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Quick Answers
Q: Is it easy to tune HAE EFI?

This is depending on how much you know EFI and how much time you want to spend on learning. First of all, HAE
EFI is coming from an automotive industry professional engine control system. It is more sophisticated than most of the
aftermarket EFI systems. Though we tried to make the tuning software simple and user friendly, it still requires some
software skills and practice to get familiar with. We recommend the below:
e If you have done EFI conversions and used other EFI tuning software before, and if you are not shy to learn some
new software user interface; or
e if you have a strong engineering background, like electrical engineering or computer science, you have a good
base to learn our software; or

e if you are college students, and the purpose of the project is to learn and practice anyway;

You should be able to use our tuning software to tune the EFI.

For most weekend racers, hobbyists or similar users, who are mechanical inclined, but shy of computer skills, we
recommend you to just log data with our EFI, send data to us, and let us do the tuning for you.

You can always try to tune it by yourself. This is no reason you cannot learn the software. It is only matter of your

willingness and time.
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HAE tech support team provides tuning help via Emails, not on the phone, because 1) we need data logs via Email
first, 2) phone calls are often filled with basic questions on EFI and computer skills which are supposed to learn via

reading manuals.

Note: HAE EFI is meant to provide a complete EFI kit that includes almost all parts for you to convert a carburetor engine.
It is not a Plug and Play, aka PNP, system. Tuning is required more or less. The benefit of HAE EFI is that you get a
complete kit, instead of an ECU with a harness. Plus you get tuning support from HAE. With others, you may be left un-

answered, or alone.

Q: I finished the EFl installation; my engine does not start, why?

Go back to your installation manual, in the last chapter, there are detailed procedures for you to trouble-shoot the
starting problem. If still cannot find answers there, you can jump to chapter 2 of this manual for further trouble shooting on
engine start issues. The EFI installation manual can be downloaded here:

http://www.uavenginesystem.com/download/

Q: How do I log data and send the data files?

Assuming you have installed the HAECAL (default directory should be C:\HAECAL or D:\\HAECAL).
Otherwise, install the HAECAL to your laptop. HAECAL is coming in the CD with the EFI kit or you can download it from

our website. Details on how to use HAECAL can be found in our HAECAL manual, also downloadable.

1) Run HAECAL (load the correct A2L and CAL file);
2) Key on, and key on only;
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3) Go to menu -> run -> connect;

4) Go to menu -> run -> start measuring and start recording

5) Do your test, or start the engine;

6) When done the test, go to menu -> run -> stop recording

7) go to menu -> run -> Play back;

8) A window pops-up, and click "open”, it will take you to where the logged files are. All files are in a folder called
“‘C:\HAECAL\record", assuming C:\\HAECAL is where you installed the HAECAL.

All files are recorded in sub-folder names as “dd-mm-yyyy-hh-mm-ss”.

9) You need to copy all 3 logged files and send to us. (Every time there are 3 CSV files logged); you can even zip the

whole "record" folder and send to us, we can help you to analyze it.

Q: How do | change a calibration?
Assume you want to change the value of the calibration variable "VAL_xxxxx" to "1234":

1) Key-ON, run HAECAL with the correct A2L/CAL files, connect it to ECU;

2) In HAECAL menu, go to: "Advanced" -> "add advanced calibrations";

3) Pop up a window, type in "VAL_xxxxx", select it, and click "add to", and then click "OK".

4) Back to HAECAL window, "VAL_xxxxx" should be displayed in a small window. Double click it and change its value to
"1234". Hit "Enter";

5) Go to menu; "run” -> "burn to ECU".

7) Download....... completed.
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8) Start the engine, see the effect.

Chapter 1 System Requirements

1.1 Laptop tuning software HAECAL

HAE tuning software HAECAL can be installed and run in the Microsoft Windows XP, Vista, Win7 or Win8.1.

Note: during the installation of the HAECAL, it is automatically set as the compatibility mode for Windows XP.

1.2 Smart Phone tuning software HAE DroidCAL

DroidCAL is the version of HAECAL that can be run on an Android based smart phones and tablets.
Note: On your phone, you can directly search “HAE” in “Google Play Store” and it is free to download.

Note: HAECAL and DroidCAL are free and you can always download them at our website:

http://www.uavenginesystem.com/download/

1.3 Load the correct files by using HAECAL

S19 file: this is a Motorola format microprocessor executable file;
A2L file: this is a description file that contains the ECU info for HAECAL;
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CAL file: this is a calibration data file that contains parameters users can tune. CAL file is one part of the S19 file.

Note: most customers don't need the S19 file; unless an ECU software update is necessary;

It is enough to have the A2L file and CAL file to run HAECAL and tune your engines.

If you have not got A2L file and CAL file in your CD from EFI kit or the software package via Email, please contact us:
info@ uavenginesystem.com

Often the user will need to load different A2L file and CAL file than the default ones coming with the HAECAL. For
example, a software update or new calibration release will give you newer A2L file and CAL file.

To load the new A2L file and CAL file, in HAECAL, go to "File->Open", and then go to the right folder and select the files.

For more details, please download the HAECAL software Manual.

http://www.uavenginesystem.com/download/
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Chapter 2 Engine Start

2.1 Start issue trouble shooting

After install the EFI system, the engine doesn’t start, why?
There are some questions need to be answered first:
1 .which signal is used as the pick-up signal?
Is it the stock pickup (coil), or a Hall Effect Sensor? Or is it from the Kill witch wire?

If it is a stock pickup (coil) signal, connect the orange wire labeled as CKP from the ECU harness to the pick-up signal
of your stock CDI ignition. The other wire of the pickup sensor usually is grounded in your stock system. Connect the
green GND wire from the EFI harness to the pickup ground.

If it is a hall sensor, please check: is the hall sensor installed correctly (see Chapter 1)? You need find out what polarity
the magnet has. Usually our Hall sensor is triggered by the S polarity magnet; and the distance from the hall sensor to the
magnet should be in the range from 2mm to 5mm,.

If it is the stock kill switch wire, you need connect the orange CKP wire to the kill wire, and connect the green wire from
the ECU harness to the chassis or the ground of the stock system. If possible, use a scope to check the kill wire signal is
clean, meaning, only one pulse per revolution.

Make sure your engine block is connected to the 12V negative, so all grounds are common!
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2. The pickup is correct, but the engine still doesn’t start, why?
Do you have the MAP sensor connected to the intake manifold for 4 stroke engines? The Map sensor needs to
measure the vacuum for 4 stroke engines to start.

For 2 stroke engines, MAP sensor can be hanged in the air and measure the ambient pressure only.

3. Does the fuel pump turn on for a few seconds when powering on the ECU?
If the fuel pump does not turn on after the ECU power is on, then check your wire connection. Or if the fuel pump

does not turn on when the engine is spinning, you need to check the CKP wire connection.

4. |s there a RPM reading by ECU?
Start to use HAECAL to read the RPM. Connect your laptop to the ECU. If there is no RPM reading when the

engine is spinning; that means something wrong with the CKP signal, or the MAP sensor signal for 4 stroke engines.

5. Is there any fuel injection when cranking?
1) un-screw and pull out the injector,
2) Seal the hole of injector mount;
3) Hold the injector in air, point it to a safe direction, and use a cloth to block fuel jet!
4) crank the engine;
If there is no injection, please check the CKP wire connection, and/or MAP sensor connection
Have you connected the engine chassis to the negative of the battery?
Have you connect the green wire labeled GND to the negative of the battery or to the chassis?
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All grounds must be shared with the negative terminal of the 12V battery.

6. No spark?

Do you use the stock ignition system or use HAE ECU to control the ignition?

If stock ignition system, check your stock CDI, coil, and spark plug.

If use HAE ECU to control the ignition, please check the installation of HAE CDI and Coil, and make sure the high voltage
cable is fully plugged to the spark plug. Please see the installation manual for details.

If you are using a multi-tooth trigger wheel, and an HAE VRS sensor, please double check the installation, and the setting
of the trigger wheel in the HAECAL software. (Details are in the later chapter).

7. No fuel flow?

When the fuel pump is running, (with key on), do you see fuel flowing in the fuel line? Are there bubbles in the fuel hose?
Is the pressure regulator installed correctly?

Can you see the fuel flowing back to the tank in the return line after a couple of times of key-cycles?

One way to check fuel supply system is to unplug the high pressure fuel line to the fuel injector, point it to a fuel bottle,
and turn on the power; you should see fuel sprout out of the high pressure line.

8. Is the fuel pressure enough?
This is a frequent issue mostly because of the low battery, or incorrect installation of the fuel supply system. A lot of
installation problems end up as the low fuel pressure. The best way to trouble shooting the fuel supply system is to install

a fuel pressure gauge, which can be bought in any auto parts store.
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When the power is on, the fuel pressure should reach 3 bar or 43 psi normally. If the pressure is significantly low, then

check your battery voltage, or fuel supply system.

9. Is the idle air enough?
You may not have enough idle air, to start the engine. Try crack-opening the throttle, like 2%-5% throttle, and then crank

the engine. Does it fire?

10. Is there enough starting fuel?
The start fuel may not be enough, give a quick enrichment by using “VAL_fFIApp” (see Section 2.3 for details) ?

11. Log data and send us.

‘I have checked all the above items, and | think they are all normal, but | still can’t start the engine”.

Please log some data with HAECAL and send us; and we will help you to trouble shoot. Note, when logging data for start
issue, follow these steps: Key on - connect HAECAL to ECU - start recording = crank engine - engine not started -
stop recording -» find the data log files - send by email.

Some engines have 2 pulses per revolution, and some engines have some unique pulses like negative pulses only. All
these need to be identified to have the correct CKP signal. One way is to log data with HAECAL and send to us.

It is also helpful to send us some pictures of your EFI installation, especially on how you connect the loose end wires.
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2.2 Global fuel tuning

VAL_fFIApp (RAM_VAL_fFIApp) - "global fuel enrichment factor, user defined"

In HAECAL.:

Menu - Calibrations - Fuel system - Global fuel enrichment factor 2>
VAL_fFIApp = 1.0 (default).

"% Global fuel enrichment factor ] =] A
M ame | Walue | Unit | Description
RAk WAL FlApp 1.0000 "fuel enrichment factor, user defined"

It's a global enrichment factor multiplied on the base fuel, meaning, if you change it to 1.5, you'll get 1.5 times of the
fuel everywhere. And it applies to all operating conditions (start, warm-up, and steady-state, transient). It has a range of
0-4.0.

This factor is only supposed to be used temporarily. It's kind of "quick and dirty" fix just for you to fire the engine up

and not to stall. The change should be removed once you know the system better, and tune the engine with appropriate
parameters.

Certainly you can en-lean the fuel global-wise, by setting it to smaller than 1.0.
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2.3 Start fuel factor

CUR_fCldSta_TmSta - "start fuel factor for cold start, dependent on engine start temperature.”

In HAECAL.:
Menu -> calibrations - fuel system - start fuel factor -

=T

II:LIFI_fEIdSta_TmSta -

=

TmSta 300000 250000 -200000 -150000 -10.0000 0.0000 100000 200000 30.0000 41.0000 60.0000 90.0000
CUR_fCldSta_TmSta | 250000 200000 160000 100000 7.0000 60000 5.0000{ 1500000 35000 27500 1.5000  1.0000
< | *

TmSta: “'engine temperature at start'
CUR_fCldSta_TmSta: "start fuel factor for cold ztart, dependent on engine start temp. "

] ] W L]

This is probably the most important tuning parameter for engine start.

1) Start fuel can NOT be self-tuned by the ECU. Self-tuning is only possible in the "close-loop" control, which is only
active after the engine is fully warmed up. ECU cannot learn the engine during the start.

2) Every engine can be different. The start fuel could be different from one to the other. Especially if you have
modified the intake manifold or added an adaptor for the throttle, or simply because your engine is different than
ours, the base calibration engine, which is a 125cc GY6 engine. The initial wall wetting and the amount of lost fuel
during start could be significantly different from engine to engine.
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3) Good news, we tried to calibrate the start fuel to be a little rich, and to cover more engines, and to make your initial
fire-up successful. So most likely, you can start your engine after a few tries. Yet, you could end up tune your start

fuel by your-self. Because this part can only be done via trials.

4) Tuning tips: read your engine temperature before start, "Tm", in HAECAL, locates the closest break point of
"TmSta" in the table, and change the associated start fuel factor value. Try to start the engine, after a few trials; you

identify the best value for that temperature. Then you can apply the similar changes to the neighbor points.

5) Start fuel only applies during start. Once the start of engine is ended, indicated by that the engine speed (N) is

greater than 1000rpm; the start fuel will be inactive. The after-start fuel and warm-up fuel will take over.

Example: Early in the morning, Key on, connect your laptop, read the Tm (or ECT), in HAECAL, say, it's 9 deg C. Then
find the cell in the table where the break point is the closest, 10C in this case; and the existing value is 5.0; meaning, 5
times enrichment is the pre-set.

Most likely you are starting a little leaner at that temperature; so you would increase the value to 5.5; and then "burn to
ECU".

Then you crank the engine again; see if the starting is better. If not, you may have to wait for next day morning, and
increase it to 6.0; and try it again.

You may end up over-enriching the start fuel, which causes black smokes, and strong smell, and even engine flooding. In

that case, you may go to the other direction, reducing the enrichment factor.
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The challenge is that there is no direct measure which tells you whether it's too rich or too lean. It's really based on your
feeling and experiments.

Start control strategy:

B_StaEnd
k cold start factor B_StaEnd

e Ram— M R
x [ Bl |
—.‘ d o [ =t
CUR_fCldSta_TmSta P
alttuge max p—— o
BE CldReSta L correction
= 1.0
[0 L
> repeatad start a1 Tt_b.'
_— reduction
1.0
tEngOff > CUR_fStaAlt_fAlt -
MAP_fCldReStaRed_tEngOfi_TmSta
Input and Output describe:
Input:
@ ninj Name Description
P ramping down factor
fAlt_b Correction factor altifude
MAP_fwCldStamum_TmSta_MNuminjSta Tméta engine temperature at start

B_StaEnd condition end of start
tEngOff engine off time
ninj injection counter
Qutput:
fFiSta start-injection factor

Note: If your are in the high altitude, there is alo altitude correct factor CuR_fstaAlt_falt, need be turnd to get a easy start.

2.4 After-Start and Warm-up fuel factor

CUR_fAst_TmSta - "after-start fuel enrichment factor, dependent on engine start temp."
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The output of this Curve will be added on top of 1.0 as the after-start factor.

It will be ramping down to 1.0 with the engine running time increased after start.

In HAECAL:

Menu - calibrations - fuel system - after start and warm-up factor >

& After-start and Warm-up factor - O] x|

|RasM_CUR_Est_TmSta

TmSta: [DegC] "engine temperature at start"
CUE_fAst TmSta: [ "mput<BP fAst TmSta™>, after start enrichment factor”

TrSta
CLUR_f&zt_TmSta

-30.000
3.0000

-25.000
2.5000

-20.000
2.0000

-15.000
1.5000

10000 0000 10.000 20000 30000 40.000 60.000 90.000
09063 08125 0.6875] (5935 05000 04375 0.1583 0.0000

-After-start factor is actually = 1 + look-up table value.

For example, if you set the table value as 0.6; the after-start factor is = 1.6
Why? It is easy for software implementation.

CUR_fWmp_Tm - "Warm-up fuel enrichment factor, dependent on engine temp."

In HAECAL:

Menu - calibrations - fuel system - after start and warm-up factor >
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& After-start and Warm-up factor2 - O] x|

|RaM_CUR_fuw/mp_Trm Tm: [DegC] "Engine temperature”
CUE_fWmp Tm: [] "Char. Curve, warm-up factor, dependent on engine temp."”

Trn 30,000  -25.000 -20.000 -15000 0000 0000 72000 20000 30,000 40000 65000 70000

.....................

CUR_Pa/mp Tm | 17734 17734 17734 12031 07031 06016 054630 050000 04531 04141 01016  0.0000

Same: warm-up factor is actually = 1 + look-up table value.
For example, if you set the table value as 0.6; the warm-up factor is = 1.6
Why? It is easy for software implementation.

Start control strategy:

B_Staknd B_StaEnd .'_|
Tmsta “Tmste T estiimp
fast —————
B_Sta <B_Sta~ * g
51 After start fuel factor
Ld b a =Ld= fWmp

52 Warm up fuel factor
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After-start factor
(=Tmsta= } P P .
fAst0
CUR_fAst TmSta
fwCldReSta

weighting factor, cold restart

speed of ramping down

) ‘ ’ tAstFil plrc
IN
LowPass

CUR_fDecAstCld1_TmSta 5
- - L —>fv Fir |
sthil This factor changes from 1 to 0
I continuously ramping down

B_StaEnd E

Cam ) > D

CUR_fWmp_Tm

( <Ld> ) > 1.0

<N> >
MAP_fwWmp_N_Ld

'S
—> . fWmp

Note: The finial factor is fAstWamp=fAst * f\Wmp, so you need tune the both variables after start.
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Q: What is the difference between after-start fuel and warm-up fuel?

After-start fuel is carrying over the start-fuel enrichment, and quickly ramping down to 1.0. It is dependent on the engine

start temperature only.

Warm-up fuel is dynamically adjusting the fuel dependent on how fast the engine temperature warms up. It also takes into
account of the impact of engine load and speed.

Q: Tips for after-start and warm-up fuel

Too complicated? Good news! You do NOT have to tune these 2 factors in most cases, because:
1) They are normalized for most engines, close to good for most engines.
2) They are designed for emission reduction purposes. For after-market conversions, pre-set data are often good
enough.
3) Exceptions #1: if you notice the engine clearly fires for the start (during first couple of revolutions), and the RPM
rises quickly to more than 800rpm, but then stalls immediately; this tells you that the after-start fuel is not enough.

You will need to increase the after-start fuel factor.

4) Exception #2: if you notice that the engine starts, and idles at relatively good rpm, like 1800rpm, but then slowly it
dies with engine warms up. This tells you that you may need to enrich the warm-up fuel to keep engine running

after the start-up and after-start fuel factors ramping out.

Q: Engine starts, and idling, and can stay running, but kind of rough. What's next?
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As long as you can start the engine and let the engine running and not stalling. You are fine for now. Engine will
warm itself up, and quickly the warm-up fuel factor will ramp down to 1.0 (neutral). Next we will make sure the engine can
be run in open-loop mode comparatively stable.

Note: once engine can stay running, then wait for engine warmed up, and tune the base fuel mapping first (VE table,
Load table, see later chapters). Don’t do fine-tuning on the start fuel factor, after-start, and warm-up fuel factors before

you have a good base fuel mapping, because these factors are nothing but a multiplicative factors on the base fuel.

More on Start, After-Start, Warm-up process:
See below the 2 graphs of start and warm-up process from a real scooter engine:
Descriptions:

1) The engine starts at 30C degree; and idles up to 70C degree (where the warm-up process is ended);

2) Start fuel factor starts at 3.2 (fFISta), for example; and drops to 1 as soon as the RPM > 1000rpm (start ended);
this only takes a few seconds;

3) After-start fuel factor starts to take over when start is ended ( fFISta =1); and for example, it starts at 1.23; and
quickly ramps down to 1; and this takes about 1 minute (or 60s); This factor is dependent on the engine start
temperature only (30C);

4) Warm-up fuel factor happens simultaneously with the after-start factor, but it ramps down very slowly; it starts at 1.4;
and takes about 6 minutes (360s) to ramp down to 1, when ECT is 70C deg. This factor depends on real-time
engine temperature (changing from 30C to 70C).

5) The close-loop fuel only happens 3 minutes after start, where the O2S signal starts to oscillate.

Confidential HAE Page 20



HAE LLC Engine EFI tuning guide V1.8

6) Overall fuel enrichment factor, fPreCtl, is the results of all 3 factors, start factor, after-start factor, warm-up factor:
fPreCtl = fFISta * VAL_FIApp (during start)

fPreCtl = fAst * f\Wmp* VAL_FIApp (during after-start, warm-up)

NOte: During start, fAst and fWmp are not used; meaning they are equivalent to 1; VAL_FIApp is the
global enrichment factor.
fPreCtl is the overall enrichment factor.

It is the green line in the second graph.

NOte: in your logged data, you can see this variable plotted. It tells you how your starting-warm-up fuel is

controlled.
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Show &l Signal |
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ﬂ_| 3

At fFIStalsym
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[C\Program FiestProCAL ecord\Backeivesordd: =] | Open | Riediaw | Hidesignallst | ToogleCursors | ShowllSign | HideAllSional |

|% | Time From; 2146 to 25 0 - H13.842

4 1 Vi:|Nun|[|Name |Eursol‘l |Eursar2 [Llnits | =
] W1 st 1.2344) 11099
1 vz Fista | 21445 1.0000
36 ] PreCtl = fFISta * fAst * fil¥mp v 3= 025 = 04541 04541 ¥
] v 4JJECT | 21.0000) 31.0000 DeqC]
v Gl Rwmp | 1.3306)  1.3906
22 7] v | Gl APM | 464.0000) 1304.2500 Rpm ]
W FREPreCtl 31445 15449
8 i 1.000 1.000
26 fAst: After start facfor T K
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29 FLELF i 0 ms
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Chapter 3 Engine idle tuning
3.1 Target Ildle Speed

If your engine's idle RPM is not stable, or too high, or too low, it may be because of the idle air, so you need to adjust
it as the below methods.

Certainly, you must make sure the whole air intake system is air-tight first!

Past experience shows that during initial installations, some users forgot to make sure the air-tight of the system,
and end up high "idle" RPM, like 4000rpm; and which actually leads to RPM oscillations! Because our ECU is trying to cut
the fuel to lower downs the idle RPM.

