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1 INTRODUCTION

1 Introduction

1.1 Overview

Congratulations on your purchase of an MS3Pro! The MS3Pro is a standalone engine management system
capable of running sequential fuel injection on up to 12 cylinder engines. This manual covers the MS3Pro EVO-+.
The MS3Pro is manufactured by AMP EFI, a branch of EFI Innovations, INC.

This manual is based on the 1.6.1 and later firmware. Documentation for earlier firmware is available at
MS3Pro.com.

1.1.1 Warning labels

Everything comes with warning labels. Let’s get these out of the way.

All parts are sold for OFF ROAD RACE-ONLY ground-vehicle use only, or vehicles that predate any federal and
state emissions control requirements. Aftermarket EFI/EMS systems are not for sale or use on pollution controlled
vehicles. Alteration of emission related components constitutes tampering under the US EPA guidelines and can
lead to substantial fines and penalties. Your state/district may also have specific rules restricting your tampering
with your vehicle’s emissions system. In short, as stated before, our official policy has to be RACE or OFF-ROAD
USE-ONLY in ground based vehicles ONLY.

Race parts are inherently dangerous and may cause injury or damage if improperly modified or altered before
use. EFI Innovations will not be held liable for and will not pay you for any injuries or damage caused by misuse,
modification, redesign, or alternation of any of our products. EFI Innovations will not be held in any way responsible
for any incidental or consequential damages including direct or indirect labor, towing, lodging, garage, repair, med-
ical, or legal expense in any way attributable to the use of any item in our catalog or to the delay or inconvenience
caused by the necessity of replacing or repairing any such item.

1.1.2 Technical support

AMP EFI technical support can be reached by email at support@ampefi.com. If you are having difficulty with a
particular issue, we recommend sending a data log of the problem and a copy of your tune file with the email, as
these are often helpful for resolving issues. We can also be reached by phone at 678-261-8789.

The AMP EFI team continuously maintains this manual; please use the contact address above if you find any
errors or sections that need to be cleared up.

1.1.3 Copyrights

This manual is copyright 2023 AMP EFI, and contains information used by permission of Bowling & Grippo Soflex
and the MS/Extra Team. You may share this file in its unaltered form or print out copies for your own personal use.
For permission for other uses, contact AMP EFI at the link above.

1.2 MS3Pro components
1.2.1 MS3Pro Engine Control Unit Family
There are currently four types of ECU in the MS3Pro family.

1.2.1.1 MS3Pro Module The MS3Pro Module uses the same basic design and feature set as the original
MS3Pro, but the unit ships without a case and the AMSPEAL connectors have been replaced by 0.100” headers.
This board is designed to mount to a carrier board incorporating additional circuitry and connectors, such as with
the MSPNP Pro, or it can also fit inside most factory ECU housing for racing classes that allow any tuning device
as long as it fits within the stock ECU housing.

1.2.1.2 MS3Pro Plug and Play The MS3Pro PNP is a line of vehicle specific plug and play ECUs using the
MS3Pro at their core. The exact feature set and pin-out will depend on the application. All models offer peak and
hold injector drivers for the main fuel outputs
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1.2.1.3 MS3Pro EVO+ The MS3Pro EVO+ is a replacement for the first generation, incorporating several design
improvements.

+ 10 fuel outputs for high impedance injectors
* 8 logic level spark outputs (8 high-current spark outputs for EVO+ Blue version)
+ 3 high current general purpose outputs (2 of which can be used as additional fuel channels)

« 7 PWM general purpose outputs

1 tach output (0-12 volts)

* 4 VR inputs for crank, cam, and vehicle speed sensor input

+ 3 high frequency digital inputs (2 shared with VR inputs)

+ 5 digital I/O outputs that can work as frequency inputs or 5 volt logic level signals

* 6 on/off digital inputs

8 general purpose analog inputs

» 2 knock sensor inputs

* Onboard 4 bar MAP and 1 bar barometric pressure sensors

+ Dedicated inputs for CLT, MAT, TPS, and O, sensors

» CAN, RS232, and USB connectivity
1.2.1.4 MS3Pro Mini The MS3Pro Mini is a compact MS3Pro variant intended for engines with eight or fewer
cylinders. It can run sequential fuel and ignition on engines with up to four cylinders, or sequential fuel with wasted

spark on a six or eight cylinder engines.
(NOTE: MS3Pro Mini REQUIRES Firmware version 1.6.0 or later, and TunerStudio v3.2.0 or later!)

+ 8 outputs for high impedance injectors or high current general purpose use
* 4 logic level spark outputs

+ 1 dedicated fuel pump relay/controller output

+ 1 PWM general purpose output

» 2 VR inputs for cam and crank sensors

+ 2 high frequency digital inputs

+ 1 on/off digital input

* 4 general purpose analog inputs

* Onboard 1 bar barometric and 4 bar MAP pressure sensors
* Dedicated inputs for CLT, MAT, and TPS, sensors

» CAN and RS232 connectivity

1.2.2 Wiring harness

There are three separate components to the wiring harness, one with a white connector, one with a black connec-
tor, and one with a gray or blue connector. They plug into the matching colored connectors on the ECU. These
connectors are keyed so that they will not latch if you plug the wrong colored connectors in.

AMP EFI manufactures a generic 8 wiring harness, as well as a connector package for those who wish to build
a harness completely from scratch. We also offer model specific wiring harnesses for select applications.
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1.2.3 Tuning cables

We include tuning cables with the ECU . The USB and RS232 use their own dedicated M12 circular connectors.
Replacement cables are available from AMP EFI resellers.

1.3 MS3Pro accessories
1.3.1 Sensors

The MS3Pro can work with most OEM temperature, MAP, MAF, and throttle position sensors, as long as you're able
to get the required information on the sensor’s output curve. This is covered in greater detail in section 4, Wiring.
If your installation requires new sensors, AMP EFI and its resellers carry GM temperature and MAP sensors.

1.3.2 QuadSpark

The MS3Pro uses logic level spark outputs. These are compatible with be used with AMP EFI IGN-1A race coils
or OEM coils with integrated ignition modules, such as GM LS series coils, Toyota 1ZZ coil on plug coils, or the
pencil coils on VW / Audi 1.8 Turbo motors. They also work with most OEM ignition modules. Some manufacturers,
particularly Ford, Chrysler, and BMW, frequently build the ignition module into their ECUs. If you have coils which
do not have then ignition modules built in, and do not have a separate ignition module, AMP EFI manufactures
their own 4 channel ignition module, the QuadSpark. This module can drive up to four ignition coils using Bosch
BIP373 power transistors.

1.3.3 Ignition coils

AMP EFI sells several ignition coils as well. The IGN-1A has a built in ignition module and can be wired directly to
the MS3Pro. All other coils from AMP EFI require the QuadSpark or other external ignition module when used with
MS3Pro. Coils that AMP EFI offers include the IGN-1CD for capacitive discharge ignitions, the IGN-4 four tower
coil pack, and the IGN-6 six tower coil pack.

1.3.4 CAN-EGT thermocouple interface

Thermocouples put out a faint voltage that requires an amplifier circuit to produce an accurate reading. The CAN-
EGT includes amplifiers for up to eight of these sensors, which can be used to measure exhaust gas or cylinder
head temperature. The CAN-EGT module then transmits the temperature data to the MS3Pro over a CAN network
to avoid the inaccuracies of using a digital to analog conversion circuit. The MS3Pro can use this both for data
logging and for safety shutdown features if the exhaust gas temperatures go too high under load.

The CAN-EGT module can also gather data from the digital output on up to eight separate Innovate Motorsports
LC-1, LM-2, or MTX-L wideband controllers and transmit this information to the MS3Pro without using any of the
MS3Pro’s analog inputs. Using this allows the MS3Pro to run separate wideband O, correction for all cylinders.

1.3.5 MicroSquirt

The MicroSquirt was originally intended as a fuel and ignition controller for powersports applications, but its CAN
network capabilities and easily reprogrammed firmware allow it to be configured for other functions. Current release
firmware allows it to be used as a transmission controller for many applications. The CAN bus allows you to view
the MicroSquirt data through TunerStudio as if the MS3Pro and MicroSquirt are a single control unit with a single
point of tuning. AMP EFI offers plug in harnesses for select transmissions.

Another use for the MicroSquirt is to run the IO Box firmware. This turns the MicroSquirt into an I/O expansion
device, adding additional analog inputs as well as on/off or PWM outputs. The MS3Pro can accommodate up
to three MicroSquirts running 10 Box firmware, daisy chained together. The IO Box firmware adds the following
inputs to the MS3Pro:

+ 7 0-5V analog inputs
* 2 VR inputs

+ 3 switched inputs
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+ 7 PWM or on/off outputs

1.3.6 HSD-4 High Side Driver module

While the standard MS3Pro outputs supply ground, a few types of solenoid ground through their housing or other-
wise require the ECU to switch 12 volts. Examples include BMW'’s Double VANOS solenoids and the transmission
shift solenoids on a Toyota A340. The HSD-4 accepts up to four ground triggered signals and uses this to supply
high speed switched 12 volt signals. Maximum current is 8 amps per channel.

1.3.7 AXM AMP eXpansion Modules

The AXM add on modules allow for different sorts of input and output conditioning. Current products in this series
include:

+ AXM-100 high voltage tach adapter

— This amplifies the 0-12 volt tach signal to control tachometers originally driven off the negative terminal
of the coil. If you find your original tachometer does not work with the MS3Pro’s output, this module can
fix the problem.

« AXM-110 VR conditioner

— Converts a VR signal, which looks like an AC sine wave, to a 0 to 5 volt square wave input. You can use
this module with additional cam position sensors, vehicle speed sensors, and similar devices if you are
out of VR inputs on the MS3Pro.

+ AXM-120 high voltage isolator

— Protects the MS3Pro switched inputs from high voltage spikes. Use this to read RPM off the negative
terminal of an ignition coil, or when connecting a solenoid to a switched input (such as using an input to
read if a line lock or trans brake solenoid is energized).

1.3.8 DD-EFI Digital Dashboard

The CAN-based digital dashboards from DD-EFI are custom made specifically to work with the full line of MS3Pro
ECUs:

https://dd-efi.com/

1.4 Tools

As a general rule, you’ll want to have the following tools and supplies on hand for a successful MS3Pro installation:
* Multimeter
+ Laptop (the MS3Pro software supports Windows, Linux, or Mac OS)

« Screwdrivers
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+ Soldering iron, solder, and heat shrink tubing (if joining wires by soldering) or crimp connectors and crimp
tool

+ Wire cutters

+ Wire stripping tool

+ Timing light

» Wideband O, sensor and controller (not needed for permanent installation, but useful for tuning)
* Electrical tape

+ Vacuum tubing
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2 Installing the software

The MS3Pro utilizes the following programs, available from |https://www.ampefi.com/downloads/:

» TunerStudio. This is the main program you’ll use to connect to the MS3Pro. It is used to configure the
MS3Pro’s settings, tune the MS3Pro, record data logs on the laptop, and retrieve internal data logs.

+ MegalogViewer. This is an analysis program which can play back data logs and display the data in both line
graph and scatter plot format. It can also modify tune files based on information recorded in data logs.

+ Firmware loading utility. This is used to update firmware or for certain diagnostics.

Download the installers from the above link and follow the installation prompts, and the software should install in
just a couple minutes.

The tuning software can run on most versions of Windows, as well as Linux and Mac OS.

2.1 Registering TunerStudio

Both TunerStudio and MegalLogViewer have registered versions. Purchases of new MSPNPPro, MS3Pro EVO+,
and MS3Pro Mini ECUs include a registered copy of TunerStudio FOR THE ORIGINAL PURCHASER ONLY.
To unlock the registered version, use the serial number code on your MS3Pro. This appears on a label on
the underside of the box as well as on a tag on the back of the MS3Pro. You will enter the serial number at
https://www.efianalytics.com/register/registerCoupon.jsp as a “Coupon code provided by dealer” to obtain a regis-

tration key.

2.2 TunerStudio

2.2.1 Start screen

Once TunerStudio opens, you will be presented with the start screen as shown below.

¢, TunerStudio MS v3,1.08 - Registered to: DIV Auto Tune - ] X

Eile Options Datalogging Communications Tools Help Searc
Gauge Cluster | Tuning & Dyno Views | Graphing & Logging | Diagnostics & High Speed Loggers | Tune Analyze Live! - Tune For You | Notes

F- TunerStudio MS

‘.E ' m o

.'C_}\ DIY Auto Tune
ANALYTICS .

TunerStudio 3.1

MegalogViewer HD
Create Mew Project - A project is
required to connect to your ECU

Open Last Project (MS2 Extra 3.4.4
Release)

Open other recently used Projects:

Data Tuned!
@ M52 Extra 3.4 .4 Release

"~ The most powerful Data Analysis
-« MS3Pro_mini UNER STUDIO MS Sotware g
-« MS3ProMadule 2D & 3D Histograms, Scatter Plots

Supparting logs fram 1000's of
& MSPNP2-HNSE994 34 4 Systems
& MicroMod Check out the Facebook Group

-« MSPNPPro-mMsm0405 1.5.1 " LEu\r/ HUnQ\Ladt\a’ﬂnm
-« MS3-Example_Project Mega ﬁ‘g ewer MegalogViewer

D MS
Purchase Mow Upgrade Now
Other Projects _—

copyright 2020 EFlAnalytics.com

TS Dash Pro

Main Dashboard

[Ready [i I [

At this point, you’d normally use the screen to create a project or open one; this will set up TunerStudio with
the configuration it needs to communicate with your ECU or allow you to view tune files offline. You can create or
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2.2 TunerStudio 2 INSTALLING THE SOFTWARE

open a new project under the file menu (1), or use this menu to open a new tune for offline viewing. There are
also command links to create a new project (2) or open a recent project (3).

The Help and Support button brings up links to documentation and support forums for the MS3Pro as well as
other systems in the MegaSquirt line.

Note that if you open a tune file from this screen, it will go into a temporary project and TunerStudio will not
connect to the MS3Pro until you create or open a project for connecting to the MS3Pro.

2.2.2 Creating a project

For a how-to video, see here: https://www.youtube.com/watch?v=aXDF5zcADUO

Selecting “New Project” from the File menu opens a wizard to create a new project. It will bring up a screen like
the one below. At this point, you will want to have the MS3Pro powered up (see section 4 for wiring details) and
connected to the laptop with either the USB or RS232 cable. The MS3Pro will need to be powered through the 12
volt supply; it cannot be powered off the laptop.
¢L Create New Project &J

New TunerStudio Project

Project Configuration 1
Project Name
MyCar |

Project Directory

CUsers\MattDocumentsiTunerstudioProjects\WMyCar

Firmware

-
[] Other | Browse 2
|| ShowAdvancede@e Setup

Project Description

You can enter a name for the project in (1). Next, click the Detect button (2). TunerStudio will detect what
firmware is on your MS3Pro. If TunerStudio does not have a definition file, it will prompt you to download one from
the Internet, which TunerStudio will handle automatically for any standard release version of the MS3Pro firmware.
You can also enter notes about this project in (3).

Clicking Next will bring up a screen where you can select project specific settings.
f ¢l Create New Project &r

New TunerStudio Project

Configuration Settings
Oxygen Sensor | Display

|WideBand - AFR (Default) |v|
Temperature Display
|Fanrenheit (Default) v

CAN_COMMANDS
|Activated (Default) | v|

INTERNAL_LOG_FIELDS

|Deactivated (Default) | - |
PW_4X
|Deactivated (Default) | - |

PORT_STATUS
| Deactivated (Default) | - |

OUTMSG_EDITING
|Deactivated (Default) | - |
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The exact settings shown will depend on your firmware. These settings are covered in more detail in section

5.1.
Clicking Next will bring up a communications test screen. This allows you to select what port is used and what

driver type to use.

.
¢l Create New Project @
New TunerStudio Project
Communication Settings
Driver: RS232 Serial (Default) |v|
Connection Type
R5232 Serial Port
Connection Settings
Port: (COM1 -
Baud Rate: 115200 b
Not tested Test Port

Driver options include:

1. RS232 serial. Use this for connecting to the MS3Pro’s RS232 port without a USB adapter. This setting will
also work with third party USB adapters that behave like a virtual COM port. The unregistered version of
TunerStudio will use this with the MS3Pro’s USB connection and AMP EFI's USB adapters as well.

2. Bluetooth Direct. Use when connecting a built in Bluetooth connection on the laptop to a Bluetooth to serial
adapter, such as the one sold by EFI Analytics.

3. FTDI - D2XX Driver. This works with the MS3Pro’s internal USB port, or AMP EFI's USB-2920 adapter
on the MS3Pro’s RS232 port. Provides somewhat faster and more reliable communication than using this
adapter in RS232 Serial mode.

4. TCP/IP - WiFi Driver. Use with WiFi to serial adapters.

Specify which driver you will use at the top of this screen. MS3Pro normally communicates at a 112500 baud rate.
After clicking Next, TunerStudio’s final project setup screen lets you select a gauge display.

¢l Create New Proj

New TunerStudio Project
|

Select Dashboard
|Detau|t:M53 sample) |v

[] other
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This display will show the gauges and indicators cycling through their range of readings. There are several
ready to run gauge options that you can select from the drop down menu at the top. Checking the “other” box
allows you to load custom dash files. You can edit any gauge cluster once the project is opened, or load an
alternate gauge cluster. Click “Finish” to confirm your gauge selection and launch the new project.

2.2.3 TunerStudio main screen

Once you've made a project, TunerStudio will bring up its main screen.

Start Datalog

Inj/Spk Test
I/O Test

Calibrate

v
"\ 40
~

1 ‘ 3
1 4
\ 13 14 15/‘

/“ L B "
VE Table AFR Table L EGO Correction! Idle Settings
Ignition Table

Calibrate

The screen is divided into several sections.

 The title bar at the top displays the current TunerStudio version, the project name, and when connected to
the MS3Pro, the firmware version.

» The menu bar at the top deals mostly with TunerStudio functions, such as loading and saving files. They also
allow for calibrating the sensors.

» The large row of buttons bring up menus to access the settings in the ECU.
» The row of tabs below the buttons lets you select four different screens:

— Gauge Cluster: Displays basic information about the sensor readings, ECU calculations, and status.

— Diagnostics & High Speed Loggers: These are used for various specialized troubleshooting functions;
see section 8 for more detail.

— Tune Analyze Live! Tune For You: This allows TunerStudio to recalculate new fuel tables based on
oxygen sensor feedback.

— Notes: A text editor for taking notes.

* You can change any gauge or indicator in the cluster by right-clicking on it and swapping it to a different
function.

» There is a second set of tabs at the bottom of the gauge cluster that allows you to set up multiple, separate
gauge clusters. Click on the rectangular icon to create a new cluster.

2.2.4 Loading and saving tunes

The File -> Save Tune As command will fetch the tune from the ECU and save it to a file. If you have just connected
to an MS3Pro and do not have a copy of the tune, we strongly recommend saving a copy as soon as you connect.
This will allow you to revert to the original tune if you run into difficulties after tuning.

The File -> Load Tune (MSQ) command will load a tune from a file into the ECU if you have the ECU connected
and TunerStudio online. If you open a tune without the ECU connected, TunerStudio will display the tune so you
can edit it.
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2.3 Tune Analyze Live

TunerStudio’s Tune Analyze Live functions will become available once you enter the registration code.
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The Tune Analyze Live function requires a wideband O2 sensor installed and connected to the MS3Pro. It can
tune several different tables:

+ VE (fueling) tables, including secondary and switched tables
+ Trim tables (requires wideband to be installed in individual header pipes).
+ Warmup enrichment

TunerStudio’s Help file has a detailed write up on how to use this feature.
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3 MS3PRO HARDWARE

3 MS3Pro hardware

3.1

Overview

The MS3Pro EVO-+ is a full standalone ECU with everything you need to run sequential fuel injection on up to 12
cylinders. This ECU is based on the previous MegaSquirt-11l design and runs similar code, but we’ve added more
I/O, and put it in a waterproof enclosure with high current, vibration resistant AMPSEAL connectors. Here are the
MS3Pro EVO+'’s specifications.

