INTERNATIONAL-

J1843™

SURFACE VEHICLE

JUL2022

RECOMMENDED PRACTICE

Issued
Revised
Reaffirmed

1989-06

2018-05
2022-07

Superseding J1843 MAY2018

in Medium- and Heavy-Duty Vehicle Applications - Truck

Accelerator Pedal Position Sensor for Use with Electric Controls

and Bus

RATIONALE

The following chang

Foreword: Changeq

es have been made to the document:

the intent of the document from minimizing the number of accelerator position sg

the currently accepf{ed signal types.
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6.4: Updated the ol

nition of APS1 and APS2 for redundancy in the sensor signals.
Hulated” to “Modulation” for clarification.

ne graphic to make easier to read.

he graphic to make it easier to read.

he graphic to make it easier to read.

\dded “Dual” signals for redundant and.independent electrical signals.

tput range to account for dual signals.

6.5: Updated the diagnostic range per 6.4.

Figure 7: Updated t
Figure 8: Updated t

6.12: Added “each”
dual signals.

Section 7 and 7.1: A

he graphic for dual signals.
he graphic to make,easier to read.

and “A shorbbetween redundant APS signals will result in a violation of correlati

\dded<dual” signals for redundant and independent signals.

nsors to guidance on

bn” to account for the

7.2: Removed batt

Ty voittage supplies: ttis Tecommendedto operate thethrottiesigmats off of a1eg

7.3: 20 mA should be sufficient current to power the sensors.

7.4: Updated the output range to account for the dual signals.

7.5: Updated the fault range to account for dual signals.

lated supply.
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7.8: Added clarification to tighter tolerance within a range of acceptable frequencies.

7.9: Added signal transition time. This value is dependent on the system setup and should be discussed and validated with

the ECU supplier.

7.13: Added clarification for dual signals.

Figure 10: updated

Figure 11: updated

the graphic to make it easier to read.

the graphic to make it easier to read.

9.1: Added clarification that EMC should be considered in the design.

SAE J1843 has been reaffirmed to comply with the SAE Five-Year Review policy.
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Applications

2.1.2

3. DEFINITIONS

3.1

The APS assembly shall comply with all appropriate Federal Motor Vehicle Safety Standards.

ACCELERATOR POSITION SENSOR (APS)

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

The sensor portion @

3.2 ACCELERAT(

APS1 is the accele
integrated into a sing
3.3 ACCELERAT(

APS2 is the accelers
integrated into a sing

3.4 DIAGNOSTIC
The ranges of APS
values specified as
controller(s) as an o
3.5 DUTY CYCLE
The ratio of signal tir
3.6 ELECTRICAL
The electrical signal
3.7 FAULT RANG

The ranges of the

f the physical device used to convert the accelerator position into an electrical'sig
DR POSITION SENSOR 1 (APS1)

Fator position sensor number 1 of a sensor assembly with multiple “independs
le physical package.

DR POSITION SENSOR 2 (APS2)

tor position sensor number 2 of a sensor assembly with,multiple independent pos
le physical package.

RANGES
outputs between the maximum allowahle: output span during normal operation

n indication of an absolute fault condition. APS outputs in the diagnostic ranges
t-of-range indication, but do not necessarily indicate an absolute fault.

he high to signal period (see Figure 1).

INTERFACE

b to be passed:from the APS to other electronic/electrical devices.
ES

A\RPS\Output values beyond the diagnostic range(s) that indicate an absolute f

accelerator pedal as

nal.

Nt position sensors

tion sensors that are

and the APS output
may be used by the

Ault condition in the

sembly

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

3.8 FULL SCALE
duty cycle).
3.9

MECHANICAL INTERFACE

The physical boundaries of the APS.

3.10 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.
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3.11 OUTPUT LINEARITY

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).

