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BELL SYSTEM PRACTICES SECTION 024-460-701
Plant Series Issue 4-D, February, 1946

VOLTAGE REGULATORS AT&TCo Standard
KS-5016, KS-5117 AND KS-5468
AC-DC AUTOMATIC ROTATING CAM TYPES
REQUIREMENTS AND ADJUSTING PROCEDURES

1. GENERAL applicable paragraphs; to add Lubriplate |
No. 107 grease for worm gears; to remove
1.01 This section together with Section adjusting prooedures for determining tem-
024-350-701 covers the a-c and d-c¢ auto- perature of a motor commitator; and to make
matic rotating cam type voltage regulators reference to the proper procedures for
KS-5016, KS-5117, and KS-54€8, maintenance of re-oilable Teleochron motors.
Changes are marked with arrows. J
1.02 This seotion is reissued to make T
changes in the requirements to ex- 1.03 Reference shall be made to Section
press the temperature limits of the rheo~ 020-010-711 covering General Require-
stat drive motor in terms of top tempera- ments and Definitions for additional infor-
ture instead of temperature rise, and to mation necessary for the proper application
add a requirement for generator field rheo~ of the requirements listed herein.
stat setting. It 1s also reissued to make
chenges in the ad justing procedures to 1.04 Measurements called for in this seo-
provide for setting of generator fleld tion may be made by sight or by feel
rheostat in offices having essentially unless otherwise speoified,
constant loads and to lndicate that exist-
ing ad justing prooedure for setting of gen- 1.05 Requirements are marked with an aster-
erator field rheostat applies to offlces isk (*) when to check for them would
having variable loads; to replace kerosene neoessitate the diamantling or dismounting
throughout with petroleum spirits for clean- of apparatus, would affect the adjustment
ing purposes; to add numver sign (#) to .l involved, or other adjustments, No check

Pig. 1 - A-c Automatic Rotating Cam Type Voltege Regulator KS-5117
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SECTION 024-460-701

’ Fig. 2 - D-c Automatic Rotating Cem Type Voltamge Regulator KS-5117

Fig. 3 -~ D-c Automatic Rotating Cem Type Voltage Regulator KS-5016
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Fig. 5 - A-c Automatle Rotating

1SS 4-D, SECTION 024-460-701

Cem Type Voltage Regulator ¥S~-5468
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SECTION 024-460-701

need be made for these requirements unless
the apparatus or part 1s made accessible
for other reasona, or its performance in-
diocates that such a check is advisable.

1.08 Successful Commutation for the pur-

pose of this seotion may ve sald to
have been obtained if neither the brushes
—~+ nor the commutator is burned or injured to
the extent that abnormal maintenance is re-
Quired. The presence of some visible
sparking 1s not neocessarily evidence of
unsuccessful oommutation.

™ 1,07 Requirements and assooiated prooedures
marked with a number sign (#} need

not be cheoked for by the installer unless

it 1s thought that the requirement is not

being met, or performance indicates that

|, such a check is advisable.

1,08 Normal Service Volta?e and Frequency

as used 1n this seotion refers to the
voltage and frequensy of the ocutside serve-
ice for the partioular installation. The
regulators are designed for operation on
power or lighting oirouits having a nominal
voltage of 115 volts and a frequenoy of 60
oyoles per second for slternating current.
Unlesa otherwise apeoified, variations from
the above voltage and frequency values for
alternating current and voltage for direct
current servige, shall be assumed to be
within the limits of

A-o Volts +10%
A-o Frequency +2%
D-c Volts +5%
- (a) Should the voltage of the service

be outside the specified limits,
reoommendations shall be obtained from
the supervisor, as 1t may be necessary
to order a transformer to ocorrect the
voltage applied to the regulator.

r {b) Should the frequency of the servioce

be outside the apecified limits, it
will be necessary to notify the super-
visor since this is usually a matter
which must be taken up with the local
L. power oompany for oorrection.

