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INTRODUCTION

The following represents the most up-to-date information on motor terminal marking for proper connection
to power source for all alternating current motors manufactured in accordance with standards adopted by
the National Electrical Manufacturers’ Association.

In addition, this section contains important data covering internal wiring to motor terminals which will
prove invaluable to the Refrigeration Service Engineer in solving motor problems.

The source of this information is Part 2 of the NEMA Standards Publication, for which reprint permission
was granted RSES by the National Electrical Manufacturers' Association.

MG 1-2.01 LOCATION OF TERMINAL MARKINGS

Terminal markings shall be placed on or directly adjacent to terminals to which connections must be
made from outside circuits or from auxiliary devices which must be disconnected for shipment. Wherever
specified, color coding may be used instead of the usual letter and numeral marking.*

MG 1-2.02 TERMINAL MARKINGS

A combination of capital letters or symbols and an arabic numeral shall be used to indicate the character
or function of the windings which are brought to the terminal.*

The following letters and symbols shall be used for motors and generators and their auxiliary devices
when they are included within or mounted on the machine.*

Resistance (shunt field adjusting)-V1, V2, V3, etc.

Shunt braking resistor-DR1, DR2, DR3, DR4, etc.

Space heaters—H1, H2, H3, H4, etc.

Stator *~T1, T2, T3, T4, etc.

Starting switch—K.

Terminal protector-P1, P2, P3, P4, etc.

Equalizing lead— = (equality sign).

Neutral connection—Terminal letter with numeral 0.

For the significance of the arabic numeral, see MG 1-2.20 for alternating-current machines.
* For alternating-current machines only.

Armature—Al, A2, A3, A4, etc.

Brake—-B1, B2, B3, B4, etc.

Alternating-current rotor windings (collector rings) *_M1, M2, M3, M4, etc.
Capacitor-J1, J2, J3, J4, etc.

Control signal lead attached to commutating winding—C.
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Dynamic braking resistor—-BR1, BR2, BR3, BR4, etc.
Field (series)-S1, S2, S3, S4, etc.

Field (shunt)-F1, F2, F3, F4, etc.

Line-L1, L2, L3, L4, etc.

Magnetizing winding (for initial and maintenance magnetization and demagnetization of permanent
magnetic fields)-E1, E2, E3, E4, etc. (NOTE-EL, E3, or other odd-numbered terminals should be
attached to the positive terminal of the magnetizing power supply for magnetization and to the negative
terminal for demagnetization.) ¢

Resistance (armature and miscellaneous)-R1, R2, R3, R4, etc.
* Approved as NEMA Standard 11-16-1967

IApproved as Authorized Engineering Information 11-16-67
*Added as NEMA Standard 11-16-68
ALTERNATING-CURRENT MOTORS AND GENERATORS

MG 1-2.20 Numerals on Terminals Of Alternating-Current Polyphase Machines
A. SYNCHRONOUS MACHINES

The numerals 1, 2, 3, etc., indicate the order in which the voltages at the terminals reach their
maximum positive values (phase sequence) with clockwise shaft rotation when facing the
connection end of the coil windings: hence, for counterclockwise shaft rotation (not standard)
when facing the same end, the phase sequence will be 1, 3, 2.t

B. INDUCTION MACHINES
Terminal markings of polyphase induction machines are not related to the direction of rotation.t
* Approved as NEMA Standard 11-16-1967
tApproved as Authorized Engineering Information 11-16-1967
MG 1-2.21 Definition Of Phase Sequence

Phase sequence is the order in which the voltages successively reach their maximum positive values
between terminals.*

MG 1-2.22 Phase Sequence

The order of numerals on terminal leads does not necessarily indicate the phase sequence, but the phase
sequence is determined by the direction of shaft rotation relative to the connection end of the caoil
winding.t

MG 1-2.23 Direction Of Rotation Of Vectors

Vector diagrams shall be shown so that advance in phase of one vector with respect to another is in the
counterclockwise direction.
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Fig. 2-11

See Fig. 2-11 in which vector 1 is 120 degrees in advance of vector 2 and the phase sequence is 1, 2, 3.
(See MG 1-2.21.)*

MG 1-2.24 Direction Of Rotation

The standard direction of rotation for alternating generators is clockwise when facing the end of the
machine opposite the drive.*

The direction of rotation of a generator mounted as a part of an engine-generator set is usually
counterclockwise when facing the end opposite the drive.t

The standard direction of rotation for all alternating-current single-phase motors, all synchronous motors,
and all universal motors shall be counterclockwise when facing the end of the machine opposite the
drive.*

MG 1-2.25 Reversal Of Rotation, Polarity And Phase Sequence

Alternating-current generators driven counterclockwise when facing the connection end of the caoill
windings will generate without change in connections, but the terminal phase sequence will be 1, 3, 2.t

Synchronous condensers and synchronous motors may be operated with counterclockwise shaft rotation
viewed from the connection end of the coil windings by connecting them to leads in which the phase
sequence is 1, 2, 3, in the following manner:t

Power leads..............c........ 1,2,3
Machine terminals.............. 1,32

ALTERNATING-CURRENT GENERATORS AND SYNCHRONOUS MOTORS

MG 1-2.30 Connections And Terminal Markings—Alternating-Current Generators And Synchronous
Motors—One, Two, And Three Phase

The alternating-current windings of three-phase alternating-current generators and synchronous motors
shall have terminal markings as given in MG 1-2.61 for three-phase single-speed induction motors.*

The alternating-current windings of two-phase alternating-current generators and synchronous motors
shall have terminal markings as given in MG 1-2.66 for two-phase single-speed induction motors.*

