Introduction to Tuning the LT5
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Overview

v Process of Tuning

v" Tools Needed to Tune

v’ Logging your ECM’s data flow

v' Interpreting the data

v' Making changes to your EPROM program

v Writing the edited program back to the chip
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The Process of Tuning

1. Learn what the engine is doing. Log the data from the ECM via
ALDL.

2. Interpret data. Rich or Lean? Is engine experiencing knock?
Add / Pull Fuel. Adjust timing.

3. Read the program on the existing EPROM chip (in the Memcal).
4. Edit the chip’s calibration.
5. Write the changes back to the chip.

6. Repeat the process.
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Hardware / Software Needed

Software
1. Log data stream from ECU (Scantool)
2. Make Changes to the Hexadecimal Data / Calibration on
EPROM Chip (Bin Editor)
3. Write Changes to (E)EPROM Chip (Prom Burning
Software)
Hardware
1. Laptop
2. Cable from Computer to ALDL
2. EPROM Chip Burner
3. EEPROM Chip (27SF512 or 27C256 or AT29C256)
Reference for obtaining equipment and software:
http://www.moates.net/
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Logging Your LT5’s Operation

Equipment Needed:
1. Laptop

2. Cable from ALDL to Laptop (Serial or USB) &l
http://www.aldlcable.com/ ~S60
http://www.moates.net ~S80

3. Diagnostic Software e
—— TunerPro RT 539 =l
TTS Datamaster ==
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http://www.aldlcable.com/
http://www.moates.net/
http://www.tunerpro.net/downloadApp.htm
http://web.archive.org/web/20011212092406/http:/www.ttspowersystems.com/dm_dload.htm
http://web.archive.org/web/20011212092406/http:/www.ttspowersystems.com/dm_dload.htm
http://tunercat.com/

Logging Your LT5’s Operation

Using the Correct Software / Map File (Mask)

TunerPro RT

1990 LTS5 - 8E or 8EA Datastream File
1991 LTS5 - AF or AFA Datastream File
1992 LTS5 - DO or DOA Datastream File
1993-95 LT5 - FOA or FO Datastream File

(http://www.gearhead-efi.com)

DataCat
- Separate Software for 90-92 and 93-95 LT5s

TTS Datamaster
- Separate Software for 90-92 and 93-95 LT5s
-Z1 Version for 90 — 92 LT5

-Z2 Version for 93 — 95 LT5
http://web.archive.org/web/20011212092406/http://www.ttspowersystems.com/dm dload.htm
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Normal Oxygen Sensor Data
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Typical Secondary Port Throttle Data

DIACON AutoGraph (tm)
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Normal Spark Knock

DIACOM AutoGraph C(tm)
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Is The Engine Ready For Tuning?

1. The engine must run smoothly. No misfire at idle or under load.
2. The fuel pressure must be 43 psi at idle and 51 psi at WOT. +/- 2 psi.

3. These engine data must be in the normal range before tuning.

A. Fuel blocks, 128. Fuel trims, 128. +/- 12 counts total.

B. The oxygen sensor voltages must be 200 to 800 millivolts. +100 —
50 mv. They need to be smooth sine waves and cycle about
three times per second at idle.

C. There should be at least 1 IAC count when the engine is hot.
Normal is 10 +/- 5 counts.

D. Make three runs from 30 to 90 mph at WOT. There should be
less than four knocks greater than -4 degrees on the third run.
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Reading the Chip

Reading Chip
Moates.net Flash & Burn Interface £

18% Supported Chips

Chip Addressing
th peak | fesic: peak Start Address in Hex | T
Cancel | End Address in Hex | 000000

Seetor 1023 Buffer Addressing
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File Edit Device Action Help N End Address in Hex | 000000
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View & Edit the Chip’s Calibration

Equipment Needed:
1. Laptop
2. Tuning Software: TunerPro / C.A.T.S.
3. Chip Reader / Writer: wilhelm board / Pocket Programmer / Burn 2
4. Memcal Adapter for ECM - Moates
5. Memcal Adapter for Reader/Writer - Moates
6. EEPROM Flash Chip - Moates
**Complete Kit: C.A.T.S. OBDI Tuner P&

ECM Definition File
Software CD

Burn2 Programmer

G1 Memcal Adapter
HDR1 Memcal Adapter
SST27SF512 Flash Chip

Haibeck Automotive Technology

The ZR-1 Specialist



http://www.tunercat.com/cables/OBD1kit.html

View & Edit the Chip’s Calibration

In addition to software, you will need the correct definition files:

