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Introduction:

The MSA-11 ECU is used in older cars like a BMW e36 325TDS which also will be the example. It
has two 27C256 EPROM's inside (UV-erasable). The EPROM's are mounted in sockets, so no
soldering is needed. On the EPROM with the lowest software number are the limitation maps,
drivers wish and the quantity adjuster map. The EPROM with the higher software number
contains the Beginning of injection maps (3 the same maps in this case). Sometimes other
EPROM's are used like the 87C257 (UV-erasable). The MSA-11 is used in the following cars:

ALFA1552.5TD
ALFA1642.5TD
BMW 318 TDS

BMW 325 TDS

BMW 525 TDS

BMW 725 TDS

FIAT MAREA 2.4 TD
LANCIA KAPPA 2.4 TD
FREELANDER 2.0 D
OPELTD's

RANGE ROVER 11 2.5 DTI
ROVER 8252.5TD

There may be more cars using MSA-11 which are not in the list.



Map explanations:

The MSA-11 ECU has no boost control, only fuel-management. The boost is regulated
mechanically.

Fuel related maps:
-Drivers Wish
-Torque limiter
-Smoke limiter
-Quantity adjuster



Fuel related maps
1. Drivers wish Map:

General:
This map shows the required injected quantity diesel into the engine depending on the RPM
and the Throttle position. The output of this map is injected quantity (1Q) in mg diesel/stroke.
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Picture 1.1: 3D view of the drivers wish map.

Factors & offsets:
All factors, offsets, axis descriptors and names are given by the pictures below.
Properties of... x
M ap properties lX-A:-:is | vz | 3d |
[rescription: |ID
Uinit: mg # stroke 12|
I arne: |Drivers wizh
Start address: VA
Coalurmn % rows: |3 ¥ |'|2
Yalues: | 2 Bit LJ
Murnber farmat; |Decima| [Base 10 Spstem) LJ
[ Reciprocal [ Difference
| Sign [ Percent
[ Original wvalues | Mo factor 2 offset
Organization: | Twodimenzional LJ
Factr & Offsst:  [0200000  [ooooooo BarlCl 1)
o
Frecision: 0000000
k. | Cancel | Help |

Picture 1.2: The factor and offset from the map drivers wish
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D escription:
Linit:
Dats zource:

Start address:

Walues:

Murmber format;

Sighature byte:

Map properties K-tz |Y-f-‘«:-:i$| a3d I

IThn:nttIe pozition

%

|Epn:|m

I?.f-‘-.82 From hEHdumpcursurl

™ Mirar map

| 2Bi

I Decimal [Baze 10 System)

I Reciprocal
[~ Sign

—

Factor & Offset:  [0332157  [noooonn BaclCl 1)
! a1l v |

Precizion: |EI
] I Cancel | Help |

Properties of...

Picture 1.3: The properties of the X axis of the map drivers wish

Dezcription;
Unit;
[ata source:

Start address:

Walues:

MHumber format:

Signature byte:

fap prapertiesl iz T l ad I

{1 /mir

|RPM

I Epran

I?.-’-\BS From he:-:dumpcursu:nrl

I Mirmor map

| aBit |
IDeu:imaI [Baze 10 System) _ﬂ
I~ Reciprocal

I Sign

Ea—

Factor & Offset:  [20000000  [nooooon BarC 11
- % |l v |

Frecision: ID
k. I Cancel | Help I

Picture 1.4: The properties of the Y axis of the map drivers wish




2. Torque limiter:

General:
This map limits the injected quantity of diesel based on RPM. The output of this map is also mg
diesel / stroke. So if the drivers wish is 50mg, and the torque limiter is 45 at that location, it
won't inject 50mg but limit injection at 45mg/stroke.
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Picture 2.1: 2D view of the Torque limiter

450 600 700 830

Factors & offsets:
All factors, offsets, axis descriptors and names are given by the pictures below.

