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of Defense (Supply and Logistics), Washington 285, D C.
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D.C. generators
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Series generator without commutating field

Shunt generator with commutating feld

Compound generator without commutating field

Compound generator with commutating and compensating fields
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Shunt geperstor with commutating and compenzating fields

Compound generator with commutating feld, but without equaliser
connection

Three-wire shunt generator without commutating field

Three.wire shunt generator with commutating field

Three-wire compound generstor without commutating field

Three-wire compound generator with commutating ield

Shunt motor, nonreversing, without commutating field, two leads
brouoht oot
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Shunt motor, nonreversing, without commutating field, three leads
brought out
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Shunt motor, reversing, without caninutating field

Shant motor, nonreversing, with commutating fleld, two hd-
brought out

Shunt motor, nonreversing, with ecommutating field, three lndl
brought out

Shuant motor, reversing, with commutating field

Series motor, nonreversing, without commutsting field

Series, motor, reversing, without commutating fleld

Series, motor, nonreversing, with commutsting field

Beries, motor, reversing, with commutating field

Series, motor, reversing, without commutating field, split-aeries

Compound motor, nonreversing, without commutating feld, two
Jeads brought out

Compound motor, nonreversing, without commutating field, three
leads brought out

Compound motor, reversing, without commutating field

Compound motor, nonreversing, with commutating fleld, two leads
brought out

Compound motor, nonreversing, with commutating field, three
leads brought out

Compound motor, reversing, with commutating field, five leads
brought out

Compound motor, reversing, with commutating field, six leads
brought out

Compound motor, reversing, with compensating and commutating
fields, six leads brought out

Single-phase synchronous generator or motor

Single-phase, dual-voltage motor

Single-phase motor, reversible, split-phase, with automatic cut-out

Single-phase motor, nonreversible, split-phase, with automatic
cut-out

Single-phase motor, reversible, split-phase, with mamal cut-out

Single-phase capacitor-start capacitor-run motor and single-phase
capacitor-start induction-run motor

Single-phase motor, reversible, split-phase, permanent capacitor

Single-phase motor, induction, with starter nonreversibility

Single-phase motor, series universal, nonreversing, without comw-
pensating fields

Bingle-phase motor, series universal, reversing, without compensat-
ing fialds

Single-phase motor, series, with conductively compensated separate
stator windings

Single-phase motor, series, reversible, with conductively com-
peusated separate stator windings

Single-phase motor, series, with inductively compensated upnute
stator windings

Repulsion, repulsion-induction and repulsion-start induction rum,
all single-voltage and without compensating windings
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mpnmon, wpnhlon-.lnduchon and npn.lnoo-d.ln indoction run,
all doabie-voitage and without compensating windings

Repulsion motor, single voltage, inductively compensated

Repulsion motor, double voltage, inductively compensated

Diagram for two clreuits per phase

Conpection markings for two circuits per phase

Conpection markings for two circuits in parallel per phase :

Conpection markings for two circuits in parallel per phase,
permanenily conbecisd . : :

Connection markings for series or parallal connactions

Conpection markings for delts-counected windings

Variable torque motor

Coustant torque motor, arrangement 1

Constant torque motor, arrangement 2

Constant horsepower motor, arrangement 1

Constant borsepower motor, arrangement 2
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Conpection markings for three circuits per phase

Connection markings for three circuits in parallet per phane —
al] eircuit leads brought out

Conpection markings for three circuits per phase connected in
paraliel inside the motor

Two-speed, two phase variable torque

Twoansed snntnr n-in. twn wincls.aneed erindines
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Four-speed motor ulins two windings

Three-speed motor using two windings

Three-phase, wye-connected aircraft motor with six leads brought
out

Three-phase, vyo-ennnntnd aircraft motor with phases initially
separated for dielectric tests

Three-phase, wyes-connected alreraft motor .

Standard two~ and thres-phase collector ring motor (usual coo-
nection wye)

Two- and threephase collector ring induetion motors, with two-
phase rotor

Shunt-wound three-phase synchronous converter without com-
mutating field

Shunt-wound three-phase synchronous converter with commutating
fleld

Shunt-wound six-phase synchronous converter without commutat-
ing field

K} Shunt-wound six-phase gynchronous convertar with commutating

fleld
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Compound-wound six-phage synchronous converter without eoen-
mutating fleid

Compound-wound six-phase synchromous ecmverter with com-
mutating Held

Compound-wound three-phase synchronous converter without com-
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Compound-wound three-phase synchroncus converter with eom-
mutating field
transformer, simple H and X windings with tape
(subtractive polarity) S o
Bingle-phase transformer, simple H and X windings with taps
(additive polarity)

Sin:lo-phm transformer, series mulﬂple X winding without tape
(subtractive polarity)

ﬂlnah.n'h-n transformer, aarion gtl“_:!p!g X windins with tlﬂ
(nddltlve polarity)

Auto-transformer (subtractive polarity)

Bmglo.phue trangformer, three-wire series connection where
neutral is brought out between utbu' two leads (subtractive
polarity)

Single-phase transformer, three-wire series connection where
peutral is brought out between other two leads (additive
polarity)

Singie-phase transformer, two-wire parallel connection where
neutral ia brooght out between other two leads {additive
polarity)

Single-phase transformer, two-wire paralle! connection where
neutral ia brought out between other two leads (subtractive
polarity)

Single-phase transformer, two-wire series connection {subtractive
polarity)

Single-phase transformer, two-wire series convection (additive
polarity)

slncle-phue transformer, two-wire parallel connection (sub-
tractive polarity)

Single-phase transformer, two-wire parallel connection (additive
polarity)
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polarity)

Single-phase transformer, 120-volt class connection (additive

larity)

sglo-pgm transformer above 120-volt class conpection (sub-
tractive polarity)

Single-phase transformer, above 120-volt clam connection {(ad-
ditive polarity)

Bmtle-phne transformer, three-wire aerlea connection trans-
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polarity)
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Single-phase transformer, three-wire series connection tranz{ormer
where peutral s brought oot to gide (additive polarity)

Two-wire paralle] conpection transformer where neutral is brought
out to side (subtractive polarity)

Two-wire parallel connection transformer where neutral is brought
out to side (additive polarity)

Connections for transformers {n parallel

Three-phase trunsformers without taps, angular displacement ©
degroe

Threo-phase transformers without taps, angular displacement
80 degrem

Three-phase transformers with taps, angular dhphmt
80 degrees

Angular digplacement and connections-singie-phase tranaformery .’
connected delta-delta and wye-wye in threephase banks with
0 degree angular displacement

Angular displacement and conpections-single-phase transformers
connected delta-wye and wyo-delta in three-phase banks with
80 degrees angular displacement

Three-phase transformers connected delta-delta and wye-wye with
0 degree angular displacement

Three-phase transformers connected delta-wye and wye-deita with
80 degrees angular displacement

Auto-transformers

Six.phase transformers without taps, angular displacement
0 degree

Bix-phase transformers without taps, angular displacement
80 degrees

Bix-phase transformers with taps, angular displacement 80 degrees

Bingle-phase, full wave bridge type metallic rectifier stack assembtly

Three-phase, full wave bridge type metallic rectifier stack assembly

Three-phase, four-wire, half wave type metallic rectifier stack
assembly

Six-phase, full wave bridge type metallic rectifier stack assembly

8ingle-phase, full wave bridge type power supply with transformer

Three-phase, full wave bridge type powsr supply with tranafcrmer

Three-phase, full wave bridge type regulated, power supply with
transformer
TABLES

Markine nomenela aTmmary
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1. BCOPE

1.1 Secope. — This standard covers uniform
conpectiop marking for the following equip-
ment:

Direct-current generstors.
Direct-current motors.
Alternating-current generstors.
Alterusting-current motors.
Synchronous convertars.
Dynamotors.

Transformers, power.
Controllers

SBtarters.

Brakes.

Metallic rectifier type power suppliea.
Regulator sets, generator voltage.

This standard does pot necessarily apply to
the marking of connections used to inter-
connect the devices within the enclogure.

1.2 Parpose. — The purpose of this stand-
ard s to establiah uniform connection mark-
ing for electric powar assemblim. The stand-
ard, when used, will aid in making connee-
tions between the assemblies and other parts
of the electric power system, and will pro-
vent improper connections which may result
in unsatisfactory operation or damage.

2. REFERENCED DOCUMENTS

2.1 The following standard, of the issne in
effect on date of invitation for bids, aball
form a part of this standard.

STANDARD

MILITARY

MIL-STD-104—Limita for Electrical In-
sulation Color.

3. DEFINITIONS

3.] Definitions (for the purpose of this
standard).

3.1.1 Agsemdly. — An assembly i3 a num-

MIL~-STD--194
20 Ousher YOI

ber of parts or suhassemblies, or both, o
bined to perform a specific function.

312 Comnection. — Conpection refers
tarminal isads (with or withogt lug tarm
pals), terminal boards, stod teyminals, fee
through tarminala, and bus bars which fox
a part of the azsembliss specified in 11.

