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with the filing instructions above. 
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of the 9761 clamp. 

2. APPARATUS 

The following change applies to Part 2 of 
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1. GENERAL 

1.01 This section describes methods and pro-
cedures to be followed in the analysis and 

correction of unguarded intervals which occur 
on the sleeve of a selected trunk during the 
trunk hunting process in district, office, or in
coming selectors. With this information, faulty 
district or office selector circuits detected by the 
unguarded interval test set SD-21986-01, and in
coming selector circuits suspected of unguarded 
interval troubles due to the frequent recurrence 
of unresolved failures, may be analyzed with 
the use of an oscilloscope and corrective action 
may be taken. A significant reduction in cir
cuit failures due to double connection troubles 
should result. 

1.01.1 An unguarded interval is defined as a ~ 
period of time during which a trunk 

picked by one seelctor is not made busy to other 
hunting selectors. +J 
1.02 In the trunk hunting process, a selector 

circuit hunts for an idle trunk by testing 
the sleeve leads of a group of trunks for the 
idle condition (no ground). When an idle trunk 
is found, the selector advances to connect the 
busy condition (ground) to the sleeve lead. The 
time interval between recognition of an idle 
sleeve and connection of busy ground to that 
sleeve is approximately 5 msec. This unguarded 
interval is inherent in the circuit operation and 
although unavoidable can be controlled. How
ever, the sleeve may subsequently become un
grounded as the selector circuit advances to 
complete its functions if the moving parts of 
the selector apparatus are not in proper adjust
ment. The mechanical adjustment of the C com
mutator brush, the sleeve multiple brushes, or 
the up-drive mechanism (i.e., clutch, cork, roll, 
rack, and selector rod), or the electrical adjust
ment of the L relay, or a combination of these 
factors may be the source of trouble. The ad
justments recommended in this section for the 
various apparatus are within BSP requirements 
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SECTION 215-171-301 

but are closer tolerance to minimize unguarded 
intervals. The ideal BSP relationship of the se
lector apparatus which is described in detail in 
Part 6 is illustrated in Fig. 1. 

1.03 District or office selector circuits which 
have excessive unguarded intervals can be 

detected by the use of the unguarded interval 
test set, SD-21986-01. The test set, which oper
ates in conj unction with the selector test frame, 
may be preset to provide one of six different 
timing intervals by means of a flexible terminal 
strapping arrangement and a three-position key. 
On each cycle of the test frame, the test set 
monitors the sleeve lead and times any open 
interval which occurs from the time busy ground 
is applied until the selector functions are com
plete. When an open on the sleeve lead exceeds 
the time setting of the test set, the test set 
causes the test frame to block and bring in an 
alarm. The operation of the unguarded interval 
test set is covered in Section 215-203-501 and 

r 215-304-501 for the link type and sender selector 
type district selector automatic test frames re
spectively. Section 215-112-501 covers the office 

4 selector automatic test frame. 

1.04 By setting the unguarded interval test 
set at the maximum time interval, the 

district or office selector circuits which have the 
longest unguarded intervals and are therefore 
most susceptible to double connection failures 
are detected. When these circuits have been ana
lyzed and corrected by the procedures outlined 
in the following paragraphs, the entire process 
of testing, analyzing, and correcting may be 
repeated with the unguarded interval test set 
adjusted for shorter and shorter intervals un
til corrective measures have been applied to all 
faulty district and office selectors in an office. 

1.05 Incoming selector circuits suspected of 
unguarded interval troubles due to the 

frequent recurrence of unresolved failures may 
also be analyzed by the procedures outlined in 
the following paragraphs. Where this analysis 
reveals excessive unguarded intervals on the 
sleeve lead, the suggested corrective measures 
may be applied. The unguarded interval test set 
SD-21986-01 cannot be used with the incoming 
selector automatic test frames or portable test 
set. 
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1.06 In the analysis of all types of selector 
circuits an oscilloscope is used to ex

amine the sleeve lead of the faulty circuit under 
actual operating conditions. By careful analysis 
of the sleeve lead trace, each unguarded inter
val may be related to a probable source of trou
ble. As the corrective measures which are recom
mended are applied, the resultant circuit action 
may be observed on the oscilloscope. 

1.07 Preparation describes the test connec
tions required and the setting of the oscil

loscope controls. 

1.08 Trouble Analysis of Typical Sleeve Trace 
describes the step-by-step procedures for 

analyzing a sleeve trace and suggests corrective 
action which may be taken to reduce open sleeve 
intervals. A diagram of a typical trace on which 
each deviation from the ideal grounded sleeve 
condition is labeled and defined is used for il
lustration. 

1.09 Step-by-Step Procedures in the Practical 
Application of Analysis TechnUJ.ues de

scribes the analysis of actual sleeve traces ob
tained in the field and illustrates the effect of 
each corrective action in photographs of the 
sleeve trace. A summary of the step-by-step 
analysis and correction procedure is outlined in 
table form. 

1.1 o Mechanical Relationships describes and 
illustrates the ideal mechanical relation

ship of the panel selector apparatus when ad
justed in accordance with BSP requirements. 

1.11 Reference Material Covering Detailed Ad-
justment Procedures lists the associated 

BSP information which may be required in ap
plying the recommended adjustments. This par
agraph also describes a method of checking the 
brush spring location with a tool especially de
veloped for this purpose. 

1.12 The analyzing and correcting procedures 
outlined in this section do not alter stand

ard requirements for the individaul pieces of 
apparatus affected, and do not exclude from 
consideration any routine mechanical or elec
trical adjustments normally applied but not 
specifically mentioned here. 

• 
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2. APPARATUS 

2.01 Oscilloscope, type 560, with P2 phosphor 
(alternate - type 561A, with P2 phos

phor), equipped with one 1-megacycle ampli
fier, type 60; one time base unit, type 67; one 
oscilloscope cart, type 201, part No. 016-030; 
one probe P6017, part No. 010-056; and one view
ing hood, part No. 016-001, manufactured by 
Tektronix Inc. or equivalent oscilloscope simi
larly equipped. 

2.02 No. 9761 clamp ( combination tool con-
sisting of clamp, lamp, go-no-go gauge, 

and holder for 121A dial gauge) for use in 
checking vertical alignment of multiple sleeve 
brushes in panel central offices, manufactured 
by Acme Engineering Works +-
11126 Rush Street, El Monte, California. +-

2.03 121A gauge for use with No. 9761 clamp. 

2.04 Two testing cords, No. 893, 3 feet long 
with No. 360A tool both ends (1 W13A 

cords), equipped with two KS-6278 connecting 
clips for connecting lamp terminals of No. 9761 
clamp to battery and multiple sleeve terminal. 

2.05 KS-13490, List 1 resistor (1/2 watt, 
51,000 ohms), equipped with two No. 30 

cord tips; two No. 893 cords, 3 feet long with 
No. 360A tool both ends (1W13A cords); and 
two KS-6278 connecting clips. (Assemble as 
shown in Fig. 2.) Use to bias input to oscillo
scope. 

2.06 Neoprene tubing, 1/4 inch I.D. 1/16 inch 
wall, to cover KS-13490, List 1 resistor, 

cord tips, and 360A tools as shown in Fig. 2. (Ob
tain locally.) 

