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1. SCOPE

This document d

diagnostic malfun

mandated by the
diesel-cycle engin

1.1 Purpose

The purpose of th
diagnostic tool to
These on-board d
2. REFERENCE
21

The following pub
latest version of S

In general, all requ

211  SAE Publ

Available from S

Applicable R

escribes the application of the SAE J1939 recommended’ practices for complian
ction detection system requirements for marine sterndrive and inboard spark ign

ES.

communicate with marine sterndrive @nd inboard spark ignition engine’s on board d
lagnostic malfunction detection system requirements are referred to as OBD-M in this

5
ublications

ications form a part.of this specification to the extent specified herein. Unless othery
AE publications.shall apply.

irements of.the SAE J1939 document apply to OBD-M applications, except as noted i

cation

ce with on-board
ition engines, as

California Air Resources Board (CARB). These Otto-cycle engines are not derived from automotive

Is recommended practice is to provide a-standard open interconnect architecture that allows a generic

iagnostic system.
document.

vise indicated, the

n this document.

E |nfnmaiinnal, 400 Commonwealth nri\/n1 \I\Iarrnndaln, PA, 1‘-'\006-{\001, Tel: 877

606-7323 (inside

USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1939 Recommended Practice for a Serial Control and Communications Vehicle Network
SAE J1939-15 Reduced Physical Layer, 250K Bits/Sec, Un-Shielded Twisted Pair (UTP)

SAE J1939-21 Data Link Layer

SAE J1939-31 Network Layer

SAE J1939-71 Vehicle Application Layer
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SAE J1939-73

SAE J1939-81

Application Layer—Diagnostics

Network Management

SAE/USCAR-2 Rev. 4 Performance Specification for Automotive Electrical Connector Systems

2.1.2 ABYC Publication

Available from American Boat and Yacht Council, 613 Third Street, Suite 10, Annapolis, MD 21403, Tel: 410-990-4460,

www.abycinc.org.

ABYC E-11

2003-07 edition, AC and DC Electrical Systems on Boats

2.1.3 CARB Pu
Available from (
916-322-2990, wv

CALIFORNIA CO
TITLE 13. Mg
Chapter9. O
Article 4.7. S

§ 2444 2. Op-Board Engine Malfunction Detection System Requirements — Model Year 2007

Ignition Inboa

2.1.4 1SO Publi

Available from An
WWW.ansi.org.

ISO 2575 S
3. DEFINITIONS

See Title 13 CCR
conflicting definitig

4. ABBREVIATI
ABYC Amer
CARB Califo
DLC Data
SPN

Suspect Parameter Number

blication

alifornia Air Resources Board, 1001 “I” Street, P.O. Box 2815, Sacramento,

w.arb.ca.gov.

DE OF REGULATIONS (CCR), effective December 13, 2006
tor Vehicles

f-Road Vehicles and Engines Pollution Control Devices
bark-lgnition Marine Engines

d and Sterndrive Marine Engines.

Cation

erica National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, T

bventh edition 2004-05-01, Road Vehicles—Symbols for controls, indicators, and tell-t

ns, those in Title 13 CER §2441 shall take precedence.
DNS
can Boat and Yacht Council

rnia Air Resources Board
| ink Connector

CA 95812, Tel:

and Later Spark-

el: 212-642-4900,

ales

§2441 and SAE J1939 forterms and definitions that are not defined in this document. In the event of

See SAE J1939 fo

aprmaont

5. TECHNICAL REQUIREMENTS

5.1

Physical Layer

The datalink physical layer shall be according to SAE J1939-15, except as noted.

511 Wire

Wire and insulation type, color, and size shall be compliant with ABYC recommended practices. Where deviations from
SAE J1939-15 occur, implementation should be according to the engine manufacturer's recommendation in order to
ensure proper network functionality.
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5.1.2 Network Architecture

The network must work properly if the only nodes are the engine ECU and the diagnostic scan tool, connected via a 5 m

cable. If other integrated electronic control units perform OBD-M functions independent of the engine

ECU, then it must

be done according to the engine manufacturer’'s recommendation in order to ensure compliance with Title 13 CCR

§2444 2.
5.1.3 Termination
Diagnostic tools intended to be connected to this network shall not include termination.

5.2 Marine Diagnostic Connector

The connector supports the unshielded twisted pair physical layer of SAE J1939-15. It also includes bJattery + and - from

the engine, intended to power a diagnostic tool, and two spare pins reserved for future specification.