8.L8 Commection, sepaties. — The nag
tive compaction i3 the one from which din
current enters a direct-current genersh
rectifier or the output side of & converter &
from which direct current laves a dire
current -(d.c.) motor, input sife of an |
verter, dc. field winding or other d.e. pow
consuming device. By this definition, the ek
tron flow {3 from the commutator to negath
brush in the case of a d.c. genemator, fro
pegative brush to commutator {n the case «
s d.c. motor, or from degative brush to ¢
Jector ring in the case of & rotating
alernating-current a.c. generator or mol

3.14 Comnection, positive, — The posit
connection is the ane from which d.c. Jea
a de generator, rectifier or the cutput
of a converter and into which d.c. entar
dcmoterinput side of an inverter, dc. £
winding or other e power consuming
vice. By this definition, the electron flowm
from the positive brush to the conamuta
in the case of a d.c. generator, from the
mutator to the positive bruah in the case ¢
d.c. motor, or from a collector ring to posit
brush in the case of & rotating fieild ac. g
erstor or motor.

8.1.5 Marking. — Marking refers to lette
pumbers, symbols, and colors applied to
assembly for identification or informatior

8.1.6 PAcss seguence. — For polyphass
generating machines, phase sequence is
arder ip which the voltages successively m
thefr maximum positive valuves between «
pectiona.

3.1.7 Standord direction of rotation.—
lesa otherwise reguired by the applicat



Downloaded from http://www.everyspec.com

MR-STD-193
20 Owwber 1985

mmnhmnededtormnduddl-
rection of ahaft rotation.

Im-‘l‘homndaﬂdlncﬁonofmﬂ
mmmumm
facing the end opposite the drive.

G‘ i .—T-uk‘ _a__18 ‘L__H_d
shaft rotation for generators is clockwise

whan facing the end opposite the drive.

21.7.1 Eosptions to standard divection of
shaft rotstion. — Whare more than two ma-
chines are mechanically coupled, this rule
mnotnppbtndlnuhim

& GENERAL REQUIRBMENTS
41 Uudbttul.mu-hmdty-hds‘

411 General. — The markings shall con-
sist of the following forms or combinations

(c) Bymbol, usually arithmetical. The
uss of gymbals is Hmited in this
standard,

{d) Gobreadiu,m!m-toshnd-
ard MIL-8TD-104 of the follow-

MM'
(1) Bolid colors.
(2) Tracer colors on & beck-
ground of cream to white

CUHLDOCMEUL W UG HARE AL &RVUIY & LI

specified berein: forms, and representative subscripts or other
of fortms fled ) appropriats marking, when applicable.
(a) Sans-serif (Gothic) capital letter of
the alphabet. * This standard ia met intended to establich ecler
(b) Arabic number used as & Subscript o giactromic aquipment, scler snding for reistory, r
to a letter. cslor eading far electrenic eguipmest.
Tanis I. Marking nomonclsture summary
[P ———
Penctional purt Bartiey alvesnlt atury
{emaplen) Wiah of weewr
Ouler avid? S
r T Hack Narrew
T Bad Nerrew
T, Green Wide
AMzmrnating-current generators and rsctors 4 Ts R Narrow
Ts Orange Wide
i Te Brown Wide
LT Whike (creem
» whits to
lght gray) LSO
Bias whdlag connections {rectifiar power sup-
y) BC,, BCy, BC;
Braks B BB Erows Wide
Ag White {ceam
o whils »
j light gray)
Brush 6d armature commutator A (" Black Nurrew
Cremn Wide
l Res Narrow
LA

o~
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Tamal Morking sonemelstwre summery—Continved

Culiw anie for draamsins and
T (emampdue ) WIS of man
Ouber arled whae wniP
. AT White (cream
Br-hn.mmmnhmmnﬂdb- b'lhb)
tarnally to ahant Seid . Nght gray
lruhnaﬂ:ﬁrrhu(nmtbuﬂ‘) My, M, My
Coutrol winding eonnection other thas fond-
beck and Mas (rectifar powsr supply) OC, CCa©OCs | .ccceen.
fesdback signal connections (rectifiay
m;:: supply) CF. CFa. CP, - -
; Lowest vol :
""'?..&"33: ter i renesare v e et ee White Narrew
N‘lh [ —— S Rack Narreow
Dual inpot (naxt bigher votage; tf may):
Positive a———— Grean Narrow
Nequtive s e e e e a T Brown Narrow
fingls ontput (or Jowest voltage): o -
Pogltive U, Rad Narrow
Negative | e Bloe Narrew
sscond highest vo! ):
Mm( i e crrrssasennanT it ib Rad Cresn, carrow
Negative et tennrsnssenesnnnes Gresn Grem, narrow
(highest voltage):
Wm v crtmmesnrremeantnarares Red Black, narrew
Negutive c————toastasanssoasnat Ploe Black, parrew
Equalising Jead = (egquality sign) etrssesassnnoms | smsmeriemerseseieen
.“-“‘d. ”mgt_l_gl_g 01. c’ [ -
5 Red Narrow
Field, seriem 8 Black Narrow
. | & Gremn Wide
Piald, shunt ) £ Red Narrew
Pia)d, serias and shunt fiald connectad
Intarnally (L% Black Narrow
Piald, mries, for engioe startar guoarater 874,81~ c——
Line La, la le Orange Wida
Metallic rectifier stack assemably; ac input
eoanections ACLACL ACy | e e | ceveeeaee —
Swire tor) Appropriate Iatter Wiits {(creans
Neutral cmnections (except geasrs prerd . v
sadecript Light gray) P o
numerat 0
Neutral csanection frem balance coll on
$-wire dc. gudarator I T
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Tams 1. Morising nemenalntiry rammery—Contizend
Onler ande bar m~ -d
[
Taebing
Prostizas) gunt (i) T of
Oular suli® whae sl

Putantial foadback signel spnnections

(rectifier powwr supply) PRLIPL P, e meee e e
Power supply, rectifr typs, swtput conmec-

tiene Dy Da Dz ————— e
Resctor far moter starting 4 1L13 S
Ragister, armature and miscallanssns Ra, Be, Ry e ramea e rraem
Ragistor, dynamie braking DRy, DRy, DRy S—
Rasigtor, shunt braks BR,, HR,, BR, evrnmsammn o menn
Reuister, shunt field adjusting V.Va ¥, S
Tranxformer, power, avto, for motor starting Mark in peromnt of

full veltage
Exampls: 0, 50,
&5, 00, 100

Transformer, power, winding Ne. 1

(single-phase /single-phase and

5-phase/3-phase, highest voltage winding

and $-phase/6-phase, 3-phase winding) H,, Hy, H; -
Weﬂ:-, powsr, winding No. 2 X, Xy X, -
Transformar, power, winding No. 8 Y, Y2 Y, eeeosvamtrensmann
Transformer, powsr, winding No. 4 2 A9 7 N S

! Atrgrafy meotary shall bo Mentiied o is sostion § wr Uueush the knd Jongthy by thin ande.

# Colors ghal emtiarm t» Smsderd NIL-STD-104.

? Trooer wiere thall be wu & bashigronnd of s % white o Bpht oruy.

4.3 Method of permanently marking specific
types of compections.

431 Terminal leads. — In the case of ter-
minal leads, the letters, numerals and sym-
bols shall be etched, engraved, stamped or
east in (a) a fiber, metal or plastic piece
which shall be securely attached to the lead
or (b) that part of the lug terminal not in-
tended to make electrical contact; metal
pieces ahall not be utilizsed to identify air-
craft termipal leads

482 Terminal bosrds. — In the case of
terminal boards, the letters and numerals

4

shall be etched, engraved, stamped or cast in
the terminal board adjacent to the terminal
or in a terminal marking strip or designation
plate adjacent to the terminals.

423 Stud and feedthrough terminals. — In
the case of stud terminals or feedthrough
terminals, the marking shall be etched, en-
graved, stamped or cast in the equipment ad-
jacant to the terminal or in 8 terminal mark-
ing strip or designation plate adjacent to the
terminals.

4 3.4 Buz bars. — In the case of bus bars,
the marking shall be stamped in the bua bar
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at & location which ia near to, but pot a part
of, that ares which is required to maks the
actual electrical conpection. In addition, the
marking shall be stched, engraved, stamped
or cast in the enclosure or frame directly ad-
jacent to the point of entry in an appropriate
designation plate similarly located.

4.4 Slze of marking. — The depth of let-
ters, numbers and subscripts sball be pot less
than 0.008 inch. Exclusive of subscripta, the
preferred aize of each letter, number, and
symbo) ghall be as follows:

4.4.1 Terminal leads, — The marking shall
be not less than ¥, inch in height when the
outside diameter, including any insulation, of
the terminal lead is ¥, inch or less. The
marking shall be not leas than 34 inch in
height, if lead diameter is greater than ¥,
inch. :

442 Terminal bdoards. — The marking
shsll be not less than ¥4 inch in height when
the outaide diameter, including any insula-
tion, of the internal leads connected to the
board is ¥, inth or less. The marking shall
be not less than 34§ inch when outside diam-
eter of leads is larger than ¥, inch.