So if you see an oscillating idle RPM from 4000rpm to 1000rpm that tells you that you should check your intake air

system, and find out air leakage!
NoOte: The idle speed with a cold engine could be lower than the warmed-up engine, especially if you do not use the

EFI to control the ignition system.

If your engine idle speed is already high after warmed up, do not make the idle air too high in the cold.

If you notice that you have to hold the throttle to open a little to start the engine and keep the engine running, and as
soon as you let the throttle go, the engine stalls. This means you may have too less idle air. This could be the case
especially for the big engines, where more idle air is needed than for the small engines.

If you do not have our ECU-controlled CDI to control the ignition angles, you will have comparatively low idle speed

at cold start and higher idle speed after warm-up. This is normal.
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How do you have a constant idle RPM, regardless of a cold or hot engine? You need to have our ECU-controlled
ignition system.
See the chapter of "Ignition Angle Tuning".

3.2 Idle speed adjustment via Mechanical methods

Single cylinder idle air screw adjustment

Our 28mm throttle body comes with an idle screw; if your idle speed is too low, or too high, you can adjust the idle

screw to get more or less idle air.

straight screwdriver™

idle air screw
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Adjust the idle screw:
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.red"uc«% idle air

counter-clock wise glg8igwise |

use screwdriver
to adjust it
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Further mechanical idle Air adjustment

If by only adjusting the idle air screws can't meet your idle air requirements, such as the idle RPM is still too low, you
need adjust the mechanical stop position of the throttle valve (this is not preferred, unless you have no other options). The
factory setting of the throttle plate is usually optimized. You need to be careful on this mechanical adjustment.

Basically the idea is to open the throttle plate a little tiny bit, so there is more idle leaking air.

The steps are below:

(1) Please prepare two tools: one is screwdriver, and the other one is wrench.

Confidential HAE Page 27



HAE LLC Engine EFI tuning guide —-V1.8

For the size of the each tool, you can see in the below picture.

(2) Begin to adjust now, please see the below pictures.

First, loose the nut
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T e

Anna

AbAAA A

Then, use the screwdriver to turn the screw; if you want more idle air, you need turn the screw in clockwise, and if

you want less idle air, you need turn the screw in counter-clockwise.
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Last, when you are done adjusting the screw, please tight the nut by using the 2 tools.
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Finished
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3.3 Electronic Idle Air Control = IAC motor

Our 34mm size and bigger throttle bodies all come with an Idle Air Control (IAC) motor, which is a stepper motor,
with 4 wires.

43mm

IAC 37mm

With these throttle bodies, you can set the target idle speed, and ECU will control the stepper motor to reach that speed.

Confidential HAE Page 33



HAE LLC Engine EFI tuning guide V1.8

Q: How to tune the idle RPM with an IAC motor?

If your enigne idle RPM is too high, or too low, you need to adjust the desired stepper motor position

(MAP_StepPrePos_Tm_N) according to the actual position “StepPos”; which can be logged via HAECAL..

INOte: The stepper motor position has an inverse logic to the idle RPM. By increasing the stepper motor
position values in the table, you are reducing the idle air; and idle RPM will be lower.

NOte: If your engine idle speed stays higher than your target speed, and no matter what you do with an

IAC system, you may have air leak in your intake air system.

The stepper motor comes with the throttle bodies are designed for certain range of engine displacements (engine cc
sizes). If you use these throttle bodies (34mm or 42mm or 50mm or 55mm) on too big engines or too small engines, the
idle motor may reach its physical max/min limits, and the idle air cannot be adjusted anymore by the IAC. You could also

end up with too high or too low idle RPMs.

INOte: IAC based idle controls only work if your TPS sensor reads 0%; meaning throttle body fully closed.

Sometime your throttle cable is stuck and throttle plate is not fully closed.

If your engine idle RPM is not stable, or stays high for a long time, and it still can't go down to the desired RPM, then
check your TPS signal. Maybe the TPS sensor signal is too noisy. Or the value of TPS is not 0 when engine runs in idle.
TPS signal must have a stable value at 0 when engine is running in idle. If this is not the case, you better check the TPS
sensor installation and also the throttle cable returning spring, etc.; make sure mechanically the TPS position is fixed at O

when in idle. Also check the TPS connector and wire connections, make sure they are secured.
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Below is a plot of noisy TPS signal example.
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Time From: [2.143 to 2139 0 - 355[s]

Tps
o
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W FITisCr 0 0 0 % 2000 2000 "
Llj RPM 0 5179 5179 Rom 0 20000 .l
‘ il
T2TLE]284



HAE LLC Engine EFI tuning guide —-V1.8

How to set the target idle speed in HAECAL?

_igfx
| VAL _NidDsr |

M arne: Yalue | Uit | Desciiption
1500.000 RPk "desired idle speed, LLD"
WAL Mraw 14300.000 Rpm " mawx enagine speed allowed "'

VAL_NidIDsr - "Desired idle speed"

el ]

In HAECAL.:
Menu - Advanced, add this variable.
By default, it is set as 1500 RPM, if your engine has a different idle RPM, you need to change it.

For newer software version, the desired idle speed is dependent on the engine temperature. You will need to calibrate the
CURVE: CUR_NidIDsr_Tm

~iixd
ICUR_N'DSI_Tm j Tm: [DegC] "Engine temperature"”

CUR_NDsr_Tm: [Epm] "nominal engine speed foridle, dependent on engine temperature"

Tm 30000 15000 0000 20000 40000 60000 65000 100.000  115.000
CUR_NDsr_Tm | 1500.000 1500.000 1500.000 1500.000 1500000 1500000 1500.000 1500.000 1500.000
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In HAECAL:
Menu = Advanced, add this variable.

Our idle speed controls via IAC motor is a close-loop control. It reads the actually engine RPM and compares it to the

target idle speed, and adjust the idle air correspondingly, and maintain the target the idle speed.
NOte: The idle speed certainly cannot be set too high or too low. For example, if your engine idle RPM (OEM setting) is

1500 RPM, and you change it to 3000RPM, it will not work, and you may have an oscillating RPM.

If you set the idle RPM too low, like 1000rpm, it may end up stall frequently.

How to calibrate the stepper motor position to get a desired idle RPM? And how to fix the issue after the engine
started, like, the idle RPM is too high or too low?

You need to tune the stepper motor position, MAP_StepPrePos_Tm_N, according to the following method.

Note: the default stepper motor position is intentionally over- tuned, meaning, and more idle air than necessary. This is to
make the initial start easier. If the idle RPM is too high after start, you need increase the stepper position value to reduce
the idle air;

If the idle RPM is too low after start, you need reduce the stepper position value to get more idle air.

Adjust idle motor desired position; you need to do some advanced tuning, follow the below steps.
(1) Add advance calibration: MAP_StepPrePos_Tm_N
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File Settings Run Variables Calibrations Diagnostics | Advanced Help

| =g ™ | = | > & B | | Add Advance Calibrations
—_— . Calibration Data Manager
Tresview i
o | et ECU Yersion [ XN b, [n
[ Pm]e':t . = — - t
-..528 H6 L46 Crl7 ES5.all 3D View | MAP TexE
"%’ Add Advancd Calibrations _ Ol x|
all Calibrations Selected Calibrations
MAP_StepPreFPos_Tm_N Firnd | Find
MAP_fLePBas_N_Ld -] MAP_fwCldStaMum_TmSta_MuminiSta |
AP _fStepPos_Ta_fAl kAP ga_M_Ld
AP _Pde_Map M kAP _|galde_M_Ld
AP _BwCldStaMurn_TmSta_MumlnSta kAP |gaMn_M_Ld
MAP fwReSta_tEngOff_Tmsta — M&P_LamCmpProt_N_Ld
kAP _fwiwfmp_M_Ld kAP_LamDre_Tps_ M-
MAP_lga N_Ld MAPLdTp Tps N
MaP_lgaldc_M_Ld ifAaF StepPrePos
kAP _lgatdn_M_Ld FAF_| tDwI uBat N
AP _IningEnd_M_Ld Wal CKP_Pulze Polarity
AP IningEnd_M_Ld Signed Vol CylMum
kAP _LamCrmpProt_MN_Ld Wal_digaGapZTdodd
MAF_LamDre_Tps M Wil dlgaPrelm
MAP_LdTp Tps M WAL_dinfngGap2T doAd)
MAP_nFhallp_N_Trm WAL _dM mwF okl
MAP PimDer Tps M Wil dubdapDrp2CylSyn
MAP StepPrePos Tm M Wil dubdapEnHys ;I
Load Canfiguration ] S ave Configuration l
Matez . "charactenstic map, Pre-pozitioning value of stepper matar'
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Find the variable: MAP_StepPrePos_Tm_N on the left side, then click “Add>>". The variable appears on the right

window. Click "OK"

Confidential HAE

=T

MAP StepPrePoz Tm M

X N, [Epm]. "Engine speedin Epm"
T Tm, [DegC]. "Ensgine temperature”

MAP StepPrePos Tm N: []

"characteristic map, Pre-positioning value of steppet

NS
-30.00
-20.00
-10.00

0.00
10.00
20.00
30.00
40.00
50.00
E0.00
70.00
50.00
93.00
110.00
125.00

500.00
110.00
115.00
120.00
125.00
130.00
140.00
150.00
160.00
170.00
150.00
130.00
130.00
130.00
130.00
130.00

300.00
110.00
115.00
120.00
125.00
130.00
140.00
150.00
160.00
170.00
150.00
130.00
130.00
130.00
130.00
130.00
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(2) Choose "list": In the interface Right Click, then click "Display type->List"

Settings Run Variables Calibrations Diagnostics Adwanced Help

1H %
"reeliew ‘;“Ga“ﬂe of x|
=-- Project
MA_Mijna250cc_SE2B1361_4
MNA_Minja250cc_SE2B1361_4
Calbration
Add Variables v Gauge
Show oscilloscope
Variable properties
Hide TreeView
) — |
itatus _
ynverting the file... = -40.0 DegC \ -40.0 DegC
irsing the file...
king the files...
e load successfullyd
anbne dnac nnt awvick

In the list view, right-click, to Click "Show All Variables"
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[
i
Then
Lrr_Lrankaensing_tlag
fLe
FIT rsCr
B Lamwin2

- Last_Falling_Edge_Timer
Lazt_Rizing_Edae_Timer
Last_Rizing_E dge_Timer

MHraw

==

Tps
Ubadc
uLsh
1ikd 5
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B Hap
N

B nii
P i
flc
Mraw
Tps
Ubéde
P uLsh
ukdap
uPat
uTps
B_CrkEmr
- B_tapDrpEr
B £_GtsEnd
B iFieC

LamDrsr

B Oislcid

Pamn

-Ta

Show All Variables iz W

Add Variables

Show Qsciloscope
Decimals Display
Hide Descriptions
Sort

Variable properties
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2Ums
20z
20z %
20ms
20mz
20z
20z

20mz Rpm

i

1636

DLDD!!DDDDD

Syn| hPa i 2560/ "Intake manifold prezsure measured with b
Syn Bpm i 16383 "Engine speed in Rpm"'
Syn I E5535| "number of injections "'
Syn| ms i BR.535 “injection time for injectar #0 "

20msz i 2 "Lambda controller output [word]”

Oz Rpm I 16283.75 "Engine speed in rpm from LLD"
| & i 100| "thrattle pogition with respect o lower mec

i 25.6) "battery volkage; zcanned value of microp

ma W -1 4 ""Yoltage signal from the lambda senzor be
s | % i] 5| "Waltage signal of manifold pressure sensc
s | % i | "ADC-voltage of potentiometer sensar "

¥ Dz | W i 5 "ADC-voltage of throttle position zensar '
s I 1| "Error condition for crank sensor”

TO0ms i 1| "Errar condition for MAP sensor, no droppi

100ms i 1| "condition: end of start "'

100ms I B4 "factor. pre-control fuel"

100w 0 16 "Desired Lambda" Il

100msz| & 768 VEY "additive adaptive comrection of the relativ

100mz| hPa I 2860 "Ambient pressure'

100ms DegC A0 205| "Intake air temperature”

bhndh| Cbithields crank sensing erars, stored |

2 "Lambda controller output [ward]"
1536 "rel. fuel mass transgition compenzation
16 "Actual Lambda measured bp w02 co

23436VE+03) "LLD timer"
234367E+03) "LLD tirmer"
.234367E+03 "LLD timer"

"Engine zpeed in rpm from LLD"

‘throttle pozsition with respect o lower 1
25,6 "battery voltage; scanned value of mic
4 "foltage signal from the lambda senzol

R "albans sinnal af reanifald areczore os
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NOte: The value of "StepPosDsr" is the desired value from the table of "MAP_StepPrePos_Tm_N", based on
the engine temperature "Tm". "StepPos" is the actually stepper motor position when engine is running at idle
with the desired RPM. You want to tune the “StepPosDsr” as close as possible to “StepPos” at certain engine

temperatures.

For example:

If engine temperature is 50 C, and the "StepPosDsr" value is 170 from the table, when engine is at idle with the desired
RPM; the "StepPos" value is 290. So you can change the cell value to 240 at 50 C (the value is smaller than 290, the

difference is about 50 steps, to have some room, for better engine start).

—ioi x|

[MAP_StepPrePos Tm N | 3 N. [Rpm]. "Engine speedin Rpm"
T Tm, [DegC]. "Engine temperatura”
MAP StepPrePos_Tm N: [] "characteristic map. Pre-positioning value of steppet

Confidential HAE

Rt
-30.00
-20.00
-10.00

0.00
10.00
20.00
30.00
40.00

50.00

£0.00

70.00

90.00

95.00
110.00
125.00

500.00
110.00
115.00
120.00
125.00
130.00
140.00
150.00
160.00
240.00

180.00;

130.00
130.00
130.00
130.00
130.00
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You can also change the value in the table when "Tm" is higher than 50 degree

=T

|MAP_StepPrePc.s_Tm_N x| XN [Rpm]. "Engine speedinRpm"
Y. Tm, [DegC], "Engine temperature”
MAP StepPrePos_Tm N: []  "characteristic map, Pre-positioning value of steppet

i 500.00 800.00
<3000 0 110,000 110.00
2000 115000 11500
-10.00 | 120,000 120.00

000 | 12500 12500
10.00 | 130.000 130,00
2000 | 140.000 140.00
30.00 | 150.000 150.00
40.00 | 180.00 160.00
50.00 | 240.00 240.00
60.00 | 24500 245.00
7000 | 250.000 250.00
90.00 | 2e0.000 2E0.00
99.00 | 2E0.000 2E0.00
11000 | 260.00) 260.00

126.00 | 260.00f 260.00

-Increase the cell values in the table; you will get lower RPM. This means the bigger the stepper motor

position, the less idle air.
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(3) After you change the value, then "Burn to ECU"

File Settings | Run Variables Calibrations Diagnostics Advanc

| 1H ||§:I Zonneck F5

Disconnect Ctrl+R.

Treeviewm
Fetch Fram B

Start Measuring F3
Stark Recording F9
Stop Measuring F11

Play Back

If the file downloaded successfully, lower left corner will pop up message "Burn to ECU Successfully

Fila load successfulhy!
Burning the datas to ECU......
Burn to ECU Successfulky

4| [ F

Burn to ECU Successfully!

Note: Usually, the value of stepper motor position (StepPos) is 390, this means, the stepper motor has went to the largest
position, if the idle RPM is still high, please check whether it has air leak, or the stepper motor connector is not connected
well, or something wrong with the stepper motor.

The way to check stepper motor is take out it from throttle body, place a side, start to run engine, to see the stepper motor
whether is working, and when key-off the ECU, the stepper motor will go to the smallest position and then go to the
default position, if the stepper motor doesn’t work, it means, the stepper motor is damaged or something wrong with the
ECU.
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3.4 Idle Controls via ignition timing

NoOte: if you do not have our ECU-controlled ignition, or if your engine is not recommended for ECU-controlled

CDI (2-stroke engines, for example). Or our ECU does not support ignition controls for your engine; skip the rest
of this part (ignition controls).

For throttle bodies (28mm for example) that do not have an IAC motor. The idle speed can be controlled by the ECU via
ignition angle adjustment. This is only to adjust the small idle RPM deviation.

The mechanical idle air screw must be adjusted to a good position that your idle RPM is a little higher than you desired
when the engine is warmed up.

Then the idle ignition angle can be retarded, and reduce the idle RPM at fully warmed up. At cold engine, idle ignition
angle is likely at the optimum advanced angle, so that the idle RPM can be at your desired RPM even with a cold engine.
For example, your idle ignition angle will be 9 degree CrA positive when it's cold. And it could be -7 degree CrA, a

negative value, when it is fully warmed up.

Idle speed controls via ignition angle controls (only possible if you have ECU-controlled ignition system).
Why do you need the ECU-controlled CDI for idle speed control?

After you have a stable running engine with the fuel control only, now it's time for you to add our CDI box. Because it will
help to lower down the idle RPM after engine warm-up. The strategy is to have enough idle air to start in cold and stable
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idle in cold first. But that amount of air is a little more than necessary for the warm engine. (That's why you get a high idle

rpm at hot but a low idle rpm at cold.)

Then the strategy is to retard the spark advance to lower down the idle rpm once the engine is warmed up. It reduces the
engine torque because of later sparks. (This also indirectly helps to reduce the emissions).

Furthermore, this gives some torque reserve for possible high idle requests (for example, to prevent undercharging).

And this also helps the launch, because once you open the throttle, the spark advance can be immediately goes to the

optimum, and you get big torque increase!

Pre-defined idle ignition angle map MAP_Igaldc_N_Ld : when engine runs in idle, (throttle body is fully closed).

o

| MAP Igaldc N Ld=|[ %2 N b, [Rpm], “engine speed, byte value"
Y: Ld b, [*], "Load, orrelative air charge (byte)"

3D View | MAP Igalde N Ld: [CrA] "characteristic map, ignition ang]

' 1200000 1320000 1380.000 1500.000) 1620.000 1300.000
15.000 3.750 3.750 9.750 9.750 9.750 9.750
24.750 9.750 9.750 9.750 9.750 9.750 9.750
30.000 3.750 3.750 9.750 9.750 9.750 9.750
35.250 3.750 3.750 9.750 9.750 9.750 9.750
40.500 3.750 3.750 9.750 9.750 9.750 9.750
45.000 3.750 3.750 3.750 3.750 3.750 3.750

There are also two correct ignition factors based on battery voltage and engine temperature.
CUR_dlgaldc_Tm, CUR_dlIgaldc_Ub
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=10l
I[:UR dleslde Uk j Ub b: [V] "Battery voltage, byte value"
CUE_dlgalde Ub: [CrA] "Characteristic Curve, delta ignition angle of battery voltage effect”
Ub b 80000 9000 10000 710500 17.0000 71.5000 124000 13000 14000 15000
CUR_dlgalds_Ub | 15000 15000 15000 15000 15000 15000 21.000 0000 0000 0000

oy
ICUR_d:[gaIdc_Tm v| Tm: [DegC] "Engine temperature"
CUE_digalde Tm: [CrA] "Characteristic Curve, delta iznition angle of engine temperature effect”
Trii -30.000 -25.000) 15000 -10.000 0000 10000 20000 45000 70000 90.000
CUR_digalds_Tr | 30.000 24750 24750 24750 24750 3750 5250 0000 0000  0.000

The pre-defined idle ignition output angle = MAP_Igaldc_N_Ld + CUR_dlgaldc_Tm + CUR_dlgaldc_Ub

And the close loop ignition angle control for idle speed control is based on this pre-defined ignition angle.

EFI system without an IAC motor, and without ignition control
If the idle air is too much or too less, it leads the Engine idle RPM too high or too low.

Because ECU has no way to control the idle RPM, in this case, you may have to start with a high idle RPM and later on,

to fine tune the throttle mechanical stop position or idle air screw position to get a compromise of idle RPM.
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If the engine idle RPM is super high, like 3000rpm, ECU will cut the fuel, and the RPM may go up and down.

3.5 Idle fuel too rich because of minimum injector pulse width

Q: How and why to adjust fuel injection time in idle?

No matter how much you have changed the base fuel mapping for idle, ( via VE table or TPS Load table), the engine still
runs too rich. It seems no effect even you put the 0 in the table. It may be because the minimum fuel injection pulse width
is limited. You need to change that limit lower, VAL _tInjMin.

This calibration basically defines the minimum pulse width that can open the injector. This is the physical limit of an
injector, usually in 1ms to 2ms ranges.

Go to "menu->Advanced->Add Advanced Calibrations” to add the VAL _tInjMin. And decrease this value according to the
actual engine running. This value by default is 2ms; or 2.2ms including the battery voltage compensation. The reason to
have a 2ms min pulse width is because the injector has a better flow rate when it is bigger than 2ms. For many engines,
the min pulse width could be smaller. Usually you can set it to 1.5ms or 1.0ms as the extreme minimum. Anything smaller

than 1ms, you may not have fuel injection at all.

