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Introduction

The Turbo Commander is a cutting edge turbocharger telemetry package and Variable Geometry
Turbocharger controller. Variable Geometry Turbochargers can change geometric shape in response to
changing engine conditions. Depending on the manufacturer ofuHeot Variable Geometry can mean
changes in turbinexhaust gaseed, nozzle geometry, gas vectoring, or volute geometry. By monitoring
sensor feedback from the turbocharger, the Turbo Commander can control an actuator attached to the
VGT mechanism in therbo.

Proper control of the variable geometry turbine is critical for the efficient use of fuel and low engine RPM
torgue production. Retrofitting variable geometry turbochargeasto vehicles not originally equipped

with this technologyis made possiblavith the Turbo Commander. This is ideal for performance
enthusiasts and fleet vehicles trying to save fuel costs while enhancing engine performance compared to
conventional turbochargers.

The Turbo Commander is turbocharger platform agnostic and can comate with or directly actuate
a variety of actuators. Compatible actuators include CAN bus actuators such as Holset and Delphi, stepper
motor position control, and solenoid actuation.

The Turbo Commander works by monitorthg state ofdifferent turbochargerparameters including:

Charge pressure

Charge émperature

Exhaust pressure

Exhaust temperature

Intake air temperature
Barometric pressure

Turbine RPM

Throttle position

Mass air flow

Exhaust break user input (switch)
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All or a subset of these pameters may be used to set operating conditions ofttiocharger. A control
loop adjusts the turbo to the targestate based on user defined limits and targets for these parameters.
The user defined limits are set up with convenient PC software thatexis to the Turbo Commander
via USB.

Using the Turbo Commander afgp Android devicesthe user isable to view feedback from the engine
over Bluetooth This is convenient to replace-aab gauge pods.he user can alsstream and record live
time-synchronous data via USB. The ability to streand recordhigh data ratesn the fieldmakes the
Turbo Commander an extremely powerful diagnostic tool for engine engineers and laboratory work.

The Turbo Commandes & one of a kind, muifunction tool forturbochargerfeedback anatontrol. Not
only does it provide all of this in one box, it can also be installed on any eagihset up to work with
anyvariable geometry turbocharger




¢ dzND 2

The Turbo Commander unit.

Exposed tip Air Charge Temperature (ACT) thermocouple.

Shielded tip Exhaust Gas Temperature (EGT) thermocouple.

M12 PUR over moldedepper connection cable.

Sensor terminal connector.

Main terminal connectar

Mp Q D2dUSB ¢abld agsembly.

PO ¢NBfftSo2NH YSRAOFfkFSNR&aLI OS 3INIRS O0NIARSR
Miniature inline exhaust pressure particulate filter.

Inline blade type fuse holder.

T-Tap connectors for easy vehicle wiringegration

Turbo Commandewindowssoftware (For download visitww.suprocktech.com
Turbo Commander Android App (For download visit Google Play Store)
Bosch stylealayand socket
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Manufacturers of Variable Geomefryrbochargers

There are many different manufacturers of variable geometry turbochargers. The Turbo Commander
can be used to actuateny turbo with the appropriate mechanical actuator and powerrseult is
important to choose the correct turbo for the eimg application by comparing specifications and
designs between manufacturers.
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Blaylock TurbochargerSwtichblade
HOLSEHE351VE, etc.
HoneyweHl VNT

Installation of the Turbo Commander

Preparation
Considerations:

1
T

Disconnect the battery in your vehicle before modifying the electrical system.
Prepare a circuit with chassis ground (GND) and a positive (+) connection to your 12V or 24V
vehicle electrical system.
The circuit should be fused with a 10A inline fuse an(th) circuit.
Choose a mounting location for the Turbo Commander. Engine bay locations are acceptable as
long as the device is nexposed tadirect heat exceeding 158°F/70°C. Wédaitt spray must be
avoided to prolong the life of the connectors and aev
o Preferred mounting locations includecations inside theehicle cabin accessible to
firewall wire grommets for the vehicle wiring harnegisting wire grommets ease the
connection to sensors and actuatdtsat are locatedn the engine compartment
Plan your installation approach, including what type of mechanical actuator will work best with
your turbo and power source options (e.g. air, electrical, hydraulic, etc.)

Tools and materials:
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Wire stripper.

Hookup wire 16 AWG stranded is recommendd®ed and blackolors are preferred for
recognition

Heat shrink tubing.

Small standard screwdriver to tighten terminal connectors.

Inline fuse holder and fuse (if not connecting to a fused circuit). 10A blade type fuses are
recommended.

High temperature dicone hose for pressurgensorconnections.