443 Stud and feedthrough terminals. —
The marking shall be not less than ¥, inch
in height when the diameter of the studs or
terminals is 14 inch or lesa, when the diam-
eter of the studs or terminals is larger, the
markings shall be not less than I inch.

pot more than the full beight of the basic
Jetter which they follow. The position of the
subscript shall be such that it is bisected by
8 horizontal line tangent to the base of the
Iatter which the subecript follows:

1

30 Oceber 1

4.4 Use of subocript axmernls.

4.8.1 Sxbscrip! numersls on connection
d.. mackinez and converters. — The mu
ings o the connections of & d.c. machine s
indicats the relstion of circuits within
machine. Bubscript pumerals shall be de
mined on the following basis:

(a) The subscript numerals of com

tions of d.c. machines ahall be
loctad 80 that with curvent di,
tion in any single exciting wind
from a lower to & higher subar
oumeral, the generatad vol
(counter electromotive fore
the case of a motor) in the 1
sture from this excitation 1
{for standard rotation, make ¢
ature conpection A, positive
conpectionn A, negative.

{b) Markings of auxiliary exci

windings (such as series field,
dual shunt fields) shall be |
that the excitation of the as
jary windings is cumulative -
current flow in the same di
thon, with respect to the subsc:
numerals, as the main field wi
ing.

(c) On d.c. machines, when an a

ture lead passes through the
mutating, compensating, or s
field or any combination of {
fields before being brought ou

Jead ahall be an A, A, A, &
plicadle, provided all internal
pections are permanently t
and that no leads (including |
to shunt fields) from junctio
combinations of these fields
also brought out for connec
to an external circuit. If &
from aueh junctions are bx
out, the one used &3 an equl
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ture cireuit load shall have a dual
marking (A,F. B,F,) indicsting
its armiture circuit fupction and
ita shunt field function. Armatyre

fom e el Py Py
W_!. P ﬁf diua =.L.—-6 Aald

intu'unywnnedgd.

4.82 Subseript numerals on connections of
oc. mackines. —

4.62.1 In a.c. generators, the subsceript nu-
merals, indicate the order in which the volt-
ages at the connections reach their maximum
nn-ihv- valnes {phass asguence) with stand.

SET W vem e G =t

d.lrd rotation; hence for counterclockwise
shaft rotation when facing the same end, the
phue sequence will be 1, 8, 2.

4.822 In a synchronous converter, the se-
quence of the subscript numerals 1, 2, 8, 4, b
and 8 applied to the coliector ring connections
M, M, M, M, M, and M, indicates that
when the transformer leads on which phase
sequence is 1, 2, 8, 4, 5 and 6 are connected
o correspondingly numbered collector ring
connections on which the phase sequence is
1,2 8,4, 5 and 6, the shaft rotation of the

e LM ha alaalemt . e bae laemad
OULVENET ANl D& TOCEWLME Wit viewed

from the d.c. or commutator end.

4823 Subscript numerals on connections
. of polyphase induction motors. — In the case
of polyphase singlespeed motors equipped
with integral terminal boxes, the subscript
numerals ob line terminals L, L,, L,, shown
in the table accolnpanying the three-phase

sAnta- Aiasrams I:_h.e n‘s-n --nena of ulg

incoming power Inda shall be indicated.
When the leads are connected as- shown in
the table, the motor ghali have the standard
direction of rotation. For two-pbase motors,
regaidiess of the class of motor or the type

chine, bat the series field connection to the
armature shall be shown reversed. (Commu-

tating, SompeD —“-- vy | ﬁ-ﬁ .-ld =‘—1‘_

.lnﬂmabownontheA side of the armature

but this location although preferred, is not
standardized). These windings may be con-
pectad on one side of the armature or may
be divided part on either side.

512 Three-sunre (see figures 7 to 11) —

.Direction of rotation shall be standard. When

ALL _h _ 1 L

three collector rings are used they shall be
marked M,, M, and M,; two collector rings
shall be marked M, and M,; one collector
ring shall be marked M. For differential con-
pection of the series fields, no change shall
be made on the field leads or connection
markings on the machine, but the connection
of the series field to the armature shall be
shown reversed.

5.1.3 Additional merking requirements. —
When facing the and opposite the drive end
and when reading from front (the end oppo-
gite drive) to back right tn left or tob to
bottom.themnedsonmrhmlhnnben-
ranged in the following order for clockwise
rotation: Positive {(+), peutral, if provided
(+) negative (—) tormﬂoekwhem-
tation: negative (—), peutral, if provided

(2), and positive (4)

8.14 Gesokine or Diessl driven generators
with serics crenking winding —Series wind-
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ings shall be marked “ST" followed by the
appropriate polarity marking.

515 Rotary amplifiers. — The markings
shall conform to 5.31. The output load Jeads
shall be marked A, (—) and A, (+).

8.2 D. c. motors shall be marked in acoerd-
ance with figures 12 to X incasive.

5.2.1 SAuntawound (see figures 18 to 17 én-
clusive). — Direction of shaft rotation far
nonreversing motors shall be standard. Con-
pections ahowp in these diagrams will give
standard shaft rotation. (Commutating field
windings are shown on the A, gide of the
armature, but this location, although pre-
ferred, s not standardizad.) This einding
may be connected on one side of the arma-
ture or may be divided part on either side.

5.2.2 Sericawound (see figures 18 to £2).
~Direction of shaft rotation for nonrevers-
ing motors shall be standard. Connections
ghown in these diagrams will give standard
shaft rotation.. (Commutating and series field
windings are ahown on the A, side of the
armature but this loeation, although pre-
ferred, iz not standardized.) These windings
may be eonnected on one side of the arma-
ture or may. be divided part on either side.

823 Compound-wound ond stabiliced
shunt-wound (see figures £3 to 30 inclurive).
—~—Direction of shaft rotation for nonrevers-
ing motors shall be standard. Connections
shown in these diagrams will give standard
shaft rotation. (Compensating, commutating
and veries feld windings are shown on the
A, side of the armsture but this Joeation, a)-
though preferred, is not standardized ) These
windings may be connected on cne side of the
armature or may be divided part oo efther
side. For differential connection of the series
fields po change ahall be made on the fiald
Joads or connection markings oo the machine,
but the counection of the series fiedd to arms-
ture shall be shown reversed.

83 A . ¢ gwmennters and gynchrensms
meters.

MA-SN
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53.1 Three- two- and ringle-phase.—
phase ac. generator and gynchronous
a.c. windings shall have connection
fugs as described in 6.4.3 for thre
{nduction motors.

The connoction markings of 4.4
windings shall be F, and ¥ .

5.3.1.1 Additional reguirements for
phaze generators, — When facing &
opposite the drive end, and when 1
from front (the end opposits drive) t
right to Jeft, or top to bottom, the «
tion markings aball be arranged in {
Jowing order for clockwise rotation:
- orrohﬁuﬂeldgmadonmdl

or rotating armature generstors
fonowiuorduforeonntm:lod‘
‘l'. '» T, for rotating field pen
o M, M.) for rotating armatm

=3

st

532 Ac. single-phosc motors sh
maorked i accordance with figures &4



Downloaded from http://www.everyspec.com

29 Oceber 1953

sean odd subscript numbers in ane-phase and
mnhna‘lptnumbenintheutherphm)
be marked in accordance with
75 indusive.

v af aaleshass tnduction mo-

———— vy FYCRE

Induction motors of the collector-ring

squirrel-cage type are divided into the
following ciasses for determining connection

ek

]

{

e 4l

S

%

Claszs 1 — Threephase motors baving
one xynchronous speed. (See 5.43.)

Clazs 2 — Three-phase motors having
two synchronous speeds obtained from

s reconnectible winding. (See 544.)

Class 8 -— Three-phase motors having
two or more synchronous speeds ob-
tained from two or more independent

windings. (See 5.4.5.)

Class 4 — Two-phase motors having
one srnehronous speed. (See 65.4.6.)
Class 56— Two-phase motors naving
two synchronous speeds obtained from
a reconnectible wipding. (See 5.4.7.)

Clasas 6 — Two-phase motors having
two or more synchronous speeds ob-
tained from two or more independent
windings. (Bee 5.48.)

EA2 Purpose of rules applying to indue-
tion motors, — Since the windings of a motor
are seldom accessible, the markings of the
connections are used to show the relstions
of the windings within the motor. A cloek-
wise rutation in the sequence: of connection
numbering shall be used as described in sub-
sequent paragrapha. For three-phase motors
having two synchronous speeds obtained
from a reconpectible winding, it is undesir-
able to adbere to ths clockwise system of
pumbering for all connections, as this would
cause the motor to run with clockwise shaft
rotation on one speed and counterclockwine
on the other speed if the power lines are
conhected to eack aet of connections in the

same sequence. Foir two-phase motors, re-
the clase of motor or the type
of winding, the rules are such that odd 'sub-

5.43.1 Wye-connected windings.

(a) A schematic vector diagram ghall

be drawn showing an inverted
wye connection with the indi-
vidual circuits in each phase ar-
ranged for series connection with
correct polarity relation of eir-
cuits. The diagram for two cir-
cuita per phase, for example,
shall be marked as shown on

figure 49.
(b) Btarting with T, at the ouvtside and

'
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(d) The highest numbers shall be
dropped and only the lowest num-
ber retained where two or more
terminals sre permanently ocon-
nected together. If the winding

three line leads and three neutral
leads brought out, the connection
markings shall be a8 shown on
figure §2. If the winding on figure
50 is to be arranged for either a
series or s parallel connection,
the diagram and connection
markings shall be as shown on
figure 53S.