For example:
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Zoom Al

i Cof Name f Units | «
W 2050 1.994 005600
v I Tps TOTEe0 000680 %
3 I 1625 1703 84.00 Rpm
- T 0871 08em T Y
Last_Faling_Ec 5 15573 2714750
. | [30 0 i 0 s
i uLsb: signal of lambda sensor
a | 604.3 6160 1170 s
- - - - - B 70 13.00 13.00 0 Degt
Ta 1300 1300 0/DegC
U LS b IS h Ig h ) It IS rl C B PorlsbHiNom | 089000 0.87000.02000 %
B feimp 1125 1100 -0.02400
| i 39.00 40.00)  1.000 DegC
| B 1.000 1.000 no-
g B Fan 1080 1080 0 hPa
‘ OfsLodd 002340 -0.02340 o %
StepPos 1} 1] 1]
| 39.00 40.00  1.000 DegC
= PreCtl 1125 1.101)-0.02400
= Pld 3720 3700 -2.000 hPa
Last_Rising_Ed| 393063500 705779256 | 2715780
B Hiaw 1610 1691 £1.00 Rpm
B nin 9261 9440 1790
04 - - - - u
tinjO: Fuel injection ti B
J . J Maf 1144 1197 05300 kath
| Last_Rising_Fd| 393093911 706814708 2714820
H 0 H H H H H H H |ga0ut -6.000 5250 07500 Cid
njvinminimu uel injection time iimite T MO M0 0Deg
— Ld 85 3834 02100 %
= = H H = H = B LT 4251 4214 03700 %
If it is set to 2ms,it is Still rich, you can set it to i
0z 2 3 Fi 39.04 3906 09300 %
W Fiesc i i 0%
1 5ms [ [ 1208 1.203 0
- Err_CrankSensi 1] 0 0
B RPM 1625 1709 B4.00 Rpm
| IS 47.55 47.11) 04400 kPa
B EcT 2900 4000 1.000 Degl
Tos 001680 0.018302.0015000 % Jj
[ | »
00 -
4853
ActivenLsb20ms T2633.901s] T2 THIRTH
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i x
|‘JAL_tIniMin |

M ame | ¥alue | Urit | Dezcription |
ol tdUbdst 10.00 ¢ "time period for battery after start
Wal_tdldbDg 5.00 = "delay time of battery voltage diagnosiz "
WAL HnjldleE st 10000.00) us "injection time during idle, estimated: for kick start”
G 3 "minimum possible injechion tme far an njectar
WAL 7 000 DegC "engine temperature max'
Wl _tooth_high_time_ma 15000.00 us "max tooth lewel high time, for tooth walidation™
WAL tooth_high_time_mir B0.00 uz "mity toath level kigh time, for tooth validation
Waltooth_level werfy_c 3.00 "low level zal, counter to vernify the tooth lewel” _|
WAL tooth_level_wverfy_c 2.00 "l level cal, successful counter bo wernify the tooth level”
WAl tooth_level werify_ir 3.00 us "low lesvel cal, interval break to werify the tooth level”
WAL taath_low_tirme_mas 48000000 us "ma tooth level low time, for tooth walidation" v|
4 I I 3

Q: How do | know whether it is rich or lean?

You can use the following method to know whether the engine runs too rich or too lean with a NB O2 sensor or a

wideband ALM. Also you may know it by smelling the exhaust gas when it is too rich.

(1) With a NB O2 sensor. You can read the voltage of the NB O2 sensor in the HAECAL gauge, O2S; to know
whether it is rich or lean.
uLsb: signal of lambda sensor, in the List of variables.

If it is higher than 0.45V, the engine runs rich. If it is lower than 0.45V, it runs lean.
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Variables
IVi: Col [ Name Cursorl ICursorZ ]Diﬂ ]Min IE
die uLsb 08313 08057 002560 0 |
W Tps 0.8087 03860 -0.4227 0
V| tini0 3546 3508 -0.03800 0
y_l N 1665 1696 31.00 0
¥ I fle 0.7680 0.7575 -0.01050 0
4! ninj 884.0 910.0 26.00 0
|_ Nraw 1628 1665 37.00 0
_j Pam 1010 1010 0 0
| 025 0.8350 07813 -0.05370 0
B_Afr 0 0 0 0
4565 4642 07700 0
456.5 452.4 -4.100 0
3825 3815  -0.1000 0
3391 3383  -0.8000 0
3825 3815  -0.1000 0
44.44 4513 0.7500 0
72 33.86 -3.350 0
PwiLsbHtNorm 0.1700 01600 -0.01000 0
SPARK 12.00 12.00 0 64
Last_Rising Edge| 87637052 89551114 1914056 0.
Ubé&de 1312 1312 0 0
Tps 0.7263 0.07170  -0.6546 0
uMap 3593 3753 01660 0
3610 3597 -0.01300 0
0 0 0 0
1665 1622 -43.00 0
46.00 46.00 0 500
48.00 48.00 0 50
19.00 19.00 0 50
48.00 48.00 0 500
19.00 19.00 0 50
65535 0 0
43.20 0
87673839 0.
Last_Faling_Edge| 8767512 0«
LamDsr 1.000 1.000 0 0
Err_CrankSensing 0 0 0 0
ECT 48.00 48.00 0 40
Err_Fuel_Flag 128.0 128.0 0 0
Femlsb2 2304 2304 0 0 LJ
— For = = i_]

) % o ¥ i <p il
57.151 57.674 58.196
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(2) Read the AFR by using an ALM gauge, which you can buy from HAE. You can also read the real time lambda
(LamWO?2) in HAECAL, for which you need connect the ALM to ECU through the EFI harness. With the ALM, the

advantage is that you can read / log the real-time AFR or lambda value, and even have HAE’ auto-tuning feature.

ouu o
1.400 —
1.300 —
1.200 —
1.100 —

1.000 -~

LamW02

03800 -
0.800 -
0700

0.600

0500 -

P
1871.083

LamWO2>1, i

)

lLamWO02: ALM out

TPS

tInj0

O T R
1876.033 1880.982

is lean

wut signal (lambda)

G

LamWO2<1, it is RIC

O T T T T N T I
1885.932 1890.881 1895.831 1900.781

Variables |
v; Col Name Cusol  [Cusoi2  |Diff [Min [ af
7340 5623 -2317 0 I
Tps 17.97 7373 1059
Lamiw02 1. WI
v [tri0 2835 2569 -0.2660
tiaf 50.76 3208 1868 0
Ld 297 2943 3540 0
| Maf 51.95 3146 2050 0
Map 46.24 4226 -3.980 0
Map 4476 4326 -15.00 0
LdPrd 297 2943 3540 0
| LdTp 53.90 47.03 6870 0
LamDsiLsb 1.000 1.000 0 0
LamDst 1.000 1.000 0 0
Ve 06677 06185 -0.04920 0
FUELPW2 3064 2250 -0.8140 0
FUELPW1 2902 2511 -0.3910 0
Mapévg 4476 4211 2650 0
fveCr 1.000 1.000 0 0
fwmp 1.000 1.000 0 0
fVeRaw 06523 06233 -0.02900 0
IgaOut 3’25 3300 2250 45
1AT 47.00 4800 1000 -40
B_fLcadlo 0 0 0 0
ninj 2138 34522 2384 0
025 0.4432 0.4541 0.004300 0
TpsEqu 21.78 1119 1059 0
TpsEquld! 3851 3.851 0 0
Tps 17.93 7333 1059 0
TpsPrd 17.97 7373 1059 0
usb2 | 0.7300 05750 -01550 A
(tMap | 4633 4451 01820 0
usb | 0.4553 0.4517 -0.003600 0
TDnD DLSY_BLs 0 0 0 0
144.0 1470 3000 50
I|n|‘| 2.905 2260 -0.6450 0
OfsLcad 0 0 0 -768
OfsLcad 0 0 0o 5
OfsLcAd2 -4.007 -4.007 0 -768
| Pid 29838 2675 -31.30 0
RPM 7926 5631 -2295 0 .
4 P e e oo

TN S T
1905.730
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Chapter 4 Open-loop and closed-loop fuel control

4.1 Open Loop Fuel Control

What is open loop fuel control, why do we have it?

Open loop fuel control is to run the engine without installing the O2 sensor. The reason we need to run it is a precautious

step to protect the O2 sensor; to have a stable engine running before plugging in the O2 sensor.

A good practice is to start and run the engine in the open loop mode, especially if your engine is very different than our
base calibration engines (like a scooter GY6 150cc, which is the mostly tested engine). Or you have modified your engine
significantly, like a big bore kit, a high cam, or a bigger intake manifold. All these difference will cause the big deviations in
the air charge model pre-loaded in the ECU. Close-loop fuel control and self-learning is only supposed to correct the small
errors from engine to engines. The big difference cannot be learnt by the ECU and could lead to the oscillations, or

unstable running.

Without a comparatively stable engine running in open-loop, the exhaust from the engine could be erratically rich or lean
or have fuel flooding, and random moistures in the exhaust, etc. These could damage the O2 sensor before you even

have a chance to run close loop controls.

In open loop mode, ECU is reading the MAP sensor signal, TPS signal, and temperature signals to calculate the fuel, and

control the fuel comparatively precisely.
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In open loop mode, you can drive the vehicle around, and tip-in, tip-out, and you can do almost everything, except that the
ECU does not really know whether you are running rich or lean. And the ECU cannot self-learn the engine for variations.
The self-fine-tuning of the fuel is not happening.

Even in open loop mode, if tuned well, an EFI engine can run much better than a carb engine, NO QUESTION.

Many OEMs have open loop EFI engines certified with EPA / CARB emission regulations. The key is the tuning.

What if | cannot get a stable engine running in the open loop mode?

If you "smell" it lean, a quick and dirty fix is to enrich the fuel with the global factor: "VAL_fFIApp". And once you have a
relative stable run, you can detune this factor by using other parameters.

If your idle speed is too low, and you cannot maintain the stable idle RPM, go to Chapter 3 (idle air adjustment).

For open loop tuning, you can find the details in Chapter 5. But you need to know what a close loop control system is first.

4.2 Closed Loop fuel control

Q: How to tune the close-loop fuel?

A: You do NOT need to tune it. You only need to make sure it's happening. ECU will automatically tune it (with the O2
sensor).

Q: How do I know it's in close-loop controls?

First, you need to know a little bit of the O2 sensor.
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The O2 sensor indicates lean or rich by a voltage signal.
When the O2 sensor is not active, the voltage should be about 450mV (or 0.45V);
When the O2 sensor indicates rich, the voltage should be > 450mV;

When the O2 sensor indicates |lean, the voltage should be < 450mV;

That's right! It’s a narrow band O2 sensor. The wideband O2 sensor is too expensive to be included in the base
kit. We do have a wideband kit, ALM, for your tuning purpose.

When you see the O2 sensor voltage oscillating up and down around 450mV, that means the close-loop control is active.
Q: How do | see the O2 sensor voltage?

Easy way: in HAECAL, among a bunch of green/black gauges, there is an O2S gauge indicates the voltage.

Better way: You need to log the data and play it back to see what's going on.

In Data Analyzer, check the signal "uLsb", which is "voltage of lambda sensor (02)".

Q: My O2 sensor voltage is always 450mV (even after warm-up, 3 minutes later), what's wrong?

Possible reason #1: you don't have it connected;

Possible reason #2: the sensor is broken, or the wire is broken;

Read the diagnostic DTC in HAECAL.
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Q: My O2 sensor voltage is always greater than 450mV, why?

You are running rich all the time.
Case 1: for many engines, during idle, it has to run a little rich, just because the injector size is not small enough. You are

running in the minimum pulse width (calibrated as 2ms). This is OK.

Case 2: you are running rich at all operating conditions, idle, part-load, WOT, etc. This could be caused by: you have
enriched too much or you have some wrong calibrations. Check your enrichment factors VAL_FIApp; you fuel injector size,

your engine displacement, etc, in HAECAL.

Case 3: The base engine calibration is way off for your engine. The ECU self-tuning is only capable of fine-tuning. You
need to do some advanced tuning. Read the later chapters.
Case 4: The sensor is broken, or the wire is shorted.

Q: My O2 sensor voltage is always smaller than 450mV, why?

You are running lean all the time. It may happen if you have fuel supply issues. For example, your fuel pump is having air
bubbles; or the fuel pressure is not enough; or the pressure regulator is malfunctioning; or the battery voltage is too low,
etc.

You have wrong calibrations. Check you fuel injector size, your engine displacement, etc.

The base engine calibration is way-off for your engine. The ECU self-tuning is only capable of fine-tuning. You need to do

some advanced tuning. Read the later chapters.
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The sensor is broken, or the wire is shorted.

Q: How long does the ECU need to do the self-tuning?

ECU self-tuning is only possible if you have a stable engine running in active close-loop controls. (meaning, engine has
warmed up, O2 sensor is working, system is fault free, open-loop control is in the ball-park of the stoic AFR; close-loop is
active, etc) .

It does not take long for the self-tuning. It takes a few minutes for every different operating condition. The key is to run the
engine in a steady-state and traverse though the common operating conditions (idle, part-load, high-load, WOT, etc.)
There are 2 key signals for you to check the self-tuning progress: "fLcAd" and "OfsLcAd". When you see they are slowly
changing, the self-tuning is in progress; when they settle down at some non-1 value, the self-tuning is kind of done.

INOte: This self-tuning is based on the Narrow Band O2. It only adjusts small errors. It only works if the base fuel
mapping is good.

Note: This self-tuning is a life-long continuous process. It changes very slow, and takes only effect of long term
factors

NOte: During start and warm-up process, the engine is running in open-loop mode; the self-tuning only starts in

the close-loop mode after the O2 sensor is warmed up (see the graph below):
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VVi:V|7C07I’N;ame
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. PurLsbHtNam
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fPreCH
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Chapter 5 VE table and Load table tuning

Note: Erlis an advanced technology compare to the carbs. It requires a thorough understanding of the

electronics and software strategy to be able to tune the system.

Please educate yourself on the basics of engines and electronic fuel injections. There is tons of info on the
internet, and all you need to do is find appropriate levels of materials and read them.

The first concept you need to understand is the "Volumetric Efficiency”.

Warning: some users tried to tune the volumetric efficiency or throttle based fuel mappings, without fully understanding
the EFI system, and ended up with the worse-running engine.

Volumetric Efficiency — VE table

Volumetric efficiency is probably the most important characteristics of an engine.
It determines how efficient the engine is sucking the air into the cylinder, and therefore, how much torque it can generate,
given the certain spark advance and air-fuel ratio.

It is the fundamental calibration of the engine tuning.

By definition, volumetric efficiency is the fresh air mass in the combustion chamber divided by the total air mass in it.
Basically there is always some residual combustion gas trapped in the combustion chamber at the end of the engine
exhaust stroke. The total air mass in the cylinder is the sum of the fresh air and the residual exhaust gas. To know exactly
how much fuel you need to inject and to mix with the air in the combustion chamber, you have to know how much fresh air

is in there instead of the total air mass, and that is why you have to know the volumetric efficiency.
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With a MAP sensor based system, you can measure the pressure in the intake manifold, and use that as the pressure in
the combustion chamber, and together with the intake air temperature, and engine displacement, you can calculate the air

mass in the combustion chamber. This is called by the auto industry as “Speed Density" method. Following the ideal gas

law:
m=PV/RT

m - Air mass

P - Pressure

V - Volume or engine displacement
T - Air temperature

R - Gas constant

Once you know the manifold air pressure, intake air temperature, and the volumetric efficiency, you can calculate the

fresh air mass in the cylinder and therefore the fuel quantity that needs to be injected.

Unfortunately, volumetric efficiency is not able to be measured directly with any sensor. You'd have to calibrate it one

operating-point (RPM vs MAP reading) at a time.

The best way to tune volumetric efficiency is to put your engine on a dyno and use an accurate wideband air-fuel-ratio

(lambda) meter to measure the mixture, and back-ward calculate the volumetric efficiency.
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However, knowing most people don't have access to a dyno, we can propose a coarse way to tune the volumetric
efficiency.

If you have a wideband controller, you can run the engine with the wideband controller together, or ride the bike in a
steady state (comparatively constant throttles and RPMs); at a certain MAP signal and RPM, you can tweak the
volumetric efficiency table until you get the stoic AFR read from your wideband controller.

Make sure you have an accurate and reliable wideband controller, or you could end up with wasting your time.

If you don't even have a wideband controller, you can use an even coarser way to tune it. Use the narrow band O2 sensor,
which comes with the kit, and read the O2S gauge, lean or rich, at certain MAP signal and RPM, tweak the volumetric

efficiency until O2S gauge indicates an oscillating voltages, up and down around the 450mV.

NOte: NB 02 based tuning is only possible if you have everything running normally and in close-loop control.

LOAD based system
To know more about the advance tuning with our EFI kit, you need to understand what the "LOAD" is.

"LOAD" by definition is the actual air mass charged into the cylinder divided by the ideal air mass that could be filled into

the full cylinder.

What is the ideal air mass? When you have your cylinder fully filled with the fresh air at sea level (barometric pressure = 1

bar), and at the temperature of zero degree C (air temperature = 32 F), the mass of the air in the cylinder is the ideal air
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mass. In other words, if your engine displacement is 150cc, the idea air mass is the 150cc fresh air mass at standard

conditions (1 bar, 0 degree C).

"LOAD" is a relative value, in percentage, unit-less.

"LOAD" is not the throttle position, because you can have different air mass in the cylinder at the same throttle position.
Why making it so complicated? Because it is the only way, the RIGHT way, to control the engine.

"LOAD" tells the ECU how much fuel is exactly needed for the desired air-fuel-ratio. Because you can only calculate the

fuel quantity, if you know how much air is in the cylinder.

"LOAD" based system makes the tuning process universal for all engines! It does not matter how big or how small your

engine is.

"LOAD" based system makes the EFI system modularized. The subsystems can be tuned independently (namely air sub-

system, fuel-subsystem, ignition-subsystem, etc.)

You may say: "Hey, | can just use the throttle position and RPM, to map the fuel pulse width on the dyno".

While, you will end up re-tune all your mapping for some small things that you overlooked, or any small changes of the

engine. You will have to start the tuning for a new engine from the scratch every time.

LOAD based tuning makes most of our tuning data “portable” from one engine to another, with minimum changes. LOAD

based tuning is the only professional way to tune.
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TPS based LOAD mapping
Once you know what the "LOAD" is, you can tune the TPS based load mapping.

Our system do not let you map the fuel pulse width directly out of the TPS / RPM table, because it is too coarse, and it is
affected by too many factors (temperatures, altitude, speed, AFR, etc.). It may seem easier to map the engine in the

coarse way, but it actually costs more time and efforts later on. You'll pay for that “short-cut” sooner or later.

Our system let you map the "LOAD" out of TPS/RPM table, and then the load is used everywhere else as the base inputs
(fuel, ignition, lambda, etc). Why? Because LOAD is the most representative physical variable for air charge in the
cylinder. Throttle position is not even proportional to the air mass. It has a non-linear relation to the air mass (if you know

some math®).

LOAD is normalized against the air temperature, and altitude, and pressure. This means, you base LOAD mapping is not
affected by the altitude, temperature, density, etc. Those factors will be added in later. This is the fundamental of “model-

based-design” , a modern method used by Ford and GM, etc. engineers.

The way to calibrate the LOAD mapping is similar to the "volumetric efficiency" table. The best way is to use an engine

dyno. If not, use a wideband controller, and if not, use the narrow band O2 sensor to do "estimations".

At certain throttle position, and RPM, tweak your LOAD output, until you have a good AFR.

This is called "Alpha-N" model by the auto industry.
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Blended Speed-Density and Alpha-N methods

So, "Speed-Density", or "Alpha-N", which method is better for engine controls? There have been too many debates on

this. Just google it.

But the truth is: neither is perfect. You need both. You need blend them together to have the best engine controls,

especially for high RPM, sporty motorcycle engines.

As common sense, MAP sensor is a direct measure of air mass into the cylinder, while TPS sensor is an indirect measure
of the air mass. It seems MAP sensor based "speed-density" is better than TPS based "Alpha-N" method for air charge
detection. This is true at low RPM and small loads when the MAP sensor signal has enough resolutions and the air mass
calculated based on the instant manifold pressure is more accurate than the estimated by TPS position. TPS based air
mass estimation has very poor resolution at low throttle opening. A small throttle position change at low throttle can cause

big air mass change.

But as you may have noticed, small engines' manifold pressure is changing so dynamically, there is no "stable, constant"”
MAP signal; even you hold the throttle position unchanged. This becomes worse when you have large throttle opening,
and you are running more than 6000 RPM. MAP sensor signal becomes un-stable and even not usable. For motorcycle
sporty engines, at large throttle opening, which is usually accompanied by high RPMs, the air flow in the manifold is so
fast, that the pressure change cannot be detected by MAP sensor any more. The result: you open the throttle more, but
your MAP sensor gives you the same pressure reading, which is certainly wrong, because you have more air flow into the

cylinder. In this situation, you must use "Alpha-N" method to calculate the air charge.
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So, in short, you should use "Speed-density” for low RPM, low loads; but use "Alpha-N" method for high RPM, high loads.
This is exactly how our system works.

We have a TPS characteristic curve that is based on RPM to split the fuel mapping between the "speed-density" and
"alpha-N" methods. This curve is the threshold of TPS, that below it, you use "speed-density", and above it, you use
"alpha-N". The curve is dependent on RPM.

You can find this curve in the advanced calibrations in HAECAL (this calibration is only available for certain users):

HAECAL - advanced - add advanced calibrations; Add:

CUR_TpsUnTp_ N "Characteristic curve, TPS threshold, air flow is un-throttled and/or pressure change is insensitive."

—1o1 X1}
II:UH_TpsLlnTp_N j N_b: [Fpm] "engine speed, byte value"” L
CUE._TpsUnTp N: [%6] "throttle position for 83 % of load, dependent on the engine speed”
N_b 7a0.000 1020.000 1440000 13930000 2340000 Z760.0000 3300.0000 3720.000/ 4380.000) 5100.0000 5530.000 &000.000

CUR_TpsUnTp N g3.844 g3.844 23.944 89.944 89.844 89.063 89.063 53.063 83.063 03.844 53.544 83.544

Too complicated? | don't want to tune both tables, How about just one table?

Of course, you can just use one method: "Speed-Density", or "Alpha-N". Only you don't have as much accuracy as the

blended method. But most users do not really need that much of accuracy. Using one method is often good enough.

Confidential HAE Page 65



HAE LLC Engine EFI tuning guide V1.8

If you engine max RPM is less than 8000RPM, "speed-density" method often gives good enough controls without using
"alpha-N". Actually most of our base engine calibrations use the "speed-density" over the whole load / speed range.

