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LC-1 Installation Tutorial

1. LC-1 Install

Description

This Tutorial will provide general instructions for the installation, programming and
integration of the Innovate LC-1 with EFILive Scan Tools and a DynoTune Display.
Please refer to manufacturer’s manuals for details, warnings, and other specific
information.

Both Analog outputs (“Analog Out 1”- Yellow wire and “Analog Out 2”- Brown wire) from
the LC-1 are programmable. Either can be used for any application or display as long
as the application/display uses a linear 0-5 Volt analog signal. The LC-1,
EFILive/FlashScan, and DynoTune display must be programmed or calibrated to be
compatible with each other.

A typical LC-1 from the manufacturer will have “Analog Out 1” programmed to simulate
a narrowband O2 sensor. The example in this guide reprograms the LC-1 “Analog Out
1” output to send a compatible signal to the FlashScan/EFILive Software. The LC-1's
“Analog out 2” is programmed to send a correct signal to the DynoTune Display. The

DynoTune Display is precalibrated from the vendor.
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Picture 1: LC-1 Picture 2: DynoTune Display
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Picture 3: EFlLive
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LC-1 Installation Tutorial

Weld Bung into exhaust.

A bung is easy for any exhaust shop to weld into the exhaust pipe (for ~$10 bucks). For
naturally aspirated cars, weld the bung before the catalytic converters. If your car does
not have catalytic converters, WBO2 Sensor should be at least 2-3 feet from end of
tailpipe exit. The WBO2 Sensor should be oriented between the 10 o’clock and 2
o’clock position, with 12 o’clock being the best position. Please refer to literature that
was included with your LC-1 for details on correct installation.

The below Picture 1 is of a non-cat car where the WBO2 Sensor is installed under the
rear passenger’s seat before the exhaust turns up over the rear axle.

Picture 4: WBO2 Sensor Bung/Installation
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Route wires

1. Suggestion: Wrap the wires/cables with wire loom and wrap tape around loom
for protection.

Use tie wraps to secure the cables sufficiently.

One option is to run the cables up through the shifter rubber boot into the
console. See Picture 5 below.
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Picture 5: LC-1 Cable Routing (Cables in Wire Loom)
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Electrical Connections

LC-1 Interface and power cables with 7 wire version:
a. Red 12V supply

Blue Heater Ground

White System Ground

Yellow Analog out 1

Brown  Analog out 2

- ® a0 T

Green  Analog Ground
g. Black Calibration wire
Connecting DynoTune Display
1. 12V supply:

Connect the LC-1 Red Wire and Display’s Brown wire to a switched 12V supply
from your car. It must turn on (12V) when the ignition switch is ON and turn off
(OV) when the ignition switch is turned OFF.

2. Signal Ground:

Connect the LC-1 Green (Analog Ground) and White (System Ground) Wires to
the DynoTune Display’s Blue Ground Wire and ground them to the vehicle.

3. System Ground:

The LC-1 Blue (System Ground) wire should be connected to a chassis’ ground
separate from the Signal ground location.

4. Analog Out 2:

Connect the LC-1 Brown (Analog Out 2) Wire to the DynoTune Display’s Black
Wire.

Note: Reference LC-1 manufacturer's manual and display instructions for warnings and
further details on installation.

Connecting to EFI Live External Connector
The FlashScan External Pin-outs are listed below in Picture 6.

FlashScan Pin-outs

Pin (PID) Description
{EXT.EGT} | Alumel lead of type-k thermocouple
Chromel lead of type-k thermocouple
{EXT.AD2} | Analog voltage 0 to 4.8 volts only

- Analog voltage commoen ground
{EXT.AD1} | Analog voltage 0 to 4.8 volts only

m oo | mo|»

Picture 6: FlashScan Pin-Outs
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1. LC-1 Analog Out 1:
Connect the LC-1 Yellow to either the C or E location of the FlashScan External
connector. C and E are on the outside locations of the three-wire connector.

2. Signal Ground:
Connect a wire from the LC-1 Green and White Wire’s ground connection to the
D location of the EFILive External connector. D is in the middle of the 3-wire
connector.

3. System Ground:

The LC-1 Blue wire should be connected to a chassis’ ground separate from the
Signal ground location.

