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SAE J1416
SAE J1455
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3. DEFINITIONS

3.1

Generator Terminal Labeling

plications

Itage Regulators for Automotive-Type Generators

BATTERYLESS OPERATION

Recommended Environmental Practices for Electronic Equipment Design in Heavy-Duty Vehicle

Batteryless operation occurs in a machine application whenever the battery becomes disconnected from the alternator. The
electrical load of the alternator is S|gn|f|cantly differentin thls situation. The dlsconnect|on may be intentional or unintentional.

In some applications
for jump-starting the
movement, the altern
transmission control

Batteryless operation
a.
b. The battery beco
c. The connections
d. The connections
A master disconr

e.

The effect of the alte
loaded with a battery.
3.2 LOAD DUMP

A sudden interruptior
surge named load du
loose, connections to)

dump is the presenc
limits of some electrig

3.3 NORMAL CHA

A battery open cgll failure

machine. After the machine is started, the battery is d|sconnected and the mac
ator is operating without the battery and expected to power such items ‘as the
Iinit, and engine fuel solenoids.

can also occur during operational usage whenever there is:

mes extremely sulfated

to the battery become loose

to the battery become corroded

ect switch becomes open or its connections become open

rnator operating in a batteryless situation is typically a wider range of voltaged

of most electrical loads from the alternator during alternator operation causes 3
mp. Load dump could' be caused by such items as connections to the alternator
the alternator B+ terminal being corroded, defective alternator output cables, et
e of voltage-spikes significantly exceeding system voltage and may exceed th
al components to cause damage.

RGING,SYSTEM OPERATION

Normal charging sys

battery may be used
ine is moved. During
b engine control unit,

in output than when

Some alternators do not produce output without a battery, or voltage regulation nhay become unstable.

self-induced voltage
B+ terminal becoming
C. The effect of a load
e voltage breakdown

arm anaratinn inealhidae Al AlfAarnatar that dnAanAratae Alantrinal Anarong fram o o

echanical source, a

T oOpPCTotom i CrotGC oot oto—tot o T TontC o oot a— T gy oo

voltage regulator to control the alternator output voltage, and a battery that provides a standby source of electrical energy.
Further information on voltage regulators is found in SAE J2669 and on battery specifications is found in SAE J537 and

SAE J930.

3.4 REVERSE POLARITY

Reverse polarity occurs when the battery positive and negative cables are hooked up in reverse. This condition normally
results in damage to the alternator and to any other semiconductor loads that experience the reverse polarity hookup.
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4. PHYSICAL REQUIREMENTS

4.1 Dimensional

Figure 1 portrays a spool-mount alternator. Figure 2 portrays a hinge-mount alternator. Figure 3 portrays a pad-mount
alternator. Included in all are alternator shaft hub dimensions.

D = REFERENCE PLANE
{PULLEY AND-OR

Cr“— FAN REGISTER)
25 T ok
T Be BATTERY POSITIVE
M / —H B- BATTERY NEGATIVE

F
L
y = R PHASE TAP
1
4 t.t | INDICATOR LIGHT
amt (IF REQUIRED})
E \; Ni
L— 1

> OPTIJONAL
s o HEX & KEY
A—ta—m| f—B
L
Terminals
A B C D E F G H J K L J<M] N S T B+||B-]1 R I
<> <> O Torque
Max | Max Max|Max Max
5/8 17 10 5016 (174 | #10 | #10
51 21 16 32 | 105 | 105 10 or 8 | 170 | 180 20 or 65 Nm or or or or
MI16 222 M8 MIO] M6 | M4 | M4

Note: Unless indidated all dimensions are nominal.
O is a criticdl dimension

Figure A-="Alternator dimensions for spool mounting
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5/8 1/2 7o || 1/4 | Dia. | #10
100 30 145 1 30 120 115 13 or 8 22.2 | 280 | 2035 40 20 or 108 Nm | or or Pin or
Ml6 MI2 MI12 || M6 or M4
M4

Note: Unless indicated all dinensions are narrinal.
{ s acriical dimension

Figure 2 - Alternator dimensions with hinge mounting
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B+ BATTERY POSITIVE
B- BATTERY NEGATIVE
R PHASE TAP

I INDICATOR LIGHT
— @ (IF REQUIRED) -

- L I <3 J
CIEARANCE FOR
\LTERNATOR PULLEY
MOUNT ING

SURFACE /_\

I
©

feg— X —y

TERMINALS
VERSION | A BO | CO | B E FlG Hx | =J0 | K L | M« | N« [ S | B+ | B R I

190-1  |30[1 (108 [490/{12.5{10.5| 40 | 80 | 90 | 160 |22.2|200 | 73 |220 3/8 5716 | 174 | 174
5/8 | OR | OR | OR | OR

190-2 301 126534190 [12.5(10.5| 40 | 80 | 90 | 160 [22.2]200 | 73 |[220 | OR |M10 | M& | M6 | M6
M20

NOTE: UNLESS INDICATED ALL DIMENSIONS ARE NOMINAL
0 IS A CRITICAL DIMENSION
* BRACKET DIMENSION

Notes:

1. Four M10 bolts are recommended for mounting an alternator with 40 Nem torque.

2. Diameter D is intended for additional mounting bolt clearance.

3. Brackets may have additional holes to accommodate 190-1 and 190-2 versions on the same bracket.

Figure 3 - Alternator and bracket dimensions for pad mount
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4.2 Mounting Recommendations

4.21 Hinge Mount

ing

Figure 4 shows a hardened split bushing in the alternator mounting lug opposite the drive end. The mounting bolt clamps
the mounting bracket to this bushing. Tightening of the mounting bolts positions the bushing, easing strain on the bracket

and lugs.