0 Recommended Tralborgmedicalgradesilicone tubing: McMaster Carr PRL57K41
Thistubing product can survive extreme temperaturgeessures, andtrain. It is
suggested since itas demonstrated high performance connecting to exhawahifold
pressure bungwithout cracking or collapsing

Once all preparations have been made, the next step is to prepare the connectors with thogihgier
inputs and outputs you wish to use with the Turbo Commander.
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ConnectoPinouts

TheTurbo Commander has two usetired connectors that attach to the unit for input and output signals,
power, actuator control.

MAF- MASS AIR FLOW
CHASSIS GROUND

TURBO SPEED SENSOR A

+10-30 VDC

TURBO SPEED SENSOR B
- SOLENOID
+ SOLENOID HGURE2 SENSOR CONNECTOR

BRAKE SWITCH B

BRAKE SWITCH A

0-5V AUXILIARY INPUT

0-5V THROTTLE POSITION INPUT

CAN BUS LOW

CAN BUS HIGH

CAN ACTUATOR GROUND WIRE

CAN ACTUATOR POWER

FGUREL MAIN SENSOR CONNECTOR AGURE M 12 STEPPERONNECTOR

CHARGE EXHAUST SPEED MAF |
?/ﬂ ‘a ﬁ |
S A S

INLET

HGURHE EENSOR& STEPPERONNECTIONS

HGUREB USB CAN,SENSORANDPOWERCONNECTIONS




Main Connector
The first connector is a 12 position terminal connector containing the main device power connegtions
(+) and chassis grouradong with several optional inputs and outputs.

Power connection
The pover connection will operate from 10V to 30V DC suitable for all 12 and 24V vehicle power systems.

Analog Inputs

This connector contains inputsr analog throttle position voltagandauxiliary (spare input) voltage. The
throttle position input isa singlewire connection made to the-BV TPS sensaignalfound on many
vehicles.The 05V auxiliary input can be used to read any vehicle sensor that has analog voltage output
in this range. In one example, an alternate sensor could b8\ RIAF used on somekhicles that do not

use a frequency open collector MAF.

Actuator Connections

SOLENOID

The solenoid actuator connection has two terminals intendenergizethe coil of a solenoid valve.
Most solenoidshave an isolated coil (two leads) angerate regardless of connection polarifihe -
SOLENOIRerminal is internally switched to ground when the solenoid is actuated by the Turbo
CommanderThe solenoid connection supports up to 1.70A of current through an inductive or resistive
load.

CAN BS ACTUATOR

The CANbus actuator connects to a Delphi, Holset, or other CAN compatible actuators found on many
commercial turbochargers. The actuator is powered by the CAN ACTUATOR POWER terminal and the
actuator must be connected to ground at the CAN ACTIKQRR GROUND termin&hen using a CAN
actuator, make sure the power supptpnnected to the Turbo Commandean source up to 10A of
current.

STEPPER ACTUATOR

The stepper motor connector is an industrial M12 style connector. This connector differs from the other
terminal block connectors on the Turbo Commander because stepper motors are typically sold with short
wire pigtails and the stepper drive current can tedatively high. The M12 connection ensures current
handling and wire routing for a stepper is reliable. A discussion of wiring an M12 cordset to a stepper
motor is presented in thé\pplications Examples/Wiring Actuatagsction of this manualThe steper
controller inside the Turbo Commander supports up to 3A of output current into the phases of the stepper
motor.

Sensor Connector
The second connector is a 3 position input terminal connector which allows connection to frequency
based sensors such agltecharger speed sensors and common mass airflow sensors.

Mass airflow sensor connection
The Turbo Commander is designed to read frequency from open collectomgpeairflow (MAF) sensor
units. Open collector type MAF sensors have a pin that is switittierhally to ground at a frequency




relatedto the airflow through the device. Some popular MAF sensors are made by GM/Delphi and work
on the theory of a hot wire anemometer.

The Turbo Commander will read and log MAF frequency through a single wire tshteethis terminal.
There is no need to connect the MAF ground since the signal is sufficiently referenced to vehicle chassis
ground and open collector frequency signals are highly noise immune.

Turbochargerotor speed sensor connection

The Turbo Comnmader can read aariable reluctance speed sensor. The type of sensor that should be
used with the Turbo Commander is a passive VR sensor with two lead wires. Appropriate part numbers
are available from Honeywelfor example PN3030S30 For indepth information pleag refer to our
applicationdiscussioron Turbo Speed Sensor Installationthis manual

Input and Internal Sensor Specifications

Internal Sensors

Pressure

There are two pressure sensors internal to the Turbo Commander that are intended to nmeharge
pressure and exhaugiressure. These sensors are exposed through two brassghieanel connectors
and labeledaccording to their functionWhen using an exhaust manifold pressure connection, be sure
to elevate the Turbo Commander above thnlet to avoid soot deposits brought into the sensor by
condensation. Also, use the inline filter provided with the Turbo Commander kit to avoid soot
contamination.

