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FOREWORD

The intent of this document is to provide a standard limiting voltage chooac-
teristics of 28 Volt IC slectric circuits on Military vehicles,

Conformance to the reguirements of thia standard provides for greater coopat-
ibility between power supply and u..idzation equipment. Power characteristics
will be confined within definitive limits. The requirements imposed on the
pover supply by the utilization equipment will be restricted. 1t shall be the

responsibility of the vehicle manufacturer to provide for conformasce to this
standard, .
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1. SCOFE

The purpose of this document is to mrovide for compatibility

L
between c electric pover supply end utilization equipment by confining
electric pover characteristics vithin definitive limits ard reatricting the

requiresents imposed an the electric pover by the utilization equipment.
1.2 Scope. This staniard macribegﬂt.he limits of transient voltage charac.

P P R U v W acnt s VWY o ondmda e emam A o

taristics and gteady state limits o the 20 volt IC electric power Circults
of Millitary vehicles.

2. REFERENCRD DOCIMENTS

2.1 Issues of documents. The following documents of the {esus in effect
on the data of invitation for bids or requast for proposal form a part of this
standard to the extant specified heurein.

STANNARDS

MIL-STD-461 - Electramagnetic Interference Characteristics

Requirementsa for Equipment.
(Copies of specification, standards, drawings, and publications required
by contractors in connection with specific procurement functions should be ob- "
tained from the procuring agency or an directed by the contracting officer.)

3. DEFINITIONS

3.1 General. Far the purposas of this sturdard, the folloving definitions
shall apply: .
1.1,1 Vehicla nover aunnly ovatem., The gensrating equipnent, storage

S - wwes T =400 RElai

batteries ution equipment normally fitted to the vehicle comprise
the pover gupply aysten. Pover 18 supplied from this system to the utiliza-

tion equipment,

f Slus v

e W A e e
b Wil AW

3.1.,2 Fault, A fault is any malfunction or misw tic
oupply syatem or utilization eguipment., An unservicesdle battery is a eingle
fault. Any non-otandard svitching sequerce 1a a single fault. A single fault
1s a relatively compon occurrence, A multi-fault occura rarely (e.g. failure

of the battery connection occurring in conjunction wvith a generatar voltage
regulator failure).

3.1.3 Tranolenta. Transients are the changing conditiona of a charactéria.
tic. These usually g0 beyond the ptesdy-otate limits and return to and remain
within thas stesdy.atate limits vithin a specified time pericd. Ths tranatent

may take the form of either a surge or & gpike.

o vt 8 A
o B3 O




Downloaded from http://www.everyspec.com

»

MIL-STD-12T5A(AT)
17 September 1970

3.1.3.1 Surge. A surge is & variation from the controlled ateady-ctate
level of & characteristic, resulting frop the fhherent regulation of the electric
pover supply system and remedial act. m by the regulator, except for batiary

anle Aneration, SINQQ mey alinn nt‘blr due tn the armmideatinn Af 1aada tn $the
fo )y w P TSN - -—— - il [ B s B Sy et AR W APty i W

pattery only corﬂition.

3.1.3.2 Spike. A spike 1s 8 high frequency cscillatory variation from
the controlled steady-state level of & characteristic, ' It results from very
high frequency currents of coamplex vave form produced vhen reactive losds are
switched, An individual spilke generally lasts leas tha 50 micro-secomis but
may take up to one milli-second to decay to0 the steady-state lavel,

3.1.L Stesdy.atate. ’.(’he condition in vhish eirenit values yemnin sanen-

dam = LS

tially constant, occurring after all initial transisnts or fluctusting conditions
bave subsided. It is also definitive of the condition where, during normal
system operation, only inherent or natursl changes occurr: i.e, no fault occura

. and no deliberate change is made to any part of the system,

*

3.1.5 Recovery time. The interval between the time 8 characteristic devi-
ates from the steady-state limits snd the time it retwurns snd ranains within

the same range {see Figure 1).

3.1.6 Ripple. The regular or irregular veriations, or bot.h, of voltate
about & fix voltage level during steady-state operation of a DC system,
The upper and lover limite of the oscillat.iona are called "upper peak of ripple
voltage”™ und "lover peak of ripple voliage" respectively (see Figure 2).

