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Software installation

The Emerald K3 Windows mapping software iswritten in 32-bit code, which meansit needs to be operated
through MS Windows 95 or later.

Compatible operating systems:
Windows 95, 98, Me, 2000, NT, XP

Minimum PC requirements:

Thisisreally dictated by the requirements of Windows itself. The absolute minimum recommended PC
specification is:

486DX 66MHz

32MB RAM

CD-ROM

RS-232 or USB port (USB to serial adapter can be used)

Install from CD

The software files are supplied in a single installation file on a CD-ROM. They must be uncompressed and
installed onto your PC before use.

To ingtall the mapping control software, insert the Emerald K3 CD in to the PC's CD-ROM drive. Theingall
process should start automatically within several seconds.

If the CD Auto-run function on your PC does not automatically start then use Windows Explorer to navigate to
your CD drive and view the contents of the Emerald K3 CD-ROM. Double click the ‘ setup.exe’ fileto start the
installation process.

Follow the on screen ingtructions. Before thefiles areinstalled, you will be asked for alocation for thesefiles.
The default location is C:\Program FilesEmerald K3. Select the Next button to continue or enter another
location of your choosing.

When the files have been successfully installed click the finish button to return to Windows.

A shortcut icon will be placed on the desktop and also in the Programs/Emerald K 3 directory accessed through
the Start menu. Use either of theseicons to start the Emerald K3 software.



Starting the software

Doubleclick the ‘Emerald K3 v1.00" desktop shortcut icon or click the shortcut from the Start / Emerald K3
menu.

Asthe Emerald K3 software starts, you will be asked which serial communications port you are going to use to
connect tothe ECU. A drop down list of available com ports are displayed in the ‘ Select Port’ window.

Seleck Port

Fram the lizt below, please zelect the
port that the ECU iz connected to.

comi =l

S Refresh

Cancel

[ Auto select this port nest time

From the drop down list select the serial port you are going to use to connect to the ECU. Click the ok’ button
when you are happy with your selection.

If you have a known working port selection you can select the * Auto select this port next time’ check box before
click the*ok’ button. This saves you from having to go through this port selection process each time the software
isloaded. If you need to changethis port selection at alater date just click ‘Comms port’ from the ‘ Comms’
menu in the main software and you will be presented with this same * Select Port’ window.

Click the ‘Refresh’ button to instruct the software to rescan and update the comms port list. You can usethis
feature to update the list after inserting a USB-serial adapter without having to close and restart the Emerald K3
software.

In order to establish a communications link with the ECU:
Use the supplied serial communications lead and not a generic RS-232 |ead.
Use avalid serial communications port or USB-serial adapter.
The ECU must be powered via pin 11 (+12v viaignition switch).



Software

Introduction

Once the software has started and the com port sel ection has been accepted you will be presented by the main

window of the Emerald K3 operating software.

Main menu

fHiMap 1 - emuty

File Comms Additional maps Graph  Setup  EcCU configuration  Help

Screen minimise
Screen maximise
Software exit

=10l x|

EMERALD

.'u".a"lNW.Ef'ﬂEF?ALDF\fISD.CONI

—Map comments (00245 used)

—Addtionsl note:

Owynier details:

Diate: I
|
|

Engine details:

Incuction type; I

Fuel pressure; I

Injectors: I

Injection type: I

Exhaust: I

—'\Detailx #Events Algrition Alnjection Aldle control Algn comections 4lnj comections 4Live adiustments /

|19:11 |Oﬂec ¥

‘ Status - Mo ECL link ‘

Main window page control

:

ECU communications/connection status

Datalogger
recording status

Yellow =Map 3

Current map status




The Emerald K3 mapping software centres on a paged main window. Thiswindow gives quick access to the
most commonly accessed parts of the maps. Other map tables and settings are accessed through the main menu.

There are 8 pages to the main menu. Each page has a function key shortcut. To switch to the desired page just
click the appropriate ‘Tab' or pressthe appropriate function key.

_“-,DetailsAEvents;{Ignitionﬁlniectionﬁldle control {gn comections 4lnj corections fLive adjustments /

Main window page control
Function key short cuts

F1....Details screen

F2....Events screen

F3....Mainignition table

F4....Main injection table

F5....Idle control settings

F6....Air temperature correction settings
F7....Coolant temperature correction settings
F8....Live adjustments

F12...Data-logger

As with most Windows software, the mouse pointer is the primary input device but thisis not always convenient
especially when mapping from alaptop.

Where possible we have provided additional keyboard shortcuts aswell asretaining the standard windows
keyboard controls to make the software as easy and quick as possible to operate.

Details (F1)

When the software isfirst started thisis the screen you are first presented with.

Use this screen to keep notes that relate to your map. Make the notes as detailed as possible as this information
may be useful when tracking engine & map changes over time. These notes can aso be very helpful if you wish
to pass this map to another Emerald ECU user.

Map comments

Each map can contain up to 248 charactersin the details section. These details will be stored in map files saved
to disk or programmed into the ECU. The number of characters used out of the maximum of 248 is shown at the
top of the map comments section.



—Map comments (1471248 used)

Date: IEI1 -0z2-07

—Additional note:

Crner details: IEmeraId

BX 16w
185 bhg (@ 7,000 ram

Engine details: IC'rtrDen B 16w

Jernvey Throttle bodies

Incluction type: |4Smm Jervey throttle bodies

Fuel pressure: |3.EI bar

Injectars: IQDE cohmin

Injection type: Isemi-sequerrtial

Exhaust: Istandard

The detail fields are arranged to help remind you which details may be important to record. Use the additional

notes text box to store any other information.

Events (F2)

This page contains a number of commonly accessed settings.

—RPM evert:

Shittlight : (6200 -2 rpm

Lo rpam light : PRI

Senquential start = IRPM lenabIed: r

Soft-cut rev limiter ; 7300 & rpm

Hard-cut rey limiter : [7700 -2 rpm

alul ulula

—Main cooling fan contral (ECL pin 61

Suwitch OM &t [0 — s

W

Switch OFF 2t 94 = =C

—Cooling fan contral 2 (user configurable output)
Switched by © |Mat used

Switch ON at: [B0 <=1 =C

Switch OFF 2t |50 = =C

W

—Tacho teltale

Iz recardedd RPM : IEDDD

Tacho driver IOFF onoft |

—Cut-0ff all fuelif... (overrun cut-off)
Erabled : [+

Thrattle-pot number below : (157 =

oh

Engine speed ahove ; 2000 -l rem
Events / Switches
' Details \Events Algnition Alniection 4ldle control Algn comections Alnj comections ALive adiustrments /
| 16:54 |O Rec | |F'C Map 1 |ECU Map 1 | Statuz - ECU connected

These settings are grouped into 5 areas, RPM events, Tacho telltale, Main cooling fan control, cooling fan control

2 and overrun fud cut off.

RPM events

To change one of ‘RPM events' highlight the setting you want to change and increase or decrease the Rpm
number by pressing the up/down arrow keys. With each key press, the number will change in 50rpm steps.
Holding the arrow key down will rapidly changethe value. To change these values with the mouse pointer,
simply click on the appropriate up/down arrow button beside the value you want to change.

Note: The RPM events have a minimum setting of 2,000r pm.



When the engine rpm hasreached the * Shiftlight’ rpm, the ECU shiftlight output will switch to earth and, if fitted,
will illuminate a dashboard mounted warning lamp. Normally thisis used to indicate a maximum safe rpm or a
desired change up point.

Oncethe* Soft-cut rev limiter’ rpm has been reached engine power will be reduced with a combination of ignition
retard and spark cut. Although thisrev-limiter does reduce engine power it is till possible for the engineto
continue accelerating and over-rev.

When the ‘Hard-cut rev limiter’ rpm isreached, all ignition sparks and fuel pulses will stop until the enginerpm
falls below thisrpm setting. It is possible for the engine to exceed thisrpm setting by mechanically over-revving
the engine even though the engineis effectivel y switched off, i.e. when down-changing too early.

Tacho telltale

The ECU records the maximum attained engine speed. When the ECU is connected this Max recorded RPM
valueis shown here. Click the Clear button to reset thistelltale to the default of 2,000rpm.

The ECU can also display this maximum rpm reading through the car’ stacho if the Tacho driver is ON. Click
the On/Off button to change the Tacho driver status. With the ignition on, the engine not running for at least 5
seconds, and the Tacho driver set to ON, the ECU will drive the tacho to display this maximum rpm telltale
reading. While displaying thetelltale you can reset it back to the default of 2,000rpm by cranking/starting. To
retain the telltale reading switch the ignition off. The engine should be started within 5 seconds of ignition to
ensure thetelltale reading is not reset.

Main cooling fan control

The ECU has a dedicated cooling fan control output that is activated by the engin€ s coolant temperature. This
7output switches to earth when active. The cooling fan control output should only be used to switch arelay and
not directly wired to the cooling fan motor itself. Having separate ‘On’ and * Off’ settings means you can set the
temperature at which the cooling fan switches on and also the temperature the engine must cool down to before
switching the fan off.

The air temperature switch will not be used in most cases, only certain ECU versions will have this function
enabled. Thisfunction can have various uses, e.g. for switching on a charge cooler when theinlet air temperature
reaches a given threshold.

To adjust these on/off values press TAB to activate to desired setting and then use the up/down arrow keysto
change the setting.

Cooling fan control 2

Thisisan additional temperature-activated control that can be configured to switch any spare output to earth
according to air, coolant or aux temperature inputs.

Thisfunction differs from the main cooling fan control with the additional Snitched by setting which determines
the temperature sensor measurement used.

The output that this function will switch to earth when activated is determined by the Cooling fan 2 setting in the
Output channels page of the ECU configurations.

Cut-off all fuel if... (overrun cut-off)

These settings are used by the ECU to determine the overrun condition. When overrun is detected the ECU will
cut off all fuel. If enabled, the overrun fuel cut off function is activated when the engine rpm is above the Engine
speed above threshold AND the throttle number is below the Throttle-pot number below threshold. Once
activated the overrun fuel cut function will remain active until thethrottleis opened beyond the set threshold or
the enginerpm isat or below thetarget idle rpm.



Ignition map (F3)

Theignition mapisa 16 load site x 32 speed site ‘look up table’, each cell isanumber that isan ignition timing
value in degrees BTDC (before top dead center).

Speed Sites

TPS% | RPM 0 s00 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | iI
] o 25 g a5 a u] ul u} 1}
3 1 10 20 10 10 20 30 33 36 36
W 5 2 10 20 15 20 18 27 33 36 36
E 12 3 10 12 10 14 18 a3 33 36 36
;’J_) 19 4 10 12 13 13 13 24 30 34 34
o 25 ) 10 15 13 M 13 20 28 28 28
[y 1l 1 10 13 12 11 12 20 24 24 24
3 aa 7 10 11 " (b ih! 15 24 24 24
44 g 10 10 10 10 ih! 18 18 19 20
a0 ] 10 10 10 10 ih! 18 20 20 20

57 10 10 10 10 10 A 15 19 19 19 -

artuptiming—u

lgnition map F advance: f 2]
iD etails KEvents }-,Ignitionﬁlniectionj{l dle control Algn comections Alnj comections ALive adiustments /

|1?:5? |OHec | Speed site « 011 - 500 rpr] |F‘CMap‘I |ECUMap‘I | Status - ECL connected ‘

The speed (rpm) sites, columns 0 to 31, are arranged from | eft to right starting at O rpm. The rpm that each speed
siterelates to isshown in the cells shaded yellow.

The load sites, rows 0 to 15, are arranged from top to bottom with the lowest 10ad site at the top.

Asrpm & throttle position change, the ECU looks at the cell for these speed/load conditions to determine the
ignition timing. 1f the current engine speed or load condition falls between the sites in the map then the valueis
interpol ated between the nearest sitesi.e. the two nearest speed sites and two nearest load sites. By calculating an
interpolated setting, there isno step in value as aload or speed condition crosses a site boundary.

The startup timing is a separate value from the main map. While cranking, the main map isignored and the
timing is determined by the startup timing value (regardiess of load). When the engine speed has risen above 500
rpm, the software switches to the ignition map to determine ignition timing, the software will not use the startup
timing value again unless the engine has completely stalled or the ECU is reset.

Each cell hasarange of -30° to 60° BTDC.
Map editing

See the map editing section on page 11 of thismanual for further information on how this table can be
manipulated.

10



Injection map (F4)

Speed Sites

TPS% | RPM 0 s00 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | iI
] o 45 26 26 26 26 25 25 22
3 1 i) a0 40 358 32 26 26 24 23
W B 2 a5 55 EE 54 44 36 33 29 28
E 12 3 105 Fis] 78 72 EBS 57 a0 45 41
;—_B 19 4 119 =i} g4 g2 T8 73 o G7 =
o 2h 5 127 97 o2 a6 o4 o4 a3 a0 T
[y 1l 1 135 105 100 g6 a6 ag an =1 =1
3 38 7 135 103 95 g8 et} 91 a2 93 93
44 g 135 100 9g ar a0 91 ag ag 93
a0 | 135 105 100 a7 92 93 as 102 106
57 10 135 105 100 g8 a0 93 100 102 102

4|
Injection map AAFF target AAFR conections AFeedback mode AClosed loop settings [/

Injection map

\Details AE vents Algnition dlnjection Al dle contral Algn comections Alnj comections ALive adiustments /

|18:1D |OHec | Speed site « 011 - 500 rpr] |F‘CMap‘I |ECUMap‘I | Status - ECL connected ‘

The injection map functions much the same astheignition map. Note that thereis no startup value—the injector
pulse width duration is taken from the main injection map at all times.