5.2.1 Data Link|Connector Location

5.2.1.1  Engine Manufacturer Responsibilities

The OBD-M data Jink connector (DLC) shall be located on the engine in a spot-that typically would be
accessible to a dervice technician after the engine has been installed in atboat. The DLC shall
withstand heat, vibration, and/or mechanical fatigue resulting from normal, engine operation for a pe
years. These requirements shall apply separately to each engine in a<multiple engine configuration ¢
belonging to the same OBD-M network, in which case a single DLC would suffice for that network.
5.2.1.2 Vessel Manufacturer Responsibilities
The DLC locatio
vessel in a readil
obstruction, the p
DLC is present on
relative to the othe

identifiable and accessible location. . Ifsthe DLC location is hidden behind a remov3
nel or obstruction shall be clearly labeled to indicate the presence of the connector,
a vessel, then each DLC shall be Clearly labeled as to which engine it supports and
r DLC(s) according to the corresponding relative locations of the engines using those
5.2.2 Connectof Sealing and Cap

The connector shH
temperature Classg

all be sealed to meet*the environmental requirements in Section 5.6 of SAE/US
2 (Ref. Figure 5.4y components.

The connector sh
method to retain it

bl be provided\with a cap for sealing the front of the connector when not in use. Thd
in order to prevent losing it when it is disconnected.

readily visible and
be constructed to
riod of at least 10
pxcept for engines

may optionally be extended by the boat builder to reside within the passenger compartment of the

ble panel or other

If more than one
or shall be located
DLCs.

CAR-2 Rev. 4 for

e cap must have a

5.2.3 Connecto[ Labeling
The DLC shall be tabeted—SBB-M-onorneartheconnector:

5.2.4 Connect/Disconnect

The connector shall be rated for 200 connect/disconnect cycles.
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525

Physical Requirements

The pinout shall be:

A - Vbatt +
B - Vbatt gnd
C - CAN-H
D - CAN-L

E - spare (reserved)
F - spare (reserved)

Unused pins shall

be plugged.

5.2.6 Current Hlandling

The ‘Vbatt +* and

\Vbatt gnd’ circuits shall be capable of carrying (source and sink, respectively)\a minin

to the diagnostic tgol. Tools powered from this circuit shall not draw more than 5 A.

527
The engine-side o
5.3 Datalink Lay
The datalink layer
5.3.1 Preferred

OBD-M engines a
Group 4 (Marine B

5.3.2 Request/H

The diagnostic se
in SAE J1939-21.

5.3.21 Reques

Mechanical Requirements

f the connector shall be a male housing with female pins. See-Appendix A for connec
er

shall conform to SAE J1939-21.

Addresses

nd diagnostic tools shall use the preferred addresses defined for Industry Group 0 (4

esponse System

rvices described in SAE J1939-73 are implemented using the request response meq

The request mecl

anism is described using PGN 59904. PGN 59904 supports both destination s

destination requegts. Using the global data request, all network nodes can be interrogated for selected

single request.

e form of'the request and the nature of the information to be provided determing

Protocol facility is ised when the data in the reply exceeds 8 bytes.

53.22

Response

hum of 5 A current

tor detail.

5lobal) or Industry

quipment). Note that more than one engine may be connected to the network at a tinpe.

hanism described

becific and global
diagnostic data in
e which Transport

The response to a request may either be the requested data, an acknowledgement, or not-acknowledgement.

case, no response

5.3.2.21

is provided for the request.

ACK/NACK

In one

PGN 59392 describes both a positive and negative acknowledgement facility. ACK and NACK responses indicate the
performance status of a request or command. Requests received for unsupported data are responded to with NACK.
SAE J1939-73 discusses the use of ACK/NACK on many of its service requests. ACK/NACK requirements should be

strictly adhered to

ensure service tool compatibility.
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53.2.22 Data
Requests for data shall be responded to as described in SAE J1939-21, Section 5.4.
5.3.2.2.3 No Response

No response is provided for global requests, where the PGN supported is not available from receiving ECU. This is
described in SAE J1939-21, Section 5.4.

5.3.3 Transport Services
Transport services are described in SAE J1939-21 for data that exceeds eight bytes in length. Two forms of transport

services are provifled. Managed connections support flow control between the sender and receiver. Brpadcast Announce
Messages are sent without flow control.

Many of the replles, satisfying requests for diagnostic information, require ECUs to support the fransport protocol
mechanisms in SAE J1939-21, because they are longer than one data packet. Because diagnostic| requests may be
requested using efther global or destination specific methods described in SAE J1939-21 the”ability to provide both forms
of reply will be required. Refer to the Connection Management topic in SAE J1939-21_for, full details.
5.4 Network Layer

The Network Layer shall be according to SAE J1939-31.

