position of the reed with respect to the zero mark should be noted and an
equivalent allowance made in reading the tension being checked,

4. TIGHTNESS OF NUTS AND SCREWS

(a) When checking for loose nuts and screws apply force 4in the direction which tends to tighten them,

(b) 411 nuts and screws loosened for the purpose of making adjustments should be securely tightened.

5. TYPE SWITCH

General views of the 197 Type Switch are shomn in Figures 1 and 2. The various parts referred to in
the Training Outlines, to be covered in this class, are shown. :

GENERAL _CONSID TIONS BEFORE STARTING EACH ERAT
While the following information is not to any great extent applicable to work being performed in the
clagsroom it applies in all cases to job work and therefore should be given consideration before the
start of each operation,
(a) Survey Work Area for Safety to Personpel
(1) Place protection on protrusions to avoid bumps, cuts or scratches,
(2) Consider possible injury from surrounding work operations,
(3) Consider possible effect yuur work will have on surrounding workmen,
(b) Survey Work Ares for Safety to Service
(1) Place protection for adJacent equipment.
(2) Place protection for exposed working circuits.
(c) Self check to determine if requirements and methods to be followed are understood.
(4) Arranse Tools,Sucplies nd Protection
(1) To provide personal safety.
(2) To provide safety to service. .

(3) To provide maximum efficiency (eliminate lost motion).

J. P. Kelly, -
Superintendent of Installation Engineering.

Printed in U.S.A,
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Training Manual 16 302

Western Electric Company, Incorporated © Part 1
Installation Department 2-11-46

OPERATION TRAININ% OUTLINE NO. 302
PART 1
REQ,UIBEMENTS AND CHECKING PROCEDURES FOR ROTARY MOVEMENT
197 TYPE SWITCHES

1. ROTAR G ALIGNMENT
) (a) Requirement: The Btoﬁping face of Q
the rotary dog shall engage approxi-
mately flat with the radial face of the
rotary teeth. Figure 1 (A),

- Redial Pace of

(b) Checkinz Proceduyres: The regquirement Rotary Tooth

for the rotary dog alignment shall
be met with the shaft on the Sth rotary Stopping Pace
step of the 5th p_ank lev"el. Ga_u;e by eye. of Rotary Dog

{A)

FIGURE 1

2. ROTARY ARMATURE PLAY

' "(a) Requirement: The rotary armature
g shall not bind nor have more than

Bearing Pin Clamp
.003" vertical play. Figure 2(A). '

(b) Checkins Procedureg: Gauge by eye
or feel.

Rot—ary
A.mat.uro Sprins

e————ROtary Armature
Rotary Magnet

—-Bearing Pin
Clamp Screw

anring Pin

FIGURE 2

3. RQI ARY PAWL PLAY
(a) Requirement: The rotary pawl shall (A)' —Rotary Pawl

A sty
—— *

be free from bind. Figure 3(A). Rotary Pu:l

(b) Checking Procedures: Gauge by feel. Rotary  Qulde
Armature (c)
Rotary -
Arme Rotary Pawl
n-ok‘g:: . ! . FPront Stop
Lock
Nut

(B

..FIGURE 3

This Training Outline includes material from BSP A477.002, Issue 4-D and
) . Addendum A477,002, Issue 2-D
Copyrighted 1940 and 1943 respectively by the American Telephone and Telegraph Company
Printed in U, S.A
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4, VERTICAL POSITION OF ROTARY ARMATURE

(a) Reguiregent: With the rotary armature
in its normal position:

(1) The rotary armature shall overlap
a minimum of 2/3 the diameter of
the back stop. Figure 3(B),

«(2) The rotary pawl shall entirely
. overlap the end of the rotary pawl
guide. Figure 3(C):

i (b) Checking Procedures: Gauge by eye.

5. ROTARY PAWL_POS]TION

(a) Requirement

: (1) The rotary pawl shall strike the

! teeth of the rotary ratchet

‘ .squarely when the rotary armature is
operated manually. .

(2) With the shaft on the last rotary
step the tip of the rotary pawl
shall align itself with the cylindrical )
part of the shaft bhub as it slides along -
i the hub.

(b) Checkine Procedures

(1) Gauge by eye as follows: As the
pawl begins to rotate the

shaft from the rotary normal position, the
actuating surface (beveled surface) of the
rotary pawl shall align itself with the
outer edge of the radial face of the tooth,
Use the No. 510B test lamp and the P-220366
dental mirror. - This shall be checked at
i the following points: Figure 4(A),

Viewed With the shaft held between Lines Should

from - the first and second levels be Parallel
top of . so that the top edge of the
ratchet rotary pawl is slightly
above the ratchet teeth.
: -Quter Edge of
Viewed. 9th Level Radiel Face
i from » ‘ . Shart of Tooth
bottom
of : ] Aligxcd
ratchet ’
FIGURE 4
t
i
I
%
-
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5. BOTARY FAWL POSITION (CONT'D)

(2) Use the No, 510A test lamp
and the P-220366 dental mirror

and check on the 9th level. Direct the
light of the test lamp from the right
and observe the rotary pawl from the
left as it slides along the hub. This
can also be checked by holding a P-220366
dental mirror at an angle of approximately
45 degrees below and to the left of the
rotary ratchet. Figure 5(A),

6. ROTARY MAGNET POSITION

(a) Reguirement

(1) With the rotary magnets electrically
operated, there shall be a ‘space
between the rotary dog and the radial face
of the rotary tooth of:

Test - Min. .005"
- Max. .012"
Read just - Min. .005"
- Max, .01l0"

This requirement shall be met on
at least one of the first ten teeth on the
fifth level. Figure 6(A),

(2) With the rotary magnets -electrically
operated, the rotary armature shall
strike both magnet cores. This requirement
is met if, when the armature is in contact
with one core, the space between the armature
and the closest point on the other core
does not exceed .002%, Figure 8(A),

302

Rotary
Puwl

Shaft Hub

Rotary
Pawl
Front

Rotary Pawl Guide

Rotary Armature.
Back Stop

Misaligned

FIGURE &

Rotary
Pawl

Rotary Pawl
Front Stop

Radial Pace
of Tooth

Rotary Dog
(A)

Rotary Ratchet

FIGURE 6
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6. ROTARY MAGNET POSITION (CONT'D)

e e ettt e e s et

(b) Checking Procedures

(1) Use the KS-6909 gauge as shown in
Figure 7,

(2) Place the .002" blade of the

~KS-6909 gauge between the armature
and one of the rotary magnet cores as shown
in Figure 8 so that the gauge completely
covers the core and then energize the rotary
magnets, The gauge should be tight. Repeat
the check on the other rotary magnet. The
gauge should also be tight.

7. ROTARY PAWL FRONT STOP POSITION

(a) Requirement: With the rotary magnets

electrically operated the clearance

between the rotary pawl and the rotary pawl
front stop shall be:

Test - Min. .o002"
- Max. .008"
Read just - Min. .002%
- Max. .006"

This requirement shall be measured
on the first, fifth and tenth rotary steps
of the fifth level. Figure 9(A),

TCI Library www.telephonecollectors.info
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7. ROTARY PAWL FRONT STQP POSinQN (CONT'D) 5
(b) Checking Procedures: Measure the

maximum values with the No. 117A
gauge as shown in Figure 10 and the minimum
values with the KS-6909 gauge.

A

8. ROTARY PAWL GUIDE POSITION -~

(a) Reguirement: When the roﬁ%ry armature

is operated manually, sufficiently
to bring the rotary pawl into contact with
the rotary teeth on the indicated rotary
steps of the first and tenth levels, the
following requirements shall be met. {(On
switches equipped with a commutator wiper
the shaft spring bracket shall be held
against the left side of the normal post
when checking requirements involving the
first rotary step.)

(1) With the shaft on the first, fourth
and ninth rotary steps the tip of
the pawl shall strike the flank of the tooth
before it engages the radial face of the
preceding tooth.

(2) The rotary pawl tip shall first
strike the flank of the tooth
within the areas indicated in the following

table, Figure 11(A) and (B).
Check On Area in
Rotary Steps Fig. 11
Test % Readjust 1l and 9 B
Readjust Only 4 A
(b) Checking Procedures: Gauge by eye.

Use the P-220366 dental mirror.

9. NORMAL PIN POSITION

(a) Requirement: The step from rotary
normal position to the first bank

contact shall be equal to the steps between
bank contacts., This requirement shall be
checked on the first and tenth levels.
Figure 12(A),

(On switches equipped with a commu-
tator wiper the requirement shall be met with
the shaft spring bracket held against the
left side of the normal post. Figure 12(B).

NOTE: This requirement is met if, when
the rotary armature is operated

manually with the shaft in rotary nor-

mal, the tip of the pawl strikes the

flank of the tooth within the area

(B) on Figure 11 before it strikes the

radial face,.

(b) Checking Procedures: Gauge by eye.
Use the P-220366 dental mirror.

No. 117A Gauge

Rotary Pawl

FIGURE 10

Rotary Pawl

Outer Edge
of F
1 — Radial Face

Flank—

(B)

2/3 Distance
Prom Base of
Rotch to Outer
Edge of Plank

(A)
1/2 Distance From

Base of Notch to
Outer Edge of Flank

FIGURE 11

Shaft Normal Post
Spring Cap (B)
"’__E‘.E- 4 _sShaft Spring
ghaft ===
ri - .
Bgacggt. Q‘ ; Shaft Extension.
Bearing “uny” B Sleeve
= — Shaft Spring

Bracket
Normal Pin
(A)
Normal Pin Normal Pin
Clamp Screw- Clamp

FIGURE 12
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10. ROTARY ARMATURE BACK STOP POSI TION

‘(a) Reguirement: With the rotary arma-
ture against its back stop the
rotary pawl shall clear the rotary teeth as
the shaft slowly restores to rotary normal
from the last rotary step of every level,
but- this clearance shall not exceed 1/64"

" checked on the fifth level. Figure 13(A),

(v) Checking Procedures: Gauge by eye.

11, SHAFT SPRING BRACKET POSITION

(a) Requirement: With the switch shaft
. at normal the shaft spring shall
restore the shaft spring bracket against
the normal pin clamp when the bracket has
been 1lifted to its maximum limit and then
.released. Figure 14(A),

(b) Ch » es: Compress the
shaft spring as far. as possible
against the shaft spring cap by lifting the
shaft spring bracket by hand, Then release
the shaft spring bracket and see that it
restores agaiast the normal pin clamp.

12. SHAFT SPRING TENSION

(a) Reguirement: The shaft spring ten-
sion shall be sufficient to restore
the shaft to rotary normal from the second
rotary step of the first bank level against
a tension of:

Test - Min. 85 grams
epdiust - Min. 100 grams
(v) Checking Procedures: To measure the

tension, open the circuit to the

release magnet, step the switch manually

to the specified position and apply the No.
79C gauge to the radial face of the rotary
tooth engaged by the rotary dog at a point
below the rotary dog as shown in Figure 15,
Set the gauge at the specified minimum ten-
sion, operate the release magnet manually
and observe that the shaft restores to ro~
tary normal.

Rotary Pawl

—————Rotary Pawl
Rotary Guide
Armature .

Rotary
Arma ture
Back Stop

Lock
Nut — Rotary
Teoth
Rotary
Dog
Shart

FIGURE 13

Spring
Bracket

Normal Pin
Clamp Screw-

FIGURE 14

FIGURE 15

J. P, Kelly,
Superintendent - of Installation Engineering.
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Training manual 16
Western Electric Company, Incorporated
Installation Department

OPERATION TRAINING QUTLINE NO. 302
PART 2

ADJUSTING PROCEDURE FOR ROTARY MOVEMENT
197 TYPE SWITCHES

1. BOTARY DOG_ALIGNMENT
(cj Adjust;hg Procgdﬁres: Where the re-

quirement has not been met it is an

indication that.the rotary dog is incorrectly

formed and the double dog should be re-
placed,

2. ROTARY ARVMATURE PLAY
(c) Adjustirg Procedurgg: If the rotary

arméture binds or has too much
vertical play, loosen the set screw in the
top or bottom bearing pin clemp (as deter-
mined by the position of the rotary armature

with respect to the rotary armature backstop)

and move the beering pins as required. The
rotary ematureis in its correct position
when the rotary armature backstop approxi-
mataly centers on the contacting surface

of the rotary armature. Use the No. 556A
wrench.

3. ROTARY PAWL PLAY
“(e) Ad]ustlng Procedures: If the rotary
pawl binds the rotary amature should
be replaced,

4, VERTICAL POSITION OF ROTARY ARMATURE
5. ROTARY PAWL FOSITION

~(c) Adjusting Procedures: If the rotary

armature does not properly overlap

‘the backstop or if the rotarypewl does not

properly overlap the end of the rotary pawl
guidae, raise or lower the rotary armaturse.
If reising or lowering the rotary armature
does not correct the condition adjust the
armature arm as required with the No. 13398
adjuster applied at a point Jjust back of
the rotery pawl es shown in Figure 1l(a),

6. BQTARY MAGNET POSITIQN
(é) Adjusting Procedure : To change the

clearence between the stopping face
of the rotary dog and the radiel face of
the rotary teeth, remove the cover located

in Beek of the rotary magnets with the R-2443

screwdriver and change the position of the
rotery magnets as required. Loosen the
clamping screws with the R-1681 wrench.

This Trnining Qutline includes material from BSP'S 477.002,

Addend A477 0072,
ctive the Americzn Telephone @nd Telegraph Compsny

Copyrighted, 1940 and 1943 recsrectively Yty

{A)

Rotary
Armature

Rotdry
Arma ture
Back Stop1

¥

13128

Tool
Lock
Nut

issue 2-D

Printed in U.S.A.
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6. ROTARY MAGNET POSITION (CONT'D)

Then turn the locking cap clockwise with the
R-2185 wrench to decrease the gap between
the stopping face of the rotary dog and the
radial face of the rotary teeth and counter-
clockwise to increase this gap. If the
002" gauge does not fit tight, move the
magnet farthest away from the armature
closer to the armature taking care not to
disturd the adjustment already made for
clearance between the stopping face of the
gotary dog and the radial face of the rotery
eeth.

7. ROTARY PAWL FRONT‘STOP POSITION
(¢) Adjusting Procedures: To change the

clearanca between the rotary pawl
and the rotary pawl front stop, move the
rotary pawl front stop closer to or ferther
away from the rotary pewl by raising the
shaft to the tenth level, loosening the
rotary pawl front stop locking screw with
the R-2443 screwdriver and then turning the
rotary pawl front stop adjusting screw as
required. Always complete adjustment of
rotary pawl front stop by turning the ad-
Justing screw in a clockwise direction with
the locking screw tightened slightly so that
the friction between the rotary pawl front
stop and the casting will cause a noticeeble
resistance to the turning of the adjusting
screw. For example, if it is necessary to
increase the clearance between the rotary
pawl and the rotary pawl front stop, loosen
the rotary pawl front stop locking screw
and move the rotary pawl front stop away
from the pawl in excess of the required
amount by turning the adjusting screw in a
counter-clockwise direction, Then tighten
the front stop locking screw slightly and
turn the adjusting screw in a clockwise
direction until the clearance between the
pawl and the front stop is within the
specified limits, Then tighten the locking
screw securely and recheck the clearancs,
Do not bend the pawl front stop to increase
or decrease the clearance betwsen the pawl
and the front stop, See Figure 2.

8. ROTARY PAWL GUIDE POSITION

(c) Adjusting Procedures: If the rotary
pawl tip does not strike the flenk

of the tooth as shown on Figure 3, loosen
the lock nut on the pewl guide with the lNo.
418A wrench and shift the position of the
pawl guide with the screwdriver portion of
the No. 48 combination wrench and screw-
driver, It is desirable to have the pawl
tip strike on the flenk of the tooth as near
the bottom of the notch btetween the two :
teeth as possible.

Rotary Pawl
Front Stop
Locking Screw

Cesting

Rotary Pawl
Front Stop
Adjusting Screw

FIGURE 2

- Rotary Pawl
Front Stop

‘fThe pawl shall
first strike
in this urea.

kotary Dog

- -—Flank of Tooth

Radial Face
of" Tooth

FIGURE 3

TCI Library www.telephonecollectors.info
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9. NORMAL PIN POSITION

{c) Adjustine Procedures: Raise the
shaft to the first level and

manually operate the rotery armeture,
Repeat this operation on the second rotary
step. If the rotary nawl does not strike
the first tooth in the same relative posi-
tion that it strikes the second tooth,
change the position of the nermmal pin by
loosening the normal pin clamp screw and
moving the pin to the required position,
Use the No, 556A wrench to turn the normal
pin clamp screw. Exercise care not to
tighten this screw to the point where it
will bend the shaft.