Properties of... Properties of...
Map properties ix-.l’-'w:is 1 2d 1 tMap properties  #-Awis ] 3d l
Description: “Q Description: ]1jnﬂn
Linit: |ma/stioke  1d: | Urit |RPH
I ame: |Tu:|rque lirniter Data source: JEprom LJ
Start address: T426 Start address: 7413 Fram hesdumpcursor
Columr = rows: [13 % |1 ™ Mimrar map
Walles: | 8 Bit L} Valles: J & Bit LJ
Mumber farmat: ]Decimal [Base 10 System] lj Mumber farmat: JDecimaI [Base 10 System] :_j
[~ Reciprocal [~ Difference I Reciprocal
™ Sign [~ Percent [ Sign
[ Dniginal walues [ Mo factor / offzet A ke ]‘2['—‘
Organization: | Oredimensional j
Factor & Offset:  [0200000  [o.oooooo Batl 1 1) Factork Offset. 20000000 [o000no0 Barl-C 1|
% | il B g i A
Frecizion: 0.000000 Precision: a
ak | Cancel ‘ Help J 0k | Cancel ‘ Help I

Picture 2.2: The factor and offset from the Torque limiter

Picture 2.3: The properties of the X axis of the Torque limiter




3. Smoke limiter:

General:
This map limits the injected quantity of diesel based on RPM and inlet air. So if the drivers wish
is 40mg, and there is only enough air to burn 35mg diesel, it won't inject 40mg but limit

injection at 35mg/stroke.
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Picture 3.1: 3D view of the Smoke limiter

Factors & offsets:
All factors, offsets, axis descriptors and names are given by the pictures below.

Properties of...

Map properties | i | vauis | 34 |

Dezcription: |||]

Unit: |mg;gtmke Id: |

M ame: |Smuke lirmiter

Start address: I?_C'HE—

Colurnm % rows: |12 ® I12

Walues: | 9 Bit L]

Mumber format: |Decima| [Baze 10 System] Li
| Reciprocal I Difference
I Sign I Percent

I Original values | Mo factor / offset

Organization: |Twndimensinnal L]

Factor§ Offset 0200000 [0ooooon Batl“Cl_1
% | fel] =
Precision: 0. 000000

] | Cancel ] Help |

Picture 3.2: The factor and offset from the Smoke limiter




Map propetties  Asfuiz IY-AHis' 3d i

Dezcription:
Unit:
[ata zource:

Start address:

Yalues:

MHurmber format;

Signature byte:

Factor & Offzet:

Precizion:

il

|mg.‘hub

IEDICII‘H

I?C‘l 2 From heﬂdumpcursarl

I Mimmor map

| 8Bit

IDecimaI [Baze 10 System)

I Reciprocal
I Sign

—

5. 000000 O.ooonon Barl 1]
I I x| ] ]

—

Lef Lo

ok i Cancel I

Help I

Picture 3.3: The properties of the X axis of the Smoke limiter

Properties of ...

tap prnpertiesl oz 1A | 2d I

Dezcription:
Lnit:
Data source:

Start address:

Yalues:

Murnber farmat:

Signature byte:

|14

GG

lEpram

!?I:DS From he:-:dumpcursorl

[~ Mimar map

| 5Bt

iDeu:imaI [Baze 10 Spstem]

™ Reciprocal
[~ Sign

—

Lol Lo

Factor Offset  [20000000  [nooooon Batl 11
B EATTTEN

Precizion: iD
(]S I Cancel | Help |

Picture 3.4: The properties of the Y axis of the Smoke limiter



4. Quantity adjuster:

General:
This map shows how much volt the diesel pump need to inject a certain amount of diesel. So
this is a "calibration™ map.
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Picture 4.1: 3D view of the Quantity adjuster map
Factors & offsets:
All factors, offsets, axis descriptors and names are given by the pictures below.
Properties of. .. )
Map properties lX-.-’-‘«:-:is] Voduis | 3d |
Description: |\Iultage Frequested 1G]
Urit: |l ol Id: |
Marme: |uuantit_u adjuzster map
Start address: raz
Column & rowes: ]13 % |15
Values: |16 Bit [HiLc] =l
Mumber farmat: |Decima| [Baze 10 Syztem] LI
™ Reciprocal [ Difference
[ Sign [ Percent