3.12 OUTPUT SMOOTHNESS

Any spurious variation in the output not present in the input is measured as the difference between the actual output transfer
function and the end points of a 2.0% of total pedal travel long line parallel to the output linearity function that passes through
the actual output value for any APS position. The difference between the actual output values and the parallel line end
points located +1.0% of total travel from the APS position should be less than the output smoothness specification (see
Figure 3).

3.13 PULSE WIDTH MODULATION (PWM)

A system of modulagon where the duty cycle of discrete pulses are varied by controlling the leading, tfailing, or both edges
to represent an outppt signal where the duty cycle of the pulse is proportional to the value refiresented.

3.14 SENSING ELEMENT
The portion of, or didcrete device contained within, the APS that converts physical motion into a usablg electrical signal.
3.15 SUPPLY VOL[TAGE

The voltage measurg¢d between the +V supply and -V supply leads with the APS device connected.
3.16 TREADLE
The lever operated hy the foot.

3.17 IDLE VALIDATION SIGNAL (IVS)
A signal generated Hy the accelerator pedal assembly to indicate that the assembly is in the idle positipn.
3.18 TRANSMISSION SHIFT PIONT TRANSITION SIGNAL

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

3.19 KICK DOWN $IGNAL

The electrical signallused_ by an automatic transmission to raise the shift points to provide maximunm performance at full
throttle.
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Figure 1 - Pulse width modulation signal waveform
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Output Linearity

Signal Output
I

Best Fit Linear Regression

Total APS Travel

A

»
>
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Accelerator Pedal Position
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Figure 2 - Output linearity definition
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Output Smoothness

Upper
Smoothness Limit
L Test Point

(Any APS Position)

- End Point

Lower
Smoothness Limit

Signal Output
I

I
End Point

— < 2% of Total APS Travel >

-1.09% APS Position +1.0% APS Posit|on

Accelerator Pedal Position

Figure 3 - Output smoothness definition
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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 4 - APS mounting specifications sensor mounting hole pattern
and angular rotation requirements
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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 minimum accelerator pedal position driveshaft to be +3 degrees over the operating life of the accelerator
pedal.

Overall drift of the maximum accelerator pedal position driveshaft to be +3 degrees over the operating life of the accelerator
pedal.

Due to variations in actual pedal designs and applications, sources of auxiliary signals, as defined in Section 8, may utilize,
but are not required to utilize, this APS-to-pedal mechanical interface.

If the APS has an optional cutaway driveshaft receptacle as illustrated in Figure 6, then the APS must not contain an integral
IVS. In this case, if the TVS1s required, it must be Tocated and operated independently of the APS.

The APS shall contajn an internal source of energy capable of returning the internal portions of/theAPF to the end of travel
nearest the idle statg. It is not intended that the APS be capable of returning the entire accélerator pedal assembly to an
idle condition. The gccelerator pedal assembly is expected to accomplish return of the treadle throygh other sources of
energy. When the APS is an integrated part of the pedal unit, this internal source of energy may not b¢ required.

6.75 MAX

R 1 MAX

LOCATING BOSS

2.3810.32 —mMm8Mm———-
[@lg0.2®[A[B®[C® |

@ 29.95£0.15
._B-

2.28 MIN

Figure 5 - APS mounting specifications section A-A
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5. ELECTRICAL IN

Any one electrical ol
electronic engine co
APS, then some ma
of the APS signal if 3

Two optional electri
modulated (PWM) €

Figure 6/= Optional sensor cutout
TERFACE

tput signal of the accelerator pedal assembly is intended to be used by only one
htrol only, or electrgnic transmission control only). If multiple devices require a re
ner of isolationsand buffering of the APS signal should be provided to each devic
L fault occurred in only one subsystem.

Cal interfaces are defined. Either Option A, an analog ratiometric signal or Opt
lectronic interface can be used. The two options are presented and both are p

industry today. An

—_

ecipient device (i.e.,
iable signal from the
b, to prevent the loss

on B, a pulse width
resently used in the

PSAis not expected to provide both Option A and Option B output signals, nor is

the recipient device

expected to be compatibtewitrbottT:

6. DUAL 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

Dual Signals for Redundancy

The sensor shall provide two electrically independent output signals, with separate supply and return circuits.