Hardware features:

Freescale MC9S12X 16 bit, 50 MHz asymmetrical dual core processor

10 saturated injector drivers

8 logic level ignition outputs

3 high current (5 amp) general purpose outputs - 2 can be reconfigured as additional injector drivers
5 medium current (3 amp), high frequency general purpose outputs

» 2 medium current (3 amp), low frequency general purpose outputs

1 stepper H-bridge driver

4 VR sensing differential inputs - supports VR, Hall effect, and optical input
12 volt tach output

Fuel pump output

Onboard 4 bar MAP and 1 bar barometric pressure sensors

13 analog inputs (5 dedicated sensor inputs, 8 general purpose)

11 general purpose on/off or low frequency inputs

2 digital 1/0 logic inputs

2 knock inputs

RS232, USB 2.0, and CAN communication

Onboard SD card for internal data logging

Internal ECU temperature sensor

Real time clock

Temperature range: -30 to +80 degrees C (-40 to +85 without battery for real time clock)
Minimum supply voltage: 6 volts

Maximum supply voltage: 18.0 volts before triggering over-voltage protection circuits

Software features:

Supports speed density, alpha-N, or MAF based fuel and spark tables with option to blend between any two
load types

1 microsecond injector pulse width resolution
Tables for nonlinear injector behavior at small pulse widths
Allows blending multiple load types, including specialized mode for independent throttle bodies

Supports a wide variety of OEM cam and crank position sensors
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+ Individual cylinder trim tables for fuel and ignition

* Accelerator pump or model based acceleration enrichment

+ Closed or open loop idle speed control

+ Closed or open loop boost control with gear or speed based tuning options

» CO, and dome pressure based boost control

+» On/off or closed loop continuously variable valve timing control - supports up to 4 channels
+ On/off or progressive nitrous control

+ Traction control

+ Rally anti-lag

» Rotary support - can run up to 4 rotor engines with separate leading and trailing spark tables
+ Staged injection

+ Table switching

» 16 x 16 fuel and spark tables - can be reconfigured to function as 30 x 16 or 16 x 30 by switching tables
based on RPM or load

+ 2 or 3 step rev limiter with no-lift shifting
+ Wideband AFR target tables
* Flex fuel sensor input

+ Allows re-purposing injector or ignition outputs as general purpose outputs, or high current outputs as injector
drivers for 12 cylinder sequential applications

+ Real time barometric correction

+ A/C and cooling fan control with idle compensation
+ Safety shutdown based on AFR or EGT input

+ Motorcycle shift cut

Most of how to set these inputs up is covered in the wiring guide, but we have in depth information if you need to
know everything about the circuits’ capabilities. (Most users can skip straight to Section 4 and start wiring the unit
up, but for those who want to know the full details, here they are!)

3.2 Inputs
3.2.1 Engine speed

The MS3Pro uses a Maxim MAX9926 adaptive differential conditioner for engine RPM. This circuit can accept
input from variable reluctor, Hall effect, or optical sensors, and the input’s absolute maximum rating is 400 volts.
The MAX9926 input circuit cannot be triggered off the negative terminal of an ignition coil - this may damage the
circuit. For fuel only installations, you will want to use a 12 volt square wave tach signal, like the one provided by
most aftermarket ignition modules.

Some spark modes, discussed in the ignition section of the manual, use the digital I/O channels as well. These
come into play for systems that either use very high frequency signals (such as the Nissan or Optispark optical
systems), require more than two sensors for engine position (such as the Audi “tri-tach” system), or use more than
one channel of variable valve timing.
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3.2 Inputs 3 MS3PRO HARDWARE

3.2.2 Temperature inputs

The IAT and CLT inputs are designed to accept input from a negative temperature coefficient thermistor. Simply
put, this is a sensor that is a type of resistor that changes resistance with temperature, and the resistance goes
down as the temperature goes up. The default settings are for the sort of GM sensors that are something of an
industry standard in the EFIl world, but you can calibrate it for other sensor types through TunerStudio. The voltage
on the sensor will decrease as the temperature goes up.

TunerStudio will ask for a bias resistor value when calibrating temperature sensors. This refers to a resistor
inside the MS3Pro and should be set to 2490 unless directions specifically say to use a different value.

A third temperature input monitors ECU internal temperature. This sensor cannot detect individual hot spots,
but if you are installing the MS3Pro under the hood or in other applications where you are concerned about
exceeding its internal temperature limit, this will let you log and view how hot the MS3Pro is getting.

3.2.3 Throttle position

This input can accept signals in the 0 to 5 volt range and will is compatible with almost any potentiometer type
TPS. If your engine does not have a suitable TPS, you should connect this input to the sensor return. Leaving this
input free disconnected can give a false high TPS reading and cause the MS3Pro to trigger flood clear mode when
starting.

3.2.4 0O, sensor input

This input is also 0 to 5 volts. It can be used with either narrow band O, sensors or accept an analog output from
a wideband O, sensor controller. It will not interface directly with a wideband O, sensor, but it is compatible with
most external wideband controllers, such as Innovate, AEM, Zeitronix, PLX, and 14point7.

The general purpose analog inputs may also be configured as additional O, input channels and work in the
same way when set up as O inputs.

Some devices allow you to bring the O, sensor input over the CAN connection. If using a CAN-based wideband
or not running any O, sensors, you can repurpose the O input as a generic analog input to connect other devices.

3.2.5 MAP sensor input

The MS3Pro EVO+ has a built in 4 bar MAP sensor. Connect the MAP sensor hose barb to the intake manifold
downstream of the throttle body using a 1/8” ID hose. If you need to calibrate this sensor, it uses MPXH6400
calibration. If you prefer an external MAP sensor, you can use any unused analog input pin for MAP input.

QY. 2

v S

g w ’ o

3.2.6 General purpose analog inputs

These inputs can accept a 0 to 5 volt signal from a variety of sensors, which can be used for barometric correction,
O, sensors, voltage based MAF sensors, or simply for data logging additional sensors such as oil or fuel pressure.
If using these inputs with an external two wire temperature sensor, you will need to add a 2.49K resistor as shown
below.
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Additional
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Sensor return
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3.2.7 Knock input

The MS3Pro employs a DSP based knock sensor interface chip. This can use either one or two knock sensors,
and incorporates a built in, software adjustable bandpass filter. The interface allows you to adjust the triggering
threshold as a function of RPM and detect knock only at specific crank angles so as to filter out noise occurring
when the piston is in a position where it can’t possibly be detonating. The MS3Pro supports cylinder by cylinder
knock detection and can identify which cylinder is knocking by crank angle.

You can also use

an external knock sensor conditioner. When using an external knock conditioner, the MS3Pro can accept an
on/off input that switches state to report knock, or a 0-5 volt signal where the voltage increases with knock intensity.

3.2.8 Digital input channels

These use an on/off switch to ground to trigger the digital switched inputs. The Digital Switched 12V In line
is triggered by 12 volts instead.There are also three digital frequency inputs capable of receiving high frequency
signals, which can be used for speed inputs, frequency based MAF or MAP sensors, or a number of other functions.
Digital Frequency In 1 and 3 have optional VR conditioner inputs. You can wire a sensor to either the VR or
unconditioned input. However, you cannot use the VR and unconditioned inputs on the same frequency input at
the same time - they use the same internal connection to the processor. You could, for example, run a Hall effect
sensor to Digital Frequency In 1 Unconditioned and a VR sensor to Digital Frequency In 3 VR, but you could not
use one Hall effect sensor on Digital Frequency In 1 Unconditioned and a separate VR sensor on Digital Frequency
In 1 VR at the same time.

Digital frequency inputs have a cutoff frequency of 160 kHz. The cutoff frequency on digital switched inputs is
16 kHz.
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3.2.9 Barometric pressure input

The MS3Pro EVO+ has a built in MPX4115 barometric pressure sensor. The “vent” is designed to allow pressure
in the case to match the outside air pressure while maintaining a leak-proof seal.

3.3 Outputs
3.3.1 Injector outputs

The injector outputs are limited to 5 amps per channel, with thermal shutdown protection. These can drive one or
two high impedance injectors on each output, but will not directly run low impedance injectors. We recommend
using an external peak and hold injector driver box with low impedance injectors. Unused injector outputs may be
used for on/off or pulsed outputs.

3.3.2 Ignition outputs

The MS3Pro uses 5 volt, logic level ignition outputs with a high side driver circuit. These will drive most factory
ignition modules and coils with built in ignitors. For use with coils that lack built in ignition modules, we recommend
either the MS3Pro EVO+ HD (with built in high-current ignitors) or the QuadSpark external ignition module. Note
that these outputs will not trigger an MSD ignition box or a Ford TFI.

The tach output (see below) can be reassigned to function as a spark output when using these types of external
ignition modules. Do not connect the MS3Pro ignition outputs directly to the negative terminal of an ignition coil;
this can result in damage to the MS3Pro. Maximum current is 200 mA per ignition output channel, and pushing the
output beyond this amount of current can damage the output channel.

The only exception to this is the EVO+ HD, which has built-in high-current ignition drivers and therefore the
outputs CAN be connected directly to the negative side(s) of the ignition coil(s).

Unused ignition outputs may be used as on/off outputs, although their low current capacity means we do not
recommend using them for anything other than logic level devices or LED lights. Do not use these outputs to drive
relays directly or use them for anything that needs a ground for triggering.

3.3.2.1 Additional ignition outputs for V10 coil on plug applications For V10 (and 9 cylinder radial) coil on
plug applications, you can use PWM Out 2 as Spark Output | and PWM Out 3 as Spark Output J. As these outputs
normally do not produce 5 volts, you will need to add a 100 ohm, 1/4 watt resistor between the VREF and the
PWM Out wires in order to use these channels for spark outputs.
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3.3.3 High current outputs

These are ground switched outputs with a maximum current of 5 amps, just like the injector output channels (in
fact, it's the same transistor type). These can be run in an on/off fashion or use pulse width modulation. Maximum
frequency is 1021 Hz. Flyback voltage spikes are clamped at 36 volts to help the valve close rapidly. They typically
work well with boost control solenoids and nitrous solenoids, which cycle fully off and fully on.

3.3.4 PWM medium current outputs

These are ground switched outputs, maximum current 3 amps. They are optimized for valves which use pulse width
modulation to hold them in an intermediate position instead of pulsing on and off. Flyback spikes are clamped at
battery voltage, which causes the valve to close more slowly. Common valves that would use these outputs include
idle air control valves and variable valve timing oil control valves. They can also be used as an on/off signal. The
fuel pump uses a similar circuit, although it does not use PWM. Maximum frequency on these outputs is 1021 Hz.

Note: Any device connected to these outputs must be set up so that it is powered off when the ECU is shut
down. Relays or solenoids connected to these outputs can back feed power into the MS3Pro if the relay coil or
solenoid winding receives power with the key on. Wire any device connected to these outputs to switched 12 volt
power.

3.3.5 Tach output

This output can be used to produce a 12 volt square wave signal. It can also trigger certain ignition modules such
as an MSD 6AL or a Ford TFI, or be used as a general purpose on/off output. When used as an on/off output, it
can sink up to 1 amp.
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3.3.6 Stepper motor control output

The MS3Pro EVO+ includes one stepper control output, with a maximum current of 750mA per channel to drive
a stepper idle air control valve. However, its outputs can also be used as a tach signal or two general purpose
on/off outputs. When used as an on/off output, the device can be treated as two separate paired low / high side
drivers. The A output of either side will supply 12 volts is turned on, while the B output will supply ground a relay
or solenoid. Turning the output off reverses the pattern.

3.4 Communications lines
3.4.1 RS232

RS232 is an industrial strength serial connection. The RS232 connection uses an M12 circular connector with four
pins on the top of the unit. RS232 is more noise resistant than USB, and we recommend using this connection if
your laptop supports this. Do not attempt to plug the RS232 connection into any sort of 15 or 25 pin connector -
these are usually for VGA displays or joysticks. Some third party devices such as Bluetooth adapters also use the
RS232 connection.

3.4.2 USB

The MS3 Pro EVO+ uses a mini B style connector. We recommend using a shielded cable for best results as not
all USB cables have full shielding.

3.4.3 CANbus

The CANbus wires are an automotive network that allow the MS3Pro to communicate with other CAN enabled
modules. Note that not all CAN enabled devices will communicate with the MS3Pro; CAN is a type of hardware,
and in addition to having the required hardware, the device you are attempting to connect to the MS3Pro must also
be programmed to understand the type of messages the MS3Pro sends. Devices currently or soon on the market
that can be connected to the MS3Pro include:

» DD-EFI Digital Dashboard: https://dd-efi.com/

* MicroSquirt transmission controller

» AIMSport MXL, Racepak IQ3S, Race Technology Dash2Pro, and other display dashes
« Third party CAN enabled wideband O, sensor controllers

The MS3Pro EVO+ incorporates an M12 connector that supplies CAN connectivity, 12V switched power, and
ground for use with future CAN expansion devices.

3.5 Maintenance inside the case
3.5.1 Diagnostic lights

The MS3Pro EVO+ has several diagnostic lights on the outside of the box to help you determine if a problem is
caused by a fuse failure or external wiring. From top to bottom, the LEDs indicate the following:

+ 12V power. If this light is out, the MS3Pro is either not receiving power or the main F5 fuse is blown.

» 5V VCC. This light indicates that the MS3Pro internal power supply is operating. It should be on at any time
that the 12V power light is on. If this light goes out while the 12V power light is on, contact AMP EFI technical
support.

» 5V REF 1. This indicates that the main 5 volt sensor supply circuit is working correctly. If this light goes out,
check the F4 fuse.

* 5V REF 2. This indicates that the secondary 5 volt sensor supply circuit is working correctly. Not used on the
MS3Pro EVO-+.

+ Diagnostic (DO1). Controlled by Digital Out 1, this can be used as a built in Check Engine light.
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3.5.2 Changing the fuses

All current MS3Pro ECUs use permanently installed Polyfuses, which increase their internal resistance as current
flow (and thus their temperature) rises. These are not user-serviceable as they should never need replacing;
simply fix any shorts or over-current issues, allow the polyfuses a minute to cool back down, and then the ECU will
function properly again.

3.5.3 Replacing the SD card

The SD card stores the MS3Pro’s data logs. This can be swapped out for a larger card if needed. Micro SD cards
are supported up to 16GB micro SDHC, Class 10, formatted as FAT32. The card simply slides in until the retaining
pin in the side of the SD holder moves out.The module board should first be removed from the back of the ECU
(secured by 4 corner screws) and then the card must be pushed in to eject it.

3.5.4 Changing the real time clock battery

The MS3Pro real time clock uses a lithium battery for maintaining its time and other data when the ECU is powered
down. The battery slips in with the positive (flat) side up. The MS3Pro can use any of the following batteries. Part
numbers starting with BR can be used for -30 to +80 °C (-22 to 176 °F) and we recommend these for their extended
temperature range. CR series batteries fit and put out sufficient voltage, but they have a smaller temperature range
of -30 to + 60 °C (-22 to 140 °F) and we do not recommend them.

« BR1216

« BR1220

« BR1225
The module board should first be removed from the back of the ECU (secured by 4 corner screws) in order to allow
better access to the battery.
3.5.5 Water seal specifications

The MS3Pro EVO+ case is IP65 rated for protection against water.

3.5.6 Mounting footprint

Here is a dimensional drawing, in millimeters, for planning an electrical panel.
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4 Wiring

First, some general advice about wiring:

1. We use automotive grade, high temperature TXL wiring in our harness (it's rated for up to 125°C), but you

4.1

should still do your best to keep it away from heat sources. Also take any potential sources of mechanical
damage into account - flip up headlight mechanisms, the side to side movements of the engine on its mounts,
etc. Usually the biggest source of electrical noise isn’t RFI or other radio noise - it’s poor grounding or having
noise injected into the power wires by another device. The MS3Pro works best when grounded to the battery
negative terminal for maximum noise resistance. We do not recommend grounding the MS3Pro to the chassis
or sheet metal under any circumstances. You may either crimp all ground wires to a single lug, or crimp the
ground wires on the gray connector to one lug and the single ground on the white one to a separate lug.
The sensors need to be grounded to the sensor return wire, which grounds them to the MS3Pro. Grounding
sensors to the engine or body will create jitter from ground offsets.

You will also want to make sure the 12 volt power wire is clean. We recommend using one power wire from
the battery for the MS3Pro EFI main relay, and a separate power wire to power the relay for the injectors,
fuel pump, and ignition system for maximum noise reduction. Fuel pumps and ignition coils in particular tend
to inject significant amounts of noise into their 12 volt supply wire. Also, installing a capacitor (the points
condenser out of an old fashioned points distributor will work) on the supply line to the ignition coils can
reduce the amount of noise they feed into the 12 volt supply.

You can start off a debate that goes on for hundreds of posts on an Internet forum over whether it's better to
solder or crimp wires to join them. Either one can work very well if done right, and either one can be unreliable
if done poorly. It's our experience that getting a good solder joint is more reliant on good technique, which
can still be done with cheap tooling, while a good crimp joint is more reliant on good tooling. Either way,
the joint needs to be sealed (such as with heat shrink tubing) to keep out moisture and contaminants. Heat
shrink tubing also provides some measure of protection against vibration.

. We designed the MS3Pro’s power supply to run on a wide range of supply voltage. It can operate on

voltages as low as 6 volts to cover voltage dips during cranking, although if your voltage drops that far, we're
not sure your battery is going to crank it over. The MS3Pro has an input voltage limiting circuit that clamps
input voltage at 22 volts, and feeding it 22 volts for any sustained length of time will blow the input voltage
protection fuse.