10, ROTARY ARMATURE BACK STOP PUSITIGN

(c) Adjusting Procedures: To readjust
the clearance between the rotary
pawl and the rotary teeth of the shaft,
locsen the lock nut on the rotary armature
backstop with the No. 418A wreich and shift
the position of the backstop with the
screwdriver portion of the No. 48 combina-
tion wrench and screwdriver, On switches
equipped with a round head backstop screw,
use the R-2443 screwdriver to turn the screw.
- -shaft “xtension

11. SHAFT SPRING BRACKET POSITION Sleeve

(c) Adjusting Procedures: If the shaft

spring bracket does not restore
properly, remove the shaft spring, free the
shaft soring cap and remove the shaft spring
and cap as a unit, (See Figure 4) Observe
that the shaft spring bracket rides smoothly
on the normal post., If the shaft spring
bracket rides smoothly, gradually elongate
the shaft soring, taking care that the
spring is elongated evenly with even spaces
between the loops, and that the overall
height of the coil &nd cap does not exceed
2", To stretch the spring hold the cap in
.one hend and grasp the first loop at the
other end of the spring with the KS-77&82
pliers. Remount the shaft spring and re-
check for the positioning of the shaft
spring bracket. Repeat the operation if
necessary,

- -Shaft
Spring capf

-3haft Upring

12, SHAFT SFRING TENSION

(c) Adjusting Procedures: To change the

tension of the shaft spring, turn
the shaft spring cap in a clockwise direc-
tion as far as the bayornet slots in the
shaft extension sleeve will permit, and then
lift the cap so that the crossbar is free
of the slot in the shaft extension sleeve,
Turn the cap in a clockwise direction to
increase the tension and in a counter-
clockwise direction to decrease the tension.
After each one-quarter turn, the crossbar
in the spring cap may be dropped into the
slots in the shaft extension sleeéve to
maintain the spring tension while a new hold
is secured for any further increase or de-
crease in tension that may be required,
Yhen finally adjusted, make sure that the FIGURE 5
crossbar in the spring cap is engaged in
the bayonet slots so as to lock the spring
in tha adjusted position. Check the tension
nf the readjusted shaft spring as shown on
Figure 5.

Rotary Dog ——————

Jd. P. Kelly,

rerintendent of Installation Zngineering.

)
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Training Manual 16

Western Electric Company, Incorporated
Installation Department.y P

303

Part 1
2-11-46

OPERATION TRAINING OUTLINE NO. 303
PART 1
REQUIREMENTS AND CHECKING PROCEDURES FOR VERTICAL MO VEMENT
197 TYPE SWI TCHES ’

1. VERTICAL PAWL PLAY

(a) gggn%ggmgg&: TE: pawé sEall not bind
nor have more an ,008" side play.
Figure 1(A). e

(b) Checking Procedures: Gauge by eye and
feel.

2. YERTICAL ABRMATURE PLAY

(a) R ent: The vertical armature
shall not bind and shall have &
maximum play of 1/64%, Figure 2(A).

(v) Checking Procedures: Gauge by feel.

' 3. VERTICAL PAWL POSITIQON

(a) Requiregent: With the pawl resting on
the shoulder of the vertical ratchet
above the first (top) tooth, both corners
% fsrmed by the arc at the pawl tip shall touch
the periphery of the shoulder in some gne
position of the armature permitted by the
gide play of the vertical armature and pawl.
Figure 3(A).

(b) Checking Procedures: To check the ver-
— tical pawl position, raise the vertical

pEwl finger from the vertical pawl guide and
@t the same time operate the vertical arme-
ture manually S0 that both corners formed by
the arc at the pawl tip will ride on. the out-
s¥de surface or periphery of the vertical
réttchet shoulder as shown on Fig. 3. Move
the armature to the left and right as far as
tHe vertical armature side play will permit,
Gauge by eye.

Overthrow
Stop :
H ® Vertical Ratchet
] e Shoulder
: Vertical Pawl
§ ; Verticel Ratchet
: Vertical Pawl Finger
(A)-
Vertical :
Pawl Guide : Rotary Ratchet
FIGURE 1
Clamping Screw
Locking Cap—

r——Vertical
dKagnet

Overthrow
Stop

Verticel
Pawl

[

Vertical Armature

(A)
FIGURE 2

Vertical Ratchet
Shoulder

(a)

Overthrow
Stop

Periphery
of Shoulder

First (Top)
Tooth

Vertical Pawl

FIGURE 3

This Training Outline includes material from BSP 477.002, Issue 4-D and
Addendum A477.002, lssue 2-D
Copyrighted 1940 and 1943 respectively by the American Telephone and Telegraph Company
" Printed in U.S.A.
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4. CLEARANCE BETWEEN VERTICAL PAWL_FINGER
AND VERTICAL PAWL GUIDE

(a) Reguirement: There shall be a clear-

ance between the vertical pawl finger
and the vertical pawl guide just as the
shaft starts to move vertically under the
control of the vertical armature of Min.
010" Figure 4(A).

(b) Checking Procedures: This require-
ment shall be checked as the switch
is stepped manually from the fifth level,
~Gauge by eye.

5. CLEARANCE BETWEEN VERTICAL PAWL AND
. VERTICAL TEETH

(a) Regujrement: With the vertical arma-
ture released, the vertical pawl shall
clear all verticel teeth. The pawl shall
clear the top of the rotary ratchet when
?gg sheft is up ten steps. Figure 5(A) and

(v) Checking Procedures: Gauge by eye.

6. DOUBLE DOG PLAY
(a) Eggnlxgmggj: The double dog shall

not bind nor have more than .002"
vertical play. Figure 6(A),

(b) Checking Procedures: Check the mini-

mum value by eye and feel and the
maximum value with the KS-6909 gauge. To
detect bind in the double dog,it will be
netessary to relieve it of the tension of
the double dog spring and the release link.

Rotary
Dog

overthrow

Stop -
T Vertical Ratchet
; - shoulder
Vertiocal Pawl
é : Vbrtloal’napchoc
: —Yertiocal Fawl Finger

(A)

‘Yertiocal j

Pawl Goide : Rotery Ratohet

Vertical Tooth
¢A)

Vertiocal Pawl.

A (B)

Rotary latchet

Double Dog

Spring Bearing Pin Clanp

Bearing Pin
Clamp Screw

Bearing Pin

Double Dog

'%rtloal Dog

Doublo Dog
Release Tooth

Release Link
{A)
Rotary Pawl Front
Stop Lock Screw
Rotary Pawl

Front Stop
Adjusting Sorew

FIGURE &
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7. VERTI CAL MAGNET PQOSITION

(a) Reguirement:

(1) Minimum: With the vertical magnets
electrically operated and the double
dog held away from the ratchet there shall

"be vertical movement of the shaft when a

force sufficient to take up any vertical

pawl bearing play is applied to the shaft

alternately in an upward and downward direc-
Figure 7(A) .and 8(B). '

Maximum: With the vertical magnets
electrically operated and the shaft raised
by hand so that the vertical pawl is resting
against the casting (overthrow stop) there
shall be a gap between the top of the ver-
tical dog and the undersurface of the vertical 4
tooth of Max, .010".

(2) With the vertical magnets electri-
cally operated the vertical arma-

ture shall strike both magnet cores. This
requirement is met if, when the armature is
in contact with one core, the space between
the armature and closest point on the
other core does not exceed .002". Use
the KS-6909 gauge. Figure 9A,

{b) Checking Procedures

(1) Check by feel on the first, fifth
and tenth levels.

(2) This requirement shall be checked
with the shaft on the first, fifth
and tenth levels. Use the KS5-6909 gauge.

To check this requirement insert .
the .010% blade of the KS-639C9 gauge between
the top of the vertical dog and the under-
surface of the vertical tooth. The gauge
should not enter or should be tight.

Locking Cap

(A) ———

e

g
Overthrow 4%

Stop et

Vertical
Pawl

Vertical Armature

Double Dog Lpring

-(B)
Vertical Dog

Notches in
Vertical Ratchet

L

303

Clanping Screw

FIGURE 7

Vertical
nagnet

9

rotary Dog
FIGURE 8
(A)
L Blade of
1| ks-6909
Gauge

i

-

L=
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8. HORIZONTAL ALIGNMENT OF VERTICAL_DOG

(a) Requirement: With the shaft at rotary
normal and with the vertical dog

engaging the vertical ratchet, the tip of
the vertical dog shall ride within the
notches in the teeth as the shaft is moved
vertically. {On switches equipped with a
commutator wiper this requirement shall be
~met with the shaft spring bracket held
against the left side of the normal post.)
Figure 10(A).

(b) Checking Progedures: Gauge by eye.

9. VERTICAL ALIGNMENT OF VERTICAL DOG

(a) Reguiremept: With the vertical magnet
electrically operated and the shaft

at rest the vertical dog shall drop all the
way in on all levels after the double dog
is pulled free from the vertical ratchet and
then allowed to restore slowly, On at least
"one level the vertical dog shall not allow
a drop of more than .003" in the shaft when
the armature is released. ® With the shaft
at rotary normal and the rotary dog engaged
with the rotary ratchet it shall be possible
to raise the shaft without moving the verti-
cal dog, but this movement _shall not exceed
Max. .0l10". Figure 11(A) \

(b) Checking Procedures: This reguirement
should be checked with the play be-

tween the lower lug of the double dog and
the casting taken up in a downward direction,
Gauge by eye.

Double -Dog Spring

(1)

Vertical Dog

Notches in
Vertical Ratchet

ﬁotatynn‘

FIGURE 10
Stationary Dog
— \ ()
Q B is .
i ‘ Double Dog.
L4/ P : Spring.
- A\ Y ¢ 1 i
' "s :: !
N N i Vertical Dog
S\ Y ¢
Y
D f
)\ [

1‘ ' Rotary Dog

FIGURE 11
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10. DEPTH ENGAGEMENT OF VERTICAL DOG

(a) Reguirement: Depth of En :
of Vertical Dog - Figure 12(A):

With the shaft at rotary normal and the -
rotary dog engaged with the rotary ratchet
it shall be possible to raise the shaft
without moving the vertical dog, but this
movement shall not exceed Max. .010".
Figure 12(A),

{b) Checking Procedures: This requirement
shall be checked on the first, fifth
and ninth levels. (On switches equipped
with a commutator wiper the requirement shall
be met with the shaft spring bracket held
against the left side of the normal post.)

To check this requirement insert the
proper blade of the KS—SSOS gauge betweéen’
the top of the vertical dog and the under-
surface of the vertical tooth as shown in
Figure 13,

P I

11. HORIZONTAL ALIGNMENT OF STATIONARY DOG

(a) Reguirement: With the play between
the shaft spring bracket and the left
side of the normal post taken up by applying
a light pressure to the shaft spring bracket
near the normal post.

(1) The front -side of .the stationary
dog shall clear the nearest verti-
cal tooth during vertical motion of the shaft
from vertical normal-to the tenth level, but
this clearance shall be Max. .004". Fig.l4(A).

(2) There shall not be any bind between
the stationary dog and the lowest
vertical tooth as the shaft is moved to
its uppermost position.

(v) Checking Procedure: Use the
KS-6909 gauge.

303

Stationary Dog

— : (A)
. I - Double Dog
T R i Spring
! ’ . . s ’-;ﬂl
v ; Z ; E Yertioal Dog
R\
AN
AN 2
Y\ |
1 AN Rotary Dog
4 '
FIGURE 12

Dog

sraviomry_|

FIGURE 13

Vertical Ratchet

(A)

Rotary Ratchet

FIGURE 14

TCI Library www.telephonecollectors.info




T™-16 - 303-1

12, VERTICAL ALIGNMENT OF STATIONARY DOG
(a) Requirement
(1) The stationary dog shall not cause

any rise nor mre than a perceptible

(.003%) drop as it cuts in on the fifth
level, Figure 15(A),.

(2) With the rotary magnets energlzed
so as to step the switch from

rotary normal to the first rotary atep, the
shaft shall rest on the stationary dog so
that. the vertical .dog will drop all the way
in when the double dog is pulled away from
the shaft and allowed to restore slowly.
This shall be met on all levels with the
pldy between the lower lug of the double dog
and the casting taken up in a downward direc-
tion.

(b) Checking Procedure: Gauge by eye.

13. DEPTH ENGAGEMENT OF STATIONARY DOG

(a) Reguirement: With the shaft cut in on
the second rotary step and the double
dog disengaged from the shaft it shall be
possible to move the shaft vertically but
this movement shall not exceed Max., .010".
Figure 16(A). .

(v) Checkine Procedures: Gauge the mini-
mum by feel and the maximum value
with a K8-6909 gauge. This requirement shall
be checked on the first, fifth and tenth
levels, There shall be a freedom from
?1nging on all other rotary steps. Gauge by
eel.

With the switch at the proper lsvel
and rotary position, gently 1ift the shaft
and measure the vertical movement of the
shaft by inserting the -proper blade of the
KS-6909 gauge between the upper edge of the
stationary dog and the under surface of the
vertical tooth, see Figure 16A.

14, VERTICAL ARMATURE SPRING POSITION
(a) Reguirement: There shall be a per-
ceptible clearance between the ver-

ticle armature spring and the release arma-
ture in its operated poeition.

- (b) Checking Procedufes: Gauge by eye.

(A)
Stationary

(3)

FIGURE 15

Stationary Dog

¥o. 7067 Double
Dog Adjuster—

0

[

(A)

FIGURE 186

J. P. Kelly,

|

Double Dog
Spting

Vertioal Dog

Rotary Dog

Shatt

Superintendent of Installation Engineering.
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Training Manual 16 303

Western Electric Company, Incorporated Part 2
Installation Department ' 2=-11-46

CPERATIUN TRAINING OUTLINE NO. 203
PART 2

ADJUSTING PROCEDURES .FUR VERTICAL:MOVEMENT
197 TYFE SWITCHES

1. VERTICAL PAWL FPLAY

(c) Adjusting Procedures: If the vertical
pawl binds or has an excessive amount No.13398 r——— Vertical
of side play. The vertical armature should Armature Armature
re replaced.

2, VERTICAL ARMATURE PLAY

(c) Adjusting Procedures: If the vertical
armature binds on the vertical arma-
ture bearing pin clamp, or has excessive
side play, lonsen ths bearing pin clamp screw
and shift the clamp slightly as required.
Use the No, 5EGA wrench,

VERTICAL Pawl PGSITION

CLEARANCE BETWE-N VERTICAL PAWL FINGER
AND VERTICAL FAWL GUIDE

CLrARANCE BETWE:=N VERTICAL FAWL AND
VeRTICAL TerTH

o w0

(c) Adjusting Procedures:

(1) To realign the vertical pawl hori=-
zontally, place the slotted offset
snd of the No, 12398 armature adjuster over
the armature Just above and to the regar of
the arm which controls the release link and Vertical
aijust the armature to the right or left as Pawl
required. See Figure 1.

‘—————— Release

(2) Make the adjustment for clearance . Link
between the vertical pawl finger

and vertical pawl guide and between the ver-

tical pawl and the vertical teeth at the FIGU:

same time, by adjusting the vertical pawl

guide with the No, 485A pliers. To in-

crease the clearance between the vertical

pawl finger and the vertical pawl guide, ad-

just the guide downward, To increase the

clearance between the vertical pawl and the

vertical teeth, adjust the guide upward.

o
[Nl
—

6. DOUBLE UG PLAY

(c) Adjusting Procedures: To increase or
decrease the vertical play of the
dcuble dog, loosen. the set screw in the bear-
ing pin clamp with a No, SZ6A wrench, Move
the bearing pin up or down as required. Se-
curely tighten all screws.

This Training Outline includes material from BSF A477.002, Issue 4-D and
Adcendum A477.002, Issue 2-D
Copyrighted 1940 &znd 1343 respectively by the Ame"1COn Televhone and Telearaph ComranJ
Printed in U.S.A.
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7. VERTICAL MAGNET POSITION
(¢) Adjusting Procedures:

(1) If the play between the vertigal
pawl and the casting is insuffi-

cient, lower the magnet slightly. To change
the position of the vertical magnets, loosen
the clamping screw with the No., 418A wrench,
Then place the No. 417A wrench over the lock-
ing cap and turn the wrench in a clockwise
directicn to lower the magnets and in a
counter-clockwise direction to raise the
magnets. Retighten the clamping screws each
time the position of the magnets is changed
and recheck for gap and play. Turning the
locking cap also turns the adjusting screw,
which changes the position of the vertical
magnet. See Figure 2 (A) and (B).

If the play between the top of the
vertical dog and the under surface of the
tooth is too great this may be due to the
vertical magnets being located too low with
respect to the vertical armature, the mis-
alignment of the shaft bearings or to in-
correct adjustment of the vertical dog.

(2) 1If the .002" gauge does not fit
tight, adjust the magnet farthest
away from the armature, closer to the arma-
ture as described in (1).

8. HORIZONTAL_ ALIGNMENT OF VERTICAL DOG
9. VERTICAL ALIGNMENT OF VERTICAL DUG
10. DEPTH ENGAGEMENT OF VERTICAL DOG

(c) Adjusting Frocedures:

(1) If the vertical dog does not ride
within the notches in the vertical
ratchet, hold the double dog stationary with
Mo, 485A smooth jaw pliers and adjust the
vertical dog toward or away from the switch
frame as required with the No., 7067 double
dog adjuster. See Figure 3.