The alternating-current windings of single-phase alternating-current generators and synchronous motors
shall have terminal markings as given in Fig. 2-12.*
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Fl Tl

F2 T2

Fig. 2-12
Single Phase

The terminal markings of direct-current field windings shall be F1 and F2.*
% NOTE:
See MG 1-2.02 for terminal letters assigned to different types of windings and MG 1-2.20
for the significance of the numerals.t
SINGLE-PHASE MOTORS

MG 1-2.40 General
A. DUAL VOLTAGE

Regardless of type, when a single-phase motor is reconnectible series-parallel for dual voltage,
the terminal marking shall be determined as follows:*

For the purpose of assigning terminal markings, the main winding is assumed to be divided into
two halves, and T1 and T2 should be assigned to one half and T3 and T4 to the other half.*

For the purpose of assigning terminal markings, the auxiliary winding (if present) is assumed to
be divided into two halves, and T5 and T6 should be assigned to one half and T7 and T8 to the
other half.*

Polarities shall be established so that the standard direction of rotation (counterclockwise facing
the end opposite the drive) is obtained when the main winding terminal T4 and the auxiliary
winding terminal T5 are joined or when an equivalent circuit connection is made between the
main and auxiliary winding.*

The terminal marking arrangement is shown diagrammatically in Fig. 2-13.*
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Tl T2T3 T4

LJ L

Fig. 2-13
Dual Phase

ad &

@

B. SINGLE VOLTAGE

If a single-phase motor is single voltage or if either winding is intended for only one voltage, the
terminal marking shall be determined as follows.*

T1 and T4 shall be assigned to the main winding and T5 and T8 to the auxiliary winding (if
present) with the polarity arrangement such that the standard direction of rotation is obtained if T4
and T5 are joined to one line and T1 and T8 to the other.*

The terminal marking arrangement is shown diagrammatically in Fig. 2-14.*

Tl T4

C

TS
Fig. 2-14

Single Voltage
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== NOTE:

It has been found to be impracticable to follow this standard for the terminal
markings of some definite-purpose motors. See Part 18.t

{% NOTE:

No general standards have been developed for terminal markings of multispeed
motors because of the great variety of methods employed to obtain multiple
speeds.t

MG 1-2.41 Terminal Markings Identified By Color

When single-phase motors use lead colors instead of letter and number markings to identify the leads,
the color assignment shall be determined from the following:*

T1-Blue
T2-White
T3-Orange
T4—Yellow
T5-Black
T8-Red

P1-No color assigned

P2—-Brown
NOTE:

It has been found to be impracticable to follow this standard for the lead markings of
some definite-purpose motors. See Part 18.1

MG 1-2.42 Auxiliary Devices Within Motor

The presence of an auxiliary device or devices, such as a capacitor, starting switch, terminal protector,
etc., permanently connected in series between the motor terminal and the part of the winding to which it
ultimately connects shall not affect the marking unless a terminal is provided at the junction.*

Where a terminal is provided at the junction, the terminal marking of this junction shall be determined by
the part of the winding to which it is connected. Any other terminals connected to this auxiliary device
shall be identified by a letter indicating the auxiliary device within the motor to which the terminal is
connected.*

MG 1-2.43 Auxiliary Devices External To Motor

Where the capacitors, resistors, inductors, transformers or other auxiliary devices are housed separately
from the motor, the terminal markings shall be those established for the device.*
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MG 1-2.44 Marking Of Rigidly-Mounted Terminals

On a terminal board, the identification of rigidly-mounted terminals shall be either by marking on the
terminal board or by means of a diagram attached to the machine. When all windings are permanently
connected to rigidly mounted terminals, these terminals may be identified in accordance with the terminal
markings specified in this article. When windings are not permanently attached to rigidly-mounted
terminals on a terminal board, the rigidly-mounted terminals shall be identified by numbers only, and the
identification need not coincide with that of the terminal leads connected to the rigidly-mounted terminals.*

MG 1-2.45 Internal Auxiliary Devices Permanently Connected To Rigidly-Mounted Terminals

If the motor design is such that the starting switch, terminal protector or other auxiliary device is
permanently connected to a rigidly mounted terminal, some variation from the connection arrangements
illustrated in MG 1-2.47 through MG 1-2.53 will be required. However, any variations shall be based on
the provisions of MG 1-2.46.*

MG 1-2.46 General Principles For Terminal Markings For Single-Phase Motors

The terminal marking and connection procedure given in MG 1-2.40 through MG 1-2.45 and in the
schematic diagrams which follow are based on the following principles: ¥

A. FIRST PRINCIPLE

The main winding of a single-phase motor is designated by T1, T2, T3 and T4 and the auxiliary
winding by T5, T6, T7 and T8 to distinguish it from a quarter-phase motor which uses odd
numbers for one phase and even numbers for the other phase.t

B. SECOND PRINCIPLE

By following the first principle, it follows that odd-to-odd numbered terminals of each winding are
joined for lower voltage (parallel) connection and odd-to-even numbered terminals of each
winding are joined for higher voltage (series) connection.t

C. THIRD PRINCIPLE

The rotor of a single-phase motor is represented by a circle, even though there are no external
connections to it. It also serves to distinguish the single-phase motor schematic diagram from that
of the quarter-phase motor in which the rotor is never represented.t

* Approved as NEMA Standard 11-16-67

T Approved as Authorized Engineering Information 11-16-67
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MG 1-2.47 Schematic Diagrams for Split-Phase Motors—Single Voltage—Reversible

NOTHE—Mobes starting switch vhown in runaiag posltlon. All directioos of rotation sbewa wre (ecing the aod oppoaite the Sfive.