1990 LTS - S8E or S8EA Definition File
1991 LTS - SAF or SAFA Definition File
1992 LTS5 - SDO or SDOA Definition File

1993-95 LTS5 - SFOA or SFO Definition File

Using C.A.T.S — Purchase at http://tunercat.com/

Using TunerPro — Find on a Definition Forum
(http://www.gearhead-efi.com)

Haibeck Automotive Technology - ]
The ZR-1 Specialist ,A//ﬂtlegm


http://tunercat.com/

Scalars, Flags, and Tables

Parameter Tree
View By: |Parameter Type
=TT Scalars

----- “IL Cylinder Yolume

----- T Fuel Cuttoff Speed

----- ‘I Fuel Cutoff RPM

----- ‘IL Fuel Resume Speed

----- “IC Fuel Resume RPM

----- TC Injector Flow Rate

----- “TL RPM Threshold To Enable CARS

----- “IC 3:TPS Threshold To Disable CARS

----- “IT vehicle Speed Threshold To Dissble CARS
----- “IL vehicle Speed Threshald To Enable CARS
----- “‘IL Speed Threshold To Disable + Reset CARS
----- ‘I RPM/Speed Ratio Threshold For 1st Gear
..... L Min, RPM/Speed Ratio For 4th Gear

----- “TL Max RPM/Speed Ratio For 4th Gear

----- “IC Coolant Temp, Threshold To Enable CARS
----- I Fan 1 On Qil Temp. Threshold {Low RPM)
----- “IT Fan 1 On Qil Temp. Threshold (High REM)
----- ‘I Fan 1Hysteresis for il Temp Thresh

----- I High RPM Threshold for Qi Temp Fan

----- T Fan Cool Temp High Speed Switch Point
----- “IT Fan 10n Cool Temp, Low Speed, A(C On
----- “IT Fan 1Cn Cool Temp, High Speed

----- “IL Fan 2 On Coaol Temp, Low Speed, 4/C On
----- “‘IC Fan 2 Cn Coal Temp, High Speed

----- “IT Fan 2 Disable Speed Threshold

----- I Fan Cool Temp Hysteresis Thresh, Low Spd
----- I Fan Cool Temp Hysteresis Thresh, Hi Spd
----- T Minimum MAP for Power Enrich (PE) Mode
----- “TL MAP Hysteresis for Power Enrich Dissble
----- T TPS Hysteresis For Power Enrich Disable
----- “TL Maximum Knock Retard (Mot In PE)

----- TU %GVE Table #1 Cffset (Port Open)

----- “IL %:VE Table #2 Offset (Port Open)

----- JL %VE Table #1 Offset (Port Closed)

R = L I "

H Parameter Tree

f

A

View By: |Parameter Type

P

h Vehicle Speed Diagnostic (Errar 24)

h VATS Diagnostic (Error 46)

P Closed Throttle Spark Advance Enable

h Knock Diagnositc (Error 43)

h Port Throttle Vacuum Diag. (Error 5&)
h Port Throttle System Diag. (Error 61)

-FH Tables
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Parameter Tree

View By: | Parameter Type
=T

P
=

Flags
Tahles

BB Spark Advance =1 {Port Throttles Closed)

@ Spark Advance =2 (Port Throtiles Closed)

@ Spark Advance =1 (Port Throtiles Open)

@ Spark Advance =2 (Port Throtiles Open)

-Bf Coolant Temp. Compensation Spark Advance Vs MAP
@ Maximum Knock Retard (in PE)

B Spark Retard

B % Volumetric Efficiency =1 {Port Throttles Open)
B % Volumetric Efficiency =2 {Port Throttles Open)
@ TPS Threshold For Power Enrichment

@ PE %cChange to Fuel/Air Ratio Vs, Coolant Temp.
@ FE %t Change to Fuel/air Ratio Vs, RFM

B Target Idle RPM

B IAC Position Ve, Coalant Temp,

@ Imjector PW Correction Vs, Battery Voltage

B % Volumetric Efficiency =1 (Port Throttles Closed)
B % Volumetric Efficiency =2 (Port Throttles Closed)
B Port Throttle Opening Paint Vs, RPM

B Port Throttle Closing Paint Vs, RPM

B Open Loop %Change To Fuel/Air Ratio Vs Coolant Temp
@ Open Loop %:Change To Fuel/air Ratio Vs MAP
B Knock Retard Attack Rate

@ knock Retard Recovery Rate

@ Accel Enrichment Factor Vs, Differential MaP

B Accel Enrichment Trim Correction Vs, Coalant Temp.
B Accel Enrichment Trim Correction Vs, MAT