4.2.2 Spool Mount

Figure 5 shows the hardware and brackets for spool mounting. A hardened, split bushing is located in

[
4.2.3 Pad Mountin

A single-piece pad-m
and under mounting

4.3 Terminals

r
[}

-1
r-

1
]
do4

1
_——Ly

-

[Vaal® |

96.77 (3.610)

100.07 (2.940)

Figure 4 - Typical installation of split bushing in hinge mounting. lug

ng

HARDENED STEEL

WASHERS
SPLIT
BUSHING

)

ount bracket is recommended over a multipiece pad-mount bracket. Hardened
holts are required.

On all alternators, prq
to ensure a sound el

visionstshall be made for a negative ground connection, either by a terminal po
ctrical\ground path from the alternator to the machine system ground.

Figure 5 - Typical installation of split bushing in bracket for spool mounting

he mounting bracket.

washers under nuts

st or a threaded hole,

To ensure correct el

ectrical connection between the alternator and the mating wiring harness, a

nd to standardize on

terminals between the various alternator manufacturers, terminal sizes are recommended in Figures 1, 2, and 3. For
additional guidance on terminal marking, refer to SAE J1416.

Blade-type external terminations are not recommended to be used on alternators that are covered by this SAE document.

4.4 Alternator Drive Configuration

See Figures 1, 2, and 3 for shaft sizes and drive alignment reference.
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4.5 Alternator Identification

The alternator nameplate shall be visible in its normal mounting orientation. Each alternator shall be identified with the

following characterist

ics:

Manufacturer’s Identification, Part Number, Voltage Rating, Current Rating, Manufacturing Plant, and Manufacturing Date
Code (and/or Serial Number).

5. PERFORMANCE REQUIREMENTS

5.1 Performance

Refer to SAE J56 for

performance and test procedure.

5.2 Regulation
Refer to SAE J26609 f

5.3 Batteryless Ap
The machine design
voltage. The designe
manufacturer and
electrical system.

q

b

The average steady-§
of 60 Q, shall not rise
5.4 Load Dump

The alternator systen
voltage surge resulti
rated output current

as agreed between th
maximum. Refer to §

5.5 Alternator Effic

Most engine-driven
amperage to its m
significantly between
efficiency at several ¢

or voltage regulator performance and battery charge voltage and temperature ¢
plication

" shall define the conditions (maximum speed, maximum load change, repetition
pecify the maximum voltage (peak and duration)~télerable to the load

g from the sudden disconnection*(not longer than 20 ms to complete break) f
ncluding battery) at 6000 rpm. This test shall be conducted a minimum of five
e machine designer and alternator manufacturer. Alternator system shall limit o
AE J1113-11 for additional guidance.

ency
Iternators have' a wide operating speed range, and electrical loads may ran

a peak-efficiency and much lower efficiency. Average alternator efficiency takes i
perating speeds at a fixed electrical load proportional to the alternator output ra

5.5.1 Determinatio

arnatar TN~y

er shall consider the probability of open-circuit operation @nd accidentally in

tate alternator system output terminal voltage, with’battery disconnected and a
by more than 10% when compared to the alléwable voltage with the battery copnected.

N, including all associated rectifying; regulating, and filtering devices, shall withs

!

bmpensation.

duced high transient
rate) to the alternator
components of the

inimum resistive load

tand the self-induced

om 85 to 10% of the

consecutive times, or
itput voltages to 60 V

je between very low

imum rated amperage. Over such a wide operating envelope, the alternator efficiency varies

hto account alternator
fing.

For each operating point, i, the efficiency shall be calculated in accordance with Equation 1 for each operating point provided

in Table 1.
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60XU;XI;
where:
ni = efficiency at operating point i, as a percentage
Ui = voltage at operating point i, in volts
li = current at operating point i, in amperes
M; = torque at operating point i, in Newton-meters
ni = rotational frequency at operating point i, in revolutions per minute
Ir = alternator rafed current, in amperes
Table 1 - Specifications for operating points
Holding Time Rotational Frequency Alternator|Current
Operating Point to ni li
Stdp No. seconds rpm A
1 1200 2000 Ir/I2
2 1200 3000 Ir/I2
3 600 4000 Ir/I2
4 600 5000 Ir/I2

At each operating po
Test current shall be
(Ir/2 A) at 2000 min
13.5V +£0.2V for 12;
5.5.2 Determinatio
Weighted alternator ¢
and electric load ran

coefficients to derive

Average efficiency sh

h of Average Efficiency

where:

nt, the minimum time specified (tp) is to allow the alternator to reach steady-stat
defined as half the alternator rated cufrfent, Ir. If the alternator cannot deliver

', the efficiency value at 2000 min™ shall be measured at full load with a
\/ systems and 27 V £ 0.2 V for,24-V systems.

all be calgulated in accordance with Equation 2.

Nw = Dizq N X by

e temperature.

half the rated current
specified voltage of

fficiency is based onapplication duty cycles that identify the most common alterpator operating speed
ge. The test measurements for average alternator efficiency can then be mg
a weighted efficiency that is useful for calculating engine fuel used to power ele

dified with weighting
ctrical loads.

(Eq. 2)

nw = average efficiency, as a percentage

ni = efficiency at operating point i, as a percentage

hi = weighting coefficient of operating points i, as per Table 2
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