Withouwt Thirfmal Pravector

With Thermal Frotector

Ling Leads Teeminal Board Lin Lénds Terminal Board
T1 L
M
" ol il
O | : .
1 T+ (tY
1 O : oL
Ta obtain cleckwise rotation, in= A
terchange leads TS and TE. To obtain clockwise rotation, in-
i1 LI Fig. 2-16.a L1 L Joln terehange leads TS and T8,
Fig. 2-18.a
Counter-clockwise Countes-
rotation TLTE T4.TS clockwise

Clockwise retation  T1, TS T4, TS

Fig. 2-15

u

— L
Olg Lebel.

To obtain clockwize rotation, in-

terchange leads T1 pred T4,
Fig. 2-16.b

MNOTE—When terminal boards are
shawn, they are viewsd from the
front, Dotted lines indicate perman.
eok connection,

rolation Pl T4, TS TLT8

rotation Pl T4,T8 TI, TS

Fig. 217

To obtain clockwise rotation, i6-
terchange leads T1 and Td.
Fig. 2-18.b

NOTE—When terminal boards are
shawn, they are viewed from the
front, Drotted lines indicate perman-
ent .

NEMA Standard 11-18-1067,
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MG 1-2.48A Schematic Diagrams for Capacitor-Start Motors—Reversible

NOTE=hutor slarliog swilch showno io runciop peailion, A dideciisnn of rolstion ibown are {acing (he sed appesite Lhe deive,

Single Yoltage—Without Thermal Protector Slagls Re—WIth Th 1 Peat
Line Leads Tatenlnal Boned Line Leads 'fvrmln_ll Board
TL 2]
; ! Tl
- 11}
i FL

T

Olio-

Li L1

Counter-elockwise

rotation TI.TE T4.T5

Clockwise rotatien TIL TS T4, TS

Fig. 2-19

To obtain clackwise rotation, in-
interchange leads TS5 and TE,

Flg. 2-20.a

o
Ot olslal.

To obtain clockwise rotation, in-
terchange leads T1 and Td.

Fig. 2-20.b

MOTE—When terminal boards are
shown, they are wiewsd from the
front. Dptted lines indicate perman-
eit coanection.

Li L2 Juln
Conter-
elockwise
rataticn Pl T4, T5 TLTH
Clockwise
ratation M T4, TR T TS
Fig. 2-21

: —-—..._E_?_L%T—L u

To obtain clockwise rotation, in-
terchange leads TS and T8,

Fig. 2-22.a

To olain clockwise rotation, in-
terchange lesds T1 and T4,

Fig. 2-22.b

NOTE—When terminal boards are
shown, they are viewed from the
froat. Dotted lines indicate perman-
ent connestion,
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MG 1-2.48B Schematic Diagrams for Capacitor-Start Motors—Reversible—(Continued)

MOTRE=Mobor starting swiich shows i ruzslog poalibon, Al dlrections of retation shows are fecing the ead oppoaie the deive.

DoveLe Vorrtace—WirnouT Tuersar ProtEcToR

Line Lends Terminal Board Terminal Board with Links

= Higher Nameplate Voltage Higher Nameplate Voltage

Ol o— O (=il

T in el fse rotation, interch teads ‘To obtain elockwise potation, interchange leads
Li L3 Tobn T -I;dlm'rs:!l clockwise Liom, 1 Ange TS and T8,
Counter Fig, 2-24.a Fig. 2-25.a
Higher tlockwise Tl T4, TE T2, T3 -
names ratation and T8
plate
valtage  Clockmwise T2, T3 Lower Nameplate Voltage Lower Nameglate Vollage

rotation T1 T4, TE  and TS

L Y1
Counnter- LI lﬂn 5 d
Lower clockwise T1, T3 TS T2 T4, TS = “j‘&’

. rotation e
= o OC o
voltage  Clockwise |_@_.__n

rotatien  T1, T3, TH T2, T4, T8 .
To abtain clockwk tation, interch leaul:
Tao obtiain clockwise rotation, interchange leads TS :ng -]?sm CCT e CUIL O, IO b

Fig. 2-23 T& and TE

Fig. 2-24.b Fig. 2-25.b

. ROTE=—When teveninnl boards are shown, they
NOTE—When terminal boards are shown, they are viewed from the front. Dotted lincs indicate

are viewed from the froat. Dotted lines indicate permanent connection
permanent conoection, -

10
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MG 1-2.48C Schematic I.Hag:ams for Ehpndmr-Smt Motors—Reversible—(Continued)

NOTE I'—"I'brdﬂﬂ
For {hane mat En-: thaee g
NOTE 1I— an startiog switch al

dﬁ:n-n- AT, 1T, and itl: insged ghe :h:f’:nl protector st diflenenl p-ul-an o (e cirvait:
ruoning poaitica. All diesctioas of

e are vuch that threo &iforoot proaps of du-.#uu AP BectElary LE tbu-ll the means I‘wqhtnllln;

thrrmal nruln:lwu

rotation shown are facing the sod oppoaity the Srive.

b melusle bhe

Grovr I—DousLe VoLTace—WitH Tuermat PrROTECTOR

Line Leads

Terminal Toard

Termlinal Board with Links

E)

=

LI L Jain Join
Caanter-
Highee clockwise Pl T4 P2, TE T2 T3
name.  Fotation T&
plate =
voltage  Clockwise T2, Ta,
ratation Fl T4 P2, TS TE
Counters
Low elockwise T2, T4, F2, T3,
“3,1:: ratation Pl TS T8
plate e
woltage  Ulockwise e T, P2TE
rotation Prl T& TS
Fig. 2-26

Higher Nameplate Voltage

O o A
Ta obhtain clockwise rotation, interchange leads

TH and TH.
Fig. 2-27.a

Lower Nameplate Voltage

[::r_——,_;.
OGe—=

To obeain ceckwise rotation, interchange leads

Thand T8,
Fig. 2-27.b

NOTE III—When terminal beards are shawn, they
are viewed from the front. Dotted lines indicate
permanent connection.