Normal Regulated Voltage as used in
this seot%on refers to the voltage of
the associated generator or battery at the
point of regulation and shall have the lim-

its as specified for the particular instal-
lation,

1.10

1,09

Light Contact as used 1n this section
refers to such contaot as will occur
between rotating contact cans and the spring
contacts when operated electriocally in reg~
uler service. This contact need not move
the spring contaots appreciably but shall
cause the associated motor contactors to
close positively, and the motor to start,

1,11 Point of Control as used in this seo-
tion refers to that point at which it
is desired to maintain the regulated voltage
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#*2,02 Brush Holder Clearance:

1.12 For Requirements and Adjusting Proce-
dures for the voliage controller as-
semblies associated with these regulators

— see Section 024-350-701.

2., REQUIREMENTS
2,01 Lubrication

(a) Parts of the regulator designed for

lubrication shall be adequately lu-
brioated, The amount of lubricant used
at any time shall not be sufficlent to
oause it to run or creep along surfaces
not intended to be lubricated,

#(b) The wiok oilers for the bearings of
the rheostat drive motors shall be
filled with petrolatum once every six
months,

#(o) The wiok ollers shall be thoroughly
clsaned and filled with fresh lu-
brlcant every two years.

#(a) The grease cups on the motor-driven

r rheostat shall be filled with grease

as often as necesasary, The cups shall
be given one complete turp clockwise

(IR once every three months,

(e) All exposed gears not otherwise lu-
tricated shall be wiped with a amall

— amount of No. 107 Lubriplate each month,

The grease should be smeared on the
bearing surfaces with a cloth on the
end of & stick or with the finger, and
all excess grease shall be wiped off,

#(f) The regulator rheostat contacts
shall be provided with e thin film
of petrolatum once & month.

#(g) Telechron motors, if arranged for
re~o0iling, shall be flushed and re-
oiled every three years of service and

L after one year or more of storage.

#(h) Intervals between lubrication
periods may be extended where peri-
odio inspections indicate that the
equipment will be adequately lubricated
over the extended period,

Rheggtat Drive Motor

The dlstance
from the edge of the brush holder
adjacent to the commutator shall be
Max. - 5/64"
Min, - 1/32"

#2,03

Brush Length: The length of the mo~
tor brushes outside of the spring
shall be

Min., - 1/2" on rheostat drive motor
Use socale,

#2.04 Brush Fit: The brushes shall be free
in their holders and shall fit so as
to insure suzcesaful commutation.
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Rhe-~stat
~~Corvact Arm

©

Rheostat Shaft

Rheostat Contacts

Wick Oiler

Series Rheostat Drive Motor

Fig. 6 - Motor-driven Rheostat Assembly

#2.05 gggtator Surfaces shall be clsan
and fres from scores, pits or other
deformations of the surface or struoture,
except that caused by normal we.r,

2,06 Freedom of BHotating Pa;ga: The motor
armatures a assoclated gears shall
turn freely.

sostat tor ntagtors

2,07 ggo Rheostat Motor Contactor Contact
urfaces shal clean, smooth, and

free from plta.

2.08 The Contactor Closure of the rheostat
motor oontaotors shall be firm and

positive when normal servioce voltage is ap-
plied.

2,09 JFreedom of Contactors: The rheostat
motor contactors shall operate freely.

Rheostat

2.10 Rheostat Contaot Su¥2.90| shall be
clean, smooth, ree from pits.

2.11 Rheostat Contaot Height shall bs uni-
form so that the contaot brush will

not bind during operation,

2,12 The gﬁogstut Contact Arm shall move
s 4 oomplete operat-

amo0t. 0
ing aro without binding.

2.13 Baoklash in Rheostat Gearing and Con-
tact Arm

{(a) At time of turnover, the backlash

in the gearing of the motor-operat-
ed rheostat shall not exceed the amount
which shall permit the contact end of
the rheostat arm to be moved manually
1/4" along the oirocumference of the.
outer ring of contact buttons.