{e) Wkere the ends of three colis are
conpected together to form a
permanent neutral, the connec-
tion markings of the three leads
8o connected shall be dropped. If
the neutral point is brought out
it shall be marked T,

5.438.2 Delto-comnected windings.—Where
& winding is to be delta-connected, the in-
verted wye diagram ashall be rotated 80 do-
grees counterclockwise as shown on figure 49.
T, shall be azzigned to the outer end of the
top leg and the numbering shall eonform to
ftem b under 5.4.3.1 and figure 50. There
ahall then be constructed, s achematic delta
in which the T, leg of the rotated wye be
comes the right-hand side of the delta, the
T, leg becomes the bottom (borisontal) side
and the T, leg becomes the left aide af the
delta. Items ¢, d and e under 5.43.1 ghall be
applied as far an they are applicable to &
delta connection as shown on figure 54.

5.4 4 Class 2 induction motors.—Inasmuch
as part of the connections follow & clockwise

MIL-STD-19

20 Gunbar N
rotation and part a counterclockwise rotatic
in arder to obtain the same direction of rot
tion for both speeds when the line leads &
conpectad in the same sequence, it {s diffies
to give a written rule for connection mar
ings. As a conseguence, schematic diagrem
for conbection markings are sbown for th
few types of reconnectible windings oo f£-
ures 48, 49, 60, 61, and 62. T, T, and T, ¢
clockwise in all cases and are always the
connections for Jow speed. If a neutral ke
is brought out it shall be marked T,

845 Class 2 induction motors,

5A45.1 If each independent winding gh
only one gynchronous speed, the winding g
ing the lowest speed shall take the same e
pection markings as determined in 5.4.3 1
class 1 motors for the particular windi
wsed. The conpection markings for |
higher speed windings shall be obtalned
adding 10, 20, or 80, to the connection ma!
ings as determined in 5.4.3 for class 1 moto
for the particular winding used, the e2quen
being determined by progressing esch ti-
to the next higher speed. Figure 61 is
example of the connection markings fo
three-speed motor using three windings.

5.4.52 If each independent winding is
conpectible to give two synchronous spee

(a) Diagrams of the windings to
used shall be drawn and @«
winding shall be given the ¢
pection markings showp tn &
torrh.nz‘motnn.

(b) No further change shall be mad:
any of the conpection markl
of the winding giving the low
speed, ve of whether {
other speed obtained from €
winding is an intermediate or
highest speed.

(¢) Ten ahall be added to all connec
markings of the winding git
the pext higher speed, and
additional 10 {s added to all
coapection markings for each
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secutively higher speed winding.
Figure 61 is an example of the
connections markings for a four-
speed motor using two windings.

5A4.5.3 If two or more types of independ-
ent windings are used, part of which give
only one synchronous speed and the rest give
two synchronous speeds by reconnection:

(a) Each winding shall be given the
markings as determined in 5.43
for class 1, and 6.4.4 for ciass 2
motors, as the case may be.

(b) No further change shall be made
in any of the conpection mark-
ings of the winding giving the
lowest speed, irrespective of
whether the other speeds ob-
tained from this winding are an
jintermediate or the highest speed.

(¢) Ten shall be added to all connection
markings of the winding giving
the next higher speed and ap
additional 10 shall be added to all
the connection markings of each
consecutively higher speed wind-
ing. Figure 62 is an example of
the connection markings for s

threespeed motor using two
windings.

5.4.54 If, under any of the paragraphs of
the rule for class 3 motors, the addition of
10, 20, or 80, to the basic connection mark-
ings causes a duplication of markings due to
more than 9 leads being brought out on any
ope winding, then 20, 40, or 60, shall be
added_instead of 10, 20, or 80, to obtain the
markings for the higher apeeds.

5.4.5.5 The figures shown for class 8 mo-
tors apply when stator connections of all
windings are at the same end of the motor.
Where on? or more of the windings has stator
connections at obe end of the motor and part
on the other end, the sequence of the conrec-
tion markings for connections at one end
may be showr on the diagram as shown on

10

the illustrative figr—es, and the connection
markinge for those brought out on the oppo-
site end may be shown reversed in rotation.
Where diagrams use this reversed rotation of
markings, an explanatory note shall be in.
cluded for the benefit of the controller of
supplies in showing that when'L.,, L., and L,
are connected to any winding with the same
sequence of subecript numbers (T,, T,. T, or
T To Te or To, T,,, or T,,), the shaft rota-
tion will be the same.

5.4.6 Class § induction motors—The fol-
lowing rules may be applied to determine the
connection marking of any two-phase in-
duction motor atator having only one syn-
chronous speed regardless of how many cir-
cuits per phase there may be or how they are
connected and they determine definitely which
circuits belong in the same phase, and also
the polarity of the circuits. A schematic dia-
gram shall be drawn with the individual cir-
cvits in eack phase arranged for series con-
pection with correct polarity relation of
circuits as shown on figure 68. Starting with
T, at the outside and top of the diagram, the
ends of the circuits shall be numbered con-
secutively in a clockwise direction proceeding
on & spiral towards the center of the dia-
gram. For three circuits per phase, for ex-
ample, the conpections shall be marked as
shown on figure 64.

54.6.1 A schematic diagram shall now be
drawn showing the particular interconpec-
tion of circuits for the motor ander consider-
ation, and the conbection markings as de-
termined in the preceding paragrsphs shall
be arranged to give correct polarity relation
of circuits. Where the winding on figure 64 is
to be connected with three circuits in multi-
ple per phase, the diagram and markings
shall be as shown on figure 65.

8462 The highest numbers ghall be
dropped and only the Jowest nutnber retained
where two or more connections are perms-
nently connected. Where the winding on fig-
ure 65 is to bave the three circuits {n each
phase permanently comnected together with
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a single line lead brought out from each end
of each phase, the connection markings sball
be-as shown on figure 66.

5463 Where a two.phase three-wire
power supply is used, T, and T, shall be to-
uthermdon]ythe'r mrkiurchimdfor
I-I- anmmon

54.6.4 Where the two phases sre to be
{nterconnected at the midpoint to connect to
a two-phase five-wire gystem, the midpoint
conpection ahall be marked T,

5.4.7 Ciaas 8§ induction motore (see figure

¢8). — These windings do not readily lend
themaelves to the use of s written rule for

T =

determining their connection markings. Ac-
cordingly, each schematic diagram is ahown
with its markiogs. Connection markings for

class 5 motors sball be as shown on figure 66.

5.4.8 Class & induction motors.

5.4.56.1 Where e¢ack ipdependent winding

riveas anley ans svnshranata lnmd the wind.

'l'w WY VML OF Uil VaWRD WRE VY R WS
ing giving the lowest speed lh-ll] take the
same connection markings as determined in
6.4.6, for class 4 motors for the particular
winding used. The connection markiongs for
the higher speed windings shall be obtained
by adding 10, 20 or 80, to the connection
markings determined by rule epecified in
5.4.6 for class & motors for the particular

windine nasd Tha aamianase .‘l-“ ha dataw_

VAL ALY WAACAS. &4 L A WAL -ﬁ W s <

minedbyprocreulnz,uchﬁmtothenut
higher speed. The connection markings for

a twospeed motor using two single-spesd
winding shall be as shown on figure 68.

5.4.62 If each independent winding is re-
connectible to give two synchranous speeds:

(a) Vector diagrams of the windings to
be used shall be drawn and each
winding shall be given the mark-
ings shown in 5.4.7 for class &
motora.

1 Other diagrutas for class § motors will be added
&0 BECEMATY.

ML-STD--19!
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(b) No further change ghall bemade
any of the markings of the wiz
ing giving the lowest speed, in
spective of whether the otk
speed obtained from this windi
s an intermediate or the highx
specd.
{c) Ten shall be added to markings
the winding giving the pext hij
«r speed and an additional
shall be added to all the markic

cnmplo of t.be markings for
fourspeed motor using ¢
windings. .

5.48.3 If two or more types of indepen
ent windings are used, part of which gh
only one synchronous speed and the rest g°

two svnchronnna sneads by reconnastion

TN My eriean Waew v WP W W s e

(a) Each winding shail be given |
markings as determined fr
5.4.6, for clash 4 motors and b,
for elasa B motors, as the &
may be.

(b) No change ahall be made ip any

the connection markings of !
-‘im!im:r dnnv the lowest pe

are an intermediate or the h{
est speed.
(c) Ten shall be added to all conpect

soeed motor paing two windi

b el

5484 If, ander any of the pections of
rule for class 6 motors, the addition of 10,
or 830, to the basic connection marki
causes s duplication of markings due to =
than nine Jeads belng brought out on |



Downloaded from http://www.everyspec.com

MA-STD-193
20,_ Ocusher 1933

one winding, then 20, 40, or 60, ahall be
added instead of 10, 20, 30 to obtain the
markings for the highar speeds.

\

SA85 Comnection morkings — ocollector
ring motors, two- and thres-phase rolor eon-
nection. — The markings shown on figures 74
and 75 shall apply.

L5 Synchromens converters and dyma-
maten.