The injection map values determine how long the injectors are switched for. The values can range from O to 255.
Aswith theignition map, the final injection value isfully interpolated by cal culating between cells according to
current engine speed & 1oad conditions.

Map editing
The injection and ignition map tables share a common layout. These maps also reference a common load site and
speed site configuration.

The values in these maps can be changed in various ways. Use the cursor arrow keys to highlight the cell of
interest. Press enter to bring up theinsert data window as shown bel ow.

Load Site: |3—
Speed Site: |2_ (500 - 1000 rpm)
Current walue: I?S_ (952 mS, 159%)

e walue: I 7d
E Ok . Cancel

Y ou arereminded of the speed/load site of the cell you have selected and a so the current map value. If you want
to change the value of this cell type in the new value and press enter (or select OK). Pressing the Escape key or
selecting cancel will return you to the map unchanged.

An dternative way to change individual map valuesisto usethe + and —keys. These will increase/decrease the
currently highlighted map cell by 1 unit.

11



By blocking a map area (using the drag mouse method or press & hold the shift key while moving the cursor with
the arrow keys) you are able to change the value of more than one site at atime. With an area of the map
highlighted, the + and — keys can be used to increase/decrease those values by 1 unit. Pressing enter with an area
selected will bring up the block map function window.

Block map Function M=l E3

Function: TN ~
Wit |E' '¢]

n Ok | . Cancel

The available functions are Fill with, Add or Subtract. The injection table also has Increase and Decrease
functionsin the drop down ligt. Use the up/down arrow keys to select the desired function (or use mouse). Press
tab to select the value to fill, add or subtract, typein the value. Pressenter to perform the function or press
escape to abort.

Calculate (inter polate) function

The PC software can be used to cal culate the map settings between cellsin thetable. Thiscan be avery useful
aid to speed up the mapping process.

Example

Two cells have been mapped, one at load site 5 and one at load site 7. The cal culate function can be used to
‘guess the setting at |oad site 6 by interpolating between sites5 & 7. The highlighted/selected area of the table
determines the end points or corners within which the cellswill be adjusted. For this example block a column
between sites5 & 7 and pressthe‘C' (Calculate) key. The numbers changed by this function will be highlighted
blue with the original mapped numbers being red. It isagood ideato re-check these *guessed’ sites when
mapping on a dyno or rolling road.

The software will calculate over any number of load or speed sites using the end points of the highlighted block
with linear interpolation between sites. Y ou often find that there are areas of the map that you do need to map
every site, e.g. around very light throttle where asmall change in throttle angle resultsin alarge change in air-
flow. Itisusualy slow progress when starting a map, this function allows you to map afew sites and quickly get
a sensible map into shape by filling in the gaps... you can then go over calculated sites to check/fine tune them.

Below is an example using this function - load Stes 3 & 5 where mapped (numbers highlighted red). You can see
that the number at load site 4 is obvioudly too high. The calculate function is used to replace the number at load
site 4 with onethat is between the values of load sites3 & 5.
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g3

93
105

39
100

M| M| &= | a2

1. Load sites3 & 5 mapped

7a
a3

100
10

b N [ ey Y Y P Y (Y

a0
a0
a3
96
a7

1)

Confirm

2)

= a3

g3

M| M| &= | M

100

2. Block column

46 41

Interpolate column

Fart of the map will be ovenwriten, Continue?

Cancel |

a0
a0
a3
96
a7

42

]|

T

T 8.2

L=l =

T

3. Press‘C’ tocalculate between sites3 & 5

g3
93

Result, calculated/inter polated value at load site 4

M| M| &= | a2

96
39
100

a0
a0
a3
96
a7

The calculate function can be used on alarger area of cells where thefour outer corners are used to calculate the

surrounded cells. Y ou can set how the cal culation function proceeds. The options are row by row, column by
column or four corner interpolation.

Block interpolate function

Select interpolation method

r-\-

o OK
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Idle control (F5)

—Conditions that enable idle control——————— dle control using Air Bypass Yalve
Throttle-pot number below: I'l 28 3.
Motor control mode: IFixed position (manual control)j
Engine speed below: I'I 200 3, ram

Update every: (100 21 (ms)

ldle stabilization using lgnition advance i
Mate: fuel will ke added a= determined by the |ACY setup

Use Home, PgUp & Pgln keys in 'Live Adjustments' to move

b el emition tritm: |25 3_ 50 the 140 motar

Update rate; |10 -

.

Target ldie rpm: RESEM 1450 1430 1300 1250 1210 1150 1100 | 1050 1000 850 900 | 900 | &00

Coolantternp:l 30 | 20 | 10 | 0 | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 |100 | 120

ldle speed control

\Details AE vents Algnition Alniection Al dle contral Algn comections Alnj comections ALive adjustments /

°C

|15:55 |OHec | |F‘CMap‘I |ECUMap‘I | Status - Mo ECU link

A number of settings that affect how the ECU detects and controls the engine idle speed are grouped herein the
Idle control page.

Conditions that enable idle control
Settings
Throttle-pot number below
Throttle position threshold. If the throttleis opened beyond this point the function is de-activated.

Engine speed below
Engine speed threshold. If the engine rpm increases beyond this point the function is de-activated.

When both the Throttle-pot number below AND the Engine speed below statements are true the ECU will enable
theidle control mode. Idle control mode will activate any enabled idle control function. The live throttle-pot
number can be viewed in the Live adjustments screen, the throttle position sensor setup screen or the diag data
screen.

Asageneral garting point the Throttle-pot number bel ow value should be set to 8 units above the value read
whilst the engineisidling and the Engine speed below value should be set to 200 rpm above the hot idle speed.

Idle stabilisation using ignition advance
Settings

Enabled
Idle stabilisation function on/off control.

Max idleignition trim
The maximum amount of advance this function can add to the base advance in order to maintain the
desired idle speed.

14



Update rate

The update rate sets how often thisidle stabilisation function is called to update the ignition advance.
Thisvalue isthe number of ignition events between function calls. The practica range for this setting is
1 (fast) to 25 (dow).

Oncetheidle control mode condition has been determined the idle stabilisation using ignition timing function, if
enabled, will be activated. When enabled and activated the function will have control over theignition advance
and will usethisin an attempt to hold the engine speed at that dictated by the Target idle rpm. This function will
not reduce the ignition advance to avalue lower than 0.0° BTDC if theidle speed istoo high.

In certain conditions advancing the ignition timing aloneis not enough to increase the idle speed to reach the
target rpm. Without the Max idle ignition trim value the function would continue to advance the ignition until it
was too far advanced to run and the engine would stall. Unless an air bypass valve is also used in conjunction
with this function it may not be possible for the target rpm to be reached.

Asthisfunction name suggests, it should only really berelied on to provide stabilisation or fine control of theidle
speed. An air bypass valve would normally be used to provide a dow responding coarse idle speed adjustment,
with the stabilisation function providing arapid responding fine idle speed adjustment. Many applications will
not have an air bypass valve so this stabilisation function can be used on its own to give a good improvement to
theidle quality under varying conditions.

Tip. If youintend to usethisidle stabilisation function it isa good idea to leave it disabled until the mapping
work isfinished. Set the idle speed ignition timing in the base map fairly retarded, e.g. 0° — 10°, and set the hot
idle speed to the desired idle speed using the idle control screw. By maximising the air flow/cylinder filling at
idle, the idle stabilisation function will be most effective.

Target idle rpm
The ECU uses thistable and the current engine coolant temperature to determine the desired idle speed.

To adjust the table values click/highlight acell or range of cellsand use the plus (+) key to increase by 10 rpm
and use the minus (-) key to decrease by 10 rpm. If more than two cells are highlighted, the Calculate function
(press‘C’) can be used to interpol ate between values.

Idle control using Air Bypass Valve
Settings
Motor control mode

o Off
IACV control disabled

0o Manual (fixed position)
IACV position is controlled by the user. Use the PageUp, PageDown and Home keys to adjust
the IACV position from the Live adjustments screen.

o Mapped
IACV position is controlled by the ECU according to the position table found in the Idle Air
Control screen viathe Additional maps menu.

Update every..
This setting determines how often the IACV position is updated. Theinterval between position changes
can range from OmS (fastest) to 2550mS (slowest). A setting of around 100mS suits most systems.

The Idle control using Air Bypass Valve settings determine the way the air bypass motor, if fitted to the engine,
iscontrolled. With the Motor control mode set to “off” the ECU will completely disable any outputs associated
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with the control of the IACV (idle air control valve) and any corrections to the maps from related 1ook-up tables
will beignored.

With the Mator control mode set to “Manual (fixed position)” the IACV position can be controlled directly from
the keyboard when in the Live adjustments (F8) screen. The ECU will keep track of the motor position even
after the ECU has powered down.

With the Mator control mode set to “Mapped” the IACV position is controlled by the ECU only - the keyboard
control of the motor isdisabled. Thel ACV position isnow determined by the look-up table found in the
Additional maps — Idle Air Control screen.

Ignition corrections (F6)

|.30|.20|.10| 0 |10|20|30|40|50|60|70|30|100|120 =C

lgnition corrections I

\Details AE vents Algnition Alniection 4l dle control Algn comections Alnj comections ALive adjustments /

|‘IE:D1 |OHec | |F‘CMap‘I |ECUMap‘I | Status - ECL connected ‘

The changein inlet air density effectively changes the cylinder filling so the ignition timing requirements will
change dlightly. Also with increasing inlet temperature there is more chance of detonation/pinking due to
increasing cylinder temperatures. It is common to retard theignition dightly as the inlet temperature increases, as
a safety measure to protect the engine.

At lower enginetemperaturesthereisusually lessrisk of detonation. Theignition can often be advanced to
improve response, warm-up and help with idle control.

The injection correction and ignition correction values displayed in the Readings panel on the Live adjustments
screen will show the actua correction applied to the ignition. The correction value displayed is a combined value
taking into account air temperature corrections, coolant temperature corrections and pressure compensations.

Keyboard controls

To adjust the table values click/highlight acell or range of cellsand use the plus (+) key to increase by 1 unit and
use the minus (-) key to decrease by 1 unit. If more than two cells are highlighted the Calculate function (press
‘C’") can be used to interpolate between values.
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Injection corrections (F7)

Initial Inj prime: n 1] 1] i} i} i} i} i} a a a a a i ms

—Cranking enrichment % [coclant temp vs engine turns] -
1 160 | 160 | 155 | 150 | 145 135 110 | 100 | 100 | 100 | 100 | 100 | 100
@ 2 160 | 160 | 160 155 | 150 145 135 | 110 100 | 100 | 100 | 100 | 100 | 100
% 3 a0 a0 a0 7 75 72 &7 55 a0 an a0 a0 a0 a0
'% 50 0 0 0 a a a a a a a a a a a
w B 100 0 0 0 a a a a a a a a a a a

Coolant temp: B0 1] B 40 25 15 13 10 5 0 0 0 a0 %

Ajr temp: -1 -1 4 2 i} i} i} -4 -6 -a -8 a i} %

|30|.20|.10|0 |10|20|30|40|50|60|70|30|100|120

Injection corrections I

\Details AE vents Algnition Alniection 4l dle contral Algn comections Alnj comections ALive adjustments /

|18:1? |O Rec | - - | Statuz - ECU connected ‘

*C

To aid cold start and cold running the ECU has a number of temperature-related fuelling correction settings that it
refersto.

Initial Inj Prime

Thistable sets a one-shot injection priming pulse that is activated the moment engine rotation is detected. The
priming pulseis used to wet the inlet manifold to help speed the engine start-up time.

Cranking enrichment

Dueto low air speed during and high fuel drop-out during cranking the fuelling needs to be increased. Thistable
increases the fuelling according to engine temperature and also how many times the engine has rotated (engine
turns). The engine turns counter isreset to 1 at ignition on and will not increase until the enginerpm has
increased above 500 rpm. Once above 500 rpm (engine started) the engine-turnsinput is used to decay the
cranking enrichment away over time. The engine-turns axis of thistable isadjustable. Right-click the engine-
turns column to access the adjustment.

Number of engine turns from stark
—Cranking enrichment % [coolart temp vs Load site | Turms Turns Adijust new load site positions
uzing the +/- keys.
1 160 | 160 0 1

n 2 160 160 | 160 Sites must be seperated by at
= } 1 2 least one unit.
=
.g 2 3 Sites can be block adjusted.
= 3 50 50 Press 'C' to interpolate within

zelected block.

4 100 100
" 0K
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Coolant temp

When the engineis cold, fuel drop-out is high and fuel atomisation is poor, which leads to poor combustion and a
lean mixture. This correction table is used to adjust the fuelling for cold enginerunning. Thistable can also be
used to increase fuelling at higher than normal engine temperatures to provide some protection against the
increased risk of detonation.

Air temp

The density of the inlet charge varies with inlet air temperature. This varying density changes the amount of
oxygen trapped in the cylinder and will therefore change the air fuel mixtureratio. For every increase of 10°C of
inlet temperature the density of the air isreduced by approximately 3%, therefore the fuel injected will need to be
reduced by the same percentagein order to maintain a constant air/fuel mixture ratio.

A standard temperature of 20° C is often used. At thistemperature thereisno correction to the fuelling. Below
thistemperature the fuelling isincreased and above it the fuelling is reduced.