A third pressure sensor measures barometric pressure internal to the Turbo Commandeendus is
inside the case and does not require an external connection.

PRESSURE SENSORTISPHCIFICATIOBIBSARGE PRESSUREHAUST PRESSURE
1 Measurement rang®-100PSbaugepressure

Resolutiont0.03%of full scale.

Accuracy tolerance better that0.25%ull scale.

100% tolerant of liquid condensing or direct liquid exposure.

1ksps sampling rate.

1 16 bit ADC resolution.
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BAROMETRIC PRESSHRISOR SPECIFICATION
1 7.2516.6 PSI Absolute
Canresolvecha3dSa Ay Ff GA0GdzRS 2F McOYKHDpE
Accuracy tolerancbetter than 1.04% full scale.
Minimum of 1sps sampling rate.
20 bit ADC resolution.
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Temperature

The Turbo Commander measures its internal temperature in order to cold junction compensate the
external thermocouples. This internal temperature sensor measteenperature on the circuit board
within 1%.

ExternalSensoinputs

THERMOCOUPLE SENSOR

The Turbo Commander can accept 3 thermocouple sensors. These inputs are intendedduaring type

K thermocouple sensors faharge temperature, exhaust temperature, and air intake temperature. The
labels on the Turbo Commander case reflect this typical application. Other uses of these thermocouple
sensors beyond the typical configuration are feasible and are discussed ipgleaton examples.

1 Type Khermocouples only.

1 Sampling interval 3ms for charge temperature
1 Sampling interval 3ms faxhaust temperature.
1 Sampling interval 9ms fontiake air temperature.

Each thermocouple input checks for open circuit (broken or disconnected sensor) every 20mS.

ANALOG INPUTS

There are two analog inputs on the main connector of the Turbo Commander. One of these inputs is
intended for attachment to a Throttle Position SengdPS). The input has a high impedance so it does
not interfere with the sensor reading whiaghay beshared with the vehicle Engine Control Unit. The
second analog input pin evailablefor userapplications and can be used with any8Y sensor These

input pins have the following specifications:

T 05V
1 High impedance input.
9 10 bit resolution.

TURBO SPEED SENSORNECTOR

The Turbo Commander has a connection for a variable reluctance (VR) sensor. This connector accepts a
frequency input generated by a paige VR sensor. This input is insensitive to the magnitude of the VR
signal and measuramly the frequency of the input signdiputs over the voltage range will be clipped
however frequency will still be measured.

1 Minimum frequency reading software onfigurable depending on user setup. Typical low RPM
reading is 3.663 kRPM (62Hz).
0 Also dependent on physical VR sensor installation configuration, refer to application
note. Minimum pickup speed may be related to the installatcmmfigurationof the
Sersor.
1 Maximum frequency reading of 200kRPM.

MASS AIR FLOW SENSOR
1 Open collector type sensors can be connected.
0 Delphi and GM MAF sensors are compatible.




 PinA YLISRI y O $roagh a puliujicl3.3V.
1 Measuresswitchedfrequencyof the sensor.
1 Measuresifequengesabove 488Hz.

EXHAUST BRAKE SWITCH

The exhaust brake inputs connect to an external swigcb\yidedby the installer) to toggle exhaust
brake functionality on the turbo controlle¥When the exhaust brake pins are connected to each other
through a switch circuit, the Turbo Commander will enter exhaust brake mode if the configuration
permits the exhaust brake to become active.

Recommended External Sensors

VARIABLE RELUCTABENESOR

Two-wire Variable Reluctance sensors are recommended for turbo speed sensing with the Turbo
Commander. Honeywell manufactures a variety of these sensogsS NB O2 YYSY RSB LJ NI
thread sensor PIS030S30However,other sensors work such as the 2 wifRspeed sensors that come
mounted in many Holset CHRASs.

Some turbochargers come equipped with VR sensors. Some models of the HE351VE are equipped with a
VR sensor from the factory. These OEM VR sensors are suitable candidates for the Turbo Commander.
The image below shows a VR sensor attached to a HOLSET CHRA.




THERMOCOUPLE SENSORS

Type K thermocouple sensors are supported by the Turbo Commander. The connector style is an industrial
2-prong thermocouple plug. We recommend using high grad@\ madehermocouples such as those
provided by OMEGA Engineering or similar distributStgrock Technologies also sells external armored
thermocouples along with the Turbo Commander as well as replacement thermocouples.

In the exhaust gas temperature (EGT) apian, thermocouple fouling is a primary consideration. Use
a shielded thermocouple only for exhaust measurement since the carbon deposits on the thermocouple
are conductive. Moreover, ionized combustion gass@s also beonductive.