5.5.1 Synchronous converters shall be
marked as shown on figures 76 to 88 inclu-
sive. The direction of rotation ahall be stand-
ard.

652 Dynamotors shall be marked as
shown in Tabie 1.

5.6 Constant potential transformers shall
be-lrkedulhwpwﬁgmuwlluh-
clusive.

5.81 Application of rules. — These rules
specify the markings of leads brought out of
the enclosure but not the markings of wind-
ing connections-inside the enclosure, except
that these connections shall be marked with
numbers in any manner which will permit
convenient reference, and which cannot be
confused with the markings of the leads
brought out of the enclosures.

B.62 Morking of connections and identifi-
oation of windings.

{a) In general, the windingy of a trans-
former shall be distinguished by

pumbering No. 1, No. 2, No. 8.
The bighest voltage winding shall

always be No. 1 except for thres-
phase to nix-phase transformers.
(See 6.6.1.) The seguence of
winding numbers after No. 1 may
be by voltage or by Kkilovolt-
amperes, :

(b) After the letters identifying leads

have been amsigned, the winding
to which the respective leads are

connected then may be designated
by that letter.

(¢) A peutral lead of s three-phase
tranaformer shall be marked with
the proper lstter followed by the
serv subscript.

(d) Ezeeption. — A Jead brought out
from the middle of the winding
for some use other than that of &
peutral Jead (for example, & 80

percent starting tap) shall be

marked as a tap Jead

5.8.8 Disgrommatic sksich of connections.
~ The manufacturer shall furnish with each
tranzformer a complete diagram showing the
leads and internal connections and their
markings and the voltagea obtainable with
the various connections.

5.6.4 Single-phose transformers.

5.8A4.1 Order of numbering leads in ony

(a) The leads of any winding brought
out of the shall be num-
bered for example, 1, 2, 8, & &,

. the lowest and highest numbers

— il e e AR AT et M mwm -
the full winding and ths

immediate numbers marking frac-
tions of winding or taps. Num-
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{c) When
the

5§
5
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:

(s) The numbering of the jeads of the

)
g
g
2

g8
E
d
§
¥

inl'eeordm'v‘lththetomtumhl.th
polarity of a transformer shall be:

(a) Subtractive when H, and X, are ad-
jacent in sccordance with 6.7 and
figure 108; also figures 84 and 86.

(b) Additive when H, is diagonally lo-
cated with respect to X, tn ac-
cordance with 5.7 and figures 85
and 97.

(¢) The same rule applies between the
Hand Y winding, and between the
) H and Z winding; for example,

ME~STD-10
20 Cuvbher "W

when Y, or Z, is on the left win
facing the Y or Z side of the cu
respectively, the polarity is sul
tractive, and additive if on 2
right.

5.844 Loostion of H, lsad. — The connm

woaMasw sida of the snelosrive shall he daal

VLSRG, U YR WA DU e TEmmmr e ——

mated H,, and other H connections shall
desigunated in numerical order from right
heft.

Y, Y, Y, respectively. .

(b) In order that the markings of |
counections between phaser
transformers 1

a_ B2 __a_ B_M_fx_ _L___ __1_al



Downloaded from http://www.everyspec.com

Jowed by the numbers 4, 7, for
sxample, for one phase; 5, 8, for
another phase; and 6, 9, for the
third phase, as specified in 5.72
and shown on figure 108.

(b) Delta commection. — The order of

numbering tap leads shall be as
follows: 4, 7T, from lead 1 toward
}ead 2; G, 8, from lead 2 toward
lead 3; and 6, 9, from lead 8 to-
ward lead 1 as specified In 5.72
and ghown on figure 108.

(¢) Wye connection. — The order of

pumbering tap loads shall be as
follows: 4, 7, from lead 1 toward
peutral; 6, 8 from lead 2 toward
peutral; and 6, 9, from lead 8
toward peutral, as specified in
5.7.2 and shown oun figure 108,

5854 Interphass connection made outside
of enclosurs.’

14

{s) Where the interphase connections

are outside the amclosure, the
“Jeads shall be marked with the
proper better followed by the
numbers for example, 1, 4, 7, 10,

- for one phase; 2, &, 8 11, for the

second phase; and 8.6.9.12, for
the third phase.

o
¥
|

" 5855 Location of external leads.
{(s) The H, lead shall be brought out on

the right-hand side facing the

i
il
i'E*EESEt
I

AT
55:3§§&§EE

to right when facing the X wind-
ing side of the enclosure (see
6.7.6). The X, lead, if present,
will be Jocsted to the left of the
X, lead facing the X winding side
of the enclosure.

(c) The Y winding and Z winding leads,

if present, shall be brought out
. and sumbered in the same man-
ner as the X winding leads.

(d) The location of the external leads

fn items a, b, and ¢
above shall apply to only one con-
nection, such as & wye or & delta,
of a given winding.

(e) Asto-tremsformer. — Auto-trans-

former leads shall, oo far as prac-
ticable, be marked in accordance
with the ecorresponding multi-
winding transformers, as speci-
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fed in 6.7.6 and shown on figure
118

5.6.8 Threo-phase to mz-phase tronsform-
ers.

5.6.6.1 Bogis of rules.—The rules for three-
phase to six-phase transformers are set Up on
the basia that the three-phase winding is a)-
ways the H winding.

5682 Marking of full winding leads—
The three leads which eonbect to the three-
phase winding shall be marked H, H, H,,
and the six lesds which connect to the fall
six-phase winding shall be marked X,, X,
X,, X, X,.. X, as specified in 5.7.6 and ahown
on figures 114 to 116,

5.6.6.3 Relation bdetween tAreephase end
aiz-phase windings.

() The markings shall be so spplied
that if the phase sequance of volt-
age on the three-phase conbec-
tions Is in the order H,, H,, H,, it
is in the time order X, X,, X,
X, X, X, on the six-phase con-
nectiona.

(b) In order that the markings of con-
nections between phases shall in-
dicate definite phase relations,
they ahall conform to one of the
four six-phase groupe specified in
6.7.6 and shown cn figures 114
and 115. The angular displace-
ment between the three-phase
and six-pbase windings is the
angie in each of the voltage vec-
tor diagrams between the lines
passing from its oeutral through
H, snd X,, respectively.

£.8.6.4 Tap leads. — Where tap Jeads from
the six.phase windings are brought out of
the case (neutral lesd exceptad), they shall
be marked as follows: g

(2) Wye connection. — Tap leads shall
be marked from the two eads of

each phase winding toward the
middle or neutral point in the fol-

Xy, X1a for cxampin, trem X; ;
Xa Lio for cxample, trem Xo;
x..x....t--.-,u.u-x..

(b) Dowble dalta commechion.
loads ahall

Xy, X1 for examgien, frem X, wvesd X
Xa Xay, for axample, frem Xy towerd X
Xy, X1, for sxample, frem Xy ownrd X
Xy Xjo for sxample, frem X, wward X
X111, X11, for cxampin, frem X, tvwurd X
- Xga X3, for axnmple, frem Xg townrd X

lead markings to tranzformers having sut
tractive and additive polarity shall be »
showp on figures B4 to 104 incloxive. (T
ground eonnection shown in broken Hnes &
plies to singie-phase installations only.)

B.?JM.-‘M—M

d.ddiﬂnnﬁwnpohﬂtylhdﬂ
as shown on figure 106

8.72 Lead merkings end voltape vect
diagrams — tAresphase trensformer oo
noctions. — The method of marking trar
former loads which are brought oot of tl
enclosure shall be a3 shown on figures 106
108 inclusive.
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513 Anguler displacement end commsc-
tions — single-phase trensformers connected
doltg.deits and Y-Y in thresphase banks
aith O depres enguler displacement. — Con-
mactions of single-phass-transformers of
sdditive polarity, subtrective polarity, and
combinstions of additive and sabiractive
larity in baaky shall be as shown on the fig-
mres undar 180.

£T4 Angular displacement end cowmec-
tions — single-phase transformers connected
dalts-Y and Y-delts in three-phose banks with
80 degress enguler divplacement. — Connac-
.tions .of single-phase transformers of addi-
tive polarity, subtractive polarity, and com-
binations of additive and subtractive polarity
in banks shall be as shown on figures under
112

5.7-5AIMW“¢HME—
ings for thres-phase transformers. — These
eomnections shall be as shown on figures 111,
11Zand 113,

5.7.8 Lead morkings end eollage vector
disgrems— ususl siz-phase tronsformer oon-
nections. — The method of marking trans-
former leads brought out of the enclosure

shall be a3 shown on figures 114 to 116 in-
ciusive.