Coolant correction mapping

Keyboard controls

To adjust the table values click/highlight acell or range of cellsand use the plus (+) key to increase by 1 unit and
use the minus (-) key to decrease by 1 unit. If more than two cells are highlighted the Calculate function (press
‘C’") can be used to interpolate between values.

Tip. Don't spend too much time fine tuning these enrichment tables until you have finished mapping the main
injection table for your application - these injection correction tables are applied to the main injection table.
Also, it isvery easy to be confused into adjusting the wrong coolant injection correction table. The I njection
table value is applied to the main map at all times whereas the Cranking Enrichment table value is only applied
during cranking and for a few seconds after.

Once the injection has been mapped, start with afully cold engine. If you have difficulties starting the engine
check the condition of the spark plugs. They may have become fouled if the mixtureis far too rich - replace/clean
if necessary. While cranking you can increase/reduce the fuelling from the Live adjustments screen by using the
fuel trim keys. When the engineis up and running clear any trim and allow any cranking enrichment remaining
to fade away. Thismay take afew seconds.

Check how the enginerunsand revs. If the mixtureis over-lean you will normally notice a poor pickup response
when you open thethrottle, or ‘spitting’ in theinlet. If the mixtureis over-rich you will often have black smoke
from the exhaust, the spark plugswill have atendency to foul and if excessively rich the engine will be sound
rough when thethrottle is opened. Usethe fud trim keys from Live adjustments screen and check for an
improvement. If you need to make a change to the mixture, note the temperature and stop the engine. Increase or
decrease the value in the Coolant temp correction table at that temperature site. Re-program the ECU with the
changes and repeat the process.

Note: Keep a careful eye on the water temperature as you adjust the enrichment. The engine heats up quite
quickly and you might find yourself adding fuel at a given temperature, not having noticed that the engine has
moved on. This process may take some time and need a few attempts with a cold engine to get the correction
table spot on.

If a wideband lambda sensor isfitted allow time for it to warm up before making any fuelling adjustments.
Engine design usually dictates the fuelling level required during warm-up. Asarough guide, aim for afuelling
level of around 12.5:1 AFR (lambda 0.85) at the coldest temperatures, gradually moving towards the normal idle
fuelling as the engine warms.
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Live adjustments (F8)

This page displays the current live information the ECU isworking with. This information shows you the engine
data inputs that the ECU has measured and al so the mapping information that results from these inputs.

The pageissplit up into 5 titled pands to make the information easier to understand.

—Map trim 2 ;
Site target
Map trim 1 Live readings
EfF. Map L - empty =101 x|
File Comms Additional maps Graph  Setup  ECU configuration  Help
—lgnition HFeading

o o Speed: 1019 rpm
20 ‘ 20 ‘ OD ‘ Speed Site: 2
Load Site: 0

Map advance Trimmed Advance Iggrition trim
Air Temp : 42 -°c

injection Coolant Temp : 57 °C
Throtthe: 0%

40 | 40 | 0 (K| wewewe ose

Biattery vottace: 127 v

Iap number Trimimed MNumkber Imjection trim 18 pos; 20
- lgnition correction; 0.0 Ak
-Lambda f Fuelling Injection correction: 14 %

Lamscis: NANANAN 0000000 OODARANAND  EEXGH
A P 0.0 %
Target - [HNNNNANN ONO000CCR ARDHRONAN BoostFM: | 0.0 %
Imjector duration ; ‘4“’/\ TS _ward: 0 rasw
Engine: I Running Lamkbids: I Openloop | Injection: I Grouped Enw 1015 o

A Details {F vents 4lgnition 4l rjsction £1dle chital ilon corections 4lnj corections jLive adjustments §

| 10:05 |} Bec | l*_ o b 3’- [&;ﬁ%ﬁﬁ | Status - ECU connected
Lambda info and status User selectable readings
Readings
The most important engine data needed during mapping is displayed in this area.
o Enginerpm
The engine rpm measured by the ECU is displayed here. Until enginerotation is recognised O rpm will
be displayed.
0 Speedsite
The main injection/ignition tables have 32 columns. The speed site valueis the column that the ECU is
currently looking at. Thisvalueis determined by the engine rpm and the speed site configuration.
0 Loadste
The main injection/ignition tables have 16 rows. Theload site value istherow that the ECU is currently
looking at. Thisvalueisdetermined by the main load sensor (throttle position sensor or MAP sensor)
and the load site configuration.
o Airtemp

The air temperature as measured by the ECU.
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Coolant temp
The engine coolant temperature as measured by the ECU.

Note: The air/coolant temperature display will also highlight a detected sensor fault. The conditions
that determine the fault condition are set in the ECU configuration. The ECU will substitute the faulty
input with a user adjustable temperature reading. The substituted temperature reading is displayed and
highlighted red to show that a fault has been detected...

Coolant Temp : m °C

Throttle
The throttle position as measured by the ECU.

MAP pressure
The inlet manifold or barometric pressure. Assuming the ECU has been configured to read a pressure
sensor areading of ~0.00 bar/0.0 psi/100 KPa should be displayed if the engineisnot running.

Battery voltage

The voltage supplying the ECU. The displayed voltage should indicate approximately 12.5-14.5 volts
when the alternator is charging. If the battery voltage is showing higher or lower than this, the alternator
condition should be checked. Also the battery voltage can be monitored while cranking. A very low
voltage may serioudly impair the performance of the coil/injectors etc. and make starting difficult. A
battery voltage of 9-10 volts while cranking is normal and there needs to be a minimum of 6v for the
ECU to operate.

IAC pos

The current position of the Idle Air Control Valve (if fitted). The colour of thisnumber also indicates
when the ECU has determined that the engineisidling. Thel AC posvalueis coloured red to indicate
idle control mode is active otherwise it is coloured green. The engine rpm and the throttle pot number
are used by the ECU to determine if the engineisidling, these settings are found in the I dle control
screen (F5).

Depending on the current motor control mode the ACV motor can be moved manually from the
keyboard from the Live adjustments screen. Pressing home will move the motor to the fully closed
position (IAC pos: 0). Pressing the Page Up or Page Down keys (PgUp/PgDn) will open/close the valve
by one step. Pressing the shift key at the same time as PgUp/PgDn will move the motor in steps of 10.

I gnition correction
Thetotal ignition trim applied to the basic ignition timing (as determined by the ignition map, speed site
& load site). Thistrimistheresult of the air, coolant and pressure compensation tables.

I njection correction
Thetotal injection trim applied to the basic fuelling as a result of the air, coolant, cranking and pressure
compensation tables.

Site target

The cross on the target shows the level of interpolation between speed/load sites. With the crossin the
middle of thetarget thereis no interpolation between sites. Theinjection/ignition values are only
determined by the one map cell asindicated by the current speed and load sites. Astherpm increases
dlightly the cross will move to the right showing that the ECU is interpolating between the current site
and the map cell at the next speed site. The cross will move vertically to indicate interpolation with Stes
above/bel ow the current load site.

Thisisavery useful mapping aid. Y ou want to have the target as close to the middle as possible so you
know that you are just adjusting that one particular site and the actua injection/ignition output is not also
being affected by another map cell value. When you press enter to store atrimmed map value only the
one cell at the current speed/load site is changed. Ensuring that you have the cross in the centre at that
time means the new untrimmed map will produce the same injection/ignition output asthe previousy
trimmed map.
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User selectable readings

There are four user selectable readings on the live adjustments screen. Click areading box to select from adrop
down list of availablereadingsthat can be displayed.

A P | 0.0 %

BoostPiAMm - 0.0 %
Bt ™ 0 o
BoostTarget 'b
Carm posidur 1019 rpm
Cail on time

__|CoolantTemp

idEngine Speed

“eGT

spliat pos ZXtatus - ECU connected

Map trim 1

From the Live Adjustments screen you are able to apply an adjustment/trim to two maps at the sametime. The
two maps selected for adjustment are set by the Map trim 1 and Map trim 2 panels.

By default Map trim 1 panel is assigned to the ignition map.

25" 25 | 0° |

Map advance Trimmed Advance Igmiticn trim

Hold the ALT key and tap the ‘1’ key to cycle through the other map option available.
I gnition— 1 njection—Boost PWM—|NJ position—PWM—VVT position.

Although the following text assumes that Map trim 1 is set to adjust the ignition map, the sameinfo also applies
to the other map options.

The basic value determined by the map selected (in this case, the ignition map) and referenced by the speed/load
sites, isdisplayed in thefirgt box titled “map advance”. Theignition timing can be advanced or retarded in 1°
steps from the keyboard when this live adjustments screen isshowing. The current trim that has been applied by
you is shown in the box titled “ignition trim” and is coloured red. The trimmed advance box shows you the result
of the basic ignition advance and the trimmed advance.

Keyboard controls

The zero (0), minus (-), plus (+) and Enter keys (on main keyboard, not numeric keypad) are used to control this
trim while the engine is running.

o Zero(0)
Clearsthe current trim. ECU returnsto the normal mapped value.

o Minus(-)
Reduces (trims) the mapped value by 1 unit for each tap of the key. In this casetheignitiontimingis
retarded in 1° gteps.

o0 Plus(+)
Increases (trims) the mapped value by 1 unit for each tap of the key. Inthis casetheignition timingis
advanced in 1° steps.
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o Enter
A trimmed map value can be stored while the engine is running by pressing the Enter key. The ECU’s
own map is updated as well asthe map in the PC. The cdl in therdevant tableis coloured red to help
identify the cells that have been mapped.

Tip: Itisalways a good idea to save the current map stored in the ECU to disk before you make any changes.
Thisway can you always re-install the original settingsif you lose your way. To retrieve the current map stored
in the ECU, select the ‘Read ECU’ item fromthe ‘ Comms' drop down menu. To store thismap to disk select
‘Save Map File' fromthe ‘File’ drop down menu.

Map trim 2

From the Live Adjustments screen you are able to apply an adjustment/trim to two maps at the sametime. The
two maps selected for adjustment are set by the Map trim 1 and Map trim 2 panels.

By default Map trim 2 panel is assigned to the injection map.

I?B‘ 7 | 0

Map number Trimmed Kumber Imjection trim

Hold the ALT key and tap the ‘1’ key to cycle through the other map option available.
I gnition— 1 njection—Boost PWM—|NJ position—PWM—VVT position.

The basic value determined by the map selected (in this case, the injection map) and referenced by the speed/load
sites, isdisplayed in thefirst box titled “map number”. The fuelling can be increased or reduced in 1 unit steps
from the keyboard when thislive adjustments screen is showing. The current trim that has been applied by you is
shown in the box titled Injection trim and is coloured red. The trimmed number box displays the result of the
basic Map number and the Injection trim.

Keyboard controls

The 1, 2, 3 and Enter keys (on main keyboard, not numeric keypad) are used to control thistrim whilethe engine
isrunning.

o 1
Clearsthe current trim. ECU returnsto the normal mapped value.
o 2

Reduces (trims) the mapped value by 1 unit for each tap of the key. In this casethefuelling isincreased
in steps of 1 unit.

o 3
Increases (trims) the mapped value by 1 unit for each tap of the key. In this case the fuelling isreduced
in steps of 1 units.

o Enter
A trimmed map value can be stored while the engine is running by pressing the Enter key. The ECU’s
own map isupdated as well asthe map in the PC. The cdl in therdevant tableis coloured red to help
identify the cells that have been mapped.

Tip:lit isalways a good idea to save the current map stored in the ECU to disk before you make any changes.
Thisway can you always re-ingtall the original settingsif you lose your way. To retrieve the current map stored
in the ECU, select the ‘Read ECU’ item fromthe ‘ Comms' drop down menu. To store thismap to disk select
‘Save Map File’ fromthe ‘File’ drop down menu.
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Lambda/ Fuelling

Information relating to fuelling is grouped in this panel.

—Lambda ! Fuelling

S |11 R L A 14.5
el 0 R 14.0 |

rjsctor auration: < | [ N AN EEE

Engjine: I Running  Lambds: I Open loop | Injection: I Grouped

0o Lambda
A graphical and numerical display of the lambda sensor AFR signal.

0 Target
0 A graphical and numerical display of the target AFR as determined by the Target AFR table.

0 Injector duration
The injection duration bar shows you how hard the injectors are being worked. The ECU calculates the
percentage of the available timethe injectors are on for (duration %) and thisis displayed in the duration
bar. At the extremes of injector duration i.e. very short or long opening pulse, the duration bar changes
colour asawarning. Below 10% duration, the bar will turn yellow. Above 85% duration the bar will
turn red and at, or above, 100% the triangular led to the right of the bar will flash red/yellow.

o Engine
This status box displays the current engine running mode. The modes displayed are stopped, cranking,
idling, running, over boost, overrun, Rev Limit and Over boost.

0 Lambda
Thisbox displays the current status of the ECU’ s lambda control function. The status indicates the
following lambda control modes. Warm up..., Open loop, Closed loop, Adaptive and Error.

0 Injection
The injection statusindicates the following injection control modes: Grouped, Sequential and Double
INJ.
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Connecting a lambda sensor

What is a lambda sensor?

A lambda sensor, also known as an oxygen or O, sensor, isan e ectronic device that measures the residua oxygen
in the exhaust gas. Thelambda sensor outputs a Sgnal proportional to the air-fuel ratio. Thissignal can be used
by the ECU for data-1ogging, display or closed-loop-controlled fuelling purposes.

Lambda sensors fall into two main groups, narrow-band and wide-band.

A narrow-band sensor can only accurately determineif the mixtureisat lambda 1, richer than lambda 1 or leaner
than lambda 1. Thisinformation isfine for most engine management systems that only need to regulate the
fuelling at lambda 1 in order for a catalytic converter to work efficiently.