ConfiguratiorSoftwae for Windows

The Turbo Commander comes with a software package capable of configuring control settings and
capturing live stream data to your computer. The software is compatible with versions newer than
Windows 7 on both 32 and 64 bit computeiithe Micpbsoft Surface is a recommended computer for
laboratory and road use because it has a reliable touch screen interface, has a native USB psrt, and
easily mounted in the vehicle

HelpfulTerminology and Definitions
1 Cruise modeAn option available in thecauator control configuration which disengages or sets
the actuator to the open position based on the voltage input to the Throttle Position ctionec
o How it works:Cruise mode is advantageous during constamt engine load conditions
when it is desirable to have minimuaxhaustback pressure for maximal fuel economy.
Cruise mode can open the variable geometry turbine to reduce the back pressure on the
exhaust and allow the engine to operate more efficiently.

A An example is highway operation, when the throttle position is low and the
variable geometry is not needed to assist with increasing charge pressure.

A Freight diesels pay attentiofhis is where you will pick up highway mileage and
lower EGTs with your vaille geometry setup. Since the Turbo Commander is
not attempting to applyback pressure foEGR during highway use, this setting
does what is thermodynamically best for the engine efficiefdyminating back
pressureat timeswhen the variable has no parfmance benefit.

1 Exhaust brake A setting that puts the turbocharger into the user defined (or predefined) exhaust
brake position based on completing an external circuit (swit€hjs is typically applicable to
larger diesel vehicles although it cha implemented on smaller engines:

External
exhaust brakes are not driven directly by the Turbo Commander since they do not require complex
control .g.switch based or pedal position controlled).

1 Control loop In the Turbo Commander, this refers to the proportional control of the actuators
between the Start and Target set points. In the case of the solenoid actuator, this is a binary
control instead of proportional.

10



0 The Turbo Commander has options to control the actuators based on measured shaft
speed or charge pressure.

9 Target The ultimate goal of the control loop. Once the target has been reached, the turbocharger
is fully open and in a marum flow condition.
o How it works Target is used to define either a shaft speed or charge pressure at which
the variable turbochargemechanismshould be fully open for maximuexhaustflow.

A Example:Based ora compressor map, an efficient shaft speatfull boostis
100kRPM. The user may set the target shaft speed to 100kRPM so that the
variable turbo idully open when the target is achieved.

A Intheory, there is nadditionalperformance advantage from a variable geometry
mechanism aftethe rotor inertia is at speed othe desired charge pressure is
achieved.Once the turbo is at speed, the variable turbo should be in a position
to minimize exhaust back pressure and EGTSs.

i Start The speed at which the control loop beginsstart changinghe vaiable geometry from
the maximum exhaust velocigonfigurationtowards the open maximum exhaust flow condition
In other words, when the variable geometry starts to openirupesponse tdhe increased shaft
speed or charge pressubingobserved.

o How itworks The low end of a compressor map shows a speed defining the lower bound
on the efficient compressor region. This shaft speed is a good candidate for the Start RPM.
Likewise, the pressure ratio on the low side of the compressor map will define a good
place to startvhenusing charge pressure control.

1 Closed The position of the variable mechanism producing the maximum exhaust gas velocity.
CKAA A& GKS aSOGGAy3 OGKFG GalLkRz2ftaéd 0KS (Gdz2Nb2 (K
back presste, with the exception of the Exhaust Brake posifibthe turbo is capable of applying
an exhaust brake

1 Open The position of the variable mechanism permitting the maximum exhaust gas flow. This is
the setting that is desirable once the turbo hasahad the target operating conditions. The open
position produces the lowest exhaust gas back pressure for minimizing EGT and maximizing
engine power.

Installing the Turbo Commander PC Software
Installing the Turbo Commander PC software is accomplishddwgloading the installer application
from www.suprocktech.conand following the typical installation procedure.

Getting Started Basic Data Acquisition

Once the software has been installed, provide power tothebo Commander and connect the USB port

to your PC. Wait for Windows to finish installing the driv@pen the Turbo Commander software and

click Open Connection. The Turbo Commander will connect to the PC application and report serial number

and connection status in the notification prompt. This is the application main menu. There are buttons for
recordrd aSyaz2NJ RFGlF SAGKSNI FlLad omlaLlEov 2N at2g owmn:
on the road or conducting live tests.

11
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& Turbo Commander - O

#¥ Open Connection &% Close Connection @ Start Recording (Fast) @ Start Recording (Slow) 8 Stop Recording

[03/20/15 14:48:10] Connecting to device with serial TurboCmdr873...
[03/20/15 14:48:10] Connected to TurboCmdr873!