5.8 Moter starters snd controllers.

(b) Awtotronsformers for motor start-
ers. — The taps and the ccils of
sutotranxformer motor starters
shall be marked aa follows: The
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8.8.5 Resistors. — The connection mark-
ings for resistors shall be as follows:

Shant feld adjusting:
Fuod resieters with taje...... — VLYV
Adjustable registors (rhecetatic} ¥y, Ve

28 Ocsher 19

Saaat hrake BBy, Bhe, Ry

Dyusmk braking ealy......comennenne. DRy, DRa, DR

Ead conssctisns. - When o resister is made of twe or
mare wnile % & sesmtwary

5.8.4 Broks. — Connection markings for
brakes shall be as follows: B, B, B,

5.8.7 Control circuil. — Numbers shall be

ueed to indicate and identify the connections’

on controllers for exterpal control cirenita.
5.9 Power sapplies metallic rectiber.
5.9.1 Metallic rectifier power supplies ¢hall
be marked as shown on figures 117 to 128
incluxive

5.9.1.1 Power input connections of a metal)-
lic rectifier type power supply equipment

-which are intended for connection to the pri-

mary line souree of ac. power (ac lpe)
shall be marked as follows:

1 phase (twewtre).........o.c.oeoecn.ee Ln, Lo

formar. For example
Comnastion. mtvbing ety
L ¥
Tramsformar (A)
Osunestion X, X (A)
Coxnaction X, Xa(A
Conpection X, Xs(A)
Traaalermar (D)
Comnectisn X, X;(B)
Counection X, Xs(B)
Coxnaction X, (D)

1 phase (thres-whe, cmnter tap)....... Ly, Ly Ly (Lo == omter tap.)

Sphamw (threnwire).. . ... lglele

8 phase (four-wire)..... oo Ly 1g, ki Lo (Ro = meutrel)

59.1.2 Input eonpections of a metallic reo-

5.5.1.2.3 Connections to be made direc

the outpat conpections of an a.c genen
{or other polating marhine furnishineg
altarnating current to be rectified) with,
ass of an intermediate discomnect dev
shall bs marked the same a3 the corresp

iag conpections of the a.c. machine.

5.9.1.2.4 Conmmections to be made other |
to suits as described i 59.1.21 to 59,
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inclusive shall be marksd as follows:
1 pham (two-wire)..........._.. e ACy, ACy.
1 pham (three-wire, cmter tap) ... ACy, ACs ACe. (ACy = camter tap.)
8 pham (thres-wire)........... e 4Gy, ACe, ACe
8 phase (foar-wire)................ . ACy, ACy, ACq, ACy (ACy = neutral)

¢ pham (sh-wire)..........
¢ phase (erven-wire) .....

ACy, ACy, ACy, ACy, ACe ACe
ACy, AT, ATy, ATy, ATy, AT aGs

(ACy = mswtral)

59.1.3 Power cutput connections of & me-
tallic rectifier type power supply equipment
which are intended for conmection directly to
a specific equipment, such as 8 dec. motor or
the field of an a.c. generator, shall be marked
the same as the corresponding input con-
pections of the comnected equipment.

5.9.1.4 Power output commections of a rec-
tifier type power supply equipment which are
not intended for cormection to a specific eguip-
ment or which may furnish d.c. power to a
variety of equipmenis or devices shall be
marked D,, D, D, and so on. D, shall apply
to the DC negative lead and D, shall apply to
the DC positive lead. Equalizing:connections
shall be marked with an equality aign (=).

5.9.1.5 Output cormections of a separately

mounted or demountable unit of a rectifier
type power supply which is to be connected
between the primary power scurce and the
rectifier stack assembly and which is not one
of the units referred to in 5.9.1.2.1 10 5.9.12.8
inclusive shall be marked the same as the
corresponding rectifier stack assembly input
connections.

Input side, or polyphase inputs, the sub-
seript numerals 1, 2, 8 and 80 op shall
indicate the order in which the volt-
maximam positive valoes (phase se-
quence) .

. Output sids. — The marking shall be 20
amnnlied that the lowest snhacrint fa

_——— Sew Pr e e wee—me o ce

applied to the negative connection and
the highest subscripts ahall then be
applied to any intermediate tape such
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shall be.identified in accordance

tween the highest numbered H
Jead and the highest pumbared X
Jead ahall be loss than the voltage
of the H winding.

(b) When more than two windings are
osed, the same relationship shall
apply between each pair of wind-
ings. .

5.64.3 Polarity. — When leads are marked
in accordance with the foregving rules, the
polarity of s traneformer shall be:

(a) Subtractive when H, and X, are ad-
jacent in accordance with 5.7 and
figure 108; also figures 84 and 86.

(b) Additive when H, is diagonally lo-
cated with respect to X, in ac-
cordance with 5.7 and figures 85
and 97,

(¢) The same rule appliea between the
Hand Y winding, and between the
H and Z winding; for example,

MAL-STD-H,
20 Owsher 98I

when Y, or Z, {5 on the left wix
facing the Y or I aide of the ca
respectively, the polarity is su
tractive, and additive f oo ¢
right.

5.8.44 Loostion of H, lead. — The conmt
tion op the right-hand side facing the hight
wvoltage side of the enclosure ghall be desl
mated H,, and other H connections shall
desigpated in numerical order from right
et

5448 Axto-transformer. — Bingle-pha
auto-tranaformer leads ahall, so far as pn
ticable, be marked in accordance with t
requirements for subtractive polarity
shown on figare 88,

8.6.5 TAres-phass tromsformers.

56.6.5.1 Marking of full winding leads
The three leads for each winding which ¢
noct to the full phase windings shall
marked, for example, H, H, H_ X, X,
Y., Yo Y,, respectively. .

8.6.5.2 Relation between highsst volt

(a) The markings shall be a0 app
that {f the phase sequence of v

H,, it will be in the time om

for example, X,, X, X,, and
Yo Y, 0D the other winding

(b) Ip order that the markings of |
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lowed by the numbers 4, 7, for
sxample, for one phase; 5, 8, for
ancther phase; and &, 8, for ibe
third phase, as specified in 6.72
and shown on figure 108.

(b) Delto commection. — The order of

el h__ Yande abhall ha am
IORUS BIMRL U =D

bering tap

ward lead 1 as specified in 6.72
and shown on figure 108.

(¢) Wye connection. — The order of

numbering tap leads shall be as
follows : 4, 7, from lead 1 toward
peutral; 6, 8 from lead 2 toward
peatral; and 6, 9, from lead 8
toward peutral, as speeified in
5.7.2 and shown on figure 108

numbers for example, 1, 4, 7, 10,

- for ome phase; 2 £ 8 11 for the

second phase; and 8.6.9.12, for
the third phase.

" 5455 Locstion of exterwal leads.
(a) The H, load shall be brought out on

the right-hand side facing the
of the enclo-

r’j
2
3

to right when facing the X wind-
ing side of the emclosyre (aee
5.7.5). The X, Jead, if present,
will be located to the left of the
X, lead facing the X winding side
of ths enclosure.

(¢) The Y winding and Z winding leads,

{f present, ghall be brought out
. and munbered in the same man-
per as the X winding leads.

(d) The location of the external leads

specified in items a, b, and ¢
above shall apply to only one con-
maction, such as & wye or & delta,

of & given winding.

(¢) Asto-tremsformer. — Auto-trans-

former leads shall, o far as prac-
ticable. be marked in accordance
with the ocorresponding multi-
winding trapsformers, as speci-
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fied in 56.7.56 and shown on figure
118.

5.6.8 Thresphaze Lo nz-phase transform-
ers.

5.6.6.1 Bogis of rules.—The rules for three-

X,. X.. X,, x,nupedﬁadln
onﬂa'urullitollﬁ.

5.6.63 Relation bdetween tArce-phase end
nz-phose windings.
(2) The markings shall be so spplied

tions is in the order H,, H,, H,, It
is in the time order X,, X,, X,
X, X, X, oz the six-phase con-
nections.

(b) In order that the markings of con-

MEL~ETD-11
2 Ocaber N

lowing order as gpeciiad in b
and shown on figure 116:
X1, Xy1p far cxamxpia, trem Xy ;

Xa X1y for axanple, trem Xy
Xo Xin for arample, frem X5

(b) Double dslis ecowmachion.
lends ghall

X2 X5, tor example, frem X, towerd X
Xa X for cxampie, frem X3 tswurd X
Xo X1a for cxample, frem X, townrd X
Xsa X1o, fow axzmpls, frem X, toward X
X1, Xyy, for cxample, tram X, oward X
- X Xsa, for axnmpls, trem Xq ownrd X

5.7 Conwection dngrams hend mariings -
siagie-phzse traasformers. — The rules @
lead markings to trunzformers having snt
tractive and additive polarity shall be a
shown on figures 84 to 104 incluxive (T
ground connection shown in broken lines a;
plies to single-phase installations only.)

871 Polerity end comnections — simgl
ﬂmbﬂfm—?ﬁem@:_ﬁui

of.ddiﬂnﬂubhwﬂnpohﬂtzuhﬂl
as shown on figure 106,

5.72 Leed mertings and voltage vect:
W—thfmu
nections. — The method of marking tran
former loads which are brought out of Ul
entlosure shall be as shown on figures 1086
108 inelugive.
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wammu-m«:&ﬁ-
wres Undar 108.