A wideband sensor can provide precise air-fuel mixture information from very rich to very lean. Thisinformation
isfar more useful for tuning and allows the Emerald K3 to run a closed-loop fuelling system that targets any air-
fuel ratio that can vary with engine speed and |oad.

24



Lambda sensor input illustration

There are anumber of options/settings that determine where the ECU looks for alambda signal and how that

signal istrandated into a meaningful AFR reading.

MR aFR /Lambda input calibration

File ECU

Signal smoothing: |8 =t

Input source © |[2] Auxn3s =

Input
voltage

5.00
4.00F
o
S 2.00F
g
: z.00F
1.00F
0.00
AFR

ive reading:
Aux inp
AF

Convert
to AFR

—P?\.|

Lambda
sensor

—Setting

Current EC

ISansortype: ‘Wideband+cortraller, AFR v |

- Conditinns that enable closed loop moce

After engine Start delay: |5 3

ol

Sensor warm up detay ;|30

Coolant temp above : (B0

]

TPS accel sensitivity : |30

]

=
TPS decel sensitivity - 30 3
=

OVEITUN MECOVEry deldy IS B ]

Secs
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s

Turnz

|gnition autputs 4lnjection outputs déir Temp 4 Coalant Temp Adux Temp 4 TPS AMAP ABARD A AFR/Lamt

|

—Settings that determine closed (oop fu

M positive carrection W
Maxx negative correction W
Correction gain W

Undate every lrs;

Minimum engine turns : |4_‘

-Conditions that enable updste of corrt
Speed_int < - {32 ':] Load_int

Lock-on timer : |0.25

AFR target within : [0.2 1

Iriiection map A&FR target JAFR comections 4 Feedback mode ) Closed loop settings §

Closed loop settings

\Details AEvents £ anition I ect\onNdle control p(\gn corrections Alnj comections ALive adjustments

| 14:27 |c:> Rec

Speed site: 0(0-

500 rpm)

lewent [ecument | o

The Input source configuration setting and Sensor type map settings determine where the ECU will [ook for a

lambda sensor signal.

The lambda sensor signal is smoothed (averaged) over time and the level of smoothing is set by Signal smoothing
value. If Signal smoothing is set too high the signal response will be slow. |If set too low the lambda signal may

appear noisy and can affect the closed loop fuelling stability.

Narrow band lambda sensors

These sensors can be found in most cars manufactured since the mid 1980's. The most common type, the

Zirconia sensor, can beal, 2, 3 or 4 wire device depending on the signal ground & heater configuration. Of
these sensors the 4-wire isthe preferred narrow band sensor type as it has aheater and also a separate signal earth
return. Thewiring convention for atypical Bosch 4-wire sensor is...
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Bosch sensor Function Note

Wire colour
White Heater, +12v supply Heater wires are not
White Heater, earth polarity sensitive
Black Output signal ToECU pin7
Grey Signa earth return To ECU pin 18

Narrow band lambda sensors can be thought of as switches whaose output changes suddenly as the air-fuel ratio
crosses the stoichiometric point. This point isknown aslambda 1 and for normal petrol this equates to an AFR of
~14.7:1. Narrow band sensors do not provide accurate information either side of lambda 1 as the output is
affected by exhaust gas temperature. For thisreason narrow band sensors should really only be used for simple
diagnostics and closed loop control at lambda 1.

Using a narrow band lambda sensor

The Emerald K3 ECU has a dedicated narrow band lambda sensor input. This input, main connector pin 7, is
only used to read the 0-1v signal from a Zirconiatype narrow band sensor.

It is possible to connect a narrow band sensor to any spare analogue input but the ECU must be configured to read
the lambda/AFR signal from this specific input.

If anarrow band sensor iswired to the dedicated input ECU pin 7 the Sensor type setting in the main map should
be set to ' Simple O2 sensor’. When set this way the ECU will read the signal from pin 7, rescaleit to 0-5v by
multiplying by 5 and then convert to AFR using the voltage-AFR conversion table. The voltage-AFR conversion
tableis part of the ECU configuration and can be accessed viathe menu ‘ ECU configuration | AFR Lambda
input’.

Note: when set to ‘Simple O2 sensor’ the ECU will only look at pin 7 to read the lambda signal, the I nput
source setting in the AFR/Lambda input configuration screen isignored. Also, if a narrow band sensor is
connected to another spare analogue input (e.g. Auxin10) then you must set the Sensor typeto
‘Wideband+controller, AFR’ and configur e the voltage-AFR conver sion tableto suit the O-1v input range.

Example AFR/Lambda input tablefor a narrow-band lambda sensor

.00
Inpat source I[D] Mot used "'l 4,00
>
Signal smoothing: IU 3; B -00F
£ z.oof
Input | AFR F o ool
valtage ’
0.00
1 0.0aa 16.0
2 2004 134 il
3 2245 147 ive readings
) 2502 134 Ay input X e volts
5§ | zom | 130 AR xxx
= 5000 11.0

% [ gnition outputs Al njection outputs Aair Temp 4 Coolant Temp 4Aus Termp 4TPS AMaP ABARD jAFR/Lambda / [*[*]

| Current ECL settings displayed

Note: Theinput voltage column isthe actual narrow band signal voltage multiplied by 5.
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Wideband lambda sensors

These sensors are more complex than conventional narrow band sensors. They can be used to provide accurate
Air-Fuel Ratio information over awide range of mixtures, typically lambda 0.7 to >1.5 (10.3:1 to >22:1 AFR).
The most common type of wideband sensor isthe Bosch LSU 4.x. These sensors are 5-wire devices and cannot
be wired directly to the Emerald K3 ECU - adedicated controller isrequired.

The wideband controller interfaces with the sensor and provides mixture information via an analogue 0-5v or a
digita datalink.

Using a wideband lambda sensor

Although the K3 cannot directly control a wideband lambda sensor it can read a 0-5v analogue signal that relates
to AFR/lambda. Many wideband lambda sensor controllers produce a 0-5v signal for use with ECU’ s or data-

loggers.

This AFR data can be recorded in the Emerald data-logger, displayed in the live adjustments screen and used by
the ECU for closed loop and/or adaptive fuelling functions.

The 0-5v signal is converted to meaningful AFR value by a user adjustable look-up table in the ECU
configuration. Thistable must be set to match the AFR/voltage of your lambda signa conditioning unit. The
Sensor type setting in the map must also be set to * Wideband+controller, AFR'.

Note: If the Sensor typeis set to ' Simple O2 sensor’ the ECU will only read the signal from the dedicated
narrow band sensor input, pin 7, regar dless of the ECU configuration settings.

Emerald K3 to Innovate LC-1 connection example

An Innovate LC-1 is used in this example but the principles can be applied to many other wideband lambda
controllers.

The Innovate LC-1 manual should be read carefully before installation.
It is absolutely essential that the correct sensor caibration routineis followed - thisis detailed in the Innovate
manual.

Wiring
LC-1 Function Wireto..
Red +12v supply Ignition controlled +12v
Blue Heater ground Good chassis ground or battery (-) terminal
White System ground Join with Green wireto ECU pin 30
Yelow Analogue out 1 ECU connection not required
(narrow band lambda signal)
Brown Analogue out 2 Any spare analogue ECU input viaan inlineresistor.
(AFR signal) (seenote 2). AuxIn35 (ECU pin 35) isused in this
example.
Green Analogue ground Join with White wire to ECU pin 30
Black Calibration wire Calibration button
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Hwitched +12v spply

3] Emerald
K3

T calibaat ion =witch

LC-1

Earth

Note:

Wide band AFR signal. A 100Q resistor* should be fitted inline between the brown analogue out 2 wire and the
ECU analogue input pin (AuxIn35, pin 35 in this example).

*The LC-1 outputs are quite sensitive and can become unstable if connected to a capacitive load. Theinline
resistor buffersthe LC-1 from the ECU input signdl filters.

LC-1 configuration
The LC-1 output configuration should match the Emerald K3 input configuration.

We recommend narrowing the AFR range so the 0-5v signal spansa more useful 11.0:1 to 16.0:1. Doing thiswill
mean any noise or voltage offset errors have less of an impact on the AFR readings.

i
Info/Set AFF | Analog Out 1 Analag Out 2 |
1.00
Otk
501
37
0.05%
.50 Lambda 1.50
7.4 14.7 air-fuel-ratio 221
0000 %ol at &FR: |'|'|.|:| and W
EO00 | Wabat  AFR: IW % uze air-fuelkratio
Factom Defaults | Frograrm
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If the AFR signal appearsto be noisy you may find setting the LC-1's output response speed to * 1/3 sec’ helps...

Advanced Analog Dukt Settings

—Responze Speed
" Instant 1 2gec 1/ sec % 1/3 sec

— Yl armup oLkput COutput at Error Cond, —

1A Malbar 1.47 Walt or

¥ High Impedance ¥ High Impedance

Factory defaults I Cancel I Ok I

K3 AFR/Lambda input calibration

Any spare analogue input on the ECU can be used to read the LC-1 analogue AFR signal. AuxIn35is often spare
and is used for thisexample.

Note:  Auxin7b, Auxin8b and Auxin9b inputs have built in pull-up resistors which make them unsuitable for
connection to the 0-5v analogue signal from a wideband controller. Instead use Auxin10, Auxin34 , Auxin35 or
AuxIn36 but make sure the pull-up options for Auxin10 or Auxin35 are disabled.

To convert from avoltage to an AFR value, alook up tableis used. Thistable isaccessed via the * AFR/Lambda
input’ page of the ‘ECU configuration’. Select the input source to suit the analogue input you wish to use and set
the table to match the LC-1 output as shown below. The ‘live readings box will show the current voltage and
AFR conversion readings, but note that the AFR readings will not be correct until the ECU has been updated with
the new table settings.

MR AFR /Lambda input calibration x|
File ECLI
.00
Input source |[2] Auxinda "I _ 4.00f
=
Signal smoothing: |3 3: E il
£ 2.00F
Input | AFR | e e g
voltage .
1 0.00a 11.0 Ll
_2. 1.002 12.0 e
-3_ 2.004 13.0 ive readings
T4 | som 140 Aux input ; 3089 votts
5 | 4003 150 AFR 141
T 5.000 160

;,B.-'-\FH:I ::\,.-’-\FFE /Lamnbda fiMap Switch 4 Boost level AIACY motar Awheel 5peed Sensors Alnputs 4 Dutputs 4 Gear position /

| Current ECU settings displaved

Use the +/- keysto adjust the table values. Y ou can highlight more than one cell and adjust them together. Hold
shift while pressing the +/- keys to adjust in bigger steps.
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AuxIn10 and AuxIn35 anal ogue inputs have switchable internal pull-up resistors. Aswe have used AuxIin35in

this example you must ensure that the pull-up resistor is switched off otherwise the analogue AFR signal will be
distorted.

From the ‘inputs’ page of the *ECU configuration’ screen ensure that the pull-up for the used input is switched
off.

tHR Input channel configuration x|

File ECU

AFRLambda: |[2] Auxinida
A _temp: I[D] Mot used
[T Internal 1K pull-ug ta Sy
BARD zensor: I[El] Mat used
MAP sensor; I[EI] Mot used —einas
AR switch: |[5] AinTh [ internal 1K pull-up to 5w
Boost level adiustment: |[EI] Mot used

MG reguest: I[IZI] Mat used j input active: ILDW vI

AT input 2 |[n] Motused  w|  input active: |an vI
Clutch zweitch: I[D] Mot used j imput active: |L|:|W "I

EGT interface: |[2] WG G235 j [Mcte : uses ECU pin 13, Imtmaobilizor function dizakled)

—Auxin 0

W BARD fA4FR/Lambda A Map Switch 4 Boost level AIACY motar Awheel 5peed Sensors ) lnputs A Dutputs 4 Gear position /

| Current ECU settings displaved

The ‘inputs screen confirmsthat the AFR/Lambda input has been set to AuxIn35 and that the AuxIn35 internal
pull-up is switched off.

Update the ECU with these new settings by clicking ‘ Update ECU configuration’ from the‘ECU’ drop down
menu.

The AFR information will now be displayed in the ‘Live adjustments’ screen asan LED bar display and in
numerical form to theright of this.

The data-logger channd can also be set to record this AFR data by selecting ‘ AFR/Lambda’ in the data-1ogger
options screen.
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Lambda - open loop/closed-loop/adaptive

Once the ECU has been wired and configured to read from alambda sensor the information read can be used in a
number of ways.

If set to open-loop control the lambda signal is only used for display and/or data-logging purposes.

Lambda display

The Live adjustments screen will show thelambda signal in the form of a 30 red/yellow/green LED style bar
graph display aswell asthe numerica value.

Thisdisplay can be very useful when mapping, it gives you avery quick indication of the exhaust mixture.

Live lambda reading

—Lambca f Fueling l

ELR D I 145 |
Terget: JNNANNNNN CCOOTCCC0 AUNQANONON | XY

Injectar duration q

Engine: I Running Lamhda:l Open loop | Injectiqn: I Grouped

I
Lambda feedback mode

Target lambda reading

Live lambda reading

The centre point of the Lambda bar graph display representsan AFR of 14.7:1 (lambda 1), the far left an AFR of
16:1 (lambda 1.09) and thefar right an AFR of 11:1 (lambda 0.75). The actual AFR valueis also shown to the
right of the lambda bar graph display.

