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1. SCOPE

The purpose of this SAE Recommended Practice is to provide a common electrical and mechanical interface specification
that can be used to design electronic accelerator pedal position sensors and electronic control systems for use in

medium- and heavy-

2. REFERENCES

21

The following publication forms a part of this specification to the extent specified herein.

duty vehicle applications.

Applicable Publication

The

latest issue of SAE

publications shall a
2.1.1 SAE Publics

Available from SAE
USA and Canada) o

SAE J1455 Rec

App
21.2 The APS as
3. DEFINITIONS
3.1 Accelerator Pq
The sensor portion @

3.2 Diagnostic Ra

The ranges of APS

I\l
VA
tion

International, 400 Commonwealth Drive, Warrendale, PA 15096-0001; Tel: 8
[ 724-776-4970 (outside USA), www.sae.org.

bmmended Environmental Practices for Electronic Equipment Design in
ications

sembly shall comply with all appropriate Federal MotorVehicle Safety Standards.

sition Sensor (APS)
f the physical device used to convert the-accelerator position into an electrical sig
hges

outputs between the maximum allowable output span during normal operation

values specified as an indication of an absolute_fault condition. APS outputs in the diagnostic ranges

controller(s) as an o

3.3 Duty Cycle

Lt-of-range indication, but do not necessarily indicate an absolute fault.

The ratio of signal time high to signal period (see Figure 1).

3.4 Electrical Inteffface

The electrical signal

5 tosbe passed from the APS to other electronic/electrical devices.

77-606-7323 (inside

Heavy-Duty Vehicle

nal.

and the APS output
may be used by the

3.5 Fault Ranges

The ranges of the APS output values beyond the diagnostic range(s) that indicate an absolute fault condition in the
accelerator pedal assembly.

3.6 Full Scale

The difference between the theoretical maximum and minimum signal outputs (i.e., 100% of analog supply voltage or

100% duty cycle).

3.7

Mechanical Interface

The physical boundaries of the APS.
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3.8  Output Hysteresis

The maximum output signal difference for a given input pedal position due to previous history of pedal motion in either the
increasing or decreasing direction.

3.9 Output Lineari

ty

The maximum deviation of the actual output transfer function from a straight line defined by the best fit linear regression

straight line through

the actual values (see Figure 2).

3.10 Output Smoothness

Any spurious variat
transfer function an
passes through the
parallel line end poi
specification (see Fi
3.11 Pulse Width M

A system of modulz
edges to represent g

3.12 Sensing Elem
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3.13 Supply Voltag
The voltage measur
3.14 Treadle

The lever operated |
3.15 Idle Validation

A signal generated

ion in the output not present in the input is measured as the difference betwe

1

the end points of a 2.0% of total pedal travel long line parallel to the output |
actual output value for any APS position. The difference between the actual o
hts located + 1.0% of total travel from the APS position should be less than the
ure 3).

odulated (PWM)

tion where the duty cycle of discrete pulses are varied, by controlling the lead

Nt

crete device contained within, the APS that eorverts physical motion into a usabl

W

pd between the +V supply and —\. Supply leads with the APS device connected.

y the foot.
Signal (IVS)

y the accelerator pedal assembly to indicate that the assembly is in the idle posit

bn the actual output
nearity function that
Ltput values and the
output smoothness

ing, trailing, or both

n output signal where the duty cycle of the pulse is proportional to the value repré¢sented.

b electrical signal.

on.
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—— SIGNAL PERIOD —»
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' V High 38V
J V Low 10V
—y — IRt e Tear
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TIME HIGH

DUTY CYCLE (%) = —————=—
SIGNAL PERIOD

OUTPUT FREQUENCY =.1"/ SIGNAL PERIOD

Trse < 5 microseconds
TFALL < 5 micreseconds

FIGURE 1 - PULSE'WIDTH MODULATED SIGNAL WAVEFORM
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OUTPUT LINEARITY
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FIGURE 2 - OUTPUT LINEARITY DEFINITION
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OUTPUT SHMOOTHNESS

UPPER SMOOTHNESS
LIMIT

TEST PGINT
i (ANY APS POSITIOND

END POINT

LOWER SMOOTHNESS
LIMIT

<=1 X TRAVEL—

SIGNAL OUTPUT

END POINT

i—:— 2 Z OF TOTAL APS TRAVEL ==——=——
-1.0 Z APS POSITION +1.0 Z APS POSI[TION

ARCCELERATOR PEDBAL POSITION

FIGURE 3 - OUTPUT SMOOTHNESS DEFINITION
3.16 Transmission Shift Point Transition Signal

The electrical signallused by an automatic transmission to provide early shift points at low throttle and higher shift points
at increased throttle |positions.

3.17 Kick Down Signal

The electrical signall usedby an automatic transmission to raise the shift points to provide maximunp performance at full
throttle.

4. MECHANICAL INTERFACE

The following specifications are for an accelerator pedal to accelerator position sensor interface. It is intended to allow
the design of sensors that are interchangeable for different electronic applications. The driveshaft configuration and APS
mounting pattern are the critical areas for commonality.