ROTE IV—"Froper conncttion depends upon design
of motor and thermal protector; refer o moter
manufactorers” information Tor proper diagrise,

Higher Nameplate Voltage

E

Ote=

Ta ebtain clockwise rotation, interchange leads
Thand TH.
Fig. 2-28.a

Lower Nameplate Voltage

— E..---:“L-“
O C o=

To cbtain clockwise rotation, interchange leads
Thand TH
Fig, 2-28.b

NOTE—Wkhen terminal boards are shown, they
are viewed from the front. Dotted lines indicate
permanent connection.

11
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MG 1-2.48D Schematic Diagrams for Capacltor-Start M otore—Raversible—{Continued)
HOTE—MoLor staribag seitad shown io resabeg postion, Al dErectboas of retation shows are feelng the end spposiie che defrs,
Crour H—Dovere Vovrrace—Witk TaermaL ProvrcTor

Lins Leads I Terminal Soard [ Ferealnal Bosrd with Links

l Higher Nameplate Valtage ' Higher Nameplate Voltage
|
|

el

C— Sz, 05

Ol o =7

i
UL deln Juin depeet|  To abtain clockwise rutstion, interchange tead ‘
n - s ele Lida, interclian 3
=25 | g and T8 " e | To obtain clockwise rotation, intershange leads
_______ .' Fig. 230 | TR e
l-l}ﬂll\? , Fig. £=35 1.4
Higher Siockmise T2 I3,
ame rotatica f‘_l__'lf"-f'-'* T4 - T Lower Nameplate Voltage Lower Nameplate Voltage
voltage Cleckwice P1 T4, TR T2, T, 2. T2 |
ratatica TE | b E
Cowanter- | |
Lower Sockwise PL T2, T¢, FRLTS TILTE ... | —— ne i L—..E—
pzme. Totation Ta L-n.l——""_"" s M 4 | "
plate | o
veltage Clockwise  T2.T4, i @ [—— ' @ {
roation Pl T8 PA TR TLTS ... | k@.,_.___: e E._| "
: |
Fig. 2-28 | To obitain «lockwise ratation, interchange leads
TH and TH . | To elstain clockwise rotaticn, interchange loads
Fig. 2-30.b |  T5acd TE
. . Fig.2o1k
! NQTE I--When terminal bourds are shown, they |
1 mee viewed from the front. Dotted Limes indigate NOTE—When terminal boards mre ghown, they

| permasent compeedion, | are viewed from the (rent. Dedted [nes indieats
| MOTE H-=Proper comnaction depends upon design permanent coanedtion.
I af moter and thormal protector; nfes Lo motor

macufactorers' aformaticon for proper disgram.

12
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MG 1-2.48E  Schematie Diagrams for Capacitor-Start Motors—Reversible—(Continued)
WOTE—Motor slantiog switch abown [ rennlag posithen. Al difeetioes of rofstion ibown are faciog (e e84 eppate tha drive,
Groue III—DoveLe VoLTAGE—WiTH THERMAL PROTECTOR

Lins Laads Termlnal Board 1 Teeminal Board with Links

Higher Nameplate Voltage Higher Nameplate Voltage

" F:
s O o 5

To obtain clockwise rotation, interchange leads

-
) ——ls

!‘.'!J:!a.:

4,

Insalate T3 and T8, Te cbtnin cleckwise rodation, interch
Ll L3 Jola  Separmtsely Fig. 2-33.a T& and T8, A nie feads
er- Fig. 2-34.a
Higher Gockwise PL T4, TS TLT3, P2 Lower Nameplate Voltage
:h, 1,: rotation T4 ) T Lower Nameplate Voltage
voltage Clockwise T2, T3, :@
rotation Pl T4, T8 TS P2
—_— L1
Counter- .——m11 T o
Lower Clockwise Pl T T4, P2, T3, __g:.‘-h' F PRLE INTY

name.  Totation TS Ta o ® ot
plate @ 1 2
voltage Clockwise _ T2,T4, P2TH, - ® 3 2Nl
- rotation Pl Ta 6 as T;‘& d’.m;“ . ise rotation, interchange ”_@_1 £
A
Fig. 2-33.b To obtain clockwise rotation, interch lead
Flg. 2-32 g T5and T, T e
Fig. 2-34.b

NOTE I—When terminal boards are shown, they
are viewed from the front. Dotted lines indicate

permanent connection. MOTE—When terminal boards are shawn, they
NOTE I1—Proper connection depends upon design are viewed from the front.  Dotted lises indicate
af moler and thermal protector; refer to modor permanent Connection.

manulacttrers' information for proper dingram.

WEMA Standard 11-18-1967,

13
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MG 1-2.49 Schematie Diagrams for Two-Valde Capacitor Motors—

Single Yoltage—Reversible

MOTE—Mobor flarting swited sbown o ruosing positica. ATLdirectioos of rotsilon ibown sre fucing ibt eod eppomite the deve.

