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3. DESCRIPTION

Road vehicles - Electrical performance of starter motors - Test methods and general requirements

The electrical cranking system components in a heavy duty truck and bus include batteries, cabling, master disconnects,
switches, control switches, relays, terminations, and cranking motor. The starting system shall be designed in a fashion to
provide the necessary engine rpm to start an engine under the most severe climatic conditions for which the system is
intended. This SAE Recommended Practice is focused on the starter motor electrical circuit and its corresponding circuit

components (see Fi
engine cranking and
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General Guide of Variables Affecting Good Starts

| Fuel | Weather | Engine

Winter /

\ \ Oil Viscosity\,
SummerN\ Temperature Displacement N\,

Cetane Rating . Humidity

Cold Start Aids N\

Parasitic LoadA

Fuel Priming \
Interconnections / Size of Pack /

4. COMPONENT -[STARTER MOTOR - STRAIGHT DRIVE VERSUS GEAR REDUCTION AND STA

e Torque per amp

current (see Figlire 2). So, in this regard, gear reduction is “more efficient.”

o Efficiency - Trus
drive starters in

e Speed versus vd
reduction motory

straight drive anfl gear reductioh.

Gear Reduction
| ength / Type /
Straight Drive
Gauge Condition/Age /

‘ Cables ‘ Batteries | Slaner‘w

Figure 1 - Fishbone diagram

- The gear reduction starters have.the advantage of producing more torque fg

efficiency is defined as power out/power in. Gear reduction starters are more ¢
he desired working range‘of'the starter (see Figure 3).

Itage - For a givenssteady state current, speed is proportional to voltage. Both st

4 Good Start

RTER EFFICIENCY

r a given amount of

fficient than straight

aight drive and gear

are affected nearly“equally in this regard. As shown in Figure 4, the slope is basically the same for

Figures 2 through 4 were created from starter performance test data. The test method used to generale this data conforms

to SAE J544 and ISQ 8856(All data shown is relative to a 12-V electrical system.)
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Torque per Amp
Gear Reduction vs. Straight Drive Starters
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Figure 2 - Chart of starter torque versus current
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Cranking RPM
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5. COLD CRANKIN
The bar charts in Fig
prevent engine starti
Since temperature g
constant for each tes
a. Cranking speed

but not necessa

rom will decreas

b. Currentis propo

G - ENGINE RPM/VOLTAGE/CURRENT

t. This cold crank data clearly demonstrates-that:

Figure 4 - Chart of cranking speed versus voltage

ure 5 are based on actual data from a cold crank test of a 13-L engine with 15WHO oil at -18 °C fitted
with a gear reductionf starter motor. The crank data is based on 20-second continuous crank events.

Fuel was disabled to

ng. Four different lead-acid battery packs were tested, and all were conditioned to [f0% state of charge.
nd oil weight were held constant for all testsythe cranking torque demanded by [the engine was also

is proportional to voltage. Voltage is.relative to battery chemistry (battery internal resistance, Rbatt),
rily a direct correlation to cold cranking amps (CCA). As battery internal resistange increases, starter
e as a result of lower availablewoltage at the starter. (See Charts 5A and 5B in Figure 5.)

tional to torque. Required\cranking torque was constant for each test; therefore, {he current remained

constant, despit¢ the different battery packs and resulting voltages during cranking, because all four battery packs had

enough excess

CCAs to provide all the'current demanded by the starter. (See Chart 5C in Figure

5 )
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Chart 5A
13L Engine at -18C with 15W40 Oil
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Figure 5 - Charts of cold crank data
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6. STARTER ELECTRICAL CIRCUIT - MAIN CRANKING CIRCUIT

The main cranking circuit consists of the positive and negative cables, master disconnect switch, and all circuit terminations
(see Figure 6).

e Voltage drop measurement shall be performed by applying the highest reasonable stable current load to the circuit to
maximize the signal to noise ratio. Measurements should be performed quickly to minimize changes in circuit resistance
due to I? X R self-heating effects. The minimum recommended current to be applied for measurement purposes is
120 A. Figure 7 provides recommended values for V-drop/120 A, V-drop/500 A, as well as the equivalent resistance in
ohms.

e The starting motor circuits in motor vehicles shall be designed so that the difference between the voltage at the battery
terminals and the starting motor terminals (including connections and disconnect switch) shall not exceed those values
shown in Figure|7. The voltage drop values are defined with a normal circuit temperature of 20 2C|(68 °F).

R disconnect R pos cable
switch

| Starter

R neg cable

V starter ~ V batt - | # (R batt * R disconnect switch + R cables + R interconnd cis)

Figure 6 - Crank circuit diagram, main cables
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Main Cranking Circuit Recommended Maximum Voltage Drop
Starter
System Total Circuit Output Max Engine
Voltage Use Resistance V-Drop/500 A | V-Drop/120 A Range Displacement
. 8L gas

12V Light Duty 0.003-0.004 Q -- 0.36-0.48V | 0.9-2.5 kW 35 L diesel
12V Light/Medium Duty (LHDD) 0.002 Q 1.0V 0.24V 2.2-3.3 kW 6L
12V Medium Duty (MHDD) 0.0012 Q o6V 0.14V 2.7-6.8 kW 9L
24V MediuparButy-MHDBBY 0-002-0 -0 O-24-\ 453N 13L
12V Heavy Duty (HHDD) 0.001 Q 0.5V 012V 6¢8-8.5 kW 16 L
24V Heavy Duty (HHDD) 0.002 Q 1.0V 0.24V 7.0-13 kW 30L

NOTE: All exceptions to this requirement shall be defined in Section 3.
Fjgure 7 - Table of main cranking circuit recommended maximum voltage drd
6.1

Starter Electri¢al Circuit - Control Circuit

Starter solenoid current draw varies widely based on the type of starter engagement system. Robust
is critical to the start¢r engagement reliability and solenoid life. Although still important, the control circ
equipped with integrated magnetic switch (IMS) is less sensitive to voltage drop based on the relativel
the IMS coil (approximately 2 to 4 A). For starters, without IMS, the control circuit consists of the wi
power source to the|magnetic switch, the magnetic switeh contacts, and the wiring from the magnetic
solenoid (see Figures 8 and 9). Vehicles with electronically managed starter controls shall consider pr
voltage spikes resulting from de-energizing the starter solenoid. Likewise, the system design should en
relay exists on the sfarter, that suppression is present on the coil of the relay, which will ensure ampl
the source where sugh inductive voltage spikes would be generated.

e Voltage dropm
solenoid or IMS

surement shall be performed by applying a current suitable to the operating currg
during the initial.engagement phase.

Figure 10 describe
as well as the equivalent reS|stance in ohms.

e The starting motor control circuits in motor vehicles shall be designed so that the difference betwe

control circuit design
it design for starters
low-current draw of
fing from the battery
switch to the starter
btection for inductive
sure that (if) a control
b protection exists at

nt level of the starter

ct circuit from starter

X R heating effects.
es for V-drop/100 A,

en the voltage at the

battery terminals and the starting motor control circuit terminals (including connections) shall not exceed those values
shown in Figure 10. The voltage drop values are defined with a normal circuit temperature of 20 °C (68 °F).
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