I Original values | Mo factar / offset

Organization; lTwadimensionaI L]

Factor & Offset  [0.076295 ooooooo Barl 1
| | % | gl
Frecizion: |E|_EIDEIEIDEI

Ok | Cancel | Help ‘

Picture 4.2: The factor and offset from the Quantity adjuster map
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Properties i

bap properties  HaAwis lY-.-ﬂ:-:isl 2d |

Dezcription:
Ihit:
[ ata source:

Start address:

Yalues:

MHumber faormat:

Signature byte:

fia

Img { stroke

IEpram

I??1 b From he:-u:lumpc:ursu:url

[ Mimor map

| 8Bit -
IDecimaI [Baze 10 Syztem] ;l
™ Reciprocal

™ Sign

[a‘a‘—

Factor & Offset:  [n2o0000  [nooooon Bacl “C 111
! x sl =

Frecizion: IEI
(] I Cancel I Help |

Picture 4.3: The properties of the X axis of the Quantity adjuster map

P roperties of...

Description:
Unit;
Data sounce;

Start address:

Values

Mumber farmat:

Signature byte:

Map prapettiesi T | ad |

[14mir

|RPH

IEprom

I?TDE Fram he:-:clumpcursnrl

I Mirrar map

| 8Bit

IDecimaI [Baze 10 Spstem]

[~ Reciprocal
[ Sign

—

L4l L«

Factor: Offsst  [2nonooon [nooooon -Batl “C 111
B AR A

Precizion: ID_
Ok, I Cancel | Help |

Picture 4.4: The properties of the Y axis of the Quantity adjuster map




5. Tuning the fuel maps:

If we want to tune a stock engine we need to change the drivers wish, torque limiter, smoke
limiter and in this case (BMW 325tds) also the quantity adjuster.

Drivers wish:

The drivers wish is not very high in the original so it needs to be set higher. At full throttle it
may be set 25% higher as original. Also at high revs from 50-100% throttle it may be a bit
higher.

To give an example, look at the picture below. It is an original text view of the torque limiter.

I (Throttle position,lsmin) /oy / stroke

% 1 10 30 g0
RPM g 20 L3 a0
u] 2 36 46 47 483 43 49 50
360 2 21 4z 44 45 47 49 50
520 1 12 32 41 44 47 43 50
700 u] T 21 34 42 45 48 L0
280 0 5 13 29 38 44 48 50
1060 0 3 3 21 33 43 47 40
1320 u] 3 5 15 25 39 48 50
1760 0 2 3 9 16 31 42 50
2200 0 1 Z 6 12 27 40 50
2640 ] 1 2 5 10 25 39 &0
3520 0 i 1 4 a4 23 38 50
4260 0 i 1 4 4 23 33 50

Picture 5.1: The original Drivers wish

The modified torque limiter can look something like the picture below.

Id(Throttle position,lsnin)/ng [ stroke

5 1 10 30 go
RIM = 20 L3 Loa
a 2 36 46 47 45 45 49 51
360 2 21 42 44 45 47 49 51
Lzo 1 12 32 41 44 47 43 51
700 a 7021 34 42 45 43 51
G50 a 5 13 28 35 44 43 51
1060 a 3 5 21 33 43 47 51
1320 a 3 7T 1l 27 40 47 51
17&0 a 2 511l 22 33 45 51
2200 a 1 4 9 18 25 44 51
2640 a 1 4 g 16 25 43 51
3520 a a 3 6 14 26 42 51
4260 a a 3 g 14 Z5 41 51

Picture 5.2: The modified Drivers wish

If we look at this you can see that we have a problem. The requested injected quantity at full
throttle should be 50mg x 1,25% = 63 mg/stroke. We can only add this value up to 51 because
that is the upper limit of the map (255 x 0.2 = 51). This problem also occurs by the torque
limiter and by the smoke limiter. Of course there is a solution: changing the quantity adjuster
map. This will be discussed later.



Torque limiter:
The torque limiter can be increased from 1250rpm to 4800rpm by £ 25%. The highest value

should be around 4000rpm, due to the big turbo mounted on this car.