B Accel Enrichment Decay Delay Vs, Coolant Temp,
B BLM Cell RPM Boundaries

B BLM Cell MAP Boundaries

E DFCQ Enable TPS Threshold vs, RPM

ZZ=/NE Registry
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Scalars, Flags, and Tables

Tables

-« Spark Advance Table

23 Paints Selected

Wl Fuel Cutoff RPM . W VATS Select IEl
‘ Fuel Cutoff RPM VATS Select
] []set Mo Compare Bin
7250 RPM Cancel
Mo Compare Bin
W “Injector Flow Rate ... [ W VATS Diagnostic (Err 46)
‘ Injector Flow Rate VATS Diagnostic (Err 46)
1 |:| Set Mo Compare Bin
b Cancel
Mo Compare Bin
Cony| [ Cance
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RPM
25 30 35 40
400 253 25.3 25.3 253
600 28.1 28.1 28.1 28.1
800 352 36.2 35.2 30.2
1000 352 35.2 35.2 356.2
1200 352 35.2 36.2 356.2
1400 35.2 35.2 35.2 36.2
1600  35.2 352 35.2 35.2
1800 352 356.2 35.2 35.2
2000 352 35.2 35.2 352

2=/ NE Registry




The Spark Advance Table

RPM MAP (Kpa)
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
400 253 253 253 253 232 200 183 155 141 123 102 81 60 53 39 39
600 281 281 281 281 271 253 221 200 172 1441 123 102 81 60 53 53
800 352 352 352 302 302 281 243 221 190 162 141 123 91 70 60 6.0
1000 352 352 352 352 330 302 253 232 200 172 151 130 1.3 91 8.1 7.0
1200 352 352 352 352 330 302 264 243 211 183 162 141 123 13 102 91
1400 352 352 352 352 338 302 271 253 221 190 172 162 141 130 123 113
1600 352 352 352 352 338 302 271 253 221 200 183 172 162 151 141 141
1800 352 352 352 352 338 302 271 263 232 211 200 190 183 172 162 182
2000 352 352 352 352 338 302 281 253 243 243 221 211 200 190 183 1843
2200 352 352 352 352 338 302 281 264 253 253 243 243 221 211 200 200
2400 352 352 352 352 338 302 281 271 264 264 253 253 243 232 221 211
2800 352 352 352 362 338 327 302 302 281 264 253 253 243 232 232 232
3200 352 352 352 352 341 341 320 302 281 264 253 253 243 232 232 2392
3600 352 352 352 352 352 352 338 313 281 264 243 232 221 221 221 291

4000 35.2 35.2 35.2 36.2 36.2 35.2 33.8 31.3 271 253 23.2 221 24.1 21.1 20.0 19.0
4500 32.0 32.0 32.0 32.0 32.0 32.0 28.8 28.1 27.1 25.3 243 23.2 221 22.1 211 2.1

5000  28.1 28.1 28.1 28.1 28.1 28.1 271 26.4 253 253 243 243 243 243 23.2 23.2
5600 253 25.3 25.3 25.3 253 253 25.3 25.3 25.3 263 253 253 253 253 25.3 25.3
6000 2563 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 253 253 253 25,3 253 25.3
6500 253 25.3 25.3 25.3 253 253 25.3 253 253 253 25.3 25.3 253 253 253 25.3
7000 253 25.3 263 263 253 253 25.3 256.3 253 26.3 253 253 253 253 253 25.3
7500 253 253 25.3 253 253 253 253 25.3 25.3 256.3 253 2563 253 25.3 25.3 25.3

Haibeck Automotive Technology

The ZR-1 Specialist




Fueling and AFR

1. The oxygen sensors set the AFR to 14.7 up to about 50%
throttle.

2. Measure the AFR with more than about 50% throttle with a
wide band oxygen sensor.

A. Recommended AFR at WOT 2000 to 4500 rpm is 12.3.
B. Recommended AFR at WOT 5000 to 7000 rpm is 12.6.
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The Fuel Table

% Volumetric Efficiency #2 (Port Throttles Open)