Withomet Thermal Frofector

With Thermmal Froteisr

MG  1-2.50 Schematic Diagrams for
Permanent-Split Capacitor Motors—
Single Yoltage—Reversible

HOTH 1—Al directioss of rotation wbawn are faciog the rod
vhe drve.
K“"I:—M‘l'h'!- are wiber termans] maskiogs for defiaibe.
puerpene permanent-aplil copacitar motors; sed Park L8,

Line Leads Ling Leads Line Loads
n sy i "
st }__E
Ol g S = o
e T — b —
L1 L2 1 —-u Join = LL L1
Countars u“.T‘
dmk:l:: TL TS T4, TS W“";L - T4, T5 1,78 m T1, T& T4, T
Clackwize m e T1, T8 T4, T8
rotation TL TS T4, T8 e - T TE TS rotation . 2.39 . _
Flg. 2-35 Fig. 237 g. 2-

Terendnal Board

L

Olore

To chiain clockwise mtation, interchange leads

T amd T3,
Fig. 2-36.a

— L

Oleks

To chtain clockwise rotation, imtesckange leads

TF amd T4.
Fig. 2-36.b

Terminal Beard

Terminal Domrd

L%,,,E@

tﬁf‘I-F .
Q 1‘:1 v
: Ly
To obiain clackwise rotatiom. interchange Beads
TS5 and T8 Fig. 2-28.a

i

‘To obtain clockwise rotatiom, interclamge leads

T1 and T4
Flg. 2-38.b

[

d:::l:
T

MOTR—Wien Wermine] eonnds afe idawwa, theg are wiewed from The fresl, Datlad Hoes iodicate pofmansal Sonms R

L— L

O LLL

Ta obain dockwise rotation, interchamge leads
TS5 and T
Fig. 2-40.a

n
[::'; |1' w
O
; ]
To obtain clockwise raaticn, interchange leads

Tl and T4
Fig. 2-10.b

NEMA Stondard 11-16-1067.

NEMA Standard 11-16-1967.

14
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MG [-2.51 Schematic Diagrams for Uni~
versal Motors—Single Voltage

MG 1-2.52 Schematic IMa s for Repulsion, Repulsion-Start
Induction and Repulsion:-Induction Motors

Non-reversi ble

|' Reverstble by Shifelmg Brashes | Simgle Veltags Exteraully Reversiblo
| e
(’.——?\' | Single Veltage "
i .

~ . —

(=
B
i

Ll te Al i IS.)
L% to A2 !‘I
]

Fla, 2-41.0
Fig, =-41.0

kL]

N
I YL

f
|
|
\

] Ll Tl o e 1 Aeln
Lita T ounter.
IE Fi :74; a doei:w?u Tl TE T4, TE
) it g . TRiRLiom
Reversible |‘ Chockwise )
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POLYPHASE INDUCTION MOTORS

MG 1-2.60 General Principles For Terminal Markings For Polyphase Induction Motors

A. The markings of the terminals of a motor serve their purpose best if they indicate the electrical
relations between the several circuits within the motor. The windings of a motor are seldom
accessible, and the arrangement of the terminal numbers varies with the combinations of
connections which are required. However, if a definite system of numbering is used, the marking
of the terminals may be made to tell the exact relations of the windings within the motor. As far as
practicable, MG 1-2.61 and MG 1-2.66 are formulated to embody such a system, which system
employs as one of its fundamental points a clockwise rotating spiral with T1 at the outer end and
finishing with the highest number at its inner end as a means for determining the sequence of the
numerals. See Fig. 2-46.
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Figure 2-46

Terminal Markings for
Two Circuits per Phase

The numbering of the terminals on polyphase induction motors does not imply standardization of
the direction of rotation of the motor shaft.t

B. For three-phase motors having two synchronous speeds obtained from a reconnectible winding, it
is undesirable to adhere to the clockwise system of numbering for all terminals as this would
cause the motor to run with clockwise shaft rotation on one speed and counterclockwise on the
other speed if the power lines are connected to each set of terminals in the same sequence. This
feature may be considered an advantage as a winding with part of its terminals following a
clockwise sequence and part following a counterclockwise sequence can be recognized
immediately as a two-speed motor with a reconnectible winding.t

C. For two-phase motors, the terminal markings are such that all odd numbers are in one phase and
all even numbers are in the other phase. The markings of all motors except those for two speed
motors using a single reconnectible winding are based, as are three-phase windings, on a
clockwise spiral system of rotation in the sequence of terminal numbering.t

MG 1-2.61 Terminal Markings For Three-Phase Single-Speed Induction Motors

The terminal markings for three-phase singlespeed induction motors shall be as shown in Fig. 2-51, 2-52,
2-53 and 2-54.
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TL T7
T4 TS
/ N \ -
B / T8
3
Voltage | L1 L2 L3 |  Tie Together
e e e | .
Low | (T1,TT) (T2,TE) (T2,T9) (T4.T5.TE) ...
High Tl T2 Ta Jl (T4, TT) (THTH) ) [(TH,T0)
Figure 2-51
Y-connected, Dual Voltage
T3
TS
T2
Voli- 1 Insul
1 Lo
_?‘L L1 ) LI L3 Tie Together ;Se’,‘;':l:m‘ﬁ,
Lo T1,T 9 | ' " o
Hi:‘b { L1y T} {THS] {Ti_!l::‘al'ﬂ'ﬁ (T4, P4} (TH PS5 (TE P8

(T4, T7) (TH,T8) (T6E,TY) | P4-Po-Pe

Figure 2-52
Terminal Markings for Three-phase Dual-voltage
Single-speed Induction Motors with Protector in Neutral
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A\
L X,

T8 T6

-
3

L1 L2 L3
(T, T8, TT) (T2,T4.T8) (TI.T5TI
T1 T2 T3

Tle Together

(T4,TT) (TETH) (THTH)

3

Figure 2-53
Delta-connected, Dual Voltage

T6 Tl
T3 / T4
TS T2

L1 L2 L3 Tie Together

Start T1 T2 T3 (T4,T5,T6)
Run (T1,T6) (T2,T4) (T3T5) .r

Y-delta-connected, Dual Voltage
(Voltage Ratio 4/3 to 1)