2.07 All of the apparatus listed in the BSP 
section covering adjustment of the panel 

selector apparatus involved. 

2.08 Optional additional apparatus for record
ing oscilloscope trace. 

(a) Oscilloscope record camera, model 196A, 
equipped with camera carrying case 

HP-196A-45 (use Polaroid Film, Type 47), 
manufactured by Hewlett-Packard Co . 

(b) Bezel part No. 014-010 for attaching 
camera to oscilloscope, manufactured by 

Tektronix, Inc. or corresponding part for other 
oscilloscope . 

155 1, SECTION 21S-171-301 

3. PREPARATION 

3.01 To analyze the sleeve condition of a dis-
trict or office selector circuit, an oscillo

scope is connected to the sleeve lead of the test 
line (to which the selector is directed by the test 
frame) at some convenient location, preferably 
the selector bank terminal of the frame on which 
the selector is mounted. The probe pincers are 
connected to the sleeve lead and the ground 
clip connected to the framework. Since the open 
input trace (base line) on an oscilloscope coin
cides with the grounded input trace, it is nec
essary also to connect -24 volts through a 
51,000-ohm resistor (for isolation) to the bank 
sleeve terminal. This bias voltage provides a dis
tinctive trace on the scope when an open occurs 
on the sleeve lead. A schematic showing the os
cilloscope connection to the bank sleeve terminal 
associated with the hunting circuit of a district 
selector is shown in Fig. 3. Connection to the 
bank sleeve terminal of the office selector cir
cuit shown in Fig. 4 may be made in a similar 
manner. The setting of all oscilloscope controls 
in the positions required for unguarded interval 
analysis is shown in Fig. 5. The triggering level 
control setting is ciritical and may differ slightly 
from Fig. 5. Some oscilloscopes are more stable 
with the triggering coupling switch in the de 
position. Once the controls have been set, it 
should be necessary only to adjust the intensity 
of the trace and operate the ON-OFF switch. 

3.02 With the district or office selector auto-
matic test frame arranged to make re

peated tests of the faulty selector circuit, the 
condition on the sleeve lead during the trunk 
hunting process may be observed on the scope 
from the instant that the sleeve brush touches 
the test terminal to 50 msec following. The trace 
repeats at approximately 30-second intervals. 

Caution: While testing district or offlce se
lector circuits with the unguarded interval 
test set (SD-21986-01), the connection to 
-24 volts must be removed from the sleeve 
terminal. 

3.03 To analyze the incoming selector circuits, 
manual tests must be originated with 

the portable incoming selector test circuit 
SD-20050-01, as described in Section 215-522-501. 
In preparation for these tests, the following 

Page 3 
Revised May 1966 



SECTION 215-171-301 

steps should be taken. The incoming selectors 
to be tested should be made busy at the originat
ing office. A particular brush (0, 1, 2, 3, or 4) to 
be tested and a particular final choice appearing 
in the associated bank should be selected. The 
first three (approximately) final selectors in this 
choice should be made busy. With the oscil
loscope set up as described for district or office 
selector test, 3.01, the input probe should be con
nected to the sleeve terminal immediately above 
the last made-busy final terminal. The test set 
is then connected to the incoming selector and, 
using the numerical keys, a call is directed to 
the final choice to be used for the test. The con
dition on the sleeve lead of the incoming selec
tor may be observed on the scope from the 
instant that the sleeve brush touches the test 
terminal to 50 msec following. A schematic of 
the incoming selector circuit is shown in Fig. 6. 

3.04 If a camera is used to record the sleeve 
lead trace, the shutter opening may be 

coordinated with the circuit action by observing 
the movement of the selector sequence switch. 
The shutter should be opened just prior to ad
vance of the sequence switch into the trunk 
hunting position and closed in the position fol
lowing trunk hunting. 

4. TROUBLE ANALYSIS OF TYPICAL SLEEVE TRACE
FIG. 7A AND 78 

4.01 The hunting circuits of district, office, and 
incoming selector circuits are similar, 

with the exception that the functions of the 
L relay of the district or office are performed 
by the T relay in the incoming. Therefore, the 
following method of analysis may be applied to 
any of these circuits. For illustration, the anal
ysis of a district selector circuit is described. 
The oscilloscope trace of the sleeve lead of this 
circuit, which is shown in Fig. 7 A, is typical 
and has been exaggerated in certain details to 
illustrate salient points in the analysis. The 
circuit action indicated at each deflection of the 
trace may be followed with the use of the sche
matic and description of operation shown in 
Fig. 3. It should be remembered that the oscil
loscope probe is connected to the bank sleeve 
terminal and is biased to -24 volts. Unless the 
bank terminal is contacted by a sleeve brush, a 
-24 volt trace appears on the scope. When the 
sleeve brush contacts the bank terminal, the 
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potential applied to the sleeve lead by the 
selector circuit appears on the scope; the effect 
of the -24 volt bias is made negligible by the 
51,000-ohm resistor. It should be noted that 
1, 2, or 3 unguarded intervals may occur. The 
first of these, designated I, is inherent in the 
circuit operation and therefore unavoidable. It 
has a duration of about 5 msec and is made up 
of "dip l,'' the "porch,'' and "dip 2." The sec
ond and third unguarded intervals which are due 
to L relay reoperation and overriding of the 
selected terminal, respectively, are avoidable and 
their duration together may be over 40 msec 
(intervals designated L and O on trace). Fig. 7B 
shows the trace with a time scale and the ab
breviated nomenclature which has been assigned 
to portions of the trace to facilitate discussion. 
Reference should be made to both Fig. 7 A and 
7B for each step of the following analysis. As 
indicated at point X of trace (Fig. 7 A), the os
cilloscope triggers when the selector brush 
touches the idle test line terminal. 

A. Dip 1 

4.02 "Dip l" starts when the lower edge of 
the sleeve brush breaks from the busy 

terminal below, removing ground from the test 
line terminal and the primary winding of the 
L relay. A negative pulse is generated by the 
opening of the primary winding which, added 
to the -48 volt battery at the winding terminal, 
reaches approximately -100 volts. Since the 
L relay is held operated on its secondary wind
ing, this potential appears at the sleeve termi
nal. The primary field collapses in about 1 msec 
and the sleeve terminal voltage decays to 
-48 volts. 

B. Porch 

4.03 The "porch" is the voltage level of the 
sleeve terminal at the instant the C com

mutator breaks. In Fig. 7B it appears as a steady 
-48 volt trace lasting about 2 msec. However, 
if the C commutator spring breaks before 
"dip 1" has decayed to -48 volts, the "porch" 
will appear as a pip of less than 1 msec duration 
occurring at a greater negative potential than 
-48 volts. 

4.04 The "porch" and "dip l" are thus inter
related and are dependent upon the rela

tive adjustments of the C commutator and the 
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sleeve brush. It is desirable to have the "porch" 
as short as possible. This requires the C com
mutator to be on the high side of the BSP re
quirement and the sleeve brush to be on the low 
side of the BSP requirement. The ideal BSP 
relationship of these parts is covered in Part 6. 
Since only one of the five brushes associated 
with a district or office selector may be checked 
with the oscilloscope, the other four brushes 
should be mechanically checked with the 
No. 9761 clamp and the 121A gauge. The method 
of checking with the clamp and gauge is de
scribed in Part 7. 