To give an example, look at the picture below. It is an original text view of the torque limiter.
IN{l/min) /my / atroke
RFM ] 450 700 1100 1540 1940 2380 3080 4240 4540
40 500 530 1320 1750 2120 2640 4080 4430

" o 34 34 26 26 27 31 36 40 43 43 43 43 44 45 46 4 25 0

Picture 5.3: The original torque limiter

The modified torque limiter can look something like the picture below.
I (l/fwin) /myg / stroke
RPN 0 430 700 1100 1540 1940 2380 3080 4240 4540
40 600 ga0 1320 1760 z1z0 2640 4060 4430

” o 34 34 26 =26 27 35 42 43 51 51 51 51 51 51 51 51 45 a

Picture 5.4: The modified torque limiter

We also see that the same problem occurs as the one with the drivers wish. it cannot be set
higher as 51mg/stroke.

Smoke limiter:

As you can see the values (mg/stroke) are increased. At this point the smoke limiter will still
limit the 1Q. So we need to change the smoke limiter as well. We only want to change the
smoke limiter at high 1Q's. Original the text view of the smoke map looked like the picture 5.5.

lU[sirtlow,l/min) /mg / Stroke
o b 275 430 L0585 al0 a5 ge0
FFM 310 460 545 635 G50 a70

430 34 34 34 34 34 34 34 34 34 34 34 34
a0a 22 22 &7 2§ 30 32 35 38 36 37 38 40
7aa 20 2z 2Y 28 30 32 35 38 3V 38 40 4z
g80 20 2z 28 29 30 32 35 37 38 40 42 44
11a0 20 22 2% 31 32 33 35 37 3% 4z 44 4s
1320 20 22 2% 31 35 38 3% 41 44 48 43 49
1540 £20 22 2% 31 34 37 40 45 47 50 51 51
17a0 £20 22 2% 31 34 38 33 42 46 4% 50 51
Z200 £0 22 E% 31 34 38 3% 4 46 4% 50 51
£e40 £0 22 2% 31 34 37 40 44 47 50 51 51
4040 0 22 E% 31 34 37 43 4% 51 51 51 51
4240 £0 22 &% 31 34 37 43 4% 531 51 51 51

Picture 5.5: The original smoke limiter

At full throttle only the higher airflow parts will be used.



To change the smoke limiter not too much (we don't want to smoke a lot). The air fuel ratio at
which not too much smoke appears is 1:17. So if we pick the value 870 (highest value on smoke
map scale) and divide that by 17 we get: 870/17 = 51mg. So the max value in the most right
column may be 51 mg/stroke.

Then the smoke limiter looks like the picture below.

I (mygshub, l/smin) sy f stroke

tflow || 55 86 101 122 157 172

EX3| 62 9z 109 137 170 174

430 34 34 34 34 34 34 34 34 34 34 34 34
a00 Z2 Z2 &7 &3 30 32 35 36 36 3T 35 40
700 20 2z &7 2§ 30 3z 35 36 37 35 40 4z
g80 20 2z Z8 29 30 32 35 37 38 40 44 4da
l1aa 20 22 2% 31 32 33 35 37 39 4z 45 47
1320 20 22 2% 31 35 36 39 41 44 46 49 51
1540 £0 22 2% 31 34 3T 40 45 47 50 51 51
17a0 £0 22 E2% 31 34 36 33 42 46 50 51 51
2200 0 22 &% 31 34 3a 3% 42 47 51 51 51
Ze40 Z0 22 E% 31 34 3T 40 44 43 51 51 5l
4040 20 2z 2% 31 34 37 43 4% 51 51 51 51
4240 20 2z 2% 31 34 37 43 51 51 51 51 51

Picture 5.6: The modified smoke limiter
And, again, we run into the limits of the map(51mg/stroke).

Quantity adjuster map:

The problem is that the system will max allow 51mg/stroke to inject. To solve this problem we
let the ECU believe that it is injecting 51mg/stroke, but actually is injecting more. How do we do
that? By changing the quantity adjuster map.