If you choose to record data from the Turbo Commander, you will be asked where to save the data. The
format is comma segrated variable, csv. This format can be easily viewed and manipulated in Microsoft
ExcelGoogle Dogsor adrancedprograms like MATLAB

1 1 u =
L3 Turbo Commander - B

// A¥ Open Connection &¥ Close Connection @ Start Recording (Fast) @ Start Recording (Slow) I8 Stop Recording »
Wy [
3 X
e
1 | <« Turbo Commander » Code » Python v ¢ | Search Python r
Organize ¥ New folder 3= - (%]
3 -~
J. CEl Wireles: » Name Date modified Type Size]
| Charm & X
I .settings 3/18/20152:09 PM  File folder
I Chatter
. | _pycache__ 3/20/2015 1:45PM  File folder
I Corning BX
EPRI | freeze_extras 3/18/2015 2:09 PM File folder
)
I icons 3/18/2015 2:09 PM File folder N
| EZ Thermal :
| Turbo_Presets 3/18/2015 2:09 PM File folder &
| Heat Exchal 5
I turbogui 3/20/2015 1:45PM  File folder
| Holset VTG y
- I usbturbo 3/20/2015 1:27 PM  File folder p
| Ignition De 9 :
£:] output-2015-03-20_13-46-03.csv 3/20/2015 1:46 PM  Microsoft Excel Co...
| 10 Board
| iTool
T | >
S output-2015-03-20_14-53-45 05y v
Save as type: | Comma Separated Value (*.csv) v
“ Hide Folders Save Cancel

[ Y I W

If you choose to analyze the data, it can be opened in Excel. Each column tleadgridentifies each
datasourcefor easy analysis. Some users will prefer importing this data into MATLAB or other analysis
packages.

12
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FILE HOM INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW

= X . . K = ¥ A
oo Cint Calibri A A = ®-  Swoptea General - E # | Normal Bad Good Neutra alculat €im Ex [T 2 A
5 Copy - z - T Fill +

Paste
.  Format Painter Formatting ~ Table ~

BIU- - &-A- = EMerge & Center - $ - % 3 %3 &% Conditional Formatas : X Input Note nsert Delete format o,
u -9 % W =] | h " ea
Chipboard 5 Font yment s Numbe sty a
AL - Jv | Date=2015-03-20T13:46:10.168491

A B C D E G H J K L M N o P Q R S T u v w X

1 |Date=201] Firmware: App=2.02 Decimate=1

2 Time (sec) Stepper T: Stepper Pi CAN Actui CAN Actui Solenoid / MAFD (Hz] Shaft Spe« Charge Pri Exhaust P Baro Pres: Board Ter ACT (degi EGT (deg| Inlet Tem| TPS Value AUX (V)  Brake Acti Cruise Act Stepper Fz CAN Actu: Limits Exceeded

3 0 0 L] L] 0 0 0 0 2656081 25.88943 14.871  26.235 nan nan nan 0 0111 0 0 1 0 0
4 0.001 0 0 0 [] 0 0 0 26.6015 26.36415 14.871 26.235 nan nan nan 0 0.112 ] ] 1 0 0
5 0.002 0 0 0 0 0 0 0 26.55403 25.90808 14.871  26.235 nan nan nan 1 0.112 0 0 1 0 0
[ 0.003 o 0 0 0 0 0 0 26.6015 26.35906 14.871 26.235 nan nan nan 1 0.112 0 0 1 0 J
7 0.004 0 0 0 0 0 0 0 26.54725 25.87586  14.871  26.235 nan nan nan 1 0.112 0 0 1 [ 0
8 0.005 0 ] ] 0 0 0 0 26.59811 26.35567 14.871  26.235 nan nan nan 1 0112 0 0 1 0 0
9 0.006 0 [] [] 0 0 0 0 26.54386 25.87756 14.871  26.235 nan nan nan 1 0.112 0 0 1 0 0
10 0.007 0 0 0 0 0 0 0 2658794 26.35397 14.871  26.233 nan nan nan 1 0.113 0 0 1 0 0
n 0.008 o 0 0 0 0 0 0 26.53708 25.87078 14.871 26.233 nan nan nan 1 0.113 0 [} 1 0 J
[ 0.009 0 ] 0 0 0 0 0 2659642 26.3455 14.871  26.233 nan nan nan 1 0.112 0 0 1 0 0

0.01 0 ] [] 0 0 0 0 26.47943 25.87586  14.871  26.233  nan nan 1 0.112 0 0 1 [ 0

The Turbo Commander captures a wealth of dabtaut the state of the turbo and the control loopt
first, this amount of data may seem overwgahg. Howeverit is easily divided intoategories of internal
sensors, external sensors, control system status, and the actuator(s) feedljzgekn analyzing this data
are beyond the scope of the hardware manual, but will be made available as applicatis.

Settings

Control settings
To set up or modify settings on the Turbo Commander, enter the Settings menu. This will bring up the
settings tabs, discussed in detail below.