. 3.1.,7 Starting disturbances. These are undervoltage veriations from the
steady-state level and are caused by engine starter engagement and cranking.
A typical profile ehowing "Initial Engagement Surge” (I.E.S.) and "Cranking
Lavel™ ia given in Figure 3. The durstion of the initisl engagement surge is
measured Trom the instant at which 1t departs from the -ateady-state value to
the instant at which it reaches and remains st the cranking level. The e¢ranking
level lasts fram the end of the Initial engagement surge unti) the astarter is

disengaged.
4, GENERAL REQUIREMENTS

4.1 Temperature conditions. The mité ataw& in circult charscteristics
shall be determined at the extremes of 52 “C and -32°C.

b.2 Tircult characteristics point of measurement. These characteristics
spply at the utilization equipment terminals.

b,3 Equiprent compatibility. All electrical equipment shall be mble to

vithstand splkes of up to § “250 volts amplitude, Equipment shell provide pro-
tection against polority reversal.as a result of slave staxting or other im-

proper coznection,

1,;)




Downloaded from http://www.everyspec.com

1 pta

L.4 Polarity. The negative of the DC power supply shall be grounded to
the vehicle metal structure and this grourd shall normally be considered the
second conductor of the circuit. When required a supplementary ground wire
may be used,

5. DETAILED REQUIREMENTS

5.1 Fault free condition.

5.1.1 Elec%ﬁc interference. The equipmert of the vehicle power
supply syatem e utilization equipment ohall meet the requirements of MIl-

STD-461 for conducted emissions and susceptibility as applicable for the vehirle
and type of equimment,

5.1.2 Coobined generator-battery power supply.

5.1.2.1 Steasdy.state voltage. Circuit ateedy-state voltage shall be be-
tueen 25 ard 30 volits, .

5.1.2,2 Ripple. The upper and lower peaks of ripple voltage (see Figure
2) shall each be less than 2 volts, The freguency camponents ~* the ripple
shall be within the range S0 Hz to 200 kHz.

5.1.2.3 Surges. All surges resulting fram system oper.tion shall fall
within the loci shown in Figure 4,

5.1.2.4 Spikes. All spikes resulting from systenm operstion shall fall
within the loci shown in Figure 5,
5.1.2.5 Starting disturbances. Fully charged battery shall be used (Bat-

tery drawing less thanos enperes from a 28-volt charging source with electrolyte
temperature between 27 C and 38°C).

5.1.2.5.1 Initisl engagement surges. During this disturbance, the voltage
shall not be below b volts and the duration shall not exceed 1 gecord.

5.1.2.,5.2 Cranking level. The steedy voliage during cranking shall not
Ye below 16 volts (No more than 3 cranking attempts of 30 seconds each with
2-ginute cranking level pauses between attempts). This characteristic applies
W starting the second engine of a multi-engine vehicle, or slave atarting another

vehicle.

5.1.3 Battery only comlition.

5.1.3.1 Steady-state voltage. Circuit steady-state voltage shall be between
20 ard 27 volts,

5.1.3.2 Ripple. The upper and lower peaks of ripple (see Figure 2) shall
each be less than 2 volts. The frequency canponents of the ripple shall be
within the range 50 Hz to 200 ki:z,

-y
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7.].-]-) Surgas. (AQy Sviviiing actioa Suavallg Il & &SUIge
the valtage outside steady-state limits will comsidered as s fault condition
for the duration of the excursion.) '

5.1.3.k B8 s. All spikes resulting from system operation shall fall
within the loci shown in Figure 5.

5.1.3.5 Btart disturbances. Fully charged battery shall be used (Bate
tery draving less Eﬁ S anperes from a 28-valt em.rsing source with elsctrolyte
temperature betveen 27 and 38%C).

5.1.3.5.1% During this disturbance the voltege
shall not fall volt end durat shall not exceed 1 second. '

§5.1.3.5.2 C level. The stealy voltage during cranking shall not
be below 16 volts ino than 3 cranking sttempts of 30 seccnds eanh with
2-ninute cranking level pauses between attempts).

5.2 Bingle fault condition. -(Vehicle system operates with generatar anly

4 = o Tadd oy |
- MW WA Y VL F I.

5.2.1 Steady-state voltage. The voltage ehall be less than 33 volts.

5.2.2 Ri . The upper and lower pesks of ripple voltege (see Figure
2) shall esch ss than 7 volts. The frequency companents of the ripple
shall be within the range 50 Hz to 200 Hz.

. 5.2.3 8 8. .All surges resulting from system operation shall fall with-
in the loci shown in Figure 6. (A lower stesdy-state limit of 23 volta shall
be used to establiash the recovery time of negative-going surges.) '

5.2.4 Spikes. All spikes resulting from system operation shall fall withe
in the locl shown in Figure 7.

5.3 c%tibuit¥ of power cuy !EtFu'E and utilization S«Ei;ﬂ. It
is the respons tyrof the apmolriate suthority to specify how equinnent
ahall function during and after the disturbances quoted in the detailled require-
ments. There shall be no influence by utilization equipment which would cmuse
the elactrical systen to depart from the limits specified in the detailed require-
ments. In a mlti-fsult comdition the cutput voltage is s function of generator
speed and can be higber than 100 volta DC or equal to zero (O).