C. Dip 2 

4.05 "Dip 2" starts as the C commutator brush 
breaks, opening the holding path through 

the L relay secondary winding. A voltage surge 
is induced into the primary winding, causing the 
sleeve terminal voltage to increase sharply from 
the "porch" level to approximately -300 volts. 
The magnetic field of the secondary winding 
usually collapses in 3 to 4 msec. The voltage 
decay trace is cut off by the closure of ground 
through the L relay back contacts when the re
lay has released. The release time depends upon 
the L relay tension and the amount of follow 
on upper 4 and 5 back contacts.* It is desirable 
to have as much tension on the L relay as pos
sible and still meet BSP requirements. Upper 4 
and 5 back contacts should have maximum al
lowed follow. It is also desirable to have mini
mum allowed follow on bottom 1 and 2 front 
contacts so that the path for the updrive mag
net will be opened as soon as possible. From 
point Y of the trace on, the sleeve terminal will 
remain grounded until the selector circuit re
leases, unless the L relay reoperates falsely or 
the sleeve brush overrides the selected terminal. 

Camel Effect 

4.06 "Camel effect" is not indicated in the 
typical traces of Fig. 7 A and 7B since it 

is rarely found in the sleeve trace of a district 

*The L relay is extremely fast and its mechani
cal condition is critical. A bent pole piece, 
twisted armature, or ineffective nonfreezing 
disc can easily double the release time. On 
traces showing L relay irregularities, visually 
check whether or not the armature touches the 
pole piece. Correct or replace relays which have 
this defect and do not meet Table A require
ments. 
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selector circuit. However, it may appear in the 
traces of office selector circuits as a disturbance 
during "dip 2," usually taking the form of a 
single hump. It is an indication of maladjust
ment of the L relay. Although a diode can be 
inserted in the secondary winding to eliminate 
the "camel effect," the real trouble lies in the 
release time of the L relay. Unless "dip 2," 
which depicts the release time of the L relay, is 
less than 4 msec, the minimum unguarded in
terval conditions cannot be obtained. It is im
portant that the L relay release time be as short 
as possible . 

D. Seventeen 

4.07 Seventeen msec is a fixed interval of time, 
measured from the start of the trace, 

which provides a direct means of identifying 
the start of "dip 3" as the "a" or "b" portion. 
The "bridge" which separates "dip 3a" and "dip 
3b" in Fig. 7B is not always evident and the 
"plateau" which is also used in distinguishing 
"dip 3a" from "dip 3b" varies depending on the 
earlier portions of the trace. However, "dip 3" 
can be directly identified as the "a" portion if 
it starts before the 17-msec mark, or as the "b" 
portion if it starts at or after the 17-msec mark. 
Seventeen msec was determined by calculation 
to be the time required for the sleeve brush to 
travel across the selected terminal from the 
point of break from the preceding terminal to 
the point of break from the selected terminal 
(0.125 inch divided by 0.075 inch/msec). This 
is based on the assumption that the selector 
rack is in firm contact with the cork roll and 
does not slip. 

E. Plateau 

4.08 The "plateau" starts when ground is 
placed on the sleeve terminal through the 

back 4 and 5 contacts of the L relay. It ends 
when one of the unguarded intervals, "dip 3a" 
or "dip 3b," begins. The length of the "plateau" 
is important since it can substantiate various 
pieces of information diagnosed from other por
tions of the trace. If the C commutator and 
sleeve brush are adjusted as recommended in 
4.04, the "plateau" starts after an inherent un
guarded interval of 5 msec. If the "plateau" 
lasts for 12 msec, the remainder of the 17-msec 
interval described in 4.07, it can be assumed 
that the L relay remained normal ("dip 3a" 
missing from trace). An unguarded interval 
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occurring after that point is due to the sleeve 
brush overthrowing the selected terminal ("dip 
3b"). If the "plateau" is less than 12 msec, it 
can be assumed that "dip 3a" is occurring due 
to the L relay reoperating momentarily on a 
surge from the updrive magnet. When the L re
lay releases, remaking its back contact, ground 
is again closed to the sleeve (portion of trace 
designated "bridge") for the remainder of the 
seventeen msec. An unguarded interval occur
ring after this point is due to the sleeve brush 
overthrowing the selected terminal. If the "pla
teau" has a ragged appearance, it is due to relay 
bounce and indicates poor L relay adjustment. 

F. Dip 3a and Bridge 

4.09 "Dip 3a" may or may not be present as 
pointed out in the discussion under "pla

teau." It is dependent upon the L relay tension 
and the release time of the clutch. The L relay 
secondary winding and the updrive magnet have 
a common ground through the L relay bottom 1 
and 2 contacts when the C commutator is closed. 
Although the two devices are not connected at 
the instant that ground is removed by the re
lease of the L relay, the C commutator later 
remakes, closing a path between them. At the 
time the C commutator remakes, the magnetic 
field of the L relay has collapsed but the field 
of the updrive magnet is still large. Therefore, 
the L relay secondary provides a path for re
lease of the remaining energy in the updrive 
magnet. Depending upon the adjustments of 
the clutch and the L relay, the L relay may re
operate fully, partially, or not at all. To elimi
nate the interaction between these two induc
tive elements, a diode may be inserted in the 
path of the L relay secondary winding. This 
feature has been made a standard option on 
district, office, and incoming selector circuits. 
(The L relay secondary winding of the district 
or office corresponds to the T relay primary 
winding of the incoming.) Fig. 7 (A or B) shows 
the case where the L relay fully reoperates 
("dip 3a"). Not only is ground removed from 
the sleeve terminal, but -48 volts is momen
tarily applied. Reoperation of the L relay also 
closes the operate path for the updrive magnet. 

4.10 A "bridge" indicates that ground is re-
stored to the sleeve lead after the momen

tary operation and release of the L relay. It 
is only present when "dip 3a" occurs. 
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G. Dip 3b 

4.11 "Dip 3b" is due to the sleeve brush over
riding the selected terminal as indicated 

at point Z of trace. It may occur for the fol
lowing reasons: 

(a) C commutator adjusted too low. 

(b) Sleeve brush adjusted too high. 

(c) L relay release too slow. 

(d) L relay reoperates. 

(e) Clutch release too slow. 

(f) Uneven cork roll. 

4.12 As described before, when the L relay re-
leases, a front contact opens the ground 

path for the updrive magnet. However, the up
drive magnet has considerable energy that must 
be dissipated before it will disengage the up
drive. Therefore, the selector rod continues to 
travel upward, and the sleeve brush may or 
may not leave the selected terminal (test line). 
If the sleeve brush overrides the selected termi
nal, the potential of the test line becomes 
-24 volts ("dip 3b"). Under service conditions, 
the sleeve terminal would be open unless con
tacted by a multiple brush. When this selector 
drops back on the selected terminal, ground is 
restored to the test line. 

4.13 All of the previously mentioned trouble 
conditions have a cumulative effect in 

causing "dip 3b." When corrective measures 
have been taken to eliminate "dip 3a" and to re
duce the inherent unguarded interval to a mini
mum, "dip 3b" should disappear. If it is still 
evident, the six conditions mentioned above 
should be checked, with particular attention to 
( e) and (f). Since the cork roll is susceptible 
to wear and climatic changes, it is best to make 
the clutch adjustment last. The closer the other 
adj ustme'nts are to the prescribed limits, the 
less critical is the clutch adjustment. 