Start/Stop data Logging |

FlashScan
FSP V1.

AEFIL

Picture 7: External Connection to EFILive.

Note: The green wire used in Picture 7 is connected to Yellow wire “Analog Out
1” from LC-1 and is connected to the FlashScan Pin E {EXT.AD1}. The black
wire is connected to same Signal ground location as the LC-1 (Green, White
wire) and is connected to the FlashScan Pin D “Common Analog Ground”.
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Programming LC-1 to work with EFI Live

Programming LC-1 for the DynoTune display.

The LC-1 must be programmed to match the calibration of the display. The LC-1
display from DynoTune (www.dynotunenitrous.com) is calibrated for the following
analog signal:

1.00 Volt at AFR: 10.00
2.00 Volts at AFR: 20.00

Note: Different displays may be calibrated for very different settings. Adjust your
settings according to your display literature. Please refer to the LC-1
Manual for further details on programming the LC-1.

1. Connect the PC’s serial connection to the serial OUT of the LC-1. The terminator
plug should be connected to the serial IN of the LC-1.

Note: If your computer does not have a serial connection, you can use a USB-to-
Serial adapter from any RadioShack or electronics store.

2. Turn the ignition switch to ON to power the LC-1.

3. Open the LM Programmer. The window, shown in Figure 1, should be displayed
when it establishes communications. If it does not connect, check your COM
Port settings.

#_LM Programmer Yersion 3.06 =10 x|

Info/Set AFR | finalog Out 1| Analog Out 2 |
2 2003, 2004 Innovate Technology, Inc.

/ INNOVATE -

MO TORRSPFPORTS

Device Type:  Lambda Cable 1
Firrnwiare Version:  1.00a Connected to port: COM &
Frocessor Version:  ATME4/16

Fleaze give tultiplier ta calculate AFR from Lambda:
thiz device a unique name [air-fuel-ratio = pounds of air/pound of fuel]
[Maw. 8 characters)
| [14.7) Gasoline =l
LC1
Reset Calibration |

Figure 1: LM Programmer Main Menu

4. Click on the “Analog Out 2” tab.
5. Select “use air-fuel-ratio” option.

6. Set the “Analog Out 2" to the following:
a. 1.00 Volts at AFR: 10.00
b. 2.00 Volts at AFR: 20.00
The window should look similar to Figure 2:"use air-fuel-ratio”.
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Info/Set AFF: | Analog Dut 1 Analog Out 2 |
1.00

_‘!',‘.,., L™ Programmer ¥ersion 3.06 ;'El ﬂ

Qutput

211

1.48v

0.95v
0.50 Lambda 1.50
7.4 147 air-fuehratio 221

1000  Wolkat  AFR: |1D.DD and e ek

000 veba  AFR 2000 & use air-fuelratio

Factary Defaults | Advanced... | Program

Figure 2: “use air-fuel-ratio”

7. Click the “Program” button to program these values into the LC-1. When the LC-

1 is programmed, the “Program” button will be grayed out.
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Programming LC-1 for EFI Live

EFILive version 7.3 has an LC-1 calculation in the “sae_generic.txt” file. The LC-1's
programmable settings in this section are based on these calculations. If your file is
different, different input values will be needed for the LM Programmer.

# Innovate LC-1 WBO2

#
*CLC-00-926

v 0.0 5.0 .1 "{EXT.AD1}"

AFR 10.0 20.0 .2 "({EXT.AD1}*3)+7.35"
*CLC-00-927

factor 0.0 2.0 .1 "{CALC.AFR_LC11.AFR}/{GM.AFR}"
*CLC-00-928

v 0.0 5.0 .1 "{EXT.AD2}"

AFR 10.0 20.0 .2 "({EXT.AD2}*3)+7.35"
*CLC-00-929

factor 0.0 2.0 .1 "{CALC.AFR_LC12.AFR}/{GM.AFR}"

1. Connect the PC'’s serial connection to the serial OUT of the LC-1. The terminator
plug should be connected to the serial IN of the LC-1.

Turn the ignition switch ON to power the LC-1.
Open LM-1 Programmer.

Select the “Analog Out 1" tab.