This means you only need to tune the VE table.

Some other users prefer to using TPS based fuel mapping. And use MAP sensor only for Baro pressure reading
(therefore adjust fuel for different altitude). This is especially true for 2-stroke engine tuning. As you know, 2-stroke
engine does not have much meaningful manifold pressure to be used as air charge detection.

In this case, you only need to tune the "TPS based Load Mapping" table.

The disadvantage of "Alpha-N" method is that it does not adapt to the small changes in the intake air systems. Say, a

small air leak will cause your idle AFR deviated.

For a sporty, high RPM engine, like Kawasaki Ninja 250r, which has a RPM range of 1500rpm - 13000rpm, the blended
"speed-density" and "alpha-N" is a must to have a good control over the wide range.

Specific examples:

Ok, you have read and known the above information, let's try to tune it.

If your engine is running rich or lean in different throttle positions, you need do some advanced calibrations. There are two
fuel mapping tables, one is "RAM_MAP_fVe_Map_N" which is based on pressure signal "Map" and RPM, the other table
is “RAM_MAP_LdTp_Tps_N" which is based on Tps and RPM.

Confidential HAE Page 66



HAE LLC Engine EFI tuning guide —-V1.8

For four-stroke engines, the default fuel mapping usually is volumetric efficiency table (MAP_fVe_Map_N), at least for all
low RPM and mid-range RPM. For high RPM and WOT, it is based on "MAP_LdTp_Tps_N". The split between the 2
tables is defined in "CUR_TpsUnTp_N":

=10

IEUH_TpSUnTp_N j N_b: [Bpm] "engine speed, byte value"
CUE_TpsUnTp N: [%&] "throttle position for 25 % of load, dependent on the engine speed”

H_b ¥80.0000 1020000 1440000 1330.000 =2340.000) 2760.000 3300.000) 3720.000 4380.000 5100.000 5530000 &000.000
CUR_TpsnTp M 53.844 53.844 53.944 53.844 53.544 83.063 B3.063 83.063 83.063 53.844 53.844 53.844

If the throttle position (Tps) is bigger than the value of the table, it will be changed to use the Alpha/N model, otherwise it

will use VE table.

Example:

(1) You can use NB O2 sensor voltage in the closed loop control to know whether it is rich or lean.
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NoOte: fLc is the factor of lambda control, when closed-loop is active. It automatically changes based on the

02 sensor feedback. If it is smaller thanl for a long time, it means the default VE table value is too bigger; you

need change it to a smaller one to reduce the fuel quantity.

(2) Using the wideband ALM, you can read the AFR or lambda directly, and also log the real-time lambda (lamWO?2) in
HAECAL.

For details on how to integrate the wideband ALM to the ECU and enable the ALM based auto-tuning, please
download our document of “ALM-ECU integration Manual” here:

www.uavenginesystem.com/download/
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Figure 2

You can change the VE table value based on "Map" and "N", and adjust MAP_LdTp_Tps_N based on "Tps" and "N".
You can read the value of "Map" and "N" in HAECAL (Go to menu->Variables->Display Type->List).
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NOTE: If you want to tune the value of VE table or Alpha/N table, the engine must be warmed up, there is no enrichment

factor, and you set it to ECO mode with the NB O2 sensor.

Try to calibrate one cell value now, N=6929, Map=475, fLc (Or lamWo2) =0.75

_ipix

j X: Pim, [hPa], "mtake manifold pressure"

T: N, [Rpm], "Engine speed in BEpm"
MAP fVe Map N: [-] "Factor Volumatric Efficiency, dependent on pressure and engine speed"

A 300.00) 350000 40000 43000 460.00 500.00 550.00 600.00) 650.00) 700.00) 750.00 800.00 85000 900.00 570.00 1050.00
120000 | 04627 05033 05413 05756 05362 06113 06233 06440 06634 05343 06341 06774 06545 06343 06153 06053
140000 | 04837 05233 05613 05856 05332 06213 06453 06675 06307 06311 06341 06734 06562 06362 06150 06053
1650.00 | 05037 05433 05313 06056 06262 064153 06653 06835 06333 06376 07043 06312 06661 06531 06353 06153
200000 | 05237 05663 06013 06256 06462 06612 06353 07044 0137 071582 0FA161) 06337 06753 06744 06431 0629
250000 | 05437 05863 06213 06456 06662 06313 07053 07273 07373 074584 07412 07204 07013 06333 06616 06430
3000.00 | 05633 06037 06441 0EE98 06892 07032 07232 07498 07674 07843 07742 07475 073500 07221 07065 06365
350000 | 05338 06246 06673 06525 07017 072600 07485 07608 07833 08051 07964 077260 07602 07463 07218 07061
400000 | 06041 06412 06357 07013 07258 07477 07647 07304 08223 084583 08233 08155 08052 07976 07607 0747
500000 | 06204 06667 07051 07278 06264 08623 08533 08633 08410 08356 05243 08015 07814
6000.00 | 06471 06341 07218 07427 08434 08323 03083 08333 08710 08656 09643 08423 08297
00000 | 06422 06343 07247 07418 08554 08323 03083 08333 08710 08656 08643 08571 08297
8000.00 | 0.6473 06833 07255 0.7437 08554 0.8323 03083 08833 08710 08656 08643 08591 058297

To calculate the fuel injection quantity within the red circular area, for example, at 6929 RPM and 475 Map, because it is
rich, and needs to reduce the value of this area to get less fuel quantity, according to the O2 sensor factor; you can
multiply the value of “fLc” or “LamWO?2” to the cell value and hit “ENTER”. See below:
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Note: the VE table and LOAD table can be calibrated “on-the-fly”, meaning, it takes effect immediately.

S [=] .5
IM.-i'-.F'_F'v"E_Map_N j X Pim, [hPa], "intake manifold pressure”

T: N, [Bpm], "Engine speedin Epm"
MAP fVe Map N: [-] "Factor Volumatric Efficiency. dependent on pressure and engine speed"

i 200.00) 350000 400.000 43000 460000 50000 55000 60000 650.00) 700.00 ¥50.00 80000 85000 300.00 970.00 1050.00
1200.00 | 04627 05033 05413 05756 05362 06118 06233 06440 06634 06343 06341 06774 06546 06343 06153 06053
1400.00 | 04837 05233 05613 05856 05332 06218 06453 06675 06307 06311 06341 06734 06562 06362 06180 06053
1650.00 | 05037 05483 05313 06056 06262 06413 06653 06535 06333 06376 07043 06312 06661 06531 06353 06153
2000.00 | 05237 05663 06013 06256 06462 06612 06853 07044 0A137 07182 07161 06337 06758 06744 06431 06291
250000 05437 05363 06213 06456 06662 06318 07053 07273 07373 07484 07412 07204 07013 06533 06616 06480
a000.00 | 05633 06037 06441 06633 06832 07032 07232 07438 07674 07343 07742 07475 07350 07221 07063  0.6865
3500.00 | 05335 06246 06673 06325 07017 07260 07485 07608 07333 038051 07364 07726 07602 07463 07213  0.7081
4000.00 | 06041 06412 06357 07013 07253 07477 07647 07304 08223 08483 08233 08155 08052 07376 07607 07491
5000.00 | 06204 06667 07051 0727 Age—feiCod 07306 08264 08623 05333 08633 05410 08356 08243 0305 07314
E000.00 | 0EB471 0E341 07218 074 3 08434 08323 09033 08833 08710 08656 08649 08423 08297
F000.00 | 06422 06343 07247 0741 0. [ 06200} 08554 08323 03033 08333 08710 08656 08843 0853 08297
8000.00 | 06473 06333 07253 07437 1 : . 08554 08323 09033 08333 08710 0.8656 08643 08531  0.8297

You can use the same method to calibrate all other cells of the table, when you have finished the calibration, the table
must be manually made smooth and burn it to ECU. It is critical to have a smooth transition from on operating point (one
cell) to the next in the VE table, never ever leave a spike in the table (a good way is to export the table to EXCEL and plot

3D surf, and manually smoothen out any spikes). Spikes are no good for engine controls.

You can also use the real-time lambda (ALM output) to calibrate the table. Make sure to use the engine steady-state

running signals.
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The method to calibrate the MAP_LdTp_Tps_N (Alpha/N model) is same as MAP_fVe_Map_N, only different in the
dependency of "Tps" and "N", throttle position and RPM.

Note: To make it easy on the time-consuming tuning, understand you don't want to tune each cell, we

developed the "EXPORT" functions of the tables. You can modify the whole table in Microsoft EXCEL!

Right click the table, select "export", it will save the table in the CSV format. And you can do the editing in Excel, which
most users are very familiar. After you done the editing in EXCEL, you right click the table in HAECAL again, and select

"import", select the CSV file you saved, and it will import the whole table back in.

It is so easy to edit the table in EXCEL that it has become a must to use this feature to do the tuning. You can also do the

3D plots, and use EXCEL math functions to tweak the cell values, and smooth out the spikes.

You can calibrate CUR_TpsUnTp_N to choose when to use Alpha/N model.

If you want us to help you to tune the EFI, Please log data at different conditions, and have comparativel steady state

driving at different throttle positions.

For two-stroke engines, the default fuel mapping is Alpha/N method, "RAM_MAP_LdTp_Tps_N", so if you want to
calibrate the fuel quantity for a 2-stroke engine, you just modify the LOAD table only. The procedure is same as the four-

stroke system.
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Some notes before tuning the fuel mapping tables:

1) The engine has finished warm-up, this means it doesn’t have other enrichment factor. You can see the value
of “fPreCtl”, when the fPreCtl is 1, you can go to tune the tables.

2) The fuel pressure must be enough and stable, the fuel pressure is about 3Bar (43psi).

3) When you tune the value of the fuel tables, you need read the lambda (LamWO2) in the stable condition;

stable throttle position and RPM, not use the lambda in accelerate and decelerate to tune the tables.

Confidential HAE Page 74



HAE LLC Engine EFI tuning guide —-V1.8

Chapter 6 Ignition Timing Tuning
Pickup (sensor) to TDC angle

If you are using our ECU and our CDI to control the ignition timing (spark advance), based on a single pickup (sensor),
you must identify the offset angle between the pickup pulse and the engine TDC.

Only by knowing, this offset angle can the ECU control the CDI to fire the ignition at the right timing.

This offset angle is usually about 29 degree crankshaft angle before the TDC, for most CDI ignition systems.

If you don’t know this offset, or if you have trouble to figure out this offset angle, you better keep the stock ignition system
and use the EFI to control fuel only. This way, you can start the engine, and worry about the ignition system later.

For the information of how to configure a Crank sensor with a multi-tooth trigger wheel, refer to Chapter 2.
How do | set the offset angle in HAECAL?

Please add this advanced calibration variable in HAECAL:
HAECAL - Advanced - Add Advanced Calibrations:
Default: VAL_dlgaGap2TdcAdj = -29 CrA (crank-shaft angle)

=

[¥al_digaGap2Tdetdi |

N ame Y alue [ Urii | Description a
Wil dlgal ap2 T dotd) -29.000 Créy, "l gritior angle adjustrient frorm GAP to TDC, for differer
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This defines the offset between your trigger pulses to TDC.
The default is -29 CrA. That means 29 degrees in advance to the TDC.

How to find the offset angle:

the pick-up pulse is triggered @‘llark on engine block

Tab Falling edge

TDC mark on magneto
Ta

9,

Tab Rising edge

Pickup
(sensor)

Engine rotates to TDC, the Tab
Rising edge is right under the

sensor; and the trigger pulse
is generated; the engine is 29
degrees ahead of its TDC

position
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@\nark on engine block

ark on magneto

Pickup
(sensor)

Engine is at the TDC, the Tab
Rising edge passed the sensor
for 29 degrees.

Note:
VAL_dlgaGap2TdcAdj=-29

- It is a negative value. -29 degree of crankshaft angle (CrA); here negative means before TDC.

This number (-29) is OK for most scooter/bike engines, so you don't have to change.

You can use a timing light to verify whether the ignition angle is close to what should be.

-VAL_dIgaGapZTchdj has been changed to the positive value with our newest software.
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You can find out whether it should be a positive value with your A2L file, such
as:”S33_H1_L48_Crl17_AT3.4_E4.a2l” if the number is bigger than “Cr17”, for example, “Cr18 or Cr19....” it
means it is the newer software; the VAL _dlgaGap2TdcAdj should be positive value.

Start ignition angle

If you use HAE’ CDI to control ignition, the default start ignition angle may be not suitable, if it has start ignition issue, you
can try to modify the start ignition angle table Ignition; it is based on the engine temperature at start.

Please add this advanced calibration variable in HAECAL:

HAECAL - Advanced - Add Advanced Calibrations:

T ST
ICUR_I;!&Sta_TmSta j TmSta: [DegC] "engine temperature at start”

CUE._IzaSta TmSta: [CrA] "ignition angle at start depend on engine start temp.”

TmSta -30.000¢ -15.000 0.000 20000 60.000 90000
CUR_lgaSta_TmSta 9.000 9000 9.0000 9000 9.000 9.000

Angle in start: CUR_IgaSta_TmSta

When engine go to start, the ignition angle is the value of CUR_IgaSta_TmSta

Basic Ignition Angle mapping

Basic ignition angle is the spark advance that you can run the engine at the max torque (at given LOAD and RPM),

without causing the knock.
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Actually it is not 100% optimized. There are 2-5 degrees of buffer reserved to protect the engine. You cannot run 100%
optimized spark advance unless you have a good knock control systems (with knock sensors, for additional cost, etc).
There is a 16x12 ignition angle table (based on RPM and Load) for you to tune at different operating conditions. There are
other tables, to adjust ignition angles dependent on temperatures, AFR, altitude, etc. It is fully programmable ignition
control systems, compared to a pre-set factory ignition curve only dependent on the RPM.

The 16x12 basic ignition table is dependent on RPM and Load, and you can tune it to whatever curve, or actually "surf" as
you want. Factory CDI timing is usually a fixed curve - more advance at higher RPM. That's it.

ECU controlled ignition angle has much more flexibility: it also takes into account of AFR (rich or lean), temperatures (cold
or hot), altitude, etc. You need to read through the strategy book to understand how these factors affect the final ignition

angle output.
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In HAECAL.:

Menu -> calibrations - ignition system - basic ignition angle ->

=TS
IH.ﬂ.M_M.ﬂ.P_Iga_N_Ld H: Ld_b, [%] "Leoad, orrelative air charge (byte)"
T: N b, [BEpm] "engine speed, byte value"
MAP Iza N Ld: [CrA] "characteristic map, basic ignition angle, dependent on engine sp

N 20260 26250 322650 38250 44250 60250 6E250 EB2260 EB8.250 74250 80250
1200000 12000 12000 12000 12000 12000 12000 12000 12000 12000 12000 12000
1680.000  15.000 15000 15000 15000 15000 15000 15000 15000 15000 15000 15000
1380.000 20,250 20250 20250 20260 20250 20250 20250 20250 20250 20250 20250
2460.000 22500 22500 22500 22500 22500 22500 22500 22500 22500 22500 22500
3000000 24750 24750 24750 24760 247650 24750 24750 24750 24750 24.750 24750
3540.000 30,000 30000 30000 30000 30000 30,000 30000 30000 30000 30000 30,000
4020000 30750 30750 30750 30750 30750 30750 30750 30750 30750 30750 30,750
4500000 32250 32260 32260 32260 32250 32250 32350 32250 322650 32250 32260
4350.000 32250 32250 32250 32250 352250 32250 32250 32250 32250 32250 32250
5520.000 33000 33000 33000 332000 33000 32000 33000 33000 33000 33000 33000
BO00.O00 35250 35260 35250 35260 35250 365250 35250 35250 35260 35250 35250
F0200000 35250 35250 35250 35250 35250 35250 35250 35250 35250 35250 35250
780,000 35250 35260 35280 35260 35250 35250 35250 35250 35250 35250 35250
000,000 35250 35260 35280 35260 35250 365250 35250 35250 352650 35250 35250

10020000 35250 35250 35250 35250 35250 35250 35250 35250 35250 35250 35250

10200000 35250 35260 35260 35260 35250 365260 35260 35250 36260 352508 35260

NOte: The default ignition table is very close to the best ignition angle, so if you want to change it, please adjust

it in a small step and range, such as 1 degree or 3 degrees (For example, if the default value is 36, you can

change it to 38). It protects the engine from too aggressive ignition angle, which can damage the engine.
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Minimum ignition angle is the latest spark retard angle (refer to TDC) that you can still run the engine without

misfiring.

"% Min ignition angle

[MAP_Igahn_N_Ld

X: Ld_b, [%]

Y: N_b, [Rpm]
MAP IgaMn N Ld: [Cra]

"Load, or relative air charge (byte)"

"engine speed, byte value"

"characteristic map, mimimum ignition angle, dependent ¢

=10l x|

A
1200.000
1680000
1380.000
2460.000
A000.000
3540.000
4020.000
4500.000
4380.000
5520000
G000, 000
F020.000
380,000
3000.000

10020.000
10200.000

20250

-12.750

-3.000
0.000
2250
2250
2.2a0
E.750
8.250

15.750
20.250
22500
23,2580
25.500
25.500
25.500
25.500

2B.250

-21.000
-11.250
-10.500
-11.250

-3.000
-4.500
-0.750
-0.750

5.250
11.250
13.500
13.500
18.750
18.750
18.750
18.750

32,2580

-27.750
-18.750
-13.500
-18.750
-16.500
-14.250

-8.250
-6.000
-5.250
2240
4.500
4.500
11.250
11.250
11,250
11.250

38.250

-33.000
-24.750
-24. 750
-24.000
-20.250
-19.500
-15.000
-11.250
-11.250

-7.500
-3.750
-3.750
2.000
2.000
2.000
2.000

44,250
-38.250
-29.250
-28.500
-28.500
-25.500
-24.750
-18.750
-15.000
-15.000
-14.250
-10.500

-8.250
-3.750
-3.750
-3.750
-3.750

50.250

-42.000
-33.000
-32.250
-31.500
-28.500
-27.000
-21.750
-17.250
-18.000
-17.250
-13.500
-12.750

-9.750
-9.750
-3.750
-9.750

56.250
-44 250
-36.000
-35.250
-34.500
-31.500
-28.500
-24.000
-18.750
-19.500
-19.500
-16.500
-15.000
-14.250
-14.250
-14.250
-14.250

B2 250

-45.000
-39.000
-37.500
-37.500
-33.000
-29.250
-26.250
-20.250
-21.000
-20.250
-18.000
-15.750
-15.750
-15.750
-15.750
-15.750

65,250

-45.000
-43.500
-39.750
-39.750
-33.750
-30.750
-28.500
-22.500
-23.250
-21.000
-19.500
-17.250
-17.250
-17.250
-17.250
-17.250

74,250

-45.000
-45.000
-42.750
-42.750
-34.500
-33.750
-30.000
-24.750
-24.750
-21.750
-20.250
-19.500
-19.500
-19.500
-19.500
195000 -

80,250
-45.000
-45.000
-45.000
-45.000
-36.000
-36.000
32,250
-26. 250
-27.000
-23.250
-21.000
-21.000
-21.000
-21.000
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Other Ignition Angle Adjustment

Basic ignition angle will be adjusted according to temperature, altitude, lambda, knock limit, etc. That's probably why
sometime you see the actual ignition angle is not the one you filled in the basic ignition able. It can be something in the

middle of basic angle and minimum angle.
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Chapter 7 Advanced Tuning

7.1 Transient fuel

To improve the performance of the throttle response, you need to change the transient fuel.

When you open the throttle, if you feel the bike bogs or pops or doesn't have much power, it may be too rich or too lean,
you can read the AFR/lambda by using the ALM wideband senor. Then do some advance tuning according to the below

instructions. Add two calibration variables by using the advanced calibration menu, “CUR_Wf_Ldp" and" VAL _fTrsRedS"

"CUR_WIf_Ldp": the wall film fuel quantity during the transient, depend on the predicted LOAD.

“VAL_fTrsRedS": reduction factor of the short-term transient fuel

Our transient fuel tuning, is based on the Wall film model. Wall film fuel is the fuel stuck on the intake manifold wall or
combustion chamber corner, clearance, which is not participating the combustion. Then you open the throttle or close the
throttle, the wall film fuel will increase or decrease, and therefore change your desired AFR.

The transient fuel tuning is to model this wall film at different Load conditions, and then compensate the fuel that is caused

by the wall film fuel changing.

The wall film fuel is modeled based on the “Predicted LOAD”. Predicted load is the engine load of the next combustion
cycle. You must use predicted load, not the current load, for the next cycle’s fuel calculation. This is a whole advanced

engine control theory, if you are interested.
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Below are a couple of examples of transient fuel tuning.