H. Sawtooth 

4.14 "Sawtooth" occurs when the sequence 
cam springs in the ground path are pitted 

or dirty. Referring to the schematic of Fig. 3, 
the H and E cams are evidently responsible for 
this trouble condition. On some circuits this 
condition may be concealed by sleeve brush over
throw. 
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5. STEP-BY-STEP PROCEDURES IN THE PRACTICAL 
APPLICATION OF ANALYSIS TECHNIQUES -
FIG. 8 THROUGH 14 

5.01 To best illustrate the manner in which 
corrective measures may be taken at each 

step in the analysis of a defective selector cir
cuit, actual field studies of certain faulty selec
tor circuits will be discussed. Pictures were 
taken of the sleeve lead trace of each circuit as 
it was found and again after each corrective 
measure was applied. The sequence of pictures 
obtained for a particular circuit thus illustrates 
the effectiveness of each step in the correction 
procedure. The lower trace of picture 8B shows 
the perfect sleeve condition which is the ulti
mate goal in this analysis and correction pro
cedure. The trace is made up of two parts: an 
inherent unguarded interval lasting approxi
mately 5 msec, followed by uninterrupted 
ground. In the discussion which follows, refer
ence is made to the abbreviated nomenclature 
used in Fig. 7B (Typical Trace) in describing 
each portion of the trace. 

A. Dip 1 

5.02 "Dip 1" is caused by the opening of the 
L relay primary winding as described in 

4.02. The pictures of sleeve traces taken in the 
field show 1 to 2 msec for "dip 1," depending 
upon the point at which the C commutator 
breaks. The desired relationship of the C com
mutator spring with the sleeve brush and the 
adjustment procedure for obtaining it are cov
ered in the discussion on "porch," 4.04. 

B. Porch 

5.03 The "porch" appears in pictures 8A and 
8B as a pip of less than 1 msec duration, 

indicating a satisfactory adjustment of the C 
commutator and sleeve brush. When this dis
trict selector circuit was checked, the C com
mutator was found to be 0.004 inch above BSP 
ideal and the sleeve brush was at BSP ideal of 
0.075 inch.* 

* Amount of upward travel necessary for the 
lower sleeve spring to move from a rest position 
(centered on terminal) to a point of break from 
the same terminal (Fig. lC to lA). This meas
urement is always made at the reference termi-

. nal without regard to the location of the test 
line terminal. 
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5.04 Pictures 9A, 9B, and 9C show a "porch" 
of about 2 msec. The C commutator was 

0.004 inch above BSP ideal, but the brush was 
high (0.065 inch). This series of pictures shows 
the results of adjustments made to improve the 
L relay operation with no attempt made to re
duce the "porch." Since the C commutator ad
justment cannot be bettered, it is advisable to 
improve this circuit by adjusting the sleeve 
brushes between 0.075 inch and 0.080 inch. 

5.05 Picture lOA shows a "porch" of about 
5 msec. Picture lOB shows that this 

"porch" was reduced to 3 msec by adjusting the 
C commutator to BSP ideal. Picture l0C shows 
that the "porch" was reduced to less than one 
msec by adjusting the C commutator to 
0.004 inch above BSP ideal and adjusting the 
sleeve brush from 0.068 inch to 0.078 inch. 

C. Dip 2 

5.06 "Dip 2" may be controlled by the mechan
ical adjustment of the L relay as de

scribed in 4.05. 

5.07 Pictures 8A and 8B show about 3 msec 
for the L relay to release. This indicates 

that the L relay has sufficient tension and ade
quate follow on 4 and 5 back contacts. 

5.08 Pictures 9A, 9B, 9C, lOA, lOB, and lOC 
also show about 3 msec for the L relay to 

release indicating a satisfactory adjustment. 

5.09 Pictures llA, llB, and llC show about 
5 msec for the L relay to release. The 

longer the L relay release time, the more criti
cal the other adjustments become. It is recom
mended that relays showing a release time 
("dip 2" only) of over 4 msec be adjusted as 
described in Table A. 

Camel Effect 

5.1 o "Camel effect" may be observed in the 
sleeve traces of office selector circuits, 

pictures 12A and 12B. It is a disturbance occur
ring during "dip 2" which appears as a single 
hump and is caused by improper adjustment 
of the L relay. 

5.11 The L relay in one office circuit, picture 
12B, had ineffective stop pins which al

lowed the armature to touch the pole piece. As 
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a result the relay release time could not be 
reduced below 6 msec by adjustment alone. The 
addition of a diode eliminated the "camel effect" 
but the relay release time was not improved, and 
the unguarded interval remained as shown. The 
relay was adjusted to just operate at 17 ma but 
this had little effect on the release time. How
ever, when the P163914 armature stop* was at
tached to the pole piece, the release time dropped 
from 6 msec to 2-1/2 msec. The diode then had 
no observed effect on this circuit. Reducing the 
just operate to 12 ma increased the relay re
lease time to 4-1/2 msec. The disturbance on 
the "plateau" was due to dirty 3 and 4 contacts. 

5.12 The L relay in another office circuit, pic
ture 12A, was in poor electrical and 

mechanical adjustment. By meeting all elec-
·trical and mechanical requirements (especially 
balance), the relay release time was reduced 
from 6 to 3 msec. As expected, the improved re
lease time eliminated the unguarded interval. 

5.13 The "camel effect" appears more fre-
quently in office selector circuits than in 

district selector circuits because of the differ
ence in design of the L relays of the two cir
cuits. The stop pin thickness specification for 
the R6006 relay of the district is 0.005 inch 
to 0.007 inch but for the R136 relay of the office 
it is 0.002 inch to 0.007 inch. R6006 relays with 
badly worn stop pins may require the P163914 
armature stop (0.0065 +0.0005 inch) to meet 
the release requirements. However, some R136 
relays with 0.002 inch or 0.003 inch stop pins, 
which are within requirements, may also need 
the armature stop. 

D. Seventeen 

5.14 Seventeen milliseconds measured from 
the start of the trace marks the point at 

which the sleeve brush may override the selected 
terminal (start of "dip 3b"). It is a valuable 
frame of reference in discussing other portions 
of the trace. "Seventeen" is described in detail 
in 4.07. 

*Caution: It is extremely important that the 
P163914 armature stop not touch the stop pins 
when the relay is operated. See Section 
040-500-801 for method of installation. 
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5.15 Picture 8A shows the start of "dip 3" oc-
curring at approximately 13 msec. There

fore, this must be the start of "dip 3a." The 
start of "dip 3b" is hidden by the overlap of 
these two unguarded interval conditions. 

5.16 Pictures lOA, lOB, and 13A show "dip 3" 
starting at approximately 17 msec, indi

cating that this is "dip 3b" and that "dip 3a" 
does not occur. 

5.17 Picture 9C shows the start of "dip 3" at 
about 19 msec. In this case, the selector 

rod started to decelerate before "dip 3b" began, 
delaying the start of "dip 3b" beyond 17 msec. 
An uneven cork roll may increase the time of 
this portion of the trace. 