ECU Connectors

The MS3Pro EVO+ uses two AMPSEAL connectors, where the pin numbers are molded into the connector hous-
ing. Note that there are two versions of the EVO+, the 'normal’ version with logic level ignition outputs has a gray
connector, while the HD version with high current ignition drivers has a blue connector. While the pinout of both
connectors is the same, the connector keying is different so they are NOT interchangeable.
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4.1.1 White connector pinout

[ Pin | Function | Wire color | Stripe / shielding |
1 High current out 1 Light Green None
2 High current out 2 Light Green Blue
3 Injector out J White Yellow
4 Injector out | White Gray
5 High current out 3 Light Green Red
6 CKP+ White Shielded
7 Knock In 2 Orange Red
8 5V+ VREF out Gray None
9 TPSin Light Blue Shielded
10 MAT in Orange None
11 CLTin Yellow None
12 Analog In 6 Light Blue Green
13 Logic Ground Black
14 PWM / Idle Out 1 Light Green None
15 CKP- Black Shielded
16 Ground Shield Drain
17 Analog In 7 Light Blue Blue
18 Sensor return Black White
19 Analog in 1 Light Blue Blue
20 Analog in 2 Light Blue Red
21 Analog in 3 Light Blue Purple
22 Analog In 4 Light Blue Pink
23 Analog In 5 Light Blue Red
24 Tach out Light green Purple
25 O2in Pink None
26 CMP+ Yellow Shielded
27 CMP- Red Shielded
28 Fuel pump relay out Purple None
29 PWM out 2 Green Pink
30 PWM out 3 Green Brown
31 Knock in 1 Orange Purple
32 Digital switched in 1 Gray Orange
33 CAN L Tan Red
34 CAN H Tan None
35 | 12V+ switched power in Red None

* Both power grounds and unused logic grounds must be connected to the battery negative terminal. Do not
leave the logic ground disconnected, as this may result in noise issues or improper operation.
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4.1.2 Gray (or Blue for HD version) connector pinout

[ Pin | Function | Wire color | Stripe / shielding |
1 Injector out A White None
2 Injector out B White Orange
3 Ground Black None
4 Injector out C White Green
5 Ground Black None
6 Injector out D White Pink
7 Ground Black None
8 Injector out E White Red
9 Ground Black None
10 Injector out F White Brown
11 Injector out G White Blue
12 Injector out H White Purple
13 Spark out G Yellow Blue
14 Spark out E Yellow Red
15 Spark out C Yellow Green
16 Spark out H Yellow Purple
17 | Digital frequency in 2 (Hall) Purple Red
18 Ground Shield Drain
19 Digital switched 12V in Gray Blue
20 Digital switched in 2 Gray Red
21 Digital frequency in 3 (Hall) Purple Blue
22 | Digital Frequency in 3 (VR+) Purple Shielded
23 | Digital Frequency In 3 (VR-) Dark Blue Shielded
24 Spark out F Yellow Brown
25 Spark out B Yellow Orange
26 Spark out D Yellow Pink
27 Spark out A Yellow No stripe
28 | Digital frequency in 1 (Hall) Purple White
29 Digital switched in 3 Gray Purple
30 Stepper IAC out 1B Blue Red
31 Stepper IAC out 1A Blue White
32 Stepper IAC out 2A Green White
33 Stepper IAC out 2B Green Red
34 | Digital Frequency in 1 (VR+) Purple Shielded
35 | Digital Frequency in 1 (VR-) White Shielded
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4.1.3 Black Connector Pinout

[ Pin | Function | Wire Color [ Stripe / shielding |
1 PWM out 5 Light Green Red
2 PWM out 4 Light Green Orange
3 Digital out 2 Brown Blue
4 Digital out 1 Brown Purple
5 Digital I/O 4 Brown Pink
6 Digital I/O 2 Brown Orange
7 Analog in 8 Light Blue Purple
8 No connection
9 No connection
10 | Digital switched in 5 Gray Orange
11 | Digital switched in 4 Gray Pink
12 Digital /0 5 Brown Red
13 Digital I/0 3 Brown Green
14 Digital 1/0 1 Brown None
15 5V+ VREF out 2 Gray Black
16 No connection
17 Sensor return Black White
18 Sensor return Black White
19 Sensor return Black White
20 Sensor return Black White
21 Sensor return Black White
22 5V+ VREF out 1 Gray No stripe
23

No connection

4.1.4 RS232 serial cable

The pin names are marked on the connector.

| Mi12pin | DB9 pin \
1 9 (5 volt reference)
2 3 (Data)
3 5 (Ground)
4 2 (Data)

4.2 Wiring diagram

These show the basic connections - power, ground, fuel, ignition, idle control, and basic sensors. Other optional
inputs and outputs are covered in their respective sections.
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The MS3Pro EVO+ has an internal MAP sensor, or you can wire up an external one to any unused analog

input. This example shows a MAP sensor connected to Analog In 6.
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Manifold air Coolant
tempertaure temperature
sensor sensor
—— ——
Knock sensor 2 Throttle position
sensor
P —
MAP
sensor
Hall sensor
CKP+
12V switched .
I
Sensor return T = O
or Sensor return
VR sensor
CKP+
CKP-
Do not use CKP- or CMP-
with Hall effect sensors.

For a Hall effect sensor,
leave these wires
disconnected - do not
connect to external voltage

or ground.

VR sensor
CMP+ |
CMP- CMP-

or

Hall sensor

CMP+
12V switched Knock sensor 1

Sensor return

Narrow band O2 sensor
or wideband O2 control
analog output

MS3-Pro wiring: Basic Sensors
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MS3-Pro Wiring: Ignition and idle
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4.3 Engine position sensors 4 WIRING

4.3 Engine position sensors

The MS3’s CKP (crankshaft position) and CMP (camshaft position) inputs use differential signal conditioners that
can accept input from VR (variable reluctor, also called a inductive pick-up or magnetic pick-up, although the latter
is somewhat confusing because Hall effect sensors are also magnetic), Hall effect, or optical sensors. We use
CKP to mean the primary trigger. In most spark modes, this is the signal the ECU relies on for most of its RPM
and timing calculations. Although the abbreviation implies the sensor should be on the crankshaft, in some cases,
it's actually in a distributor or on the camshaft.

The CMP signal is a secondary trigger. This is almost always on the camshaft or distributor, although there are
one or two setups that put this on the crank. The CMP sensor generally provides supplemental information used
to interpret the crank sensor readings, and its accuracy is usually not as critical. Here are the rules we go by to
identify which sensor is the CKP and which is the CMP.

+ If one sensor spins at crankshaft speed and the other spins at cam speed, the one that turns at crank speed
is the CKP and the one at cam speed is the CMP.

» On a GM Optispark and most Nissan optical cam sensors, the MS3Pro normally uses a ring with one slot per
cylinder for primary engine operation. There is a ring of 360 slits that is used for cranking and operation at
very low RPM. Consequently, the one slot per cylinder sensor is the CKP and the 360 slot ring is CMP. (Note
that these use Digital Frequency In 2 for the CMP sensor, as the regular CMP input is too heavily filtered to
correctly handle this signal.)

» On almost all other setups with two sensors reading wheels spinning at cam speed, the sensor that reads
the wheel with the lowest number of teeth is CMP and the one with the most teeth is CKP.

» Specific sensor setups that do not fall into any of these categories are covered in the ignition set-up section
of the manual.

Note that the conditioner circuit will invert the signal. We have left the settings unchanged for backward compati-
bility with the original MegaSquirt line. So if you set the ignition input capture to “rising edge”, that is the signal at
the processor - it will actually be activated when the signal coming in to the MS3Pro transitions from high to low.

4.3.1 Variable reluctor sensors

Variable reluctor (VR) sensors have a magnet and a coil of wire which generates an A/C signal with a voltage that
increases with RPM. VR sensors do not have power wires as they generate their own voltage. On a VR sensor,
you will wire their two terminals to both of the CKP or CMP wires, as appropriate. Don’t worry too much about
getting it backwards - you can set the active edge in software.

If you are using a VR sensor on a high tooth count wheel with missing teeth (Ford 36-1 and Bosch 60-2 are two
common examples) and lose sync as the RPM comes up, you may need to add a 'shunt’ resistor in parallel across
the VR+ and VR- signals. The EVO+ has internal DIP switches (S102) on the circuit board (labeled as BIAS) that
can be switched 'ON’ in order to enable built-in 10K shut resistors on both the Crank and Cam inputs. DIP switch
#1 is for the Crank shunt resistor and switch #3 is for the Cam shunt resistor.

AMP EFI MS3ProEVO+ firmware 1.6.1, 11/18/2024 Page 39



4.3 Engine position sensors 4 WIRING

by

HRA

Similarly for the additional digital frequency inputs DFI1 and DFI3 switch S101 has shunt resistors on switch
numbers 4 and 1, respectively:

BT
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4.3 Engine position sensors 4 WIRING

4.3.2 Hall effect and optical sensors

Hall effect and optical sensors work on different principles of physics, but these two types of sensors use the same
wiring. These use a switching transistor and are powered from an external source (either 5 or 12 volts; if your
sensor can run on either, we recommend using 12 volts). Your typical sensor has three pins - the power wire goes
to a 12 or 5 volt feed, the ground wire goes to sensor ground, and the signal wire goes to CKP+ or CMP+ as
appropriate. Do not use CMP- or CKP- with Hall effect or optical sensors. Leave this wire disconnected and
taped off; do not connect to ground.

Some sensors put out a square wave signal on their own, like the tabbed body ones sold by AMP EFI. Others
switch from a ground output to a floating (undefined) output. The ones that behave this way require running a 1K
resistor from their power terminal to their signal terminal (called a pull-up resistor) to work with MS3Pro. If you're
not sure which sensor type you have, supply it with power and ground, and check the voltage on its output wire
when the sensor is both far away from any metal and touching a piece of steel (note - do not use stainless steel for
this test; some grades of stainless steel aren’t magnetic.) If the output voltage stays at zero the whole time, you’ll
need the pull up resistor; connect the 1K resistor from the signal wire to the power wire. If it is at zero volts in one
state and bounces up to at least 5 volts in the other state, it doesn’t need a pull up resistor.

In some cases where a Hall effect sensor puts out 12 volts and the wiring harness has severe noise issues,
tying the CKP- or CMP- wires to the VREF output can reduce noise.

The EVO+ has internal DIP switches (S102) on the circuit board (labeled as P/U) that can be switched 'ON’ in
order to enable built-in 470ohm pull-up resistors to 5v for both the Crank and Cam inputs. DIP switch #2 is for the
Crank pull-up resistor and switch #4 is for the Cam pull-up resistor:

: ;“,’ l' | i

=

Similarly for the additional digital frequency inputs DFI1, DFI2, and DFI3 switch S101 has pull-up resistors on
switch numbers 5, 3, and 2, respectively:
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4.3.3 Points triggering and points replacement devices

If you wish to lock out a points distributor mechanism and let the MS3Pro control the ignition, you can treat the
points output as a Hall sensor with a ground to floating output. You will need to switch ON the #4 DIP switch for the
Crank Pull-Up resistor (see section 4.3.2 above), and also wire the points to the CKP+ wire. Do not use the CKP-
wire; tape it out of the way safely.

Using a Pertronix Ignitor or equivalent is similar. With a Pertronix, connect the Ignitor’s red wire to switched 12
volt power and connect the black wire to CKP+ (again with the #4 DIP crank pull-up switched ON) and leave CKP-
disconnected. Other modules may use different wire colors.

4.3.4 Fuel only installations

CDl ignitions send a high voltage pulsed signal, from 300 to 600 volts, to the coil. You do not want to try to get a
tach signal from the coil by any means when using this sort of ignition, including external adapter boxes. Instead,
use the ignition box’s tach output wire to the CKP+ instead if you are using a distributor advance mechanism to
control timing and just want the MS3Pro to control fuel. Do not use the CKP- wire or the CMP+ and CMP- wires.

If you need to trigger off an inductive ignition, such as breaker points, a GM HEI, Ford Duraspark, or Chrysler’'s
1970s era electronic ignition, use an AXM-120 high voltage isolator to protect the CKP input circuit from the voltage
from the caoil.

4.4 Other sensors
441 Temperature sensors

The MS3Pro is designed to work with the type of sensor called a NTC thermistor. NTC stands for negative
temperature coefficient, and simply means that the resistance goes down as the temperature goes up. This
is how most automotive temperature sensors are set up, including the GM type sensors available from AMP EFI
distributors. Normal automotive temperature sensors have two terminals. One connects to the coolant temperature
sensor or intake air temperature sensor input of the MS3Pro. The other one connects to the sensor ground wire.
These sensors have no polarity and can be wired either way.

There are two common variations on automotive temperature sensors. Closed element type sensors are resis-
tant to water, oil, and other liquids. We recommend using this type for coolant. They are not a good idea to use
with air temperature, as they react slowly and are prone to absorbing heat from the intake manifold. Open element
sensors are better to use for air temperature. We recommend mounting them upstream of the throttle body to avoid
absorbing heat from the intake manifold, unless you have a plastic intake manifold. If you are using a turbocharger
or supercharger, the IAT sensor must be mounted downstream of the compressor and intercooler (if used).
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Sometimes you will find cars with one wire temperature sensors. We do not recommend using this style as
they are grounded through the engine block, and this will make for a noisy signal. A few cars employ a three wire
coolant temperature sensor. This sensor is typically two sensors in one housing with a common ground, with one
sensor driving a gauge and one sensor for the ECU.

TunerStudio has the calibration data for many common temperature sensors in its sensor calibration tool, in-
cluding GM, Ford, and Bosch. You'll find those under Tools -> Calibrate Thermistor Tables.

4.4.2 MAP sensors

Most MS3Pro installations use a MAP sensor for load measurement.The MS3Pro EVO+ has a built in 4 bar MAP
sensor, but can use an external sensor if desired. If using the MS3Pro EVO+’s built in MAP sensor, simply run a
vacuum line to the sensor port. No wiring is necessary.

| ————

The MS3Pro supports both frequency and voltage based MAP sensors. We recommend GM MAP sensors if
using an external MAP sensor, which are voltage based, because they are inexpensive and readily available in
several different maximum pressures. Be sure to select a MAP sensor that can read as much pressure as you
intend to run. On turbo cars, we recommend giving a slight amount of extra room to allow the ECU to detect if the
boost control has malfunctioned.

| MAP sensor type | Maximum boost level

\ |
[ 1 bar | naturally aspirated |
| 2 bar | 14 psi \
[ 3bar | 29 psi \
| 4 bar | 44 psi |

When using an external sensor, install the MAP sensor with the hose fitting pointed downward, or at most,
30 degrees from vertical. This will prevent oil or blow-by from accumulating in the sensor, which can damage its
circuitry.

Vacuum Connector
i

¢ \ Y
O

(0 20
A B C

Here are what the pins on the GM MAP sensor do:
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| Pin [ Function | Connection |
| A [ Ground | Sensor return |
| B | Sensoroutput | MAPin \
| C [ Reference voltage [ 5V+ VREF Out |

MAP sensors will have three pins unless they have some sort of additional sensor (usually a temperature
sensor) in the same package. The reference voltage connects to the MS3Pro’s VREF pin, and the ground pin
to the sensor ground wire. For a voltage based MAP sensor, connect the signal pin to the MS3Pro’s MAP input
wire. An additional MAP sensor may be used to measure barometric pressure on one of the spare analog inputs.
Frequency based MAP sensors such as those used in Ford Mustangs must be wired to a Digital Frequency In wire
instead of the MAP or analog inputs. (You can also use the CMP+ wire for a frequency based MAP sensor, if you
are not using it for cam position.)

4.4.3 Throttle position sensor

The throttle position sensors used on most cars are potentiometer or variable resistance types, which put out a
voltage that increases as the throttle opens. The easiest way to check a TPS is to unplug it and put an ohmmeter
on its pins. Observe the resistance as the throttle opens and closes. Each pair of pins will behave differently:

The resistance between the VREF and ground pins will remain constant. The resistance between the ground
and signal pins will be low with the throttle closed and high with the throttle wide open. The resistance between
the VREF and signal pins will be high with the throttle closed and low with the throttle wide open.

If your sensor behaves like this, it will be pretty straightforward to connect it to the MS3Pro.

If the resistance jumps from infinite (or near infinite) to near zero, you have a switch type throttle position sensor,
or possibly a seriously defective potentiometer type TPS. These do not provide very much information that MS3Pro
needs, as it can tell if you are at idle or full throttle by the MAP sensor information. You can still use MAP based
acceleration enrichment. If the TPS input is not used, this wire should be connected to sensor ground.

4.4.4 Mass air flow sensors

Mass air flow (MAF) sensors provide a measurement of actual airflow through the intake system of an engine. In
its most basic form, the fuel required by the engine (in mass per second) is directly related to the air flowing into the
engine (in mass per second) so the MAF sensor should give a good basis for the fuel equation. By comparison,
Speed Density uses RPM, MAP, MAT and VE to estimate the mass air flow. In practice, like any other sensor input
the MAF has its own quirks and can suffer from reversion effects (particularly on "cammy" engines) where the air
flow gets measured twice.

MAF sensors have at least three wires: Ground, power supply, signal.

» The power supply is typically 12V and should be taken from a fused source from the main relay.
+ Signal GND should connect to MS3Pro sensor ground. If the sensor has only one ground, it's sensor ground.

+ If the sensor uses a terminal called Power GND, this should connect to the same point as the MS3Pro power
grounds.

+ With a voltage MAF, you may use the MAP signal wire or any of the extra analog input wires.

With a frequency based MAF, you may use any of the Digital Frequency In inputs, or the CMP+ wire if you
are not using it for cam position.

Here are some of the more commonly seen MAF pinouts.
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Ford MAF Sensor Pin Out

Ground - F————J» Signal Ground
Switched 12V MAF Signal

4.4.4.1 Ford 5.0 Mustang 4 pin oval connector MAF

| Pin | Function | Connection
[ A [ Switched 12 volts [ 12 volt fused supply from main relay

| C [ MAF signal ground | MS3Pro sensor return
| D | MAF output signal [ MS3Pro analog input

|
|
| B | Ground | To engine block |
|
|

4.4.4.2 Ford 5 pin rectangular connector MAF The rectangular connector MAF sensor has 5 pins denoted
by A, C, D, and E, with the B pin missing:

| Pin [ Function | Connection
| C | Ground | To engine block

| D [ MAF signal ground | MS3Pro sensor return
| E | MAF output signal [ MS3Pro analog input

|
| A [ Switched 12 volts [ 12 volt fused supply from main relay |
|
|
|

4.4.4.3 Nissan / Infiniti Q45 MAF This is a popular MAF with many Japanese imports, although its huge
diameter (90 mm) and ability to handle large air flow volumes (by OEM MAF standards) would work well on many
small-block domestic V8s as well. Note that the picture below uses non-stock wire colors for clarity.
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Nissan Q45 MAF Sensor

+12 Volts
ground
0-5V signal

conhnector

J—p— e 5.0°

Pin [ Function | OEM wire color | Connection |
| B | MAF output signal | White | MS3Pro analog input \
| D | Ground | Black | MS3Pro sensor return |
| E | Switched 12 volts | Black /white | 12 volt fused supply from main relay |

4.4.5 Oxygen sensors

The MS3Pro can accept input from a narrow band O, sensor directly; simply wire the narrow band sensor signal
tothe O2 input wire on the MS3Pro Mini. Narrow band O, sensors may have from one to four wires. Here is what
to do with the wires depending on the type.

+ Single wire: The wire is the sensor signal and it grounds through the body.
» Two wires: One wire is the signal and the other connects to the sensor ground.

» Three wires: This is a heated sensor. In addition to the signal wire, there is a heater wire that connects to
a switched 12 volt source, and a ground wire which should be connected to the engine block as the heater
draws more current than we recommend applying to the sensor ground wire.

» Four wires: These have a signal wire and a sensor ground wire which connects to the MS3Pro sensor ground
wire. The two heater wires are normally the same color. One connects to a switched 12 volt source and the
other can be grounded to the engine block or chassis.

As a general rule, if the sensor has two wires that are the same color, these two wires are for the heater, and may
be hooked up either way. Bosch’s wire coloring system is the most common, and looks like this:

| Function | Color |
Signal Black
Sensor ground | Gray
Heater White
Heater White

However, there are several other color schemes out there; if you run into a different set of colors, consult a
factory wiring diagram for your vehicle.

The MS3Pro can also work with most aftermarket wideband oxygen sensor controllers. You will need to install
the controller according to the directions that came with it, and connect the controller’s analog output wire to the
MS3Pro’s oxygen sensor input wire. If the wideband controller has a ground specifically for its analog output,
it connects to the MS3Pro sensor ground wire. Do not connect any wires labeled “serial output,” “digital output,”
“heater ground,” “power ground,” or similar to the MS3Pro. Here is a list of what wire to use with common wideband
controllers.
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Controller Analog output | Analog ground
Innovate LC-1 Brown * N/A

Innovate LC-2 or MTX series | Yellow * N/A

Innovate LM-2 Lime green® Yellow*

AEM UEGO ** White Brown (X series only)
Zeitronix ZT-2, ZT-3 White Brown (ZT-2 only)
PLX SM-AFR Gray N/A

*Innovate systems have multiple analog outputs; this is the recommended default.