H % ‘TimeFromz [26.33 o [8154 0~ 71411[5)

Vi Co| Name [Cusort  [Cusor2 [Diff [ Units| &
Y tinj0 5.201 5.257 0.05600 ms |_ |
\//Tps 48.06 6258 1452 %
uLsb: lambda sensor voltage signal _2,7 N U?;gg Ugssg 0.08112333 H\;m
Map 897.1 8616 -3550 hPa
the value of ulLsb is more higher, the v Il LdPd %% 7830 1950 %
08 fule is rich, otherwise, the fule is B LanDst 1000 1.000 0.
gl lean / Il gt 0 00 s
A D Last_Rising_Ec 49003493 43496405 492912
TexBICat 4339 5046 1070 DegC
.mstL 34.20 3470 05000 s
- Ta0ff 40.00 40.00 0 DegC
B 1200 1200 0DeqC
OfsLead 0 0 0 %
06 In the picture, you can see the ulsb is B Pan 1046 1046 0 hPa
il high when adding throttle, it means the =wastHtNorm 01700 01600 0.01000 %
3 3 3 K i fwmp 1.000 1.000 0
fuel is rich, that s why 1t.bogg1ng. T 000400 0 Deat
“191 so reduce the fuel and try it. TmOff 1200 1200 0 DeaC
":',' fPreCtl 1.000 1.000 0
. Nraw 1427 2678 1251 Rpm
StepPos 0 0 0
B stepPosDsr 1480 1480 0
04 | B P B63 7051 5880 hPs
. TmSta 1230 1230 0 DegC
B 4540 4630 9.000
Maf 28.44 4432 1588 ka/h
Iga0ut 12.75 2250 9750 Cid
Ld £4.50 7038 5880 %
Y B LdTp 7584 7357 2270 %
.Last_Hising_Ez 48970430 43474731 504244
02 FI 8418 8512 03400 %
Last_Falling_E: 43004220 43437050 492828
. fLead 1.000 1.000 0
l B Err_CrankSens 0 0 0 -
| [ 5178 B400 1222 kP
QTDS 27.91 4545 1754 %
. 18T 40.00 40.00 0 DegC
_‘j ECT 1200 1200 0/Deal LI
e | > . J ' | : . E i E ! g ! v i’ | 2 ! ! i 5 ! L d | s 3 y . | b ' ! 3 | 3 ! ! : | 4 y ! ! : LJ
26.33 26.51 27.06 |2?.24 27.42 2761 2779 27.97
| ActivenLsb20ms TI2701E] 227484 TOTI(047
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| Tirme Fram: |207.35 to [208.238 0 - 248297 3] Zoom Al

Vi‘| C0| Mame |Eursur1 |Eursur2 |Diff ‘Units| A|
- 3535 . a ms |
L ps 0 9999 9999-%
v/l 1912 1882 -2300 Rp
Lamiwi02 07317 07534 002170
¥ 453 B30 mMB-%
B roimp 1,000 0
| [ 0 0 0 s
TesBiCat 5258 5254 04000 Degl
% B 7900 7900 0 DegC
b | [0 5680 5700 02000 s
iPreCt 1000 1.000 i
B a0 3|00 3800 0 Deat
B PeslsbHiNom| 01600 01700 001000 %
B LanDsr 1000 1.000 0
DfsLohd 00230 00230 0%
B Fam 0¥ 1037 0 hPa
. T 7800 7900 1.000 DegC
= Ta 300 300 0 DeaC
& B Tosta 7200 7200 0 Degl
= 0 4 Igalut £260 700 2250 Cib
Last_Rising_E1 '340113629 34197105 183472
[ Last_Rising_Fr| 733979545 734159537 179984
B e 1768 1§19 -239.0 Rpm
Pid 2277 4080 1803 hPa
B i 1050 1052 2000
B hiap 2707 4983 2245 hPa
et 3|78 B0EY 2191 kath
Ld 123 303 1680 %
LR .1
ST LdPrd 123 7038 4315 %
- : %
Last_Faling_E1 134014510 124198029 183520
Fi M IRE
| ey 031 R0 63 %
. Err_Fuel Flag 1280 1280 0
B s 0362 4190 3873 v
B 1243 12421000000 Y
.En_ErankSens 20 20 o -
jMAP 620 4953 231 kPilj
S L o e Lt [ [ [ [ : ’
7.3 207.44 20753 20762 2077 77 207.88 207.97 209.06 20815
Active FlTrsCri100ms _ _ _
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You can calibrate the "CUR_Wf_Ldp" value based on the LdPrd, you can read the value of LdPrd in HAECAL.

CUR_Wf Ldp o ] 4

ﬂ LdPrd: [%:] "load predicted for injection time calculation”
CUR_Wf Ldp: [%] "characteristic curve: fuel wall film, depenedent on Load predicted "

T 0.00 600 1200 1800 2400 20.00 3600 4200 4800 5400 6000 G600/ 7200/ 78.000 2400 90.00 96.000 10200
000 463 1200 41.06 E506 9000 12694 159.54 18094 19983 21694 23208 241.88 24500 25706 261.94 27600 29608

d

% Selected Variables - Ol x|

Viz | Col| Mame |¥alue | Rate [ Uit [Min | Max | Discription
Fl 5E6.95 Syn Z 1] 3072| "Relative fuel mazs"

- |galiut 3025 Syun Cra 96 95,25 "lgnition angle output walue"'
Ld bl Sun % 0 1536 "Load, or relative air charge"

1‘ LdPrd .25 E a 1535.977| "load predicted for injection time calculatic

LdTe 2 sl Spn 0 1535.977| "Load through thrattle walve"

b af 1457 Sun kg'h 0 1572 "Mazs air flow"

kap 2859 968 Syn hPa I} 2BR0 "Intake manifold pressure measured with b

W - M 265225 Syn Fpm 1] 16383 "Engine zpeed in Rpm'

- rilj 1283.00 Sun 0 ERE35 "number of injections '

tinjll 337 Syn mz I} £5.535 "injection time for injector §0"

[{ 1.0000 20ms 1] 2 "Lambda contraller autput [ward)"”
- Map 255996 20mz hPa 0 28E0 "Intake manifold prezsure measured with b
- Mrawm 2650.00 20mz Rpm 0 16383.75| "Engine speed in rpm from LLD"

W - Tpz 12.50 20ms| % 1] 100 "throttle pozition with respect ta lower rmec
Ibéde 12.03 20mz W 0 25.6| "battery vaoltage; scanned value of microp
ulLzb 04541 20mz W -1 4| "oltage zignal from the lambda senzor be
ukdap 4 9707 2mz W I} 5| "Waltage signal of manifold pressure sensc

- uPot 49756 20ms | W 1] 5 "ADC-voltage of patentiometer sensar '
| uTpz 49744 20mz W 0 5| "aD C-voltage of throttle pogsition sengor '

You can change the wall film quantity according to LdPrd before increasing the throttle and after increasing the throttle.
The delta of the wall film quantity at different LdPrd is the base transient fuel. If you see lean conditions at the throttle
opening, that means you need to add more wall film at high Load conditions (big LdPrd).

You can also try to adjust the value of "VAL_fTrsRedS" to get different effects of the throttle opening conditions.
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"CUR_fwLdpMapTps_N" is a weight factor for PN model and Alpha/N model in transient conditions.
Raise the value of CUR_fwLdpMapTps_N will make TPS-based prediction more weighting, when you increase throttle in

acceleration condition.

When you begin to calibrate the transient fuel, the basic injection table must be stable, the engine must run normally. And

to calibrate it, you need to repeat the test to get a better performance.

Advanced tuning for throttle blips

If the response of throttle blip is not in favor, and you have the right software version from us for this issue, you can
calibrate it by yourself, and find a suitable value to improve the response (usually for the big displacement engine).
Injection compensation variables for throttle blips:
VAL_dtInjTpBlip_Max --- max delta injection pulse width in ms when throttle blip happens.
VAL_dtinjTpBlip_Min --- min delta injection pulse width in ms when throttle blip happens.
VAL _dTpsTpBlip_Min --- min delta Tps change in 20ms to recognize the throttle blip.
(If the Tps change is bigger than VAL_dTpsTpBlip_Min, it will enable the function to add fuel.)

VAL _NTpBlip_Max --- max RPM limited when throttle blip
(If the RPM is higher than VAL_NTpBIlip_Max when the throttle blips, there is no additional fuel)
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delta injection pulse width /]
VAL_dtinjTpBlip_Max ‘1

VAL_dtinjTpBlip_Min

N
7

VAL_dTpsTpBlip_Min ulips

VAL _dtInjTpBlip_Max --- max delta injection pulse width in ms when

throttle blip happens.

VAL_dtInjTpBlip_Min --- min delta injection pulse width in ms when
throttle blip happens.

VAL_dTpsTpBlip_Min --- min delta Tps change in 20ms to recognize
the throttle blip.

Dashpot functions for deceleration:
And if you have the software for deceleration to avoid a stall issue with the stepper motor control system, you also can

calibrate the below variables.
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VAL_McDashpot_DeltaDecrements: the step size of IAC ramp-down, range: 12-24; the bigger the value, the faster
the ramp, but more likely to stall.

VAL_McDashpotlnitValue: initial position of the IAC motor for dashpot, range 640-320;

NOte: You can find the variables in HAECAL if you have the correct A2L file, go to menu->Advanced->Add

Advanced Calibrations. You need repeat the attempts to tune it.

7.2 Decel-Fuel-Cut-Off

Our EFI system by default has enabled the decel-fuel-cut-off function. It is RPM dependent, when you release the throttle
to idle and RPM is higher than the table value, it will cut the fuel injection.

And you can adjust the table value to decide at what RPM to resume fuel.

Menu->Calibrations->Fuel system->decal-fuel-cut-off
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"% Decel fuel cut off 1ol x|
ICL‘R__}{Rgm_Im Tm: [DegC] "Engine temperature"

CUE._NEsm_Tm: [Epm] "char. curve, fuel resuming speed, dependent on engine te

T 30,000 -10.000 25.000 50.000 30.000
CUR_MRsm_Tm | 4020.000 3000000 3000.000 3000.000 3000.000

Note: so if you want to disable decal-fuel-cut-off, you can adjust the table value to a bigger one.

But don't disable the decal-fuel-cut-off, if you are running in a mountain area, and it may damage the engine in

downhill driving because a lot of un-burnt fuel getting into the exhaust system.

7.3 Driver’s desired lambda

1) Driver desired lambda is only feasible after you have the system running stably in close loop controls and the ECU
has done the self-tuning. That means, the ECU can control the AFR in the vicinity of stoic AFR (14.7 for gasoline).
Only after that, ECU can command a meaningful AFR other than the stoic. Otherwise, the driver desired lambda

could have a big deviation from the actual lambda value.

2) Driver desired lambda is meant to give the user a way to command the AFR other than Stoic, either for

performance purpose (more likely) or fuel saving purpose.
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3) Default value of desired lambda is as below table. It is enriched at high end. 1 means stoic AFR (14.7 for gasoline).

4) Desired lambda table can be activated by turning on the "RICH" mode, by switching the "Performance switch" to

ON position. By default, the engine is running in "ECO" mode; and the desired lambda table is not used.

Some more comments on RICH mode: Rich mode only works well after ECO mode is tuned.

RICH mode is actually an open loop mode, meaning, ECU will command the "desired Lambda” based on the ECO
mode tuning. It assumes you have tuned the base mapping like VE table and TPS Load table close to Stoic AFR at all
conditions. It then divides the desired lambda on the top of the base fuel quantity.

In RICH mode, you only tune the “desired lambda table", which should between 0.8 to 1.2 ranges. This is nothing but
a dividing factor on top of the base fuel mapping.

For example, you base fuel mapping outputs a fuel quantity of 3ms pulse width, and your desired lambda is 0.9; then

your final fuel pulse output is 3 /0.9 = 3.33ms.
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Menu->Calibrations->Driver's demand->desired lambda

-loix
[MAP_LamDry_Tps_M ¥: N, [Rpm] "Engine speedin Rpm"

Y TpsEqu, [%] "throttle position equivalent value, including the idle by-pass air flow"
MAP TamDrv Tps N: [-] "characteristic map, Driver desited lambda, dependent on TPS and N"

A 1400.000 2000.000 2600.000 3200.000 3300.000 4400000 5000000 5600000 6200000 6£300.000 7400.000 S000.000

0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
3914 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.926 0.926 0,926 0,926
B.526 1.000 1.000 0.333 0.936 0,386 0,936 0,986 0.386 0.952 0952 0.952 0952
9132 1.000 0.993 0.952 0.952 0952 0.952 0952 0.952 0918 0918 094 0918

13.048 0,926 0,926 0918 0918 0918 091a 0918 0918 0918 0.825 0825 0885
16.963 0,936 0,986 0918 0.885 0.885 0385 0.885 0.885 0.885 0.850 0.850 0.850
20.879 0.385 0952 0.891 0.8a85 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850
24.792 0825 0.952 0.891 0.ave 0.850 0.850 0.850 0.850 0,850 0.844 0844 0.844
32617 0.8va 0.885 0.385 0.871 0.850 0844 0.844 0.844 0844 0.837 0.837 0.837
33145 0.8va 0985 0.385 0.871 0.850 0.837 0.837 0.837 0.837 0837 0.837 0.837
45671 0.8va 0.885 0.235 0.864 0.850 0.837 0.837 0.837 0.837 0.830 0.830 0.830
52133 0.8va 0.885 0.37a 0.864 0.850 0.830 0.830 0.830 0830 0.830 0.830 0.830
58,71k 0.8va 0985 0.87a 0.964 0.850 0.830 0.830 0.830 0.830 0.830 0.830 0.830
E5.242 0.8va 0.885 0.8va 0.864 0.830 0.830 0.830 0.830 0.830 0.830 0.830 0.830
78,230 0.8va 0.885 0.37a 0.864 0.830 0.830 0.830 0.830 0830 0.830 0.830 0.830

93.934 0.gwa 0.985 0.37a 0.964 0.830 0.830 0.830 0.830 0.830 0.830 0.g30: 0,830
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7.4 Advance Calibration for engine timing

If you use HAE ECU to control ignition system, you may do some advanced calibration on the ignition system to get a
good performance.

Pickup type

1) One pulse per revolution.

VAL_dlgaGap2TdcAdj: "Ignition angle adjustment from GAP to TDC, GAP is pickup pulse location."

This is the first calibration you need to be sure. It determines the engine TDC position in regarding to the pulse generation.
See Chapter 6, how to calibrate this variable.

You can also adjust the injection timing, based on the pickup pulse. It is the mapping of “MAP_InjAngEnd_N_Ld”"
MAP_InjJAngEnd_N_Ld" is the end of injection angle referring to TDC; it means the angle from injection end to the ignition

TDC position.
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2) How to calibrate the ignition timing and injection timing with a multi-tooth trigger wheel installed on the
crankshaft?

VRS sensor installation for the multi-tooth trigger-wheel

The VRS (Variable Reluctant Sensor) generates AC pulses instead of square waves.

The metal sensing element (sensor core) needs to align well with the multi-tooth wheel. See below for the examples.

The tooth width needs to be bigger than the sensor metal core, otherwise, the VRS signal will not be correct, and ECU

will the distorted VRS signal, and EFI could not work.

STOP 1.000ms b iRy B 8,00V

EE ¢ ! 12-21-2013 16:01:41
Unai= 4:80U:  :Umax= S00U :  Umax=iikick

MIEEE S5.00V CH2= S.00V

Measure the signal + wire and signal — wire output with oscilloscope (12-1 tooth-wheel)
[Note:] CKP+: CH1 (yellow); CKP —: CH2 (Blue)
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RMO mark means the falling edge of Z2nd
tooth after the missting tooth gap

VYRS sensor
at RMO Mark #1 tooth tio missing ®ooth -
1. 25+/-0. 25mm

.‘lr'1ll
TDC ;:ii“ll!l!‘!l ‘l!!g

Installed on the
% engine crankshaft

o
]

—— #34 tooth

@ﬁﬁmm

rotation
direction

@140 M

MO T T T T T T T

These 3 dimensions
must be assured as
no less than

2y, \

#18 tooth
trigger wheel 36-2
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Trigger wheels supported

Our EFI works with a wide range of multi-tooth trigger wheels. The typical trigger wheels have 36-2 tooth-wheel, or 12-1,
24-1, 36-1 or 60-2 tooth wheels. Here, “36-2" tooth wheel means there are totally 36 teeth with 2 missing teeth.

12-1 means totally 12 teeth with 1 missing tooth, and so on. Our ECU supports different combinations of total teeth and

missing tooth setting. The total number of teeth cannot be more than 60; the missing tooth can be 1 or 2.

Usually the higher the engine speed redline, the less the teeth. This is because at higher speed, the tooth signal
becomes smaller and smaller, and eventually ECU cannot read it anymore. For most 2 stroke engines, 12-1 tooth wheel ,
or 24-1 tooth wheel is typical, because usually 2 stroke engines are high speed ones. For most 4-stroke motorcycle

engines, the tooth wheel is 36-2 setting.

If you want to have a good ignition control system, a high-tooth wheel is definitely way to go. And if you have the
mechanical capability to add the tooth wheel to your engine, we recommend you to do so.

For multi-cylinder engines, and special engines, such as a V-twin engine, if you want EFI system to control the ignition,
you need to install the tooth wheel.

Our CDI controlled ignition system is meant to be used for single cylinder engine. And the accuracy of the ignition timing

is not as good as the trigger wheel based.

Let’s see one example with 36-2 tooth-wheel.
Some calibration variables need to be defined:
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VAL nTeethTot: ----- Total number of teeth on the tooth-wheel.

VAL_nTeethMiss: ---- number of missing tooth on the tooth-wheel.

VAL _ToothTDC: ------- tooth number of the ignition TDC for single cylinder.
VAL_ToothTDC2:------ tooth number of Cylinder #2 ignition TDC for two cylinder engines.
MAP_lga_ N_Ld: -------- basic ignition angle table

MAP_InjAngEnd_N_Ld- injection end angle table

Below is an illustration of the 36-2 trigger wheel and the engine positions.
Each tooth is 10 degree (360/36=10). The first tooth after missing teeth is marked as the #1 tooth.
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““tooth
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First you need calibrate the parameters of the tooth-wheel:
VAL nTeethTot=36;
VAL _nTeethMiss=2;

Four-stroke engine:
1) Single cylinder engine:
You need calibrate VAL_ToothTDC
VAL_ToothTDC is the tooth number of the ignition TDC.
To find it: Rotate the engine crankshaft and make the piston at the TDC position, and count the tooth number after the

missing tooth, which tooth is aligned to the VRS sensor. See the below picture, it is very clear.
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® mark on engine block

Plunger at Compression stroke TDC

VAL_nTeethTot=36
VAL_nTeethMiss=2

Falling edgelJ12

VRS

- Note: When the crankshaft is
Rising edge Nistion Direction in the rotation, and the engine

is at the compression stroke
TDC(Ignition TDC),the VRS
sensor is aligned to Rising
edge of #11 tooth , so
VAL_ToothTDC=11

In the above picture, you can see the #11 tooth is at TDC, so VAL_ToothTDC=11
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2) Tow-cylinder engines:
You need calibrate VAL_ToothTDC, VAL_ToothTDC2

The method to calibrate two-cylinder engine is same as a single cylinder engine. One important thing is to find out how
many degrees the two cylinders are separated.

Use a V-twin engine as an example; the two cylinders are separated by 90 degrees.

For 36-2 tooth-wheel, V-twin, a two-cylinder engine, the ignition TDC tooth of cylinder -1 is #11, and the two cylinders
are 90 degree apart, so the ignition TDC of cylinder #2 is 450 (360+90) degrees after the Cyl-1’s. So the ignition TDC
tooth of Cyl-2 is #56.

NOte: The value of the tooth number for 4 stroke engines is form 1 to 72, because 2 revolutions are one full

engine cycle. The tooth number will increment by 1 into the next revolution, until 72. After number 72, the

tooth number reset to 1.
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SRR i e Ee e V-twin, two-cylinder
engine, the two cylinders'
Piston at Compression stroke TDC of Cylinder #1 Piston at Compression stroke TDC of Cylinder #2 jgnition timing is 450

degrees seperated

VAL_nTeethTot=36
VAL_nTeethMiss=2

VRS

RW\ation Direction

#11 tooth is the Cyl-1 TDC
#56 tooth is the Cyl-2 TDC

VAL_ToothTDC=11
VAL_ToothTDC2=56

So VAL_ToothTDC=11, VAL_ToothTDC2=56.

If the two cylinders are separate from 360 degrees, like a boxer or parallel twin engine:
VAL ToothTDC=11, VAL _ToothTDC2=47
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Parallel or boxer, -cyli
mark on the stator X two. cyllndler
engine, the two cylinders
Piston at Compression stroke TDC of Cylinder #1 Plunger at Compression stroke TDC of Cylinder #2ignition timing is 360
\ (L LSS Snv¥aly degrees seperated

18 ' o
Mol - T e el VAL_nTeethTot=36
15 "TDC mark on the Rotor 28 /’( 9, TDC mark on the Rotor = -
=26 » 15 VAL_nTeethMiss=2
tooth number 57X} -
Falling edge 12
VRS ! VRS
a3 tooth
Rising edge RWation Direction 323 RWation Direction

#11 tooth is the Cyl-1 TDC
#47 tooth is the Cyl-2 TDC

missing tooth YAl ToothTDC=11
VAL_ToothTDC2=47

- The method to calibrate 12-1, 24-1, 60-2, etc. tooth-wheels for four-stroke engines is same as to the 36-
2 tooth-wheel.
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Two-stroke engines:

1) Single cylinder 2 stroke engines
You need calibrate VAL_ToothTDC
VAL_ToothTDC is the tooth number of ignition TDC.
For example, for a 36-2 tooth-wheel, #11 tooth is the ignition DTC, so VAL_ToothTDC=11

2) Two-cylinder 2 stroke engines
You need calibrate VAL_ToothTDC, VAL_ToothTDC 2

If the two cylinders are separate by 180 degrees,
VAL_ToothTDC=11, VAL_ToothTDC2=29 (each tooth angle is 10 degree)

INOte: The value of the tooth number is form 1 to 36 for 2 stroke engines, because 1 revolution is one full engine

cycle. The tooth number will be reset to 1 in the next cycle.

The method to calibrate 12-1, 24-1, 60-2, and etc. tooth wheels is same as to the 36-2 tooth-wheel.
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Calibration of ignition timing and injection timing

The ignition angle MAP table: MAP_Iga_N_Ld
Injection end angle: MAP_InjJAngEnd_N_Ld

Both of them can be calibrated in the engine dyno or chassis dyno.