#(b) After turnover, the backlash in the
gearing of the motor-operated rheo-
stat shall not exceed the amount whioh
shall permit the aontaot end of the
rheostat arm to be moved mapually 1/2%
along the circumference of the outer
ring of contact buttons,

2,14 The Rheostat Limit Switoh Closure
shall be firm and poslitive but shall
not be stiff enough to interfere with suoc-

ceasful operation of the rheostat oontact
arm,

Operating Requiremsnts

2,15 Operat Sequence

(a) Closure between one spring contaot

and the roteting contaot cams shall
cause the associated motor oontactor to
olose and the rheostat arm to turn in a
cloockwise direction facling the regula-
tor panel. This will lower the volt-
age,
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(b) Closure between the other spring
contaot and the rotating oontaot

oams shall causs the assoociated motor

contaotor toc close and the rheostat arm

#{b) If the temperature, as mesasured by
feel, is thought to be exoessive,
measure by means of a thermometer, The
maximum temperature of the parts shall
not exceed the wvalues listed below,
Use thermometer

Bearings - 80C (1767) is apeoified. When one regulator is asso-
Contaotor Coils - 80C (176F) ciated with only one generator, the double-
Motor Windings = 90C (194F) pole regulator REG RHEO switch shall be

Motor Frame -~ 90C (194r) thrown to the HAND REG position, and whers

2,17 Qenerator Field Rheostat Sot%;gg:
sfactory operation of t gener-
ator under automatic regulation must be
possible within the limits of the regula-
tor rheostat for all ohanges in generator
temperature, for line wvoltage changes in
iaput to its 4rive motor, and for changes
in generator loads from no load to full
load, Therefore, to insure that the regu-
lator will acocomplish this and still be at
all timss within the specified 1limits of
the office, it is required that the gen-
erator field rheostat be varied during
the set-up and warm-up period until this
oondition obtains, after which the final
position or setting is required to be
marked as an established position to whioh
the pointer of the generator field rheo-
stat 1s to be turned when the regulator

—

S, ADJUSTING PROCEDURES

3,001 st of Tools, Gauges, and Materials
- Eiquivalints may be substituted 1f

to turn in a counterolockwise direotion desired.)
faoing the regulator panel, Thias will
raise the voltage. Tools
—  Bellows, hana, 10"
(o} The assooiated motor shall move the H
rheostat oontaot arm from one ex- ;fg:h’Pfiii:t'gnShﬁflggid’ No. 4 - R-157%
trems position to the other extreme po- Gun. Grease . KS=5000
eition in either direotion in Plio’r- Duol’: Bill, 8", KS-6015 or 5"
Max, - 100 operations of the motor No., 50620 Tool ’ ’
contaoctor ("main™ oontacts — Sor!;drivtr, Cabinet, 3"
Min. - gglg ::‘222::°g%°§h:p;::zing) Tool for adjusting oompensating rheostats
. p P . (older models only) furnished by manue
oontaotor ("main® oontacts faoturer
only of controller operating) Wrench, Adjustable, Single End, 8", R-1542
Note: See that one or more oper-
ations of the assocliated motor Gauges
oontactor shall be caused by Scale, Steel, 6%, R-8550
an equal number of light con- Thermometer, R-1032 - Detail 1
taots between the rotating oon- Watch. Pocket
tact oams and the "main™ spring ’
contacts of the contasts of the
controller. Materjals
Bare Copper Wire #18 gauge or smaller,
short length
2,1¢ Temperature Limits —  Cloth, Abrasive, or Paper 150 grade or
4/0 Sandpaper
(a) When in ocontinuous operation, the Cloth, Cleaning, Twill Jean, D-$80863
temperaturs as measured by feel of Pad, Felt (For temperaturs measurements)
the various parts shall not be exoces- - Grease, 260-300P
sive, - Grease, Fiske Lubriplate No, 107

Petrolatum
8pirits, Petroleun

3,002 Always open the wltage ocontrol ooil

and motor switches on the oontrol
panel assooiated with the automatic rotate
ing cam type voltage regulator when oclean-
ing, lubriocating, or making adjustments on
the voltage regulator, unless the ocontrary

asscoiated with two generators the double-
pole REG RHEO switch shall be placed in the
open-oirecuit position.

3,01 Lubrjocation (Rq.2,01)
#(1) Wick Oilers:

ers, unscrew the complete oiler

from the bearing and adjust the wick as
necessary to make contact with the motar

shaft, Unsorew the oil cup., Put in
suffioient petrolatum to f£ill the ocup

when it is sorewed back into place with
Replace the o0il oup and wipe

the wiok.
off any exoess petrolatum.