** AEM X series can also provide data over CANbus instead of an analog signal.

The above list is not intended to be a complete list of what wideband controllers will work with the MS3Pro. As
long as the wideband controller has a 0-5 volt analog output, and you can obtain the specifications for its output,
you can make it work with the MS3Pro.

Additional narrow band O, sensors or wideband controllers may be wired to the spare analog input wires.

The MS3Pro can also accept wideband oxygen sensor data over CAN. The CAN-EGT or other devices can
translate Innovate serial data into CAN data for the MS3Pro, and the MS3Pro can also receive CAN data from
wideband O, sensor controllers from AEM, EcoTrons, and 14Point7.

4.4.6 Knock sensors

If you have a two wire knock sensor, connect one wire to the knock input wire and the other wire to the sensor
return. Some cars have three wire knock sensors; the third pin is a connection for a shield on the wire. If you're
only using one knock sensor, connect it to Knock In 1. Knock sensors, like VR sensors, generate their own voltage
and do not require a power source.

The knock inputs are purpose built and will not work with any other type of sensor.

4.4.7 Speed and gear sensors

The MS3Pro can use analog, VR, or Hall effect speed sensors.

Analog speed signals are rare, but show up in some aftermarket speedometers. These produce out 0 volts with
the vehicle stopped, increasing to 5 volts at some top speed. These may be wired to any unused general purpose
analog input.

Hall effect speed sensors are more common. These get 12 volts from the switched power or 5 volts from VREF,
and have a ground wire that connects to the MS3Pro’s sensor ground. Using the digital frequency inputs will give
you the best response, but you can also use a digital switched input. No pull up resistor is required if using our
tabbed Hall effect sensor; we recommend a pull up when using our threaded Hall effect sensor. The MS3Pro can
use two separate speed sensors for driven and non-driven wheels.

Digital frequency input

2.4K resistor
A x| Switched 12 volt power

DIYAutoTune threaded Hall sensor

—— i

Sensor ground wire

The MS3Pro EVO+ has two VR sensor inputs that connect to Digital Frequency In 1 and Digital Frequency In 3
for VR type speed sensors. In most cases, the sensors can wire either way when used for speed sensing. Three
wire VR sensors typically use the third wire as a shield ground; connect this wire to the shield on the VR input
wires.

Some bikes are fitted with a Gear Position Sensor. This 0-5V analogue input can be used directly to determine
gear, and can connect to any unused analog input. The MS3Pro can also determine the gear you are in by
comparing the engine RPM and wheel speed.

When used with a MegaShift transmission controller, the MS3Pro can read speed and gear information through
the MegaShift over CAN. No additional sensor wiring is needed, other than the wires for the MegaShift.
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4.4.8 Generic on/off switches

There are several inputs the MS3Pro can use as switch inputs for triggering launch control, nitrous, table switching,
or other functions. Valid inputs include the Digital Switched In inputs, the Digital Frequency In inputs, and Digital
Switched 12V In. Digital Switched 12V In activates when connected by a switch to a 12 volt source. All other on/off
switch inputs activate when connected through a switch to ground instead. The Digital Switched 12V In function is
set up this way to allow using it to detect when a nitrous system is energized and arm the system, but can be used
for other functions as well. The illustration below shows typical switched input wiring.

To MS3-Pro switched input

Input switch J_

Caution: Do not wire the Digital Switched 12V In wire directly to any input that is supplying power to a trans
brake or other high powered solenoid. This may result in damage to the input circuit. Instead, use the 12 volt
power to the solenoid to switch a relay to control an on/off input.

4.4.9 Other sensors

You can connect any 0 to 5 volt analog signal to the Analog In inputs. The MS3Pro software can use these for data
logging or other functions.

If you are adding an analog sensor that requires a bias resistor, such as an additional temperature sensor, the
MS3Pro EVO+ has built-in DIP switches that can be switched on to include a 2490-ohm bias resistor for the Analog
Input 4 through 7 circuits:

@

4.5 Fuel injectors

Fuel injectors are pretty simple; one side gets switched, fused 12 volt power. The other side connects to the
MS3Pro injector output. They are not polarized so it doesn’t matter which is which. Current MS3Pro settings have
the firing order hard-coded in, so they always fire in alphabetical order.
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If running sequential output on a 12 cylinder engine, High Current 1 and 2 fire the 11th and 12th injectors in the
firing order, respectively. Note that semi-sequential on a 10 or 12 cylinder applications will only use the first 5 or 6
injector outputs respectively, and you will need to wire these outputs to run two injectors each. Using more than 8
primary injector outputs requires configuring fully sequential injection.

4.6 Ignition outputs

‘Conventional’ high-current coils, such as all of the old can-shaped coils that feed distributors, as well as early
(1980s-2000s) multi-coil packs, in general have a primary winding resistance of about 3 ohms. This means that
charging them with a standard 12~15v automotive electrical system they draw roughly 4~5 amps of current, and
then they produce hundreds of volts of flyback voltage on the negative terminal when fired (ever seen points arc?).
This combination of rapidly repeating cycles of high current and high voltage means that whatever devices is
switching the ignition coil needs have some pretty serious capabilities, both in terms of heat and power manage-
ment. It’s pretty easy for mechanical points to handle this job, but it's a taller order to make solid-state electronics
robust enough to tackle this task. The signal from the MS3Pro ECU is a much lower-power "logic-level" signal -
the kind of signal seen inside computers, and is absolutely NOT capable of handling this directly. So some sort of
device is needed to read the logic-level signal from the MS3Pro and then drive the coils accordingly. Fortunately
there are specialized power-transistors designed specifically for this purpose, but it’s critical that they are mounted
on a GOOD HEAT SINK in order to keep their temperature in check during operation. This device is often called
an “ignition module,” "ignitor," or "coil driver.” Such coils can often be identified as they only have two connection
terminals, one positive terminal for +12v, and one negative terminal controlled by the driver. Since about 2010,
most modern automotive coils have come with the driving transistor built into the coil assembly itself. We refer
to these as “logic-level” or “smart” coils. Generally such smart coils have MORE than just 2 connection terminals
because of the extra functions they contain, and these CAN be driven directly by the logic-level ECU output. If
you’re using a factory ignitor with matching factory coils, you can expect that the coils and ignitors are designed
to work together. If your coils require an ignition module but you do not have one, our QuadSpark ignition module
can drive most factory coils, or we also offer the MS3Pro EVO+ HD version, which has 8 built-in high current power
transistors in place of the normal logic level circuits. This is the only ECU in the lineup that can therefore be directly
wired to traditional two-terminal coils without the need for any additional ignition module.

4.6.1 Conventional high-current / power transistor driven coils
Some examples of where you would expect to find conventional coils include:

» Almost all older distributor-based ignition systems with a single coil

+ Delphi coil packs with horizontal plug wire terminals used on many Mopar/Dodge and Subaru vehicles up
until the mid-2000s

» Dodge V8 (Hemi) individual and twin-packaged COP caoils.
* Ford EDIS-based coil packs
» Ford V8 COPs

+ BMW COPs up to the mid-2000s. Note that unlike most other conventional coils, these tend to have THREE
terminals opposed to the normal two (the extra is a supplemental ground).

IF YOU PLAN TO USE ONE OF THE ABOVE ENGINES FOR YOUR PROJECT - PARTICULARLY ANY OF THE
ABOVE V8S - THEN YOU SHOULD STRONGLY CONSIDER THE MS3PRO EVO+ HD ECU WITH 8 BUILT IN
COIL DRIVERS and heat sink!

Alternatively, you can still use any other MS3Pro ECU, but you'll additional need one (or two) QuadSpark
modules to drive the coils.

4.6.1.1 QuadSpark ignition module The QuadSpark module is mounted in an aluminum enclosure which
provides the necessary heat sinking for the transistors. Here are the pins to use on the QuadSpark:
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Wire color | Thickness Connection

Yellow 20 gauge MS3Pro Spark Out A

White 16 gauge Spark A to coil negative

Orange 20 gauge MS3Pro Spark Out B

Pink 16 gauge Spark B to coil negative

Dark green | 20 gauge MS3Pro Spark Out C

Light green | 16 gauge Spark C to coil negative

Blue 20 gauge MS3Pro Spark Out D

Violet 16 gauge Spark D to coil negative

Black 4 x 14 gauge | Ground to engine block or cylinder head
If using more than four channels of ignition output, you would use a second QuadSpark, wired up like this:

Wire color | Thickness Connection

Yellow 20 gauge MS3Pro Spark Out E

White 16 gauge Spark E to coil negative

Orange 20 gauge MS3Pro Spark Out F

Pink 16 gauge Spark F to coil negative

Dark green | 20 gauge MS3Pro Spark Out G

Light green | 16 gauge Spark G to coil negative

Blue 20 gauge MS3Pro Spark Out H

Violet 16 gauge Spark H to coil negative

Black 4 x 14 gauge | Ground to engine block or cylinder head

4.6.1.2 MSD and other single channel capacitive discharge ignitions Capacitive discharge boxes are a
popular choice to deliver a strong spark when running a distributor-less ignition is not an option. Many of these are
intended for an unusually high current signal instead of a logic level output. To use one of these boxes, connect
the Tach Out wire on the MS3Pro to the ignition box’s points trigger. The MSD 6A box used a white wire for this
input, and most other CDI boxes have followed their lead.

4.6.2 Logic-level 'Smart’ Coils (and coil packs)

These are more modern coils with the power transistors built right into the coils themselves. These can be driven
directly by the MS3Pro Module, Mini, or EVO+ ignition outputs without the need for an additional external driver.

Note however that the MS3 Pro EVO+ HD CANNOT be used with logic level coils; it is intended SOLELY
for use with conventional high-current coils!

4.6.2.1 IGN-1A coil with built in ignition module The IGN-1A is a high powered coil with a built in ignition
module, capable of handling engines that make over 250 hp per cylinder. These can be used both for coil per plug
applications or with a distributor. These use a five wire connector. The connector pins are designated with letters
molded into the connector:

| Connection letter | Function \
Spark output trigger from MS3Pro
ECU ground - connect to sensor return
Secondary ground - connect to engine block or cylinder head
Power ground - connect to battery negative terminal
Switched +12 volt power

m| O] O| @ >

4.6.2.2 LS series coils The coils on GM’s LS series engines are a popular choice as they are readily available,
inexpensive, powerful, and have a built in ignition module. They can be wired directly to the MS3Pro. LS1 and
LS2 coils use different connector designs, but the connectors are always marked with small letters to indicate the
function, and the function is the same on both:
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| Connection letter [ Function \

Power ground - connect to engine block or cylinder head
ECU ground - connect to sensor return

Spark output trigger from MS3Pro

Switched +12 volt power

O Ol o >

4.6.2.3 VW coils Volkswagen Automotive Group (VAG) utilized quite a few different logic-triggered coils and
coil packs in the 1990s and 2000s, making them a great source for ignition setups - especially 4-cylinder engines
- that can be connected directly to an MS3 without the need for extra external ignition modules. These include:

» 0 004-402 001 Single logic level coil for use with a distributor from Mk3 2.0L VW Golfs:

| Pin number | Function \

1 Power ground to cylinder head
2 SparkA trigger from MS3Pro
3 Switched +12 volt power

» 032 905 106B - Logic level 4-cylinder wasted-spark coil pack from Mk4. 1.6L VW Golfs, uses connector
1J0973724:

| Pin number | Function \

1 SparkA trigger from MS3Pro
2 Switched +12 volt power

3 SparkB trigger from MS3Pro
4 Power round to cylinder head

» 06A905097 4-cylinder sequential logic level coil from early 2000s VW Golfs, Beetles, and Jettas, uses con-
nector 1J0973726:
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123456

| Pin number [ Function \

1 Power ground to cylinder head
SparkA trigger from MS3Pro
SparkB trigger from MS3Pro
SparkC trigger from MS3Pro
SparkD trigger from MS3Pro
Switched +12 volt power

o0 B~ WIN

» VW four pin pencil coils appeared on the VW / Audi 1.8 Turbo from 2001 and later, and many other VW-Audi
Group products. These can be driven directly from the MS3Pro.
Pins:
4 F 52

| Pin number | Function \

1 Switched +12 volt power
2 Ground to cylinder head
3 SparkA trigger from MS3Pro
4 Ground to cylinder head

4.6.2.4 GM D599A 6-cylinder wasted-spark logic coil pack

» For any 6-cylinder engine, a great wasted-spark option is the GM D599A logic-level coil pack. It comes from
mid-2000s GM LZx 'High Value’ V6 engine platforms (such as Chevy Malibus, Impalas, Monte Carlos, etc.),
uses a Delphi/Packard 6-way GT 150 connector, and has a nice flat bottom for easy mounting. Note the
cylinder numbering is for the GM V6 firing order, but for a standard 16 firing order just swap the #4 and #6
plug wires:
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| Pin number | Function \

SparkB (center coil) trigger

SparkA (coil opposite connector) trigger
SparkC (coil next to connector) trigger
Signal ground (to ECU)

Power ground to cylinder head

+12 volt power

| m| O 0| m >

4.6.2.5 M&W capacitive discharge ignitions The MS3Pro standard spark outputs can supply power, but not
ground, which creates a minor issue for M&W ignition boxes. You will need to add a 1K resistor teed from each
spark output to ground when using an M&W multichannel CDI box. Set the spark output on the MS3Pro to “Going
High”, and set the M&W ignition to trigger on the falling edge.
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4.6.2.6 Common firing orders

6cyl, even-fire, 1-5-3-6-2-4, Sequential fuel, Coil-on-plug logic coils

4cyl, even-fire, 1-3-4-2, Sequential fuel, Coil-on-plug logic coils
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4.7 |AC valves

IAC stands for Idle Air Control. These valves work like a small throttle under ECU control to allow the MS3Pro to
adjust idle speed. Sometimes you will see these called an ISC valve, for Idle Speed Control, or BAC, for Bypass
Air Control. Idle air control valves come in several varieties. The MS3Pro supports most designs out there, with a
few exceptions.

4.7.1 Stepper IAC valves

Stepper motors come in two varieties, permanent magnet and variable reluctance (there are also hybrid motors,
which are indistinguishable from permanent magnet motors from your MS3Pro controller’'s point of view). Lacking
a label on the motor, you can generally tell the two apart by feel when no power is applied. Permanent magnet
motors tend to "cog" as you twist the rotor with your fingers, while variable reluctance motors almost spin freely
(although they may cog slightly because of residual magnetization in the rotor). You can also distinguish between
the two varieties with an ohmmeter. Variable reluctance motors usually have three (sometimes four) windings, with
a common return, while permanent magnet motors usually have two independent windings, with or without center
taps. Center-tapped windings are used in uni-polar permanent magnet motors.

There are a variety of stepper motor types in use in OEM IAC systems. Most domestics use bipolar stepper
motors, while some Toyota and Mitsubishi engines use uni-polar stepper motors. Either one can run off the
MS3Pro.

For both permanent magnet and variable reluctance stepping motors, if just one winding of the motor is ener-
gized, the rotor (under no load) will snap to a fixed angle and then hold that angle until the torque exceeds the
holding torque of the motor, at which point, the rotor will turn, trying to hold at each successive equilibrium point.

Unipolar stepping motors (5 or 6 wire) are usually wired as shown in the schematic below, with a center tap on
each of two windings. In use, the center taps of the windings are typically wired to the positive supply, and the two
ends of each winding are alternately grounded to reverse the direction of the field provided by that winding.
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Lni- ML
Coil 1, lead C
Coil 1.lead A O—@C%@)—O Coil 1, lead B
Coil 2, lead A Coil 2, 1ead B
Coil 2. lead € Note: the 2C leads may
ke joined together

Typical bipolar steppers have 4 leads, connected to two isolated coils in the motor. These are the most common
in automotive applications. Bipolar permanent magnet and hybrid motors are constructed with exactly the same
mechanism as is used on uni-polar motors, but the two windings are wired more simply, with no center taps. The
leads to both coils are brought out to the harness with 4 wires. If you energize one coil the rotor will rotate to a
position aligned with that coil. If you energize the second coil the rotor will rotate a little bit to be aligned between
the two coils. If you turn off the first coil the rotor will rotate a little more to line up directly with the second coil. If you
energize the first coil again with the opposite polarity of the first time the rotor will rotate a little more, and so on.
The MS3Pro controller applies pulses in a particular sequence to the four wires to produce rotation. Each pulse
results in specific amount of rotation of the motor . The motor can be made to spin either direction by changing the
polarity of the pulses.

On GM IAC steppers, the one coil usually has blue wires leading to it, the other coil has green wires. The
schematic below shows how such a motor is wired.

__ o
Coil L1ead A O UL || — Coil 1.1ead B
Coil 2, lead A Coil 2, lead B

The picture below shows most of the common GM and Chrysler IAC valve pinouts and how they wire to the
MS3Pro. The illustration is looking into the IAC valve itself, not the wiring on the harness side.
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IAC Wiring Diagrams All pin numbers refer to M53-Pro gray connector.
Mote: In-line (0-ring) stepper can have two Stepper out 2B / 33
possible wiring arrangements. Use an
ohmeter between the two cenfer pins - if Stepper out 14/ 31
you gef ~50 Ohms, use the first diagram. If
you get an 'infinite’ reading, use the second — Stepperout 1B/ 30
diagram.

Stepper out 24/ 32
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O O Stepper out 1B / 30

Stepper out 2B / 33
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Viewsd looking at [AC, nat connector.

Arr.@005 - Bow ling and Grippo

There’s no such thing as a stepper motor with less than four wires. If your IAC valve has two or three wires, it
is probably a PWM style valve, described below.

4.7.2 PWM IAC valves

A PWM style valve uses a solenoid that opens or closes the valve, and the ECU controls its position by pulsing
the solenoid coil off and on rapidly. These can sometimes be simpler to set up than a stepper IAC valve, as the
position is just a function of how much current flows through the coil. These come in two varieties. One uses a
single coil, which pushes the valve open (or, rarely, closed) when the coil energizes. Another design has two coils,
one of which pushes the valve open and the other pushes it closed. The MS3Pro can drive both sorts.

A single coil IAC valve will have two wires. One connects to switched 12 volt power; the other connects to the
MS3Pro PWM / Idle Out 1 wire. Sometimes these valves, like injectors, have no polarity. Other valves have a
built in diode, and it is important with such a valve to make sure you do not wire it backwards. Consult the wiring
diagram for the car the valve came on if you aren’t sure which terminal should receive power.

Two coil IAC valves have three wires. One terminal is for 12 volt switched power; the other two connect to the
MS3Pro PWM outputs, one of which should be PWM / Idle Out 1.If using two ECU outputs, you can specify in
the software which output closes the valve and which opens it. Usually, the center wire on the connector gets 12
volt power. If you're not sure which is the power wire, check with an ohm meter. The resistance from the ECU
connections to power will be one half the resistance from one ECU connection to the other.

Note that PWM IAC valves must be wired in such a way that they do not receive 12 volts with the key off.
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4.7.3 On/off IAC valves

Rare but supported. The MS3Pro’s PWM / Idle Out 1 can drive an on/off idle solenoid directly if the solenoid draws
3 amps or less.

4.7.4 Thermal IAC valves

These valves were used on some early Bosch L-Jetronic systems and are not controlled by the ECU. They use a
thermal element that warms up and reduces idle speed as they heat up. If you have such a valve, power it from
the fuel pump relay.