6. TEST METHS

6.1 Vehicle electrical aystem. Measuring equipment and test Frocedures
ahall have the fo]l?:vim minimum standards:

a. Ripple

: (1) Measuring equipment
Oscilliscope or portabls recorder bhaving an input impedance
of not less than 0.l megohm and a bandwidth of not less than

30 meganertz.
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{2) Test procedure
Operate vehicle in fault-free and single-fault modes,

b. Spikes

(1} Measuring equipment
(Same as for rippl: measurement)

{2) Test procedure
Operate vehicle in fault-free and single-fault modes,
For test purposes, voltage spikes ahall be produted
by inductive losd svitching including, as a minimum,
blowing the born, opersting the bilge pusps, (if any),

and etopping the engine amd rotating the turret

(1! any}.

¢, Surges

(1) Measuring equipment
(Sazs as for ripple messurement)

{(2) Test procedure
Seme ao for epike test procedure with the addition of the
following: Voltage surges shall alse de produced by load
gvitehing from 10 percent to 85 percent amd 85 percent to
10 percent of system cwrrent rating. In small asystems
{e.g8. 25 and L0 experes) vhere it is impoasible to achieve
s minimm of 10 percent load, the minimum losd shall be

used,

8.2 Vehicle eguipment.

6.2.1 Gepernl. It {s the responeibility of the appropriate authority
to0 apecify the following: .

a. Which of the following teats, if any, shall be applied
to the egquipment to determine whether it 1s canpatible

with an electricel syatem whose characterletics are

defined in this atandayd,

b. How the equipment shall function Auring and after these
testo,

¢, The elactrical aml enviromental comnditions under wvhich
these teasts are ¢arried out.

6.2.2 Spikes e fron eguipment. Using the test circuit shown in
Figue 8 the equiment shall be operated over its specified rangs of functions,
Any switching operation capable of producing apikes shall be repeated a suffi-
cient nuder of times t0 give a reasonable probability that the maximun epike

voltage 18 recorded (eay 20 operations). In addition, where the power Supply

to the equipment 15 normally provided via an independent vehicle mounted switch,
the test shall be repeated uoing this switch connected as shown in Figure 9,

e
v
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No spike volzmgs rzcarded during these tests sbAll exceed 250 volts, 5o apike,
or covbinstimn af spikes arising from s single event, have an energy con-
mmkﬁnﬁm.jouh-. {(Method of messuring ensrgy content tw be speci-

nedxaeu-)

6.2.3 .gﬂaa daported mtn_wnt.

a.

6,2,

b,

hmzpﬂblec:rcuitusmm?mm. ThnSuBcoﬂ.anﬂ
resistor provide & stabilized scurce impedance with a frequancy
chxracteristic typical of that of a wehicle power supply circuit,
The ensrgy for the spike is stored in the 0,1 uF capscitor charged
fyor 8 high voltage DC source through the 100 kilolm resistor.
swvitch is closed & voltage stap i produeed, followed

W the
%U- & sinusaiasl oacd 11.4-1%‘ ‘vseq-c- *hun gglé;a.
off

;

of
the war and switch. To obtain the specifisd short rise-
tioe the Muctancemtbekapttoalm value by the use of suit-
ubls componen A foeed-through capacitor and a coaxial mounted
meyeury-vetted reed switch together with short coaxisl cebles for

spike is controlled by the IC chnrgt;:g voltage.

For these tests, simulated voltage spikes shall be applied to the
equipment vbile it is operating &t naminal voltags. The test spike
shall have an amplitude of 250 volts, a risetime not exceeding

50 panoseconda, s frequency of oscillation greater than 100 kiix
end less than 500 kHz and an energy content of not laas than 15 }
willijoules. Measuring equipment specified in 6.1 o
to monftor the apike voltage.

1 ahall be used
Tests shell be carried out with both polaritiesa of spike voltage.
The nunber of appucationa of spikes will depend n the equip-
ment under teat, Bowever, & minimuz of fifty 250-volt splkss of
each polarity shall de app.ued 8t one secend intervals
mm-mmsedsmlmtummmﬂormectm
nmmlopmationofthoequtpunt.

Voltage surges imported into equipment.