5.4.1 Non SAE 1939 Communication

Non-J1939 protocpls may exist on the network (NMEA2000, proprietary 11-bit CAN, etc), as long as they do not interfere
with the OBD-M communication defined in this document.

5.5 Network Maphagement

Network management shall be according to SAE J1939-81.

5.51 Source Addresses

In applications with multiple engines communicating on the same network, the Source Addresses shall be as defined in
SAE J1939 Tableg B2 and B6.

5.5.2 Engine Location
OBD-M complianf devices hall support broadcasting a description in PGN 64965, SPN 2903 (ECU Location) of the

relative location ip the boat of the engine for which they are broadcasting fault codes. The desgription shall be a
maximum of 16 charactéetrs long, intended to be displayed by the OBD-M scan tool (e.g., “PORT”, “STARBOARD?”, etc.).

OBD-M scan tool
with the appropriate engine in multiple engine applications.

stic data displayed

It is the vessel manufacturer’'s responsibility to configure the engine location according to the engine manufacturer’s
recommendations.

5.6 Application Layer

There are two documents that define application layer requirements for OBD-M. SAE J1939-71 defines parametric data
such as engine speed and some component operating limits like high idle. Scaling (range/resolution) and data length for
parameters communicated on the SAE J1939 network are defined in SAE J1939-71. SAE J1939-73 defines the
diagnostics services and data content for diagnostics messages on an SAE J1939 Network.
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5.6.1

Parametric Data Support

At a minimum, the following SPNs shall be broadcast or available on request according to SAE J1939-71, if applicable:

TABLE 1 - SPNs REQUIRED FOR BROADCAST IF AVAILABLE

Parameter SPN
engine throttle position 51
accelerator pedal position 1 91
fuel level 96
engine oil pressure 100
ehgine-intake-rmanifoldtermperature 105
engine intake manifold #1 pressure (turbocharged 102
applications only)
engine air inlet pressure (normally aspirated 106
applications)
barometric pressure 108
engine coolant temperature "o
keyswitch battery potential 158
battery potential / power input 1 168
engine speed 190
engine total hours of operation 247
accelerator pedal 1 low idle switch 558
engine actual ignition timing 1436
ECU location 2903
short-term fuel trim - bank 1 4236
long-term fuel trim - bank 1 4237
short-term fuel trim - bank 2 4238
long-term fuel trim - bank 2 4239
closed loop status, bank™ 4240
closed loop status,(bank 2 4241
aftertreatment 1 exhaust gas temperature 1 3241
aftertreatment 1 exhaust gas temperature 2 3249
aftertreatment 1 exhaust gas temperature 3 3245
aftertréatment 2 exhaust gas temperature 1 3275
aftertreatment 2 exhaust gas temperature 2 3283
aftertreatment 2 exhaust gas temperature 3 3279
engine throttle actuator 1 control command 3464
Aftertreatment 1 Intake %02 3217
Aftertreatment 1 Outlet %02 3227
Aftertreatment 2-ntake- 502 3256
Aftertreatment 2 Outlet %02 3266
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5.6.2 Diagnostic Service Support
At a minimum, the following DM messages shall be supported according to SAE J1939-73:

DM1
DM2
DM3
DM5
DM6

Active Diagnostic Trouble Codes

Previously Active Diagnostic Trouble Codes

Diagnostic Data Clear/Reset of Previously Active DTCs

Diagnostic Readiness 1 (bytes 1, 2, 3 with SPN 1220 = 19,5, “OBD-M (SI-SD/1)”)

require two occurrences before reporting the DTC)
Diagnostic Data Clear/Reset for Active DTCs

Emissions=-Related-Active nlngnnchr\ Trouble Codes

DM11
DM12

Pending DTCs (used to report faults that have occurred once, but not yet reported in DM1, for faults that

DM19
DM23

CalibrjEion Information
Previodisly Active Emission Related Faults

5.7 Fault Code ptorage and Erasure

All pending, active, and previously active OBD-M related faults (up to a minimum of 20) ‘must be sto
memory as diagngstic trouble codes, such that the codes are retained indefinitely even “after all pows
from the ECU. AJl fault codes shall be retained in computer memory, and shallyremain accessible wi
tool, until cleared by a technician, or as described below.

5.7.1 Pending Haults
When an OBD-M
driver via the audi

related fault occurs for the first time, the fault is ‘pending” and does not need to b
b/visual alert device.