#(2) To oclean a wick oiler, remove the
oiler, wash the wick, the reserwoir,
and the surrounding bearing housing
with petroleum apirits and dry with
ocloth, Repack with pstrolatum as de-
scribed in paregraph (1).

To £1l1ll the wick oil=-

~~

L is to be put in operation.
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{3) Gears: Before applying fresh grease

to the gears, wipe off any old
grease from the edges of the gears and
gear faces with oloth wet with petroleum«—
spirits. Ludbriplate grease may be ap-
plied to the faoce of the gears in small
amounts by using a oloth dipped in the
Lubriplate grease or with the finger. <
Smear the grease over the face of the
gear tegth and wipe off all exoess.

#(4) Grease Cups: To fill a greass oup

Temove the greass oup ocap, fill
with fresh 260-300P grease and replace <+
the cap, Sorew the ocap down only far
enough to pack the grease firmly in the
oup and wipe off any excess grease,

#(5) To clean a grease ocup, remove the

cup, wash the oup end cap and sur-
rounding bearing housing with petroleum*
spirits and dry with a clean oloth, If*
necessary, olean out the hole in the
grease oup stem with a plece of bare
ocopper wire, Repack as described im
paragraph (4). -

#(6) Rhogs%t Contagts: Before applying
petrolatum to the sontacts, wipe

the contacts with ocleaning cloth moiat-
ened with petroleum spirits, Apply a <+
thin film of petrolatum on the rheostat
oontaots with ocloth dipped in petro-
latum to prevent outting of the rheo-
stat ocontacts by the brush on the
rheostat contaot arm, Remove any ex-
cess petrolatum with a olean ocloth.

#(7) Re-oilable Telechron motors should 1
be flushed and re-oiled in accord-

ance with the section on lubrication and

replacement of telechron motors. o

Rheostat Drive Motor
#*3.02 Brush Holder Clearance (Rq.2.02)

(1} To adjust the brush holder olear-
ance, loosen the associated set
sorews with a sorewiriver and adjust
the olearance, moving the holder oloser
to or further away from the commutator
as required, Tighten the set sorews
after an adjustment has been made,

#3.03 Bruah length (Rq.2,03)

{1) Replace with new brushes &ll
brushes which do not meset the
speoified requirements.

#3.04 Brush Fit (Rq.2.04)

(1) If a brush stiocks in its holder, re-
move the brush and clean the brush

and brush holder with a cleaning ocloth

moistened with petroleum spirits. Then «

wips dry with e dry cloth. Care shall

be taken to mark each brush so that it

may be replaced in the same position

and in the same holder from whioh it

was removed, If slightly rough, the

1SS 4-D, SECTION 024-460-7C1

brushes may be smoothed with fine
sandpaper,

{(2) In replacing the brushes, ses that

they are put back in the same hold-
or and in the same poaition in whioh
they were originally. Tighten the
brush holder sorew ocap firmly. Brushes
which are too loose in their holders
shall be replaced, New drushes are
supplied with their bearing surfaoces
ocurved approximately to the ocurvatnre
of the ocommutator, Any further shaping
of the brush shall be acquired in aotual
servioe,

#3.05 Comgutator Surfaces (Rq.2.05)

(1) Wipe the commutator with a small
plece of oloth moistened with

petroleum spirits, and insert the oloth~

wrapped tightly around the end of a

amall stick through the opening in the

motor end shield, With the motor oper-

ating, hold the oloth rfirmly against

the commutator, and take care to have

no loose ends of oloth inside the

housing.

(2) Slight eccentricity in the commutator
will cause no trouble. However, if
trouble is encountered, and it is believed
to be due to excessive eccentricity or the
commutator surface is more than slightly

rough or pitted, it will be necessary to
remove the armature and have the commutator
refaced. See the section on lubrication

and replacement of telechron motors. After «
refacing the commutator, reassemble and
lubricate the motor.