For these tests, simulated voltage surges shall be applisd to the

ogquipneit vhile 1t is operating at nominal voltags, The vebicls

elsctrical system shall be represented in both the fault-free apd

;h- singls fault eondiuou. An acceptable circuit is shown in
lguwre 11,

To sipulate a voltage surge in the fault-free condition, a surge
of fh0 volts total amplitude lasting for 50 milliseconds from a
source impedance of 20 milliohma shall be spplied., Both before

¥
g
-

i
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ench surge the nominal aupply volta.:m ahnll he maintained

ach surge
teot shall applied five tunea at mumu.a of 1 second.
equiynent

\I’

?

1

(-] ot be .
shall continue to cperate normally throughcut these

thout damage t0 any components,

simulate a voltage surge in the single fault comdition, a surge
100 volts total applitude lasting for S50 milliseconds from

source impedance of 500 milliolms shall be applied. Both before

after each surge the nominal supply voltage shall he maintained,

This test shall be applied five times at intervals of 1 second.

The equipment shall function as specified,

2R, 29 g?EIﬁ

¢ 4. The voltage surges specified in b and ¢ shall have the amplitude
stated before comnection of the equipeent. The voltage shall be
senaibly constsnt during the surge, The rise and fall times shall
be approximately ) millisecomd,

HOTE: INTERRATIDRAL STANDARDIZATION AGREEMENT
y Certain m'ov:laiona of this standard are the subiect of international

standardization agmmt QSTAG-307. When amendment, revision, or cancellation
‘ of this standard is propossd wvhich will affect or violate the intsrnational
agreement concerned, the preparing activity will take appropriate reconciliation
: action through international standardization channels including departmental -
. . stapdardization offices, if required,

}utadian: Preparing sctivity:

\ Army - AT Army - AT

P4 Reviev activities: Project Fo. 2920-A293

‘ Am - m-, m ) o
DSA - C8

—— e — = AL e . R r—



Iris AZIAODIY MIvA IDENS JAILYYLSATH

Downloaded from http://www.everyspec.com

ﬁn.-s'rn-wm(ar )
17 September 1976

| 38n914d
IrMs
— o
JO0HSHAONN
IVLVOA e
A¥3id4d 30uNS
e VL
At ]
100MSBIAD
. o JOVLIOAN
] AYId 2DHN
L S10A

INLL  AEIAODIE




@

Volta

Single Fault
on

Tpper Peak
of Ripple

* yoltage

lover Peak
of BRipple
voltage

Downloaded from http://www.everyspec.com

Upper Ripple Limit

lower Bipple ULimic

. ""_,\:\lj:
V VY

MIL-STD-12TSA{AT)
17 Septemher 107A

Fault Pree

Condition

Time

PICURE 2
ENLARGCED VIEW OF RIPPLE

a




Downloaded from http://www.everyspec.com

-127SA(AT )

17 September IQTS‘

r v
e —
anis 338 INO
o
M NIN AS
(i A 91)
FEAYRT.TY
TAADY
DNIXNYEY
3sans
-JINIMIADYONT
WILN)
11\
‘ SR
—» AOYILS
‘$3°
| T3AIT ONIANYED 40 NOI1LYSNO e

FIGURE )
STARTING DISTURBANCES



NIL-STD-12TSA(AT)
17 September 1375H--

vo 1o© 000
. ; _ 2
- [ (spucdag) Wil AlaA00ey
H (-}
. _ -
]
. : -
| _ - + T 0
- . R
A
- o
e l
=

e
...Iu~.|.|l..l.|...l.|

PR W 3

[
-
[
0
X
=t
O

Downloaded from http://www.everyspec.com

-

-— w——— ==y O

ﬂn:oaaaﬁ._ﬂrd \ - T
Lroyrupxoadde jo 83ueps - - 1
muu:ow e woJ 8130 mmm% m 1 . o

-

‘orddya sapnTout . - 2 |
foﬁa oﬁﬂom g umoys 12007 :3IO0N ~ ‘ " IIMWH.. o N

'b...lal.—-i- F.llll —.—u - -

.r
}
i.
!
n-:-\
Fioune Lk
11

1) OF JRIeSED

FAULT FitFY CraniTid



Downloaded from http://www.everyspec.com

MIL-STT-12TSA{AT)
17 September 1976

R
{
|
|
2 -
8 |
5 |
é -.I
e 0 |
3 !
= | S
5
Ny l
¥ |
o ~
Z ol g
2
§ 3
-
. R
; 3
. B
& ]
_, 5
|
-
|
|
I
_ | s
¢3 8 28 X ° R B T g Be °
aﬂ 1
&
FIGURE 5 A