Figure 4 outlines the mounting pattern and driveshaft orientation.
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Figure 5 outlines the APS mechanical interface in the area around the APS driveshaft. Figure 5 is a view from section

A-A of Figure 4.

Overall drift of the
accelerator pedal.

Overall drift of the
accelerator pedal.

minimum accelerator pedal position driveshaft to be

maximum accelerator pedal position driveshaft to be

+3 degrees over the operating life of the

13 degrees over the operating life of the

Due to variations in actual pedal designs and applications, sources of auxiliary signals, as defined in Section 8, may

utilize, but are not re

quired to utilize, this APS-to-pedal mechanical interface.

If the APS has an ¢
integral IVS. In this

The APS shall cont
travel nearest the id
to an idle condition
sources of energy.
required.

ptional cutaway driveshaft receptacle as illustrated in Figure 6, then the APS
Case, if the IVS is required, it must be located and operated independently ofithe

hin an internal source of energy capable of returning the internal portions of th

The accelerator pedal assembly is expected to accomplish,return of the tr
When the APS is an integrated part of the pedal unit, this iinternal source of

6.7S MAX

R 1 MAX

LOCATING BOSS

2.3810.32 —————

must not contain an
\PS.

e APS to the end of

e state. It is not intended that the APS be capable of returning thecentire accelerator pedal assembly

eadle through other
energy may not be

@ 29.95t0.15
_B_I

0.2M[A[B@|C® |

2.28 MIN

FIGURE 5 - APS MOUNTING SPECIFICATIONS SECTION A-A
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FIGURE.6=-OPTIONAL SENSOR CUTOUT
5. ELECTRICAL INTERFACE

Any one electrical qutput signal of the ,accelerator pedal assembly is intended to be used by only pne recipient device
(i.e., electronic engipe control onlyjvor electronic transmission control only). If multiple devices reqpire a reliable signal
from the APS, then|some manner of isolation and buffering of the APS signal should be provided to each device, to
prevent the loss of the APS signal if a fault occurred in only one subsystem.

Two optional electri¢al interfaces are defined. Either Option A, an analog ratiometric signal or Opfjon B, a pulse width
modulated (PWM) electronic interface can be used. The two options are presented and both are gresently used in the
industry today. An the recipient device
expected to be compatible with both.

6. ANALOG RATIOMETRIC ELECTRONIC INTERFACE (OPTION A)

The following specifications for each signal channel shall apply when an analog ratiometric electronic interface is used in
the APS.

6.1 Supply Voltage
5.0V DC +0.50 Vv DC.
6.2 Supply Current

20 mA maximum.
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6.3 Output Range

See Figure 7.

a. Span=67.5% + 7.5% of supply voltage

b. Minimum APS Position = 15% + 5% of supply voltage

c. Maximum APS Position = 77.5% + 7.5% of supply voltage

6.4 Diagnostic Range

See Figure 7.
a. Lower Range = Less than 10% of supply voltage

b. Upper Range = Greater than 85% of supply voltage
6.5 Fault Range
See Figure 7.

a. Lower Range = Less than 5% of supply voltage

b. Upper Range = Greater than 90% of supply voltage

r~
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3 ..........H.....A.......,..-......-..<...‘-..-.....--.............-...‘..-......-...........u....
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o 80
-
70
X
e
J | 60
@]
>
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1
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2
o
8
8 30
Q)
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U
Li-l 10 = -<"_—_-== TOTAL APS TRAVEL =
O ' DIAGNOSTIC RANGE < {0Z
— !FF!UL" RANGE < 52
& 0 MINIMUM RPS POSITION MAX IMUM APS POSITION

ACCELERATOR PEDAL POSITION

FIGURE 7 - ANALOG RATIOMETRIC OUTPUT TRANSFER FUNCTION
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6.6 Output Smoothness

0.5% of full scale output for any 2% interval of total travel over the output range (See Figure 3).
6.7 Output Linearity

1+5% of full scale output over the output range.

6.8 Output Current

The output transfer function defined in Figure 7 is to be valid under an electrical test load of 47 kQ + 5%. (See Figure 8).

—o +V supply

(0]
OUTPUT
APS a
DEVICE ‘o
TEST POINTS
) 47K Ohm * 5%

o —V supply

FIGURE-8=RATIOMETRIC APS OUTPUT TEST CIRCUIT
6.9 Output Hystergsis
The sensing device must not exhibit output hysteresis greater than 2% of full scale output when meagured over the entire

span. Output hysteresis issmeasured at the direct mechanical input to the accelerator pedal positipn sensing element.
Hysteresis of the linkages between the treadle and the sensing element of the APS is not included.

6.10 Open Circuit Response

An open circuit of any lead to the APS at any position shall result in a signal as measured across the test points (47 kQ +
5% test lead as per Figure 8) within a specified fault range as shown in Figure 7 and within a maximum time of 1.0 s. The
signal shall transit from a specified fault range signal to the correct reading at any APS position in less than 0.1 s (signal
slew rate only) upon return to a normal operation.