Note: the Lambda display may not show an accur ate reading until the sensor isup to full operating
temperature. Therearedelay timer settingsin the map areto allow for sensor war ming.

Information relevant to the lambda display isaso close by. The current Target AFR, as determined by the Target
AFR map is displayed just bel ow and the Injector duration bar shows you how hard the injectors are being
worked. Refer to the Live adjustments section of the manual for more information.

Lambda feedback mode

The Lambda feedback mode will display the current status as reported by the ECU. Lambda feed back modes -
Warm up...
Open loop
Closed loop
Adaptive
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Warm up...

Lambda sensors need to operate at a minimum temperature. Until they are up to working temperature the lambda
sensors output cannot be relied upon to be accurate. The After engine start delay and Sensor warm up delay
settingsin the map are timers that delay any pending switch to closed loop or adaptive modes. Whilethese timers
are active the lambda feedback mode will display ‘“Warm up...".

Open loop

Once the engine isrunning and the warm up timers have elapsed the feedback mode will switch to * Open loop’.
In open loop mode the lambda signal isjust monitored and has no affect on the injection system or ECU
operation.

Closed loop

When certain conditions are met the ECU can switch to * Closed loop’ mode. When in this mode the ECU will
trim the fuelling in an attempt to attain the target set by the AFR target table.

Adaptive

When certain conditions are met the ECU can switch to the ‘ Adaptive’ mode. This mode works in the same way
asthe close loop mode but corrections to the fuelling can be stored in the AFR correctionstable.

Map settings

Settings relevant to the lambda closed |oop and adaptive feedback modes are grouped together in the ‘ Injection’
page of the main screen.

AFR target

TPs% | mPM | 1000 | 1500 | 2000 | 250 | 3000 | 3500 | 4000 | 4500 | G000 | ﬂ

1] 1] 147 147 147 147 146 145 14.4 143
3 1 147 147 147 147 147 146 145 14.4 143
B 2 146 146 148 146 146 145 145 144 143
12 3 145 145 145 145 145 14.4 14.4 143 142
13 4 14.4 14.4 14.4 14.4 14.4 143 142 142 1441
25 5 143 143 143 143 143 142 142 141 140
2 B 142 142 14.2 142 142 1441 141 140 139
38 7 1441 141 141 1441 1441 14.0 138 138 138
44 g 14.0 140 14.0 14.0 14.0 139 138 138 137
g

50
57 10 137 137 137 137 137 137 136 136 136

4 3

AFR target fAFR conections 4 Feedback mode {Closed loop settings /

AFR tal’ge'( B Rich(11.31)

W Lean, (16.0:1)

138 138 138 138 138 138 138 137 137

The AFR target table has the same speed / load configuration asthe main injection table. Each cell in thistableis
the target AFR for the corresponding cell for the main injection table.

The cellsare colour coded to help visualise the target AFR settings. A white cell representslambda 1 (14.7:1).
Cdlls are shaded from whiteto red for AFR settings of 14.7:1to 11:1 in therich area. Cellsare shaded from
white to blue for AFR settings of 14.7:1 to 16:1.
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The ECU determines the target AFR by reading thistable. Thistarget isused by the ECU in closed loop and
adaptive feedback modes. Thetarget AFR information is digplayed on the Live adjustments screen regard ess of
the feedback mode and can be a hel pful mapping aid even if the closed loop or adaptive modes are not used.

Control mode

TPs% | mPM | 1000 | 1500 | 2000 | 250 | 3000 | 3500 | 4000 | 4500 | G000 | ﬂ
0 0
3 1
B 2
12 3
13 4
25 5
31 B
8 7
44 g
50 5
57 10

§ W of

I njection map AFR target {AFR corections yFeedback mode f Closed loap settings

Open loop
Control mode B
Additiona controls
Plus (+) key - cycle cell contents, open loop—closed loop—adaptive
Minus (-) key - cycle cell contents, open loop<—closed loop—adaptive

The Control mode tabl e has the same speed/load configuration as the main injection table. The feedback mode of
each individual cell can be set to open loop, closed loop or adaptive.

When set to closed loop or adaptive modes the ECU eval uates the closed |oop settings before the feedback mode
ischanged. If the feedback mode does not change as expected you will find that one or more of the
conditions on the closed loop settings has not been met.

AFR corrections

TPsx | mPM | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | G000 | ﬂ
1] 1] .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 1 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 2 000 .00 0.00 000 o.oo .00 0.00 0.00 .00
12 3 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 4 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25 L3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
kil E .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
38 7 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
44 a .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
50 9 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
a7 10 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
-dmﬁ«m corrections AFeedback mode 4 Closed loop settings /
AFR corrections B +100% conrection
. -100% correction
Additional controls
Right-mouse-click - Apply corrections option

The AFR corrections table has the same speed/load configuration asthe main injection table. Each cdll in this
table is a percentage correction that the ECU will apply to the corresponding cell in the main injection table.
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When determining the injection pulse width the ECU first looks to the main injection table. The ECU then looks
to the AFR corrections table. The AFR correction valueis then used to correct the main injection value, this
result of this correction isthen used to calculate the actual injection pulse width.

ThisAFR correctionstableis always active. The value the ECU reads from the main injection table will
always be corrected by the value read from the AFR correctionstable regar dless of the feedback mode.

The AFR corrections table is specia in that the ECU is also allowed to make adjustments to these values. When
the adaptive feedback mode is active the ECU will adjust the fuelling in an attempt to attain the target AFR. This
adjustment trim is saved in the ECU’s own AFR correctionstable.

Note: The ECU only adjuststhe AFR correctionstable stored in the ECU. To view any adjustmentsthe
ECU may have made, you must read the map from the ECU. A PC connection isnot required for the
adaptive feedback mode to work.

Assuming the adaptive feedback mode is enabled, the ECU will adjust the AFR corrections table over time. After
reading the map from the ECU you can view any changes made. You are able to adjust thistable in any way. For
example, you can set all the values in the table to zero then reprogram the map to the ECU in order to reset the
adaptive process completdy.

Apply correctionsto injection map

At some stage you may wish to end your mapping process with a finalised injection table that is not being
corrected by the AFR correctionstable. Highlight the AFR correction cells (individual cell, areaor complete
table) that areto be applied. Right click gives you the option to Apply selected correctionsto injection map. You
are given the option to zero these selected corrections once the injection map has been adjusted. The ECU must
be programmed with this new map before any changes take effect.

Speed Sites
1Ps% | mPM | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 000 | iI
1] -T42 -6.05 -3.03 -2493 =313 -2.34 020 176 0.20

3 -225 -0.07 1.56 0.7s 0.00

]
1
B 2 0.04 079 | 259 | 185 | 156 | 000
o
‘t‘l_.l" 12 3 008 m 178 | 244 | 293 | 176 | 000
A 4 007 mm 136 | 341 | 254 | 273 | 000
a5 5 saz [EEE 234 | 143 | 208 | 15 000
o B 294 1os | _nes | 117 | 000
3 35 7 | 0sz 078 | 000
44 & 7.8 } 948 | 748 | 4% | 286 | 027 | 033 000
g

50

57 000 | 033 | 033 | 020 | 0S5 | 13 | 000 | 000 | 000
=
. v

— =
;Iniection map KAFF! target }\AFH corections ,{Feedback mode;{EIosed loop settings,-"

AFR corrections B +100% correction

. -100% correction

% Dietails AE vents jlgrition Alnjection ,{Idle control flgn corections 4Inj conections fLive adjustments /

|13:1s |C}Hec | Speed site - 5 (2500 - 3000 rpm) |F'EMap1 |EEU Map 1 | Szt - EHU Esmmesied ‘

0.20 1113 1172 §.78 5.66 283 0.00 0.20 0.00

(=1




Closed loop settings

—Setting —Settings that determine closed loop fusling
Sensor type © | Wideband+controller, AFF j Maix pasitive carrection : [10.0 alg
hax negative correction ; |-10.0 = I

Correction gain : (0230980 5

[

—Conditions that enable closed loop mode
After engine start delay ; |5 :] Secs Updste every : [0.23 3| Secs

i

Senzor wartm up delay : [30 :] Secs Minimum engine turns: [4 3

—Conditions that enable update of corrections table—
TPS decel senstviy : [30 2] speecint<: [32 %] Losomt=:[i2 3]

TPS accel sensitivity

Cwerrun recovery delay : |5 :] Turns

Coolant temp above : [60 5] °C

k|4

[
=
|L|

Lock-on timer : [0.25 5| Secs

.

AFF target within - 0.2 5| &FF

\Iniection map;’{f-\FH target ,-{.-’-‘«FH conections;’{Feedback mode}'\Closed loop settings {

Closed loop settings

Settings

Sensor type
Used to inform the ECU of the sensor type connected.

o Smple O2 sensor
A narrow band lambda sensor. The ECU will only look to input pin 7 for the 0-1v narrow band
lambda sensor signal.

o Wideband+controller, AFR
A wideband lambda sensor connected via a dedicated controller. Theinput the ECU looks to
for this0-5v signal is determined by the ECU configuration settings.

Conditions that enable closed loop mode

After engine start delay
How many seconds from engine gart up the ECU waits before closed-loop contral is allowed.

Sensor warm up delay
How many seconds from key-on the ECU waits before closed-loop control is allowed.

Coolant temp above
Coolant temperature above which the ECU will alow closed-1oop.

TPSdecel sendtivity
If thethrottle close rate is higher than this value closed-loop operation is suspended. Y ou can view the
live accel/decel rate values from the Accel fuelling screen.

TPSaccel sendtivity
If the throttle open rateis higher than this value closed-loop operation is suspended. Y ou can view the
live accel/decel rate values from the Accel fuelling screen.

Overrun recovery delay

Closed-1oop operation is automatically suspended if the over-run fuel cut-off function isactive. This
engine turn count delay determines how long the ECU will wait after normal fuelling has been restored,
before allowing closed-loop operation to resume.
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Settingsthat deter mine closed loop fuelling

Max positive correction
The maximum injection correction the closed-loop function is allowed to increase the fuelling by.

Max negative correction
The maximum injection correction the closed-loop function is allowed to reduce the fuelling by.

Correction gain

This determines how much of the cal culated fuelling change (according to target & actual AFR readings)
is used to update the closed-loop fudling trim. Thisisthe error tracking speed. If it is set too high, the
fuelling may continuously overshoot the target AFR.

Update every...

This sets how often the closed-loop function isrefreshed by the ECU. Set this according to the lambda
response time. If the ECU updates the fuelling faster than the lambda sensor signal responsetime, the
closed-loop function may become unstable and can result in the fuelling continuoudly overshooting the
AFR target.

Minimum engine turns

Ensures that a minimum number of engine turns occur before the closed-loop function isrefreshed,
regardless of the Update every setting. This setting all ows the closed-1oop function to operate quickly at
higher engine speeds whilst allowing time for the lambda signal to stabilise at low engine speeds.

Conditions that enable update of correctionstable

Speed int

Thelevel of interpolation between speed sites must be within this
boundary before the ECU will record anything in the AFR corrections
table. The ECU interpolates/cal culates 255 positions between each
speed site. A visual representation of the current interpolation position
isthetarget board shown in the Live Adjustments screen.

Load int

The level of interpolation between load sites must be within this P e
boundary before the ECU will record anything in the AFR corrections @ i 37:
table. The ECU interpol ates/cal cul ates 255 positions between each P :
load site. A visual representation of the current interpolation position : L G- :
is thetarget board shown in the Live Adjustments screen. L—1| 28—

Lock-on timer
Once within the Speed_int and Load_int boundaries the ECU will wait for this amount of time before
recording a correction valuein the AFR corrections table.

AFR target within...

Determines how close the actual lambda AFR signal isto the target AFR before changes are recorded in
the AFR correctionstable.

Note that if you set the AFR target asin the above example (AFR target within 0.2 AFR) there will be
no recording of the mapping changes until the mixture getswithin the target area. For exampleif the
mixture target AFR is 13.7 to 1 and your base map isway out at 15.7 to 1, there will be no recorded
change until the mixture ramps up to at least 13.9. This may take some time so if you move off the target
area before the mixtureis close enough to record the trim then nothing will appear in the AFR
corrections table for that speed and load site. The answer isto either spend more time on the speed and
load site and give the mixture timeto adjust or widen thetarget AFR for a much coarser adjustment.
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Map switching

The ECU can store up to three completely separate maps.
If set to do so the ECU will allow you to freely switch between maps on-the-fly.
The mapping software a so holds three maps in memory and will switch mapsin sync with the ECU.

The mapping software uses anew file format that allows three maps be to stored within the onefile.

A 0-5volt signal via an analogue input can be used to ingruct the ECU which maptouse. A simple
two position on-off switch can be used to provide a high-low signal that will enable you to switch
between two maps. To switch between three maps arotary multi-position switch or potentiometer can
be used.