4.7.5 DC servo IAC valves (currently not supported)

This design incorporates a two wire DC servo with a three wire position sensor. We've only seen them on a few
Ford and Mitsubishi throttle body injected engines from the 1980s. The MS3Pro does not currently support this
idle valve type.

4.7.6 Fuel pump relay

The MS3Pro fuel pump relay output is a low side driver that supplies ground, not power. It can only handle a
maximum of 3 amps, so you will need to use this to turn on a relay to provide the fuel pump with enough power.
We recommend supplying the fuel pump relay with a separate source of 12 volt power from the ECU main relay to
minimize electrical noise. Do not wire a fuel pump directly to the MS3Pro. Also, do not wire the fuel pump relay
coil in such a way that it receives 12 volts with the key off, as this power can back-feed into the MS3Pro and cause
it to stay powered up when the ignition is turned off.

4.7.7 Tach output

The tach output supplies a 0 to 12 volt square wave that is compatible with many factory tachometers and nearly
all aftermarket units. Just wire its output to the tach signal wire.

4.7.8 High current outputs

The MS3Pro’s three high current outputs can be used to control devices that draw up to 5 amps. These outputs
are what are known as low side drivers; they provide a switched connection to ground. The other side receives 12
volts, ideally only when the ignition key is on. Recommended uses besides on/off output include nitrous control
and running boost control solenoids, which pulse open and shut.

Note that any unused injector outputs can be used for the same on/off or low frequency functions as the high
current outputs.

4.7.9 PWM medium current outputs

These outputs are low side drivers like the high current outputs, but can operate at a higher frequency and have
a maximum current of 3 amps. Devices connected to these outputs absolutely must not receive power when the
key is off, as the circuit used to clamp high frequency voltage spikes can feed power back into the MS3Pro’s power
supply and prevent the ECU from turning on. Maximum frequency is 1021 Hz. The high frequency outputs work
best with valves that can stay in the middle of their travel, like variable valve timing control valves and idle air control
valves. The digital output pins work in the same way as the PWM outputs, except their maximum frequency is 78
Hz.

4.7.10 Solid state relay control

Use a solid state relay to control devices that require a pulsed signal with more current than the MS3Pro’s outputs
are rated for. Any high current, PWM, or injector output can be used to run a solid state relay. One readily available
solid state relay is the Standard Motor Products RY330K (ask your local auto parts store for the radiator fan relay
for a 2001 Jeep Grand Cherokee with a 4.0 inline six). The part number given above include a handy color-coded
connector, and is fused for 40 amps in its factory application. Here is what the wires on this relay do:
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1. Black: Power ground.

2. Blue / Pink: Trigger signal; connect to MS3Pro output.

3. Green: Power output, supplies 12 volts to device being controlled.
4. Gray: 12 volt switched power.

Note that while the Standard Motor Products item uses the OEM Chrysler wiring colors, some other manufacturers
that make OEM replacement parts do not adhere to factory wiring colors and use other color schemes. If you get
one of these - or a connector with uncrimped pins - see the picture below, which is looking into the pins on the
relay with the locking tab facing up.

N e N
00O

Many industrial solid state relays use an industrial standard pin numbering, shown below.

OUO

5-60 VDC +2

Output
Solid State Relay

Input
I |
- 3-32 VDC + 3

O[O

If using one of these relays, here is how to connect its terminals.

1. Output - supplies 12 volts to device being controlled. If switching an inductive load (pump, fan, motor, etc.)
also install a flyback diode across the positive and negative leads of the load, with the banded end of the
diode to the positive side.

2. Power input - connect to 12 volt power.

3. Positive trigger signal - connect to switched 12 volt source.
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4. Negative trigger signal - connect to ECU output along with a 1k pull-up resistor to the +12v source.

Caution: Counterfeiting is very common in industrial solid state relays due to their simple design. And counterfeit
units seldom have the quality of a genuine Omron or Fotek unit. Many counterfeit solid state relays are only
capable of handling half their rated current, sometimes much less. Only buy industrial -type solid state relays from
reputable sources.

4.7.11 Grounding notes

The MS3Pro uses multiple ground planes to reduce noise. It is important that you connect both the logic ground
at pin 16 on the white connector and all the power grounds on the gray connector to the battery negative terminal.
It is less than ideal, but still acceptable in most cases, to ground the MS3Pro to the engine block or cylinder head.
Avoid grounding the MS3Pro to the frame rails or sheet metal; these points often have issues with rust and spot
welds limiting how much current can flow through them.

Leaving the logic ground disconnected can result in improper operation.

The MS3Pro has a sensor ground pin on pin 18 of the white connector. All sensors except VR sensors should
be grounded to this pin. Do not ground the sensors to the chassis, engine block, or other external point, as this
can create noise issues.

4.7.12 Output comparison chart

These charts show the current charts, clamped voltage, and other key information about the MS3Pro’s different

output circuits.

Name \ Output type | Max rated current | Clamping voltage |

Injector Low side 5A 36V

High current Low side 5A 36V

Spark 5V high side 100 mA* N/A

PWM/ Digital Out Low side 3A 12V

Tach Low side w/ 12 V pull up 1A 12V

Stepper H-bridge 750 mA peak 12V

* Do not exceed 250 mA total for all spark outputs at one time.
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5 Setting up a basic configuration

5.1 Connecting the MS3Pro to your laptop

1. Power up the MS3Pro and plug it in to your laptop with either the provided serial or USB cable. The MS3Pro
is not powered through the serial cable; it will need to be connected to a good power and ground source to
communicate.

2. Open TunerStudio. TunerStudio will check for available updates; if there is one, accept it and let it install.

3. From the File menu, select "New Project".

4. You may enter a name to keep track of the project and a detailed description in the Project Description field.

5. Qlick_the “Detect” button. TunerStudio should automatically detect that you have an MS3Pro and what port it
is using.

6. Clicking the Next button will bring up a menu of project settings.

7. Here are what the project settings do:

+ Oxygen Sensor/Display - selects the default gauges for oxygen or lambda sensor. If set to wideband,
TunerStudio can display either lambda or air/fuel ratio. In narrow band mode, TunerStudio will display
and log sensor voltage.

» Temperature Display - preferred temperature units
+ CAN_COMMANDS - Allows tuning an MS3 over CAN when not using the USB or serial connection.
+ Internal Log Fields - normally deactivated. Allows developers to log special fields into SD card logs

 Port Status - allows displaying the status of input and output ports directly as indicators, and recording
port status in data logs. Useful for troubleshooting, but can slow down data logging rates.

+ OutMSG Editing - Enables a system for sending CAN data to other CAN devices. Only needed if the
documentation for a CAN device you are using requires this.

+ EXPANDED_CLT_TEMP - Raises the range and limits of the CLT temperature readings so that the CLT
channel can be used with a cylinder head or oil temperature sensor, rather than the default range/limits
intended for the operating temperature range of liquid coolant.

8. When you are done with the project settings, click Next. This will bring up a page of communications settings.

9. The final screen for project setup is to select a dashboard view. It is safe to accept the default and Finish.
TunerStudio allows advanced users to create their own custom dashboard layouts.

10. At this point, you're ready to start setting up the MS3Pro to run your engine.

The first rule of tuning is that you do not want to tune from a blank file. You can either connect to the MS3Pro

and retrieve the tune on it (this is done automatically) or open an existing tune file, but be careful if you see this

message:

E Message "%
Attentionl!

e
U " ! N—
There is no tune loaded. Before doing any configuration,
it is recommended to either load an (msq) or connect to a controller.

It is not advised Lo create a tune (msq) from scratch.

This means that you have no tune loaded. This is OK if you are just having a look, but do not try to start a tune
like this. TunerStudio will default to a table full of zeroed out values - or in some cases, the numbers will be set to
their lowest possible value. It’s not worth chasing down all the nonsense values to turn this “blank file” into a real
tune. Start with either the tune in the ECU or one of the sample tunes provided in the software package.
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We recommend that you do not have the ignition coils hooked up while doing a basic setup on the MS3Pro.
During the setup stage, you will define what type of ignition hardware that you are using, but if the ignition you have
doesn’t work with the default settings, you may overheat your ignition module and damage it before you are done
with your setup.

5.2 Basic engine constants

File
rEngine and Sequential Settings
Calculate Required Fuel Sequential Fuel Injection————————
m " Main fuel outputs |Inj AB.. -
ﬂ [ms}W " sequential on  |Off -
" @ Control Algorithm = Angle specifies: |End of squirt
Squirts Per Engine Cycle |2 - '@ njector Tim  |OFF hi
" @ Injector Staging Alternating w |  [Firing Order rFiring Order
"B Engine Strokes’Rotary d 9"" E I E
@ Mo Cylinders/Rotors fH E o E
/ |« « 5
" B Number of Injectors B[ 3 = g
g T [ g .
e o —
gine size(cc) WE G. l—g
" B Injector size eachice) WE H. l—g
_ 0 | (0 | e || cese |

First, we’ll go over the basic settings you need to go through for starting the engine. The following are the most
essential settings. We’'ll come back and go over the other menu items later. The first stop is under the Basic /
Load Settings menu. Select Engine and Sequential Settings. Here is what the settings do.

* Required Fuel: This is your base pulse width. It is the amount of pulse width the engine would theoretically
need at 100 kPa and 100% volumetric efficiency. While you can enter it directly, we recommend using the
calculator that the “Required Fuel...” button pulls up. Here, you will enter the engine displacement, number
of cylinders, injector fuel rate, and air/fuel ratio. Usually the air/fuel ratio should be stoichiometric for the
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fuel used, such as 14.7 for gasoline or 9.85 for E85 ethanol blends. Note that you will want to run this after
entering the injector size and displacement numbers, below.

» Control Algorithm - This setting controls the method with which engine load is calculated. Engine load
represents how hard the engine has to work and can be based on many factors such as manifold pressure,
throttle position, air mass, or combinations of these. Note that this setting only sets the control algorithm for
fuel injection and related settings; it does not set the control algorithm for ignition and related settings. You
may use different algorithms for different tables. The following settings may be selected.

— Speed Density - Use the MAP (Manifold Absolute Pressure) sensor to determine load. In this case, the
vertical axis of any fuel table lookup is in kilopascals (kPa). The maximum value reported by the MAP
sensor (in non-turbo applications) will be the same as the barometric pressure.

— Percent Baro - This setting is similar to the Speed Density setting in that the MAP sensor is used to
determine load. However, instead of directly using the manifold pressure, the manifold pressure is
divided by barometric pressure to give a percentage of barometric pressure. This setting can be useful
for those who regularly drive at high altitudes. It ensures that regardless of barometric pressure, all
table lookups operate over 0-100%. For example, if barometric pressure is 80 kPa, and the engine is
operating at 50 kPa, the actual value used for table lookups is 50kPa/80kPa or 62.5%.

— Alpha-N - Use the throttle position to determine load on the engine. Be sure to calibrate the throttle
range using Tools -> Calibrate TPS before using this setting.

— MAF - Use the MAF sensor and related calculations to directly determine the amount of fuel to inject. In
this mode, the VE table is not used to determine the amount of fuel to inject.

— ITB - This mode was created specifically for naturally aspirated engines running with independent throt-
tle bodies. It combines alpha-n (at high engine loads) with speed density (at low engine loads), using
the load calculation that makes the most sense at each RPM. For example, most ITB setups do not
have good vacuum at idle or low RPM, and slightly touching the throttle makes them lose all vacuum,
but at higher RPM start to respond more like a traditional single throttle body engine. This mode allows
the use of speed density at low engine loads and switches to alpha-n at high loads, with an adjustable
switchpoint curve over RPM.

» Squirts Per Engine Cycle - Only used when running batch fired injection. Determines the number of times
per engine cycle (two revolutions on a four-stroke engine) injectors are squirted when in a batch injection
mode. This setting has no effect when injecting sequentially.

+ Injector Staging - This setting is used only in batch injection modes. It determines whether the two injection
channels are squirted at the same time, or in an alternating fashion.

+ Engine Stroke / Rotary - Specify whether the engine is a four or two stroke piston engine, or a Wankel rotary
engine. The rotary mode allows for trailing spark outputs on Mazda and other dual plug rotary designs.

* Number of Cylinders / Rotors - Sets the number of cylinders for the engine. The MS3Pro can run sequential
injection on up to 12 cylinders.

» Engine Type - Determines whether the engine is an even-fire engine or odd-fire engine. An even fire engine
is an engine where the crankshaft moves an equal number of degrees between each cylinder’s top dead
center (TDC). An odd fire engine may have a different number of degrees between TDC on some cylinders
when compared with others. You are only likely to see odd fire settings on certain V6 models, “crossplane”
inline fours and split crank parallel twins (found on some motorcycle engines), and V type engines having
less than 6 cylinders. Normal V8, inline four, and inline six engines are all even fire.

+ Engine Size and Injector Size are used for MAF fueling and the Required Fuel calculator.

* Main fuel outputs - This should be set to “Injector A, B..” Fuel for all normal MS3Pro installs. This is
included to allow you to check tune files imported from standard MS3s. It can be set to use only injector |
and J, but this is mostly to maintain compatibility with MS3 V3.0 / V3.57 tune files.

» Sequential On - The injector sequencing may be set to three different modes.
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— Off - Use batch injection. The channels are divided into two groups, and all injectors in a group are
squirted simultaneously. This mode would typically be used if your engine has an ignition input like a
HEI distributor that provides for no cylinder identification.

— Semi-Sequential - Injects once every rotation, firing injectors in pairs. The injectors are timed, so you
can set the angle at which they fire. Injectors should be wired in the same manner they would be wired
for fully sequential injection.

— Fully Sequential - Use fully sequential injection. In this mode, outputs A-H are squirted in sequence, so
care must be taken to use the correct wiring for the engine’s firing order. For example, for a four cylinder
engine with firing order 1-3-4-2, the following wiring should be used:

= Output A - Cylinder 1
= Qutput B - Cylinder 3
« Output C - Cylinder 4
= QOutput D - Cylinder 2

Note that to use semi-sequential or sequential injection, you will need to select a spark mode that supports se-
quential injection. See ignition settings for more details.

+ Angle Specifies - The MS3Pro has a tunable injector timing table, and this setting determines how the
MSS3Pro interprets that table.

— End of Squirt - The angle specified in the injector timing table specifies the angle of the end of each
squirt. This should be used by most people for most engines.

— Beginning of Squirt - The angle specified in the injector timing table specifies the angle of the beginning
of each squirt.

— Middle of Squirt - You can also use the injector table to specify the mid-point of the injection event if you
find this easier to tune.

* Injector Trim - Turning this on allows adjusting the injectors separately using injector trim tables.

« Firing order - The firing order should be set to the firing order that your engine uses. It does not affect the
order in which the outputs are triggered. Instead it is used to associate an injector trim table with a particular
physical output so that when injector trim is applied, it is applied to the correct cylinder. It is also used if
closed-loop EGO is being done per-cylinder.

5.3 Ignition settings

Next, proceed to the Ignition Settings menu and select Ignition Options / Wheel Decoder to set up how the
MS3Pro gets its RPM input and controls the ignition.
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¢k Ignition Options / Wheel Decoder

File View Help

Ignition Options | Wheel Decoder

X
'@ Spark Mode (Dizzy, EDIS, Wheel) Toothed wheel |~| @ Fixed Advance Use Table -]
=1 /@ Use Prediction 15t DerivPrediction |+ |

) '@ Cranking Dwellims 5.0
B HENGMDIS, TFI, C3l Options Off : ) g sy E

T B Cranking Advance(degrees) 10.0 E
'@ Skip Pul 3 = -
@ pPuses S - S—
'@ Ignition Input Capture Rising Edge - _
, ° ° f B Dwell type Standard Dwell :
0 Spark Output Going High - I:
'8 Number Of Cails Wasted spark -
- Qusowertave  [or 7]
Spark Hardware In Use Spark - )
. _ @ Nominal Dwellims) 3.0 E
Cam Input (See tooltip) |Crv1F' - )

0 Spark Duration(ms) 1.0 E

MOTE: Spark hardware latency should OMLY be used if

'@ Trigger Wheel Arrangement |Dua| wheel with missing tooth

you notice spark retard with increasing rpms.

-
'@ Trigger Wheel Teeth(teeth) 36 51 @ Spark Hardware Latency(usec) b H
'@ Missing Teethteeth) '1—2 I:
'@ Tooth #1 Angle(deg BTDC) 20.0 S
'@ Main Wheel Speed Crank wheel v_ S :
'@ Second Trigger Active On Paoll level - I: =
'@ Level For Phase 1 Low - =
'@ Check At Tooth# "‘—E Custom Oddfire Angles In Sequence From #1

= =
'@ Startwasted COP |wasted-COP startup [+ = =
'@ High RPM fuelispark delay after sync-loss |0n - = =
'8 RPM threshald(rpm) ET=

Sets the type of tach input paltern decoder to be used.

(O | o |

Here are what the settings under this menu do. We’ll go over setting these up, then the next subsection will
cover the settings for specific engine modes.

» Spark mode - this sets the type of tach input pattern decoder to be used. Four of these modes are generic,
while the remainder of these are model specific ignitions. Here are the four generic modes. The chart below
shows what the model specific modes cover.

— Fuel Only: The ECU is not controlling ignition, and receives a tach signal of one pulse for every ignition
event.

— Basic Trigger: A simple distributor trigger setup where the ECU controls the ignition, but receives one
pulse per ignition event. Common examples include Ford TFI, GM computer controlled HEI, and MSD’s
“flying magnet” crank trigger.

— Trigger Return: Similar to Basic Trigger, but there is a Hall effect or optical distributor where the leading
edge of the signal is used to calculate timing when the engine is running, and the trailing edge is used
for cranking timing. Common in VW and other European Hall effect distributors.

— Toothed Wheel: This is a user defined trigger wheel configuration. There are two basic types: “Dual
Wheel” mode has one trigger wheel with equally spaced teeth and a one tooth sync signal, while “Miss-
ing tooth” mode has a wheel where most of the teeth are equally spaced, but there is a gap of the width
of one or two teeth. This wheel may or may not be paired with a second sensor for cam sync use. Ford,
Bosch, and Nippon Denso OEM systems often use this mode. So do the common aftermarket dual
sync type distributors.