File | Turbo Commander | Help

&0 Open Connection @ Start Recording (Fast) @ Start Recording (Slow) @ Stop Recording @ Info
Close Connection

Start Recording (Fast)
Start Recording (Slow)

Stop Recording

Info.

Yo mee ww

Settings.

Advanced 4

[03/31/15 15:32:59] Connecting to device with serial TurboCmdr873...
[03/31/15 15:32:59] Connected to TurboCmdr873!

[03/31/15 15:33:00] Reading settings

[03/31/15 15:44:10] Reading settings

General settings

The general settings tab contains a checkbox to enableatieator control loop on startup. This is
typically selected for normal operation so that the Turbo Commander controls the actuator according to
the sensor inputs. Deselecting this checkbox will disable the control loop by default and the turbo
commandemwill not control the actuators.

The units preference is available on this settingstaf. & 2 dzZQNBE y 234 |y ! YSNA Ol y =

The VR sensor Pulses/rev is based on the configuration of the VR sensor if one is used as a sensor input.
Inthese@ A2y 2F (GKAA&A YlydzZt aLyadl tfadsaussion ofvanohsk 6 f S
techniques is presented, resulting in different values for pulses per revolution being detected by the VR
Sensor.

13

w

[S

N



Available Sensors

The check boxes allow the inB&a to select which sensors are installed so the Turbo Commander can
ignore sensors with no input or connection. This is important so that when safety limits are implemented
that the readings from disconnected sensors do not result in a false error @mdithis is also important

for notifications in the Android app

The selections include pressure and temperature sensors. The Turbo Commander must be told to ignore
inputs from these sensors if they are unused.

B Turbo Commander Settings “

General i| Solenoid CAN Actuator Stepper Motar Safety Limits MAF Sensor

Startup
Enable Control Loop on Startup
Units
(®) US Units
() Metric
VR Sensor
VR Sensor Pulses/Rev 1
Avaliable Sensors
Enable Inlet Temperature Sensor
Enable Exhaust Gas Temperature (EGT) Sensor
Enable Air Charge Temperature (ACT) Sensor
Enable Exhaust Pressure Sensor
Enable Charge Pressure Sensor

o ] o

Solenoid

The solenoid can be configureddotuate independently based on the settings found in the Solenoid tab.
The solenoid actuator has autse mode option which will disengage the solenoid (hormally closed
meaning a solenoid valve will shut) if the throttle position is below the given ptagerof 5V.

The solenoid can be controlled either from charge pressure or from shaft spéedugha solenoid is
usuallya binary devicenot requiring a proportional controlthere are two set points for engaging and
disengaging the solenoid so that tkser may add hysteres{a gap, or difference)etween the values
The solenoid will be engaged or disengaged as it passes through these set points. Hyste meigewill
rapid toggling of the solenoid when the sensor value is passing through the iset Phis results in a
more stable and repeatable control fapplications such agpening and closing a valve.

There is an option in the settings to reverse the polarity of the solenoid so that the control loop can reverse
the order of actuation. When eurolling a solenoid valve, this is applied depending on the type of actuator
being used and whether the actuator is normally closed or open.

14



L] Turbo Commander Settings L Turbo Commander Settings

General | Solenoid | CAN Acuator | Stepper Mator | Safety Limits | MAF Sensor General = Solenoid | CAM Actuator | Stepper Motor | Safety Limits | MAF Sensor
Solenoid Enable Solenoid Enable
Enable Solenoid Control Enable Solenoid Control
Solenoid Cruise Mode Solencid Cruise Mode
Allow Solenoid Cruise Mode Allow Solenoid Cruise Mode
Enable if throttle position is below 97% 5 Enable if throttle position is below 97% 3
Solenoid Polarity Solenoid Polarity

Solenoik
(®) Use Shaft Speed (®) Use Shaft Speed
Disengage Above Shaft Speed in kRPM 50 Engage Above Shaft Speed in kRPM 50
Engage Below Shaft Speed in kRPM 30 Disengage Below Shaft Speed in kRPM 30
() Use Charge Pressure () use Charge Pressure
Units psi Units psi

CAN Actuator
The CAN actuator can be configured to actuate independently based on the settings founddANXhe

Actuatortab. The CAN actuator has a cruise mode option which will move the CAN actuator to the open
housing position if the throttle position is below thavgn percentage of 5V.

The CAN actuator can be controlled either from charge pressure or from shaft speed. The actuator
position varies proportionally from closed (maximum exhaust gas velocity) to open (maximum exhaust
gas flow) between the control set pus.

The exhaust brake option will enable the CAN actuator to enter the exhaust brake position based on
switched input to the exhaust brake input terminal.