(2) If the vertical dog does not drop
. in on all levels, adjust the tip
of the vertical dog downward as required
with the No, 7067 double dog adjuster., See
Figure 4.

(3) If there is a drop in the shaft of
more than .003" on all levels when
the vertical armature is released, raise the
shaft to the level where there is the least
amount of drop. Then adjust the tip of the
vertical dog upward with the No, 7067 double
dog adjuster until there is no drop in the
shaft on this level when the vertical mag-
nets are deehergized. See Figure 4,

(4) To change the depth of engagement
between the beveled surface of the
shaft tooth and the vertical dog, adjust the
dog toward or away from the shaft with the
No, 7067 double dog adjuster as shown in
Figure 4, ’

(5) After making any of the adjustments
described in (2) to (4) inclusive,
recheck the clearance between the vertical
pawl and the casting in accordance with the
following paragraph,

With the vertical magnets electri-
cally operated and the double dog held away
from the ratchet there shall be vertical
movement of the shaft when a force suffi-
cient to take up any vertical pawl bearing
play is applied to the shaft alternately in
an upward and downward direction. This re-
quirement shall be checked with_the shaft on

(A)—Clamping Screw

7/

)

N B .~
§7/4‘ 7/§ {(B) Looking Cap
NN .
. )

‘ NN Frame

N

N %

\S

N\

N

N
FN
NN

\’ K

Heelpiece
Coil
FIGURE 2
No. 7067 Double ; Switch
Dog Ad juster ——— ) Frame

Notohes
in Vertical
Ratohet

No. 485A Pliers

FIGURE o

Vertical
Dog

No. 7067
Double Dog
Adjuster

Double Dog

No. 485A Suooth
Jaw Pliers

FIGURE 4
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11. HORIZONTAL ALIGNMENT OF STATICNARY DUG
12, VERTICAL ALIGNMENT OF STATIONARY DOG
13. DEPTH ENGAGHBAENT OF STATIONARY DUG

(c) Adjusting Procedures:
(1) To adjust for horizontal alignment
of the stationary dog, adjust the
=tationary dog toward or zway from the switch
frame as required with tne No. 7067 double
iog adjuster. See Figure 5,

(2) If the stationary dog does not
take the weight of the shaft dur-
ing rotary motion or if there is a percep-
tible rise or fall in the shaft as it cuts
in, adjust the stationary dog upward or down-
ward with the No, 7087 double dog adjuster.
See Figure 6.

(3) To change the depth of engagement
of the stationary dog, adjust the
stationary dog toward or away from the
shaft with the No. 7067 double dog adjuster,
See Figure 6.

14, VERTICAL ARMATURE SPRING POSITION

(c) Adjusting Procedures: If the vertical
armature spring does not clear the
release armature when the release armature
is in its electrically operated position,
move the spring farther away from the re-

lease armature until the specified clearance -

is obtained,

303

Vertical Teeth

No. 7067
Double Dog
Adjuster
Stationary Dog
FIGURE 5
Stationary Dog-—————*-———1
No. 7067 Double Shar't

‘Dog Adjuster—

Q HT

FIGURE 6

J. P. Kelly,

Superintendent of Installation Engineering.
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Training Manual 186
Western Electric Company, Incorporated
Installation Department

304

OPERATION TRAINING OUTLINE NO. 304
PART 1
REQUI REMENTS AND CHECKING FROCEDURES FOR DOUBLE DOG AND RELEASE -
197 TYPE SWITCHES

1. ALIGNMENT OF DOUBLE DOG SPRING

(a) Regujrement: The double dog spring
.shall be free from irregular tends
or excessive bowing and the centerline of
its broad surface shall be approximately
parallel to the shaft., Figure 1(A).

(b) Checking Pioeedu:e: Gauge by eye.

2. DQUBLE DOG SPRING TENSION
(a) Reguirement: The ten51en of the

double dog spring with the release
magnet energized shall be as follows, See
Figure 2(A), .

Min. 250 grams
Max, 400 grams

(b) Checking Procedure: Use the No, 62B
gauge and check the tension at a
point just above the double dog.

3. CLEARANCE BETWEEN ROTARY DOG _AND ROTARY
PR ‘

- (a) Re ent: There shall be a clear-

ance between the tip of the rotary
dog and the tip of the rotary teeth on each
step of the fifth level of:

Min..030"
Max. ,045"

See Figure 3(A).

(b) Checkipng Procedyre: With the double
dog engaged in the release link,

measure the clearance with the R-80223
gauge as shown in Figure 3(A),

This Training Outline includes material from BSP 477 002
Addendum A477.002,

Part 1
2-11-46
Double -Dog Spring
Vertical Dog (4)
Notchea in
Vertical Ratchet
Rotary Dog

(A Double Dog Spring

E-—::%’ 4‘ B
g
g
4
H

FIGURE 2

—=Tip of

“Rotary
Tooth

Rotary Dog

R-80223 Gauge

FIGURE 3

Issue 4-D and
Issue 2-D

Copyrighted 1940 and 1943 respectively by the Amer1can Telephone and Telegraph Company
Printed in U. S.
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4. RELEASE ARMATURE PIN POSITION
(a) Regquirement

(1) with the release armature at rast
in its electrically operated posi-
tion, the pin shall hold the double dog so
that the release link drops completely over
the double dog release tooth. Figure 4(A)
and (B).

(2) With release magnet electrically
energized against a .006" gauge
inserted between the release armature and
the magnet core, the release link shall not
latch the double dog.

(b) Checkineg Procedure: Use the KS-6909

gauge. S

NQTE: The (1) and (2) néquirements
shall be checked after the re-
lease magnet has been electrically
energized, deenergized and agamin elec-
trically energized. With the release
magnet electrically reenergized check
(1) and (2) by raising the release link
with a KS-6320 orange stick, In (1)
note that the release link drops com=-
pletely over the double dog release
tooth when the orange stick is removed.
In (2) note that the release link does
not drop over the double dog release
tooth when the orange stick is removed.

5, CLEARANCE BETWEEN RELEASE ARMATURE PIN
AND DOUBLE DO )

(a) Beguirement: With the shaft up one
step and with the rotary dog resting

on the rotary ratchet, the clearance between
the double dog and the end of the release
armature pin with the release magnet deener-
gized and the armmature resting against the
shoulder of the release magnet bracket shall
be as follows., See Figure S(A).

Min, .060"
Max, .120"

(v) Checking Procedure: Use the R-80223

gauge,

TCI Library www.telephonecollectors.info

Release ‘Armature
Adjusting Screw

-~ Double Dog
Release Tooth

FIGURE 4

Release Armature
AdJusting Screw
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(A)
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Releass Tooth

FIGURE 5

J. P. Kelly,

Superintendent of Installation Engineering.



Training Manual 16
Western Electric Company, Incorporated

Installation Department

Part 2
2-11-46

OPERATION TRAINING OUTLINE NO. 304

PART 2

ADJUSTING PROCEDURE FOR DOUBLE DOG AND RELEASE
197 TYPE SWITGCHES

1. ALIGNMENT OF DOUBLE DOG_SPRING
2. DUUBLE DUG_SPRING TENSICN

(c) Adjusting Procedure

(1) Change .the tension of the double
dog spring by loosening the mounting

screw with the Nos, 563A and 564A offset
screwdrivers and bringing the spring forward
until it is at right angles to the shaft,
Alter the tension of the double dog spring
as required by drawing it between the thumb
and the forefinger. Exercise care not to
get any kinks, sharp bends or unnecessary
bow in the spring when making this adjust-
ment., Place the spring in its proper
position, tighten the mounting screw and-
recheck the tension.

3. CLEARANCE BETWEEN ROTARY DCG_AND ROTARY
TERTH

{c¢) Adjusting Procedure: To change the
clearance between the rotary dog and

the rotary teeth, operate the switch to the
fifth level and loosen the release link
mounting screw with the No, 418A wrench,
after which the link may be shifted as
required to meet this requirement. Before
tightening the release link mounting screw,
see that the double dog release tooth
centers approximately in the slot of the
release link. Check that this requirement
is met on each tooth of the rotary ratchet
and readjust if necessary.

4, RELEASE PIN POSITION

(=) Adjusting Procedure: If the release
link does not drop over the double

dog release tocth as specified, loosen the
release armature pin lock nut with the
No. 418A wrench and turn the armature pin
in a clockwise or counter~clockwise direc-
tion as required. Use the No, 417A wrench
to turn the release armature pin.

5. CLEARANCE BETWBEN RBLEASE ARMATURE PIN
AND DCUBLE DUG

(c) Adjusting Procedure: To adjust for
- clearance between the release arma-
ture pin and the double dog, loosen the
lock nut on the release armature adjusting
screw with the No. 418A wrench, and turn
the screw in the required direction with
the No, 417A wrench,

This Treinirg Outline includes -material

Addendum A477.,002,

J. P. Kelly,

Superintendent of Installation Engineering.

from BSF 477.002, Issue 4-D and
Issue 2-D

Copyrighted 1340 and 1943 respectively by the Amervcan Telephone and TEIEgPaph Compsany

Printed in U.

S.A
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Training Manual 16 305

Western Electric Company, Incorporated Part 1
Installation Department 2-11=46

OPERATION TRAINING OUTLINE NO. 205
FART 1
REQUIREMENTS AND CHECKING PROCEDURES FOR SFRINGS ASSEMBLIES
197 TYPE SWITCHES

VERTICAL OFF-NORMAL SPRINGS

1. CLEARANCE BETWEEN NORMAL PIN AND QOFF-
NCRMAL FINGER ON FIRST ROUTARY STEP

(a) Reguirement: With the shaft up one and i

in one step, the normal pin shall

clear the off-normal finger by Min. ,010". Shaft Spring

Figure 1(A). o Bracket
Normal Pin = B

(b) Checking Procedure: Gauge by eye. Clemp ;?

2. CLEARANCE BETWEEN NURMAL PIN CLAMP AND  e— Normal
OFF-NCRMAL FINGER OGN LAST RUTARY STEP { i Pin
(a) Requirement: With the shaft on the Py oo (a)

last rotary step of the first level (B) 1T U Oorf-Normal
there shall be clearance between the normal 1 St { finger

p%n clamp and the off-normal finger. PFigure b '

1(B).

(v) Checking Procedure: Gauge by eye. FIGURE 1
3. CONTACT SEPARATION

(a) Reguirement: The contact separation
for make or break contacts shall be: Lever Springs
Min, ,008".

(b) Checking Procedure: Gauge by eye.
oo The separation for break contacts ! Off-Normal
shall be measured with the shaft in the Finger
rotary normeal position.

4, CLEARANCE BETWEEN LEVER STUD AND FIRST
LEVeR SFRING N

(a) Reguirement: When the No, 1 spring ( v

is a make contact there shall be

clearance between the stud on the off-normal
lever and the first lever spring when the
off-normal finger is in its highest position,
but this clearance shall not be great enough o

to cause a bind between the normal pin and e
the off-normal finger which will prevent the
restoration of the shaft when it is released
from the third contact of the first level,. Off-Normal Lever
Figure 2(A). (A)

Shaftt

(b) Checking Frogcedure: To check this
A requirement force the stop on the (B)
of f=normal lever against the casting. This
will put the off-normal finger in its
highest position, FIGURE 2

5. CLEARANCE BETWEEN LEVER SPRING AND STUR
OF NEAT LEVER SPRIN

(a) Reguirement: There shall be a clearance
between a lever, spring and the stud
on the next lever spring to the left, when
the left-hand spring is associated with a
make contact, with the off-normal finger in
its highest position of Min, .002", Figure

2(B).
(b) Checking Procedure: Use the KS-6909 '
gauge.,

This Training Outline includes material from BSP A477.002, Issue 4-D and
Addendum A477.002, Issue 2-D
Copyrighted 1940 and 1943 respectively by the American Telephone and Telegraph Company
Printed in U.S.A.
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6. CONTACT PRESSURE

(a) Reguirement: The contact pressure
shall be:

Test Min. 25 grams
Readjust - Min. 30 grams

(b) Qnsgking_zxg%gnnng: Use the number
70D gauge, he combined tension of
the springs shall not be sufficient to pre~

vent the shaft from restoring to its normal
position, from any rotary level.

Superintendent of Installation Enginesring.

J. P, Kelly,

TCI Library www.telephonecollectors.info

t



e T b

P s bl aatA

e g e o et g TR 1 T Y

v

-,y e

T 4o vl TRy

T

Training Manual 16
western Electric Company, Incorporated
Installation Department

305

Part 2
2-11-46

OPERATION TRAINING OUTLINE NO, 205

PART 2
ADJUSTING PROCEDURE FOR SPRING ASSEMBLIES
197 TYPE SWITCHES

VERTICAL OFF -NORMAL SPRINGS

- 1. CLEARANCE BETWEEN NORMAL PIN AND OFF-
NORMAL FINGER CN FIRST ROTARY STEP

2., CLEARANCE BgTwEEN NORMAL PIN CLAMP AND
OFF -NORM NGER LAS ARY S

(c) Adiusting Procedure:

(1) If either of these clearance re-
quirements are not met check to see
that the first lever spring is approximately
parallel to the shaft, 1If it is not, adjust
it as necessary with the KS-7782 pliers.

“**(2) If the first lever spring is
arproximately parallel to the shaft

and there is insufficient clearance between
the normal pin and the off-normal finger
on the first rotary step or between the
normal pin clamp and the off-normal finger
on the tenth or eleventh rotary steps,
ad just the off-normal finger downward with
the KS-7782 pliers -as shown in Figure 1. Do
not adjust the off-normal finger more than
is necessary to insure adequate clearance,
since the adjustment of this finger affects
the contact separation, contact pressure
and clearance requirements for the off-
normal spring.

3. CONTACT SEPARATION )

4. CLEARANCE BEIWEEN STUD ON OFF-NORMAL
LEVER AND FIRST LEVER -SPRING

5. CLEARANCE BETWEEN LEVER SPRING AND STUD
%? NEXT LEVER SPRING '

6. LONTACT PRESSURE
() Adjustineg Procedure

(1) Check to see that the first lever
spring is aporoximately parallel

to the shaft and if necessary adjust it
with the K§-7782 pliers.

[—

(2) If these requirements are met and
if the off-normal finger in its
highest position interferes with the restor-
ation of the switch when it is released
from the third contact of the first level,
loosen the vertical off-normal spring
assembly mounting screws with the Nos, 563A
and 564A offset screwdrivers and shift the
spring assembly in the direction to decrease
the clearance between the off-normal lever
and the casting. Ilowever, do not move the
agssembly so far in this direction as to pre-
vent proper operation of the spring assembly.
- If the off-normal finger still interferes
with the restoraticn of the switch, adjust
the off-normal finger downward with the
KS-7782 pliers as shown in Figure 1,

Normal Pin Stop————
Normal Pin

Normal Pin
Clamp

Off -Normal
Finger

KS-7782 Pliers

FIGURE 1

This Treaining Outline includes material from BSP A477.002, Issue 4D and

Addendum A477,002,

Issus 2D

Copyrighted 1940 and 1943 respectively by the American Telephone and Telegraph Compeny
Printed in U.S.A.
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.4, 5 AND 6 CONTINUED

(3) To change the contact separation,
the clearance between the stud on

the off-normal lever and the first lever
spring or the clearance between the first
lever spring and the stud of the next lever
spring,adjust the stationary springs toward
or away from their respective lever springs
as required using the KS-7782 pliers applied
near the insulators.

(4) If the contact separation, the

clearance between the stud on the
off-normal lever and the first lever spring
or the clearance between the first lever
spring and stud of the next lever spring
cannot be met by adjusting the individuaf
gprings, shift the off-normal spring as-
sembly Blightly as outlined in (2),.

(5) Change the contact pressure or
follow by increasing or decreasing

the tension of the associated lever springs,
In certain cases it also may be necessary to
change the position of the stationary springs,
Exercise care when adjusting the springs
that the contact separation is not below
the specified minimum and that the combined
tension of the springs is not so0 great as
to prevent the sgaft from returning to
vertical normal, If the contact pressure
or follow requirements cannot be met it
will be necessary to shift the off-normal
spring assembly slightly,

(6) If the shaft of switches equipped
with vertical off-normal springs
per Figure 2 is moved by hand from its ver-
tical normal position, permit it to drop by
ite own weight from at least the first level
to insure that it will return to its ver-
tical normal position,

Lever Springs

1 Off-Normel
Piager

- -
o

.Y
- -
e

&= ik & § Shatt

Off-Normal Levey

FIGURE 2

J. P. Kelly,

Superintendent of Installation Engineering.