LOCI OF SPIKES
FAULT FREE CONDITION
12




Downloaded from http://www.everyspec.com

MIL-STD-1275A(AT)
17 Septemder 1976

i {Fpu0d3eg) aWlj Alaacday
[ - - afp § e - v g ity v e m—— - et
A1 RSSO0 8 X 1 1 A D S k
w SN 3 —
-1 L} N U I” - N H
- .L‘l."].r wlhe W A 5
] : . - " 4
[~ L. l.ll-"lla tm'lll . - -I-Ilrlllltl!.ll-i‘
=4 = SEES S o 2 AR I A T
_.lx g afem e . : g 4.1 “IIullM — wa ll-r..l! — -
= el el el SR JEC N I~ =T T LT T ..n.u SO MR 2ok scliitamnastiid I
bl N ] S M
,Trrr,.*.uiu _— — : 3 jt . 7 ————1
t ' N m - § >
—-.n. ;,_ J T N > ! LI ! — e ey Er——
H ) t 1 1 A n
r-_-_. m.. OO SR IUVUR N ;m..l.r - : {
Lt - i T t
1 i w “ Iy
L OO VRV, SRR SRR 3 . ——te :
B ; P “ . o
L . NN . 4 . _
[] H ] )
| =
ARR 1
- ~ .
o ; R " I
- ssulolTI I : i
- 00§ Areyeutxoxdde jo eouwpedu ~
- aodnog ¥ wol] eqeupdigo seRan : _ : :
- aJutpadsy oaJnog oging = . S -
r *gyddis capayouy - . < g
_m U} PITOS 88 unOYs TOO] :SALON . | IR
,. e g 0 D P S P e i
CHELCELE SR N TR R {3

ol

w©Q

o1

-2

ot

L1 4

]

o

Q4

o

FIGUKE &

aqQl

83104

Useag

I0C1 OF GURGES

CINGLE FAIMY CLLDTTIR

-
-




Downloaded from http://www.everyspec.com

- -

MIL.STD-19T3A(AT)
17 Septanher 1075

la ]

15 MILLT JAULES

N\

_-ﬂh————-—-—‘__‘.ﬂ

0.1

MAXTIUY ENET Y CONTENT:

. :
441 =]
[ 4]
Z| 2
3| g
Ejl =
3 -
oy =18
&
8l 2
“}
I
i
!
|
|
l
' g
2% 3 % § R ° ® 8 % § Rg
- . L]
. L
3 g
FIGURE 7

LOCI OF SPIKZS

SINRLE r.wx.l:r COIDITION
l



Downloaded from http://www.everyspec.com

MIL-STD-12T5A(AT)
* 17 September “976

1 1L LEMNGTH

4

S8t INDUC TOR {OF #PPROVMIAIL CARLL {
L Y
} ’
g Q- P . ]
i EQUIPIAENT
SUPPLY UNDER
TESY. . .
FICURE & )
EXPORTED SPIXE TEST CIRCUIY
{ALL EQUIFRENT)
REMOTE  SWITEH
\ _aft LEHATH , ’
OF APPROPIMATE CADLL
B INDUT TOR
. -~ 1
[ -"I"L
r__ﬂgggg’.—l-o Pre
}
- - EQUIPMENT
i Sy tg——
POYIER UNDER
suPPLY [ JEST.
FICURE § -

EXPORTED SPTXE TRNT CIRCVIT

ses ity I EEMDTE SWTTCH)

{uuuumu I R =il

15



Downloaded from http://www.everyspec.com

; MIL-ST~ 27 5A{A23)
' 17 Scpiemamy 1877

.

NOTE: ALL

BATTERIES TO
HAVE MIN. CAP,
OF {00 A-HR.

: L2930 s =
SaM .
EQUIPMENT ‘ . . .
UNDER ‘ iy any
TesY j: raaxn SUPPLY SUPPLY
lo-s,ur

B

L ’

FIGURE 10
IMPORTED SPIXE TEST CIRCUIT

SELECT INTERNAL

IMPEDANCE
' 05N
Fo ___ M oA )
WVVV—"
Dumenasuusanes pemped
o !

i ? EEI TO PULSE
GEMERATOR
SELECT HERA

% /sum;s VOLTAGE

. —1

-

ol
“4
)

==y CQUIPMENT
UNDER
YEST
( ¥
FIGURE 11

D'PORTED SURGE TEST CIRCUTT

ROTE  PULSE GENERATOR PRODUCE: A TRATN OF FIVE
Sum. SEC PULSES AT ONE SEC TNTERASALS.

#US COVERNNENT PRINTING OYFICE: 3 9T8-703-020/70F
- s
10




Downloaded from http://www.everyspec.com

INSTRUCTIONS: In s continuing ¢Hort to make our atnndardization documents better, the DoD provides vhis Torm for wae In
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