[£] MAP_InjAngEnd_N_Ld o ||
m ~| X:Ld b [%]. "Load, orrelative air charge (byte)"
Y: N b, [Epm]. "engine speed. byte value"
3D View MAP InjAngEnd N Ld: [CrA] "characteristic map, end of injection angle”
YA 9750 20250 300000 39750 50250 GO.O00 75000 90.000

720,000 | 404.000/ 404000 404.000 404.000 404000 404.000 404.000 404.000

240.000 | 404.000/ 404000 404.000 404.000 404000 404.000 404.000 404.000
1380.000 @ 404.000, 404.000 4040000 404.000 404.0000 404.000 404.000  404.000
1920.000 @ 404.000, 404.000 4040000 404.000 404.000 404.000 404.000  404.000
380000 | 404.000 404.000 4040000 404.000 404.0000 404.000 404.000  404.000
4330000 @ 472000 472000 472000 472000 472000 472000 472000 472000
7980000 512000 B12.000 5120000 5120000 512000 512000 512000 512000
10020.000 @ &04.000) E04.000 E04.000 E04.000 604.000 EO4.000 E04.000 &04.000
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7.5 Dual injectors advanced tuning

Why 2 injectors it need for 2-strokes and high RPM engine?

The whole idea of 2 injectors (one small, one big) is based on the need: 2-stroke engines have only half the time to inject
fuel compared to 4-stroke (360 vs 720 degrees), and the 2-strokes usually (esp. high-end engines) have such a wide
range of RPM (2000 - 16000rpm, for example). One injector is not able to cover the whole RPM range, simply because
every injector has its physical limit: the fixed flow rate. If you use a big injector to cover the high end, then you will have
too-rich idle. If you use a small injector, to have a good idle, then you don't have enough fuel for WOT. Given a certain
inject flow rate, you can only run an engine either at low RPM range or high RPM range, but not both (from 2000 to
16000rpm).

So, for 2-stroke engines with 10k-16k RPM, usually, we provide EFI system with dual fuel injectors, one smaller and one
larger, the smaller injector is used start, idle, low RPM, and the larger one is used high RPM, and in WOT condition, the

2x injectors work together.

The following is the working example, 1 cylinder, 2-stroke engine with 16000 RPM (128g/min and 190g/min).
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/ \ ’/”/\ M*lzﬂgfm1n[m5]
Hnie / V Y ___‘,—-—--"" ===190g/min {ms)
2

1 / \ /
o T T T v "r “r ‘T' ‘T' ‘T' v T 1
2000 4000 5000 8000 10000 12000 14000 16000 | RPM

Control strategy:

There is one important thing for two injectors system you need understand.

For example, if the RPM is 10000, the time of 1 RPM is 6ms. (1 min=60 s=60000ms, 60000ms/10000RPM=6ms/RPM)
If the first injector injected time (tInjO) is bigger than 4ms (6ms- VAL _tInjBrkMin), this means the fuel injection can’t match
the need of engine, it will change to the second injector to inject fuel. Otherwise, the first injector continues to inject fuel.
If each injector can’t match engine need, the two injectors will work together.

Default setting: VAL_tInjBrkMin=2000 us=2ms

You can adjust the fuel injection MAP table “RAM_MAP_LdTp_Tps_N” based on your engine running, the value of this
table is bigger, the fuel will be more, otherwise, the fuel will be less. The ECU can’t know how many fuel is enough, you
need calibrate it. If it is rich, you can reduce the fuel injection.

And you also can calibrate VAL _tInjBrkMin to decide in which condition to change to the #2 injector

(Go to Menu->Advanced->Add Advanced Calibrations, to find the VAL _tInjBrkMin).
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7.6 Altitude tuning

Our EFI system can work in different altitude, and it can use the Map (Baro) sensor to estimate the altitude, then to correct
the fuel automatically, but it also needs some fine tuning.

There is an altitude factor to correct the fuel injection, fAlt, it is a universal factor, and it is a multiplication coefficient to
correct fuel injection. fAlt =Pam/1013,

So, if you are at sea level, Pam is 1013, so the fAlt is 1,And at 5000 feet altitude, the Pam is 850hPa, so the fAlt =
850/1013, it is 0.83.

For example, at sea level, the fuel injection is 5ms @ 2000RPM, so the fuel injection will be 5*0.83 (fAlt) =4.2ms
@2000RPM at 5000 feet altitude.

Of course, the intake air pressure Map is also be different, this just explains to the altitude factor how to work.

The fAlt is not used to correct fuel injection time directly, it is used to correct the fVe and Tps based mapping, then to

correct the fuel injection.

e
m 4 - air density correction factor
. »
NS > ez )
(_ «femb=

Equivalent throttle position after adaptation

( <TESE§LI> » Mormalized load through the throttle
LdTpNrm
<N= P

WAP_LdTp_Tps_N

== [
5 UnTp > B_UnTp )

o TpsUnTp Un- Throttled conditions

>

CUR_TpsUnTp_M
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Chapter 8 Sensors and actuators

8.1 Sensors’ characteristics calibration

You only need to calibrate sensors and actuators if you are using the ones other than what we provide.
(For example, you installed a throttle body from after-market or from another Fl engine, which comes with the

OEM's TPS, MAP sensors, and injector); or if you use our ECU only to replace the stock ECU on an EFI engine.

The best way to tune the sensor and actuator's characteristics is to find the manufacturer's data sheets. If you

cannot get them, here are the ways to get coarse data for them.

8.1.1 Injector characteristics

Static flow rate:
VAL_Qstat: injector static flow rate (g/min, or gram per minute)
This must be found out from the manufacturer's datasheet. Or you have to hire a professional company to measure it.

Menu->Calibrations->Fuel system->Fuel injector characteristics
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"% Fuel injector characteristics ol x|

Marne |‘vfalue | L it | D escription
Wil Clstat ¥9.997 g/min "Injector static flow rate, in gdmin"
Rt WAL fFlbpp 1.0000 "fuel ennchment factor, user defined"

Together, it may be necessary to find out what is the fuel pressure in the fuel rail, or high pressure line. Make sure the

"VAL_Qstat" has the value which is associated with this fuel pressure. Otherwise it may need adjusted. Ask us how to.

8.1.2 Engine displacement
VAL_vVEng: volume of engine displacement (cc or milliliter)

Menu->Calibrations->System parameters->Engine displacement

“& Engine Displacement (=] 4

MName |‘»-"alue | Lrit | Description
Wil wEng 1495993 cc "“wolume of engine dizplacement in cc ar ml "

This might be the easiest one to figure out.

- If it's a 2 cylinder engine, this value needs to be divided by 2. Meaning this is the single-cylinder

displacement.
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8.1.3 MAP sensor
Map: manifold absolute pressure (hPa)

uMap: voltage of MAP sensor signal (V)
Map = uMap * VAL_PmapGrd + VAL_PmapOfs

Analog signal from the MAP sensor, uMap, is converted into absolute pressure in hPa. the conversion is linear, with
slope of VAL_PmapGrd, and offset of VAL_PmapOfs.

"VAL_PmapGrd" and "VAL_PmapOfs" are calibrate-able variables in the ECU.

To find out these 2 values, you have below options:

Get it from the manufacturer, either from the vehicle manufacturer, or component manufacturer.

Measure it yourself, and you need 2 pairs of (pressure vs voltage) data points:

Use an accurate pressure gauge, measure the pressure point #1, P1, and at the same time use a multi-meter,

measure the voltage of the MAP sensor signal wire, ul,;

Measure the pressure point #2, P2, and at the same time use a multi-meter, measure the voltage of the MAP sensor

signal wire, uz;

These 2 data points are preferred to be representative to the range of MAP sensor.
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For example;

P1 can be the idle air pressure: 500hPa.

-When measuring the pressure, create a stable vacuum. Small engine manifold pressure is too dynamic

for this measurement.

P2 can be the barometric pressure: 1013 hPa at sea level.

Then
VAL _PmapGrd =(P2-P1)/(u2-ul)

VAL_PmapOfs = P2 - u2* VAL_PmapGrd

_lpix

M ame |‘vfalue | L rit | Description
Wil PmapQfs 105,664 HPa "“offzet for manifold prezsure zengzor characterigtics
Wil PmapGrd 183.641 hPal' "gradient for manifold prezzure sensor characterniztics, prezsue =

Menu->Calibrations->sensor characteristic-> Map sensor

8.1.4 IAT sensor

IAT: intake air temperature sensor

Ta: Tempearature of intake air (°C)
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uTa: voltage of air temperature sensor signal (V)

Usually temperature sensors are NTC type: negative temp characteristics:

Assuming, as a first-order approximation, that the relationship between resistance and temperature is linear, then:
AR =k * AT

Where

AR = change in resistance

AT = change in temperature

k = first-order temperature coefficient of resistance

Contact us if you do not have sensor manufacturer's data.
By these relations, you can calculate the below table and fill in HAECAL.:

Menu->Calibrations->sensor characteristic-> Air temperature sensor

=
I[:UR Ta uTa uTa: [V] "ADC-voltage of intake air temperature sensor’

CUR_Ta_uTa: [DegC] "Characteristic curve, intake air temperature sensor”

ulTa 03003 03693 04853 05872 07458 09705 1.3196 17725 25415 37427 42444 44934 46753 4.8022

CUR_Ta uTa | 150,000 135.000 125000 113.000 102000 30000 76000 62000 43000 15000 0000 -10.000 -20.000; -30.000
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8.1.5 ECT sensor

ECT: engine coolant temperature sensor
Tm: Engine (motor)Tempearature ( °C)

uTm: voltage of engine temperature sensor signal (V)

Usually temperature sensors are NTC type: negative temp characteristics:

Assuming, as a first-order approximation, that the relationship between resistance and temperature is linear, then:
AR =k * AT

Where

AR = change in resistance

AT = change in temperature

k = first-order temperature coefficient of resistance

Contact us if you do not have sensor manufacturer's data.
By these relations, you can calculate the below table and fill in HAECAL.:

Menu->Calibrations->sensor characteristic-> engine temperature sensor
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=101x|
ICUR Tm uTm uTm: [V] "ADC-voltage of engine coolant temperature sensor”

CUR_Tm_uTm: [DegC] "Charactenstic curve, engine coolant temperature sensor”

uTm 03003 03893 04553 05872 07458 08705 13196 1.7725 25415 37427 42444 44334 46753 48022 4309 4.8206 4.8303  4.8407]
CUR_Tm_uTm| 150.000 135000 125000 113000 102000 80.000 76000 62000 43000 15000 0000 -10.000 -20.000 -30.000 -30.000 -30.000 -30.000: 30000

Calibration for your own temperature sensor (IAT or ECT):

If you have the characteristic from the manufacturer, you can fill the table directly.

If not, you need measure it by yourself.

A rough but working one: put your temperature sensor into some coolant, which you can heat it up at different temp., and
use a thermo-stat measure the coolant temp, and also measure the voltage with our software HAECAL, and fill in the
CUR_Tm_uTm or CUR_Ta_uTa.

8.1.6 TPS sensor

Tps: throttle position sensor (%)
uTps: voltage of TPS sensor signal (V)
For throttle position sensors, you need to measure the idle position "uTpsl1”, and WOT position "uTps2".

Then find the values for VAL_uTpsMx and VAL_uTpsMn, to make sure that:

+5V > VAL_uTpsMx > (uTps2 + 0.1v)

Confidential HAE Page 115



HAE LLC

(uTpsl-0.1v) > VAL _uTpsMn >0

Engine EFI tuning guide —-V1.8

i
M .ame: |‘-’alue | L rik | D escription
Wal uT pshdx i 4.8939 "marinunm input volkage for TPS zenzor diagnosiz "
Vol uTpshn 02002 "Mininum input voltage for TPS zenzor diagnosiz

TPS self-adaptation

When will the ECU run the TPS self-adaptation?

A w0 NP

When a new ECU is installed;
When either the TPS or the throttle body is replaced:

Your ECU cannot reach 100% TPS.

When ECU is first on after the TPS is mechanically adjusted.

How to do TPS self-adaptation?

1. Power on, and disconnect the ECU (power-fail) to reset the self-adaptation;

For example, disconnect the ECU from the connector with key on.

2. Power off, re-connect the ECU, and power on again.

3. Keep the throttle at “idle position” for more than 5s.
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If you look closely in HAECAL, you can watch the TPS reading is changing from a small value to 0% by itself.

Now you can read the “TPS” is 0% in HAECAL.

trj 1963 20ms ms 0 E5.535
~ Tm 54.000 20ms DegC 50 205

E T

B TpsEqu 0.000 20ms % 0 9999847
B Ubadc 15781 20ms v 0 25
| P 116700 20ms W 1 4

4. Keep the throttle at “WOT” (wide open throttle) for more than 5S.

Now you can read the “TPS” is almost 100% or 99.99% in HAECAL.

StepPozDar 1300000 20mz ] G40
. Ta 13.000) 20ms| DegC -600 205
. TexBfCat_uEGT 280957 20ms| DegC -600 1230
tinj 1.963 20mz ms 1] BR.535
W Tm B3.0000 20ms| DegC -A0 205
v 20 '
. TpsEqu
B Ubedc
|
nbkdan

5. Double check TPS in “HAECAL”.

It is 0% when the throttle is at “idle position”, and it is 100% when the throttle is at “WOT” position.
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8.2 Fault and Heal

Power on the EFI system, and if the MIL lamp (LED) is on, it means there is an error in the system. Please
use HAECAL to read DTC.

For example

x
-Diagnostic Trouble Code

Faultl: There is something wrong with the MAP sensor!
Fault?: There is something wrong with the TPS sensor!

Clear DTC

4 o

[ G |
Exit |

Diagnostic Trouble Code:

Faultl: There is something wrong with the MAP sensor!
Map sensor report error, please check the connection.
Fault2: There is something wrong with the TPS sensor!
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Throttle body position sensor error, please check the TPS connection, and see the sensor voltage of fully closed and wide
opened (4.8V>uTps>0.2V)

Fault3: There is something wrong with the O2 sensor!

Narrow band O2 sensor error, please check the installation and connection, and see the voltage of O2S is range from O to
v

Fault4: There is something wrong with the CKP sensor!

Pick-up signal error, check the connection

Fault5: There is something wrong with the IAT sensor!

Intake air temperature sensor error, check the harness connection

Fault6: There is something wrong with the ECT sensor!

Engine temperature sensor error, check the harness connection

Fault7: There is something wrong with the VPWR!

Battery voltage error, it he voltage of battery is low to 10V and high to 16V, it will report error.

8.2.1 TPS sensor diagnostic

ECU reports TPS error
1) Connection problem
The Throttle position sensor is not connected well, please check the wire and reconnect it.

2) The voltage of TPS is out of measuring range
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If the signal of TPS is out of range, you need to adjust it by using the following method

(1) Open HAECAL, then go to "Variables Type ->List"

File Settings Run | Variables Calibrations Diagnostics Advanced Help

| j . H | % Display Type

I

: Add Variables Gauge
W Treeview Show osdlloscope Ear:
) . MAP TexEstm I
Variable properties - =
Hide TreeView L48 C OV_APP
- s oo - . - . _— —_—

(2) Read the voltage of throttle position Sensor :" uTps"

- Pam 20ms hPa 0 2560 “Ambient pressure”
- StepPos 20ms 0 640 “Actual position of stepper motor'
Tps 20ms| % 0 100 "throttle position with respect to lower mechanical stof
- Ub&de 20ms W 0 25.6 "battery voltage; scanned value of microprocessor AC
uLsb 20ms W 1 4 "oltage signal from the lambda sensor before catalys
- ukdap 20ms ¥ 0 5 "Yoltage signal of manifold pressure sensor "'
~ uPot 20ms ¥ 0 5 "ADC-voltage of potentiometer sensor "'
V-_ W 0 5 "ADC-voltage of throttle position sensor "
B_CrkErr 100ms 0 1 "Ermror condition for crank sensor”'
- B_MapDrpEmn 100ms 0 1 "Emror condition for MAP sensor, no dropping during ci
B_StaEnd 100ms 0 1 "condition: end of start "'
- fPreCtl 100ms 0 B4 "factor: pre-control fuel
B LamDsr 100ms - 0 16 "Desired Lambda"
- Ta 100ms DegC -50 205 "Intake air temperature"
B st 100ms s 0 B553.5 "time after end of startflonal”

(3) Connect to ECU, to click "Run->Start Measuring"

(4) Remove the Tps sensor form the throttle body, see the below picture.
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(7) When the throttle fully closed, to see the value of voltage of TPS by HAECAL. (uTps> 0.3V)

B_CrkEmr [0.0000 100m= 0 1| "Emor condition far crank, sensor
bzl [0.0000 100msz = 0 B553.5 "time after end of start]long)”
B_StaEnd [0.0000 100mz 0 1| "condition: end of start "
- uLsh 2lmz W -1 4 "Yaltage zignal from the lambda sensor before catalys

 |uTps v | 0] &["&DC-vakage of throtte position sensar
- flL 1.0000 2lmz - 0 2| "Lambda contraller output [word)”
LamD s 1.0000 100ms 0 16 "Desired Lambda”
fPreCtl 1.0000 100ms 0 B4 | "factor: pre-contral fuel'
- LMap 4 BETY 20mz W 0 5 "altage signal of manifold pressure sensar "'
- LPat 4 96495 2mz W 0 5 "ADC-valage of potentiomater zenzar "'
Tos FLYE 20mz % I 100 "throbtle positior with respect b lower mechanical stor

(8) When the throttle is widely open, to see the voltage. (uTps<4.8V)

tstl 0.0000
B_StaEnd

(9) If the voltage of throttle sensor is not from 0.3V to 4.8V, you can rotate the sensor to adjust the voltage.
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B8535 "time after end of start(long]”
"condition: end of start "'
"Woltage signal from the lambda sensor before catalys

1
4
"ADC-voltage of throttle position sensar
) 1] 2 "Lambda controller output pword]™

Larmlvar 1.0000 100m:z 1 16| "Desired Lambda"

fPreCH 1.0000 100ms ] B4 “factor: pre-contral fuel!
- ubkd ap 4 BERY 20z | W ] 5 "aolkage zignal of manifold preszure sensor '
- P ot 4 9695 20z | W ] 5 "ADC-vaolkage of potentiometer sengor
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- The voltage of throttle sensor is normal in the range from 0.3 to 4.8V

3) Reset the TPS position if Tps is not 0 when idle

Key on the system and key on only, disconnect the ECU from the main harness and reconnect it with keeping power
on. Then you can see the Tps is changed to 0 when throttle is fully closed.

4) How to check the TPS signal rationality?

With the TPS is installed, the output voltage should be 0.3~4.8V DC. You can tell whether the TPS is broken by
reading the virtual scope of the HAECAL
1) Show the “uTps” in the oscilloscope (right click on the list window).
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_lalx]
W[ | Mame | alue |Fate |Unit [Min  |Max

FI Syn % 0 072
B 1o=00t Syn Crd 96 595.25
B Ld Syn % 0 1536
B LdPrd Syn % 0 1535977
Bl LT Syn % 0 1535977

b af Syn kath 0 1572
I Map Syn hP'a 0 2560
| I Syn Fpm 0 16383
B i Syn 0 F5535
B tirin Syn ms 0 E5 535
B E_StaEnd 20ms 0 1
DL Add Variables 2
U Mraw Show All Variahles 1638375
. Tps Show Osdilloscope 100

Ubéde — = 256
M uish v Hide Descriptions 4
B uMap Sart r 5

uPat Variable properties 2

uTpz L)
B E_CrkEn 100z 0 1
I E_MapDmpEn 100z 0 1

B_5StaEnd 100z 0 1
B tPreCH 100z 0 £4

LamnDisr 100msz - 1] 16

OfsLcad 100ms | % 768 7E7
B Fam 100mz hPa 0 2560
e 100mz  Degl 50 208

bt 100ms = 0 E5535
| Ll 100ms | = 0 EFRI5

Page 124

Engine EFI tuning guide —-V1.8



HAE LLC Engine EFI tuning guide V1.8

V| L] Name | ¥ alue |Hae junic | mMin | Max
i Ld 42000 Syn % 0 1536
LdTp 42000 Syn % 0 1535977
LdTpNim 34969 Syn % 0 1535977
LdTpNmPrd 42094  Syn % 0 1535977

B Hap 370977 Syn hPa 0 2560
viBIN 3309.250  Syn Rpm 0 5000
W unio 2732 Syn ms 0 £5.535
tinj1 2732 Syn ms 0 £5.535

B B_fLamad 0.0000 20ms 0 1
B B_Fof 0.0000 20ms 0 1
B B_NoStsEol 0.0000 20ms 0 1
v B fLamédin 1.0000  20ms 0 2
B fLamadout 1.0000 20ms 0 2
LamDry 1.000 20ms 0 1599976

Vi LamDsr 1.000  20ms 7 1.3
v |Lamw02 1.943 20ms 7 1.3
ninj 0.000 20ms 0 65535

B Nraw 0.000 20ms Rpm 0 1638375
B StepPos 190.000 20ms 0 £40
StepPosDsr 190.000  20ms 0 640

Ta 19.000 20ms DegC 50 205
TexBiCat_uEGT 207188 20ms DegC 50 1230

M i 2785 20ms ms 0 £5.535
Tm 72000 20ms DegC 50 205
TPS 99998 20ms % 0 100
TpsEqu 99998 20ms % 0 9399847

B Ubédc 15431 20ms ¥ 0 256
B Lt 0.8606 20ms 1 4
B uMap 1.8359 20ms V 0 5
B Pt 04541 20ms ¥ 0 5

0 uTa 36011 20ms ¥V 0 5
uTm 1.4551 20ms 0 5
" uTps 40320 20ms V 0 5
B w02 49756 20ms V 0 5
B faclast 1.3125 100ms 0 8
fhcITmCr 2133 100ms 0 256

B t&iDenTp 0.9612 100ms 0 1.999963
B o 0.9970 100ms 0 1
fPreCtl 1.000 100ms 0 64

B 1nigngabt 0.000 100ms Cré 0 1024
B niéingEnd 72.000 100ms Cr& 0 1024

2) Connect to ECU, to click “Run—Start Measuring”

3) Slowly open and close the throttle, and you can get a symmetrical curve on the virtual oscilloscope, which is
0.3V~4.8V, like picture 1.
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If the line is not consecutive, like picture 2, you should replace it with a new TPS sensor.