L1 L2 L3 | Tie Ta!'nhu'
High Voltage T1 T2 Ta (T4,T5T6)
Low Voltage | (T1,T6) (T2,T4) (T3,T5)
Figure 2-54
Y-connecated Start, Delta-connected Run,
Single Voltage

These terminal markings were developed in accordance with the following procedure which shall be used
in developing terminal markings for other combinations of motor stator circuits:*

18



Rs E s Service Application Manual
SAM Chapter 620-37

The Training Authority Section 6A

TERMINAL MARKINGS AND INTERNAL WIRING DIAGRAMS SINGLE PHASE AND
POLYPHASE MOTORS MEETING NEMA STANDARDS
A. FIRST

A schematic vector diagram should be drawn showing an inverted Y connection with the
individual circuits in each phase arranged for series connection with correct polarity relation of
circuits. The diagram for two circuits per phase, for example, is as shown in Fig. 2-45.*

PN
- ~

Figure 2-45
Diagram for Two Circuits per Phase

B. SECOND

Starting with T1 at the outside and top of the diagram, the ends of the circuit shall be numbered
consecutively in a clockwise direction proceeding on a spiral towards the center of the diagram.
For two circuits per phase, for example, the terminals are marked as shown in Fig. 2-46.*

C. THIRD

A schematic vector diagram shall be drawn showing the particular interconnection of circuits for
the motor under consideration, and the terminal markings determined in accordance with par. A
and B shall be arranged to give the correct polarity relation of circuits. For example, if the winding
shown in Fig. 2-46 is to be connected with two circuits in multiple per phase, the diagram and
markings shall be as shown in Fig. 2-47.*
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T1 T7

Figure 2-47
Terminal Markings for Two Circuits in
Multiple per Phase

D. FOURTH

The highest numbers shall be dropped and only the lowest number shall be retained where two or
more terminals are permanently connected together. For example, if the winding shown in Fig. 2-

47 is to have the two circuits in each phase permanently connected together with three line leads

and three neutral leads brought out, the terminal markings shall be as shown in Fig. 2-48,

Tl

T4

T3 T2

Figure 2-48
Terminal Markings for Two Circuils in Multiple
per Phase, Permanently Connected
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or, if the winding shown in Fig. 2-46 is to be arranged for either a series or a multiple connection
with the neutral point brought out, the vector diagram and terminal markings shall be as shown in

Fig. 2-49.*
T1 TV
S
T4
TO
T6 T2
T T8
T3
Figure 2-49
Terminal Markings with Neutral
Point Brought Out.
E. FIFTH

Where the ends of three coils are connected together to form a permanent neutral, the terminal
markings of the three leads so connected shall be dropped. If the neutral point is brought out, it
shall always be marked TO. See Fig. 2-49.*

F. SIXTH

If a winding is to be delta-connected, the inverted Y diagram (Fig. 2-45) shall be rotated 30
degrees counterclockwise. T1 shall be assigned to the outer end of the top leg and the balance of
the numbering shall be in accordance with MG 1 2.60 and Fig. 2-46. A schematic delta shall then
be constructed in which the T1 leg of the rotated Y becomes the right-hand side of the delta, the
T2 leg becomes the bottom (horizontal) side, and the T3 leg becomes the left side of the delta.
MG 1-2.60 shall be applied insofar as it applies to a delta connection. See Fig. 2-50.*
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T :
XWD‘: Ti2 T1
T 1
1
TiIovTll T8 TS T2 T T4
Té ol

Ti2
T8

6
T3 T10
T3

T11 Té T T2

Figure 2-50
Terminal Markings for Two Circuils per Phase, Delta Connected.

* Approved as NEMA Standard 11-16-67
t Approved as Authorized Engineering Information 11-16-67
MG 1-2.62 Terminal Markings For Y-And Delta-Connected Dual-Voltage Motors

Fig. 2-51 through 2-54 illustrate the application of MG 1-2.61 in determining terminal markings of Y-and
delta-connected dual-voltage motors.t

MG 1-2.63 Terminal Markings For Three-Phase Two-Speed Single-Winding Induction Motors

The general principles for terminal markings for polyphase induction motors given in par. B of MG 1-2.60
are not applicable to three-phase two-speed single-winding induction motors because, if followed and the
terminals are connected in the same sequence, the direction of rotation at the two speeds will be
different.t

MG 1-2.64 Terminal Markings For Y-And Delta-Connected Two-Speed Single-Winding Motors

The terminal markings for Y-and delta-connected two-speed single-winding three-phase induction motors
shall be in accordance with Fig. 2-55 through 2-59.
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T4

Tl

T2

TS Té

J Insulate |
Speed Li L2 L3 | Separately : Tie Together

Low | TIL T2 T3 | T4T5T6 e
High | T6 T4 T35 e (T1,T2,T3)
Figure 2-55
Variable Torque Motors
T4
T3 Tl
TS T2 Té
l Insulate
Speed LT L La Separately | Tle Together
Low T1 T2 T3 T4-T5T6 -
High T8 T4 T5 vas (T1,T2,T3)
Figure 2-56

Constant Torque Motors
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T4
T3
Tl
T
TH T2 T6
| Insulate
Speed L1 L2 L3 Beparately Tie Togethar
Low |T1 T2 (T3,T7) | T4-T5T0
High | T6 T4 TS5 (T1,T2,T3,TT)
Figure 2-57

Constant-torque Motors

T4
T3 Tl
TS Té
TT T2
| Insulate |
Speed | LI L2 L3 Separately | Tie Together
Low |TL T2 T3 | | (T4,T5T6,TT)
High | T6 T4 (T5T7) | T1-T2 -T3 r
Figure 2-58

Constant Horsepower Motors
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T4
T3 Tl
TS | T6
T2
Insulate

Speed L1 L2 L3 Separately Tie Together
Low T1 T2 T3 - (T4,T57T8)
High T6 T4 T35 T1-T2-T3 -

Figure 2-59
Constant Horsepower Motors

The neutral terminal, if brought out, shall be marked TO*.