RPM MAP (Kpa)
20 25 30 35 40 45 50 55 60 85 70 75 80 85 90
2000 609  61.3 61.3  63.7 652 672 688 707 727  73.8 74.6 754 758 76.2 773
2200 609 617 62.1 64.5 664 676  69.1 70.7 72.7 73.8 746 754 758 77.3 7T
2400 617 621 61.7  64.8 66.8 68.0 695 715 73.0 73.4 74.6 750  76.2 77.3 78.1
2800  64.1 64.1 648  66.0 68.0  69.1 703 715 73.0 73.8 742 750  75.8 77.0 78.1
3200 656 656 66.8  67.6 688 695 707  72.3 73.0 742 754 770 713 78.1 78.9
3600 684 684 69.5  69.9 71.1 723 734 750 @ 76.2 78.1 79.3 80.1 81.3 82.0 82.8
4000 723  73.0 73.8 742 76.2 773 785  80.1 81.3 820  84.0  84.4 86.3 87.9 88.7
4500 758  76.2 777 785 80.5 81.3 832 84.4 86.3 879 887  91.0 92.6 93.8 95.7
5000  78.1 79.7 80.9 816 83.2 855  87.1 87.9 90.2 918 938  94.9 96.1 97.7 98.8
5500  80.1 81.6 82.8 836 84.8 875 898 914  93.0 94.5 95.7  96.9 97.7 992  100.0
6000 836 836 844 848 85.9 89.1 91.0 93.0  94.1 96.1 9.5  98.0 98.4 996 1004
6500 852 852 855  85.9 87.1 89.8 92.2 93.8 953 96.9 98.0 988 100.0 1004  100.8
7000 863  86.3 86.7  86.7 875  90.2 93.4 953 969  98.0 98.8 996 1016 1020  102.3

% Volumetric Efficiency #2 (Port Throttles Open) (Cont.)

RPM MAP (Kpa)
95 100
2000 78.1 79.3
2200 78.5 79.7
2400 78.9 79.7
2800 79.3 80.1
3200 80.5 81.6
3600 84.0 84.8
4000 90.2 91.0
4500 96.5 98.8
5000 99.2 101.6
5500 100.8 102.3
6000 101.6 102.7
6500 102.0 103.1
7000 1035 104.7
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Adjusting The Fueling

Think in terms of percentage.

12.6:1 AFR /100 = 1% WOT AFR or .126 AFR.
If the AFR is 13.0. 13.0-12.6=.4

4/.126 =3.2%

Add 3.2% fuel.
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Using the Power Enrichment % Table

How GM Formats the Table A Table Setup for a 450hp Engine
PE % Change to Fuel/Air Ratio vs. RPM PE % Change to Fuel/Air Ratio vs. RPM
RPM % Change RPM % Change
400 0.0 400 0.0
800 0.0 800 0.0
1200 0.0 1200 12
1600 0.0 1600 1.2
2000 0.0 2000 1.2
2400 0.0 2400 1.2
2800 0.0 2800 59
3200 0.0 3200 5.9
3600 0.0 3600 3.9
4000 0.0 4000 5.1
4500 0.0 4500 5.9
5000 0.0 5000 5.9
5500 0.0 5500 3.9
6000 0.0 6000 20
6500 0.0 6500 0.4
7000 0.0 7000 12
7500 0.0 7500 1.2
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Burning the Chip

: ) Dlﬂ Moates.net Flash & Burn Interface [E3)
. T 5 — Supported Chips . .
File Edit Cevice Action Help Chip Addressing
Start Address in Hex ’7
™ : _ 7 ’ 5 oooog]
| = = * !@ Q’ ‘E’ LB AR il & % | End Address in Hex | 000000
27cz S
Size & Chacksum | 0x7FFF (%3000 Start Address in Hex | 000000 | 18% |
i oooooo
Shift & Pater adr [A0—> Al4 | 0x004000 ) Rl it — | wopses |
— 1 C 1
G rr— [0 B Cancel
WS e e

Vppl1211109 8 7 6 54 3 2 1/

[ s ]

27 G280 Setting: Frogrammer Settings L == -
I” Skip Write DxFF
I©| FastProgrammin Pro :
Qress... a2
98% [ ]
PromIc,dll Version: 1,00,0098,00 twp peak twe peak
it Hw': No Hardware Found, Connect hardware and restart window, | | Cancel |
Check Type| 16 Bit Add vl Sectar 1023
Printer Part [LPT1 (037 > |

Device | Buffer | temp | Configs | TestHpw] Configs PICISF

| StatusBar Cancel Operation Clase

HllHHllIlllH
THTHTIIATI

i, e

.

£
3
g

To Printer Port
Ilc
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Takeaways

e Every LT5 will benefit from tuning to its specific operation
 Tuning requires an investment in both time and equipment
e There are a few easy changes to make
e Set cooling fans to turn on at a lower temperature
e Disable the CAGS 1 to 4 shift
e Disable VATS
e Set the power key default to Full Power on 91-95 ZR-1s
e Changes to fueling and spark advance must be thought through
* Improper editing can damage your engine
e Recommend never overwriting your original chip — Use a
memory adapter
e Be careful what you read about on the forums — not all free
advice is correct
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