
•< *

BELL SYSTEM PRACTICES SECTION 159-405-101
Plant Series Issue 1, August, 1931

AT&TCo Standard
MOTORS —  DIRECT CURRENT 

1 /4  HORSEPOWER OR LARGER 

DESCRIPTION

1. G E N E R A L

1.01 T h e  34 hp. o r la rge r d-c. com m ercia l type  
m oto rs  are used in  M anua l, D ia l, P B X  and

T o ll P ow er P lants. T h is  Section describes these 
machines. T he  m otors are fu rn ished  w ith  o r w ith ­
ou t speed regu la to rs , and have e ithe r an in d ire c t 
o r d ire c t operation.

1.02 T h is  Section is reissued to  inc lude m otors 
w h ich  are covered in  KS-5006 and several

o th e r Specifications o f m o to r-d rive n  generator sets 
e m p loy ing  d-c. m oto rs  o f s im ila r ra tings.

1.03 Each m o to r when d irec t connected to  its  
associated u n it  is m ounted on a com m on

sub-base e ithe r o f fabrica ted  steel o r cast iron .

1.04 Carbon brushes are used on the m otors. 
P ra c tic a lly  sparkless com m uta tion  m ay be

expected a lthough  occasional s lig h t spa rk ing  m ay 
be ev iden t w ith o u t causing de te rio ra tion .

1.05 Each m o to r is p rov ided  w ith  a s ta rt in g  box 
a lthough  some o f the  sm all m otors m ay be

th ro w n  d ire c tly  across the line . T he  s ta rt in g  box 
m ay be one o f th ree types, the lever a rm  type, 
the m u ltip le  sw itch  type  o r the au tom atic  type.

2. D E S C R IP T IO N  

Types

2.01 The m oto rs  are shun t-w ound  m achines hav­
in g  an associated fie ld  rheosta t fo r  con­

t ro l l in g  the speed. T he  la rge r m oto rs  (w ith  o il 
r in g  bearings) have in terpoles, connected so as 
to  a id  com m uta tion . T he  sm aller m oto rs  w ith  
waste-packed bearings have no in terpo les. U n ­
less specified to  the con tra ry , the standard d irec­
tio n  o f ro ta tio n  o f the m oto rs  is coun te r-c lock­
w ise w hen v iew ed fro m  the com m uta to r end.

2.02 A  fie ld -re g u la tin g  resistance is inc luded  in  
the fie ld  c irc u it so as to  p rov ide  a means o f

v a ry in g  the fie ld  cu rre n t and to  compensate fo r  
va ria tions  in  the  speed.

2.03 T he  in te rpo les are w ind in gs  located be­
tween the m ain  poles o f the m o to r and aid in

g iv in g  b e tte r -com m uta tion  over the  en tire  speed 
and load ranges w ith o u t s h if t in g  the pos ition  o f 
the brushes.

A rm a tu res

2.04 T he  com m utato rs o f m ost m oto rs  have the 
m ica between the bars undercut. T h e  com­

m uta to rs  o f sm all m otors are o f the m oulded
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AT&TCo Standard 
ll~OTORS - DIRECT CURRENT 

1 / 4 HORSEPOWER OR LARGER 

DESCRIPTION 

1. GENERAL 

1.01 The ¼ hp. or larger d-c. commercial type 
motors are used in Manual, Dial, PBX and 

Toll Power Plants. This Section describes these 
machines. The motors are furnished with or with­
out speed regulators, and have either an indirect 
or direct operation. 

1.02 This Section is reissued to include motors 
which are covered in KS-5006 and several 

other Specifications of motor-driven generator sets 
employing d-c. motors of similar ratings. 

1.03 Each motor when direct connected to its 
associated unit is mounted on a common 

sub-base either of fabricated steel or cast iron. 

1.04 Carbon brushes are used on the motors. 
Practically sparkless commutation may be 

expected although occasional slight sparking may 
be evident without causing deterioration. 

1.05 Each motor is provided with :a starting box 
although some of the small motors may be 

thrown directly across the line. The starting box 
may be one of three types, the lever arm type, 
the multiple switch type or the automatic type. 

2. DESCRIPTION 

Types 

2.01 The motors are shunt-wound machines hav-
ing an associated field rheostat for con­

trolling the speed. The larger motors ( with oil 
ring bearings) have interpoles, connected so as 
to aid commutation. The smaller motors with 
waste-packed bearings have no interpoles. Un­
less specified to the contrary, the standard direc­
tion of rotation of the motors is counter-clock­
wise when viewed from the commutator end. 