TCI Library www.telephonecollectors.info
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sraining mManual lo

Western Electric Company, Incorporated
Installation Department:

306

OPERATION TRAINING OUTLINE NO..SOG
PART 1
REQUIREMENTS AND CHECKING PROCEDURES FOR BANKS AND WIPERS
197 TYPE SWITCHES

BANK_AND BANK WIPERS

1. POSITION OF BANKS

(a) Requirement: The bank rod collars

shall secure all banks firmly and

the topmost bank shall be in contact with

at least one of the two bank rod assembly
locating shoulders.

(b) Checkipg Procedure: Gauge by eye

and feel,

2. WIPER ASSEMBLY POSITION

D e =LA L WX AL\

(a) Reguirement: Wiper assemblies shall
set at approximately right angles
to the shaft.

(b) Checking Procedure: Gauge by eye.
3. ALIGNMENT OF WIPER SPRINGS

(a) Regujrement: The wiper springs shall
be in approximate vertical alignment
at their tip ends and shall be tight on
the wiper hub. Figure 1(A),

(b) Checking Procedupre: Gauge By eye.and
feel.

4. POSITION OF WIPER TIPS ON THE BANK
CONTACTS

(a) Beguirement

(1) The wipers shall rest on the bank
contacts on their tips only and
the upper and lower wiper tips shall rest
on the bank contacts at approximately equal
angles., Figure 2(A),

(2) The bank wipers shall overlap the
end of each associated bang
contact by at least 3/64", Figure 2(B).

(b) Checking Procedure

(1) -Gauge by eye.

‘(2) This requirement shall be gauged
by eye on uue tirst and tenth

f

contacts of the lowest bank level with which
the wiper makes contact.,

Pgrt 1
2-11-46
Wiper Hubd Wiper Spring
Tiper Assembly Insuletors

-FIGURE 1

Bank Contact

FIGURE 2

Thié‘Training Outline includes materisl from BSP 477.002, lssue 4-D and

Addendum A477.002,

Issue 2-D

Copyrighted 1940 and 1943 respectively by the American Telephnne and Telegraph Compahy
: Printed ir U,S.A, _
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5. NORMAL POSITION OF WIPER TIPS
(a) Requjrement
Single Conductor Wipers - Figure 3(A),

(1) The springs of all single conductar
4 wipers shall touch at their tip
ends,

(2) Wipers Hayjng One Ipsulator: There
shall be a clearance between at
least one wiper spring and the end of the
insulator. ’

Two Cond W s - Figure 3(A): The

separation between the tip -2nds of the springs

of all two conductor wipers when not contac-
ting the bank terminals shall be:

“Min. .0l10"

Max. ,020"

(v) Checking Procedure:
Wipers Having One Insulator: There

.shall be a clearance between at least one
wiper spring and the end of the insulator.
This requirement is met if with the insula-
tor pressed lightly against one spring,
there is a clearance between the other
spring and the free end of the insulator.

Wipe Havi T Insul : There
.shall be a clearance between at least one
wiper spring and the ends of the insulators
with the insulators held together. This
requirement is met if with the insulators
pressed lightly against one spring, there
is a clearance between the other spring
and the free end of the insulators. Use
the KS-6909 Gauge and gauge by eye.

6. WIPER SPRING TENSION

(a) Reguirement: The wiper springs shall
have enough tension so that when the
pressure of one spring in the pair is
removed its mate will follow approximately
the distance between two adjacent bank
levels,

(b) Checking Procedure: Gauge by eye.
7. ALIGNMENT OF WIPERS W] TH THE BANK LEVELS

(a) Requirement

(1) With the play between the shaft
spring bracket and the left side
of the normal post taken up by 8&pplying a
light pressure to the shaft spring bracket
near the normal post, the wipers shall not
touch the banks when moving vertically.
See Figure 4.

(2) The centerline between the tips
of the wiper springs shall coincide
with the centerline of the bank contact
levels within +1/64" when the wiper is
about to cut in on the bank.

(b) Checking Procedure: Check require-
ments on contact 1 at the fifth
Gauge by eye.

level,

Wiper Hub

Wiper Assembly

Bank Rod
‘Assembly
Locating
Shoulder

Bank Rod Nut

Bank Rod

First Bank Level-

FIGURE 3

RRRR

" Benk Rod

FIGURE 4

TCI Library www.telephonecollectors.info
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8. CENTERING OF WIPERS ON THE BANK QONTACTS

(e) Requirement

(1) The wipers shall center on the
) sixth contact of the first and
tenth levels. Figure 5(A).

(2) 1f, when placed on the first and
tenth contacts of these levels,
the wipers do not center approximately,

they shall rest either as far to the right

of the center on the tenth as they are to

the left of the center on the first, or as
far to the left of the center on the tenth
as to the right of the center on the first,

(v) Checking Procedure: Gauge by eye.

Bank Contact No. )

Bank Contact No.l0——

FIGURE 5

AREAN N
[+2 — 5027

S+ 2 PR &

J, P. Kelly,
Superintendent of Installation Engineering.
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Training Manual 16 30§
Western Electric Company, Incorporated Part
Installation Department 2-11-46

OPERATI ON TRAINING QUTLINE NO. 306
PART 2
ADJUSTING PROCEDURE FOR BANKS AND WIPERS
197 TYPE SWITCHES

BANK AND BANK WIPERS

1. POSITION OF BANKS

(¢c) Adjusting Procedure: To change the
position of the banks, loosen the

clamping screws in the bank rod collars with
the R-2443 screwdriver and shift the banks
on the bank rods as required. Then tighten
the clamping screws securely, observing that
the bank rod collars are turned on the bank
rods as far as possible in a direction away
from the wipers, so that each bank rod col-
lar engages with the bank above and below it.

2, WIPER ASSEMBLY POSI TIOQON
(c) Adjusting Procedure: If the wiper

) assembly does not set at approximately
right angles to the shaft, adjust the springs

by placing the index finger against one Ng’,ibs
spring as near to the hub as possible ard Ad,ﬂ.tﬁﬁ

pressing upward or downward as required until
the springs set at approximately right

angles to the shaft, Exercise care when
alighing the springs in this manner not to
introduce sharp bends into the springs.

3. ALIGNMENT OF WIPER SPRINGS
(p) Adjusting Procedure: Where the wiper

springs are not in proper vertical
alignment, the wiper assembly should be
replaced with one that meets the requirements.

4. POSITION OF WIPER TIPS ON BANK CONTACTS
5. NORMAL PQSITION QF WIPER TIPS g )
6. WIPER SPRING TENSION wiper Spring ; :

(¢) Adjusting Procedure o

(1) If the wiper assembly vposition or &
wiper spring forming requirements o
are not met readjust the wiper springs as
required with the 363 Adjuster, applied as

FIGURE 1

shown in Figure 1. > N
(2) If the position of the wiper tips —— {
on the bank contacts, or the = | . =
separation between the wiper tips is not = !
satisfactory, adjust the tips of the springs ] ;
with the No. 363 spring adjusters as shown L
in Figure 2. No. 363
(3) To increase the tension of the Spring
wiper springs, apply the KS-7782 Renk Contact Adjusters

pliers to the circular part of the spring
first on one side, as shown in Figure 3
and then on the oprosite side, vith the FIGURE 2
shaft rotated to the tenth rotary step. Twist
the pliers in a direction to force the wiper
spring toward its opposing spring. Répeat
this operation on the other spring of the
pair, equalizing the adjustment so that the
follow on both springs of the pair will be
approximately the same.

(4) If the bank wipers do not overlap
the bank contacts as specified,
loosen the bank rod nuts with the R-2743
wrench, shift the banks toward the front
of the switch and tighten the bank rod nuts
securely.

FIGURE 3

This Training Outline includes materizl from BSP 477,002, Issue 4-D and
. Addendum A477,002, Issue 2-D
Copyri _.ted 1940 and 1743 respectively by the Ameri'can Telephone and Telegraph Company
) Printed in U.S.A. .
TCI Library www.telephonecollectors.info
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7. .ALIG NMENT QOF WIPERS WITH THE BANK LEVELS
8. CENTERING OF WIPERS ON HE BANK QONTACTS
(¢) Adiust P edur

(1) Loosen the set screw in the wiper
-hub with the 555A wrench. Raise

the shaft to the required level and raise
or lower the assembly until the wipers cen-
ter with the bank level. Tighten the set
screw finger tight and then rotate the
shaft to the sixth contact. Note that both
blades of the wiper rest on the bank con-
tacts at equal anglés, If necessary, raise
or lower the assembly slightly to obtain
this condition.

(2) Center the wipers on the sixth
contact. To do this loosen the
set screw in the wiper hub and turn the
wiper to the right or left as required. It
is advisable to support the shaft and hold
the wiper assembly firmly while loosening
or tightening the wiper set screws. After

the wipers have been centered properly,

carefully restore the shaft to rotary normal
and see that the vertical alignment has not
changed. If any change is required in the
vertical alignment exercise care not to dis-
turb the horizontal alignment. Tighten

the wiper set screw., Take care when using
the offset wrench not to tighten the screw
too securely as this may cause bending of
the shaft,

(3) After aligning an upper wiper
whose hub is turned up, operate

the switch to the tenth level and note
whether or not the wiper strikes against the
lower shaft bearing. If the wiper strikes
against the bearing,it will be necessary
to invert the upper wiper so that the hub
will be below the springs.

(4) Where wipers cannot be centered
properly, it may be necessary to
loosen the bank nuts and shift the bank
slightly to meet these requirements,

J. P. Kelly,
Superintendent of Installation Engineering,

TCI Library www.telephonecollectors.info
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Training Manual 16 307

Western Electric Company, Incorporated Part 1
Installation Department ' 2-11-46

OPERATION TRAINING OUTLINE NO. 307
PART 1

REQUIREMENTS AND CHECKING PROCEDURES FOR
221, 222, 224 ANUD 248 RELAYS

1, RELAY MOUNTING

(a) Requirement: Relays shall be fastened
securely to the mounting plats.

(b) Checking Procedure: Gauge by fesel.
2, VERTICAL CLEARANCE BETWEEN RELAYS
(a) Reguirement

(1) There shall be a clearance betwsen
the armature or springs of any-re-
lay and the armature, springs or heelpiece
of the relay above or below it of Min, 1/32",

(2) There shall be a clearance betwsen

the armature back stop and the heel-
piece of the relay abovs it.

(b) Checking Procedure: Gauge by eys.
CONTACT ALIGINMENT

]

(a) Requirement: Contacts shall not be
out of alignment more than 40% of
their base diameter, Figure 1(A),

(b) Checking Procedurs: Gauge by eys.

FIGURE 1
4, STRAIGHTNESS OF SPRINGS

(a) Requirement: All springs, from the
point where they leave the assembly
clamping pletes and insulators, to the ends
of the springs, shall be free of sharp bends
or kinks due to adjustment, but a Max. 1/3Z2"
bow in the springs is permissgiblae,

(b) Checking Procedure: Gauge by sys.
5, ARMATURE MOVEMENT

(a) Reguirement: The armature shell move
freely in its bearings and the end
play when measured in line with the axis of
the bearings shall be Max. .020". Figures
2(A) and 3(A),

{(b) Checking Procedure: Use the KS-6909

gauga,

FIGURE 2

This Training Outline includes material from BSP A480.040, and Addendum A460.,040
Copyrighted 1938 and 1942 respectively by American Telephone and Telegraph Company
Printed in U.S.A.
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6. RESIDUAL AIR-GAP

(a) Requirement: The relays shall meet
the residual air-gep requiremsent
specified on the Circuit Requirement Table.
Figure 4(A).

(1) Where the letter "S" is specified
in the residual column on the Cir-
cuit Requirement Table, this shall be inter-
preted to mean that .the armature shall not
touch the core when the relay is electrically
energized.

Tyvpe of Relagy Residugl Ajr-Gep
(A) 221-A 7-11

(B) 248-D 1.5-4

(C) 221-CL S-4

(D) 222-KM S-4

(E) 221-DU 0

(F) 222-4 S-4

(G) 221-T S-4

(K) 224-D S-4

NQTE: Information in this requirement

table for "Residual Air Gap"
taken from Circuit Requirsment Table
on associated drawing.

(b) Checking Frocedure

(1) Zhere "0" (zero) residual is spsci-
fied it shall be checked by insert-

ing a piece of 1/2" wide x 2-1/2" Bond Paper
between the armature and core and electri~
cally energizing the relay. In some cases it
may be necessary to supplement the energizing
force of the relay by pressing the armature
toward the core sufficiently to cause a dot
or impression to appear on the paper if
residual is present. Then release the relay
and withdraw the paper. Absence of a "dot"
or impression on the paper is an indication
of "0" (zero) residual,.

(2) Where "S" meaning some residugl is

gcified it shall be checked as
outlined in (1) above for the "O" residunal
except that the appearance of a "dot" or

impression on the paper is an indicetion of
some residual,

Assembly Clamping Plate

Residual Screw —

|

fil

L X111

Lever Springs

Stationary Spring

Armature
Back Stop

Armature Lever

Residual
Sorew
Look Nut

FIGURE 4

TCI Library www.telephonecollectors.info
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6. RESIDUAL AIR-GAP (CONT'D)

{3) Where the minimum or maximum
value specified ig ,.0016", , o002

or 003", the maximum limit shall be measured
by inserting the .002" KS-6909 gauge between
the armature and core as shown in Figure 5,
so that the residual screw is free to touch
the core through the hole in the end of the
gauge and then inserting a piece of 1/2*
wide x 2-1/2" Bond Paper between the gauge
and the core so that the pepsr is in back
of thd hole in the gauge as viewad from the
front of the relay. Electrically ensrgize
the relay and where necessary supplement
the energizing force by pressing the
armature toward the core by hand with suffi-
cient force to cause a dot or impression to
appear on the paper if the residual is
greater than ,002", - Allow the relay to
releass and then withdraw the paper and
gauge. Absence of a "dot" or impression
on the paper is ean indication that the
residual is less than the maximum specified
value,

(4) Where the value specified is ,004"
morg these values shall be

checked by placing the proper KS-6909 gaugs
between the armature and the core, as shown
in Figure 5, so that the residual scraw is
fres to touch the core through the hole in
the end of the gauge, Electrically energize
the relay and judge the residual air-gep by
the "tightness" of the gauge or by placirg
a plece of white paper beneath the armature
and observing the clearance betwsen the
armature and the core when the relay is
electrically opérated. When checking the
minimum limit with the gauge, the gaugs
should not be tight. When checking the
maximum limit the gauge should be tight,

Examples

In the case of the relay where ths
specified residuval air-gap is "S-4", the
appearance of a "dot" on the paper is an
indication of some residual; but a .004"
gauge placed between the armature and the
core as shown in Figure 5 should be tight.
Where the specified residual is "7-11", the
.007" gauge placed between the armature and
the core should not be tight and .0ll" gauge
should be tight,

NOTE: For method of operating relays
electrically, see Table No. 1.

7. HEELPIECE AIR-GAP

(a) Reguirement
Heelpiecs Ajir-Gap
(1) All Relays Bxcept 248 Types: With

the relay electrically operated,
the armature shall be parallel to the heel-
piece but shall not make contact with the
heelpiece nor clear it by more than .004"
at the closest point, Figure 6(A).

(A)

307

KS-6909 Gauge

Residual Sorew

FIGURE 5

FIGURE 6

TCI Library www.telephonecollectors.info
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7. BEELPIECE AIR-GAP (CONT'D)

(2)_248 Type Relay - Figure 7(A): With
the relay elactrically operated the
armature shall be parallel to the heelpisce
but shall not make contact with the heel-
visce or yoke nor clear the heelpiece at
the closest point by mors than:

. Test - 007" (With the relay ad-
Justed to specified residual)
Readjust - .004" (With the armature touch-

ing the core)

(b) Checking Procedure

(1) Checking the Maximum Limit on 221,
222, and 224 Type Relays: Insert

the .004" blade of the KS-6908 gauge between
the armature and the heelpiece and elec-
trically operate the relay. The gauge should
be tight. Check first as shown in Position
No. 1 on Figure 8 and then as shown in Posi-
tion No. 2 so as to check the gap over the
entire width of the heelpiece.

(2) Checking the Minimum Limit on 1
and 222 Type Relays: Insert the

.0015" blade of the KS5-6909 gauge and
glectrically operate the relay. The re-
quirement is met if the gauge is loose,
Exercise care not to extend the gauge
between the armature and core or beyond the
edge of the heelpiece adjacent to tha yoke
as this may result in an improper check.
The minimum limit is also met if light can
be observed between the armature and heel-
piece throughout its entire length,.

(3) Checking the Minimum Limit on 224
Type Relays: Check the minimum

limit in the same manner as described above
for the maximum limit. The minimum limit

is also met if light can be observed between
the armature and heelpiece throughout its
entire length. Use the 376A mirror te
observe the air-gap.

(4) Checking the Maximum Test Limit on

248 Type Relays: Insert the .007%
blade of the KS-6909 gauge betwsen the heel-

piece and armature from the ermature side as
shown in Figure 9 and electrically operate
the relay.