Voltage / recquested IQ(I0O,l/min) milliVolt

troke a 2 g 20 32 43 51
RPM 0 4 14 Z6 33 47
140 0 274 2813 E35%1 29888 3145 3337 3515 368Z 3867 IDEL 4102 4373

360 2383 2440 2560 2660 2749 2879 3028 3227 3377 3536 3676 35825 3945
a00 2149 2265 2346 2408 2565 2Y04 2884 3048 3128 3332 3501 3621 3711
g80 1853 =Z05z2 2152 2211 2387 252e  2ed4d 2793 2934 3038 3148 3247 3322
liao 1574 1922 2012 2112 2241 2396 2555 2685 2314 943 3060 31687 3Ze0
1320 1270 1823 1927 2037 2199 Z3E3 2447 2571 ETZ3 Z85% Z933 3103 3135
1520 1155 1663 1833 1937 Z102 2256 2416 2540 2660 2793 2929 30E3F 3115

1780 998 1594 1703 1838 1987 2196 2341 2490 Zelz 2739 2541 2945 3033
1340 g99 1504 1622 1753 1922 Z1:22 2296 2455 2610 ZVEE 2553 2929 3039
2200 703 1459 1559 1708 1858 2037 Z22le 2406 2565 ZTV06 2538 2929 3023
2640 0 1390 1494 1ed9 1808 1977 2139 Z23zZ6 2510 2689 Z508 2903 3006
3080 0 1325 1434 1594 1733 1967 2139 EZ3Z1 2493 Z2615 Z7§4 2394 2995
3520 o 1170 1350 1539 1783 1967 2147 E311 2450 E26l10 2752 Z360 2973
3960 0 1170 1350 1329 1753 1957 Z131 E310 2480 E6l5 276l Z371 2973
4z20 o 1170 1365 1544 1746 1932 2102 2321 2490 2640 2752 28859 3024

Picture 5.7: The original quantity adjuster map



We demand the ECU to apply more voltage for an amount of injected quantity diesel.

Voltage / requested IQ(l/min,I0) /millivolt
BRI 140 00 1100 LEZ0 1940 2540 3520 4220
wy/stroke 360 aan 1320 1760 2200 3080 3960

a o 2383 2149 1853 1574 1270 1155 995 899 703 a a a 1] a
a 2754 2440 2265 2052 1922 1828 1lesd 1594 1504 1459 1390 1325 1170 1170 1170
Z 2813 2560 2346 2152 2012 1927 1833 1703 1629 1559 1494 1434 1350 1350 1365
4 2891 2660 2408 2211 211z 2037 1937 1838 1753 1708 1g4% 1594 1539 1529 1544
g 29585 2749 2565 25587 Z:4l  E21%9%  EZ102 1987 1922 1§53 1805 1738 1783 1758 1748
14 3145 2879 2704 2526 2396 2323 2256 2196 Z1Z2: Z03T 1977 1867 1967 1957 1932
20 3337 3028 2884 2644 ZERE 2447 2416 2341 2296 22Zle 2139 2139 2147 Z131  Zlo2
26 3515 3227 3045 2793 I6S5 2571 Zele 2587 Z53EZ 0 248%  240% 2387 2387 2336 2387
3z 3692 33T 3128 2934 2814 2723 ZU3T Z8Ee 28R4 209 2754 274 ZedL 2U7Z4 0 2734
38 3867 3536 3332 3038 2048 2859 ZET4 2983 2008 2051 2933 2BED 2854 2350 z23E4
43 3925 3678 3501 3143 3060 2983 3005 3085 3097 3082 3053 3028 2996 3013 3026
47 4102 3825 3621 3247 3167 3103 3104 3193 3173 3173 3147 3138 3104 3115 3133
51 4373 3945 3711 3322 3260 3183 318% 3277 3283 3267 3250 3238 32ZIZE0 3218 3268
Picture 5.8: The modified quantity adjuster map

Don't "over tune" this map. Adding 10% at higher 1Q's above 1500 rpm can be a guideline.



Conclusion:

All information and values given in this document may be used at own risk. | do not stand in for
any problems or blown turbo's. My special thanks go out to Matt and Tomek who helped me
with all this information and tuning advice. | hope you enjoy the information.