Select “use air-fuel-ratio” option.

o o bk~ wb

Set the Analog Out 1 to the following:
a. 0.88333 Volts at AFR: 10.00
b. 4.21667 Volts at AFR: 20.00
The Window should look similar to the Figure 3.

i
Info/Set AFR Analog Out 1 | Analag Out 2|
1.00
Olutput
432
246y
083
0.50 Lambda 1.50
74 147 air-fuel-ratio 221
0883  “altat AFR: |1D.DD and " use Lambda
4216 ok al aFr: [20.00 % use air-fuelratio
Factary Defaults | Advanced... | Progran

Figure 3: “use air-fuel-ratio”

7. Click the “Program” button. When the LC-1 is programmed, the “Program” button
will be grayed out.
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Verifying EFILive LC-1 Operation

Selecting PIDs

Please Reference the EFILIVE AutoVE Tuning Tutorial for PID selection.
Select the PIDs from the AutoVE tutorial, also add PIDs {EXT.AD1} and {EXT.AD2}.

By logging both {EXT.AD1} and {EXT.AD2}, you can verify correct voltage readings
from the LC-1 are being recorded in EFILive. The unconnected {EXT.ADx} may show a
voltage, but it will not change as much as the {EXT.ADx} that the LC-1 is connected.
After verifying which {EXT.ADx} is used, delete the unused {EXT.ADx} from PID
selection.

Logging and Checking Data from LC-1

1. Connect the LC-1 to FlashScan via the external connector and connect the
FlashScan to your car.

2. Start and drive car: For the first few miles, your LC-1 will read very lean due to
the AIR injecting air into the exhaust. Drive ~5 miles to bring the car up to
operating temperature and to get past the AIR before recording data.

3. Start Logging.

4. Click the “Data” tab and see which {EXT.ADx} is connected. See Figure 4 for
example.
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* EFlLive Scan V7.3 (postAutoVEtunewbworks10-23-050835.efi)

File Edit View Info Dashboard Charting LS51/lS6 Bidirectional FlashScan Window Help
o o at o {'
1
OBD I [F7) FIDs [FE) E DatalF9) &8 Dashboard (F10)| B Maps (F11) E Conszole [F12]
Priority/Caption Description Value  Units Min Awg Max  Parameter
4 4FR_LCT ‘wide Band AFF 1 - LC-1 14.64 AFR 1358 14.82 15.94 CALCAFR_LEN
4 4FR_LCT ‘wide Band AFF 1 - LC-1 24 v 21 25 29 CaLCAFR_LCIT
1 BEM_LCI1 Base Efficiency Mumerator 1 - LC-1 1.0 factor JIRS] 1.0 11 CalCBEM_LCN
1 CvLalR Air mazs per cylinder Gram... 0.02 003 006 CALCCYLAIR
1 IMNJDCT Injector Duty Cocle Bank 1 4 2 3 9 CALCIMJDCT
1 INJDC2 Injector Duty Cocle Bank 2 4 2 3 9 CALCIMJDCZ
1 POWER_RW  Power at rear wheels HF 0
1 a0 Esternal Analog VYoltage 1 .43
1 AD2 External Analog Vaoltage 2 389 W 358 .
1 4FR Cormmanded Air Fuel B atio 1463 1 1463 14.63 1463 GM.AFR
- Nas Fuel Trim Cell Mumber 22 Cel# 20 21 22 GM.FTC
1 HO2511 Heated 02 Senzor Woltage Bank 1 - Sensor 1 0729 v 0oma3 0.254 0842 GM.HOZ511
1 HO2521 Heated 02 Senzor Woltage Bank 2 - Senszor 1 0304 0074 0.446 0903 GM.HOZ521
4 8P Injector Base Pulse Width Bank 1 5142 ms 1.634 3221 E.851 GM.IBFWA
4 ePwz Injector Bage Pulze Width Bank 2 5081 ms 1.740 3.230 E.730 GM.IEFW2
1 KR Retard Due to knock 00 Dege.. oo a0 00 GHM.ER
1 MAFFREQ hass Air Flow Raw Frequency 0 Hz i i 0 Gk MAFFRED
4 FUELSYSA A Status oL o - - - SAEA
4 FUELSYS-B B Status oL o - - - SAEEB
1 ECT Engite Coolant Temperature 196 °F 190 194 196 SAEECT
1 1aT Intake &ir Temperature 73 °F 73 78 a1 SAEIAT
4 LONGFTI Long Term Fuel Trim - Bank 1 47 % 1.6 1.0 47 SAELOMGFT1
4 LoNGFTZ Long Termn Fuel Trim - Bank 2 39 % 1.6 1.3 3.9 SAELONGFTZ
1 MaF Air Flow Rate from b ass Air Flow Sensor 031 Lbss. 0.3 03 031 SAE.MAF
1 MaP Intake Marifold Absolute Pressure 139 inHg b4 101 18.3 SAE MAP
4 FPH Engine RFM 2031 RPM E14 1133 2031 SAE.RPM
1 SPAREADY | gritiaty Timing Advance for #1 Cplinder 75 Dege 16.0 283 395 SAE SPARKADY
1P Abzolute Throttle Position 200 % 0o 67 204 SAETP
1 W55 Vehicle Speed Senzar 24 MPH 0 9 2R SAE WSS
Scan mode: Dynamic PIDs: 27 (pri 1:27. 2.0, 3:0) Channels: 26 (pri 1:26/36. 2:0/6, 3:0/8)
Frame: 363 B 7 Time: 07:52:29.894
Mot connected 2P 226G M 2o | Manual [ 05 (M