(5) Checking the Ma§imum Readdjust Limit:
Insert the ,004" blade of the
KS-86909 gauge between the heelpiece and arma-
ture from the armature side and electrically
opsrate the relay. Check first as shown
in Position No. 1 and then as shown in
Position No. 2 on Figure 9, so as to check
the gap over the entire width of the hsel-
piece. Exercise care not to extend the
gauge hetween the armature and core or
beyond the edge of the heelpiece.

Armature Back Stop

Armature Yoke
Set Scrouj

Armature

-

F1GURE 7

Position No, 2 Heelpiece

FIGURE 8

Position No, 1

KS-6909 Gauge

Position No. 2 —
FIGURE 9
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7. HEELPIECE AIR GAP (CONT'D)

(6) ecking the Minimum Limit: In-
sert the ,P015" blade of ths

KS-6909 gauge betwsen the heelpiece and
.armature from the bottom as shown in Fig-
ure 10 and operate the reley electrically.
Exercise care not to extend the gauge
between the armature and cors or beyond
the edge of the heelpiece adjacent to the
yoke as this may result in an improper
check. Use the KS-63909 gauge and No. 376A
mirror.

" NOTE: For method of operating relays
glectrically see Table *1,

8. ARMATURE TRAVEL
(a) Reguirement

221, 222 and 248 Type Relayg Where
the First Contact ig a Break Contect and

224 Type Relays Where the Firsgt Con-
tact of Both Assemblies is a Break Contact

Armature travel is the gap between
the core and the armature, or core and
residual screw where residual is specified,
with the relay in the normal (unoperated)
position,

(1) Where the first contact is a meke
contact, or in the case of 224 type
relays whers the first contact of one or
both spring assemblies is a make contact
the value specified in the "ARM TRVL" column
of the Requirement Table is the test arma-
ture travel,

(2) Where the first contact is 8 break
contact, or in the casae of 224 type

relays where the first contact of both
assemblies are break contacts, the value
specified in the "ARM TRVL" column of the
Requirement Table is the test value on which
the first contact (or these contacts) should
not break.

Test The first contact (or contacts) shall

not break when the ralay is electri-
cally energized against a gauge of the value
spacified in the armature travel column on
the Requirement Tabls,

307

Heelpiece

FIGURE 10

Armature

REQUIRBMENT TABLE FOR 221,
222, 224 AND 248 TYPE RELAYS

Relays

A-221-A
B-248-D
C-221-CL
D-222-KN
£-221-DU
F-222-J
G-221-T
K-224-D

Arm, Travel

8
27
12
15
13
25
13
31

NQTE: Information in this Requirement
" Table for "Armature Travel"
taken from Circuit Requirement Table

on asgssociated drawing.
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8. ABMATURE TRAVEL (CONT'D)

Example: In the case of a spring combina-

tion similar to that shown in
Figure 11 the armature must not leave the
stop when electrically energized against a
gauge of ,015", but it must leave the
armature stop when the relay is electrically
enargized against a gauge of ,011%

(b) Checking Procgdure: Use the KS-6909
and KS-6938 gauges as required for
measuring the armature travel. Check the
opening or closing of contacts visually
by directing light through a piece of Bond
Paper inserted beneath the spring assembly
of the relay.

9, POSITION OF FIRST LEVER SPRING WITH
EESPECI IO IHE AEEAZURE LEVER SIQD
(a) Reguirement: The position of the
first lever spring with respect to
the armeture lever stud, Figure 12(A), shall
be as indicated in the following table.

NOTE: No Stud Gap: The first lever

" " spring or balasncing spring shall
rest against its associated amature
stud with sufficient tension to hold
the armature against the back stop or
back stop screw.

Type of First Contact
Relay of Asgembly Stud Gap
221, Meke or Balancing None - Ses
222, Spring Note.
248 Break - ,oo8"
224 Make on Both None - each
Type . Agsemblies assembly shall

meet Note,

{b) Checking Procedure Use KS-6909 gauge
and also gauge by eye.

10. CONTACT SEPARATION
(a) Requirement

Tegt: The contact separation, measured at

the contacts, between all ‘brsak. con-
tacts with the relay electrically operated
and between all make contacts with thé
relay in the unoperated position shall be
Mir. .005%,

(b) Checking Procedurs: Use the KS-6909

gauge,

NOTE: For method of operating rslays
electrically, see Table 1,

11. CONTACT SEQUENCE
(a) Reguirement
(1) Test and Readjust: All break con-

tacts except the break contacts
of standard make before break contacts of
sach spring assembly considered separately
shall break in sequence, beginning with the
first break cgntact.

Armature

l 28

_Travel———————«<:$ I

Armature Stu

FIGURE 11

—Spring
Gauging

No. 1 Spring

(a)

No. 2 Spring

Armature
Back Stop

FIGURE 12

Lever Spring

FIGURE 13
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11. CONTACT SEQUENCE (CONT-'D)

(2) Test: Unless otherwige specified
all brsak contacts of each
spring assembly considered separately, ex-
cept the break contact of make before break
spﬁings.shall break befors any meke contact
makes.

Standard make before bresgk con-
tact springs, are an arrangement of springs
where the lsever spring makes contact when
the relay is operated. Ses Figure 13,

(b) Checking Procedurg: Gauge by ays.

NOTE: For method of operating relays
electrically, see Table No, 1,

12, CONTACT PRESSURE

(a) Reguifemgnt:(Make Before Break
Contacts Only)

Test: The pressure on the break contacts of

make before break springs per Fig-
ure 14, with the armature operated, shall be
Min. 25 grams.

(b) Checkingz Procedurg: Use the No, 68C

gauge as shown in Figurs 14,
13, CONTACT FOLLOW

(a) Requirement
(1) Make Contacts

Test: The contact follow of all make con-
tacts shall be Min. .010" - {at the
contacts). Operate the relay manually.

(2) Break Contacts

Test and Readjust: There shall be follow
. on each break contact,
except on the extra thick back contact
springs such as are provided on pulsing
"A" relays. The follow of back contacts
may be checked by manually operating the
relay and gauging the follow.

(b) Checking Procedure: Use the KS-6909%
gauge, placing between armature and
core of the relay.

14, SPRING GAUGING (READJUST ONLY)

(a) Requirement: All spring gauging
mits as specified on spring
gauging table part (2) shall be met. 1In
the case of make and break contacts, the
make contacts shall not make and the break
contacts shall not break when the relay is
electrically energized against the gauge
equal to the greater specified value
placed between the armature and the core
at the closest point, but make contacts
shall make and break contacts shall bdbreak
when a gauge of smaller value is used.

(b) Checking Procedure: Use the KS-6909
gauge, placing between armature and
core of the relay

307

Break Contact
of Make
Before Break
(Continuity)
Spring
Combination

No. 68C
Gram Gauge

FIGURE 14
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TABLE 1

METBOD OF OPERATING CONNECTOR RELAYS FOR MECHANICAL ADJUSTMERTS

fode
221-A
248-D

221-CL
222-KM

221-DU
222-dJ
221-T
224-D

Circyuit Preparation

Relay may be operated by blocking (B) relay non-operated and placing a
make busy tool KS-477-A in the test jack.

Relay may be operated by insulating spring No. 1 of the (A) relay with
KS-7187 Bond Paper and grounding spring No. 3 of the (A) relay.

Relay mey be operated by grounding the spring No. 3 of the (B) relay.

Relay may be operated by blocking the relay non-operated and by shorting
springs Nos. 5 and 8 of the (F§ relay.

Relay may be operated by insulating spring 4T of the (K) relay with
KS-7178 Bond Paper and grounding No. 2 of the (G) relay.

Re]a{ may be operated by placing ground on spring No, 2 of the (F)
relay.

Relay may be operated by blocking the (K) relay operated and grouanding
spring No. 5B of the (K) raslay.

Relay may be operated by grounding spring No. 2B of the (K) relay.

J. P, Kelly,

Superintendent of Installation Bngineering,

TCI Library www.telephonecollectors.info
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P
ADJUSTING PROCEDURES FOR REZLAYS
221, 222, 224 AND 248

1. RELAY MOUNT%NG :
<. Y& AL CLBEARANCE BETWEEN RELAYS

(¢) Adjusting Procedure: Realign the
" relays when necessary by loosening
the mounting screws with the R-2443 screw-
driver and shifting the reley as required,
and retighten mounting screws,

3. %gNTACT AL IGNMENT
4. SS_OF SPRINGS

(c) Adjusting Procedure

(1) If contacts are out of alignment
more than 40% of their diameter,
as shown in Figure 1(A), loosen spring

asgembly mounting screws with R-2443 screw- (A) S
driver or with the 563A and 564A offset )
screwdrivers, shift springs as required and s
tighten the assembly screws securely.
| FIGURE 1
(2) If the spring 1s excessively bowed No. 4175 Lever Spring

or bent or if there is not suffi-
clent clearance between springs, straighten
the spring using the 415A or 416A spring
ad justers as indicated in Figure 2, Draw
the adjuster forward the length of the
spring meanwhlle applying pressure as re-
quired so that the spring is formed into .
slight gradusl bow with the concave surface
facing the heelpiece. Do not straighten
kinked springs unless the kink interferes
with proper adjus tment of spring assembly.
Removing kinks tends to weaken and shorten
life of spring., A gradual bow, however,
1s permissibdle,

Spring Adjuster

FIGURE 2
5. ARMATURE MQVEMENT

(c) Adjusting Procedure: To check the
maximum vertical play of the arma-

Assenbly Clamping Plate

Lever Springs

yoke bearing lugs and check the gap between
the armature and yoke bvearing lugs at the
closest point on the other side of the arma-
ture, If the armature binds at the tear-
ings or if the .020" gauge enters between
the armature and yoke bearing lugs, the
gfmature should be replaced, See fisure

A,

Stationary Spring

Armature
Back Stop

Armature Lever

Residual
Sorew
Look Nut

FIGURE 3

This Training Outline includes material trom BSP A460.040 and Addendum 460.040
Copyrishted 1938 and 1942 respectively by the American Telephone and Telegraph Company
. Printed ir U.i.A. .
TCI Library www.telephonecollectors.info
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6. RESIDUAL AIR GAP
7. HEELPIECE AIR GAP

(c) Adjusting Procedure

NOTE: The procedures outlined below

provide for setting up the resi-
dual air-gap followed by the setting
of the heelpiece., This is the
sequence of operation to be followed
in adjusting all relays except 248
types. For this type, follow the
reverse procedure,

(1) To change the residual air-gap,
loosen the residual screw lock
nut with the socket wrench of the 48 com-
bination wrench and screwdriver and turn

the residual screw in a clockwise direction

with the screwdriver portion to increase
the gap and in a counter-clockwise direction
to decrease the gap.

(2) Readjust the heelpiece air-gap as
follows, Loosen the armature yoke

set screw with the 476A wrench in the case
. of 248 type relays or with the 563A and 564A
offset screwdrivers for the other types of
relays and set the armature so that there is
a gap between it and the heelpiece of
approximately .025"% as gauged by eye. Then
tighten the armature yoke set screw so as to
hold the armature temporarily in this posi-
tion., Insert the KS5-6909 gauge between the
armature and the heelpiece for the various
types of relays. Operate the relay elec-
trically. Loosen the armature yoke set
screw about 1/8 turn and tap the armature
lightly toward the heelpiece with the handle
of a screwdriver until the air-gap spacer
binds. Exercise care not to tap the yoke.
The purpose of tapping the armature is to
take up all the play in the heelpiece, 1If
the yoke is tapped rather than the armature,
the play will be taken up in the opposite
direction. Hold the armature in this posi-
tion with the fingers and tighten the arma-
ture yoke set screw securely. It is neces-
sary to recheck the heelpiece air-gap since’
the tightening of the screw may change this
gan.

(b) In certain cases changing the re-
sidual air-gap or heelpiece air-gap
on relays known to have the proper spring
gauging limits may necessitate a readjust-
ment of these springs. This may readily
be corrected by adjusting the armature
lever slightly with the 14768 armature
adjuster as shown in Figure 4. 1If this is
done exercise care that the first lever
spring is parallel to the heelpiece when
the armature is in the unoperated position.

- NOTE: For method of operating relays
' relays electrically, see Table 1.

TCI Library www.telephonecollectors.info

——— Armature Lever

KS-6909 or
KS-6938 Gauge

~—~—-—NO. 14768 Armature
’ Ad juster -

FIGURE 4




8. ABMATURE TRAVEL
9. BC ON OF FIRST ILEVER SPRING WITH
RESPECT TO_THE ARMATURE LEVBR STUD

(c) Adjusting Procedyre
(1) Observe that the first lever spring

of 221 end 222 type relays and the first
lever spring of both spring assemblies of 224 type
relays are approximately parallel to the heelpiece
1f they esre not, adjust the armature lever, or
levers with the 14768 armature adjuster applied
as shown in Figure 5.

(2) After adjusting the armature lever as
described in (1), readjust the armature
back stop within the limits specified, with the
14769 armature back stop adjuster as shown in
Figure 6. . .

{3) To change the stud gap or clearance
between the armature stud and the first
lever spring, adjust the end of the armature
back stop with the 14769 adjuster away from the
armature stud to increase the gap, and toward
the stud to decrease the gap.

(4) To reduce contact chatter adjust the
clearance between the armature stud
and the first lever spring so that it is as
large as possible consistent with meeting the
other requirements.

10. CONTACT SEPARATION
SE

11. CONTACT SEQUENCE
12 CONTACT PRESSURE
13. CONTACT FOLLOW

N

14. SPRING GAUGING

(a) Reguirements: All the spring gauging

limits as specifi ed on the individual
figure of the spring combination figures or on
the requirement table shall be met. In the
case of make and break contacts, the make contacts
shall not make and the break contacts shall not
break when the relay is electrically energized
-against the gauge equal to the greater specified
value placed between the armature and core at
the closest point, but meke contacts shall meke
and break contacts shall break when a gauge of
the smaller value is used.

307

— Armature Lever

KS-6909 or
KS~6938 Gauge

-Residual
Screw

——— NO, 14768 Armature
Ad juster

FIGURE 5

Armature
Back Stop
(Crimped Type)

No. 14769
Armature
Back ‘Stop
Adjuster

SPRING GAUGING TABLE

Relay Read just
(A) 221a ) 123
[]

(B) 248D
. 1234587

(C) 2210L

122
H‘ |
o~
[
(D) 221kM
12345 67891011
of o © »feo
S| |&] (&S |4

O 1573

FIGURE 6
Rela Readjust
(é) 22100 1238856
b PPN
L 6!&’ -
)
(F) 2224d 128456 728910
33 ¢ o]l le
'é ga lé]ll s
1224667
(G) 221T
ey o} -l -|
& |41 |
-«
. -
123466748
(K) 224D N B E )
o o v‘t ? <
CERC L L
J |

346 67

£ 139
139
[ S ]
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10, 11, 12, 13, 14 (Continued)

(c) Checking Procedure: Use KS-6909 or
KS-6938 Gauge and nlace between the
armafure and core of the relay. See Figure
7. Check the opening or closing of contacts
visually be directing light through a piece’
of Bond Paper inserted beneath the spring
assembly of the relay,

-—— _KS-6909 or
KS-6938 Gauges

Core

(1) Adjust the break contacts (except
the break contacts of make before
break spring assemblies) so that they just
treak with a gauge of minimum value inserted,
making due allowances for the sequence of
break contacts and make contacts.

Residual Sorew
Armature

(2) Adjust the break contacts of make FIGURE 7

before break assemblies so that

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

(3) Adjust make contacts so that they
: Just fail to make with a gauge of
the maximum value inserted.

(4) .Use the 415A or 416A spring ad-
Justers to adjust the springs.

Apply the spring adjuster t¢® the stationary

spring near the point where the springs Assemdly

leave the assembly clamping plates and the Clamping No. 415A
insulators as shown in Figures 8 and 9. Plates and spring Adjuster
Adjust the springs to the right or left as Insulators:

required., After making these adjustments :

check that the springs break in the proper FIGURE 8

sequence. '

NOTE: For method of operating relays
electrically see Table 1,

FIGURE 9
METHOD OF QOPERATING CONNECTOR BEIAYS FOR MECHANICAL ADJUSTMENTS
Relay Code , Teble 1 - Circuit Preparation

A 221-A Relay may be operated by blocking (B) relay non-operated and placing a
make busy tool No. 477-A in the test Jjack.

B 248-D Relay may be operated by insulating spring No, 1 of the (A) relay with
KS-7187 Bond Paper and grounding spring No. 3 of the (A) relay.

C 221-CL Relay may be operated by grounding spring No. 3 of the (B) relay,

D 222-KM Relay may be onerated bv blocking the (B} relay non-operated and by
ghorting springs Ng, 5 and 8 of (F) relay.

E 221-DU Relay may be operated by insulating spring 4T of the (K) relay with
KS-7187 Bond Paper and grounding spring No. 2 of the (G) relay..

F 222-J Relay may be operated by placing ground on spring No.2 of the (F) relay.

G 221-T Relay may be operated by blocking the (K) relay operated and grounding
spring No. 5B of the (K) relay.