15



a Turbo Commander Settings n

General | Solenoid | CAMActuator | Stepper Motor | Safety Limits | MAF Sensor

CAN Actuator Enable
[]:Enable CAN Actuator Contral:
Can Actuator Cruise Mode
Allows CAN Actuator Cruise Mode
Enable if throttle position is below 10% 5
‘CAN Actuator Exhaust Brake
Allows CAN Actuator Exhaust Brake
CAN Actuator Set Points
(®) Use Shaft Speed
Target Shaft Speed in kRPM 100
Start Shaft Speed in kRPM 50
) Use Charge Pressure
Units psi
Target Pressure 24.999

Start Pressure 10

SteppermMotor

The steppemotor can be configured to actuate independently based on the settfognd in the Stepper
Motor tab. Thestepper motorhas a cruise mode option which will move tmetor to the user defined
open housing position if the throttle position is below the given percentage of 5V.

The stepper motorcan be controlled either fromharge pressure or from shaft speed. Téiepper
position varies proportionally from closed (maximum exhaust gas velocity) to open (maximum exhaust
gas flow) between the control set poinfBhe range of movement for the stepper motor is defined by the
user.

The exhaust brake option will enable thepper motorto enter theuser definedexhaust brake position
based on switched input to the exhaust brake input terminal.

Stepper Motor Configuration

Unlike the other actuators, the stepper motor has configwatisettings relating to the motor
specifications and how the motor has been implemented as an actuatmh configuration setting can
be explained in terms of the physicattuation of a turbocharger. The installer must choose these
positions. Thisetup process is explained with our application video on the subject of stepper motor
configuration.

1 Fully Extended Positieit heposition of the maximum velocity condition (i.e. vanes engaged, etc.)
in terms of the number of steps to reach this position from the zero position.
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Fully Retracted PositierThe position of the maximum flow condition (i.e. vanes disengaged or
removed fom flow) in terms of the number of steps to reach this position from the zero position.
Exhaust Brake Positieiihe position that the stepper should reach to engage the turbocharger
exhaust brake condition in terms of the number of steps to reach thigtipnsfrom the zero
position.

Initial Zero StepsThe number of steps that the stepper motor will attempt to take towards the
fully retracted position when the Turbo Commander starts up. This number should be slightly
higher than the maximum physical ske of the motor.

Minimum Step CountThe smallest number of steps that correspond to a control action. This
defines how granular movements of the stepper motor will be.

Error Retraction StepsThis is the number of steps the motor will retract towarde thully
retracted position when a safety limit is violated. The motor will move repeatedly in this number
of steps until the error condition is relieved or the motor reaches the fully retracted position.
Motor Direction This sets the polarity of the matenovement direction. This setting is helpful if

the physical wiring of the stepper motor phases is reversed, the physical connection does not
need to be altered.

Motor Phase CurrentThe rated current of the stepper motor according to the stepper motor
specification.

Motor Startup Phase CurrenThe current applied to move the motor during initial zero steps.
This allows a soft start and snubbing of the physical mechanism against the zero position without
excessive motor force.

Motor Speed Diviselargemumbers will cause slower rotation of the stepper motor.

Motor Step Mode A divisor on the full step degrees of the motor. For instance if 1/16 stepping is
selected it will take 16 micro steps to complete a full step. This is for refined position control, since
typical stepper motors have a coarse step resoluidd 1.8 degrees. Be aware that changing this
value will affect the value of Extended, Retracted, and Exhaust Brake positions since the number
of steps taken to reach these positions will change.
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8 Turbo Commander Settings

General Solenoid CAN Actuator Stepper Motor Safety Limits MAF Sensor

Stepper Motor Enable

Stepper Motor Cruise

Allow Stepper Motor Cruise Mode

e

Enable if throttle position is below 10% 5
Stepper Motor Exhaust Brake
Allow Stepper Motor Exhaust Brake
Stepper Motor Set Points
(®) Use Shaft Speed
Target Shaft Speed in kRPM 100
Start Shaft Speed in kRFM 50
() use Charge Pressure
Units psi
Target Pressure 24.999
Start Pressure 10

Stepper Motor Configuration

Fully Extended Position 1200
Fully Retracted Position 0
Exhaust Brake Position 1400
Initial Zero Steps -1450
Minimum Step Count 1
Error Retraction Steps 1
Motor Direction D Reversed
Motor Phase Current 1.077A -
Motor Startup Phase Current 538 mA -
Motor Speed Divisor 10
Motor Step Mode 1/16 Micro Step -
Cancel

Safety limits

The safety limits available in the Turbon@oander areconditional control settingshat help prevent
dangerous operatinganditions. These parameters may prevemechanical damage to the turbocharger
or engine. Theganbe applied as alternate control points that supersede the control loop unglecic
conditions that warrant opening of the variable geometry to redegbaustmanifold pressureexhaust
gastemperature, or shaft speed.

If any one of the safety limits is exceeded, all attached actuators will respond.