Figure 4: Sample Data Log

As seen during log above, {EXT.AD1} is logging values that are changing and
reflected in the {CALC.AFR_LC11} value of 14.64. Look at the values to verify
that it matches the DynoTune display or Logworks software monitored values.
{EXT.AD2} is showing a voltage, but it is not changing significantly during drive.
{EXT.AD2} is not connected and can be deleted from the PID selection.

Click the [Map] tab. If your previous map selections from the AutoVE Tutorial is

using the correct {EXT.ADx}, the map should be logging the average values of
the AFR. The AutoVE tutorial’'s Map should show correct AFR values and can be

used with confidence.
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AFR Average Map
Please Reference the EFILIVE AutoVE Tuning Tutorial for Map creation.

The following map can help when the comparing the dynotune display or LC-1 Logging
software AFR values to the EFILive AFR scanned values.

1. Click on an empty map in EFILive Scan.
2. Click on “Data” Tab.
3. Select as data shown in Figure 5.

i Map properties

Data | Colurmn || F o || Cellz || Color || Empt_l,l|

Farameter: |[EI] Wide Band AFR 1 - LC-1 [4FR) w |
[ Mames Selected
Title: |-"3-FH_L|:'|'| | Show units

. Y
Frecizion: -

Dizplay type

AFR_LC11 AFR (Average - "empty" cells are hidden)
MAP kPa

| ss| e ~
= 1421
il 1600 15.26 | 1553 [ 1579 | 16.05 | 1632 | 1658 | 1684 | 17.11 | 17.37 | 1763 | 17.89 [ 1818 | 1842 | 1868 | 1895 | 1921 | 19.47
O 2025 | 2053 2079 | 21.05 [ 2132 | 2158 | 2184 | 2211 | 2237 | 2263 | 2280 [ 236 | 2342 | 2368 | 2395 | 2421 | 2047
2400 2526 | 2553 | 2579 | 26.05 2632 | 2658 | 2684 | 27.11 | 2737 | 2763 | 27.89 [ 2816 | 2842 | 2868 | 2895 | 221 | 2047
2800 3026 | 3053 3079 | 31.05 [ 3132 | 3158 | 3184 | 3211 | 3237 | 3265 | 3289 [ 33.16 | 33.42 | 3368 | 33.95 3421 | 3447
3200 35.26 | 3553 [ 3579 | 36.05 3632 | 3658 | 384 | 3711 | 3737 | 3765 | 3780 [ 3816 | 3842 | 3858 | 3895 | M2 |3047 3
‘ Save | Save as ‘ |'3f'-"'"'3l:' | |_ ak. H Cancel ‘

Figure 5: AFR Map Creation — Data
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4. Click on “Column” tab.