Note that some modes in the chart below can be run without a cam sensor, but if the cam sensor is omitted, the
engine will not be able to run sequential injection or coil on plug.
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| Spark mode | Sequential capability | Common applications
Basic trigger Only with Ford TFI Basic distributors - GM HEI, Ford TFI, MSD, some Bosch
signature PIP
Trigger return No 1980s era VW distributors
Fuel only No Mechanical advance distributor
Toothed wheel Yes, with appropriate Many Ford, BMW, Toyota
cam sensor
EDIS Yes, with appropriate Fords with external EDIS ignition module
cam sensor
420A / Neon Yes 1995-1999 Dodge Neon, Mitsubishi Eclipse 420A
36-2+2 Yes Chrysler New Hemi and other 2003 and later engines
36-2-2-2 Yes Mazda RX8, many Subarus after 2000 without VVT, some
Suzuki engines
Subaru 6/7 Yes Subarus from 1990s through mid 2000s
Miata 99-05 Yes 1994-2005 Mazda MX5 Miata
6G72 Yes Many Mitsubishi and Chrysler V6s
IAW Weber Yes Ford Sierra Cosworth, many Fiat, Lancia
CAS 4/1 Yes Mazda Protege optical distributor, Mitsubishi 4G91
4G63 Yes Mitsubishi 4G63, 1990-1997 Mazda MX5 Miata
Twin trigger No Motorcycles
Chrysler2.2/2.5 Yes Chrysler K-car 2.2 / 2.5 multiport and turbo
Renix 44-2-2 Yes, if cam sensor is 1987-1990 Jeep 4.0, many 1980s Renaults
used
Suzuki Swift No Suzuki Swift GTI
Suzuki Vitara 2.0 Yes Suzuki Vitara, Sidekick
Daihatsu 3cyl Yes Daihatsu 3 cylinder
Daihatsu 4cyl Yes Daihatsu 4 cylinder
VTR1000 No Many Honda carbureted V-twins
Rover #1 No Rover K-series
Rover #2 No Rover K-series
Rover #3 No Rover K-series
GM 7X Yes GM 60 degree V6, Saturn, 4.2 Atlas
QR25DE Yes Nissan QR25DE
Honda RC51 Yes Honda RC51, S2000, injected four cylinder motorcycles
Fiat 1.8 16V Yes Fiat 1.8 16V
Optispark Yes GM LT1 and variants, Nissan / Infiniti VH45DE
Nissan SR20 Yes Nissan SR20DET, CA18DET with coil on plug
Nissan RB25 Yes Nissan Skyline RB series, 300ZX VG30DE
LSH Yes GM LS1 and variants
YZF1000 Yamaha YZF1000
Honda Acura Yes Honda J series V6
VQ35DE Yes Nissan VQ35DE V6
Jeep 2000 Yes 1991-2000 Jeep 4.0
Jeep 2002 Yes Jeep 4.0 and 3.8 with distributor-less ignition
Zetec VTC Yes Ford 2.0 Zetec with variable valve timing, Jaguar V8
Flywheel tri-tach Yes 1980s era Porsche and Audi
2JZ VVTi Yes Most Toyotas with VVTi variable valve timing
Honda TSX /D17 Yes Honda D17, K series, K24A2, 2006 and later S2000
Mazda6 2.3 VVT Yes Mazda 2.3 with variable valve timing
Viper V10 Yes Dodge V10 with JTEC ECU
HD 32-2 Yes, using MAP sensor | Fuel injected Harley-Davidson V-twins
Miata 36-2 Yes Flyin’ Miata aftermarket trigger
Daihatsu 12+1 Yes Daihatsu EF-SE and other coil on plug 3 cylinders
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Subaru 36-2-2-2 Yes Subaru engines with variable valve timing (AVCS)

VT

Sea-Doo PTEC Yes (Two stroke only) Sea-Doo PTEC two stroke watercraft

Nissan QG16 Yes Nissan QG16

Madza MZR Yes NC Miata and other Mazda versions of the MZR four
cylinder

6G75 Yes Mitsubishi 6G75 V6

 Trigger Angle/Offset - There are three different ways this setting is used:

— In Basic Trigger and Trigger Return, it specifies the engine angle BTDC that each trigger pulse is re-
ceived.

— In Toothed Wheel, it should always be set to zero - use tooth#1 angle instead.
— In other modes, this setting can make a +/- 20 degree adjustment to the preset timing alignment.

» Angle between main and return - This is only used in CAS 4/1 mode and specifies the angular length of
each tooth.

» Odd-fire first angle - For odd-fire engines this specifies the angle the engine must rotate from spark A output
to spark B output.

+ GM HEI/DIS, TFI, C3I options - Some distributor and related setups have a couple of extra tricks that they
use:

— Off: No additional spark outputs or cylinder identifications are used:

— GM Bypass on Spark B: On a computer controlled GM HEI or many GM distributor-less ignitions, this
setting enables the "bypass" output on spark B. The bypass output allows the module to control the
timing during cranking. The ECU applies voltage to the bypass wire after startup to take control of
timing.

— Buick C3I: This uses a distributor-less ignition which behaves like a GM HEI, but also includes a cam
sync signal. Used with Toothed Wheel mode instead of Basic Trigger to enable the cam sensor.

— TFI Non-Signature: Used with Ford TFI distributors where all trigger vanes are the same length.

— TFI Signature PIP: This allows you use the cylinder identification feature on Ford Signature PIP distrib-
utor, where one vane is shorter than the others. Signature PIP mode is used with "Basic Trigger" and
allows the MS3Pro to use these distributors for sequential fuel.

+ Odd-fire phasing - Most odd-fire engines, such as the Chevy V6, use alternate long/short angles between
cylinders. Yamaha Vmax and a couple other V-twins use a paired long/long/short/short pattern. You can also
define a custom pattern with four separate odd fire angles, for engines where the odd fire sequence is really
odd.

» Skip Pulses - This tells the code how many input pulses it should ignore before attempting to match the
input pattern. The default value of 3 is suitable for most applications. Increasing this number can filter out
RPM spikes right at the start of cranking, but setting this value too high will delay startup. This setting is only
used for startup and is ignored after the engine is running.

« Ignition Input Capture - Determines if the active edge is when the voltage on the RPM input rises or falls.
This must be matched to your tach input. If it is set incorrectly you can experience timing drift with rpm or
misdirection of missing teeth on a missing tooth wheel. The tooth logger can be used to confirm polarity
is correct. Note that for compatibility across several different products in the MegaSquirt family, this name
refers to the signal at the processor, not the signal coming into the ECU. The MS3Pro’s input conditioner will
invert the signal. So if you were using a Hall effect sensor where the voltage dropped from 12 to 0 volts, the
MS3Pro will see this as a rising edge instead of a falling one. If using the Digital Frequency In pins for cam
input, the signal on the Digital Frequency In pins is not inverted.
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When using a VR sensor, it's important to set the correct edge, as one is more stable than the other. Here is what
a typical VR signal can look like:

volts

Zero crossing
VR in I /\

wolts

Signal
at
processor

Rising Edge
(correct)
The MS3Pro needs to be configured for rising edge in this instance as that matches the "sharp" well defined
zero crossing of the input signal. Triggering on the falling edge will result in a more unstable signal.

» Spark Output - This setting is critical or you will damage your coils or ignition modules. Going High means
that the output goes high (5 volts) to dwell the coil, and then drops low to discharge the coil. Going Low
means that the output is held at 5 volts, drops to 0 volts to dwell the coil, and then goes back to 5 volts to
make the coil discharge. For 99% of installs using the MS3Pro, this should be set to "Going high".

* Number of coils - Specifies the type of ignition coils in use. TheMS3Pro automatically chooses the number
of outputs to use based on this setting and the number of cylinders.

— Single coil - just one coil or spark output. e.g. single coil, TFI, HEI, EDIS. EDIS actually has multiple
coils, but there is only one output from the MS3Pro to the EDIS module, so it uses the “Single Coil”
setting.

— Wasted spark - one double ended coil for a pair of cylinders. i.e. 2 spark outputs on a 4 cylinder.
— COP - coil-on-plug - one coil per cylinder fired once per cycle (typically needs a cam sensor)

— Wasted COP - one coil per cylinder fired twice per cycle (typically does not need a cam sensor.) Coils
are wired the same as COP.

— Dual dizzy - for single plug engines with two coils and two distributors, each operating half the cylinders.
This appears on some Lexus, Porsche, Jaguar, and BMW engines.

» Spark hardware in use - Setting this to Spark uses the regular spark outputs, which supply a 5 volt signal.
You may select Tach Out to use the tach output to control a CDI ignition or Ford TFI distributor, which uses a
12 volt square wave.

+ Cam input - Normally this should be the CMP input, but you can also use Digital Frequency In 2 for Hall
sensors. The MS3Pro can also use MAP sampling combined with a missing tooth wheel on single or two
cylinder motorcycle engines.

+ Tertiary tach input - Only used on Audi tri-tach inputs.

* Flip polarity on hi-res tach - used on Optispark and Nissan distributors to invert the signal on the ring of
360 slots.

 Start wasted COP - In coil on plug modes that are able to start without a cam signal, the MS3Pro will
normally start in wasted spark, then transition to running fully sequential coil on plug once cam sync is
declared. On some engines with very high overlap cams, starting in wasted spark can cause a backfire.
Setting this option to “Wait for cam signal” will force the engine to start in fully sequential coil on plug when
cam signal is established and prevent the engine from starting in wasted spark. On engines where running
wasted spark is not a problem, this will delay startup and prevent the engine from starting if the cam sensor
malfunctions.
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High RPM fuel / spark delay after sync-loss - Normally after losing sync, the MS3Pro will attempt to restart
the engine as soon as it receives enough crank pulses to determine engine position. In some cases, sensor
issues under load (such as a false missing tooth) can cause the engine to re-sync at the wrong timing,
resulting in a backfire. Turning this option on will cause the MS3Pro to apply a complete fuel and spark cut at
sync loss and require the MS3Pro to wait at four full crank rotations without losing sync before it starts firing
the injectors and coils after a lost sync event. Currently, this is not available in all spark modes.

— RPM threshold - Below this RPM, the ECU will restart immediately after losing sync. Should be set
just above idle speed to avoid having this feature engage while cranking, where it can significantly delay
startup.

The remaining settings on the left hand side are for Toothed Wheel mode, which will be covered in the specific
ignition settings section. Here is what the settings on the right hand side do.

Fixed advance - When set to "Fixed Advance", the spark timing is locked to the value set below. This is used
for confirming timing with a strobe timing light during setup. For normal operation, this must be set to "Use
table" so that the spark advance table is used.

Use Prediction - Normally set to "1st Deriv Prediction". Alters the way the internal spark timing calculation
functions. With no prediction, spark retard may be observed during engine acceleration. With 1st Deriv, this
is automatically compensated for.

Timing for Fixed Advance - only applies when "Fixed Timing" is set above. Timing is then locked to this
specified value.

Cranking dwell - specifies the base coil dwell time during cranking before battery correction is applied.
Cranking advance - The MS3Pro uses a fixed timing angle while cranking, specified here.

Toyota Multiplex - Used for Toyota DLI distributor-less ignitions. Known applications include the 7M-GTE
and Japanese market 4A-GZE. This uses the primary spark output as a timing signal, and secondary spark
outputs to specify which coil is active.

Dwell type - Can be "Standard Dwell", "Fixed Duty", "Time after Spark", "Charge at Trigger" to accommodate
different ignition types.

— Standard Dwell - this is the setting to use for most installs. i.e. regular coils that are fired by a module
or with internal drivers or logic-level COPs. This is also used with GM-HEI7 and GM-DIS.

— Fixed Duty - locks the spark output to a constant duty cycle instead of controlling dwell. This is typically
used for ignition modules that control the dwell directly, including Ford’s "Push Start" TFl modules, Bosch
"smart" ignition modules, or MSD and other capacitive discharge boxes.

— Time After Spark - only intended for Saab Tri-lonic DI cassettes that require a backwards dwell signal.

— Charge at trigger - This is a highly specialized mode intended for driving a CDI thyristor directly. Do not
use with multi-tooth wheels. Do not use with direct coil control or COP type ignitions as the dwell varies
with rpm and advance. Do not use if you are not certain what a thyristor is.

Use dwell vs rpm curve - For Saab Tri-lonic and time-after-spark, the dwell can be varied with rpm.

Use Dwell Table - Enables a 3D table of dwell as a function of RPM and load. This lets you run a low dwell
under vacuum and increase dwell only under boost, to reduce heat load on the coils.

Nominal dwell - The base dwell time before battery voltage correction. (With the standard correction curve,
this time is applied at 14V.) Typical values are 3-4 ms.

Spark duration - The time required for the spark to complete, typically in the order of 1 millisecond. Note
that in older single-coil systems with many cylinders, the dwell time can be constrained at higher rpm as there
isn’t enough time between cylinders for the desired dwell and spark. The dwell time is automatically reduced
in this case (this is the reason for stock HEI ignition being weak above 5000 rpm on V8s.) With wasted-spark
or COP, there is far greater time between ignition events and this dwell-reduction rarely occurs.

Dwell time - the backwards dwell time for Time-After-Spark
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» Dwell duty - for fixed duty, this specifies the percentage duty cycle of the output signal.

+ Spark Hardware Latency - all electronic devices take a finite time to propagate signals and switch. This
setting allows for that slight delay. If you notice a slight retarding of ignition timing with rpm while strobing
with fixed timing, you can enter a small number in here to remedy it.

* Middle LED indicator - not used on MS3Pro.

» Spark Trim - enables the adjustment of timing per individual cylinder. This requires a suitable trigger wheel
capable of cylinder identification; modes like Basic Trigger do not allow this.

+ Kick-start crank delay - For small engines with a kick starter, it can help to force a longer wait time on
cranking. This mode will delay starting if using basic trigger with a trigger angle of less than 20 degrees, or
trigger return mode, for the amount of time set by “Delay (ms)” underneath. Most other modes require the
ECU to detect a larger number of pulses, which results in a built-in delay.

Now, for the settings for specific ignition modes. Note that many of the model specific modes are named after one
common application of the settings, but there are often other engines that will use the same settings. For example,
the “4G63” mode is not just used on the Mitsubishi 4G63, but also on other Mitsubishi engines and Mazda Miatas.

A note about the trigger wheels: Most of the trigger wheels shown are drawn as a generic disc with squared-off
teeth - a common arrangement for reading with a Hall effect / gear tooth sensor reading the sensor from the edge.
In some cases, the factory trigger wheel may use slits, holes, or other tooth shapes, or have a notch trigger the
sensor instead of a tooth, making for an “inside out” version of the pattern. In some cases we have tried to show
the shape of the teeth when the design does not look very much like the generic trigger wheel representation; in
other cases this would make it difficult to show the complete pattern. When in doubt, we’ve opted for depicting the
pattern clearly. The diagrams do not necessarily show the factory trigger wheel alignment, just the arrangement of
trigger teeth.

5.3.0.1 Distributor rotor phasing If using a distributor, you will need to make sure the rotor is in contact with
the distributor cap through the entire timing advance range. Take the average of the most and least spark advance
you will run, and rotate the engine to this angle as indicated with the timing marks on the balancer (you may need
to use timing tape to find this range). The distributor rotor should be pointed directly at the connection for the #1
cylinder on the cap (or the cylinder 180 distributor degrees away from it). If it is not, you will need to adjust the
distributor angle to match.

5.3.1 Basic Trigger

The distributor is the traditional method of timing spark and distributing the high-tension spark voltage to individual
spark plugs. Originally, this used a set of breaker points, a condenser and a single ignition coil. Most distributors
feature mechanical and vacuum advance systems to match spark timing somewhere close to optimal for different
operating conditions. Later systems were "breakerless" and replaced the high-maintenance points with VR, hall or
optical sensors, but there is still just one tooth for each cylinder. When combined with OEM fuel injection systems,
the distributor may be "locked" in that there is no advance mechanism and the timing is controlled by the computer.
Any engine predating fuel injection will have the tach pickup within the distributor. With most distributors there is
no cylinder identification so it is not possible to run sequential fuel; Ford Signature PIP TFI distributors, which used
one short vane and the others a different length, are the exception.

This mode also covers arrangements with a single crank wheel with one tooth for every two cylinders, where
there is no cam sensor used. This looks exactly the same to the ECU - other than that the signal is more accurate.

Ford TFI and GM computer controlled are specialized versions of the distributor system and will be covered
in their own sections. “Basic Trigger” does not cover “dual sync” distributors, which have two pickups and use
“Toothed Wheel” mode, or setups which have a distributor but use a more complicated trigger pattern than the
basic “one tooth, one cylinder.” There are covered in their own sections.

Examples of ignitions that use “Basic Trigger” include:

» Ford TFI
» GM HEI (both original and computer controlled)

» Chrysler Lean Burn
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» MSD distributors and Flying Magnet

In all cases, you'd wire the Crankshaft Position In wire to the distributor pick-up, and Spark A Out to an ignition
module.

5.3.1.1 Input phasing In most cases you will be controlling timing with the MS3Pro; for this you need a trigger
that does not vary angle with rpm or load. This is called a "locked distributor".

Early distributors such as points, original HEI, Duraspark etc, all have advance mechanisms built in. Similar
distributors can be converted for use with MS3Pro:

» Remove ignition module (if present)

» Connect pickup sensor (VR, hall, optical, points) to MS3Pro.
» Remove and weld up mechanical advance mechanism.

* Remove vacuum canister.

» Use remnants of vacuum advance mechanism to achieve correct input:output phasing. You may be able to
set the rotor output phasing FIRST and then rotate the baseplate to achieve the correct input phasing.

Later engines may feature a distributor in conjunction with computer controlled timing - usually these distributor are
"locked" from the factory and should already have good input and output phasing. (e.g. Ford TFI, GM computer
controlled, Bosch hall effect.) Align as per the factory manuals and determine how it is phased before you modify
anything!

The crank angle at which the tach input triggers is of importance and needs to be configured in the MS3Pro. It
can be really helpful to install timing tape on your crank pulley or temporarily mark on a range of angles. For best
spark control, there are some optimal and some disallowed crank angles. A typical engine will have an operating
advance range of approximately 10-50°BTDC timing (depending on engine type.) If the trigger angle is within this
range of angles, you will not be able to get a full range of timing advance.

Some trigger angles work better than others. If you end up with an invalid trigger angle, adjust the distributor
(the engine will often run with an invalid angle set, but will not be able to get a full range of advance).

| Trigger angle range | Notes \
Negative Not allowed. Will create error message on power up.
0-15 Allowed. Timing cannot be retarded to less than trigger angle. Best
cranking timing.
15-49 Not allowed. Engine will not be able to run on full timing range.
50-59 Allowed, but not ideal. Will not allow advance numbers past ~48
degrees.
60-90 Allowed. Provides best accuracy at high RPM and allows ATDC
timing retard.
91-120 Allowed on engines with 6 cylinders or fewer. Not recommended,
hard starting.
121-180 Allowed on engines with 4 cylinders or fewer. Not recommended, may
be impossible to start.

For best accuracy at high revs or during transients, aim for the trigger to align at 60-90°BTDC. This also allows
a full range of timing and including retarded timing should you need it for boosted conditions. This range of trigger
angle is preferred for new installs. For slightly better starting, but not quite such good running accuracy, aim for
a trigger ~10° BTDC or your desired cranking advance. This is the typical trigger angle for TFl and computer
controlled HEI. You cannot retard timing later than the trigger angle. e.g. 9°BTDC and lower are not possible with
a 10°BTDC trigger angle.

The VR sensor input presents a simple pulse as the reluctor passes the sensor, this gives a timing position
easily identified by eye. Rotate the engine to 60°BTDC (or 10°BTDC if chosen) and then align the distributor so
the reluctor aligns with the center of the sensor.
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5.3.1.2 Ford TFI distributors Ford’s TFI module was used throughout the 1980s and into the 1990s on many
millions of vehicles in two main mounting positions - “distributor mount” and “remote mount”. There are also
two electrical versions: "Push Start" and "Computer Controlled Dwell" : documentation claims that these can be
distinguished by color, but that appears unreliable. Checking the wiring on pin4 is likely best. The wiring of the
modules is largely the same, just the distributor mount connects directly to a 3 wire hall sensor in the distributor. In
most installations you do not need to concern yourself with that as only the “PIP” and “SPOUT” connections are of
interest. The other connections should be left stock.

PIP = CKP+

6
5| SPOUT ~——— Tach Out
Motorcraft 4| START/IDM (note)
13 &)2‘\[ PWR Fused 12V from
f D - main relay

1

Note: START/IDM
On PS-TFI Start connects to 12V during cranking.
On CCD-TFl this is a signal to the ECU.

The white wire on the CKP input connects to the PIP signal, and the Tach Out wire (not Spark A Out) connects
to SAW.

Be sure “Spark hardware in use” is set to Tacho. CKP- is not connected - tape this wire off; do not ground it.