6.11 Short Circuit Response

A short circuit between any two leads of the APS at any position shall result in a signal as measured across the test
points (47 kQ + 5% load as per Figure 8) within a specified fault range as shown in Figure 7 and within a maximum time of
1.0 s. The signal shall transit from a specified fault range signal to the correct reading at any APS position in less than
0.1 s (signal slew rate only) upon return to a normal operation.
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7. PULSE WIDTH MODULATED (PWM) ELECTRONIC INTERFACE (OPTION B)

The following specifications shall apply when a pulse width modulated electronic interface, Figure 1, is used in the APS.
7.1 Supply Voltage

Positive battery voltage, 12 V DC or 24 V DC nominal, regulated 8 V DC + 0.4 V DC, or regulated 5V DC + 0.25V DC.
7.2 Supply Current

40 mA DC maximum.

7.3 Output Range
See Figure 9.

a. Minimum APS Position = 6% duty cycle

b. Maximum APS PFosition = 94% duty cycle

c. Minimum Accelgrator Assembly Position = 16% + 6% duty cycle

d. Maximum Accelgrator Assembly Position = 82.5% + 7.5% duty cycle
7.4 Fault Range
See Figure 9.

a. Lower Range = |Less than 5% duty cycle

b. Upper Range = Greater than 95% duty cycle

7.5 Output Smoothness

0.5% of full scale ougput for any 2% intefval of total travel over the output range (See Figure 3).
7.6 Output Linearity
15% of full scale output overtheloutput range (See Figure 2).

7.7 Output Frequgncy

a. Minimum =200 Hz

b. Maximum = 1100 Hz

7.8  Output Current

The output transfer function as defined in Figure 9 is to be valid under an electrical test load impedance of 47 kQ + 5%
and 0.001 uF capacitance. See Figure 10 for test schematic. The output voltage across the test points high shall be

greater than 3.8 V while sourcing a minimum 8.0 mA current. The output voltage low shall be less than 1.0 V while
sinking a maximum 10 mA current.
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7.9 Output Waveform

The pulse width modulated signal shall have the wave shape shown in Figure 1 while connected to the electrical test load
impedance as shown in Figure 10.

7.10 Output Hysteresis

The sensing device must not exhibit output hysteresis greater than 2% of full scale output when measured over the entire
span. Output hysteresis is measured at the direct mechanical input to the accelerator pedal position sensing element.
Hysteresis of the linkages between the treadle and the sensing element of the APS are not included.

7.11 Open Circuit Response

An open circuit of ar
5% and 0.001 uF te
of 1.0 s. The signal

0.1 s (signal slew rafe only) upon return to a normal operation.

7.12 Short Circuit R

A short circuit betw
points (47 kQ = 5%
maximum time of 1
position in less than

8. AUXILIARY SIG

Some applications 1
signal functions. If g

8.1  Signal Source

The auxiliary signal
derived from the AR
package, or a separ
8.2 Idle Validation
8.2.1 Low Ildle St3

The Idle Validation §

y lead to the APS at any position shall result in a signal as measured across'the
5t load per Figure 10) within a specified fault range as shown in Figure 9.and wit
shall transit from a specified fault range signal to the correct reading atjany APS

esponse

ben any two leads to the APS at any position shall result-in a signal as meas
and 0.001 pF test load per Figure 10) within a specified fault range as shown in |
0 s. The signal shall transit from a specified fault\fange signal to the correct
0.1 s (signal slew rate only) upon return to a normal*operation.

NALS

nay require auxiliary "low idle,
n auxiliary digital state change device\is used, it shall comply to the appropriate s

5) shall be electrically independent of the APS output signal such that the auxili
PS output signal. Thénauxiliary signal source(s) and APS may be housed in
hte package as required by the application.

Signal

te

test points (47 kQ +
hin a maximum time
position in less than

ired across the test
Figure 9 and within a
reading at any APS

shift point transition," and/or "kickdown" accelgrator pedal position

ection(s) as follows:

ary signal(s) are not
B single mechanical

ignal(IVS) shall be calibrated to change state at a point between 3 and 10% of

above the minimum

APS'position output. The IVS shall remain in the low idle state below this transiti

e APS output span

h
n point.

8.2.2 Voltage Drop

The conducting state voltage drop shall be less than 1.2 V when conducting between 1.0 and 25.0 mA.

8.2.3

Current Leakage

Nonconducting state current leakage shall be less than 100.0 uA with an applied potential of battery voltage.

8.2.4  Signal Outputs

The IVS shall have complimentary outputs as illustrated in Figure 11, or any functional equivalent.
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State Change

8.2.5

The device shall establish a stable state in less than 50 ms after the indication of a state change for an individual signal

output.
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FIGURE 9 - PULSE WIDTH MODULATED OUTPUT TRANSFER FUNCTION
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© +V supply

QUTPUT
APS ~
DEVICE b | o
0.001 uF —— TEST POINTS
T
(0] 47K Ohm = 5%

-©

o —V supply

FIGURE 10 - PWM APS . QUTPUT TEST CIRCUIT
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