834 Angular displacement end cowRec-
tions — single-phase transformers comnected
dolte-Y and Y-ddiia in threo-phose bonks with
20 degress enguler displacement. — Counse-
.tions .of single-phass transformers of addi-

A.I...... P R e Y e - L. .
Ve PRI, SRUACEIALYY PULRS Wy, SURL WL

binations of additive and subtractive polarity
in banks shall be as shown on figures under
112

5.7.5 Angulor displacement end lead mark-
ings for thres-phass tronsformers. — These
comnections shall be as shown on figures 111,
112 and 118.

mmwmamm

5.8.2 Rotating equipment. — Upless othar-
wise specifiad hereln, connactions to rotyting
mmuwmmum
rotating equipment based on standard diree-
tion of rotstion. -

Da gemeraturs
Do molurs _

As. gmerciors and ayaehrensus
As sngle-ghase mebore

As peiypinse mers .. o
As sysshreneus sumvertors and

P IIr It
t LEC GE

5.8.3 Tyensformers. — Conmtctions to
transformers shall be marked the same as»
the tranaformers

(a) Constont potential tronsformers. —
(8ee 6.8.)

(b) Astotromsformers for motor start-
evs. — The taps and the colls of
autoctransformer motor starters
ghall be marked as follows: The

aemd aff tha windine which ia eon.
TR Vi D

VY ARSI TV ARr v —

coonection to be teed for each of the speci-
fied voltages. -
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588 Resistors. — The conbection mark-
ings for resistors shall be as follows :

Armature and miscellanescs........—. Re B Re
aunt fald sdjusting:
Fixed resieters with taps........ V..V.,'.
Adjustable resietors (rbesstatic) ¥y, Vo
Saunt braks PRy, BRe, KRy
Dnnkhn.ﬂu-b .............. e DRy, DRg Dy
End comnections. .. When & resipler b mads of twe or

5.8.8 Braks. — Connection markings for
brakes shall be as follows: B,, B, B,.

5.8.7 Contro!l circwil. — Numbers shall be

naad to indicats and identify the connections’

on controllers for external oontnl circuita.

£.9.121 Connections to ba made tn a sinele

L4

umwwumwn
than one separately assermbled and mous
transformers shall be markad the same
the corresponding connections of the tre
formars with the addition of a letter in
rentheses idemtifying the particular trs

former. For example:

5.9 Power sxpplies metallic reciifier,

S . oms s wer . s . e omilher sivah asebiy
be marked as shown op figures 117 to 128 Onanetion X; X, (A)
inclosive. Cemnuction X, XAl

Connaction A
5.9.1.1 Power input connections of a metal- T Tala)
lic rectifier type power supply equipment Trasefarmer (B)
-which are intended for connection to the pri- Conmsation X, Xy(®)
mary line source of ac. power (ac. Hpe) Cennectien X, Xg(B)
shall be marked as follows: Cennectisn X, LM
1 phase {twe-whre). .................... -Iale
1 pham (thres-whre, cantar ta)).....— Lo, Loy Lo (Lo = omter tap.)
S pham (threvwkre) ... ... I lale
8 phase {foerwire).....c—..coecoe 19 1o Lo Lo (Lo = nowtral)

68123 Comnections to be made direct
ﬂnoutputeunmd:lmdumm
{or other rotating machine furnishing
alternating current to be rectified) witl
um of an ifatermediats disconnect de
ahall be marked the same a3 the corresp
ing connections of the s.c. machine.

§£.9.1.2.4 Connections to be mads othar {
to units as described in 50.1.21 to 65
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% G T1us

inclusive sbhall be marked as follows:

1 pham (two-wire)...._....._... eerreee iy, ACs

3 phase (thres-wire, omter tap)__ AC,, ACs, ACs. (ACy = amier tap.)

2 phase (threswire)...... ... ACy, AGCy ACy

3 phane (four-whe)............. o ACq, ACy, ACq, ACy. (ACe = mneutral)

¢ phass (six-wire) AC,, ACy, ACq, ACy, ACy AC,

¢ phase (woven-wire).._... ACq, ACy, ACy, AGy, AC, ACg AC,.
(AGCy == nowtral.)

5.9.1.8 Power output conbections of a me-
tallic rectifier type power supply equipment
which are intended for connection directly to
a specific equipment, such as » de motor or
the field of ap a.c. generator, shall be marked
the same as the corresponding input con-
nections of the connectad equipment.

5.9.14 Power output comnections of a rec-
tifier type power supply equipment which are
not intended for eonnection to a specific equip-
ment or which may furnish de power to a
variety of equipments or devices shall be
marked D, D, D, and so on. D, shall apply
to the DC pegative lead and D, ahall apply to
the DC positive lead. Equalizing connections
shall be marked with an equality sign (=).

5.9.1.5 Output connections of a separately
mounted or demountable unit of s rectifier
type power supply which is to be connected
between the primary power source and the
rectifier stack assembly and which is not one
of the units referred to in 59121 t0 59128
inclusive shall be marked the same as the
eorresponding rectifier stack assembly input
connections.
5.9.1L8 Subscript semerals.
Input side, or polyphase inputa, the sab-~
script nmnerals 1, 2, 8 and so on shall
indicate the order in which the wolt-

herein. The other outputs shall be
marked similarly except that 10, 20,
80 and so on, ghall be used an the sub-

(Bes K1)
A.c. gmaraters...... (Bes §1.)
Reotarysmplifiars ... . .. (8es Ll1)

1
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Figare 3 - Sixxt geasrsioy with commutatiag fleld.

SNUNT FiLL®

Figare 4 - Comrpound genersicr with coamxistiag end compmsating Selds,
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MI1L-8TD- 190
20 Octahes 1935 . ‘
Fi  snusT MIELD Fg | ) )
* Ag O A
+ " -—
Ag Ay

A) CoNP couM
| FIELD FELD

+ L
Ag A

e = . owe et am Hy Slalde
brobe ol e

ﬁwnﬂ-ﬂumlwnﬂnlorﬂihcommnhdma-ﬁ‘nw

SHUNT FIELD

T

1+ Ly
Fi Az J— 8 Fg
mun?-coapumdpmnmrulmcom fisla, h,m.tll_hodt

equalizer coanection.
SHURT FIELD
. Fs
L Fat
Ag YA. _
+ H i . |
Az -— Al

ma-“mmmmuwmm
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MIL-8TD- 19
0 Octsher 1900

SHUNT FIELD

Figures § - Three-wire shan! geosreior with commutaling fisld.

—t Y
* Fs

o

% A A; Og &

Pgure 10 - 'rh.m-vu_-o compound geosrator without commutating field.

SHUNT FIRLD
t ¥ 83 o '
MALF mALY
[ coun | |somws
NEW I (] (R I nELD ST -l
+4 = -
Be B2 __ & Al Se 8y

Figure 11 - Three-wire compound generstor with commatating fiald
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SHUNT RELD

PFigure 12 - Shunt rootor, nonreversing, without commautating fleld,
two leads brought ool

Fi

mu - Sxmt motor, noareversing, withou! conunniating field,
thres Joads brought cut.
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MIL-STD-1%
20 October 1990

snunt FIELD

N o A

F fa
coMN FIZLD

Y\
A Ag

'Y Fl_ Ag Fe

Figure 16 - St motor, ncoreversing, with commautating f1sld,
two lsads brought out. .

SHUNT AILLD

PR o o & @ We—————

Fi Fe
couM FIZLD

Al Az

A Az F2
-

Figure 16 - Shunt motor, nonreversing, wilh commatating fleld,
three leads brought out.

SHUNT FITLD
PN o o' e o Y
ki Fe
coMw FIOLD
Ay Ag
| |
Fi Ay Ay Fp

Figure 17 - Shunt motor, reversing, with commutating flald.
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AIL~51D=-190
20 Octeber 1868 SERIZS FIELD
Al Ag
Ay Az
[ ] ] ,
Pigure 18 - Berias motor, noureversing, withoul commulating

flald.

Ml

gure 10 - Series motor, reversing, without commautating field.

umu FiLD

couN SERIES
A2 FIELD FiLD

Al Az

Figure 20 - Series motor, nooreversing, with commutating fiald

Aj Ag L 7 82
coun SERIES
PIELD FHILD
| b1 |
A Az B, St
—

Figure 81 - m motor, reversing, with commatating fisld.
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MIL-STT- 19
20 Ooteber 190

nigare 33 - Saries motar, mbq,dweom
f1sld, solli-saries.

SNUNT FILLD

N o o & g WENSEEE
.- .. Fg

. . SERTED FIELD .
l|: Ag )

ARy "- " . Ay Fg

Figure 23 - Compound motor, noareversing, without commuatating M
two leads brought oul.

SNUNT FILD
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MIL~-8TD-190
% Octaber 1908
SNUNT LD
—t Y
P Fs
sERuS FIDLD

SHUNY MILWD

e LYY,
" Fr

Ot

FIELD TFIELD
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MIL-BTD- 190
20 Cctaber 190

SHUNT FIELD

F_Fmr.

8t 82}
sgnies
FIELD

i A Az 8; 82 Fp
[ ]

Figure 28 - Compound motor, reversing, with commatating
field, five leads brought oal.

SHUNT FIELD

Fi A Ar 8 . 82 Fa

Figure 20 - Compound motor, reversing, with commutating
field, six leads brought out.

SHUNT FIELD

Fr A Ag 8, Sg. Fs
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MIL-8TD-1%
20 Ostabax 1909

1——’!
(DR
1
Fe
[ ]
Figure 31 - Single-phase eynchronous genersior oF mOAOE.