6.2

50vDC+050VD

Supply Voltage

C.
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6.3  Supply Current
20 mA maximum.
Output Range

See Figure 7.

a. The minimum accelerator signal output as a percentage of the supply voltage shall not be less than 18% for APS1 and
8% for APS2.

b. The maximum accelerator signal output as a percentage of the supply voltage shall not be greater than 86% for APS1
and 44% for APS2.

c. APS1 and APS2 signals should correlate to APS2 = (APS1 / 2) £ 2% of the supply voltage.
6.4 Diagnostic Rapge

See Figure 7.
a. Lower Range = Less than 8% of supply voltage.

b. Upper Range = Greater than 86% of supply voltage.
6.5 Fault Range
See Figure 7.

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

b. Upper Range = (5reater than 90% of supply voltage.
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Ratiometric Output —"(Vour X 100/Vsypply)

90

Fault Range > 90%

F——-—-7=-—---—-C» Diagnostic Range <8% ------

> Total APS Travel >

| Fault Range < 5%

Minimum APS Position

Accelerator Pedal Position

Maximum APS Po

Sition

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

+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.)

) +\/ Qllppl\/

APS Output
Device o

O

X
[Fp]
+l
1S Test Points

<
@)
~
O <

)

T\ [ Sunnly

M S S

Figure 8 - Ratiometric APS output test circuit

6.9 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 is not included.
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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 second.
The signal shall transit from a specified fault range signal to the correct reading at any APS position in less than 0.1 second
(signal slew rate only) upon return to a normal operation.

6.11 Short Circuit Response

A short circuit between any two leads of each 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 second. A short between redundant APS signals will result in a violation of correlation (6.4). The signal shall transit from
a specified fault range signal to the correct reading at any APS position in less than 0.1 second (signal slew rate only) upon
return to a normal operation.

7. DUAL PULSE WIDTH MODULATION (PWM) ELECTRONIC INTERFACE (OPTION B)

The following specifications shall apply when for a dual pulse width modulation electronic interface. Figure 1 illustrates the
PWM wavform used|in this interface.

7.1 Dual Signals fpr Redundancy
The sensor shall provide two electrically independent output signals, with separate supply and return ¢ircuits.

7.2  Supply Voltag

D

Regulated 5V DC +|0.5 V DC.

—F

7.3  Supply Curren
20 mA DC maximurm} per channel.
7.4 Output Range
See Figure 9.

a. The minimum agcelerator signal duty cycle shall not be less than 20% for APS1 and 9% for APS2
b. The maximum afcelerator sighal duty cycle shall not be greater than 90% for APS1 and 46% for APS2.
c. APS1 and APS2 signals_shall correlate to APS2 = (APS1/2) + 2% duty cycle.

7.5 Fault Range

See Figure 9.
a. Lower Range = Less than 10% duty cycle for APS1 and less than 5% duty cycle for APS2.

b. Upper Range = Greater than 96% duty cycle for APS1 and greater than 48% duty cycle for APS2.
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100

Fault Range > 95%

PWM Output —"(% Duty Cycle)

: Fault Range < 5%
Q= Total APS Travel
|

\ 4

Minimum APS Position Maximum APS Pokition

Accelerator Pedal Position

Figure 9 - Pulse width modulated output transfer function

7.6 Output Smoothness

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

7.7 Output Linearity

+5% of full scale output over the output range (see Figure 2).
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7.8

Output Frequency

a. Working range fixed between 200 and 1100 Hz.

b.

7.9

+10% tolerance on working range.

Signal Transition Time

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

It should be recognized that ECU circuit characteristics which the sensor signal is connected to has a direct effect on the
signal rise and fall time. Evaluation of this impact should be evaluated at time of sensor and ECU integration.

7.10 Output Curren

The output transfer f
0.001 puF capacitanc
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The pulse width mog
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The sensing device
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