Confidential HAE

| Value

|Rate |Unit | Min

ﬂﬁ' Name
Ld
LdTp
LdTpNrm
LdTpNmPrd
M Map

VEIN
| [l
tinjl
B B_fLamad
B B_Fof
B B_NoStaEal
Y B fLamédin
B fLamadOut
LamDry
Vo LamDsr
Vo Lamw02
ninj
B Niaw
B StepPos
StepPosDsr
Ta
TexBICat_uEGT
W
Tm
TPS
TpsEqu
B Ubddc
. uLsb
B uMap
B ot

" uTa
uTm

u
faclast
f&clTmCr
B isiDenTp
B ialt
fPreCtl
|
B InjéngEnd
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42.000
42.000
34.963
42.034
370.977
3309.250
2732
2732
0.0000
0.0000
0.0000
1.0000
1.0000
1.000
1.000
1.944
0.000
0.000
190.000
190.000
19.000
223.063
2.785
70.000
0.061
0.061
15.463
0.9558
1.8372
0.4565
3.6011

1.3438
2184
0.9612
0.9970
1.000
0.000
72.000

Syn
Syn
Syn
Syn
Syn hPa
Syn Rpm
Syn ms
Syn ms
20ms

20ms

20ms

20ms

20ms
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20ms

20ms

20ms DegC
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20ms
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The signal is not consecutive.

Picture 2

8.2.2 MAP sensor diagnostic

If you have installed the EFI system and key on the bike, engine is not starting, the ECU reports Map error, and there are
two possible causes.
1) Connection error
The Map sensor is not connected intact. Please check it and reconnect it to ECU harness.
2) A bad sensor
The Map sensor is broken. Read the signal in HAECAL to check it.

Power on ECU and connect to ECU. Go to menu "Variables->Display Type->List". Then "Run->Start measuring"
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uTps 0.2380 20z | W 1] B “aDC-volkage of throttle pogition zensaor ™
- uLzb 0.4529 20z W 1 4 "Yoltage zignal from the lambda sensor be
fL 1.0000 20z 1] 2 "Lambda contraller autput [word]™
B (FreC 1.00 100w 0 B4 “factor pre-control fuel”
LamD=r 1.00 100ms 1] 16| "Desired Lambda"
[healnie s elpa, 768 TE7 "additive adaptive comection of the relativ
5 uhdap 4 6448 20mz | 1] 5 "oltage zignal of manifold prezzure sensc
Lol - mz 1] 5 “aDC-volkage of potentiometer zenzor
- Ib&dc 1218 20z W 1] 25.6| "batten voltage; scanned value of microp
- Ta 2700 100msz DegC il 205 "Intake air temperature'
T 71.00 100mz DeglC -B0 205 "Enagine temperature’’
- hap 1029.77 20mz| hPa 1] 2860 "Intake manifold pressure measured with b
Pam 1030.20 100mz hPa 1] 2860 "Ambient pressure"
- tE ngOIff E5535.00 100ms = 1] 65535 “stop time"'

If the voltage of Map sensor (uMap) is OV or 4.99V, it shows that the Map sensor is broken, but makes sure the Map
sensor is connected well at first.
If the Map sensor is broken, contact us to get a good one. The normal voltage (uMap) is about 4.7V (1 Bar sensor);

and about 1.8V (2.5Bar sensor) when system is just powered on and engine doesn't start.

3) Fault indication when cranking engine

If ECU reports MAP error (B_MapDrpErr=1) when the engine starts or is running. The possible reason is the intake

air vacuum is too less or there is some leaking air.
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B uFat 20mz | W 1] f| "ADC-volkage of potentiometer
uTpz 20mz | W 1] b "BDC-volkage aof throttle positiol
il 100mz 1 1 "Errar condition for crank sensc

B 100mz 0 1| "Error condition for MAF senzol
= 100rm= 1] 1 "condition: end of gtart ™

2 (PreCH 100z 0 B4 | "factaor: pre-contral fuel”
LamDar 100mz 1] 16 "Desired Lambda"

(3) First, check the Map sensor location, and connect the Map sensor to throttle body by a using a short hose.
Check it for air leaks and make sure that it is sealed properly.

Turn the idle air screw or stepper motor position to get more idle air.

Change the value of minimum Map voltage drop "VAL_uMapDropIntkMin" during cranking.

In HAECAL, go to "menu->Advanced->Add Advance Calibrations"
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"% Add Advancd Calibrations

Al Calibrations

Selected Calibrations

Wil _ubd apDroplntkbdin Find

Wal_Ubknddc
WAl bbdnPwr
WAl LBk

WAl UbStepkdn
WAl bStepbds
WAl ulamOfs
Wil _ulamSlope
WAl ulsBoRef
Wil ulsbFaultRst
Wil _ulsblowlm
WAl ulsbMn
WAL ulzbhda

Wil _ulsbOpnGnd
Wil ulsbRefLean
WAl ulzbRefRich
AL

Load Configuration

Motes :

=

[ add 3>
L

<<Delete

_(Of x|

Find

MAP_fFIPrs_Ub_M
MAP_FT crb_Pirn_M
AP _fLclBas N_Ld
AP _fLcPBas_M_Ld
MaP_fve Map_ M
MAP_Iga_MN_Ld
tAP_|gabdn_M_Ld
AP AT
WAL tnjtin

Sl bl apDiropl ntkbdin

"MAP zenzor voltage drop during intake stroke, min value for a valid drop'

Save Configuration

Engine EFI tuning guide —-V1.8

VAL_uMapDropIntkMin =]

[+AL_uMapDropintkhlin - = |

Mame | ¥alue [ Urit | Description |
WAl _tSeghdin_ KickStartE 120000.00 us "zegment time > min-threshold, to enable kick start, kick-stz
WAL Ubkndde 2800V "min. battery valtage [ADC] "

"min. battery voltage [power supply]
"MAP sensar voltage drop during intake stroke, min value |
- "MAP sensor volkage drop validation in synch mode enable

VAL:UM apDraplntkiin 0.4004;

W, nS

0.2002 v

WAl _ubdaphdn "Mininum input voltage for MAP senzor diagnosis

WAL Lk apbdx 4.8596 "marimum input valtage far MAP senzor diagnosiz "'

Wal UseMaplowestForl 1.0000 - "Usze the MAF zenzor voltage zignal lowest walue for load ©
WAL uTpstn 0.2002 "Mininurm input voltage for TPS zenzor diagnosizs

WAL uT pshds 48393 v "marimum input voltage for TPS gensor diagnosiz ™

Wil _wEng 124599 co "wolume of engine displacement in cc or mL " Tl
4] | r
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NoOte: The value of "VAL_uMapDropIntkMin"cannot be smaller than 0.3V

8.2.3 Temperature sensor (IAT & ECT) diagnostic

IAT: Intake air temperature sensor

ECT: Engine temperature sensor

If ECU reports IAT or ECT error, there are two possible reasons for this
Possible reason #1: the connect wire break off
Possible reason #2: the temperature sensor is broken
INOte: if there is an error about the temperature sensor, please repair it or replace it as soon as possible,

because it will affect the fuel injection, it may be too rich or too lean, and the engine can't run normally.

8.2.4 NB O2 sensor diagnostic

If you have installed an O2 sensor and the O2 sensor signal is not changed, it still 450mv or bigger than 1V when
engine is finished warmed up (engine is running about 3 minutes) and anything is connected well. It shows the O2 sensor
is broken, please change another good O2 sensor.

And if the system reports O2S error, and you also need to check the connection whether it is short or broken circuit.

Confidential HAE Page 131



HAE LLC Engine EFI tuning guide V1.8

8.2.5 VRS signal diagnostic

No matter which pick-up sensor you used, crankshaft sensor or hall sensor, you must make sure there is a clean
signal to input ECU, otherwise, the EFI system will not work. The installation and connection are very important. Check

previous chapter on how to install the VRS sensor.

8.2.6 Battery diagnostic

If the system reports "VPWR" error, please check the health of battery or the 12V charging system integrity.

8.2.7 Actuator Diagnosis

EFI system has some Actuators, such as Relay, fuel pump, injector, CDI.

If one of actuators doesn't work, the EFI system will not run, so make sure all of these in good shape.
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Chapter 9 Advance functions of EFI

9.1 Fuel Dial Function

Fuel Dial means input an analog voltage signal to ECU, and use this signal to adjust the desired lambda (LamDsr) to
modify the real-time lambda (AFR).

We use the "Perf-SW", or performance switch, wire to connect the external signal input, such as a potentiometer.
LamDsr = 1/ (uPot * VAL_uPot2Fct+VAL_fLamDrvBas);

VAL_ LamLeanLim and VAL_ LamRichLim are the limitation of LamDsr Max and Min value.
VAL_LamLeanLim < LamDsr < VAL_LamRichLim;

lamDsr: desired lambda which you want

uPot: The voltage signal of potentiometer input to ECU
VAL_fLamDrvBas: Basic factor to calculate the lamDsr

VAL _uPot2Fct: Change the input voltage signal to actual factor.
VAL_LamLeanLIm: lambda lean condition limited
VAL_LamRichLim: lambda rich condition limited

Default settings in CAL:

VAL_fLamDrvBas=0.5;

VAL_uPot2Fct=0.2;
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VAL LamlLeanLim=2;
VAL_LamRichLim=0.5;

So, if uPot=0V, then LamDsr=2; and If uPot=5V, LamDsr=0.67.

You also can change the limitation value to limit the Max and Min value of lamDsr.

Example:

If you want the value of LamDsr is 1, then

uPot=(1/lamDsr- VAL_fLamDrvBas)/ VAL _uPot2Fct; so uPot=2.5V.

So if you have not changed the default settings, the output voltage of your potentiometer should be 2.5V.

If you want to adjust the AFR (Lambda), you can pre-adjust the uPot to 2.5V (LamDsr=1) first, then you can change the

potentiometer output to be bigger or smaller to get a rich or lean desired lambda, basing on the actual lambda.
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9.2 Traction Control function

Traction Control function with HAE EFI system

For traction controls of 2 wheelers or 3 wheelers, there must be 2 wheel speed sensors to detect the wheel speeds
of non-driven wheel and driven wheel.

The ECU will compare the driven wheel speed to non-driven wheel speed. If driven wheel speed is higher than the
non-driven wheel, which means there is a slip event. ECU will reduce the engine torque by retarding the ignition angle and

/ or cut the fuel to eliminate the slipping event.

For ECU to detect the wheel speeds, 2 wheel speed sensors are used, (Hall effect sensor, for example). User must
install 2 trigger wheels on the 2 wheels. Or there may be already some "trigger wheels", like in the picture below that the
bike comes with 2 wheels with dimples built-in from the OEM. You can use those dimples as the tooth patterns. In this

case, all you need is to install 2 Hall Effect sensors.
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There are some variables need to be calibrated if you use the traction control function and use two wheel speed
sensors to measure the vehicle speed. So you need do some advanced calibration.
Find the variables in HAECAL: go to menu->Advanced->Add Advanced Calibrations. You can calibrate the

variables based on your bike spec...
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VAL_DiamWhINonDrv: Diameter of front Wheel (non-driven wheel), the tire size in meters.
VAL_DiamWhIDrv: Diameter of rear Wheel (driven wheel), the tire size in meters.

VAL_nTeethWhl: the total number of teeth on the trigger wheel of wheel speed sensor.

VAL_dWhISpdAsr - Delta wheel speeds to detect the slip event!

Measure-able variables:

Go to menu->Variables->Add Variables. Add the below variables in 20ms, so you can read them in HAECAL.

tToothDrv: "tooth period of driven wheel speed sensor”
tToothNonDrv: "tooth period of non-driven wheel speed sensor”
VspWhIDrv: "Vehicle Speed from the driven wheel speed sensor (Rear wheel)"

VspWhINonDrv; "Vehicle Speed from the non-driven wheel speed sensor (Front wheel)"

Note:

The method to calculate vehicle speed as below:

V--oeoe- Vehicle speed in km/h.

D------- Diameter of wheel, form the tire size; converted into meter (Pi*D) is the circumference.
1km/h=1m/3600ms

V= (D*3.1416*3600)/ (VAL_nTeethWhl*tooth period)

If (VspWhIDrv- VspWhINonDrv)> VAL_dWhISpdAsr, then the traction control function is enabled.
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9.3 Oil pump control tuning

For some 2 stroke engines, maybe there needs extra oil pump for lubrication or mixture with fuel, our EFI can use

PWM signal to control the oil pump. This is also suitable for 4 stroke engines.

There are two control strategies to control the oil pump to work

1) When Key on, the oil pump will work some seconds, just like fuel pump control. The working time can be tuned,
VAL _tOilPrimMx (s).

You can set VAL_tOilPrimMx to be 5, the oil pump will work 5 seconds after Key on.

2) When you crank to start, there is another MAP table to control the oil pump, MAP_tOilOn_Tps_N, this table is
based on engine temperature (Tm) and engine speed (RPM), and it is ON time. VAL_tOilOnMx and VAL_tOilOnMn
are the Max and Min value of on time limitation.

And there is also a cycle table, CUR_tOilCyc_Tm, based on engine temperature (Tm).

(MAP_tOilOn_Tps_N)

ON time
e

Cycle time
(CUR_tOilCyc_Tm)
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Chapter 10 Auto-tuning with ALM

How to connect ALM to ECU and enable the auto-tuning feature?

Auto-Tuning means ALM and ECU will work together and automatically tune the AFR as you desire. In ECU, AFR is
represented by Lambda (equivalent AFR). Lambda = 1 means AFR 14.7 for gasoline.

The default target Lambda is 1.0 across the board. You can define your own desired Lambda dependent on the RPM and
TPS. Usually, a little rich AFR at high RPM / high TPS is preferred to have a better performance as well as engine cooling
effect. A typical desired Lambda table could be 0.85 at high RPM and high TPS (>90%); and 1.0 everywhere else. The

desired Lambda table should be engine specific. Some engines don't like 14.7 AFR at idle, and can only be stable ifitis a

little rich. In that case, you should define the desired Lambda to match the engine characteristics.

With the Auto-Tuning feature, ECU will read the ALM's real-time lambda input, and automatically adjust the fuel towards
the desired Lambda at that RPM and TPS range. ECU will store the learnt data in its own memory. After you run the
engine at different operating conditions (RPM & TPS) for a while; it will eventually learn most of operating points. And the

engine is tuned then.

All you need to do is to drive your vehicle in different throttle positions and different RPM in “steady state driving”. (Steady
state means holding throttle position at fixed position and let the engine run at a certain RPM for about 10 seconds.) ,
ECU-ALM will take care of the rest.
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Note: Auto-tuning only works if the manual tuning is making the engine running in the ballpark. Auto-tuning is
supposed to take care of the fine tuning only! It is not supposed to replace the manual tuning. If your engine is not even

having a stable running, don’t try auto-tuning!

Section 1 Connect ALM to ECU

Previously we used the "Perf-SW", performance switch, wire to connect the ALM input. That causes the loss of dual fuel
map feature.

Previous connection

Recently, we have changed that. We are now using the Narrow-band (NB) O2 input wire to connect the ALM analog

voltage input, which allows for real-time lambda.
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This means our ECU is actually hardware-compatible to both NB O2 and wideband (WB) O2 with the same input wire.

The only difference is to download a different CAL file into ECU. This simplifies a lot of wire work.

If you have one of our ALM (with LED display model) wideband kits, you shall connect the ALM to ECU as in the below

picture:

Note: the white/red 4-pin connector is the NB O2 sensor connector coming with our harness.
When you connect ALM to ECU for tuning, DO NOT CONNECTS THE NB O2 SENSOR.
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Pin definition of the Narrow-band oxygen sensor connector (white/red), from right to left in the picture:

e Heater circuit - (White) — not used for ALM

e Heater circuit + (Blue) — not used for ALM

e Reference Ground (Green)
Connect the GND wire which labeled GND-R from harness to green wire from O2 sensor connector
Connect the ANOUT wire from ALM harness to the white wire which is signed #8
ALM-S

If you have one of our ALM-S wideband kits, you shall connect the ALM-S to ECU as in the below picture:
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from ALM

L —————— |

RICH
Press Per SW
to "RICH"
side (I), use ECO
lamDsr table
[ ——

Performance switch

Most of our 4-stroke EFI harness comes with a NB O2 sensor connector (white/red) which has 4 wires. From left to
right in the picture:
e Heater circuit - (White)
e Heater circuit + (Blue)
e Reference Ground (Green)
e 02in - O2 sensor input (White)
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Our ALM-S harness comes with 2 wires:
e ANOUT (Blue) - analog output representing the lambda
e GND (Black) - reference ground

You need to connect the ANOUT (Blue) to O2in (White) and GND (Black) to Ground (Green).

If your performance switch (Per-SW) is pressed down to the ECO mode, the target Lambda for auto-tuning will be
1.0 (14.7AFR) across the board.

If your Per-SW is pressed down to the RICH mode, the target lambda will be your desired lambda table:
MAP_LamDrv_N_TPS. You can open this table in HAECAL and change it as you want.

Section 2 Burn the correct CAL file
After you connect the ALM or ALM-S to ECU as the previous section, you need to burn the correct CAL file into ECU.

When you buy our ALM and ECU combo setup, you will get a special CAL files:

1) "xxxx_ALM_Auto-Tuning_Enabled.CAL". This CAL file will enable the auto-tuning and let ECU keep learning over
the life.
2) "xxxx_ALM_Auto-Tuning_Finished.CAL". This CAL file will stop the auto-tuning and retain the learnt data in ECU

memory, and then you can use the ECU to read the lambda (AFR).

The way to burn the CAL file:
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Run HAECAL and load the correct A2L and the CAL files.

NoOte: when you burn the CAL file into ECU, always make sure your 12V battery is well charged. Low battery will cause

a failed burn, and your ECU will malfunction in that case.
Select "burn to ECU" after you has connected HAECAL to ECU via the serial cable.

Section 3 Let Auto-Tuning Run

After you burn the Auto-tuning enabled CAL file into the ECU. You can start your engine and drive it out. Auto-tuning will

start automatically once your engine is warmed up.

NOte: engine warm-up condition is engine temperature is greater than 70 degree Celsius, or 158 degree Fahrenheit.

Your engine needs to run more than 10-15 minutes to reach that temperature.

NOte: To have better auto-tuning opportunities, you need to drive in steady-states with different throttle positions. For

example, you drive the vehicle at 5%, 10%, 20% ... 100% throttles, and for every throttle position, you need to keep that

for about 10 seconds. One indication of steady-state is that the RPM is relatively stable.

Note: Make sure your 12V battery is well charged, and your charging system has enough power for both EFI and ALM.

All together, EFl and ALM require 3A to 5A current draw, which is about 70W total. You need also count the other

electrical loads on your vehicle. Low battery or deficient charging system will cause malfunction of the auto-tuning.
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NOte: Remember, you can use the performance switch (Per-SW) to define what your target lambda (AFR) is. The auto-

tuning will tune the lambda to 1.0 across the board in ECO mode, and tune the lambda to your desired lambda table in
RICH mode.

NOte: If you engine is not even able to keep running, (stall or sluggish), you may need to do some manual tune first to

get the AFR to the ball park range. You can send us the logged data and we can do that for you. If your engine has
already been setup by us or others with the kit, more than likely we have a calibration file available that’s very close to

what you need.
Section 4 Auto-tuning finished
When will the auto-tuning finished? It is depending on your feeling. If you feel the engine has been running much better

and stable compared to the beginning, at variant throttle and RPM conditions, you can think the auto-tuning is finished.

After you have finished Auto-Tuning with ALM, you can burn the "xxxx_ALM_Auto-Tuning_Finished.CAL" into the ECU.
This CAL file will stop the auto-tuning but retain all the learnt tuning data in the ECU memaory. ECU will still read ALM input,

but not to use it for auto-tuning any more.

NoOte: If you load the default Cal file which comes with EFI kit and has no "enabled" or “finished" words in the name, you

must disconnect the ALM from the ECU. Because the default CAL file is expecting NB O2 sensor input. You can re-install

the NB O2 sensor back to the EFI system and running close-loop controls.
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How to run your engine for ALM Auto-tuning?

If you run your engine with ALM auto-tuning function, you need run your engine in stable condition (stable TPS and
stable RPM) about 10 seconds, then it will modify the real lambda to desired lambda automatically.

For you to have a high efficiency auto-tuning, you can run your engine with the following progress as a reference.

When you load the correct Enabled CAL file or enable the auto-tuning in HAECAL, and connect the ALM to ECU
with above method correctly, then you can start your engine.

Auto-tuning function will be enabled automatically when engine have finished warm-up (engine temperature is higher
than 70 degree) or have run about 15 minutes.

Then drive it on road, to have better auto-tuning opportunities, you need to drive in steady-states with different
throttle positions at different RPM’s. It's better in a long straight road without many traffic lights.

For example, you drive the vehicle at 5%, 10%, 20% ... 100% throttles, and for every throttle position, you need to
keep that for about 10 seconds. One indication of steady-state is that the RPM is relatively stable.

Driving conditions: after the engine is warmed up (about 10-15minutes); drive the bike in some kind of steady state:
for example, on the flat road, hold the throttle position at 5%; at relative steady vehicle speed, and run it for 10-30s. Then
move the throttle opening a little higher, like 10%, and hold it at 10% at relative steady vehicle speed for 10-30s; repeat
this for 20%, 30% ...100% throttle positions.