K . 224-D Relay may be operated by grounding spring No. 2B of the (K) relay,

J. P. Kelly,

Superintendent of Installation Engjnéerins.
TCI Library www.telephonecollectors.info
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DESCRIPTION OF STEP-BY-STEP SYSTEM OPERATIONS

CONTENTS

1, GENERAL
2, PRELIMINARY DESCRIPTICON

3. LINE, START AND LINE FINDER CIRCUIT
OPERATION

o

‘4, SELECTOR CIRCUIT OPERATION
5. CONNECTOR CIRCUIT OPERATION
6. REVIEW QUESTIONS

1. GENERAL

1.1 This section describes the general

operation of the step-by-step dial

system which is in common use by the Bell
System,

1.2 The circuit fundamentalse described
hsrein and the conventions shown in
the associated figures should be understood
by the step-by-step apparatus or relay
adjuster,

2, PRELIMINARY DESCRIPTION

2.1 The Step-by-Step System is a dial
system, one in which the usual
operations of the operator are performed
by switches, magnets, relays, etc.

2.11 By the operaticn of his dial, the
subscriber causes the mechanisms
to set up the desired connection without the
services of an operator.

2,12 The dial is a mechanical device
for making and breaking the circuit
to the central office a number of times,
corresponding to the digit the subscriber
desires,

2.2 A brief description of the path of a
subscriber to subscriber call through
the warious elements of the Step-by-Step
System illustrated in Figure 1 is as follows:

—

L.F | i seL] (2 sk
START — = =
LINE
CKY *

CALLING suBS CALLE SUBS
9-R756 1-3579
(RR-12206)
FIG. 1 SUBSCRIBER TO SUBSCRIBZR CALL

THRU STEP-BY-STEP SYSTIM

2.21 The calling subscriber removes
his receiver, The operation of

his line circuit actuates a line finder
switch directly connected to a first
sglector, which sends dial tone to the
calling subseriber, The subscriber then
dials the first digit of the called number,.
As the dial returns to normal, the electrical
impulses, consisting of breaks in the line
current corresponding in number to the digit
dialed, cause the first selector to raise
its shaft one vertical step for each im-
pulse, When the desired level is reached,
the shaft rotates automatically, and carries
the wipers attached to the shaft over the
bank terminals. When an idle terminal is
reached this rotary action ceases and the
.wipers come to rest on contacts leading to
a second selector.

2.22 The second selector, responding
to the impulses caused by the

second digit dialed by the subscriber, steps
its shaft up. to the desired row of terminals
and automatically selects a trunk to a
third seslector. The third selector, re-
sponding to the third digit dialed, steps
its shaft up in the same manner as the first
and second selectors except that it selects
a trunk to a connector, The last two digits
dialed cause the connector to step its shaft
vertically and horizontally to complete the
call by selecting the called number.

3. LINE, START AND LINE FINDER CIRCUIT
OPERATION

3.1 Lipne and Start Circuit

3.11 The fundamental line and start
circuit is shown in Figure 2.

¥hen the subscriber removes his receiver
the L relay in the line circuit operates,
The L relay operatsd, brings up the G relay
in the start circuit and places battery thru
the CO relay on the S terminal of the parti-
cular line on the line finder bank.
. START CKT. LF.CKT. L EBANK -

SUBS. DIAL CINE CKT.

'
+
|
i

) Iy | ToARECAY
1 ¢t [, N !
@ | (G) , : )
N H—y T U - ?
i 4 — — '
s = o k——~l|l . 0 .
) : '-_"? = ¢ COMM
, T +> T
—r ——R

{Rp-12207} I

FIG. 2 LINE AND START CIRCUIT

Printed in U.S.A,
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3.12 The G relay in the start circuit -
operated, grounds the commutator
segment in the line finder corresponding to
the bank level on which the line appears.
It also grounds the start lead to the line
finder to actuate the vertical stepping
circuit of the line finder.

3.2 Line Finder Vertical Stepping Circuit

3.21 The' fundamental line finder
vertical stepping circuit is
shown in Figure 3. The G relay in the start
circuit operates the A relay. The A relay,
when operated, in turn operates the C relay,
closes a circuit to operate magnet VERT,
raising the shaft and wipers,

3.22 Relay C and magnet VERT will con-
tinue to operate and release as

long as relay A is operated and the commuta-
tor brush does not reach a grounded segment,
When the commutator-brush contacts the
-segment grounded by the G relay in the start
circuit relay E é6perates and opens the cir-
cuit to magnet VERT, which stops the vertical
stepping of the line finder.

n f i
| iy | TE !
: ’ ; e
_' _ (COMM. 5 :ELIT U
! TO'COR ~{ o i@ D)
S I R . -
H ‘,[}\A . . ¢ RELAY
:f . . :@7 (RP-12208)
; <
v FIG. 3 'LINE FINDER VPRTICAL

STnPPING CIRCUIT

3.3 Line Finder Rotary Stepping Circuit

3.31 The fundamental line finder rotary

stepping circuit is shown in
Figure 4, When the vertical stepping
described above has been stopped by the
-operation of relay E, a circuit is closed
which causes magnet ROT and relay C to
operate and release, thus stepping the
switch until the termirals of the calling
line are found.

BANK
TERM

| r* - » +
\CO‘ "

i L,

ot

TOG" QR
( s GROUP RELAY
RP-i2209

INE FINDER ROTARY
G CIRCUIT

" (RP~12210)

4, SELECTOR CIRCUIT OPERATION
4.1 gelector Pulsing ahd Releasipg Circuit

4.11 The fundamental selector pulsing
and releasing circuit is shown in

Figure 5. When the switch is connected to
the loop, either directly or through line
finders and other selectors, relay A is
energized and operates relay B. At the
first interruption of the loop at dial S,
relay A releases and energizes relay C and
vertical magnet VERT. Relay B is a slow
release relay and does not release during
the pulsing due to the heavy copper collar -
on the end of its core, During the succeed-
ing impulses, relay C also stays in the
operated position for the same reason.

4,12 After the last impulse of the digit
has been transmitted, the loop
circuit remains closed for a sufficient
length of time for relay C to release. This
operates the hunting circuit as outlined in
Paragraph 4.2,

4,13 It is apparent vuao 1f the loop
remainsg open long enough for

relay B to release (about 0.5 seconds or
longer) the release magnet. RLSE will be

energized, restoring the switch to normal.

(VERT)

¥

FIG, 5 SEL. PULSING AND
RELEASING CIRCUIT

4.2 Selector ary Huntin Cifcuit

4.21 A simplified selector rotary
hunting circuit is shown in
Figure 6, After the.last impulse of the
digit has been received and selector relay
C releases as destcribed above, the rotary

" magnet operates and causes the switch to
‘take one rotary step, placing the wipers

on the first terminal of the level to
which they have been raised. The ROT
magnet also opens the circuit of relay E
and this relay releases.

4,22 If the first trunk is idle, relay
D will operate, cutting the tip

and ring contacts through to the line wipers,
If - the first trunk is busy, ground is found
on the sleeve (S) bank terminal., This
ground reoperates relay £ which causes the
rotary magnet to step the wipers to trunk
No. 2. :
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- 4.23 This operation is repeated until
an idle trunk is found or until

the switch passes to the 11th position,
in which case it is arranged-to send back

a distinctive tone to the calling subscriber

or operator.

©
BANK
l s TE?M
i ] (ROT)
(RP-12211) . ’ - :-.E
: ©) )

FIG; 6 SEL. ROTARY HUNTING CIRCUIT
5. CONNECTOR CIRCUIT CPERATION

5.1 Connector Pulsing and Releasing
Circult -

5.11 The fundamental connector pulsing
and releasing circuit is shown in

Figure 7. When the switch is connected to
the calling loop through the selectors,
relays A and B operate. At the first
interruption of the loop at the dial, relay
A releases, operates relay C and causes the
vertical magnet to step the wipers to the
first level. The B relay is of the slow
release type so that it holds up during the
pulsing, The C relay is also slow releasing
and stays operated until the last pulse of
the digit has been received.

5.12 After the last pulse, relay C
releases and prepares the circuit

through the rotary magnqt ROT which responds
to the next series of pulses and steps the
wipers around to the called terminals. If
at any time the loop remains open long’
enough for both relays A and B to release,
the release magnet RLSE is energized and the
switch restores to normal.

i :EF(ROT) :
®P-12212) C%(RLSE) 4

F1G. 7 CONN. PULSING AND RELEASING
CIRCUIT

TCI Library www.telephonecollectors.info
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5.2 Connector Busy Test Circuit

5.21 The features of the connector

busy test circuit are shown in
Figure 8. It will be noted that relay E,
due to its slow release feature will remain
up for a moment after the last rotary
pulses have been received and {f the called
line is busy, relay G will operate. After
relay E releases, relay G will remain
operated and connect busy tone to the tip
side of the line. This tone is transmitted
to the calling subscriber.

s TERM
g@ ﬂio <G>£_:J‘ Q(E) T
D =
) ?_,E:Bﬁ |
| TOTIP L1 ®on
! OF LooP 1 1
i 0o I I
= BUSY = =
TONE RP-12214)

FIG. 8 CONN. BUSY TEST CIRCUIT

5.3 Connector Ringing Circuit

5.31 The fundamental ringing circuit
for individual line connectors is

shown in Figure 9. When the tip and ring
conductors are cut through to the line
wipers, interrupted ringing current is
applied to the line. It will be noted that
48 volt battery is superimposed on the
ringing current and is aldlo applied to the
line during the silent intervgl.

5.32 When the receivef at the called

’ station is removed, relay F
operates, cuts off the ringing current and
also closes the tip and ring through the
2 MF talking condensers. During the ring-

ing period a slight amount of ringing current

is passed back to the calling subscriber
through 0.04 MF condensers as & signal that
the called station is being rung.

2M.F.
e KGOS 35
= 1=

2M.F.

(RP-12213)

il

FIG. 9 CONN. RINGING CIRCUIT
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5.4 Connector Transmjission Circuit

5.41 The connector transmission circuit
is shown in Figure 10, When the

called loop, which is fed through the wind-
ings of relay D, is completed by the removal
of the.receiver, relay D operates and re-
verses the polarity of battery supply to
the calling line, It is this reversal which
is utilized to operate the message register
or coin collect equipment associated with
the calling loop.

2M.F.

- RING

2 Sy
w w
5 @ I = 2
&) © R Q
L% c#__4|.|—_|_ TNu
< p = = T3
2| -85 |
o ”~
[ *r
fa TIP 4 il

~ 2;4}.. ®RP-12219)

FIG. 10( CONN. TRANSMISSION CIRCUIT

6. REVIEW QUESTIONS

6.1 Check the correct answers to these
questions.

1. In a step-byQStep system, the
~assistance of an operator is needed to com-
‘plete some calls. (Yes - No) -

2. The number of digits dialed deter-
mines the number of switches used.

3. The line finder is under control of
the subscribers dial. (Yes - No)

4, To how many switches is the calling
garty connecte? when he hears dial tone?
l1-2-3-4

5. The "B" relay in the selector fol=-
lows the dial pulses. (Yes .- No)

6. The number of rotary steps taken by
the selector is controlled by the dial.
(Yes - No) -~

7.
releases.

I? all trunks are busy the selector
(Yes - No)

8. The C relay in the connector re-
leasés before the last digit is dialed.
{Yes -~ No)

g.- I? the dial return is greatly re-
tarded manually, the switches will release.
(Yes ~ No)

10. The connector signals the calling

‘party that the line is busy or that it is

ringing the called party. (Yes - No)

11. The operation of the D relay in the
connector determines whether or not the
subscriber is charged for a call.

12. When the called party hange up the
receiver; the switches release. (Yes - No)

g . P. Kelly,

““gsuperintendent of Installation Engineering.
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OPERATION TRAINING OUTLINE 209
ELECTRICITY AND MAGNETISM

CONTENTS

1. GENERAL
2. FUNDAMENTALS OF BIRECT CURRENTS -
3. OIM'S LaW

4, PEMMANENT MAGNETS
5. ELECTRO-MAGNETS
6. REVIEW QUESTI ONS

1. GENERAL

1.1 This section contains a simpls, short
description of the fundamentals of

direct current electricity and magnetism,
It has been included in this apparatus ad-
Jjustment training manual in order to clarify
the electrical and magnetic behavior of step-
by-step relays and switches to a degree con-
sistent with an adjusting courss.

1.2 Accordingly reference has not been
made to modern electron theory of
current flow since the commonly used water
flow analogy gives a clear conception of this
phenomencon. -Alternating currents have also
not been discussed since they are nommally
not used when adjusting this apparatus,

2. FUNDAVMENTALS OF DIRECT CURRENTS

2.1 A current of electricity is a flow

of electrons thru an electric cir-

cuit which may be likened to a current of
water thru a pipe., This electric current
may flow continuously in one direction or
may change in direction periodically, that

is, flow first in one direction in the cir-

cuit and then in the other, reversing at
regular intervals, These two types of
electric currents are called DIRECT or .DC
CURRENT, and ALTERNATING or AC CURRENT,
respectively,

2,2 This discussion is confined to DC
currents only as some knowledge of
their behavior will aid in the understanding
of step-by-step apparatus adjustment, A
convenient source of DC current is the dry
cells used in flashlights, etc, which
generate electricity chemically. Electricity

‘{8 conslidered to flow from the center or

positive pole of the dry cell, thru the
external circuit, and back to the outer case
of the cell which is its negative pole.

BATTERY l M [

-

] RELAY

- (RP-12219)

FIG, 1 TYPICAL BATTERY CIRCUIT

Figure 1 shows schematically such a cell or
battery and the arrows indicate the direc-
tion of current flow thru an external cir-
cuit, in this case a relay. Although elec-
tronic theory has shown that electron flow
or current is from negative to positive
poles, it is generally assumed in telephone
switching circuits that the current flows
from positive to negative as shown in
Figure 1.

2.3 In telephone circuits, one side of
the battery is usually connected to
what is known as a ground bar, If one end
of the relay winding is also connected to
this common ground bar, current will flow
thru the relay as shown in Figure 2,

BATTERY % . C%E RELAY

= ¥~— GROUND —" ~
CONNECT{ONS

(RP~12220)

FIG, 2 - TYPICAL GROUNDED BATTERY CIRCUIT

With the positive pole of the battery
grounded, as shown, the relay is said to

be operating from NEGATIVE BATTERY. If the
ground connection to the battery was re-
versed, the relay would be operating from
POSITIVE BATTERY.

2.4 To understand the behavior of DC
Current, comparison may be made to
water flow thru a plipe system as shown in
Figure 3. The pump provides the pressurs

GAUGE

RP-12221)

FIG. 3 SIMPLE WATER SYSTEM

Printed in U.S.A.

TCI Library www.telephonecollectors.info




LTM16 - 309 2

to start and maintain the flow of water thru
the system. The amount of water flowing thru
the system will depend upon the amount of
pressure generated by the pump and the re-
sistance of the system to the flow due to

the size of the pipe, friction of its walls,
atc.

2.5 In an electricaiysystem or circuit as
shown in Figure 4 the battery provides

RESISTANCE

0 AN o
A B

A

' VOLTMETER

AMMETER
BATTERY
1l

(RP-12222)

FIG. 4 ©SIMPLE ELECTRICAL CIRCUIT

the pressure to start and maintain the flow
of electricity thru the circuit. The amount
of current flowing thru the circuit will
depsnd upon the pressure produced by the
battery and the resistance of the circuit

to current flow due to size, length and

type of conductors and apparatus.

2.6 In the pipe system, the pressure
provided to cause the flow of water

from A to B is measured on the pressure
gauge in pounds per square inch. 1In the
electrical system, the battery supplies the
pressure or electro-motive force (EMF) which
is measured in volts using a voltmeter con-
nected as shown in Figure 4.

2,7 The watsr flowing in the pipe system
would be measured by the flow meter
in gallons. In the electrical system, the
current is measured by the ammeter in
amperes. For convenience in communications
work where quantities of current to be
measured are ordinarily small, current flow
is usually expressed in milliamperes,
abbreviated mils. One mil equalsll ampere,
000

or .001 ampere.

2.8 In the pipe system the pump not only

starts the flow of water but overcomes

the friction of the walls of the pipe. In the

electrical system, the voltage of the battery

starts the electric current and also over-

comes the inherent resistance to its flow

of the wire and apparatus in the circuit.

Electrical resistance is expressed in ohms

and may be calculated for any particular

circuit by using Ohm's Law,

3. OIM'S LAW

3.1 As steted in the pipe system analogy,
a definite relation exists between

pressure, resistance and amount of water
flowing in the system. This relation can
be expressed mathematically.