3.06 T¥reedom of Rotating Parts (Rq.2.08)

(1) If a motor armaturs or its associa~
ted gears bdind, turn the armature

manually and see whether or not the
binding is caused by the bearings being
too tight or by worn bearings or gears,
If the bearings are too tight or if the
bearings or gears are badly worn, these
should bs adjusted or replaced.

() It it 1is necessary to remove the

rheostat drive motor of KS=5016
regulators, first remove the four oap
sorews (two on eech end) whioch hold the
motor and remove the motor froa the
panel, On KS-5117 regulators the motor
may be removed without disturbing the
assoecliated gears and shafts by the ree-
movael of the cap sorews whioh hold the
motor to the assooiated gpacers,

(3) Replace any defeotive gear shaft or
gear of the reduction gear with a
new shaft or gear.
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008 tor C

3,07 Contagtor Contact 8 es (Rq.2.07)
s.08 re (Rq.2,08)
3.09 taotors (Rq.2,09)

(1) Ir the contact surfaces are dirty

or rough, olean them with cloth wet
with petroleum spirits and smooth with
abrasive oloth or paper, or fins sand-
peper, VWipe with 4dry oloth,

(2) If a fuse has blown replace the

fuse, If a coil is open-oirouited,
replace the oontactor which has the
open-gircuited ooll.

(3) If the main or interlocking oon-

tacts are bent out of shape, they
shall be reshaped or replaced, Where
the parts are badly distorted, worn, or
burned they shall be replaced by new
parts.

{4} The air gap between the armature

and magnet core in the open posi-
tion may be too great. Adjustments of
the armature stop shall be made to
shorten the air gap untlil reliable
oclosing oonsistent with positive con-
taot break is obtained,

(S) Contaoctors operated from a-¢ oir-

ouits are provided with brass stops
to limit the trawvel of the oontaotor
ermature, Thisstop may be shaped with
duck=~bill pliers to give the proper ad-
Justment of the alr gap. Contactors
operated from d~-c oirouits are provided
with an edjusting sorew for oontrolling
the armature back teasion.

(6) Remove the dust or 4irt from the
hinge Jjoint with a hand bellows or
by compresaed air,

{7) In the KB«5117 regulator if the one
ampere fuse on the front of the reg-
ulator panel blows when the spring oon-
taot oclosea, examine the assooiated oon-
densers to see that they are not short-
oirouited, Ifr defective, replace,

Rpeostat

8.10 Rheostat Contaet Surfaces (Rq.2.10)

{1) If the surfaces of the rhecstat
contaots and brush are dirty or
rough, clean them with cloth moistened
with petroleum spirits and smooth with
abrasive oloth or fine sandpaper, Wipe
with a dry oloth after smoothing with

sandpaper and ocover contacts with a
thin film of petrolatum as desoribed
in paragraph 6 of proocedure 3,01,

s.11 0 ataot He (Rq.2,11)
s.12 0 nta 1.2,12)

(1) Pailure of the rheostat drive to
meet the sproified requirements may
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be dus to worn gears, stioking of limit
switohes, or contaots of uneven height.
Repair or replaoce any ¢umaged parts as

necessary.

J.13 a Rheostat Cearing and Con~

ta!‘ AE Qetee

{1) Exocessive backlash may be due to

some of the gears of the rheostat
contact arm being loose on their re~
speotive shafts or to worn or damaged
gears, Inspecot all gears to see that
they are tight on their shafts, and if
neceassary, drive in the pins which hold
them to the shafts using care not to
spring or bend the motor or gear shafts.
Tighten the set screw which holds the
rheostat contact arm to its shaft if
this 18 looss,

J.14 %ﬁogicg% Limit Switoh Closure
qc -

(1) Adjust the limit switches as neces~

sary to give satlisfactory operation,
or if damaged, repair or replace the
danmaged parts,

Operating Reguirements
3.1% Operating Sequence (Rq.2.15)

{1) If the rheostat oontact arm is ariv-
en in the reverse direotion from
that speoified, cheok the oconneotions
of the motor leads as indicated on the
metal tags on the leads with the termi-
oal post markings on the regulator
panel, Change any connsotions neoces-
sary to give the required operation.