E. Plateau 

5.18 The "plateau" starts when ground is 
closed through the back contacts of the 

L relay as described in 4.08. Assuming that the 
C commutator and sleeve brush adjustments 
are ideal, the length of the "plateau" provides 
a means of distinguishing between two un
guarded interval conditions (L relay reoperation 
and overthrow) which may occur in sequence 
and frequently overlap. 

5.19 The upper traces of pictures 8B and 9C 
have "plateaus" of less than 12 msec and 

clearly illustrate the two unguarded intervals, 
"dip 3a" and "dip 3b," separated by the bridge. 
The bridge may not appear if these intervals 
overlap as shown in the upper trace of picture 
8A. 

5.20 The upper trace of picture 8A has a "pla-
teau" of 7 to 8 msec. Since the inherent 

unguarded interval appears to be close to the 
ideal of 5 msec, this indicates L relay reopera
tion. The L relay release and "bridge" are hid
den by the sleeve brush overthrowing the ter
minal. Only about 5 msec of the unguarded 
interval was due to the opening of the L relay 
back contact. This is shown by a comparison 
with the lower trace of picture 8A where the 
reoperation of the L relay has been eliminated 
by the addition ·of a diode. 

5.21 Both traces of picture lOA show a "pla
teau" of only 7 msec. However, in this 

picture the C commutator and sleeve brush had 

• 
• 
• 

• 
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not been adjusted to the ideal condition. The 
entire unguarded interval was due to the sleeve 
brush overthrowing the selected terminal. This 
was also indicated by checking the 17 msec 
point on the trace as described in 5.17. With the 
C commutator and brush adjusted, picture l0C, 
it can be seen that the L relay reaction was 
almost negligible. 

5.22 The upper trace of picture 9A shows a 
"plateau" with several breaks shortly 

after the ground is applied. This is relay bounce 
and obviously indicates poor- L relay adjust
ment. The relay tension was checked and found 
to be low and the follow on upper 4 and 5 con
tacts was found to be almost negligible. 

F. Dip 3a and Bridge 

5.23 "Dip 3a," when present, indicates the re-
operation of the L relay on the energy 

released from the updrive magnet into the L re
lay secondary winding. The degree of reopera
tion depends upon the L relay tension and the 
release time of the clutch. This momentary re
operation of the L relay may be eliminated, if 
the relay is in proper adjustment, by the inser
tion of a diode in the path of the L relay sec
ondary winding as described in 4.09. In those 
cases where the rear clutch magnet gap is less 
than 0.015 inch (factory adjustment) it is im
practical ·to attempt to completely eliminate re
operation of the L relay without either using a 
diode or resetting the rear clutch magnet. Since 
1932 the factory minimum requirement has been 
0.010 inch. Before 1932, the minimum gap ad
justment was 0.018 inch. 

5.24 The upper trace of picture 8B clearly 
shows the L relay reoperation since "dip 

3a" is separated from "dip 3b." A compari
son with the upper trace of picture lOA shows 
that the adjustment of the clutch reduced the 
length of "dip 3a" but failed to prevent over
riding of the selected terminal. The rear magnet 
gap for this district selector was 0.015 inch. It 
was necessary to add a diode to prevent reopera
tion of the L relay thereby eliminating both un
guarded intervals, "dip 3a" and "dip 3b," as 
shown in the lower trace of picture 8B. 

5.25 Picture 8A, if observed closely, illustrates 
another method of distinguishing "dip 3a" 

from "dip 3b" in addition to observing the length 
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of the "plateau." In the upper trace, where "dip 
3a" and "dip 3b" are overlapping, both curves 
have the same smooth start, but "dip 3a" drops 
sharply to -48 volts as the front contacts of 
the L relay momentarily close. This gives a 
rough appearance to the trace of "dip 3a." In 
the lower trace, where "dip 3a" has been elimi
nated by the addition of a diode, the start of 
"dip 3b" is observed to be a smooth curve, start
ing a few msec later than before. 

5.26 Pictures 9A, 9B, and 9C compose a se-
quence illustrating the sleeve condition 

as found and the effect of each corrective meas
ure applied. The upper trace of picture 9C is a 
duplication of the trace described .in Fig. 7B. 
In the upper trace of picture 9A, the "bridge" 
is preceded by a 5 msec break which is due to 
L relay and updrive magnet interaction. The 
lower trace shows a small break (about 2 msec) 
even with the diode added. This is due to in
sufficient tension on the L relay and was de
scribed previously as bounce. Picture 9B, which 
illustrates the circuit action after the relay was 
adjusted with the 35-type test set, shows con
siderable improvement over picture 9A, but the 
tension on the L relay was still insufficient. 
(L relay was adjusted for operate, 15.5 ma and 
nonoperate, 10.9 ma.) 

5.27 A "bridge" appears in the trace only if 
ground is momentarily restored to the 

sleeve terminal between "dip 3a" and "dip 3b." 
It is very short in the upper trace of picture 9B 
but its existence signifies L relay and updrive 
interaction. It is an easy characteristic to rec
ognize. In the lower trace of picture 9B, relay 
bounce and reoperation (indicated by the slight 
break in the "plateau" at 8 msec) is still evident 
although the addition of the diode has prac
tically eliminated the updrive magnet and 
L relay interaction. 

5.28 The upper trace of picture llB shows an-
other case of L relay and updrive magnet 

interaction. The "bridge" does not appear (even 
though the "porch" is short) since the L relay 
reoperation takes far more time than the usual 
5 msec. As can be seen in the upper traces of 
pictures 8B and 9C where the L relay was in 
proper adjustment, the time from the start of 
"dip 3a" to the start of "dip 3b" is about 7 msec. 
The corresponding interval in picture llB is 
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about 9 msec. The trace of picture llB is not 
clearly defined with respect to "dips 3a" and 
"3b." However, it is apparent that the L relay 
is reoperating since the sleeve voltage drops to 
approximately -48 volts, indicating that the 
L relay front contacts 1 and 2 or 3 and 4 are 
closed while the sleeve brush is still in contact 
with the terminal. After the sleeve brush leaves 
the terminal, only the -24 volt bias connected 
to the probe lead of the oscilloscope can appear. 

5.29 The lower trace of picture llB shows 
that the diode has almost eliminated the 

L relay and updrive magnet interaction but the 
L relay reoperation is indicated by the two 
small breaks. This is similar to the lower trace 
of picture 9A. Again, this is a case of either in
sufficient tension or lack of follow on 4 and 5 
contacts, or both. 

5.30 When the L relay varies in degree of re-
operation, the total unguarded interval 

will vary widely from test to test ( on the same 
circuit). The top two traces of picture UC and 
all traces of picture 14B show this effect. The 
top trace of picture llC shows a 15 msec 
"dip 3b" but the middle trace shows no "dip 3b." 
Picture 14B is an excellent display of the varia
tion to be expe~ted. 

G. Dip 3b 

5.31 "Dip 3b" may or may not be present. The 
appearance of this interval is due to the 

sleeve brush overthrowing the terminal. Since 
it is affected by all the previously mentioned 
adjustments it may disappear in the process of 
correcting the "porch" and "dip 3a." If not, 
the clutch must be adjusted. 

5.32 As can be seen from the traces shown in 
picture SA, the diode has eliminated the 

reaction of the updrive magnet on the L relay. 
Without any adjustments, the unguarded inter
val has been reduced from a duration of over 
40 msec to less than 25 msec. 