2.02 A field-regulating resistance is included in 
the field circuit so as to provide a means of 

varying the field current and to compensate for 
variations in the speed. 

2.03 The interpoles are windings located be-
tween the main poles of the motor and aid in 

giving better .commutation over the entire speed 
and load ranges without shifting the position of 
the brushes. 

Armatures 

2.04 The commutators of most motors have the 
mica between the bars undercut. The com­

mutators of small motors are of the moulded · 

Fig. 1-Motor-Oil Ring Type 
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SECTION 159-405-101

type o f construction , w h ile  the larger m otors 
have tig h te n in g  rings. The arm atures are b u ilt  
up o f steel lam inations o r punchings. These 
punchings are assembled to  fo rm  slots in  the 
arm ature periphery in to  w h ich  the arm ature coils 
o r w ind ings are inserted. The ends o f the w in d ­
ings are connected to  the com m utator bars. The 
w ind ings o f the m otors are so arranged th a t 
ample c ircu la tion  o f a ir th rough  the arm ature 
and fram e fo r  coo ling  purposes is provided.

Bearings

2.05 The bearings on m otors o f the o il r in g  
type are so lid , steel-backed and babbit lined 

and are lubrica ted by means o f o il rings w hich  
rest on the shaft in  slots cu t th rough  the bearing 
and lin ing . The rings d ip  in to  the o il in  the o il 
chamber and, as they rota te , deposit o il on the 
shaft where i t  passes along grooves cut in to  the 
bearing lin in g  thus lu b rica tin g  the entire bearing 
surface. The bearings on the sm aller m otors are 
made of bronze and are lubrica ted by means of 
o il soaked waste, packed around the bearing. 
P rovis ion is made fo r o ilin g  waste-packed bear­
ings th rough an o il hole in  the upper bearing 
dust cap.

2.06 T he  waste used fo r  re ta in ing  th e  o il in  the 
waste-packed bearings consists o f w oo l yarn

w hich  comes in  hanks about 22 inches long  and 
w h ich  is looped around the shaft several times 
inside the bearing housing.

B rush  Gear

2.07 O n m otors w ith  o il r in g  bearings carbon 
brushes are m ounted in  brush holders

r ig id ly  clamped to  the brush holder studs. T h e  
brush holder studs are f irm ly  fastened to  a yoke 
o r co lla r w h ich  is supported by a shoulder on the 
bearing housing. T he  tension o f the brushes m ay 
be varied by a sp ring  adjustm ent, and the brush 
holder yoke may be moved around the bearing 
housing to the desired position  fo r  good com­
m uta tion .

2.08 O n m otors w ith  waste-packed bearings car­
bon brushes are held in  ca rtridge  type brush

holders mounted in , b u t insulated from , the end 
shield. These brushes have a coiled sp ring  
mounted on them  w h ich  is compressed by means 
o f a cap screw in  the end of the brush holder.

Sub-base

2.09 Each m oto r w ith  its associated d riven  u n it 
is mounted on a common sub-base e ither o f

fabricated steel o r cast iron.

Brush Holder Stud 

Brush Holder Yoke- 

Stud Nut- 

Oil Well Cover- 

Bearing Set Sere*

Oil Ring Guard- 

rBearing Plate

-Clamping Screw

Screw - 

Brush Finger—

-Cap Screw
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-A ir Gap

.Armature Coil 

-Ventilating Duct
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—i Shaft
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- Drain Plug 

- Oil Ring 
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-Feet
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type of construction, while the larger motors . 
have tightening rings. The armatures are built 
up of steel laminations or punchings. These 
punchings are assembled to form slots in the 
armature periphery into which the armature coils 
or windings are inserted. The ends of the wind­
ings are connected to the commutator bars. The 
windings of the motors are so arranged that 
ample circulation of air through the armature 
and frame for cooling purposes is provided. 

Bearings . 