EH FILE - KPAudi_01.map, Map 1 - KPAudi_01.map =]
File Comms Additionalmaps Graph Setup  ECU configuration  Help
Speed Sites =loix|
TP5% | RPM 0 | s | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | ii
1] 0 a0 [2=] 45 39 33 34 29 28 27 ;IEIEI
3 1 ] 73 73 46 349 | 35 32 349 38 | 4.000 Iﬂ
w B 2 ] 83 a0 75 59 45 40 39 349 33
g 12 3 a3 a3 104 104 1 78 b 51 46 47 | 4000 I iI
U) 14 4 a2 94 104 114 107 105 104 ag a7 45 23
- 25 5 94 95 105 114 111 106 108 105 105 57 33
(53] il E a7 95 106 B 113 109 103 109 13 108 34
3 38 7 107 100 106 Mz M3 111 109 109 M3 131 4n
44 g 13 106 109 10 111 110 114 113 M7 14 T4
50 [ 13 108 109 10 M1 1o 15 15 141 a0
£ 10 113 101 105 M0 110 | 111 M7 119 119 i 146 a7
o = _>|_| 146 a7
;\n'eclion map AAFF! target AAFF corrections AFeedback mode AClosed loop settings / 148 = 100
Injection map o
102
' Details AE vents #lgnition Alnjection Ald\e contral {lgn comections AInj comections ALive adjustments / 5 dv
. .
,m ‘ ) Rec | Speed site : B (4000 - 4500 rprn) [@% [w?ﬁ&ﬂ | Status - ECU connected
(1316 [Ofee | speetste:seoon 500 | (NS EOHERE | stons£CU comected

| 1316 | () Rec ‘ Speed site : 8:{4000 - 4500 1pr) ‘F’C tap 3 |EEIU tap 3 | Status - ECU connected

= N
Nl o
Dashboard
switch

O =
ol w

m
c

C
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Map switching — software

The K3 ECU hasthe ability to retain three totally separate maps within the ECU. Thelaptop or PC also hasthree
map screens available. For aslong asthe PC is communicating with the ECU it will automatically switch the
maps displayed to stay in sync. If you want to work on amap that isnot currently selected without using the
ECU to switch maps you can power down the ECU (or unplug the communications lead) and select * Switch to
map’ from the ‘File menu.

 Current PC map:
hap slot 1 : | 20060724-2b.map
hap slot 2 : | empty
hap slot 3 | empty
—Statu

ECU : Mo connection

I Select the map vou wish to dizplay/edit,

Select map
’7 IF'E kap 1 _QL
« UK I x Cancel |

Thereisa short-cut to this map selection screen by clicking the PC map box at the bottom of the main screen.
Note: To prevent confusion the PC will not allow you to switch maps when linked to the ECU.

For example: if mapping on arolling road you can alter the fuel and ignition settings on map 1 (green map) via
the live mapping page (F8) and then, via a switch on the dash, switch to map 2 (red map). The PC will bring the
red map to the front of the screen and you can alter fuel and ignition timing again viathe live mapping screen
exactly as before. Switch the ECU to map 3 (yellow map) and repeat the mapping process.

Map switching - configuration

There are various ways of setting up the ECU to read the switching signal. Below are two examples.

Example 1

The ECU isto switch between two maps according to a user activated switch. In this particular case Auxin35is
unused so it isavailable as an input source for the map switching function. By enabling theinternal pull-up
resistor on the AuxIn35 input we can change maps using a smple switch to earth.

ECU

A0

Map switch
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With the switch in the open position theinternal pull-up resistor resultsin the ECU reading 5v at the AuxIn35
input. With the switch in the closed position the ECU will read Ov at the AuxIn35 input. The internal pull-up to
+5v for AuxIn35 must be enabled in the ‘ Input channels' section of the ‘ECU configuration’ as shown below.

EHR Input channel configuration x|
File ECU

AFRLambda; |[1] Auxin3d
ANt 0
Aux_temp: I[U] Mot used
[ Internal 18 pull-ug to S
BARGC sensar: I[D] Mot used
MAP zensar: I[D] Mot uzed —&pdn3s
P swik [[2) Awdnas | v rternai i< puii-up 10 54
Boost level adiustment: |[D] Mot uzed
AIC reguest: I[D] Mot wzed vl input active: ILDW vl
AN input 2 I[D] Mot used VI input active: ILDW VI

Clutch switch: I[D] Mot used v| input active: |LDW v|
EGT interface: |[2] WG G235 v| (Mote : uses ECU pin 13, Immobilizor function disakbled)

‘\Map Switch ABoost level £IACY motor fwhesl Speed Sensors j\Inputs D utputs §Gear position {CAN datalink [

| Current ECU settings displayed

To configure the map switching function select ‘Map switching’ from the ‘ECU configuration’ menu. In this
example we have two voltage levels, Ov and 5v, at AuxIn35 depending on the position of a switch.

MR Map switching options Xl
File ECU

—Live readings
—hlap swvitching setting: m
volts

| tap 3 ahove : |2.51 H: volts 5 —

Sim
Fﬁ'ﬁa}‘? | below: |2.51 3: volts 2 =
Input source ; |[2] Auxinds v| 1 —':
0-=<]
WMAP ABARD AAFR/Lambda jap Switch B oost level 41ACY mator fwheel Speed Sensors Alnputs ADutputs [ [*[*]

| Current ECU settings displayed

The input source has been set to AuxIn35. Two voltage levels are used to determine which map the ECU should
beusing. Map 1issdected if the voltage is below a certain threshold and Map 3 is selected if the voltageis
above a certain threshold. Map 2 is selected if the input voltage lies between the above and the bel ow thresholds.

For this example the mid-point voltage of 2.51 voltsis used as the above and bel ow thresholds. Map 1 is selected
if the voltage at AuxIn35 isbelow 2.51 volts (switch isin the closed position) and Map 3 is selected if the voltage
at AuxIn35 isabove 2.51 volts (switch is in the open position). Map 2 isnot used and cannot be activated.

When the ECU is connected the live readings panel shows the real-time input voltage used for the map switching
function. The bar graph has a vertical scale that presents 0to 5 volts and is also colour coded to show the voltage
to map selection relationship. The vertical colour coding of the bar graph is colour coded according to the map
switching settings.
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Example 2

The ECU isto switch between the three maps according to a 3-way rotary position switch mounted on the dash
board.

Aswith the previous example, using an anaogue input that has an internal pull-up resistor simplifies the map
switch wiring. Using such an input gives us two voltage levels with a switch to earth (open = 5 volts, closed =0
volts). By switching thisinput to earth viaaresistor we create a potentia divider circuit which will result in a
third voltage level of between 0 volts and 5 volts (depending on the value of theresistor used). Asthe ECU uses
1KQ internal pull-up resistors we can switch the input to earth via another 1KQ resistor to give a mid-point
voltage level of 2.5 volts.

3

Aux7b 2
| o
1

i

In this example Aux7b isfree so will be assigned to the map switching function. Aux7b, Aux8b and Aux9b have
fixed interna 1KQ pull-up resistors.

With therotary position switch at position 1 Aux7b is connected to earth which resultsin an input voltage of O
volts. At position 2 Aux7b is connected to earth viaa 1KQ resistor resulting in 2.5 voltsat Aux7b. At position 3
Aux7b is unconnected so will be at 5 volts due to the internal pull-up resistor.

The ECU configuration for this exampleis shown below.

MR Map switching options N Xl
File ECU

—Live readings
—hap switching =settin
= 0.01 RIS
‘ tap 3 above : I 3.33 3: volts 5
] 3
M belo : I 167 3: volts 2
Input source |[5] Auxin?h v| 1 :

;BAH a x.-’-‘«FF! ALambda }\Map Switch A B oost level {IACY mator Wwhesl Speed Sensors 4lnputs 4 Dutputs {Gear position / [€]#]

| Current ECU settings displayved

Here the map switch thresholds have been set so that the boundaries are spaced evenly to give more than enough
room for error.

The map switching function monitors the input voltage approximately 5 times per second. Before changing maps
the ECU will re-evaluate the new map according to the current running conditionsto ensure the changeis
seamless. This process takes approximately 1- 2mS.

The ECU will switch maps on-the-fly regar dless of enginerpm or load.

40



Full throttle gear shift (Flat shift)

Thisfunction is used to interrupt/reduce engine power so that a fast gear change can be made without lifting the
throttle. Engine power isreduced by retarding the ignition to a set position. Thisignition timing can be negative
(After TDC). If turbo-charged, this retarded ignition timing during a gear change can provide aform of anti-lag.

The flat shift function will be activated if certain user adjustable conditions are met and a user assigned input is
activated.

Thisflat shift function can be configured according to the gear box type used.

Sequential gearbox.
The user assigned input can be wired to a gear lever movement switch or clutch switch. Theflat shift
function can be configured to interrupt power for a specific amount of time according to the gear selected.

H-pattern gearbox.
The user assigned input can be wired to a clutch position or pressure switch. Theflat shift function can be
configured to interrupt power for aslong asthe input is activated, i.e. until the clutch pedal isreleased.

—Activation condition
Flat =hift enakilzd : [W —Powver cut table
Cluteh input : DCYT Selected | Cut time
Gear [Secz)
Throttle position st or above: ITS 3: % 1
Engine speed &t or above ISUUU 3: RP# 3
Re-activate delay : ISUU 3: ms 3
4
—Engine cortral zetting [
Retard ignition to ; |-1 0o 3: "BTDC B
Paweer cut type : ICcuntinuuus vI 7
Minimum engine speed ; (3000 = RPM 0

4Double injector AEGT feedback pFlat shift AIACY plniection Scaling Al niectar Timing AMAR Cornp 4RPM Coolant enrich [e]#]

Select ‘full throttle gear shift’ from the * Additional maps menu to access the settings page for this function. The
settings are grouped into 3 areas on the screen: Activation conditions, Engine control settings and Power cut
table.

Activation conditions
The activation conditions determine how and when the gear shift function can be activated.

—&ctivation condition
Flat shift enatiled : [W

Cltch input ; DOy

Throttle position at or above: [75

J

Engine speed at aor abave ; (S000 RPh

4|k ;i;l| 4|k

Re-activate delay ; [500

J
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Flat shift enabled:
Clutch inpuit:

Throtte position at or above:

Engine speed at or above:

Re-activate delay:

Engine control settings
Thisengine control settings determine how the engine power is cut and how low the enginerpm is allowed to

drop.

ngine contral setting

Minimum engine speed : (3000 2! RPM

Sets whether this function is enabled or not.
Shows the current clutch switch status.

Throttle position must be above this before the
flat shift function will activate.

The flat shift function will only activate above
this rpm.

How long the ECU will wait before allowing
this function to activate again.

Retard ignition to ; |-10.0 2 "BTDC

Powver cut type : [Continuous

L

Retard ignition to:

Power cut type:

Minimum engine speed:

Power cut table

Sets the fixed ignition timing during the gear

change. You can retard as far as-30 °BTDC (30 °ATDC).

Continuous for a power cut for aslong asthe

input switch is activate or Timed for atimed cut according to the

gear table.

When activated this function will not alow the

enginerpm to fall below this setting.

Thistableis only used when the power cut typeisset to ‘timed’. A timed power cut isusually only used if you

have a sequential gear box.

—Power cut table

Selected Cut time
Gear

Set the cut-time according to the selected gear. |If the cut-timeis set to zero, the function will not activate. Use

the +/- keys to adjust the table values. Y ou can highlight more than one cell and adjust them together.
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Clutch switch wiring example

; ECU
L

Clutch switch

Any spare analogue input can be used to activate the full throttle gear shift function. This example uses ECU pin
10 (AuxInl10), with theinternal pull-up enabled, wired to a switch on the clutch pedal.

When the clutch pedal isup (not pressed) the clutch switch contacts are open. Theinterna pull-up resigor sets
theinput level “high’. When the clutch pedal is down the switch contacts are closed, the AuxIn10 input is
connected to earth which setsthe input ‘low’.

In this example the clutch input is active low, i.e. the signal at AuxIn10 islow when the clutch is pressed. The
ECU should be configured to read AuxInl0 asthe clutch signal and also set to recognise that the clutch is
down/pressed when the signal level islow.

Select ‘Input channels' from the ‘ECU configuration” menu. As shown below, the clutch switch channel has been
set to AuxInl0, theinput active has been set to L ow and theinternal 1K pull-up to 5v hasbeen enabled. ECU
inputs AuxIn10 and AuxIn35 have switchable internal pull-up resistors. If another input connection were to be
used instead, e.g. AuxIin34 or AuxIn36, an external pull-up resistor would need to be fitted. The AuxIn7b,
AuxIn8b and AuxIn9b inputs have internal pull-ups.

AFRLambda: |[2] Auxin3s
AL_temg: I[El] Mot Lzed
[+ Internal 1k pull-up to Sy
BARO =ensor: I[El] Mot Lzed
MAP zenszar: |[1] Auxin3d —&Lln3s
PMAR switch: I[':'] Mot used [T Internal 1K pull-up to 5
Boost level adjustment: I[IZI] Mat uzed

AN request: I[EI] Mot Lsed j input active: ILDW vl
AiCinput 20 [[0] Hotused 7| input active: |L-:.w v|

| Clutch swwitch: |[2] &uxinto j input active: ILDW j |
EGT interface: |[0] not used j

—AuxInd0

Ao Temp A TPS AMAP ABARD AAFR/Lambda AMap Switch s Boost level ALACY matar Awheel Speed Sersors plnputs /

example clutch switch configuration settings
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Gear position

The ECU is ableto calculate the sel ected gear by using engine rpm, road speed and a gear position look-up table.
Select * Gear position’ from the ‘ECU configuration” menu to access the gear position cal culation settings. ..

Selected | mph per
qear 1,000rpm

1 45
7E
114
16.7

228

Gear pos

0.0

0o

o) ] m| ] La

0o

—ear calculation functian

Enahled: v

Match errar ;|5 =

—Live reading
Foad speed © xx xx MPH

Selected gear © wx

M ap Switch ABoost level ALACY motar pwheel Speed Sensors Alnputs 40 utputs pGear position ACAN datalink /
| | |
Gear calculation function
Enabled: Sets whether this function is enabled or not.
Match error: Sets how close the ECU’ s cal culations must be to the figures set in the gear
pos table.