MG 1-2.65 Terminal Markings For Three-Phase Induction Motors Having Two Or More
Synchronous Speeds Obtained From Two Or More Independent Windings

A. EACH INDEPENDENT WINDING GIVING ONE SPEED

The winding giving the lowest speed shall take the same markings as determined from MG 1-2.61
for the particular winding used. The terminal markings for the higher speed windings shall be
obtained by adding 10, 20, or 30, etc., to the terminal markings as determined from MG 1-2.61 for
the particular winding used, the sequences being determined by progressing each time to the
next higher speed. The terminal markings for a three-speed motor using three windings are given
in Fig. 2-60.*
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Tl Ti1 ™
T3 T2 Ti3 Ti2
17 T23 T22

H_Eptﬁd | Ll L2 L3 | insulate Separacely Tie Togerher

Low T1 T2 T3 T11-T12-TI13-T17-T21-T22-T23

Second Til T12 (T13,TI1T} T1-T2-T3-T21-T22-T23

Hu{h T21 T22 T3 T1- TZ-TS T11 =T12-T13-T17

Figure 2-60

Three-speed Motor Using Three Windings.

B. EACH INDEPENDENT WINDING RECONNECTIBLE TO GIVE, TWO SYNCHRONOUS
SPEEDS

1. First-Vector diagrams of the windings to be used shall be drawn and each winding given
the terminal markings shown in MG 1-2.64.*

2. Second-No change shall be made in any of the terminal markings of the winding giving
the lowest speed, irrespective of whether the other speed obtained from this winding is
an intermediate or the highest speed.*

3. Third-Ten shall be added to all terminal markings of the winding giving the next higher
speed, and an additional 10 shall be added to all the terminal markings for each
consecutively higher speed winding. The terminal markings for a four-speed motor using
two windings are given in Fig. 2-61.*
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—

Speed _ _14} L2 L3 Insulnte Separately | The T-uﬂ.lll!lur

Low T1 T2 T3 T#=-T&T6T11-T12-T13-T14-T15T16

Second Ti1 T12 T13 T1-T2-T3T4-T5TH-T14-T15T16 ‘e

Third T6 T4 TE T11-T12-T13-T14-T15T16 (T1,T2,T3)

High T16 T14 T16 T1-T2-T3-T4T5T6 {T11,T12,T13)
Figure 2-61

Four-speed Motor Using Two Windings.

C. TWO OR MORE INDEPENDENT WINDINGS AT LEAST ONE, OF WHICH GIVES ONE
SYNCHRONOUS SPEED AND THE OTHER WINDING GIVES TWO SYNCHRONOUS SPEEDS

1. First—-Each winding shall be given the markings determined in accordance with MG 1-
2.61 or MG 1-2.64.*

2. Second-No change shall be made in any of the terminal markings of the winding giving
the lowest speed.*

3. Third-Ten shall be added to all terminal markings of the winding giving the next higher
speed, and an additional 10 shall be added to all the terminal markings for each
consecutively higher speed winding. A typical terminal marking for a three-speed motor
using two windings where one of the windings is used for the high speed only is given in
Fig. 2-62.*
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T4 Til
T3
Tl
7
TS T2 - 13 12

Speed Ll Lz L3 " Insulate Separacely | T T Tnil:'t_hﬂE:

' T1 T2 T3,T7) T4&T5-T6-T11-TI1Z-T13 | N
o T T4 e T11-T12-T13 (T1,T2.T3,T7)
High T T2 T13 T1-T2-TA-T4T5T6TT o

Figure 2-62

Three-speed Motor Using Two Windings

NOTE:

If, under any of the provisions of this standard, the addition of 10, 20, 30, etc., to the basic
terminal markings causes a duplication of markings due to more than nine leads being
brought out on any one winding, then 20, 40, 60, etc., should be added instead of 10, 20,
30, etc., to obtain the markings for the higher speeds.t

==, NOTE:

The illustrative figures in this standard apply when all leads are brought out on the same
end of the motor. When one or more of the windings have some leads brought out on one
end of the motor and some on the other end, the rotation of the terminal markings for
leads brought out on one end may be shown on the diagram as shown in the illustrative
figures, and the terminal markings for those brought out on the opposite end may be
shown reversed in rotation. When diagrams use this reversed rotation of markings, an
explanatory note should be included for the benefit of the control manufacturer and user
to inform them that, when L1, L2 and L3 are connected to any winding with the same
sequence of numbers (T1, T2, T3; or T4, T5, T6; or T11, T12, T13, etc.), the shaft rotation
will be the same.t

* Approved as NEMA Standard 11-16-1967

tApproved as Authorized Engineering Information 11-16-1967
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MG 1-2.66 Two-Phase Single-Speed Induction Motors
A. FIRST

A schematic vector diagram shall be drawn showing a plus connection with the individual circuits

in each phase arranged for series connection with correct polarity relation of circuits. The diagram
for three circuits per phase, for example, is as shown in Fig. 2-63.*

Figure 2-63
Diagram for Three Circuits per Phase

B. SECOND

Starting with T1 at the outside and top of the diagram, the ends of the circuit shall be numbered
consecutively in a clockwise direction proceeding on a spiral towards the center of the diagram
For three circuits per phase, for example, the terminals are marked as shown in Fig. 2-64.*

T1 _-ﬁh"'ﬁ.