2.05 The bearings on motors of the oil ring 
type are solid, steel-backed and babbit lined 

and are lubricated by means of oil rings which 
rest on the shaft in sl0ts cut through the bearing 
and lining. The rings dip into the oil in the oil 
chamber and, as they rotate, deposit oil on the 
shaft where it passes along grooves cut into the 
bearing lining thus lubricating the entire bearing 
surface. The bearings on the smaller motors are 
made of bronze and are lubricated by means of 
oil soaked waste, packed around the bea r ing. 
Prov ision is made for oiling waste-packed bear­
ings through an oil hole in the upper bearing 
dust cap. 

Bruali Holder Stu-I 

Oil W.U Co,,.~ 

Beariq Set Sere 

Oilltiq C 

Bruala Spr ins 

Pill 

2.06 The waste used for retaining the oil in the 
waste-packed bearings consists of wool yarn 

which comes in hanks about 22 inches long and 
which is looped around the shaft several times 
inside the bearing housing. 

Brush Gear 

2.07 On motors with oil rin~ bearings carbon 
brushes are mounted m brush holde-rs 

rigidly clamped to the brush holder studs. Th~ 
brush holder studs are firmly fastened to a yoke 
or collar which is supported by a shoulder on the 
bearing housing. The tension of the brushes may 
be varied by a spring adjustment , and the brush 
holder yoke may be moved around the bearing 
housing to the desireq position for good com­
mutation. 

2.08 On motors with waste-packed bearin gs car-
bon brushes are held in cartridge type brush 

holders mounted in, but insulated from, the end 
shield. These brushes have a coiled spring 
mounted on them which is compressed by ·means 
of a cap screw in the end of the brush holder. 

Sub-base 

2.09 Each motor with its associated driven unit 
is mounted on a common sub-base either of 

fabricated steel or ·cast iron. 
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Fig -. 2-Motor -Cross Section 
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ISS 1, SECTION 159-405-101

S ta rtin g  B ox

2.10 T he  s ta rtin g  box w il l  be one o f three types, 
the lever arm  type, the m u ltip le  sw itch

type  or the  autom atic type.

2.11 T he  lever arm  type is operated m anua lly  
and m ay be e ithe r fo r fro n t o r rear o f board

m ounting . Rear o f board m ounted starters w ill  
u sua lly  be operated from  the fro n t o f the board 
b y  a handwheel. The s ta rte r is held in  the oper­
ated pos ition  b y  a no vo ltage release co il and 
re tu rns  to  the O F F  pos ition  au tom atica lly  upon 
being released when the vo ltage is lo w  o r is 
cu t o ff.

2.12 T he  m u ltip le  sw itch  type  is operated m anu­
a lly  and consists o f a num ber o f fingers of

the c irc u it breaker type, each finger being closed 
in d iv id u a lly  and held in  the closed pos ition  by the 
succeeding finger. The last finger is held in  the 
operated position  by a no vo ltage co il. A l l  
fingers re tu rn  to  the o ff pos ition  au tom atica lly  
upon release o f the last finger when the voltage 
is low  o r is cu t off.

2.13 T he  autom atic type  is operated upon ener­
g iz in g  the associated solenoid, the speed of

c losing  being contro lled  by a dashpot. The sole­
noid is rem ote ly contro lled  from  a push button  
sw itch . A l l  fingers au tom atica lly  re tu rn  to  the 
O F F  pos ition  when the vo ltage is low  o r is cu t off.

2.14 F igs. 3 and 4 show the schematic d iagram  
fo r s ta rtin g  boxes w ith  no vo ltage and over­

load and no vo ltage p ro tection  respectively. The 
resistance in  series w ith  the m oto r arm ature  is cut 
o u t step b y  step b y  m oving  the arm across the set 
o f contacts m ounted on the s ta rtin g  box base and

Fig. 3—Starting Box With No Voltage Protection

connected to  taps on the s ta rtin g  resistor. The 
‘‘no-voltage”  ho ld ing  co il is in  series w ith  the 
m oto r fie ld , w h ile  the “ overload”  co il, when pro­
vided, is in  series w ith  the line. O peration  o f the 
overload co il neutra lizes the p u ll o f the ho ld ing  
co il a llo w in g  the contact arm  to  be returned to  the 
O F F  pos ition  by a spring.

Fig. A—Starting Box With Overload and No Voltage 
Protection

A u to m a tic  Speed R egu la to r

2.15 T he  T ype  T D , Form  W , speed regu la to r 
has been developed to  meet the demand fo r

a device to  hold constant speed on d-c. motors, 
p a rticu la rly  where the source o f vo ltage supply 
is subject to  variations.