Y¢ Tr T T
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E~SID-106
20 Osteper 1908
Ts Te
I
7‘3
T ’ ‘
-—
: Oerdirectico rota- : Sart : Tg Tg: T3, T8 :
: Uon : Rm : Ty I 51 :

Plgure 33 - Single-phase motor, reversible splil-phmse with aato-
matic cut-out

R (]

Figure M - Bingle-phase motor, mh, split-phase with
automatic ent-onl,
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O

L}
: : P la | Oves |
DfStart : Ty, Tp: Tg Te: ==-—-
: Ouoe direction rotation :{Run : ‘!‘i :"!I.“ T8 : Te Tg ¢
: Other direction rota- : Bart : Ty, Tp : T), ! acemm=
: tHen : Run : T4 t Iy Ts, 'm
Pigure 35 - Single-phass’ motor, reversibie, spiii-pbase, with macual cul«
cut.
Ts Ts

T‘ A A A
Ti j
|
NOTE: ‘To be comnected to capacitors in accordance with manufacturer’s
diagram.

) 4 30 - Single-phase capacitor-start capaciior-run motor and single-
e phase capacitor-start induction-ren motor.
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Mii-5TD- 19
20 October 1925

W g UV 0 Nl hi bl LT A S il Bl e o Vot B2 il
N

Te
To
Ty
Y4
1€
[ =1 1]
L L2

One direction of rotatlon : T, Tg
Other direction of rotation : 'r2 : To

Figure 37 - Single-phase motor, reversible, split-phase,
permanent capacitor.

L
BTARTING

Ti
1,
. Ts

=

Flgure 38 - Single-phase motor, induction with starter nod-
reversibility.
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|
i

Figare 40 - Singie-phave motar, series
without

|
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MIL-STD-190
20 Octabey 1900
o Y -
) L]
Ngure 41 - Siagle-phase motor, arh'o. with conductively
compensatsd ssparates stator windings,
- e————T .
Te
82
{ - A
: i LI PN Tie together
: Cosdirectimrotation : Ay : 8; : BoTyandAgto Ty :
: Other direction rotations : Ay : 8p :- SjtoTyand Agto Ty :

Flgure 42 - Singla-phase motor, seriss, reversibls, with emdnctlnb com-
peasatsd ssparats stator windings,



Downloaded from http://www.everyspec.com

L

3
O m.
"

(X | s
}:U STANT SICUCTION

i
- Repulsicn, replusion-induction and repulsiop-start
Figure 4 - R action run, sl single-voltage snd without

compensating windings.
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S S

{ Yo g T
. L ADRANON
L.RERASON-
: REPULSION - START,
— HIDUCTION MU ’
: . L . le . together °:
: Low voltage 1. T9 Ta, Ty s emecaee

: Highvoltage : T; . : Ty : T2, Tg :

Figure 45 - Repulsion, repulsion-induction and repulsion-start induction run,
all doudls voltage and without compensating windings.

— :

% Te
. . T. T.
L REPULSION AEPULSION START,
LRIV LN - MDUCTION WOUCTION AUN
]
P Eu :."E Tie f
: P MY together
: Onedirectionrotation : Ty: Ta: T T5 ¢
+ Other direction rotation : Ty : Tg : T¢, T :

Pigure 48 - Repulsion, repulsion-incnction and repulsioo-start induction run,
all single-valtage reversils.
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MIL-JTD-
N Octber 190
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20 Octsber 1900

"N
”~ ~N

Figure 40 - Diagran for twc cirouil per shuse.
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mﬁz-cmcummbrtwclrcmuln

parslisl per phase, psrmansolily
comectad.
¢ Tr )
Ts
1
Te \
T2
Te
Ty / Te
Ty
[

mﬂ-@cﬂmwﬁmbrnﬂuwpﬂhlmﬂm.
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MI1-STD- 18
0 October 198

Ta

i

Tis
together

{
r
T

e veflos oo Fa

B
B
a
3

#e #e 4e avfea

T¢, T, T6

-

E
g
g
i

|

i
2

N

Te

an 8 #s

L Opan

s seflee o

Ty ¢ Tg:
Te : Ta :

- s -

Ty
Ts, T7 : T, TH, T3

Speed
Low
Bigh

o op #0 dellsn ay

44 as & 28Yes 0r

»? ou se'pr de

{2
g
E
3

!
!
|

Figure 59 - Constant borsepower moior, arrangement 2.
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LAL

T Yo Ty TR Ty

Bl H B T e
PGpeed i1y flp i s ] Open : togetbar
Low : Ty :Tg : Tg : Ty, Tige 1, WM ¢ :
: : : Tra T : TTz;r. 'I"%. 11? ! eocmane !

Second T11 . le H I8 417 H 1» 12, » 1. : H
Mgy i Tgp: T P I - P T :

Hep : : : : Tp, Tg, Ts, T1y, & :
® B 2 : 2 : = : 'i'g "rgg, ';‘_1_'_1' ! cocemes

Figure 60 - Three-speed motor using thres windings.

-4
»
-4
4

rh rh
| I

Ts Tis
T T

e
-

Te T

Ts .
: K S g . : o Tie :
P Opeed 11y flg fle i M tgether
tLow Ty ITp (TS ! TGTH TE : =ecee-m——=—=r=e g
t Becomd : T11 : Tig s+ Tis °* Tie Tib T10 : memas o
:Taird : Tg 2 Tg : Tp : ceewe———- : T3, TB Ty
:Bgh : Tig: Tig : Ty ¢ =ews-==-o=— : T1, 71 T8 :

Figure 61 - Four-speed motor using two windings.
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MIL-STD- 19
20 October 1990

Te T

I N

Ts Te Ts Tis Tiz

o T el o T me
.1-1;1-221-3: Open: logather  °

o ss" ds ee o . as

Ty 2 Tp T3, T7 ¢ T4, Ts, Te ¢ T1, T2, T3, T7 :
TB H T4 Ts .......... ! ecssscsssccces
T t Tan Tan P LT mecsmmmcza=a==
b ¥ O ¥ i T

Pigure 862 - Three-speed motor using two wiadings.

-

Figure 83 - Diagram for three circults per phase.
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Figure 84 - Connection markings for three clrcuits

per phase.
Tt Tr Ty
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Figure 85 - Connection markings for three circuits in parallel per
phase - all circuit leads brought oat.
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Figure 68 - Connection markings for three circuits per

phase connected in paraliei inside the motor.
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Figure 68 - Two-speed motor using two single-speed windings.
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Pigure 70- A three-spoed motor using two windings.

T (sLACK)

Te (BLND)
Te (DROWN)
Vs tonamam

T3 tonzem) Te taze)

Pigure 71 - Thres-phase, wye-comectad alrcrafl motor

with six isedi broogii oo.
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Pigure 72 - Three-phase, wye-connectad alrerafl motor with
phasas initially separated for dielectric tasts.
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Figure 73 - Three-phasa, wye-connected aircraft motor.
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Figure 78 - Shunt-wound three-phase synchronous coaverter
without commutating fisld,
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Pigare 77 - Shanl-womd three-phase syuchronces cooverter
with commetating fiald.
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Figare TV - Shentwwomxt six-Tinse synchroncus ccrvartar with
comcStating fledd.
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Figure 80 - Compound-wound six-phase synchronous converter
withaut commutating fiald.
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Figure 81 - Compound-wound six-phase synchronous converisr with
commutating field.
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Figure 82 - Compound-wound three-phase synchronous convertar.
without commutating fiald.

Mg ), My

Figure 83 - Compound-wound thres-phase SyRCATONOUS COOVETiSr
with commutating flald.
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Pigufe&i Pigure 85

Single-phase trinsformers, simple
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Figure 80 - Singlesphase tranaformers, saries
miitipls X windings without taps.
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Figure 87 - Single-phase transformers, serles
multiple X winading with taps.
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Figure 88 - Auto-Uransformer.
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Single-phane transiormers, ihres-wire puries connection where
peutral 18 brought oat between other two lsads.
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Single-phase transformers, two-wire paralisl connection where
peutral is brought out betwsen other two leads.
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Single-phase transformers, above 120-volt class conpection.
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Figurg 101 Figure 102

Slngle-phase transformers, three-wire series connection trans-
former where neutral 18 brought out to side.
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Flgure 103 Figure 104

Two-wire parallel connection.tranxiormer whare neutral is brought
out to slde.,
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Figure 19¢ - Angular displacement and connections - single-phase transfarmers connected delwa-delta
and wye-wye In three-phase banks with 0 degree angular displace nenl.

61



Downloaded from http://www.everyspec.com

MIL~8TD- 19
20 October 1990

H) Hg

ADD POL
Xz X

A

e I
f— 0
[

M) W M2 ) M2 /M M 1 H2
SUB POL SuUB POL SUD POL 3uB MOL SuUB POL
X) Xz X| Xg 1 Xg X; Xg X) X

g

) ) 10 lb Ic

Pigqure 110 - Angular displacement and connections . single-phase transformers connected detta-wye ard
wye-delta in tliree-phase banks with 80 degrees angular displacement.
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Figure 111 - Three.phase transformers connected delt -
della and wye-wye with 0 degree angula
displacement.
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(ransformers conpected dalta-wys
Pigure 113 - “'“"M' with 30 degrees angular dis-