Gear pos table

For each of the forward gears set the speed (mph/kmh) per 1,000rpm in the table.

The easiest method to determine these values is to set the PC datalogger to record engine rpm and road speed.
Drive for a short amount of time in each gear and then use the data logger trace to determine the table settings.

For examplein 3" gear, at aroad speed of 38.0mph, with an engine speed of 3,193rpm :-

Mph per 1,000rpm=__38.0 x1000=11.9
3193

Use the +/- keysto adjust the table values. Y ou can highlight more than one cell and adjust them together.

Note:  Gear position calculations are suspended while the clutch switch input is active (clutch = down). If a
clutch switch isnot fitted ensure that thisinput is disabled.



Road speed measurement

The ECU has 4 whed speed (frequency measurement) input channelsvia Aux port B. These input channels can
be wired directly to inductive wheel speed sensors or adigital speed signal. For speed measurement only one
wheel speed signal isneeded. If this measurement is used to cal cul ate the selected gear the signal must be from a
driven whedl. Select ‘Whed Speed Sensors' from the * ECU configuration” menu to access the wheel speed
sensor settings.

—=enzor zetting —Live readings

| LF RF| LF : »x.xx MPH
Enahled :

RF : w00 MPH

v
: IchanneH
Inut LR : a0 MPH

Wheel roll . [1500 = tmm RR : s 00 MPH

| | Road o e MPH
LR FF Trigger pairts : [B : oad zpeed | xx.xx

Selected gear: xx
Options |

M ap Switch ABoost level AACY motar jwheel Speed Sensors Alnputs 40 utputs AGear position ACAN datalink /

The four wheel speed input channels are identified as follows

Input Label Aux Port B pin number
Channdl 1 LF (L ft Front) 2
Channel 2 RF (Right Front) 3
Channel 3 LR (Left Rear) 4
Channdl 4 RR (Right Rear) 5

LF, RF, LR, RR sensor settings

Each channdl is enabled and configured independently from the other channeds. Thisflexibility allows differing
whee sizes and/or sensor set ups on each of the four wheels. Click thelabel button (LF, RF, LR, RR) to access
the settings for that input channd.

Each channd has the following settings:

Enabled: Tick the enable box if this channd is used.
Whed roall: Distance travelled for one rotation of the whed.
Trigger points: Number of pulses per whed rotation
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Thetrigger points setting can be determined by counting the number of teeth/points that will pass the wheel speed
sensor in one revolution of the whedl.

A quick/smple method to determine the whedl roll setting isto put achalk mark at the bottom of thetyre (at the 6
o' clock position) and mark the ground at the same point. Roll the car forwards so the whed rotates once and
mark the ground in line with the tyre mark. The distance between the two ground chalk marks, in mm, isthe
‘whed rall’. A rolling road can be used to compare actual and measured road speeds - adjust the whedl roll value
if necessary.

Options
—=ensar setting
Drivetrain ; IFWD' "I
Road speed source ; IRF "I
Sensor type Ilndudive vI
Drivetrain: This setting isnot currently used.
Road speed source: Set to the channd you wish to measure road speed from
Sensor type: Global setting for whedl speed sensors, inductive or

digital. Open collector digital sensorswill require a pull-up resistor.

46



Exhaust Gas Temperature

The Emerad K3 isabletoread EGT viaan external signal conditioning unit. To ensure the best accuracy the
exhaust gas temperature reading is transmitted digitally between the sgnal conditioning unit and the ECU.

The VAG G235 exhaust gas temperature interface combines a thermocoupl e probe suitable for pre-turbo gas
temperature measurements, along with a combined amplifier and serial data output. The serial data output line
from the G235 should be wired to ECU pin 13.

+12v supply

EGT interface

VAG

3
G235 2
1

thermocouple
probe

VAG G235 to Emerald K3 connection diagram

I Wire sde of G235 |loom connector

N

To sat the ECU to read the G235 exhaust gas temperature serial datathe ‘EGT interface’ setting in the * Input
channels’ section of the ECU configuration should be to ‘[2] VAG G235’ as shown below...

AFRLambda: |[1] Auxin3d
—&uxIn0
AL_temg: I[El] Mot Lzed
BARO =ensor: I[El] Mot Lzed
MAP zenszar: I[IZI] Mat uzed —&Lln3s
PMAR switch: I[':'] Mot used [T Internal 1K pull-up to 5
Boost level adjustment: I[IZI] Mat uzed

[ Internal 1k pull-up to Sy

AN request: I[EI] Mot Lsed j input active: [Lowe -

AT input 2 |[|:|] Motused | input active: |L-:.w v|

Clutch swwitch: ([0 Mot used j input active: [Lowe -

EGT interface: |[2] A5 G235 3 (Mote © uzes ECU pin 13, Immobilizor function disahled)

Ao Temp A TPS AMAP ABARD AAFR/Lambda AMap Switch s Boost level ALACY matar Awheel Speed Sersors plnputs /

| Current ECI settings displayed
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Once configured to read EGT from the G235 this EGT EGT: 843 =C

measurement can be displayed on the ‘live adjustments’ screen. lgn Corr: 0.5 "ady
This EGT reading can also be recorded, along with other readings,
into the data-logger. Lambca 02 0.73 woltz

Inj Pt 4.85 m3

The EGT can be used, in conjunction with the feedback table, to adjust the fuelling and/or boost pressure.

MR Exhaust Gas Temperature feedback N x|
EGT[C] | Injection | Boost level An external signal conditioning unit is required for
enrichment | allowed the ECU to measure EGT.
(%] (%) The ECU must be configured correctly to read the
750 i} 100.0 cigital EGT information.
B0 o 1000
850 0 1000 [ ,
| Ensble feedback input v
300 10 1.0
950 T
1000 0 502 —Live &Adiustments screen
1050 30 0o Warning temperature : IQDD 3: o
Y Accel Fusling A2iCon B atten Comp ABoost Cantrol 4 Cail on-time 4 Cyl tims 4D ouble injector \EGT feedback / [

Use the +/- keysto adjust the table values. Y ou can highlight more than one cell and adjust them together.



CAN data-link

The K3 ECU can be configured to set tranamit data to external devices, such as dashboards, using its Controller
Area Network interface.

The CAN was originally developed by Bosch Gmbh as arobust serial communications protocol to pass
information between controllers on an automotive network. Communication speeds can be up to 1 Mbit/s
between multiple devices sharing the same 2-wire CAN bus.

The CAN bus wiring should be atwisted-pair cable and, if required, shielded. The CAN bus must be terminated
at each end by a 120Q resistor. The K3 ECU, with itsinternal 120Q termination resistor, provides one end of the
CAN bus. When connecting another device/s you must ensure that the CAN bus is correctly terminated with
another 120Q resistor. Thistermination resistor must be at the other end of the CAN bus. Some devices (e.g. the
AIM MXL dash logger) also have an internal termination resistor so an external resistor isnot required.

AIM dash logger connection

ECU

1
COMMS I_\_/_\_/
2

—— CAN_L

Refer to the * Communications port’ section of the manual for further details of the communications port.
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K3 CAN configuration

Select ' CAN data-link’ from the *ECU configuration” menu.

Device |AIM Dashhoard j

etting:

CAN D I
Pratocal IEmeraId_AIM vl

‘\iap Switch ABoost level £IACY matar fywheel Speed Sersors 4nputs 40 utputs A Gear position § CAN datalink / [«[#]

| Current ECU settings displayed

From the ‘ Device' drop down menu select * AIM dashboard’. To enable thisK3 to AIM data-link ensure the
‘data-link’ check box isticked.

Before configuration changes can take effect the ECU must be updated. Select *Update ECU configuration’ from
the ‘ECU’ menu.

AIM MXL configuration

Using the AIM Race Studio 2 software sdlect * System manager’.

Retrieve the current configuration from the AIM dash by clicking the * Receive’ button. Click the ‘ECU
manufacturer’ entry for the current configuration and set to *AIM’. Click the ‘ECU model’” entry for the current
configuration and set to ‘PROT_CAN’.

If you wish to change how/what data from the ECU is displayed on the AIM dash click the * System
configuration’ tab and set accordingly. Once you are happy with your channel/display settings update the AIM
dash by clicking the ‘ Transmit’ button.

Refer to your AIM manual for detailed information.
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Air conditioning

The Emerald K3 hasa genera purpose air conditioning control function that can be adapted to suit different
systems.

The ECU is often part of an air conditioning system in order to simplify the wiring and to also provide intelligent
activation of the compressor. ECU control can prevent over-speeding of the compressor by disengaging the
drive above aset rpm. There are other settings to ensurethe air conditioning compressor clutch is not engaged
until the engine has been garted, or to disengage the compressor if engine power demand exceeds a set level.

Air conditioning input / output configuration

There are a number of inputs and outputs that can be associated with the air conditioning function. The ECU
configuration determines how the A/C system is connected to the ECU.

A/C request input
The switched signal that arrives at the ECU when the driver switches on the air conditioning
A/C trip switch input

A secondary input that can be used to increase the cooling level or shut off the compressor should a set
pressure or temperature be exceeded.

A/C clutch output
Thisoutput will switch to ground in order to activate the compressor clutch viaareay.
Cooling fan 1 output

The engines main cooling fan control output (high speed). Thisisordinarily only switched with engine
temperature but the air conditioning function can override this control if necessary.

Cooling fan 2 output

The low speed and/or condenser fan control output. This output can be used to switch the condenser fan
or, in conjunction with the Cooling fan 1 output, control a 2-stage cooling fan.

The A/C inputs channels are defined in the ‘ Inputs’ section of the ECU configuration settings. The A/C output
channels are defined in the * Outputs' section of the ECU configuration settings.
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Air conditioning control settings

Click *Air conditioning control’ from the * Additional settings' menu. These settings determine how the ECU
responds to inputs from the a/c system and al so how/when it switches related outputs. These A/C control settings
are part of the ECU’s main map.

tMR Air conditioning clutch control ) X|
AT enahle condition
Function enabled ; v
Thrattle postion below: : l?S 3: %
- —Live reading
Engine speed above ; (730 =1 RPM AIC refuest L OFF l
Engine speed below IB4DD 3: RPh asctrip switch: orF il
—& G setting &1C clutch output - OFF - [l
From engine start delay ; |4.5 a: Seconds Faril + oFF l
Suvitch on delay |1 0 3: Seconds Fari2: oFF l
Incresse [ACY by |0 =
Fan2 = condenzer fan: [
Increase cooling if L4C trip switch ON: T
acoel Fueliing j8iCan A B attendy Comp 4B oost Control 4 Coil aretime 4wl trims ADouble injector AEGT Feedback

Note: The ECU hasthree maps - remember to adjust/update all used maps if A/C control istoremain the
same regar dless of map selection.

A/C enable conditions

Function enabled
A/C function on/off

Throttle position below
A/C only enabled below this throttle position

Engine speed above
Disable A/C if rpm drops below this threshold

Engine speed below
Disable A/C if rpmis above this threshold

A/C settings

From engine start delay
The amount of time, after the engineis started that the ECU delays before the A/C can be enabled. This
can be used to allow the engine to start and settle at idle before the A/C systemis saitched on.

Switch on delay
Determines how long the ECU waits before responding to an A/C request signal.

Increase IACV by
The IACV position will be increased by this amount when the A/C clutch is saitched.

Fan2 = condenser fan
Tick this setting if the ECU is controlling 2-stage fan/s where the first stage doubles as the condenser
fan. Fan2 will snitch with A/C aswell as coolant temperature.

Increase cooling if A/C trip switch ON
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Air conditioning control example

Thisexampleisof atypical simple air-conditioning system with ECU control of the compressor clutch. Theair
conditioning system provides the ECU with an a/c request signal when the user switches on the air conditioning.

+12v Ign +12v
- .
|::| Fuse

A/C system

A/Crequest signal

o
~]
o o
~

Auxin10

AJ/C compressor clutch
AJ/C condenser fan
<

!
!

This example uses AuxIn10 to read the a/c request signal. This alc system just provides a switch-to-earth request
signal. Theinterna pull-up to 5v isused to alow the ECU to sense the switch to earth. Theinput is set to ‘active
low', i.e. aOv reading meansthe a/c system is requesting activation and a +5v reading meansthe a/c system
should be off.

MR Input channel configuration
File ECU

AFRILambda; I[D] Mot used
—Auxintd
Aux_temp: I[D] Mot used
BARD =enzor; I[D] Mot uzed
MAP zensar; |[1] Auxindd —ALxIn3s
MAPR suvitch: I[U] Mot wzed [ Internal 1K pull-up to Sy
Boost level adjustment; I[D] Mot used

A0C reguest: | RRSEE gyl input active: |Lu:uw j |

AN input 2 I[D] Mot used vl input active: ILDW vI

¥ Internal 10 pull-up to Sy
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This example uses AuxOut19 to switch the A/C clutch so the output channel configuration should be set
accordingly. Note that AuxOut19 has been made available by disabling the shift light output that is usually set to
AuxOut19 by default.

MR Dutput channel configuration
File ECU

A0 clutch:

Boost contral valve: IDisabIed

Cooling Fan 2: IDisabIed

MB lambda heater control: IDisabIed

-
=l
=

Elize =2 coolart gauge output: IDisabIed j
[
[

Shitt light: IDisabIed

Once the input and output channel s have been set the ECU must be updated with this new configuration. Select
‘update ECU configuration’ from the‘ECU’ menu. The ECU should be fully reset (power off/on) to ensurethe
new configuration settings are fully implemented.