5.33 The lower trace of picture SA shows an 
overthrow of the terminal without any 

complications from the L relay. Notice the 
smooth beginning of the trace. This is charac
teristic of a simple override of the selected ter
minal. Notice also that the "plateau" is about 
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13 msec (see 4.08). After the clutch was a-d
justed, a perfect trace was obtained as shown 
in the lower half of picture SB. The remaining 
5-msec break is the inherent unguarded interval 
and cannot be eliminated. 

5.34 The lower trace of picture 9B shows a 
23-msec break which is shown completely 

corrected in the lower trace of picture 9C. Again 
it was necessary to adjust the clutch. 

5.35 It must not be assumed from the above 
cases that adjusting the clutch first would 

completely remove "dip 3b." If the clutch had 
been adjusted first, it still would have been 
necessary to make the other adjustments. 

5.36 An uneven cork roll is one condition 
which will cause confusion if not recog

nized immediately. However, if the recom
mended step-by-step procedure is followed, 
there should be no difficulty. An out-of-round 
cork roll will cause "dip 3b" to change radically 
from test to test (on the same circuit). Circuits 
displaying this tendency should first be checked 
for C commutator, sleeve brush, and L relay ad
justments. Finally the clutch should be ad
justed. If "dip 3b" has not been eliminated by 
these steps, it may be necessary to grind or re
place the cork roll. In the initial stages of this 
program it may not be profitable to spend time 
correcting a small intermittent unguarded inter
val due to an out-of-round cork roll (see 5.43). 
This circuit defect should be recorded for fu
ture attention since a slight deterioration in the 
clutch adjustment could create an appreciable 
unguarded interval. It is expected that a corre
lation between mechanical and oscilloscope 
checks of cork rolls will be developed through 
experience. 

H. Sawtooth 

5.37 A "sawtooth" is an intermittent open 
which may occur if the sequence switch 

cam springs in the ground path are pitted or 
dirty. 

5.38 Pictures 13A and 13B show obvious cases 
of "sawtooth." Both circuits failed the 

40-msec timing test. 
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5.39 Picture 13C shows the trace of a circuit 
which also failed the 40-msec test but the 

"sawtooth" is not so obvious. However, repeated 
tests on this circuit did produce traces with a 
more pronounced "sawtooth." 

5.40 Better "sawtooth" detail can be obtained 
by increasing the oscilloscope vertical 

sensitivity and by using the 5X sweep magnifier. 

SUMMARY OF STEP-BY-STEP PROCEDURE'S IN 
ANALYSIS OF UNGUARDED INTERVALS 

5.41 Table A is a condensation of the informa-
tion in the preceding paragraphs and is 

a suggested outline for a step-by-step procedure 
to be used in correcting unguarded intervals. 
It is important to attack unguarded interval 
troubles in a given sequence in order to inter
pret the oscilloscope traces properly. As each 
correction is applied, the resultant circuit action 
should be observed on the oscilloscope. More 
than one trace of a specific selector circuit 
should be observed in order to evaluate "dip 3b" 
properly. 

5.42 With regard to the extent to which cor
rective measures should be applied, it 

should be noted that almost every circuit being 
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corrected can be adjusted as easily to a zero 
(avoidable) unguarded interval as to some low 
value.* Since aging and wear adversely affect 
adjustments, it should be kept in mind that the 
unguarded interval on a circuit will tend to in
crease rather than decrease with time (exclud
ing the effect of relative humidity on cork 
rolls). 

5.43 Central offices which cannot closely con-
trol relative humidity do not have a 

stable unguarded interval condition year around. 
In these central offices, serious consideration 
should be given to the relative humidity before 
changing clutch adjustments to reduce the un
guarded interval. Air-conditioned panel central 
offices do not have as severe climatic problems 
and therefore have more stable unguarded in
tervals. 

*In reducing the total unguarded interval, the 
inherent unguarded interval is often concur
rently improved. It is not unusual to reduce 
this interval from a duration of 10 msec to one 
of 5 msec. This is a significant improvement. 

TABLE A 

STEP PORTION OF TRACE DURATION 

1 Porch > 2 msec 

2 Dip 2 > 4 msec 

t Corresponds to T relay of incoming . 

> Greater than 

CHECKS 

C Commutator 
Position 

Sleeve Brush 
Position 

Lt Relay Release Time 

SUGGESTED 
CORRECTIVE ACTION 

0.004 Inch Above BSP Ideal 
(ter. 49) 

0.075 Inch + 0.005 Inch 
-0.000 Inch (ter. 49) 

1 - Increase Relay Tension 
Just Operate ma-
R6006 of Dist. 15.5 
R136 of Off. 17 
R6010 of Inc. 31 

2 - Increase Follow on 
4,5T (L) Relay- Dist. 
3,4T (L) Relay- Off. 
2, 3B (T) Relay - Inc. 

3 - Use P163914 Arm. 
Stop Per BSP 
Section 040-500-801 

4 - Consider Lt Relay 
Replacement 
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. TABLE A (Cont) 

STEP PORTION OF TRACE DURATION CHECKS 

::::: 7 msec Lt Relay Reoperation 
(if porch is 1 msec) 

Plateau* 
~ 13 msec Sleeve Brush Overthrow 
~ 

(if porch is 1 msec) 3 
< 17 msec Lt Relay Reoperation 

Start of trace t.o 
start of Dip 3 ~ 17 rnsec 

Sleeve Brush 
Overthrow 

< 5 msec Lt Relay Reoperation 

4 
Dip 3a* (usually 

5 msec Lt Relay Reoperation rough start) > 
< 8 msec (recheck Step 2) 

> 0 msec Sleeve Brush Overthrow 

Dip 3b (smooth 
start) 

5 Irregular 
(same Uneven Cork Roll 

circuit) 

Lt Relay Reoperation 
Dip 3 (both a & > 0 msec and Sleeve Brush 

b) (usually Overthrow 
rough start -

Irregular Lt Relay Variation in with or with-
out bridge) (same Degree of 

circuit) Reoperation 

6 Sawtooth Various Pitted or Dirty Cams 

* Ragged plateau indicates poor L relay adjustment. 

t Corresponds to T relay of incoming. 

< Less than 

> Greater than 

~ Greater than or equal t.o 

::::: Approximately 
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• SUGGESTED 
CORRECTIVE ACTION 

See Dip 3a • See Dip3b 

See Dip 3a 

-See Dip3b 

1 - Insert Diode 
2 - Recheck 1 & 2 of Step 2 • 3 - Decrease Follow on 

1, 2B (L) Relay 
3, 4T (T) Relay 

4 - Adjust Rear Clutch 
Magnet Gap to 0.018 Inch 

1- Recheck Step 1 -
If possible, reduce both 
Porch and Dip 1 t.o 
1 msec 

2 - Recheck Step 2 -
See note regarding 
L relay, Page 5 • 3-Adjust Clutch 

1-Adjust Clutch 
2 - Grind or Replace Cork 

Roll 

Correct Dip 3a 

• Clean Cams and Check 
Spring Tension 

• 
• 
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6. MECHANICAL RELATIONSHIPS 

6.01 Fig. lA, lB, and lC show the ideal BSP 
relationships between the rack, pawl, 

multiple sleeve brush, bank terminals, C com
mutator spring, and the commutator. 