2.16 The regu la to r consists o f a ce n trifuga l con­
tro l device w hich  is m ounted on the end of

the m o to r shaft. T he  s ta tionary  case su rround­
in g  the con tro l device is m ounted on the bearing 
housing on the com m utator end. T he  brush 
holders are located in  th is  s ta tionary  case. The 
co n tro lle r contains tw o  contacts, one s ta tionary, 
the o ther movable, mounted on the end o f a gov­
e rnor arm. The action o f the governor arm  is 
contro lled  by a sp ring  w h ich  can be adjusted fo r 
any desired speed.

2.17 T he  contacts are connected th ro ug h  tw o  
co llector rings, brushes, and brush holders,

to  close a shunt c irc u it across the m o to r fie ld 
rheostat, or, in  the  case of large m otors, to  con­
tro l relays th a t operate across the rheostat. T h is  
shunt c irc u it is rap id ly  opened and closed, re­
su ltin g  in  an average fie ld  exc ita tion  o f the  cor­
rect valfce to  g ive the required m oto r speed, in 
the same m anner th a t the vo ltage regu la to r m ain-
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Sutrting Box 

2.10 The starting box will be one of three types, 
the lever arm type, the multiple switch 

type or the automatic type. 

2.11 The lever arm type is operated manually 
and may be either for front or rear of board 

mounting. Rear of board mounted starters will 
usually be operated from the front of the board 
by a handwheel. The starter is held in the oper­
ated position by a no voltage release coil and 
returns to the OFF position automatically upon 
being released when the voltagie is , low or is 
cut off. 

2.12 The multiple switch type is operated manu-
ally and consists of a number of fingers of 

the circuit breaker type, each fin~~er being closed 
individually and held in the closed position by the 
succeeding finger. The last finger is held in the 
operated position by a no voltage coil. All 
fingers return to the off position automatically 
upon release of the last finger when the voltage 
is low or is cut off. 

2.13 The automatic type is operated upon ener-
gizing the associated solenoid, the speed of 

closing being controlled by a dashpot. The sole­
noid is remotely controlled from a push button 
switch. All fingers automatically return to the 
OFF position when the voltage is ·1ow or is cut off . 

2.14 Figs. 3 and 4 show the schematic diagram 
for starting boxes with no voltage and over­

load and no voltage protection respectively. The 
resistance in series with the motor armature is cut 
out step by step by moving the arm across the set 
of contacts mounted on the starting box base and 

L1 

To Line 

Fl 

To F"..td 

Startias Resiataace 

Al 

---+-~No-Voltqe 
Coil 

To Armat11re 

Fig. 3-Starting Box With No Voltage Protection 
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connected to taps on the starting resistor. The 
"no-voltage" holding coil is .in series with the 
motor field, while the "overload" coil , when pro­
Yi<led, is in series with the line. Operation of the 
overload coil neutralizes the pull of the holding 
coil allowing the contact arm to be returned to the 
OFF position by a spring . 

Startias Resiatatoce 

O.erload 
Coil-~--"l:f:f'"l 

L1 

To Line 

Fl 

To Field 

To Armature 

Fig. 4-Starting Box With Overload and No Volta1e 
Protection 

Automatic Speed Regulator 

2.15 The Type TD, Form W, speed regulator 
has been developed to meet the demand for 

a device to hold constant speed on d-c. motors, 
particularly where the source of voltage supply 
is subject to variations. 

2.16 The regulator consists of a centrifugal con-
trol device which is mounted on the end of 

the motor shaft. The stationary case surround­
ing the control device is mounted on the bearing 
housing on the commutator end. The brush 
holders are located in this stationary case. The 
controller contains two contacts, one stationary, 
the other movable, mounted on the end of a gov­
ernor arm. The action of the governor arm is 
controlled by a spring which can be adjusted for 
any desired speed. 

2.17 The contacts are connected through two 
collector rings, brushes, and brush holders, 

to close a shunt circuit across the motor field 
rheostat, or, in the case of large motors, to con­
trol relays that operate across the rheostat . This 
shunt circuit is rapidly opened and closed, re­
sulting in an average field excitation of the cor­
rect valtiie to give the required motor speed, in 
~he same manner that the voltage regulator main-
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SECTION 159-405-101

ta ins constant d-c. voltage. In  no case, however, 
is there danger o f b reaking  the m otor field, as the 
device is operated in  shunt w ith  the m oto r fie ld 
rheostat.