The module described mainly here is the "Push Start" type that uses a 12V start signal. While some documen-
tation claims that all “PS” type modules are gray, we’ve seen them in black as well. A more reliable indicator is that
pin 4 will be connected to a 12 volt source when cranking. 50% dwell duty should be used. On the "CCD" type,
pin 4 runs as a diagnostic signal to the original ECU. These modules need normal dwell control instead of a fixed
duty. We recommend starting with 3.0 ms dwell and adjusting to match the coil used. Other wiring should be the
same.

"Base Timing" on the distributor (with computer control "SPOUT" disconnected) is around 10BTDC. This is the
number you should use as your initial Trigger Offset, and adjust as needed to obtain correct timing. As these
distributors were designed for ECU control, the rotor arm phasing should already be correct.

The “Signature PIP” versions of the TFI distributor have a shorter vane used to identify the #1 cylinder. These
appeared on factory sequential injected engines. These are still set up as basic trigger, but you will set “TFI
Signature PIP” under Ford TFI Options.

Set “Ignition Input Capture” to “Falling Edge” and Spark Output to “Going High”.

5.3.1.3 GM HEI The original "High Energy Ignition" (HEI) distributors used the 4 pin module from the early
1970s. That module has a decently hot spark, but doesn’t support computer controlled timing. The later 7 and 8
pin modules and corresponding distributors are designed for computer control and should be an easy swap onto
earlier engines - not only are those modules intended for computer control, but their distributors are already locked-
out so no modifications are required. 7 and 8 pin HEI distributors use three control wires to/from the MS3Pro. The
other wires connect to the coil or vehicle wiring.

» The 'Ref’ signal from the module to the MS3Pro gives rpm and engine position information. It connects to
the white wire on the CKP In line.

» The ’Est’ signal from MS3Pro to the module controls the advance when running. It connects to Spark A Out.

* The 'Bypass’ signal from MS3Pro to the module allows the module to beneficially control its own advance
during cranking. Once the engine has been running for more than 5 seconds, the MS3Pro takes control of
timing. It connects to Spark B Out.
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HEI7 General layout

Pickup coil /
reluctor

Fused 12V from
main relay

“;“O
.

To ignition coil

Spark output A
CKP+
Spark output B

Bolt grounds to
distributor

To enable the bypass, set GM HEI / DIS options to “GM Bypass on SpkB”. Set Ignition Input Capture to
“Rising Edge” and Spark Output to “Going High”. Set trigger angle 10 and adjust as needed.

5.3.1.4 MSD distributor based ignitions Most MSD distributors use a two wire sensor that MSD calls a mag-
netic pickup. This is called a VR sensor throughout the MS3Pro documentation, as there are other sensors (such
as Hall effect sensors) that are also magnetic, but put out very different signals. MSD Flying Magnet pick-ups also
fall into this category.

MSD ignition boxes require a grounded signal to trigger, and the regular MS3Pro spark outputs are designed to
provide voltage instead of grounds. The tach output, on the other hand, will provide ground, so it is used to trigger
the MSD box. For an MSD 6AL or similar box, connect the MSD white wire to the MS3Pro tach output pin.

« Ignition Input Capture depends on the sensor and how it is wired up. Set to whichever edge gives the most
stable signal across the RPM range. These signals typically have one good edge and one bad edge.

» Spark output needs to be set to Going Low.
» Spark Hardware In Use needs to be set to Tacho Out.

MSD boxes can be run on standard dwell or fixed duty. The MSD box is effectively in control of the dwell in this
application.

5.3.2 Trigger Return

Trigger Return is a special case of Basic Trigger which can be used if you have a Hall effect distributor or optical
distributor where all the slots, shutters, or vanes are equally sized. The purpose of the "Trigger Return” mode is
to have accurate cranking timing as well as accurate running timing. It achieves this by using the signal from both
edges of a vane/slot. One edge is used for the timing calculations during running and will typically pass the sensor
at 55°BTDC or more. The other edge is used for cranking timing and must pass the sensor at the desired cranking
advance angle e.g. 10°BTDC.

Examples of ignitions that use Trigger Return include:

* Many '80s era water cooled VWs

» Volvos with Bosch LH2.2 ignition

5.3.3 Fuel only

When the MS3Pro is not controlling ignition, you will need to send it a tach signal on the CKP In white wire.
Examples of acceptable signals that you CAN use to trigger the MS3Pro include:

» Electronic distributor pickups
+ The tach output terminal of an MSD or other capacitive discharge ignition box

+ IMPORTANT NOTE: The negative terminal of the coil CANNOT be used, as the coil flyback voltage is
too high and WILL DAMAGE the MS3Pro circuitry!!!

Never connect any wires from the MS3Pro ECU to the coil if using an MSD or other capacitive ignition box, for any
reason. When MSD says “These are the only wires that should be connected to the coil,” they mean it.
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5.3.4 Toothed wheel

The Trigger Wheel mode is designed to support most combinations of regular missing tooth wheels with or without
a cam signal. Other ignition modes are used to support irregular or OEM specific wheel patterns.

The table below lists all of the valid combinations for trigger wheel. Some of these are very rare on production

engines, but the code will allow using these if you encounter (or fabricate) such a trigger wheel arrangement.

Note - this table is for four-stroke piston engines. Two stroke or rotaries only need 360 degrees of information

for full sequential and COP.

] Trigger wheels I Sequential level I Settings
Main wheel Secondary Distributor Semi Full Trigger wheel Main 2nd
wheel only sequential sequential arrangement wheel trigger
speed active on
Missing None Y Y N Single wheel Crank n/a
tooth on with missing
crank tooth
Missing None Y Y Y Single wheel Cam n/a
tooth on with missing
cam tooth
Missing Single tooth Y Y Y Dual wheel Crank n/a
tooth on on cam with missing
crank tooth
Non missing Single tooth Y Y N Dual wheel Crank Crank
tooth on on crank
crank
Non missing Single tooth Y Y Y Dual wheel Crank Cam
tooth on on cam
crank
Non missing Cam wheel Y N N Dual wheel Crank Every
tooth on with tooth per Cylinder
crank cylinder
Non missing Single tooth Y Y Y Dual wheel Cam Cam
tooth on on cam
cam
Non missing Single tooth Y Y N Dual wheel Cam Crank
tooth on on crank or
cam two opposite
teeth on cam
Non missing Cam wheel Y N N Dual wheel Cam Every
tooth on with tooth per Cylinder
cam cylinder

Distributor only: Can only use a distributor and batch fire fueling.
Semi-sequential: Supports wasted spark or wasted-COP ignition and semi-sequential fueling.

Full sequential: Supports sequential COP and sequential fueling.
For initial setup and determining tooth#1 angle on uncommon setups, having timing marks or tape on your

crank pulley/damper covering the full 360 degrees will be greatly helpful. Speed shops sell timing tape for a variety
of damper diameters. If your engine has no timing marks, you do need to add them. Just guessing at timing is
a great way to damage an engine. Running excessive timing under load will almost always cause severe
engine damage, e.g. broken pistons. It is essential that timing is confirmed with a timing-light on EVERY
install.

The most common trigger wheels that work under the generic “Toothed Wheel” mode that you are likely to

encounter on production engines are:

» 36-1 on crank with no cam sensor - early Ford distributor-less ignition

» 36-1 on crank plus single tooth cam sensor - many later Ford distributor-less ignitions
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60-2 on crank with no cam sensor - many vehicles with early Bosch Motronic engine management: BMW,
VW, Audi, Volvo, Vauxhall, Opel, Peugeot etc.

60-2 on crank plus single tooth cam sensor - Bosch Motronic systems with sequential injection or distributor-
less ignition

60-2 on crank plus four tooth cam sensor - Bosch Motronic or GM 58X systems with variable valve timing

24 tooth on cam - many Japanese originated vehicles use the Nippon Denso 24 tooth CAS with differing
numbers of 2nd trigger teeth and sensors.

Engines with a missing tooth crank wheel plus a cam signal, and an even number of cylinders, are able to start in
semi-sequential mode until a cam signal is detected, at which point they switch to fully sequential operation. V10
and V12 sequential applications only sync once they have a cam signal detected.

5.3.4.1 Terminology notes

Missing tooth - This is a regular wheel with a group of "missing" teeth e.g. 12-1, 36-1, 36-2, 60-2

on crank - the wheel is rotating at crank speed, normally directly attached to the crank pulley or flywheel
on cam - the wheel is rotating at camshaft or distributor speed

Single coil - a single coil and distributor

Wasted spark - double ended coils (or a pair of coils) that fire twice per cycle

Wasted-COP - a single coil per cylinder, but firing twice per cycle. Each coil is controlled by a separate wire.
Useful for testing out a dual wheel arrangement when you are uncertain of the cam phase.

COP - a single coil per cylinder that fires once per cycle
Batch/bank fire - groups of injector fired at once, not timed to a specific cylinder event
Semi-sequential - injectors fired twice per cycle timed to cylinder events

Sequential - each injector fires once per engine cycle timed to a specific cylinder event

5.3.4.2 Wheel naming There does not appear to be universal agreement on the way to name wheels among
manufacturers. In the MS3Pro documentation, we use a standard where a minus sign indicates missing teeth, a
slash indicates a separate wheel, and a plus indicates a tooth added to the same wheel. Here are some examples
of how this naming convention works.

36-1. This means a single wheel with place for 36 teeth and a single tooth omitted. i.e. 35 teeth at 10
(360/36) degree spacing.

36-2. This means a single wheel with place for 36 teeth and two adjacent tooth omitted. i.e. 34 teeth at 10
(360/36) degree spacing.

36-1-1. This means a single wheel with place for 36 teeth and two non-adjacent single tooth omitted. This
type of wheel is not supported by this generic wheel decoder. It requires a model specific decoder to specify
the separate gaps

36-2-2-2. This means a single wheel with place for 36 teeth and three sets of double missing teeth. This type
of wheel is not supported by this generic wheel decoder. It is supported as 36-2-2-2 with the specific OEM
pattern required.

24/1. This means 24 teeth (non-missing) on one wheel and a single tooth on a second wheel.
36-1/1. This means a one 36-1 wheel and a single tooth on a second wheel.

3+1. This means one wheel with 3 equally spaced teeth and an additional tooth to indicate sync. Not
supported by the generic wheel decoder.
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5.3.4.3 Specific settings This covers just the settings used in Toothed Wheel mode; settings that are common
to all wheel decoders are covered under “Ignition Settings.”

» Spark Mode - set to "Toothed Wheel"
« Trigger Angle/Offset - always zero in Toothed Wheel mode. You'll use the Tooth #1 Angle instead.
+ Trigger wheel arrangement - see table above for correct settings

 Trigger wheel teeth - the number of effective teeth, counting the missing teeth as if they existed. i.e. a 36-1
wheel has 35 physical teeth, but enter 36, as you're including the teeth that would populate the gap as well.

» Missing Teeth - the number of missing teeth. Common are 1 for 36-1, or 2 for 60-2 or 36-2

+ Tooth #1 angle - definition depends on whether main wheel is missing or non-missing type. See sections
below.

+ Main wheel speed - indicates whether the main wheel rotate at crankshaft speed or camshaft (distributor)
speed.

» Second trigger active on - Like ignition input capture above, specifies which voltage level is considered
"active"

* Level for phase 1 - only applies in "Poll level" mode. See Dual+Missing section.
» Check at tooth # - Determines which tooth on the crank trigger is used for polling. See Dual+Missing section.
+ and every rotation of - how often are second trigger input pulses received. See Dual Wheel section

There are two main categories of install - Existing and Retrofit.

5.3.4.4 Existing In this cases where you are fitting MS3Pro to an engine already fitted with a trigger wheel,
your main task is to wire up the sensor(s), determine the tooth #1 angle and wire up your coil(s). It should not
normally be necessary to alter the engine.

5.3.4.5 Retrofit If you have an engine that did not originally come equipped with a trigger wheel (e.g. a distribu-
tor based, pre-EFI engine) then you have to mount a wheel and sensor and set the phasing correctly. For a typical
car engine - go for a 36-1 wheel on the crank for non-sequential. or a 36-1 wheel on the crank and a 50/50 cam
tooth with gear-tooth hall sensor for full sequential 60-2 works great on most engines too, but is not advised for
very high rpom. For very high revving engines (such as motorcycle engines) due to the number of teeth per second,
36-1, 24-1 or 12-1 are preferred. There are several restrictions on base tooth count:

« No more than 60 base teeth.

» The angle between teeth in crank degrees must be an integer number or in increments of 0.1. So 36 teeth
(10 degrees per tooth) is allowed; 32 teeth (11.25 degrees per tooth) is not.

» The ECU must read at least one real tooth per spark event. So cutting off one tooth of an 8 tooth distributor
to get cylinder identification on a V8 is out - the ECU would need to schedule two spark events off the tooth
before the missing tooth, which is allowed. Putting that modified distributor on a four cylinder, on the other
hand, is OK. So is adding a second sensor to the distributor reading a separate, single tooth trigger wheel
on a V8 (the common aftermarket dual sync distributor).

+ The number of base teeth per spark event must be the same for each spark event. A four tooth crank wheel
with a one tooth cam trigger can run a V8, but the same trigger wheel on a six cylinder would result in four
cylinders having to use one tooth each and two cylinders having to use two teeth each, which is not allowed.

While the code can cope with any sensor/tooth phasing, during cranking the rpm will vary up and down greatly
as the engine rotates. It is desirable to place the missing tooth such that it passes the sensor when the engine is
somewhat stable. The OEMs have found that certain tooth #1 angles work well and it is worth following their lead.

We suggest to align your wheel and sensor to arrive at the following tooth #1 angles. (See later for explanation
of tooth #1.) These will make it easier for the ECU to detect the missing tooth during cranking.
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* 4 cylinders ~90-120°
* 6 cylinders ~50°
* 8 cylinders ~40°

Mounting the wheel is quite critical in that it MUST be mounted so it rotates without moving up, down, left or right,

as a typical sensor needs to see all of the teeth with a gap of 0.75 - 1.0mm. In other words, keep the runout to

a minimum. The gap shouldn’t get change size as the wheel rotates. It is also critical that the bracket is sturdy

enough not to vibrate. When in doubt, make the bracket strong enough that you could lift the engine with it.
Having mounted the wheel and sensor, you can proceed for an existing install.

5.3.4.6 Missing tooth crank wheel This is a very common configuration for wasted spark with the most typical
wheels being 36-1 (Ford) and 60-2 (Bosch.) Note that the missing teeth are in a single group - if your wheel has
multiple groups then you need a special wheel decoder. We have special decoders for many of the multiple-gap
trigger wheels, such as Chrysler's NGC or Subaru’s 36-2-2-2 wheels. If you have one of these wheels, see the
spark mode sections be

The MS3Pro code benefits from a reasonable number of teeth (hence 36 or 60) for best ignition timing accuracy.
Low tooth count wheels such as 4-1 are not advised.

Make sure you understand the definition we're using of tooth #1. With the engine rotating in the normal direction,
tooth #1 is the first tooth to pass the sensor after the missing tooth gap.

We use the term "tooth #1" as it is consistent across wheels with one, two, three or four missing teeth in the
group. Once the code knows the tooth #1 angle it automatically calculates other needed information internally.

Clockwise rotation (normal) - method A

Set your engine at TDC, then count the number of gaps to tooth #1 in the direction of rotation (clockwise here),
and multiply by the angular size of the tooth: e.g. 8 teeth * 10° per tooth = 80°

» 36-1 wheels are 10° per tooth (360°/ 36 teeth)
» 60-2 wheels are 6° per tooth (360°/ 60 teeth)
» 24-2 wheels are 15° per tooth (360°/ 24 teeth)
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Trigger wheel example

Tooth #1 = 80

With engine at TDC, the VR
sensor aligns with the toth
thatis 80 degrees earlier than
Tooth#1. Count the gaps.

Rotation

Timing marks on damper

Clockwise rotation

Clockwise rotation (normal) - method B
A different way of looking at the same phasing. Turn your engine so that tooth #1 aligns with the sensor. Read
off the tooth#1 angle from timing marks/tape on the crank pulley.

Trigger wheel example
This shows another view of the
Tooth #1 = 80 same sensor to missing-tooth
alignment. When tooth #1 is
lined up with the sensor the
engine is at 80 BTDC.

(T
-] -]

Il
a

Timing marks on damper

Clockwise rotation

Critical settings include:
» Spark Mode = Toothed Wheel
+ Trigger Angle / Offset = 0
+ Trigger wheel arrangement = Single wheel with missing tooth
+ Trigger wheel teeth = number of teeth including missing teeth
» Missing teeth = set according to your trigger wheel
+ Tooth #1 Angle (deg BTDC) = set as above
+ Main wheel speed = Crank wheel
Typical settings:
» Ford 4 cylinder = 36-1, 80° tooth #1
 Ford 6 cylinder = 36-1, 50° tooth #1
+ Ford 8 cylinder = 36-1, 40° tooth #1
* Bosch 4 cylinder (Peugeot, Vauxhall) = 60-2, 114°tooth #1
+ Bosch 6 cylinder (many BMWs) = 60-2, 89° tooth #1
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A note about VR sensors and missing tooth wheels If using a variable reluctor type sensor with a high
tooth count (usually 24 or more teeth), missing tooth wheel, you may experience a loss of sync at high RPM. If
this happens, the first thing to try is to put a 10K resistor in parallel with the VR sensor; this can often improve
operation with this particular input.

5.3.4.7 Missing tooth cam wheel This arrangement is not commonly used by OEMSs, but does support full
sequential with a single wheel and sensor. Cam triggering is less accurate than crank triggering due to timing belt
or chain stretch.

The MS3Pro code benefits from a reasonable number of teeth (hence 36 or 60) for best ignition timing accuracy.
Low tooth count wheels such as 8-1 are not advised.

The previous section on missing tooth crank wheel generally applies when the wheel is mounted to the cam,
but remember that one rotation of the cam is 720 crank degrees. The settings are in crank degrees. So a tooth #1
that is 8 gaps earlier than the sensor on a 36-1 wheel would give a 160°tooth #1 angle (8 * 10 * 2 [for cam] ) .

Critical settings include:

+ Spark Mode = Toothed Wheel

+ Trigger Angle / Offset = 0

« Trigger wheel arrangement = Single wheel with missing tooth
« Trigger wheel teeth = number of teeth including missing teeth
» Missing teeth = set according to your trigger wheel

» Tooth #1 Angle (deg BTDC) = set as above

+ Main wheel speed = Cam wheel

5.3.4.8 Missing tooth crank wheel and single tooth cam wheel This is an very common arrangement that
supports full sequential and coil on plug. (For 50/50 type polled cam wheels, see the next sub-section.)

T
I (]
; |
f,f""‘ il
[ i,
i \‘a:\ ____ J/’J/J
Secondary e

(cam) sensor

Main (crank)

sensor
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The definition of tooth#1 is the same as the basic missing tooth crank wheel and should be phased in the same
way. Ensure you also read the section above. The cam input tells the code which engine cycle/phase it is on. From
the crank wheel alone, the code knows when cylinder one is at TDC, but it cannot distinguish TDC compression or
TDC exhaust. The cam sensor adds this information, which is why it needs to be one pulse only per engine cycle.

The cam signal is a single pulse, usually generated by a narrow tooth, vane, or window. Technically, it is edge
triggered. For VR type sensors, the edge setting will depend on the wiring you use (typically Rising) as the signal
is a very short pulse. For a hall type sensors you need to ensure that the edge you choose matches up with the
phasing as below. To confirm correct cam sensor phasing proceed as follows.

First, set your engine at TDC compression #1.