5. Select as data shown in Figure 6.

i Map properties

m Columin | Row | Cells | Color | Empty |

Calurnr: | [0] Intake Manifald Absolute Pressure (KPa) w |

[T Mames Selected
Title: ||"-’|-‘1"-P | Show units

Calurnns: - | Create labels | | Faste labels |

Col labels: | 15,20,25,30,35,.40.45 50,55,60,65,70,75,80,85,30,35,100,105 |

AFR_LC11 AFR (Average - "empty" cells are hidden)
MAP kPa

Eﬂl Eﬁl E!]l &5' 4 4 50 55 2] 65 i} TS i} 85 a0 95| 100 105

[ [

o
o 2000 2026 | 2053 | 2079 | 2105 | 2132 | 256 |28 (20 |2 |26 | 280 2516 | 2342 | 2358 | 3395 | 243 | 2447

2400 2526 | 2553 | 2579 | 2605 | %32 | 2650 | 384 |21 |77 | 765 2789 2816 | 2842 | 2855 | 2895 | 221 | 247

2800 3026 | 3053 | 3079 | 3105 | 3132 | 3158 | 3184 [ 3201 | 3237 | 5263 3289 | 3316 | 3342 | 3356 | 3355 | 3421 | 3447

3200 3526 | 3553 | 3579|3605 | %32 | 656 |68 |70 |7 |76 |7 3816 | 3842 | 3868 | 3895 | 3@ |47 3
| Save ‘ Save as |afr.map ||I Ok H Cancel ‘

Figure 6: AFR Map Creation — Column
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6. Select “Row” Tab.
7. Select as data shown below:

i¥ Map properties

| Data || Eu:ulumnl Row ||:E||S || Color || Empt_l,l|

o |[EI] Enaine RPM [RFR] v|

[ Mames Selected

Title: |F|F'M | [ ] Show units
Rows: = | Create labels | | Paste labels |

Row labels: |,4EIEI,EEIEI,1 200,1600,2000,2400,2200,3200,3600,4000,4400,4200,5200,5500,6000,6400, 620 |

AFR_LC11 AFR (Average - "empty" cells are hidden)
MAP kPa

2 25 i) k- 40 45 ) 5] & -] L] 75 a0 a5 20 85) 100| 105

[ |

RPM

2053|2079 | M05 | M3E2 | 258 |28 | X211 | Z2AT (2263 | 2239 | 2316 | 2342 (2368 | 2385 | MM | 447

20
25m

2553 | 2579 | 2605 | 263R | 2658 | 2684 | ETA1 | ZT3T (2763 | 789 | 2B6 | 2542 | 2568 | 2RSS | TA21 | Z84T

05 | 3053 | 30T | 305 (332 | 3158 | 3184 | 3211 (3237 | 3263 | 3289 | 3516 | 3342 | 3358 | 3345 (MM | Mo

3535 | 3555 | 3579 | 305 (3632 | 3658 | 3084 | T (3737 | 3TES | 3TE9 | 3516 | 3542 | 3858 | 3BAS (3@ | 3047

hd

| Save | Save as ||afr.map | || Ok H Canicel

Figure 7: AFR Map Creation — Row
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8. If everything is setup correctly, you can now interpret a more familiar AFR map...

. EFlLive Scan V7.3 (postAutoVEtunewbworks10-23-050835.efi)

File Edit ¥iew Info Dashboard Chartng LS10S6 Bidrectional FlashScan Window Help
(@@ |DSLUED GBR RO B I -7 | cddaad @ &
|2 @oxEr ] eren| st @|RR%| Ve
080 1| 71| [ P 7] | B Dt (F3) | @ Dshboard (F10)| B Maps (F11) | B Console F12)]
B@ +4+Xn E%E ®5 ABCDEFGHI J|
AFR_LC11 AFR (Average - "empty" cells are hidden)
35| &sl 70| 75 80 85 90 95| 100|105 é:l
13.29( 13.07| 1344| 1371| 1322| 1261
1343| 1348 13.24| 1244
1348| 1352| 1354 1350 12_59-
1338| 1377 1373| 1384 13.04| 1269
1339( 1353 1385 1382 1344
1343 1336 13.25| 1339
13.27
1241
| JEC T
4800
5200
5600
6000
6400
6800
7200
7600
3000 |
3] &
Frame: 0 Q% MR D@ b o M O Time: 07:51:13152
Mot connected [2FVZZE MM B ] Manual I 05: (M)

Figure 8: AFR Map
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