K3 36-way loom connector
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ECU pin out table

Pin Connection Comments
no.
1 Injector driver 4/AuxOutl Injector driver 4 or user assigned output
2 IACV2/AuxOut2 IACV stepper motor channd 2 or user assigned outputt
3 IACVVIACV-PWM/AuxOut3 IACV stepper motor channd 1, IACV pwm control or user
assigned output
4 Ignition driver 3/Main Relay Control | Ignition driver 3 or main relay control output according to
ECU configuration
5 Ignition driver 2/AuxOut5 Ignition driver 2 or user assigned output
6 Coaling fan relay control Output switchesto earth to activate relay & fan
7 Oxygen sensor signal input 0-1v input from narrow band sensor
8 Throttle pot signal input 0-5v input from throttle position sensor
9 +5v sensor supply 5v output, 100mA max
supply for sensors such as TPS, MAP, etc
10 AuxInl10 User assigned 0-5v input. An internally switched pull-up
resistor can be enabled on thisinput.
11 Ignition sense input +12v supply viaignition switch
12 Tacho output signal 0-12v pulsed output
13 Immobilisor/EGT digital input Digital input from a Lucas 5AS immobilisor or VAG EGT
sensor interface
14 +8v sensor supply +8v supply for external sensors
15 Cam phase or custom input Cam sensor input (if required)
16 Air temperature signal input NTC temperature sensor input
17 Injector driver 5/Ignition driver Injector driver 5, Ignition driver 4 or user assigned output
4/AuxOutl7 according to ECU configuration
18 Oxygen sensor signal earth
19 Shift-light driver/AuxOut19 Shift-light output (switched earth) or user assigned output
according to ECU configuration
20 Fuel pump relay driver Switched earth
21 Injector driver 6/AuxOut3 Injector driver 6 or user assigned output
22 IACV 3/AuxOut22 IACV stepper motor control or user assigned output
23 Injector driver 2
24 Injector driver 1
25 Ignition driver 1
26 Injector driver 3/AuxOut26 Injector driver 3 or user assigned output
27 IACV 4/AuxOut27 IACV stepper motor control or user assigned output
28 +12v Ignition supply Supply from main relay or common with pin 11
29 ECU earth Good earth (direct to battery)
30 Sensor earth Common earth for air, coolant & throttle sensors
31 Main trigger signal input Crank sensor or digital distributor input signal
32 Main trigger sensor earth Earth return for main/cam trigger sensors
33 Coolant temp signal input NTC temperature sensor input
34 Auxin34 User assigned 0-5v input
35 AuxIn35 User assigned 0-5v input. An internally switched pull-up
resistor can be enabled on thisinput for temperature sensors.
36 AuxIn36/AuxOut36 User configurable input or output pin

Note : Apart fromthe Tacho output, all ECU driver outputs are switched earths.

Important: Although the ECU’s injector drivers are fully overload protected they are
designed to control high impedance injectors. Low impedance injector should only be used if
fitted with suitably sized ballast resistors.
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Wiring example - typical distributor based system

Throttle-
Potentiometer
Red +to pin 9 ‘ a

Green 0 to pin 8
Black — to pin 30

Distributor
(input trigger)
Digital

+ Sensor supply (Lumenition, Red) to pin 14
0 Signal (Lumenition, Blue) to pin 31

- Sensor earth (Lumenition, Black) to pin 32

Inductive pickup
Sensor + to pin 31

Sensor — to pin 32

Air temp

Coolant temp

Injectors (bank 1)

4

=}
=}

+12v (Ignition controlled)

(size to suit lamp)

Fuse

Shiftlight

To shiftlight driver
(pin 19)

To tacho signal output (pin 12)

ECU

]

Signal to pin 16

nnector

Earth to pin 30

Signal to pin 33

Rev Counter

Computer
|

Comms cable

Earth to pin 30

To injector driver 1 (pin 24)

Fuse 2a
(optional)

|

To ECU supply

Fuel Pump

To injector driver 2 (pin 23)

ECU earth (pin 29)
to battery or good
chassis-earth

N

Fuel pump relay

To fuel pump relay
control (pin 20)

(pins 11 & 28)

=

Ignition Coil

Fuse

Ignition Control

EMERALD

M3D Wiring diagram 1

rev3 3/01
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Wiring example - typical distributorless system

+12v (I

gnition controlled)

Fuse
(size to suit lamp)

Rev Counter

Throttle-
Potentiometer Computer
red +toping (O] Shiftlight
Green 0 to pin 8 —
Black — to pin 30 To shiftight driver
(pin 19)
|
To tacho signal output (pin 12)
e Comms cable
Crank sensor ECU
Inductive pickup
Sensor + to pin 31 o o
Sensor — to pin 32
Sensor Loom connector
Digital I [e] o
+ Sensor supply to pin 14 @
0 Signal in 31
- S;%ns?)rtgaﬂﬂ to pin 32 l: :‘
) Signal to pin 16 i
Air temp
Earth to pin 30 To ignition driver 1 (pin 25) Map Sensor

Signal to pin 33

Coolant temp

To ignition driver 2 (pin 5)

Pin 1 (c) = Signal to pin 34
Pin 2 (b) = Earth to pin 30
Pin 3 (a) = Supply to pin 9

=}
=E

Injectors (bank 1) cylinders 1&4

Earth to pin 30

To injector driver 1 (pin 24)

Fuse 2a H
(optional)

To ECU supply

To injector driver 2 (pin 23)

ECU earth (pin 29)
to battery or good
chassis-earth

Fuel Pump

Fuel pump relay

(pins 11 & 28)

To fuel pump relay
control (pin 20)

O ©)

/.‘ Cyl 184 @

’|;_ " Ign. Coil

(@) o

Ignition Control

EMERALD

M3D Wiring diagram 2

rev3 3/01

58




Wiring information

Example wire types

Inductive distributor/Crank Twin-core shielded cable Earth shielding at one end only,

Connection Wiretype Note
ECU supply (pin 11, 28) Stranded 0.5mm”
Main ECU earth Stranded 1.0mm? Use quality cable, routed direct
to battery if possible
Actuators (coils, injectors, etc) Stranded Route away from sensitive
0.5mm? - 1.0mm? sensor wiring

Sensors (temperature, TPS, Stranded 0.5mm? Group each sensorswires and

MAP, etc) twist together, e.g. air temp

sensor signal wire twisted with
it's sensor earth wire.

Sensor preferably at the ECU, pin 29

Important issues to be aware of when constructing your own loom

Use a high current rating cable for the ECU’s main earth connection, route this cable directly to the
battery earth if at al possible.

Route any sensor wiring as far away from sources of electrical noise as possible. These sources can be
the dternator & cabling, sarter motor, coils/leads/distributor, injectors, etc.

Very sensitive sensors such as inductive pickups should be wired using shielded cable. The shielding
MUST be earthed and at one end only (preferably at the ECU) to be effective.

Wire sensorsin atwisted pair fashion. Group together the wires for each sensor and twist these together.
A pair of wirewrapping pliersare useful for this purpose, the wires can be clamped at one end and the
whole length twisted tightly together using the rotating pliers. Although thisis not essential it helpsto
keep the wiring neatly grouped when installing and & so helps reduce interference to the signal wires.
Provide a good +12v supply to the ECU, cails, injectors, etc. Poor quality, high resistance connection or
wiring to these components can reduce spark performance and cause noise from some components to
affect the ECU.

Support cable that hasto run to the engine. The engine will move/vibrate, ensure that this movement
will not stressthe cable. If possible use an outer sheathing or plastic binding to remove the direct stress
from the cable.

Protect cables with sheathing/insulating material that have to run close by the exhaust manifolds.

Limit the amount of soldered joints— a crimped connection can actually be more reliable. Solder can
extend alittle way, underneath the insulation, from a joint, this stiffens the cable at this point making it
more proneto failure from fatigue. Thisisworth being aware of when making joints to cables that may
be subjected to high vibration levels!

Remember the ECU has two power supply input pins, ECU pin 11 & ECU pin 28.
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When installing an ignition/injection system to a car not originaly designed for it you are introducing more
electrical load. Anignition controlled +12v supply to a single high resistance points style coil may not be
sufficient when powering an ECU, multiple low impedance coils and a number of injectors!

If in doubt use the example bel ow to provide power to the coils and injectors.

Ignition controlled
+12v supply
H Fuse 1 Main relay
(e.g. 20A)
— +
s I

Power to coils &
injectors

v

ECU main relay control
(pin 4)

Example. ECU controlled supply to coils & injectors.
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Communications port

Notes.

1. The CAN bus must be terminated with two 120 Ohm resistors. The ECU’s CAN
interface includes a 120 Ohm internal termination resistor.
When connecting devices to the CAN bus confirm that the external CAN busis
terminated with a 120 Ohm resistor (either an external 120 Ohm resistor or by a
device that has an internal terminating resistor). See example below...

Pin number | Connection Comments
1 CAN_H CAN bus interface®
2 CAN_L CAN bus interface!
3 - Not used
4 - Not used
5 earth Signal earth
6 - Not used
7 Rx RS232 serial interface, datareceive
8 TX RS232 serial interface, data transmit
9 CTS RS232 serial interface, clear to send
CAN device
e.g. data-logger
CAN_H
*+ CAN
Device
ECU 120 120
Ohm Ohm e.g. dashboard
T




Emerald serial communications lead

The serial communications lead for connection to the PC is NOT a gandard a standard RS-232

serial lead.

Warning: Use of astandard RS-232 lead could lead to damage of either the PC or ECU.

A serial communications lead is supplied with each ECU at no extracharge. The lead
information is included below if you wish to repair / extend or construct a new lead.

PC Wir e colour ECU
9-way D-type 9-way D-type plug
socket
2 Yelow 8
3 White 7
5 Black 5
8 Red 9
Cable shidd not - Cable shidd
connected soldered to outer
casing
1 5 5 1

cable side of PC comms lead socket

cable side of ECU comms lead plug
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Aux input, port B

I < Aux input
Port B

EMERALD K3

Pin number | Connection Comments
1 Earth Common earth point for wheel speed sensors/ switch inputs
2 WSS LF Signal input from L eft Front wheel speed sensor £
3 WSS _RF Signal input from Right Front wheel speed sensor 2
4 WSS LR Signal input from L eft Rear wheel speed sensor £
5 WSS RR Signal input from Right Rear wheel speed sensor 1
6 Status LED LED control output. 2
Direct anode connection (no current limit resistor needed)
7 AuxIn7b Level switch input 2
8 Auxingb Level switch input 2
9 Auxin9b Level switch input 2
Notes:

1 Wheel speed sensor input signals can be analogue or digital (inductive or hall sensor).
Global inductive/digital setting in software appliesto al WSS inputs.
If the hall/digital sensor has an open-collector output a suitable pull-up resistor should
be connected to the input line (e.g. 4.7K Ohm to +12v).

2. ECU provides direct control of the status LED. The output is a switched +5v signal via
an internal 470 ohm current limiting resistor. Connect this output to anode of LED,

cathode to earth.

3. Analogue input with internal 1K Ohm pull-up to +5v. Use a switch to earth for smple

on/off control.
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Appendix 1

Keyboard shortcuts

The Emerald software uses the normal Windows short cuts for navigation. The Windows
navigation keys can be used in place of the mouse in most cases.

Screens

F1
F2
F3
F4

o O O O

F5
F6
F7
F8
F12

O O O O O

Map tables

o +/-
o C
o Enter

Switch directly to the Details page of the main screen
Switch directly to the Events page of the main screen
Switch directly to the Ignition page of the main screen

Switch directly to the I njection page of the main screen

Repest presses of the F4 key will cycle between the sub pages of the
I njection screen (Injection map—AFR target—AFR
corrections—Feedback mode—Closed |oop settings).

Switch directly to the I dle control page of the main screen

Switch directly to the Ignition corrections page of the main screen
Switch directly to the I njection corrections page of the main screen
Switch directly to the Live adjustments page of the main screen

Switch directly to the data-logger screen. From the data-logger screen
use the F1 to F8 short cut keys to return to main window.

Adjust selected cell/s values by 1 unit.
Calculate function (not all tables have this function enabled)

Some map tables will allow direct value entry. Press Enter to set acells
value.

If more than one cell is selected then the Enter key will call up a multi-
option map editing function. This function is not available with all
tables.



Live adjustments screen

O O O o o o o

Zero (0)
Minus (-)
Plus (+)
1

2

3

Enter

ALT +1

ALT +2

Space

Page Up
Page Down
Home

Zero trim 1 (trim 1 is assigned to the ignition map by default)
Reduce trim 1 by 1 unit (retard trim by 1°)

Increase trim 1 by 1 unit (advance trim by 1°)

Zero trim 2 (injection trim by default)

Reduce trim 2 by 1 unit (reduce injection trim by 1)

Increase trim 2 by 1 unit (increase injection trim by 1)

Storetrim 1 and/or trim 2 in their associated maps (both in ECU and the
PC).

Change the map assigned to trim 1 (Ignition—Injection—Boost
PWM—INJ position—PWM—VVT position)

Change the map assigned to trim 2 (Ignition—Injection—Boost
PWM—INJ position—PWM—VVT position)

Start/Stop the data-logger. This can only work if the data-logger is
enabled and the start/stop conditions are set to User.

Increase the IACV open position by 1% (manual mode only)
Decrease the IACV open position by 1% (manual mode only)
Reset the IACV position to fully shut (manual mode only)
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