3.2 Exactly the same relation exists
in the electrical system between

voltage, resistance and current. The units
which are described above, are so related
that an EMF of one volt applied to a circuit
with one ohm resistance will cause a
current of one ampere to flow, Expressed
mathematically, current equals voltage
divided by resistance, or

= EMF § 1t
I (Current in Amperes) R (Resistance in OGms)
3.3 This formula is known as Ohm's Law.
Expressed in another way, resistance
is equal to voltage divided by current, or

E

R = —

I

A third way of expressing this relationship
is that voltage equals current times re-
gsistance, or E = IxR

By this law, given any two components of‘an
electric circuit, the value of the other
can. be computed,

1000 OHMS

REL AY

AMMETER

504 * 1000 OHMS

I
=] X R=024 X 1000224 VOLTS
(RP-12223)

FIG. 5 ILLUSTRATION OF OHM'S LAW

3.4 1t is obvious from the example above

that the amount of current flowing

in the circuit may be easily regulated by
varying either the voltage or the resistance,
This will be made use of in relay adjusting.
practices where it is desired to cause a
certain amount of current to flow thru a
relay winding. By changing the variable
resistances in the adjusting set placed In
the circuit with a relay winding, the
total resistance of the circuit can be made
such that the desired current will flow
thru the relay winding. Figure 6 shows
this arrangement schematically for a
typical series circuit, The resistance
of V may be computed from

- _E
I ¥R
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ADJUSTING SET

METER
v RELAY
R OHMS
VARIABLE
RESISTANCE

~ BATTERY =
I+ - -
N RP-12224)

FIG. 6 TYPICAL ADJUSTING ARRANGEMENT
OF SERIEsS CIRCUIT

3.5 A parallel circuit as shown in Fig-
ure 7 presents a different condition
as the current measured by the ammeter will

be the total currant drawn from the battery.

ADJUSTING SET
METER

RELAY

S ———

PATTERY RESISTANCE

)

®Re-12217)

FIG. 7 TYPIGAL PARALLEL CIRCUIT

The actual current in the relay will not

be .indicated with the setup shown, as the
total current will divide between the
resistance and the relay depending upon
their resistance. Reference to the

A. T. & T. Co. pamphlet "Principles of
Electricity Applied to Telephone and Tele-
graph Work" should be made if further
information on parallel circuits is desired.
When adjusting relays in such circuits,
specific information is given in each case
so that the parallel paths are either opened
or otherwise made ineffective, or are
allowed for in the current values set up

on the adjusting set meter.

4. PERMANENT MAGNETS
4.1 Genera]l

It is necessary to obtain a good
working knowledge of magnets and magnetism
gince it is this property of metals upon
which most of the mechanical operations
performed in a dial telephone system
depends. Permanent maegnets are made of
steel or some alloy of steel, They are
called permanent magnets because with
proper treatment they retain their magnetic
properties indefinitely.

4.2 Polarity of Magnets

Magnets possess the property of
attracting iron or ferrous alloys to them-
selves, The two ends of a magnet over

309

which the magnetic force is most pronounced
are called the poles, If a bar magnet is
freely suspended it will align itself in a
north-south direction like a compass needle.
The pole which points north is called a north
or positive pole and that which points south,
a south or negative pols.

4.3 Attraction and Repulsion

If we place the north pols of one
magnet adjacent to the south pole of another
magnet, we find that they attract each other,
but two similar poles placed togethsr repel
each other. This is a fundamental law of
magnetic action and should be remembered.

4.4 Magnetic Fields

Any region in which a magnetic force
acts is called a magnetic field. The field
about a bar magnet is shown in Figure 8,

(RP-12238)

FIG. 8 MAGNETIC FIELD OF A BAR MAGNET
4.5 Lipes of Force

The curved lines shown in Figure 8
are called "lines of force" and represent
both the direction of the magnetic forces
in the field and the strength of the field.
These lines are always closed loops and are
considered to leave the magnet at the north
pole, looping around to enter the magnet
at the south pole and pass thru the magnet
to the point of origin. We may think of
each line of force as a stretched rubber
band in that it always tends to shorten
itself as much as possible, Each line of
force has another property of repelling
all other lines of force, tending to spread
them apart. Figure 9 indicates the action
of two magnets when brought together and
illustrates how the behavior of magnets can
be explained in terms of the above attri-
butes of the lines of force.

FIG. 9 MAGNETIC FIELDS OF ADJACENT MAGNETS
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When the adjacent poles are unlike as
in the left hand diagram, the lines betwsen
them tend to form closed loops thru the two
magnets and their tendency to shorten
themselves causes the attraction betwsen
the poles, On the other hand, when the
adjacent poles are alike as in the right
hand diagram, the relative direction of the
two sets of lines are such that the tendency
of the lines to spread apart accounts for
the repulsion between the like poles,

4.6 Magnetic Circuits

The path which the magnetic field or
"flux" takes is called the magnetic circuit.
The amount of flux depends upon the opposi-
tion to its flow which is set up by the
various parts making up the magnetic circuit.
Iron forms an easy path for its flow, while
substances such as air, copper, glass, etc.,
form a difficult path. The magnetic circuits
of relays, switch magnets, and similar
apparatus is designed to consist mostly of
iron, the air gaps being made as short as
possible,

4.7 Flux Density and Field Strength

The opposition which a magnetic cir-
cuit offers to the flux is called "reluctance."
It controls the amount of flux in the same
manner as that in which resistance controls
the amount of current in an slectric cir-
cuit. We may look upon the lines of force
as representing not only the direction of
the magnetic forces in the field but the
strength of the field as well. 1In consider-
ing field strength, we can again use the
water analogy, in that where the stream is
confined to a nerrow channel, the current
is strong and where the stream spreads out
the current is weak. It is easily proven
that the magnetic forces increase as we
approach the magnet poles and decrease as
we recede from them, This is illustrated
by the lines of force at one pole of a
magnet as shown in Figure 10, As we approach
the pole the flux density increases but as
we move away the lines spread out in all
directions and the density decreases,

‘ l““h,. ‘

|

(RP-12239)

FIG. 10 FLUX DENSITY AT A MAGNET POLE

Thus the field strength and flux
density vary together. When the path of
the flux is confined to a small area the
density is high and the field strong; where
it is spread out the density is low and the
field weak, These principles must all be
taken into consideration when designing
equipment such as relays in which we expect
;he magnetic fields to do mechanical work

or us, ;

5. ELECTRO-MAGNETS

5.1 Relation Between Magnetism and
Electricit

Magnetism and electricity are so
inter-related that magnetism can be created
and controlled by an electric current.

This enables us to make electricity perform
a great amount of useful mechanical work.
Wherever an electric current flows, a-
magnetic field is set up around the con-
ductor carrying the current, The lines of
force in this field are circular loops
lying in planes at right angles to the
conductor as shown in Figure 11,

(RP-12241)

FIG. 11 MAGNETIC FIELD AROUND A
CURRENT CARRYING CONDUCTOR

5.2 Magnetic Field Around Current
Carrying Coils

The magnetic field set up around a
single turn of wire carrying a current is
shown in Figure 12. We can see that all
the lines of force encircle the wire in
the same direction.

Figure 13 shows what happens to the
magnetic field when we place a number of
turns of current carrying wire together.
The effect of the several turns combines to
set up lines of force, a small proportion
of which encircle the individual turns,
but most of which link themselves together
thru the whole group of turns. We can
immediately recognize the field setup as
similar to that of & bar magnet and can con-
clude that when current passes thru a coil
it acquires the properties of a magnet.
Such a coil is called an "Electro-Magnet."

5.3 Relatjon Between Magnetjic and
Electric Circujts

We have seen by "Ohm's Law" how the
current, resistance and electro-motive force
in an electric circuit are related. In a
magnetic circuit there is an analogous
relation between the flux, the reluctance
and the force which sets up the flux which
is called the "Magneto-Motive Force"
(abbreviated MMF): the flux equals the MMF
divided by the reluctance.
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(RP-12244)

FIG. 12 MAGNETIC FIELD AROUND A
SINGLE TURN OF WIRE

(RP-12242)

Cross Section
FIG., 13 WaGheTIC FIELD nAUUND A CUlL UF WIRE

This force due to an electric
current flowing around a coil is directly
propvortional both to the number of turns
in the coil and the number of amperes in
the current; in other words, the MFF de-
pends upon the number of amperes multiplied
by the number of turns. Consequently,
magneto-motive force is commonly expressed
in "ampere turns".

5.4 Design of Blectromagnets

The reluctance of a magnetic circuit
in whichk the path of the flux is thru air
or non-magnetic substances is a constant.
No matter how the MMF is varied, the flux
varies in direct proportion. This is not
true, however, when the path of the flux
is partly or entirely thru magnetic sub-
stances. By experiment we can determine
that the magnetic effect of a given current
flowing thru a coil can be increased in
two ways; (1, by increasing the number of
turns in the coil, thereby increasing the
MFF, and (2) by winding the coil on an

goe

iron core, thereby greatly reducing the
reluctance of the magnetic circuit. A
very strong electromagnet can therefore
be made by passing a current thru a coil
of many turns wound on an iron core, The
core of such magnets is usually made of a
special soft iron which has been treated
so that it magnetizes easily and will give
up its magnetism as completely as possible
immediately after the energizing current
ceases to flow thru the winding.

5.5 Residual Magnetism

It should be borne in mind, however,
that a small amount of magnetism, called
Yresidual megnetism", is normally retained
in the core of electromagnets., The effect
of this in a relay would be to prevent the
imrediate release of the armature when the
current stops flowing. This is overcome
by slightly increasing the reluctance of
the magnetic circuit by placing stop pins
or "non-freezing" discs of a non-magnetic
material in the path of the armature travel
to prevent the armature from striking the
core, thereby decreasing the flux density
caused by the residual magretism.

5.6 Relay Desigzn

A simple relay is shown in Figure 14,

—

(RP-12243) i;

H

F1G. 14 3SINMPLE RcLAY

When the electric circuit is
closed, the current thru the coil sets
up a magnetic flux, making the core a
magnet, The flux passes out at the north
pole of the core, thru the air gap into
the armature, and then thru the rest of
the relay structure (made of iron) to the
opposite pole of the core and back to the
starting point. As the lines of force
tend to shorten themselves, the armature
will be attracted to the core. Thus the
electric current is made to perform the
mechanical work of moving the armature.

From the discussion ¢f magneto-
motive force it will be appreciated that
the determination of the proper number of
ampere turns in the coil is an important
factor in relay design. They must be
figured out to meet the reguirements im-
posed by the load to be placed on the
armature, the length of the air gap, the
distance thru which the load must te
operated, etc. The load may be a single
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armature, or it may be a group or "pile- 7. 1Is a mariner's compass
up" of springs whose tension must be over- needle a permanent Yes No
come, ' magnet,

It should therefore be clear why we .
use current flow test sets in installation 8. If a permanent magnet is cut in half,
adJusting work and why we adjust relays to will the newly formed ends be: '
operate on a given amount of current.

: ~ both positive poles O

The very basis of relay-design is
such that the relay must receive a proper both negative poles D
amount of current in order to do its work,
and conversely, that it must be so adjusted one positive and one negative E

as to do its designed work when the proper
amount of current passes thru its winding.
9. When two permanent
magnets are placed

6. REVIEW QUESTIONS positive end to positive ’
end, they will have a Yes No
6.1 Place a check mark in the box beside tendency to attract- O O
each question which will give a one another. : &

correct answer to the gquestion.

10. A strong permanent magnet can be made of:

1. Is a flashlight battery Yes No :
a source of AC CURRENT, 4 m Copper d Glass [

Lead |:] steel (]

2. Is ?‘I'_" this the
+

= Yes No 11. The magnetic strength
m O of a relay having
symbol for NEGATIVE BATTERY, 20,000 turns and drawing
: 5 mils of current is ap-
proximately the same as Yes No
3. In what unite are the following a relay of 10,000 turns D
measured: drewing 10 mils of current.

Amperes Volts Ohms
12, The core of a relay
(a) Current Eﬂ D is made of a material

which is easily mmgnet-

O

(b) Voltage E] X O ized when the relay coil
is c:grytiins t; current
and ich will give up
(c) Resistance C D m its magnetism as com-
pletely as possible when Yes No
the current stops by
4, Does 35 mils equal - 3.5 amps D flowing. P D
0.35 amps D
13, Assuming other
0.035 amps m things equal, the

shorter the gap between

5. In a circuit with a 48 volt battery armature and pole
operating a relay having 1200 ohms, will piece of a relay, the
the current be: fgster it will pull up Yes No
when its coil is 1%
48 milse D energlzed. D
.240 amperes G
P 14, The direction of
.24 mils D the DC current-
A . — ~thru a relay winding Yes No
ho TG < mekes no difference in. 0]
6. A relay of fSOO ohm resistance requires its operation.

a current of 24 mils when being adjusted.
If a 48 volt battery is used, will the
variable resistance in the adjusting set of
Figure 6 supply an additienal resistance of:

700 ohms [3
1700 ohms d

NOTE: This applies to relays of —
the type described in
this section,

NOTE: In determining this answer, first
figure the total resistance required
to obtain 24 mils.

J. P. Kelly,
TCl Library WWWIe‘féﬁﬁbHédileé@tbr%ﬁrﬁ‘@F‘a“a““ Engineering.



Training Manual 16 31 .

Western Electric Company, Incorporated
Installation Department 2-11~46

OPERATION TRAINING OUTLINE NO. 310
METHOD OF .QPERATION
D-€ ADJUSTING SET, ITE-4040

x : 2'-0" |
1. GENERAL ORI ae A T & ShobioN

— L—
1.1 Purpose and Use —fax —
. This set may be used when checking ITE-9598 CORD
and adjusting apparatus on direct current
to current flow requirementg. . 6-0" ITE-2461
1.2 Descriptio ferLee
Description —o-
This is a portable set approximately Tl
11-3/4" x 12-3/4" x 6" overall., It is as=
sembled on a metal chassis (see Figure 1) ITE- 9726 CORD
and housed in a sheet steel box. A compart- LA e
ment is provided in the bottom of the box 6-0"
for cord and accessory equipment ITE-2455 ITE-246!
I
1.3 Cords and Accessories ITE-9406 CORD (RED)
Some of the cords and accessories ITE-9546 CORD(BLACK)
furnished with this set are shown in Figure
2. The quantities of the various items are :{__4—\___]
given on the "Cord and Accessory Label"
which is mounted in a card holder on the 357 CLIP
cord compartment cover. The I1TE-4088 Case e
is furnished for use as a container for the — =
small loose equipment. items. The 4-F-353450 &
screws used to secure the chassis in the box
for shipment should be removed and placed A419A CLIP

in this case when the set is'in use. While

the set is in use the case may be attached
to the front end of the box. :

ITE-1876 CLIP

KS-6278BCLIP 364 CLIP 7

3618 CONNECTOR

— | =
R-2736 CONNECTOR

4,

ITE-2460 PLUG

24l

ITE-4091 PLUG (RP10B4T)
ASSEMBLED IN 3 AND 4 JACKS

i T

ITE-8507 ALLIGATOR CLIP

WITH ITE-2601 INSULATING SLEEVE

FIG, 1 ITE-4040 CHASSIS FIG, 2 SOME OF THE CORDS AND
ACCESSORIES FURNISHED WITH ITE-4040

{R.P.IDBSS)

Printed in U.S.A,
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.2, APPARATUS AND CIRCUIT FUNCTIONS
2.1 (M) Switch

This is a toggle switch which provides
a means of reversing the leads to the meter
when used as a milliammeter. Ordinarily the
positive side of the central office battery
is grounded, in which cape the. (M) switch
should be in the (POS) position, .This switch
may be operated to the (NEG) position when
the deflection of the pointer on the meter
is in the wrong direction. = This switch how-
ever should always be in the (POS) position.

2.2 (SETUP) Switch

A manually operated &6 level, 12 posi-
tion rotary switch is provided to quickly
prepare the test set circuit for any of the
various setups that may be encountered. The
dial of this switch carries the setup desig-
nations, referred to on the Requirement
Tables, and is arranged with the current flow
setups on the left half of the dial and the
voltage setups on the right half of -the dial.
A normal (N) position is provided at the bot~-
tom bYetween the current flow and voltage set-
up designations,

2,3 Meter

The meter is a Weston Model, 741 Volt-
Milliammeter, of the permanent magnet moving
coil type. It has two scales, inner and
outer, each having 75 divisions. The inner
scale lines bisect the spaces between the
outer scale lines thus producing in effect a
middle scale of 150 divisions. The meter is
equipped with a mirror scale and knife edged
pointer. A zero adjusting screw is provided
by means of which errors in the zero posi-
tion of the pointer can be easily rectified.