After done a round of throttle positions, key off and wait for a while. This is a full cycle of auto-tuning.

Then repeat the above again if you want to do more auto-tuning.

The reason for key off when finished a driving cycle is that ECU will update the tuned data, and in next running ECU

will use the tuned data to run, so it will have a better performance than last running.
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Every driving cycle running, the stable condition (TPS and RPM) is not necessary to keep much longer time, just 10
seconds is enough. When every driving cycle is finished, you need key off then key on, engine will be calibrated well in
some duty cycles. The real lambda will be closed to desired lambda.

If you have an engine with a transmission, you need run the duty cycle in different gears.

HAECAL operation manual about Auto-tuning

How to bring up the auto-tuning window in HAECAL?

1. Load the correct A2l and CAL file with HAECAL V7.1.9.2 or later version.
2. Bring up the Auto-Tuning window:
Menu->Calibrations->Auto-Tuning settings
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x|
Fetch FromECU |  Enable Auto-Tuning |  Switch To Auto-tuned data |  Reset to defoult data | Export |

Alpha-N table auto-tuning | VE table auto-tuning | 3D View
RPMTps0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
1 | 1 |

0 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1000 -
2000 -
3000 -
4000 -
5000 -
6000 -
7000 -
8000 -
9000 -
10000 -
11000 -
12000 -
13000 -
14000 -
15000 -
16000 -

To use the Auto-Tuning function, keep the engine running on a stable condition. For example, hold the Throttle at 8%, after the engine RPM is stable, wait
for some seconds, the system will adjust fuel to adjust the lambda to your desired lambda, then this point will be tuned. Add the throttle opening a little, like
15%, do it once agan.

Go to <Auto-Tuned Area> table to see which point is funed. The more area tuned. the better perfomance you will get.

How to fetch the data from ECU?

Fetch the current data from ECU; click “Fetch from ECU”, you can get the data in ECU.
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5 Auto-tuning Settings

RPMTps 0 3 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
0 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1000 -
2000 -
3000 -
4000 -
5000 -
6000 -
7000 -
§000 -
o000 -
10000 -
11000 -
12000 -
13000 -
14000 -
15000 -
16000 -

Fetch FromECU || Enable Auto-Tuning |  Switch To Auto-tuned data |  Reset to default data | Export |
| Alpha-NN table auto-tuning | VE table anto-tuning | ﬂl

To use the Auto-Tuning function, keep the engine running on a stable condition. For example, hold the Throttle at 8%, after the engine RPM is stable, wait
for some seconds, the system will adjust fuel to adjust the lambda to your desired lambda, then this point will be tuned. Add the throttle opening a hittle, like
15%, do it once again.

Go to <Auto-Tuned Area> table to see which point is tuned. The more area tuned, the better perfomance you will get.

Engine EFI tuning guide —-V1.8

How to enable or disable auto-tuning with HAECAL?

If you load the default CAL file, you can enable or disable auto-tuning.
Enable Auto-Tuning: enable auto-tuning function

Disable Auto-Tuning:

(1): Enable closed-loop control with O2 sensor
(2): Read lambda with ALM
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;' Message EI
I %:Enab]e closed-loop control with O2 sensm‘

You must disconnsct the ALM from the ECL and re-itnstall the NB 02 sensor back
to the EF] system and running close-loop comntrals. Ifnot, the system will run
umsiable.

v Read lambda with ALM

Connect the ALM to ECU, disable auto-tuning, and just read the lambda in ECU

OK |

How to switch to use auto-tuned data or to use manual tuned data (default data)?

Switch to auto-tuned data: ECU will use the auto-tuned data to run engine

Switch to manual-tuned data: ECU will use the default MAP value to run engine.

- If you have the Enabled auto-tuning CAL or other corresponding CAL file from us, you don’t need change
this in HAECAL.
Load the corresponding CAL file, so you can do the test.

“Xxxx_ALM_Auto-Tuning_Enabled.CAL". This CAL file will enable the auto-tuning and let ECU keep learning over
the life.

“xxxX_ALM_Auto-Tuning_Finished.CAL". This CAL file will stop the auto-tuning and retain the learnt data in ECU
memory, and then you can use the ECU to read the lambda (AFR).

These two marked CAL file have been set to use auto-tuned data.
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How to save the auto-tuned data or see the table graph?

Export the auto-tuned data to CSV, it's convenient to save or modify the data in this form. You can also use the “3D
view” function to see the graph of data.
x|

Fetch From ECU | [{ " Disable Auto-Tuning )| Switch To Manual-tuned data | Resct to default data |

Auto-Tuned Area | Alpha-N table auto-tuning | VE table auto-tuning | (3D View
RPMTpsO 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

0 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1000 -
2000 -
3000 -
4000 -
5000 -
6000 -
7000 -
8000 -
o000 -
10000 -
11000 -
12000 -
13000 -
14000 -
15000 -
16000 -

To use the Auto-Tuning function, keep the engine running on a stable condition. For example, hold the Throttle at 8%, after the engine RPM is stable, wait
for some seconds, the system will adjust fuel to adjust the lambda to your desired lambda, then this point will be tuned. Add the throttle opening a little, like
15%, do it once again

Go to <Auto-Tuned Area> table to see which point is tuned. The more area tuned, the better perfomance vou will get.

Note: the datas vou see will not refresh unless you click <Fetch From ECU>
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X

% 3D charts

1
[FEIEp tonEIqIED | speyo (g lﬁ

1100

How to know the current operating mode (Tps and RPM) has finished auto-tuning?

The key point is the real-time lambda, making the desired lambda (LamWO2 close to LamDsr).
When you fetch from ECU, you can see the cell is changed to green color in Auto-tuned Area, it means the lambda is

closed to desired lambda, in other words, it has finished auto-tuning.
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x|
Fetch FromECU |  Disable Auto-Tuning | Switch To Manual-tuned data |  Reset to default data | Export |
| Alpha-N table auto-tuning | VE table auto-tuning | _3DVew |
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 90 95 100
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

11000 -
12000 -
13000 -
14000 -
15000 -
16000 -

To use the Auto-Tuning function, keep the engine running on a stable condition. For example, hold the Throttle at 8%, after the engine RPM 1s stable, wait
for some seconds, the system will adjust fuel to adjust the lambda to yvour desired lambda, then this point will be tuned. Add the throttle opening a little, like
15%, do it once again.

Go to <Auto-Tuned Area> table to see which point is funed. The more area tuned, the better perfomance you will get.

Note: the datas vou see will not refresh unless you click <Fetch From ECU=

-When the color of cell in Auto-tuned Area has been changed to green, you can finish the auto-tuning, and
disable it to see the performance.

Variables:

SLM_StableCondition=1, means current condition is finished.

B_fLamAd=1, the auto-tuning function has been enabled, so you can use the auto-tuning.
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(Add this variable: Menu->Variables->display type->list,
Then Right click in the selected variables list window, and add variable.)

The longer you run with the ALM auto-tuning on, the closer the calibration MAP table and lambda are to the real-time
lambda.

How to reset to default data?

If the auto-tuned data is not stable, or you don’t want the auto-tuned data and want to start a new auto-tuning, you

can erase the auto-tuned data and reset it to default data.

x|
Fetch From ECU | [ Disable Atto-Tuming | Switch To Mamual-tuned data |  Reset to defaui data | Export_|
Auto-Tuned Area | Alpha-N table auto-tuning | VE table auto-tuning | _3DVeew |

RPMTps 0 3 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
0 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1000 -
2000 -
3000 -
4000 -
5000 -
6000 -
7000 -
8000 -
9000 -
10000 -
11000 -
12000 -
13000 -
14000 -
15000 -
16000 -

To use the Auto-Tuning function, keep the engine running on a stable condition. For example, hold the Throttle at 8%, after the engine RPM is stable, wait
for some seconds, the system will adjust fuel to adjust the lambda to your desired lambda, then this point will be tuned. Add the throttle opening a little, like
15%, do it once again.

Go to <Auto-Tuned Area> table to see which point is tuned. The more area tuned, the better perfomance you will get.

Note: the datas you see will not refresh unless you click <Fetch From ECU>
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NOte: You can only reset the data by using the HAECAL operation; other operations such as burn to ECU or

power off can’t do this.

Attention again: when you have finished a phase of auto-tuning with ALM, you need to stop the engine and key-cycle
(key off and then key on), the auto-tuned data will be saved in the ECU, in the next auto-tuning running, it will use the
auto-tuned saved data to run.

(You have to_enable “Switch to auto-tuned data” button)
NOte: there is a more complicated method in our ECU to do auto tuning with an ALM, as a close loop control method,

which can automatically tune the fuel for your "desired lambda table". But that requires a lot of detailed conditioning, to
make it work right. We do not recommend the users to use it. That is for only very experienced users and be familiar with

our software.
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Chapter 11 On-the-fly Calibration Data

On-the-fly calibrations are something must to have when tuning the engine on the dyno, so that you can make you
calibration changes taking effect immediately by hit a "ENTER" key. No need to "Burn to ECU" or reprogram the ECU.
Only by this way, you can keep the engine running without interrupted and at the same time find the sweet spots of the
certain operating conditions. And you can tune your fuel / spark maps very quickly.

But the drawback of the "on-the-fly" calibrations is to use a lot of memory of ECU. Basically any calibration data you
want to do "on-the-fly" changes, you must double or even triple the size of the memory for that set of data. That would

significantly increase the ECU cost.

We have a compromise to do this: only make certain critical calibration maps as "on-the-fly" capable. And most
other non-critical calibrations, which are seldom changed by customers, stay the old way.

Mainly for most customers, the calibrations that need to be tuned for their engines are basic Fuel maps (VE table,
TPS-load table), Spark maps, and some supplemental fuel/spark characteristic curves.

You can also use "Save as" feature at "File" menu to save your new calibrations to a new CAL file. And later on load
it into HAECAL.

At this moment the below calibration maps, curves, and values are made "on-the-fly" capable:
RAM_MAP_LdTp_N_Tps:

"Tps based Load mapping" ; this is the most important one for dyno tuning. It determines the commanded fuel at

different throttle position and RPM. Especially at WOT condition, fuel is solely determined by this table. Because on the
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dyno, the first thing to tune is the max power of the engine, and the max power is realized to optimize the AFR at the
100% TPS and max RPM. And the AFR at max RPM and 100%TPS is determined by this table.
RAM_MAP_fVe Map_N:

"Volumetric efficiency, dependent on MAP sensor and RPM" ; this is the fundamental calibration map of an engine,
also called "speed-density" method.
It determines the commanded fuel at different manifold pressure and RPM. Basically, the volumetric efficiency

determines the fresh air amount in the cylinder, and therefore the fuel needed for optimized AFR.

Our ECU software use the blended "speed-density" and "Alpha-N" methods, and at most RPM ranges and part loads,
speed-density is primary method to calculate Fuel. Actually Alpha-N is only used at WOT and high RPM. So for most
operating conditions, you should tune the VE table for optimized AFR.

Other on-the-fly calibrations:

Basic Ignition angel table: RAM_MAP_Iga_N_Ld

After start and warm up factor: RAM_CUR_fAst_TmSta, RAM_CUR_fWmp_Tm
Globe enrichment factor: RAM_VAL_fFIApp

Note: when you tune the data on-the-fly, please “Stop Measuring” . Otherwise it will not take effect.

And if the ECU power off, the data will be lost, so you need save the data and burn to ECU after you think the
datais OK.
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Chapter 12 about HAE software tools and ECU communications

Note: We do not support the 3rd party USB-RS232 adapters, even though they might work sometime. The problem is that
those consumer electronics rated USB adapters only works in a noise-free environments. This means, once the engine is
running, it generates a lot of electronic magnetic noises. And those USB adapters, though looking pretty, will not stay
working when you are driving. That's why we developed our own.

Your purchased one is only looking "nice"; they will not working nice once the engine is running.

Recommend you to buy a new USB adapter from us and we can help you from there.

12.1 Check A2l or CAL which should be matching ECU

How to find the A2L or CAL files is matching with ECU?

Connect your laptop with a USB or RS232 to ECU harness. First do some communications settings in HAECAL.

File | Settings Run Variables Calibrations Diagnostics
; Communication settings | |
—_— Toagle Units »

“

I (... Proviect

Select to the USB or COM or other according which you use. Then click "OK".
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T,-, Communication Settings El

Settingz

r USB V¥ COM T BlueTooth I Ethernet

Port Num [com =l

v Show settings at startup

Connect to ECU: "Run->Connect"

File Settings |F'.ur1 Variables Calibrations Diagnostics

| =l BN Connect
—_— . Discanmnect Chr| R
«“ Treevievw
Fetch Fram ECLU
=P
Burm Eo ECL
) 148 C
Stark Measuring & ]
e )0ce_S3:

Stark Recording, B9
Shop Measuring F11

Flay Back

If it pop-up a warning box, so it is mismatching with your ECU. Please connect us to get the right file.
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waning L

Software mismatch,load the correct .Cal and .AZ files please!

If it pop-up a message box, it means the settings of CAL is different from the ECU, you need to "Burn to ECU".

zl
Meed to update the lozal . Cal file,burn to ECL ar fetch from ECL?

Fetch from ECLI [ Bum to ECL ][ Cancel ]

On the other hand, it will pop up a message "This calibration data set matches with the ECU's". It is right.

L LLES LAl ALALL UL STL LIEILGLITS WILLL LLIT LA D2

This calibration data s=t matches with the ECTT=!

14

Thi= calibration data set matches with the
ECITs!

Confidential HAE Page 161



HAE LLC Engine EFI tuning guide V1.8

12.2 Burn to ECU successfully

How to make sure the "burn to ECU" is successful?
First, make sure the ECU is power on, and connect your laptop with a USB or RS232 to ECU harness.

When to burn to ECU, the power is still on and don't put the power switch off.
And if burn to ECU successfully, you will hear fuel pump running for a couple seconds. If not, please do again and

check all of connection is right.

12.3 load configuration in variables list

For diagnosis and analyze the engine issue, sometime you need load the “.ini” file which we send you, in HAECAL,

and log data. You can do this by following example operation.

1) Choose “list’: In the interface Right Click ,then click “Display type—List”
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Settings Run Variables Calibrations Diagnostics Advanced Help

1R %S
[CENE 55‘"Ga||ge [m] ﬁ
= Project
NA_Mijna250cc_SE2B1361_4
NA_Minja250cc_SE2B1361_4
Calibration
Add variables v Gauge
Shaw osciloscope
Varizble properties
Hide TreevView
| i
itatus ~
nverting the file... =] -40.0 DegC \ -40.0 DegC
irsing the file...
king the files...
e load successfully!
‘epPos does not exist
spyright ECOTRONMS, Al rights reserved
ww.ecotrons.com
yverting the file...
irsing the file...
king the fles...
e load successfully!

2) Inthe list view , right-click , first, Click “Show All Variables® , then right-click choose “Add Variables”
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B Hap
N

- rlrj

P tnio

fLe

Mraw
Tpz

Ub&dc

- uLzb

ubdap
uPot
uTpz

Add Variables

Syn
Sun
Sun
Syn| ms
20msz
Mg

hPa
Rprm

Show All Variables ms

B_CikEn
- B_MapDrpErr

B cisErd

Show Qecilloscope
Decimals Display
Hide Descriptions
Sort

Variable properties

B iFreC

LamDrar

B DfsLcad

Pam

M-

X Ld b, [%] [ | PI-:II
T: N_b. [Rpm £ tiri
MAP Iga N tinj1
Current_Tirne
322500 38, = En_CrankSer
a0 7 fLc
s000 7 fLc2
10,5000 100 FITrsCr
14.2500 14, Last_Falling_|
18.0000 18 B Last_Rising
232500 239 Last_Riging_
35,2500 35 Mraw
375000 37
375000 37 = Lisﬂ.dc
38,2800 38 - uLsh
39.0000 39 B Lt
39.0000 39 B Map
38.2500 38 WPt
- ulTa
- uTm
ul ps
B_Afr
B_CikEmn
BN e

Add Variables

v Show basic Variables

T
100msz

100ms
100ms
100msz %
100mz| hPa
100mz DeglC

ey
Sun hPa
Syn mz
Syn mz
20msz
20msz
20msz
20msz

Show Oscilloscope
Decimals Display
Hide Descriptions
Sort

ariable properties

20ms| W
20ms| W
20ms| W
20ms| v
20ms| v
20ms| v
100mg

100ms

AN~

oo o
oo oo oo oo LS oo oo Moo o oo oo

16328375
100
2A.

"Intak e manifold prezsure measured with b
"Engine gpeed in Rpm"

"number of injections "'

"injection time for injector #0 "

2 "Lambda controller output [word]"
"Engine gpeed in rpm from LLD"

"throttle position with rezpect to lower mec
& "battery voltage; scanned value of microp
4 "aoltage zignal from the lambda senzor be
5 "oltage zsignal of manifold pressure senac
5 "ADC-voltage of potentiometer sensor

5 "aDC-voltage of thrattle pozsition zensar
1 "Enor condition for crank, sensor”!

1 "Error condition for MAP sensor, no droppi
1| "condition; end of start "

E4 "factor pre-contral fuel”
16 "Desired Lambda"

[N

2059967
£5.535
£5.535

.234367E+09
£5535

2

2

1536
.234967E+09
.234367E+03
.234367E+03
16383.75
100

256

=

A4 == m @ e

"additive adaptive cormection of the relativ
“eumnbient prezsure’’
"Intake air temperature’’

LTI O s
"prezzure in combustion chamber for load calculati
“injechion time for imector #0 "

“injechion time for imector #1 "

"cument timer of LLD "

"bitFields crank sensing errors, tored in My k"
"Lambda controller output [word)"

"Lambda controller output **

"“rel. fuel mazz transition compenzation '

"LLD timer"

"LLD timer"

"LLD timer"

"Engine speed in rpm from LLD™

"thrattle position with respect ta lawer mechanical
"battery waltage; scanned walue of microprocessor
""Waltage signal from the lambda sensor before cat:
""altage signal from the lambda sensor befores cat:
"altage signal of manifold pressure sensor

"D C-voltage of potentiometer sensor
“ADC-voltage of intake air temperature sensor’'
“ADC-voltage of engine coolant temperature senst
"t C-voltage of throttle position senzor '

"ECU control for ECU switch off delay”

"Error condition for crank, sensor”
Marnbkd = Animrride fibal cnibals ba Ted FBoal BoREAY
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3) Click“Load Configuration”

o rsdvonables

! Al ariables

|

E_Afr
B_CikEnr
B_LamQwr

mmEmE
L2 R v R -l
Figinb
BEIREE
= o
A=

&

f Current_Tirmer
| ECT

En_Fuel_Flag
Fst

fAstwmp
Femlsb
Femlsbz2
Fembap

Motes:

4) Choose “Simple list.ini”, and then click “open’

Erm_CrankSensing_Flag

= Add To 20me»
Add To Sprzs

Add To 100ms > T

<<Delete
El ok

20ms Yariables Selectsd 18

||y

Syn W ariables Selected

13

x|

100ms Yariables Selected 29

Find | I

Find

Current_Timer
Ermr_CrankSensing_Flag
fle

fLe2

FITrsCr
Last_Faling_Edge_Timer
Last_Rising_Edge_Timer
Last_Rizing_Edge_Timer_Bak
Nraw

pz

Ubddc

uLsh

ulsb?

Fi

Fi2
lgalut
Ld
LdPrd
LdTp
Mat

b ap

N

ninj
Fid

Hrill
tint

Load Configuration

-

EE]
o
LE=T
2
==y
2=

3]
-
2
g

5

B_tdapDirpEnr

m m

[t g
redn ]
=2

o

k=2

=)
w
o
m
S
a

Er_Fuel_Flag
st

fLesd

flead2
FITrsCr
fPreCtl

P mp

P mp

LamDsr ﬂ

Save Configuration

QOrganize «

=3¢ Favorites
Bl Desktop
=l Recent Places
@ Downloads

B [ Libraries
3 Documents
J’. Music
[ Pictures
B¥ videos

= 1% Computer
i-f, Local Disk (C:)

M. SAFTWARF MY LI ‘I

New folder

-

=1 MName *

- @

| Date modified

4| Normal List.ini

2012(7/21 15:36

File name: ISimpIeIist.ini
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5) Click “OK”

x

Al aniables 20ms Y anables Selected 19 Syn'anable: Selected 13 100ms " ariables Selected 29

I Find | I Find | I Find | I Find |
B_Afr Current_Timer B_Afr
B_CrkEn Add To 20ms> > | En_CrankSensing_Flag FI2 B_CrkEmr =
B_LamOwr Lo lgalut B_Lamiwr
B_LeAd2 flLe2 Ld B_LeAd2
B_Leadp | FITr=Cr LdPrd B_LcAdp
B_tapDrpEn Add To Spn>> Lar 02 LdTp B_tapDrpEr
B_Pamddp Last_Faling_Edge_Timer b4 af B_Pamidp
B_Puwf Lagt_Rizing_Edge_Timer M ap B_Pwf
B_StaEnd Add To 100ms 3 | Last_Rizsing_Edae_Timer_Bak M B_StaEnd
Current_Timer Mraw nin| Er_Fuel_Flag
ECT Tps Fld fivst —
Err_CrankSensing_Flag Ubédc tnjl fLoéd
Err_Fuel_Flag <<Delete | uLsh tnjl fLoéd2
fsst uLsh2 FITrsCr
[&stwmp ukap fPreCtl
Femlsh LuLsh2 — fdmp
Feomlsb2 oK | .- fdmp
FcmMap ﬂ uTm ;I LamDsr LI

Load Configuration Save Configuration
Motes:
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