6.02 Fig. lA shows the relationship of these 
elements at the instant the sleeve brush 

leaves the busy terminal. 

6.03 Fig. lB shows the relationship at the in-
stant the C commutator breaks. The rack 

must travel 0.025 inch upward for the pawl to 
engage and the sleeve brush must travel 
0.100 inch upward in order to break from the 
selected terminal. During the time the updrive 
magnet is energized, the rate of travel is 
0.0075 inch per msec. Therefore, if it takes the 
L relay 3 msec after the C commutator breaks 
to open the updrive magnet circuit, the selector 
rod will travel 0.0225 inch in that time. The 
overthrow from that point depends mainly on 
the de-energize time of the updrive magnet, the 
inertia of the rod, and friction. 

6.04 The C commutator insulated section 
(0.040 inch) less the C commutator 

spring thickness (0.016 inch) is 0.024 inch. With 
normal updrive, the interval of open spring 
should be 3.2 msec (calculated). 

6.05 Fig. lC shows the mechanical relation-
ships when the selector brush nest has 

come to rest on the selected terminal. The left 
brush will meet the ideal BSP requirement 
when it is exactly centered on the terminal. 
That is, it will not break from the terminal 
until it has been raised 0.075 inch. The right 
brush can be adjusted anywhere between the 
position of the left brush and the dashed brush 
(maximum stagger). There is no advantage in 
brush stagger except ease of adjustment. 

7. REFERENCE MATERIAL COVERING DETAILED 
ADJUSTMENT PROCEDURES 

7.01 Apparatus adjustments recommended in 
this BSP may be made in accordance 

with the following BSP sections covering re
quirements and adjusting procedures: 

026-120-701 - Panel Selector Commutators 
and Commutator Brushes. 
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026-125-704 - Elevator Apparatus, Panel 
Selectors (in 2.13 and 3.13, 
Bridging Spring Location -
Use of 9761 clamp and 
121A gauge replaces use of 
396A rack locater and flash
light. Upward travel of sleeve 
spring should be 0.075 inch 
+0.005 inch, -0.00 inch. 
See 7.02). 

026-115-701- Clutches, Helical Spring Type 
Without Release Springs. 

026-115-702 - Clutches, Helical Spring Type 
With Release Springs. 

7.02 Vertical alignment of the multiple sleeve 
brushes is accomplished with the use of 

the 9761 clamp. The clamp is a combination tool 
incorporating a clamp, lamp, slide gauge, and 
holder for a 121A dial gauge. It was designed 
especially for the checking and adjustment of 
sleeve brush positions and provides greater fa
cility and accuracy than methods formerly 
used. A photograph of the clamp, with dial 
gauge attached, mounted on the selector frame 
in position for checking (sliding gauge ex
tended) is shown in Fig. 15. F_ig. 16 illustrates 
the manner in which the sliding gauge must 
be inserted to raise the selector rod 0.075 inch. 

7.03 The procedure for using the 9761 tool is 
as follows: 

Note: Replace the plunger extension on the 
121A gauge with the one which comes with 
the 9761 clamp. Add washer if it is neces
sary to increase the plunger extension. 

(1) Attach the 121A gauge to the post with 
the knurled nut so that the plunger stem 

fits into the slot in the clamp. 

(2) Raise selector rod to 49th terminal and 
trip desired brush. 

(3) Attach 9761 clamp to rod on the topside 
of a convenient bearing plate. The slide

gauge at bottom of clamp must be pulled out 
so the front edge of the clamp body can rest 
firmly on the bearing plate. 
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(4) Adjust 121A gauge for a zero dial read
ing. 

(5) Connect lamp in series with 90-volt bat
tery box, multiple sleeve brush, and 49th 

sleeve bank terminal. Lamp should now light. 

(6) Push in the slide-gauge. The rod should 
move up and the 121A gauge should in

dicate the amount of travel. The sleeve brush 
should remain in contact with the 49th ter
minal unless the rod is Il!Oved up more than 
0.075 inch +0.005 inch, -0.000 inch. The 
slide-gauge has a lo-step and a hi-step. The 
lamp usually will be extinguished between 
steps if the sleeve brush is positioned prop-

Page 14 

erly. Adjustment of the sleeve brush can be 
made on either step. The proper step for ad
justment is the one which gives a reading be
tween 0.075 inch and 0.080 inch on the 121A 
gauge. Step selection is necessary because of 
tolerances on the slide gauge and the fact 
that some bearing plates are not perpen
dicular to the rods. 

Note: The back edge of the slide-gauge will 
be flush with the rear edge of the clamp 
body when the lo-step is on the bearing 
plate. 

Caution: When the slide-gauge is pushed 
in all the way, the rod will rise above the 
hi-step. 
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Sequence 
Switch 

( 
Circuit 
Action 

Preceding 
Start of 
Trace 

~ 

r 
Circuit 
Action 

Observed 
on Scope 

l 

Position Operation 

7 L operates on secondary through N and G 

8 Selector updrive magnet energized 

Hunt for idle terminal 

L holds on primary through busy sleeve terminal 

L secondary also energized each time C commuta
tor brush makes 

Reach idle terminal 

Sleeve brush breaks from preceding terminal 

L primary opens since idle sleeve is open 

L holds on secondary through C commutator 

C commutator brush breaks 

L releases 

Updrive magnet releases 

C remakes 

Sleeve brush centers on selected terminal 

Fig. 3 - District Selector Hunting Circuit 
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2 L 3 
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2T 1 

L 1/6 

TIP 17/4 

ISS 1, SECTION 215-171-301 

5/83/4 

l¾/2 r:7 
+----~ 

5/6 

OSCILLOSCOPE E) 
V 
~ 
G 

0 

s 

3¾./4 IDl .,.._...;...._ ___ L!J 

51,ooon ___ 't _ __.v'I;\,-- -24V 

I 
I 
I 
I 
I 
I OFFICE 
I SLEEVE 
l._ TERM. 

RING ------ii ♦--1/-4--------------,1 

2¾~•1-5/: • :l: 
16/5 

= 16/5 

2-4-6 5¾/6 
3 2 

L 
4. 2/9 rl 1 2 1-3-5 

38 3~11 
2-4-6 1/21;'2 3¾./7 3/5 48V 

2/4 SLEEVE J TO t -~2½:3/~3:_:½:..._ _________ ,._____________ DISTRICT 

~ L SPRING NUMBERS 

FROM ES 240252 

Fig. 4 - Office Selector Hunting Circuit 
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DC BA 

TYPE 60 
AMPLIFIER 

1,At'C'.A t.C 

VOLTS/DIV. 

CA.t.Ja1'ATLO 

DC .AMPLffl.(111 

aANDWIOT.,_. OC-1 MC: 
tlllSt.l lMl ~ 0-1\ pSCG 

ISS 1, SECTION 215-171-301 

,oo. 
c:.L OU7 

~' - ' 

~ 

TYPE 67 
TIME-BASE CALIBRATION 

""" S1..£' 
TIME/DIV. 