{2) Failure of the rheostat drive motor

to mest the speoified requirements
may be due to lmproper woltage, dirty
or worn commutator, worn brushes, woran
bearings or gears, If after a cheok of
the above, the requirements are not met,
the motor shall be reported as defec-
tive since no speed adjustment is pro-
vided for use in thes field.

{3) If the right (top) and left (bottom)

"main" contacts fail to "make"™ at
approximately equal values on each side
of the desired normal operating voltags,
the operating renge of the regulator
oan be shifted in position to & higher
or a lower voltage by means of the com=
pensating rheostat, till the mean value
oorresponds to that desired, Adjust=-
ment of the ocompensating rheostat, on
sarly models, is made with the tool fur-
aished for that purpose by the manufac-
turer and supplled with sagh regulator.
On later models, a ssrewiriver is used.
Where a ooncentrio locking bushing is
provided, this should be loosened be-
fore making the rheocstat ad justment and
tightened after the ad justment is oonm~
pleted.
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#3.16

Temperature Limits (Rq.2.18)

(1) If the tempsrature as observed by

fesl 1 thought to be excesslive,
and suoch that the fingers oannot be
held on the part, it may be msasured
with a thermome ter,

(2) To msasure the temperature of a
motor bearing, hold the buldb of a
thermometer against the outside of the
bearing housing with the motor running
untll a maximum reading 1s cbtained,
The bulb shall be held in place by
means of a plece of felt or equivalent,
covering that part of the bulb which
does not toucsh the bvearing housing,

{3) The temperature rise of windings

and motor frame shall be measured
in a similar manner by holding a ther-
mometer against the surface as out-
lined above,

3.17 Qenerator Field Rheostat Setting

Qele

(1) For Officep Having Variable Loads: -
ith the oontroller ooil hot and
the generator oold (disconnected from
the battery and load), olose the motor
switoh on the regulator oontrol panel
and gradually out in all the resist-
ance of the automatic regulator rheo~
stat by operating the manual switoh,
Conneoct the generator to the battery
in the usual manner, With the genera~
tor to be regulated delivering a our-
rent not in excess of the minimum our-
rent drain expeoted on the machine if
only one machine is used, or from 0 to
10 per cent of its rating if mors than
one machine is used in the offioce, vary |
the manually operated generator field
rheostat (in some instances consisting
of main and interpolating plates) until
the suppressed zero voltmeter reads the
lower limit of the regulated voltage
specified for the particular office,
In cases where the entire regulated
generator field rheostat can be out

tt
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out before the generator voltage 1is
rajised suffioiently to reach this lower
limit, it ias best to leave at least ocne
step of the flield rhecstat in the oire
oult and let the automatic operation of
the regulator rheostat take oare of
outting out the additional resistance
required to give the deaired voltage
regulation,

(2) For Qffices Heaving lssontia;1§ Con= 1

‘stant Loads: th the ocontroller
coil hot and the generator cold {dis-
connected from the battery and load),
olose the motor switch on the regulator
oontrol panel and gradually out out all
the resistence of the automatic regula-
tor rheostat by operating the manual
switoh, Connsot the generator to the
battery in the usual manner, With the
generator to be regulated delivering a
ourreat not in excess of the maximum
ourrent drain expected on the machine,
vary its manually operated generator
field rheostat (in some instances ocon=-
sisting of main and interpolating
platos? until the suppressed zero volt-
meter reads the upper limit of the rege
ulated voltage speoified for the par-
ticular offioce,

(3} Wermeup Period for All Offioces:
perate under automatio regulation
for approximately two hours or until
the generator beoomes thoroughly warmed
up, If the regulation is not within
the speoified limits of the offioce,
vary the generator field rheostat as
required, When the equipment operates
under automatio regulation within the
specified voltages of the offioce for
one-half hour after making final set-
ting, a mark shall be stamped on the
index plate of the regulated generator
field rhecostat to indicate the position
to whioh the pointer is to be turned
to put the regulator in operation, XYor
interpolating rheostats, marks also
shall be placed on the two handwheels
in line with the mark on the index
plate,
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