L

Secondary ——
(cam) sensor

Main (crank)
sensor

BEFORE

Normal
rotation

Timing marks on damper

Secondary Rt
(cam) sensor

Main (crank)
sensor

Normal
rotation

Now rotate the engine backwards some more, at least one or two teeth - this is the best place for the cam tooth
to pass the sensor, if you are retrofitting a trigger setup. However, the cam sensor can be at any angle except
having the active edge aligned in the tooth gap.
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Critical settings include:

» Spark Mode = Toothed Wheel

» Trigger Angle / Offset = 0

« Trigger wheel arrangement = Dual wheel with missing tooth

+ Trigger wheel teeth = number of teeth including missing teeth

» Missing teeth = set according to your trigger wheel

Tooth #1 Angle (deg BTDC) = set as above
+ Main wheel speed = Crank wheel
» Second trigger active on = Set as above

The “and every rotation of” setting is grayed out as this mode only allows the second trigger to be on the cam
wheel.

This wheel decoder mode has a limp home feature: If the camshaft position sensor works OK during startup,
but the MS3Pro subsequently loses the cam wheel, it will “remember” what phase the cylinders are on, and keep
running as if nothing happened.

5.3.4.9 Missing tooth crank wheel and polled (50/50 or half moon) cam wheel This is an fairly common
arrangement that supports full sequential and coil on plug. Here, a missing tooth wheel is used on the crank in
the common way, and a hall-effect or gear tooth sensor is used on the cam with a long tooth or window or vane.
The MS3Pro first checks for a missing tooth in the crank wheel sensor, then checks the voltage coming from the
cam signal to determine if the cylinder is on the compression or exhaust stroke, without waiting for the cam sensor
to reach an edge. This gives you the ability to have full sequential, but the engine syncs up as fast as a regular
missing tooth crank wheel without the cam sensor. Different OEM implementations exist - some engines use a
50/50 cam pattern, Vauxhall red-top engines use a window in the distributor rotor that spans the missing tooth
region. As far as the code is concerned, these are equivalent because it only “looks at” (polls) the cam just after
the missing tooth.

While this code normally checks at the missing teeth, the “Check at Tooth #” setting allows for it to delay this
checking and look for a pulse on a later tooth. By default, this is set to tooth zero for the missing tooth. Some
engines use multiple teeth on the cam wheel, with one tooth present on one rotation of the crank but not the next
but no cam teeth over the missing tooth on the crank wheel. In this case, you can set “Check at Tooth #” to a crank
tooth that lines up with a cam tooth on one rotation but not on the next rotation.
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'}
Gear-tooth cam
sensor

Crank sensor

The definition of tooth #1 is the same as the basic missing tooth crank wheel and should be phased in the same
way. The cam input tells the code which engine cycle/phase it is on. From the crank wheel alone the code knows
when cylinder one is at TDC, but it cannot distinguish TDC compression or TDC exhaust. The cam sensor adds
this information which is why it needs to be one "tooth" only per engine cycle.

At close to tooth #1 the code examines the voltage level on the input to determine which phase it is on -
the "tooth" should be normally start at least 20 crank degrees before tooth#1 and continue for another 20 crank
degrees afterward. (The level is actually polled at tooth#2.)

To confirm correct cam sensor phasing proceed as follows. First, set your engine at TDC compression #1.

Engine is at
Gear-tooth cam TDC #1 .
sensor compression
stroke
Crank sensor

BEFORE

Normal
rotation

Timing marks on damper

Now rotate the engine backwards to tooth #1. The cam sensor should be roughly in the middle of win-
dow/tooth/vane. With the cam sensor powered and connected to the MS3Pro, measure the output voltage. When
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using the standard cam input, a voltage of ~0V here requires the HIGH setting and a voltage of ~5V here requires
the LOW setting, as the MS3Pro input conditioner inverts the signal.

< N\

.

e

Secondary uh,,»,-"’f
(cam) sensor

Main (crank)
sensor

B 8

@
a

Normal
rotation

=

Timing marks on damper

Now rotate the engine backwards a full revolution. The cam sensor will be opposite that previous window/tooth/vane.
(If there was a window before it must be a vane now and vice versa.) You can use a volt meter to confirm the output
has changed its state.

Gear-tooth cam
sensor

Tooth #1
exhaust stroke

[TTTTITITTN
L]

@
a

Normal
rotation

=k
==

Turn backwards . = WU Timing marks on damper

one complete rev

Example of a distributor converted to a cam sensor, using a commonly available gear-tooth sensor.
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Critical settings include:
» Spark Mode = Toothed Wheel

« Trigger Angle / Offset = 0

+ Trigger wheel arrangement = Dual wheel with missing tooth

« Trigger wheel teeth = number of teeth including missing teeth
* Missing teeth = set according to your trigger wheel

+ Tooth #1 Angle (deg BTDC) = set as above

+ Main wheel speed = Crank wheel

» Second trigger active on = Poll Level

* Level for phase 1 = set as above

» Check at tooth # = which tooth after the missing tooth to use to poll the cam sensor. Leave at 0 to check
when the missing tooth is present.
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5.3.4.10 Missing tooth crank wheel and irregular cam wheel Some engines use a basic missing tooth crank
wheel with a complex cam wheel. Some of these have a hard coded ignition mode (Toyota 2JZ-VVT and Zetec
VCT), while others use the toothed wheel mode with a hard coded VVT decoder. If you do not have a hard coded
decoder, you can use the Poll Level feature to identify engine phase by finding a tooth that triggers on one engine
rotation but not on another.

To get the Poll Level settings figured out, start by setting the ignition mode to Log Crank and Cam, and make a
composite log while cranking the engine (See section 8.4.5 for an explanation of how composite logs work). This
will show both edges of both the cam and crank triggers. Here is an example from an inline 5 cylinder that originally
had a distributor wheel with 5 teeth. The engine builder wished to add a 60-2 crank wheel to support sequential
injection without making any modifications to the distributor trigger. The Poll Level mode makes this possible. Here
is a composite log showing two rotations of the engine. The blue line represents the crank sensor, and the green
line represents the cam (distributor) sensor. The red lines are not used in this test.

Composite Logger

The first step is to identify the missing teeth, marked with red arrows in the image below. The next step is to
find a tooth in the green line that triggers on one cylinder rotation but does not trigger on the rotation before it. The
wider the tooth, the better, as it will span more crank degrees. In this example, we’ll try to poll on the first cam
pulse to arrive after the missing tooth (marked with a green arrow). Notice that the cam sensor signal is high for
the entire length of this tooth, but low for the entire duration of the tooth on the rotation before it.

AMP EFI MS3ProEVO+ firmware 1.6.1, 11/18/2024 Page 86



5.3 Ignition settings 5 SETTING UP A BASIC CONFIGURATION

Composite Logger

»# Poll on this tooth

Next, we’ll zoom in on that arrow and count how many crank teeth after the missing tooth there are to the center
of the tooth that we’re using for the cam sync.
minor changes to the decoder.
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Composite Logger

Meam o2 MumM

Here, we see that the cam pulse is high on teeth 4 through 9. We'll pick tooth 6, as it is closest to the center
and will be least affected by any slop in the cam or distributor drive. So we would use the following settings:

» Second trigger active on: Poll Level

* Level for phase 1: High (because the cam signal is high in this log; selecting “Low” will move the tooth #1
angle by 360 degrees)

e Check at tooth #: 6

By checking the cam signal only on one specific tooth, we are able to make the MS3Pro run this engine sequentially
without the need to modify the distributor trigger or write a custom wheel decoder.

5.3.4.11 Nippon Denso CAS The Nippon Denso CAS (crank angle sensor) comes in a number of versions,
which all appear to use a 24 tooth main wheel and a second wheel with one, two, three or four teeth. There is a
single sensor (called Ne) pointing at the 24 tooth wheel and one (G1) or two (G1 and G2) sensors pointing at the
second wheel. This style of CAS is very common on Toyota and Mazda engine from the 1980s and 1990s. Honda
also used a variant incorporating a 24 tooth, 4 tooth, and 1 tooth wheel into the distributor. The number of teeth
on the second wheel determines whether it can be used (without modification) for single coil distributor, wasted
spark or coil-on-plug (COP) and sequential. The version with a single tooth and two pickup sensors is intended for
sequential. The two sensors are used by the OEM to allow the engine to synchronize within one engine revolution.
Presently, the MS3Pro only supports using one of the "G" sensors.

Some Toyota JZ series and Honda H series engines used a variation of this method, with a 12 tooth crank wheel
replacing the 24 tooth cam wheel. Other than the greater accuracy of a crank trigger, this makes little difference
from the ECU’s perspective.
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Here are the connections used.

Typical Nippondenso
arrangement

| CAS connection | MS3Pro wire |
GND, NE-, or G- | CKP- and CMP-
NE CKP+
G1orG2 CMP+
Other G sensor (not used)

O o < ()
=z O o0 =
O

Single tooth riggers G1 and G2 every 360
crank degrees. G tooth is often below Ne
wheel, but shown above for clarity.

Note that you must connect both the CKP- and CMP- to the ground wire if there is only one ground. The
MS3Pro’s input circuit uses a differential input, and both circuits must be at the same reference volts to use this

mode.

5.3.4.12 Non-missing tooth cam wheel with single-tooth cam This arrangement is one of the variants used
in Nippon Denso CAS. This also covers the common “dual sync” aftermarket distributors, AEM’s Engine Position

Module, and a few other aftermarket distributor or CAS setups.

With the single tooth every 720 degrees this setup gives enough engine information for full sequential fuel and

spark.
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Main (‘crank’)
sensor

Secondary
(‘cam’) sensor

Make sure you understand the definition we're using of tooth #1. With the engine rotating in the normal direction,
tooth #1 is the first tooth to pass the main sensor after the single tooth has passed the second sensor.

Make sure these do not happen at the same time - in the diagram you can see that the main sensor is over a
gap when the secondary sensor is aligned with its tooth. If they do happen at the same time, you can probably
chose the triggering edges so the MS3Pro does not “see” the two edges at the same time. Here is how to set this
one up.

First, set your engine at TDC compression #1.

)
Y w

Cam sensor *-L.‘___,d-// compression

stroke

]

]

Crank sensor

B
BEFORE

il

R

TE

|
5

Timing marks on damper

Now rotate the engine backwards until the "cam” sensor and tooth line up. If you rotated more than one turn,
then add 360 to your tooth#1 angle.
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pterem
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B

B

Crank sensor

8

B

B

—
il ™, Normal
\ rotation

BEFORE
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Timing marks on damper

Turn backwards

until cam tooth

aligns with

sensor

Now rotate the engine forwards until the next "crank” tooth aligns with its sensor. The crank angle now is the
tooth #1 angle. (Note that angles shown in diagram are examples only)

/":Z S
i ;.r’/ '\\\\”

-7 3 is .
> _,7 Crank angle is
o
Cam sensor I tooth#1 angle

Crank sensor

N\ Normgy
Otation

Turn forward
until crank tooth
aligns with sensor

Critical settings include:

» Spark Mode = Toothed Wheel

» Trigger Angle / Offset = 0

+ Trigger wheel arrangement = Dual wheel

+ Trigger wheel teeth = number of teeth

+ Tooth #1 Angle (deg BTDC) = set as above

» Main wheel speed = Cam wheel

» Second trigger active on = Set to make sure this does not overlap with main wheel

+ and every rotation of = Cam
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5.3.4.13 Non-missing tooth cam wheel with two opposite teeth on the cam This arrangement is one of the
variants used in Nippon Denso CAS.

With the cam tooth every 360 degrees this setup gives enough engine information for semi-sequential fuel and
wasted spark. (On a rotary such as the RX7, or a two-stroke engine, full sequential fuel and spark is possible as
the engine cycle spans 360 degrees.)

Main (‘crank")
sensor

Secondary
(‘cam’) sensor

Make sure you understand the definition we're using of tooth #1. With the engine rotating in the normal direction,
tooth #1 is the first tooth to pass the main sensor after either cam tooth has passed the second sensor.

Make sure these do not happen at the same time - in the diagram you can see that the main sensor is over
a gap when the secondary sensor is aligned with its tooth. Use the instructions in the previous single cam tooth
section to determine your tooth #1 angle. It will always be between 0 and 360 degrees.

Critical settings include:

» Spark Mode = Toothed Wheel

» Trigger Angle / Offset = 0

« Trigger wheel arrangement = Dual wheel

 Trigger wheel teeth = number of teeth

» Tooth #1 Angle (deg BTDC) = set as above

* Main wheel speed = Cam wheel

» Second trigger active on = Set to make sure this does not overlap with main wheel
+ and every rotation of = Crank

5.3.4.14 Non-missing tooth cam wheel with one cam tooth per cylinder This arrangement is one of the
variants used in Nippon Denso CAS. Three and four cylinder versions are known to exist.

Main ('crank’)
sensor

N
Secondary
(‘'cam’) sensor
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As there is one tooth per cylinder, there is only enough information to run a distributor and untimed injection.
It is not strictly necessary to use both Ne and G wheels. Using both will give you the improved timing accuracy
from the "every-tooth" wheel decoder system, but it is possible to use the "G" input only and configure as "Basic
Trigger" instead. Timing will not be as accurate though.

Make sure you understand the definition we're using of tooth #1. With the engine rotating in the normal direction,
tooth #1 is the first tooth to pass the main sensor after any cam tooth has passed the second sensor.

Make sure these do not happen at the same time - in the diagram you can see that the main sensor is over
a gap when the secondary sensor is aligned with its tooth. Use the instructions in the previous single cam tooth
section to determine your tooth#1 angle. It will always be between 0 and 360 degrees.

Critical settings include:

» Spark Mode = Toothed Wheel

» Trigger Angle / Offset = 0

» Trigger wheel arrangement = Dual wheel

+ Trigger wheel teeth = number of teeth

+ Tooth #1 Angle (deg BTDC) = set as above

» Main wheel speed = Cam wheel

+ Second trigger active on = Set to make sure this does not overlap with main wheel

+ and every rotation of = Every cylinder
5.3.4.15 Non-missing tooth crank wheel with one cam tooth This arrangement appears on a few OEM
applications, including the Chrysler 318 and 360 Magnum, the Mazda KLDE, and some Toyota JZ engines. Also,
it could be used to extend a simple distributor crank trigger to support sequential. Generally MS3Pro benefits from
many crank teeth to improve ignition timing accuracy. However, with this wheel arrangement, you need to beware
of trying to use too many teeth on the crank as there is a risk of the trigger inputs overlapping as the cam belt or
chain stretches. If this overlap occurs, it will cause sync-loss as the cam tooth moves from being seen "before" to

"after" a crank tooth or vice versa. As a general rule, this mode does not work well with more than 12 teeth on the
crank wheel.
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i _F-_F-l j‘
j K\*";::‘l/
Cam sensor ..

Crank sensor

Make sure you understand the definition we're using of tooth #1. With the engine rotating in the normal direction,
tooth #1 is the first tooth to pass the main sensor after the cam tooth has passed the second sensor.

Make sure these do not happen at the same time - in the diagrams below you can see that the main sensor is
over a gap when the secondary sensor is aligned with its tooth. Here’s how to determine the trigger angles.

First, set your engine at TDC compression #1.

AT I
. \\' .y
v,
{
/F"" \IL Engine is at
7 LN 4 TDC #1
e .
Cam sensor "‘*—u.‘__,-// g?rronfgessmn
Crank sensor En
 — =
© =

Timing marks on damper

Now rotate the engine backwards until the cam sensor and tooth line up. If you rotated more than one turn,
then add 360 to your tooth#1 angle.
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Now rotate the engine forwards until the next crank tooth aligns with its sensor. The crank angle now is the
tooth#1 angle. (Note that angles shown in diagram are examples only).
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> _,7 Crank angle is
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Cam sensor I tooth#1 angle

Crank sensor
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Otation

Turn forward
until crank tooth
aligns with sensor

Critical settings include:

» Spark Mode = Toothed Wheel

» Trigger Angle / Offset = 0

+ Trigger wheel arrangement = Dual wheel

+ Trigger wheel teeth = number of teeth

+ Tooth #1 Angle (deg BTDC) = set as above

» Main wheel speed = Crank wheel

» Second trigger active on = Set to make sure this does not overlap with main wheel

+ and every rotation of = Cam

AMP EFI MS3ProEVO+ firmware 1.6.1, 11/18/2024 Page 95



5.3 Ignition settings 5 SETTING UP A BASIC CONFIGURATION

5.3.4.16 Example wheel decoder settings Here are settings from engines that use the Toothed Wheel mode.
You will want to confirm these with a timing light, as trigger wheel tolerances will vary. Some of these are quite
specific, while others are general starting points.

BMW inline sixes These engines typically use a 60-2 crank trigger starting with the Motronic 1.1 systems in
the mid to late '80s, with later models adding a one tooth cam sensor. Most use a tooth #1 angle in the 90 to 100
degree range (450 to 460 degrees with certain cam sensor versions), but there are a few exceptions. Check with
a timing light to be sure.

Note that models with a VR sensor typically need a 10K resistor between the CKP+ and CKP- wires.

Buick C3l The Grand National (and the later front wheel drive 3800) used a distributor-less ignition with a
module that partially decoded the trigger wheel. Although there is an 18 tooth wheel on the crank, it connects to
the factory ignition module. The MS3Pro will use the 6X signal from the ignition module plus the 1X cam signal for
timing control and sequential injection. You will use spark output A for the EST signal and spark output B for the
Bypass signal. This includes the complete ignition module settings as well as the wheel decoder settings. Note:
Some aftermarket cam sensor caps are reported to change the timing significantly - recheck the timing if
changing the cam sensor cap.

« HEI / GMDIS, TFI, C3I Options: Buick C3lI

« Ignition input capture: Rising Edge

» Spark output: Going High

» Number of coils: Single Coll

» Trigger wheel arrangement: Dual wheel

» Trigger wheel teeth: 3

» Tooth #1 angle: 70

* Main wheel speed: Crank wheel

» Second trigger active on: Rising Edge

» And every rotation of: Cam

» Dwell type: Standard dwell

* Nominal dwell: 3.0 (adjust as needed to match coils)

Chevrolet LS2, LS3 and other GM 58X V8s These use a 60-2 crank trigger with a 4 tooth cam wheel. The
sensors run at 5 volts and use a 1K pull up resistor.

« Ignition input capture: Rising Edge

+ Trigger wheel arrangement: Dual wheel with missing teeth

+ Trigger wheel teeth: 60

* Missing teeth: 2

 Tooth #1 angle: 70

* Main wheel speed: Crank wheel

» Second trigger active on: Poll Level

* Level for phase 1: High

+ Check at tooth #: 1
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Chrysler 318 / 360 Magnum V8 These engines used an eight tooth flywheel trigger and a one tooth trigger
in the distributor. This can be used to trigger a distributor-less ignition as well, as long as you keep the distributor
body, sensor, and trigger wheel.

» Ignition input capture: Falling Edge

» Trigger wheel arrangement: Dual wheel

» Trigger wheel teeth: 8

» Tooth #1 angle: 549

* Main wheel speed: Crank wheel

» Second trigger active on: Falling edge

* And every rotation of: Cam

Chrysler VVT Hemi These used a 60-2 crank wheel with the same tone wheel used on the earlier (NGC)
motors on the cam.

« Ignition input capture: Rising Edge

+ Trigger wheel arrangement: Dual wheel with missing teeth

+ Trigger wheel teeth: 60

* Missing teeth: 2

+ Tooth #1 angle: 693

* Main wheel speed: Crank wheel

» Second trigger active on: Falling edge
To complete the cam wheel settings, you will need to set the cam decoder to “Hemi VVT” under the VVT Settings

menu.

Ford 36-1 This pattern shows up in many four, six, and eight cy