C, Ht4Tl0 

EXT 
!"IPUT 

TRIGGERING 

TEKTRONIX. INC 

SLOPE COUPLING SOURCE 

M: SLO'W. +-

_.•e••:■ 

Fig. 5 - Setting of Oscilloscope Controls 
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OSCILLOSCOPE 8 
V 
Cr
G 

155 1, SECTION 215-171-301 

51,000.n 
----,---"l\,\,-- -24V 

I 
I 
I 
I 
I 
I 
I 

5/9 1 l4.,5 __ /_15 __ -+_T ...... __ ..::,51.../7.:.2Tl,4 ....... 5/_7 __ ~[}s•-l-'o s~~~~E 
(0 38 2 (i) TERM. 

T 

100011 S 

750.!l 

5/7 i 16/8 

5%4 6 
---~Pt----+4..,_---~'-=-•~ 

400E 1000..0. 
3
1 I 

DIODE 3/6 

[◄SPRING 
-48V 0.075 IN./MSEC 5/ 6 3 NUMBERS T 

ri lj t--l --~fupl _l EJr---------6_.• 4 4 6/t 5 3 )( 4T 
130.fi. 

18/12 ~~I . ~ie----------1 

Fig. 6 - Incoming Selector Hunting Circuit 
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0 

SLEEVE 

BRUSH 

BREAKS 
FROM 

BUSY 

TERM. 

GND __ _ 

UNGUARDED 
INTERVAL 

I 
(INHERENT) 

C 

BREAKS 

-48V 

0 

l RELAY 

BACK 

CONTACT 

CLOSES 

UNGUARDED 
--►lll,,,.I INTERVAL 

l 

(L RELAY) 

l RELAY 
BACK 

CONTACT 

OPENS 

l RELAY 

BACK 

CONTACT 

CLOSES 

INTERVAL 
DIRECTLY 

AFFECTED BY 
ADDITION 
OF DIODE 

SLEEVE 

BRUSH 

OVERRIDES 

SELECTED 

TERMINAL 

C j MAKES 

.---• -----..:- --

L RELAY L RELAY 
FRONT FRONT 

CONTACT CONTACT 
OPENS CLOSES 

MOMENTARILY 

UNGUARDED 
INTERVAL 

0 

( OVERTHROW) 

-24V 

GND 

APPLIED 
BY S.S. 

AFTER 
THIS POINT 

ALWAYS PRESENT 

NEITHER, EITHER OR BOTH 

MAY BE PRESENT 

Fig. 7A - Diagram of Typical Oscilloscope Trace of Unguarded Intervals on 
Test Sleeve Terminal 

SEVENTEEN -----

PORCH PLATEAU BRIDGE 

t 

DIP I 

UNAVOIDABLE BUT :1 
CAN BE CONTROLLED: 

DIP 2 DIP 3a DIP 3b 

BY ADJUSTMENT 
OF C COMMUTATOR 

AND SLEEVE BRUSH 

BY ADJUSTMENT 
OF L RELAY _____ ___. 

L RELAY REOPERATIOj SLEEVE BRUSHJ 
CAN BE ELIMINATED OVERRIDING 

BY ADDITION OF TERMINAL 
DIODE-ADJUSTMENT ELIMINATED BY 
OF L RELAY- CORRECTION OF 
ADJUSTMENT OF DIP l,2,3e1. OR BY 

REAR CLUTCH MAGNET GRINDING OR 
REPLACING 
CORK ROLL 

ISS 1, SECTION 215-171-301 

SAWTOOTH 

t 
~\\\~ 

SAWTOOTH-

S MSEC 
I CM 

ELIMINATED BY CLEAN ING 
CI\M SPRINGS- ADJUSTING 
SPRING TENSION 

Fig. 78 - Sketch of Typical Oscilloscope Trace of Unguarded Intervals with 
Time Scale and Abbreviated Nomenclature Fig. 7 A and 78 
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• AS FOUND 

• 

• 
Picture SA 

• SCALE 5 MSEC/CM 

• 
• 

DIODE OUT 

DIODE IN 

ISS 1, SECTION 215-171-301 

CLUTCH ADJUSTED 

Picture 88 

Fig. 8 - Sleeve Traces Obtained from Operating 
Equipment - District Selector Circuit 
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AS FOUND 

Picture 9A 

SCALE 5 MSEC/CM 

DIODE 

OUT 

DIODE 

IN 

L RELAY ADJUSTED 

Picture 98 

DIODE 

OUT 

DIODE 

IN 

ISS 1, SECTION 215-171-301 

CLUTCH ADJUSTED 

Picture 9C 

Fig. 9 - Sleeve Traces Obtained from Operating 
Equipment - District Selector Circuit 
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AS FOUND 

Picture 10A 

SCALE 5 MSEC/CM 

DIODE 

OUT 

DIODE 

IN 

C COMM UT A TOR ADJUSTED 
WITHIN BSP REQUIREMENT 

Picture 108 

DIODE 

OUT 

DIODE 

IN 

ISS 1, SECTION 215-171-301 

1 . C COMM UT ATOR 
RE-ADJUSTED TO HIGH 
SIDE OF BSP REQ. 

2. SLEEVE BRUSH ADJUSTED 

Picture l0C 

Fig. 10 - Sleeve Traces Obtained from Operating 
Equipment - District Selector Circuit 
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AS FOUND 

Picture 1 lA 

SCALE 5 MSEC/CM 

DIODE 

OUT 

DIODE 
IN 

SLEEVE BRUSH ADJUSTED 
(.020" HIGH) 

Picture 11 B 

DIODE 

OUT 

DIODE 
IN 

ISS 1, SECTION 215-171-301 

CLUTCH ADJUSTED 

Picture 11 C 

Fig. 11 - Sleeve Traces Obtained from Operating 
Equipment - District Selector Circuit 
(Cork Roll Slightly Uneven) 
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Picture 12A 

ISS 1, SECTION 215-171-301 

Picture 12B 

Fig. 12 - Sleeve Traces Obtained from Operating 
Equipment - Office Selector Circuits -
As Found Sleeve Terminal 
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• 
Picture 13A 

• SCALE 5 MSEC/CM 

• 
• 

Picture 138 

ISS 1, SECTION 215-171-301 

Picture 13C 

Fig. 13 - Sleeve Traces Obtained from Operating 
Equipment - District Selector Circuits -
As Found Sleeve Terminal 
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Picture 14A 

SCALE 5 MSEC/CM 

ISS 1, SECTION 215-171-301 

Picture 148 

Fig. 14 - Sleeve Traces Obtained from Operating 
Equipment - District Selector Circuits -
As Found Sleeve Terminal 
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• 

LAMP 

• CLAMP 

• 
• 
• 

SELECTOR ROD 

CONNECTION 
TO LAMP 
TERMINALS 

ISS 1, SECTION 215-171-301 

PLUNGER 
STEM OF 
121A GAUGE 

BEARING 
PLATE 

Fig. 15 -9761 Clamp- Used with 121A Gauge in 
Checking Alignment of Sleeve Multiple 
Brushes - Brush Centered on Terminal 
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• 
• 
• 

GO-N0-60 GAUGE 
INSERTED TO RAISE 
SELECTOR ROD 0.075" 

ISS 1, SECTION 215-171-301 

Fig. 16 - 9761 Clamp - Used with 121 A Gauge in 
Checking Alignment of Sleeve Multiple 
Brushes - Selector Rod Raised 0.075 Inch 
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