.----'—LI'I"5 \\“

. 3
o~ TS \
.i" ,-‘""_r" \1

L]

L]

frgsSTie | -TE !
T4! 4 .
]

N [
¥ v % ’ H
N 4 ":r“- ! i
\ . . #

r

‘L \.'.‘-- .‘.“’ .
. !r
\“ T7 L
- -
‘-"‘ha. _-I"-F
T3

Figure 2-64
Terminal Markings for Thrree Circuits per Phase
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C. THIRD

A schematic vector diagram shall be drawn showing the particular interconnection of circuits for
the motor under consideration and the terminal markings as determined in accordance with par. A
and B shall be arranged to give correct polarity relation of circuits. If the winding in Fig. 2-64 is to
be connected with three circuits in multiple per phase, the diagram and markings shall be as
shown in Fig. 2-65.*

TL T T%
T6 TS
T4 T8
Ti2 T10

T6 T3 TIi1L

Figure 2-65

Terminal Markings for Three Circuits per Phase,
All Circuit Leads Brought Oul.

D. FOURTH

The highest numbers shall be dropped and only the lowest number shall be retained where two or
more terminals are permanently connected together. If the winding shown in Fig. 2-65 is to have
the three circuits in each phase permanently connected together with a single line lead brought
out from each end of each phase, the terminal markings shall be as shown in Fig. 2-66.*
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Tl

T4 T2

T3

Figure 2-66
Terminal Markings for Three Circuits per Phase
Connected in Parallel Inside the Motor.

E. FIFTH

If a two-phase three-wire power supply is used, T3 and T4 shall be connected together and only
the T3 marking shall be retained for the common wire.*

F. SIXTH

If the two phases are to be interconnected at the midpoint to connect to a two-phase five-wire
system, the midpoint terminal shall be marked T0.*

* Approved as NEMA Standard 11-16-67
t Approved as Authorized Engineering Information 11-16-67
MG 1-2.67 Two-Speed Single-Winding Two-Phase Induction Motors

Since there is only one commonly used winding arrangement for these motors, no attempt has been
made to develop a method for determining terminal markings. The schematic diagram for the commonly
used winding arrangement shall be as shown in Fig. 2-67.*
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T1 TS
T2
T4 -
Té6
L]
T3
Insulate
Speed L1 L3 L2 L4 Separately
Low T TS5 T2 TG T3-T4
High (T1,T5) T3 (T27T8) T4¥
Figure 2-67

Two-speed Two-phase Variable Torque

MG 1-2.68 Terminal Markings For Two-Phase Induction Motors Having Two Or More Synchronous
Speeds From Two Or More Independent Windings

A. EACH INDEPENDENT WINDING GIVING MORE THAN ONE SPEED

The winding giving the lowest speed shall take the same terminal markings as determined from
MG 1-2.66 for the particular winding used. The terminal markings for the higher speed windings
shall be obtained by adding 10, 20, or 30, etc., to the terminal markings determined from MG 1-
2.66 for the particular winding used, the sequences being determined by progressing each time to
the next higher speed. The terminal markings for a two-speed motor using two single-speed
windings shall be as shown in Fig. 2-68.*

B. EACH INDEPENDENT WINDING RECONNECTIBLE TO GIVE TWO SYNCHRONOUS SPEEDS

1. First—Each winding shall be given the terminal markings shown in Fig. 2-67 of MG 1-
2.67.*

2. Second-No change shall be made in any of the terminal markings of the winding giving
the lowest speed irrespective of whether the other speed obtained from this winding is an
intermediate or the highest speed.*

3. Third-Ten shall be added to terminal markings of the winding giving the next higher
speed and an additional 10 shall be added to all the terminal markings for each
consecutively higher speed winding. The terminal markings for a four-speed motor using
two windings shall be as shown in Fig. 2-69.*
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C. TWO INDEPENDENT WINDINGS AT LEAST ONE OF WHICH GIVES ONE SYNCHRONOUS
SPEED AND THE OTHER WINDING GIVES TWO SYNCHRONOUS SPEEDS

1. First—-Each winding shall be given the markings determined in accordance with MG 1-
2.66 or MG 1-2.67.*

2. Second-No change shall be made in any of the terminal markings of the winding giving
the lowest speed.*

3. Third-Ten shall be added to all terminal markings of the winding giving the next higher
speed, and an additional 10 shall be added to all the terminal markings of each
consecutively higher speed winding. The terminal markings for a three-speed motor using
two windings shall be as shown in Fig. 2-70.*

NOTE:

If, under any of the provisions of this standard, the addition of 10, 20, 30, etc., to the basic
terminal markings causes a duplication of markings due to more than nine leads being
brought out on any one winding, then 20, 40, 60, etc. should be added instead of 10, 20,
30, etc., to obtain the markings for the higher speeds.t

MG 1-2.69 Terminal Markings Of The Rotors Of Wound-Rotor Induction Motors
See Fig. 2-71.aand 2-71.b.*
* Approved as NEMA Standard 11-16-67

T Approved as Authorized Engineering Information 11-16-67
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Ti T1l
T4 T2 Ti4 Ti2
T3 Ti3
Fig. 2-68
T1 T5 Tll TIi5
T2 Ti2
T4 T14 -
TG T16
T3 T13
Fig. 2-69
Tl Tll T15
Ti2
T4 T2 T14 <
T16
T
T3 T13
Fig. 2-70
M3 M1 M1 M2 M3

M1

Fig. 2-71.a Fig. 2-71.b 34
Three-phase Wound Rotor Two-phase Wound Rotor
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