Connections

2.18 F ig . 5 shows the schematic diagram of the 
speed regu la to r connected to  a d irect-cu r­

ren t m otor. The contacts o f the contro l device 
are connected across the m oto r fie ld rheostat. 
U pon s ta rting , the m oto r fie ld  resistance is short 
c ircu ited  th rough  the speed regula tor. T h is  is 
accomplished by a pa ir of a u x ilia ry  o r s ta rting  
contacts (see F ig . 7) connected in  para lle l w ith  
the m ain contacts (see F ig . 6 ). These contacts 
rem ain closed u n t il the m oto r comes up to  ap­
p rox im a te ly  tw o -th ird s  norm al speed, a t w h ich  
tim e they open and cu t add itiona l resistance in to  
the fie ld  c irc u it causing the m otor to  increase its  
speed. A t  approx im ate ly  norm al speed the main 
contacts come in to  action and m ain ta in  an effec­
tive  exc ita tion  suffic ien t to  keep the m oto r at the 
desired speed. As mounted in  the regu la to r case 
the s ta rtin g  contacts are nearest the m otor 
w ind ings.

F ig - 5— W ir in g  S h o w in g  T y p e  T D — F o rm  W — Speed 
R e g u la to r Connected to  D ire c t-C u rre n t M o to r

Rheostat

2.19 The fie ld  rheosta t used in  connection w ith  
the autom atic speed regu la to r consists o f 

a rheosta t w ith o u t hand wheel o r index plate, 
arranged fo r  m ou n tin g  on the rear o f the pow er 
board. The rheosta t arm  is adjusted to  the 
proper pos ition  fo r  operation w ith  the regu la tor, 
locked in  pos ition  and th is  pos ition  c learly  
m arked. The rheosta t is firep roo f and capable o f 
ca rry ing  the required  cu rren t w ith o u t undue 
heating. Each rheosta t is tested w ith  its  asso­
ciated m otor, and the serial num ber o f the m o to r 
is painted w ith  w h ite  figures on the contact side 
o f the rheostat.

S ta tio n a ry  Case C e n tr ifu g a l R o ta t in g
W i t h  B ru s h e s  A s s e m b ly

F ig . 6— T yp e  T D — F o rm  W — Speed R e g u la to r 
( F r o n t  V ie w )

F ig . 7— T y p e  T D — F o rm  W — Speed R e g u la to r  
(R e a r V ie w )
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tains constant d-c. voltage. In no case, however, 
is there danger of breaking the motor field, as the 
device is operated in shunt with the motor field 
rheostat. 

Connections 

2.18 Fig . S shows the schematic diagram of the 
speed regulator connected to a direct-cur­

rent motor. The contacts of the control device 
are connected across the motor field rheostat. 
Upon starting, the motor field resistance is short 
circuited through the speed regulator. This is 
accomplished by a pair of auxiliary or starting 
contacts (see Fig. 7) connected in parallel with 
the main contacts (see Fig. 6). These con1tacts 
remain closed until the motor comes up to ap­
proximately two-thirds normal speed, at which 
time they open and cut additional resistance into 
the field circuit causing the motor to increase its 
speed. At approximately normal s,peed the main 
contacts come into action and maintain an effec­
tive excitation sufficient to keep the motor at: the 
desired speed. As mounted in the regulator case 
the starting contacts are nearest the motor 
windings. 

Startin1 Contacta 

Fig. 5-Wiring Showing Type TD-Form W-Speed 
Regulator Connected to Direct-Current Motor 
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Rheostat 

2.19 The field rheostat used in connection with 
the automatic speed regulator consists of 

a rheostat without hand wheel or index plate, 
arranged for mounting on the rear of the power 
board. The rheostat arm is adjusted to the 
proper position for operation with the regulator, 
locked in position and this position clearly 
marked. The rheostat is fireproof and capable of 
carrying the required current without undue 
heating. Each rheostat is tested with its asso­
ciated motor, and the serial number of the motor 
is painted with white figures on the contact side 
of the rheostat. 

Stationary Case Centrifugal Rotating 
With Brushes Assembly 

Fig. 6---Type TD-Form W-Speed Regulator 
(Front View) 

Stattin1 Cotilach 

Fig. 7-Type TD-Form W-Speed Regulator 
(Rear View) 
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