If an OBD-M diagnostic has caused a pending fault code te_'be stored in computer memory, but thg
passes during thg next engine operating cycle in which it is. run, the pending fault code must be erag
Notwithstanding, @ pending fault code for long-term fuel.frim malfunctions and misfire (if so monitored)
for up to two consgcutive operating cycles after the initial setting of the pending fault code or until the ne

ed in non-volatile
r is disconnected
th a generic scan

e indicated to the

same diagnostic
ed from memory.
must be retained
xt operating cycle

during which engine operating conditions similar<to those for which the pending code was recorded have been

encountered withqut the recurrence of a malfunction.
Pending faults shall be broadcast (on request)-using DM6.

Pending faults become “active” faults after two consecutive operating cycles in which the same diagn
each cycle and deftects a malfunction both times.

Pending fault codpes may be €rased after 40 consecutive warm-up cycles for all OBD-M diagnostics,
operating cycles for fuel trimm/malfunctions and misfire (if so monitored) ONLY if engine operating co
those under which the malfunction was originally detected have not been re-encountered.

pstic executes on

br 40 consecutive
nditions similar to

5.7.2 Active Fallts

When the same OBD-M related fault is detected in two consecutive engine operating cycles, the fault is
be indicated as defined in Section 5.8 of this document.

Emissions related active faults shall be broadcast using DM1 (periodically) and DM12 (on request).

“active” and shall

After a fault becomes active, it remains active until cleared with a scan tool or until it becomes a previously active fault

(see Section 5.7.3 of this document).

Active fault codes may be erased after 40 consecutive warm-up cycles if the same diagnostic has eithe

r failed to execute

during each of the cycles or has executed but failed to detect the same malfunction. Notwithstanding, the fault code must

not be erased if the audio or visual alert device is still activated because of the fault.
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5.7.3 Previously Active Faults

When an OBD-M related fault ceases to activate the audio/visual alert device after three subsequent consecutive
operating cycles in which the diagnostic routine executes but does not identify a malfunction (see Sections 5.8.1 and
5.8.2 of this document), the fault becomes “previously active.” Previously active faults are different than pending faults
and shall not be used to reactivate the audio/alert device in combination with a subsequent detection of malfunction by
the same OBD-M diagnostic routine. Previously active faults are retained as a historical record for service technicians to

aid in the diagnosis and repair of intermittent malfunctions.

Emissions related

previously active faults shall be broadcast (on request) using DM2 and DM23.

Previously active faults may be erased after 40 consecutive warm-up cycles if the same diagnostic has either failed to

execute during ealch of the cycles or has executed but failed to detect the same malfunction. Notwith

code must not be

5.8 Audio/Visug] Alert Device

OBD-M compiiant
related faults are
engine manufactu
5.8.1 Visual Ale

If equipped with a
device shall also h

The visual alert d
which the diagnos
have been enco

Notwithstanding, the visual alert device shall remain activated if more than one “active” fault remain

Sections 5.7.2 ang
The visual device
The visual device
capable of dynan
indication takes p
malfunction is pres

If equipped, each

brased, if the audio or visual alert device is still activated because of the fault.

ECUs shail be abie to support an audio and/or visuai aieri device, to be_used fo indi
currently active. It is the vessel manufacturer’s responsibility to_install the device
[er's recommendations.

[t Device

n OBD-M visual alert device, when an OBD-M related fault is active, the device shall
e briefly activated each time the engine is turned on,%in order to indicate that the deviq

evice may be deactivated by the OBD-M systent after three consecutive engine o
ic routine responsible for activating the visuaklalert device has executed (or similar of
untered for fuel system or misfire monitoring), but has not detected the s
5.7.3 of this document).

shall be labeled “Service Soon™or with ISO 2575 icon F.01.

shall only be used to indicate OBD-M related faults. Notwithstanding, an electro

recedence over all-Qther functions of the display and the display is activated cor
ent.

engine in a multiple-engine application shall have its own visual alert device, unless it

which engine(s) h
minimum, corres

identifiers) on the vessél/clearly identifying the engine to which the visual alert device and/or DLC (in th

DLCs) correspon

s an OBD=M related fault. The positioning of multiple visual alert devices within the
nd to thepositioning of engines on the vessel, otherwise there should be labeling

standing, the fault

ate when OBD-M
according to the

be activated. The
e is functional.

perating cycles in
erating conditions
ame malfunction.
5 in memory (see

hic display that is

ic or multiple visualizations may be used to indicate OBD-M malfunctions so long as OBD-M fault

tinuously when a

is made apparent
essel should, at a
(or other suitable
e case of multiple

5.8.2 Audio Alert Device

If equipped with an audio alert device intended for OBD-M indication, then when an OBD-M related fault is active, the

audio alert device

shall be turned on, continuously or discontinuously.

If the audio alert device is not sounded continuously, it shall be sounded for a 5 second continuous beep upon fault
activation, followed by a chirp beep every minute.
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