Range Key
For Values Use To Be
Between Range Scale Operated

75 and 750 MA 0-750 MA Outer x 10 None

15 and 75 MA 0-75 MA Quter 75
2 and 15 MA 0-15 MA Middle 15
0 and 3 MA 0-3 MA Inner 3 and 15

2.4 Regulation

A 74A Rheostat is provided for regu-
lating the current, It consists of one long
and one short rheostat mounted end to end,
The short rheostat, which is assembled at
the right side, is equipped with 4 red slid-
ers and has a range of 0 to 28,000 ohms in
1,000 ohm steps. It is used for the coarse
regulation. The long rheostat, which is as~-
sembled at the left side, is equipped with
4 black sliders which move over a slide wire
coil having a minimum resistance of 1,150
ohms or approximately 2 ohms per turn and
is used for the fine regulation. The maxi-
mum resistance position on both rheostats
is obtained when the sliders are to the
extreme right. The 2 sets of sliders are
numbered 1, 2, 3 and 4 and are associated
with 4 similarly numbered miniature tele-
graph keys which may he either locked

operated or momentarily operated to close
the circuit through the set., The 4 minia-
ture telegraph keys and the 4 sets of red
and black sliders provide 4 different re-
sistance circuits so that 4 different and
independent values may be set up at one
time. Further regulation may be required
in the case of extremely low current flow
or voltage values and provision for in-
serting additional resistances is made 1in
the Nos. Zand 4 circuits. The (3) and (4)
switches each provide an additional resist-
ance of 500,000 ohms in 25,000 ohm steps for
this purpcse. They are manually operated

2 level switches. This resistance is not
ordinarily required and when the switches
are in the normal (N) position, the above
resistance is taken out of the circuit.

2.5 Protection

The set is fused with a (3/4 AMF)
24D fuse., Spare fuses are furnished with
the set. o

CAUTION: This fuse adequately protects
) only the high range of the
meter. It is, therefore, necessary
before using any of the lower ranges
to make sure that the current is
regulated so that the meter reading
will be within the limits of the range
to be used. This is accomplished either
by placing all sliders to the extreme
right or by approximating the desired
meter reading on the highest range be-
fore depressing any of the range keys.

The circuit is arranged so &hat. con-
nection is made to the 0-75 MA range’ with
the (SETUFP) switch in any of the current
flow setup positions and the 0-300V range
with the (SETUP) switch in any of the volt-
age setup positions., With the (SETUP)
switch in any of the current flow setup
positions, the operation of the (2 and 15),
(15) or (75) .range keys transfers the *&ir-
cuit to the 2, 15 and 75 milliampere ranges.
In a like manner with the (SETUP) switch in
any of the voltage setup positions the oner-
atiou of the (2), (15) or (73) range keys
transfers the circuit to corresponding volt-
age ranges. The range keys are non-locking
so that they will restore the circuit to the
high range when not held operated. This
arrangement is intended to protect the lower
meter ranges,

3. QPERATION

The steps normally followed in using this
set are listed below.

(1) Place all red and black sliders to
the extreme right.

(2) Set the (3) and (4) switches in the
(N) normal position and patch the (3)
and (4) single conductor jacks using 2 ITE-
4091 twin plugs,

(3) Make sure that none of the miniature
telegrach keys are operated.

TCI Library www.telephonecollectors.info



Cip-- O

‘(4) The (REV) key should be in the.
unoperated (UP) position..

(5) Ascertain from the "Test Set Prep."
column on the Circuit Requirement

Table the application to be used and then
refer to the particular figures illustrating
this application. 8Set the (SETUP) switch
and connect the cords accordingly making
the connection to the apparatus under test
at the points listed under the "Test Clip
Data" columns on the Circuit Requirement
Table, If the deflection of the pointer on
the meter is in. the wrong direction operate
the (M) switch to the (NEG) position,

(6) Determine from the Circuit Require-
ment Table the electrical require-
aents to be applied to the particular piece
of apparatus under test and then refer to
the table under Paragraph 2.3 for informa-
tion concerning the proper scales and ranges
to be used and the range keys to be operated.

4. TYPICAL TESTING ARRANGEMENTS

"4.1 The following information covers the various setups that are to be used.
are simplified schematics showing only the essential parts of the circuit,
arrows in these illustrations show the position of the (SETUP) switch rotor rather than the
‘ They are based on the various positions of the (SETUP) switch

direction of the current flow,.

318

"(7) Lock one of the telegraph keys over=-
ated and proceed toset up one of the

electrical values using the correspondingly
numbered red and black sliders. Move the
red sliders to the left until the meter
reading is just below the required value and
then obtain the exact value by moving the
black slider as required.. In the same man-
ner set up the other electrical requirements.
using the other telegraph keys and their
associated red and black sliders.

(8) When a soak value is called for on
the Circuit Requirement Table the

soak current shall be applied preceding each
of the other test conditions. The soak
current shall be applied for at least one
second and the other test conditions shall
be 'applied within two or three seconds after
releasing the key that applies the soak ’
value, .

The figures
The heavy

and show the external connections as well as the used portion of the circuit within the set.

(a) F BG G A

battery nor ground is supplied by the-apparatus under test.
in Figure 3 is used for checking the (F) relay.

. "The application is used where neither
The setup as shown
See Requirement Table for Test Clip Prepa-

ration,
P T e e e e e e e ey e Do v ———— . ——p— o - —n —— — b e -
1 (REV) I
1 ITE-4040 ) ¢ I
: « > ol o BB ot l
LAC N
e N mg SRERR
ITE-9598~ I@AT;TL RED RHEOSTAT 1 9720
SR PO, — - ‘“‘”e:é:g
= 1 B . R]
§ ]OC_:}QH (NGB) “MA 1__(0). CSRNECTORS
. frso D 2awe AS REQUIRED
o]
™ ! D s Al
/——————RANGE KEY§ ———\

SETUP

(GROIY § ° SWITCH

g F ]

@s) 05 (3)

(Am-10022 - &)

FIG, 3 (BG) BATTERY GROUND APPLICATION
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(b) Figure 4 (BAT) Battery Application.

supplied by the apparatus under test.

~arking the (K) relay.

|
1
1

See Requirement Table for Test

OV A e
ITE-4040 ,gnr:v) : : "

BLACK
RHEOSTAT

RED RHEOSTAT

ﬁam'

j(8AT)
1TE- 8598 ‘G ;.0 l
_.‘_{ }{GRD)

(V)

SETUP
SWITCH |

FIG, 4

(¢) F GRD) Ground Application.

supplled by the apparatus under test.

checking the (B), (C),

(E) and (G) relays.

L L =

Z
>
@

7 N + %AMP

- o -

- s R awp s min o - b w— b ol

(BAT) BATTERY APPLICATION

e e . 'lk
Qe N
f. - . (T)’

L. t— _

This application is used where ground is
The setug as shown in Figure 4 is used for
lip Preparation. ¢

APPARATUS
UNDER TEST

1TE-9T728

CLiP OR !
CONNECTO!

AS REQUIRED

This application is used where battery is
"The setup as shown in Figure 5 is used for
See Requirement Table for Test Clip Preparation,

r—==--- TR ST TTTTETTA
| ITE-4040 > ¢ i
{ * BLACK adu by |
AHEOSTAT
l @A) ‘ ‘l - () ONOER TEST
ITES9sns O—— : RED RHEOSTAT |

o |(°

°_|’\—4

o

FIG, 5

i

AMP.

(GRD) GROUND APPLICATICN
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CLIP OR
CONNECTOR—
AS REQUIRED



(d) Figure 6 (M) Metallic Applicaticn.
and ground is supplied by the apparatus under test.

B is used for checking the (D) relay.

310

This app11ca*ion is used where both battery
The setup as shown in Figure

r— .
l .
} BLACK
v RMEOSTATY
: j@at
1TE-9598 Km'l
. cno

‘la_lm

™)

See Requirement Table for Test Clip Preparation,

FIG, 6 (M) METALLIC APPLICATION

ITE- 4040 g“"é 1
® ly > l
. APPARATUS
NS O -I (T‘ UNDER TEST
. RED RMEQSTAT . r— 1TE-9726
0 1 t R)
' L
(R)' CLIPS OR x
MA CONNECTORS
) A\ 2awe I AS REQUIRED
p 5
5 3.
o = l
j——————RANGE KEYS +———\
- SETYP .
e, as) as) (3) l
A rhd - ~I~ |
T l

J. P. Kelly,

Superintendent of Installation Engineering.
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Training Manual 16 3‘ ‘
: Western Electric Company, Incorporated Part 1
Installation Department 2-11-46

OPERATICN TRAINING OUTLINE NO, 211
PART 1
ELECTRICAL REQUIREMENTS AND CHECKING PROCEDURES FOR
STEP-BY-STEP RELAYS

1, ELECTRICAL REQUIREMENTS to close any make contacts or to reduce the
F] — ' back contact pressure enough to cause an unre-
- (a) Reguirement " liable contact,
(1) A relay shall meet the electrical re- Soak: The soak value specified on the
quirements specif-ied on the Circuit Re- ¢ircuit Requirement Table shall be applied, The
quirement Table, relay shall he soaked before applying the elec~-
trical test or readjust requirements by passing
Operate: A relay is said to operate if, through the winding or windings under test the
when current is connected to its winding, the maximum current (not to exceed .500 amp,) per-
armature moves all the way up to the core, except mitted by the specified test clip data with
where a residual is specified in which case the minimum resistance in the relay adjusting set.
residual screw (adjustable stop pin) touches the
; ecore, and all back contacts break and all front The soak current shall be applied for
! contacts make, an interval of minimum 1 second. The other
. electrical requirements shall be applied within
Non-operate: A relay is said to non~ a minimum of 1 second, maximum 3 seconds after
operate, if, when current is connected to its the soak has been disconnected.
h winding, the armature does not move sufficiently
} & ) CIRCUIT REQUIREMENT TABLE
t 197H CONNECTOR SwITCH
Circuit Preparation See Direct Current Flow Reg,
3 Apparatus Block Test|Test After
! or Test Clip Data SetiNote|Test |Test|Soak |Test|Readj
14 DesigJ,Code Insulate|Conn, Batt, [ Conn,GrdlPrep] No WDGJ For{ MA- T MA T MA Remarks
! Relays
L .
§ A | 221-A (B)NO |[Test Jk,2 jTest Jk,1| M 1 F/R{ © 100 |15.1114.8 |pegy Cont.Separation Min.3
¢ (B)NO |Test Jk.2 |Test Jk.1| M 1 or | NQ 100 {13,9]/14.4 Cont. Follow on make
f P/S Min, 8
+
. B | 248-D| 1(A) 3(4) GRD 0 50 10.5[10
3 1(A) 3(A) GRD NOQ 50 8.5] 9
‘, ¢ |221-GL 3(B)  |GRD o | 500 |90 |ss
1 3(B) -{GRD NO 500 |62 69
f D |222-KM| (B)NO 5(F) 8(F) M F/R| O | 100 |28.5|27 Test Min.Cont.Press 35
H (B)NO 5(F) 8(F) M or| NQ 100 119 |21 Grams on Spring 7-8 and
} P/S 10-11
‘ E |221-DU} 4T(K) 2(6) GRD 0 | 110 |15.5{14,7 |Cont,Pressure Springs
4T(K) 2(G6) GRD NO 110 {10.6]/11.2 | 3 & 4 Min, 15 Grams,
‘ F 282-J 8T(K) 6T(K) B/G 2 P 0 30 27
i 8T(K) 6T(K) B/G P | NO 23 |25.5
' 2(F) GRD S| 0o} 20 |27 |24
. 2(F) GRD S | NQ 30 120 22 Springs 1 & 2 may make
{ G | 221-T (K)O 5B(K) GRD 0 30 [14,4|12.8
: (K)O 5B(K) GRD NO 30 |11 12,1
‘ K | 224-D|{(E)O(G)NO| 1(E) BATT|3/4 P 0 29,5{28 .|{Only Conts,lB& 2Bneed make
(E)O(G)NO} 1(E) BATT P | NO 23.5125 N
2B(K) |[GRD s o) 35 {22.5]21 3Teand 4T shall Break,
1T & 2T may meke
2B(K) GRD S 0 35 132.5]31.5

TEST NOTES:
1, Armature need not touch core on operate current.
2. Req. for springs 1 and 2, contacts shall make before spring 1 strikes the bushing on spring 4.
3, Test 1B and 2B shall make before 1T and 2T make and 3T and 4T break,

3T and 4T shall break before 3B and 4B break.
1T and 2T shall make before 5B and.6B break.

4. 1B and 2B contacts shall make before spring 1B strikes the bushing on spring 4B,

- This Training Outline includes material from BSP 460.040, and Addendum A460.040
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(b) Checking Procedure

To check the specified operate and
non=-operate values of relays given in the
Circuit Requirement Table, use the ITE-4040
AdJjusting Set as covered in Operation Train-
ing Outline No., 310,

221,222, 224 and 248 Type Relays:
Block relays non-operated by inserting a
toothpick or KS-6320 orange stick for relays
having a large armature travel, between the
armature and the core, Block relays oper-
ated by inserting a toothpick or KS-6320
orange stick between the armature and the
armature stop. Due to the construction of
the relay, manually operate the relay before
ingerting the toothpick, or orange stick.
See Figure 1,

Blocking tools, toothpicks and paper
uged in insulating contacts, should be re-
moved after checking relay requirements,

. Insulating With Bond Paper: In gen-
‘eral,when it is necessary to insulate con-
tacts, use KS-7187 bond paper. Before re-
moving the paper, relieve the tension of the

springs against the paper, After using paper

for insulating contacts, burnish the contacts
with the proper burnishing tool as a further
precaution against trouble from paper lint,.
Relays other than the one under test may

. ordinarily be blocked operated or non-oper-
ated or the contact sorings be separated by
means of toothpicks. 1In a few cases it may
be necessary to insulate one contact without
affecting the rest of the spring assembly,

as illustrated in Figure 2,

FIG, 1 NON-OPERATED FIG. 1 OPERATED

KS$~-7187

FIG, 2
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Training Manual 16 3I I
Western Electric Company, Incorporated Part 2
Installation Department 2-11-46

OPLRATI®N REQUIREVENTS QUTLINE Ne. 311
FPART 2
ZLECTRICAL ABJUSTING PRECEDURES FeR STEP-BY-STEP RELAYS

1. EL&CTRICAL ReEQE IRIMENTS

(c) Adjusting Procedure

(1) If a relay meets all other require-
ments which are applicable, but
fails to meet the operate test requirement,
reduce the tension of the lever springs
so that unlass otherwise specified the re-
lay will operate all springs on the speci-
fied readjust operate current.

(2) If a relay meets all other require-
ments which are applicable, but

fails to meet the non-operate test require-
ment, increase the tension of the lever
springs so that the relay will not open any
treak contacts or close any make contacts
on the non-operate readjust requirement,
except as permitted in the notes and remarks
on the Circuit Requirement Table.

(Z) On spring assemblies having more
than one lever spring, it is

advisable to tension the lever springs Ne, 415A
against their associated brear contacts Spring Adjuster
approximately equal, In the case of
lever springs associated with make contacts
only, the tension of the lever springs shall
be distributed uniformly.

Lever Spring

(4) To change the relative position of
the snrings, nlace the adjuster on

the front ends of the springc but back of
the armature stud and then slide it bhack to
a point akout 1/4" from where the spring
leaves the insulators as shown in Figures
1l and 2. Increase or decrease the tension
of the lever springs by applying a slight
twist of the spring adjuster to the right
or left as required, exercising care not to
disturb adjacent springs, In adjusting
the surings exercise care to adjust them in
line with their movement so as not to twist FIGURE 1
them off center.

(5) 1If a satisfactory position of the
springs can not te obtained by ad-

justing as outlined in (4) without bowing
the spring beyond its permissible limit
apply the soring adjuster to the soring Jjust
back of the stud and slide it back to the
base of the spring, as indicated in Figures
1 and 2. DUraw the adjuster forward the

length of the spring meanwhile applving Assembly |

pressure as required so that the spring is Clampin 3

formed into a slight gradual bow with the pl,tgs §nd spring Egju:tgt
concave surface facing the heelpiece. The Insulators: :

magni tude of the bow to be formed in the

spring must be learned by experience and

should be such that when the final tension FIGURE 2
adjustment is made at the base, the spring

will be approximately straight. Move the

adjuster to the base of the spring and

adjust as covered in (4).

This Training Outline includes material from BSP 450.040 and Addendum A480.040
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(¢) Adjusting Procedure (Continued)

(6) 1If the spring combination has more
than one break contact, make sure

that the tension against each break contact
is approximately equal. Check this with the
KS-6320 orange sti¢k, first releasing the
tension of the springs which press against
the springs being checked. In the case of
lever springs-associated with make contacts
only, make sure that there is uniform dis-
tribution of tension,

(7) Apparatus which fails to meet one
or more of the test requirements

seldom requires a compnlete readjustment.
Any part found out of adjustment should be
readjusted (to the readjust value when one is.
specified) and any other parts which, because
of their close association with this adjust-
ment, may have been disturbed should then
be checked and readjusted if necessary.

) Mean Readjustment: Unless otherwise

specified, where there is a maxi-

-mum and a minimum limit for the regiiirement

an effort should be made in readjusting a
piece of apparatus to work to the mean of
the limits.

(3) As ted R Reguirements:
fter any readjustment has been
made associated adjustments which may have
been affected shall be checked to their
readjust requirements and readjustments
shall be made: if necessary.
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