1 The stepper motor will homeotthe OPEN position as defined in the stepper motor settings.
1 The Solenoid will become disengaged (normally closed for solenoid valves).
1 The CAN actuator will move the VGT to the OPEN position for Holset turbos.

/| KSO1Ay3 GKS d&5A alodwilSigndrd the vallesF tifér allf limis Aaddatide Tdrbo
Commander behavior will adhere to the control loop.
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8 Turbo Commander Settings

General Solenoid CAN Actuator Stepper Motor Safety Limits MAF Sensor
Disable Limits
[ipisable il safety s
Shaft Speed Limit
Maximum Shaft Speed in kRPM 150

Temperature Limits

Units HE @
Exhaust Gas Temperature (EGT) Maximum 1600
Air Charge Temperature (ACT) Maximum 400
Pressure Limits

Units psi -~
Exhaust Pressure Maximum 60
Charge Pressure Maximum 50

Cancel

Mass Air Flow Settings

The mass air flow (MAF) settmgllow the user to configure input from an open dréequency signal
MAF. There arsome Delphi MAF units supported natively and this list may be expanded in the future.
The list can be expanded in future upgrades of the PC software without requirinfleamenf the Turbo
CommanderEnabling the MAF will display the value on the MAF tinpuhe Android app. No control
loop functionality is based on the MAF, but it is useful for tuning and engineering purposes.

For G5V MAF sensors found on some vehicles, the analog auxiliary input (shown in Figure 1) can be used
to record a signalTheMAF sensor settings do not apply to the auxiliary input.
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8. Turbo Commander Settings

General Solenoid CAN Actuator Stepper Motor Safety Limits MAF Sensor

Mass Air Flow Sensor
[ fenabled;
Delphi AF10043
Delphi AF10055

Display Raw Frequenc

Manual Control Overrides / Actuator Testing

If you have attached actuators to the Turbo Commander, the Overrides functionality is a way to validate
the physical wiring and set points of the actoatlt is also a way to set the turbocharger to a specific state
and disable the control loop. In some cases, thisalanbe useful for dyno testing or exciting specific
operating conditions. The overrides are acessed through the Turbo Commander mesruAdivdinced.

a Turbo Commander -8
File | Turbo Commander | Help

# of # Open Connection @ StartRecording (Fast) @ Start Recording (Slove) Stop Recording @ Info
Close Connection

LY

Start Recording (Fast)
Start Recording (Slow)

Stop Recording

-]

Info.
A Settings.

Edanced * @ Overrides.
Clone from Info File

[03/31/15 15:32:59] Connecting to device with serial TurboCmdr873...
[03/31/15 15:32:59] Connected to TurboCmdr873!

[03/31/15 15:33:00] Reading settings

[03/31/15 15:44:10] Reading settings

¢2 RYAYAAUSNI Y 20SNNRARS O2yRAGAZ2YyS>S aSft S o/ 2y
running and positions can then be entered manually. For convenience, there are buttons to set the
turbocharger to the programmed Open, Closed, and Brake positions. These postitions will summon the

user programmed values for the stepper actuator and the defaulitipos for the Holset CAN actuator.
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& Overrides

Control Loop Enabled
®) Control Loop Disabled

Stepper Position 0

CAN Actuator Position 500

D Solenoid Engaged

Android App

The Turbo Commander comes with a free app available for download on the Google Play Store. This App
enables the Turbo Commander to display live sensor data on any Android device. The usefulness of this
App issignificantfor field tuning and street use wine the user may want to replace a number of
traditional incab gauges with a mounted tablet or phone.

The App will be updated frequently through the Play Store to include new features for alerts, organization,
and parameter display. This manual maydagcribingnew features being added to the app.

The Android App does nget collect data streams over Bluetooth because of the high data rate required
for sampling on all of the sensors. Refer to the Windows Software descriptamvéoceddata capture.

The Turbo Commander must be paired with the Android device in the device Settings/Bluetooth prior to
using the Android App. Once the device is paired the Turbo Commander app will allow you to select
connection and options.

For incar display use, there @& option to keep the screen on so that the devie does not sleep.

Settings / Turbo Commander device management

ENcoG=EO 3 105 gl @ 3:16 pm =6 $ 0038 ) (W 11:52em == B 0003 L W 11:52pm

\ Turbo Commander -'-“\ Settings
Connect Automatically 4

Units

Use controller settings
. Bluetooth Device

Bluetooth Device

TurboCmdr873

TurboCtrl691

Keep the Screen On
TurboCmdr873

HandsFreeLink

None

Cancel

Connect
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Once alurbo Commandedevice is seleted the connection will be made. When tAeairbo Commander
is out of range or power is disconnected, the app will report disconnected and return to the start screen.

Graphical Display Mode
The Turbo Commander app has a graphical display mode that enables aéntoic view of the data
parametersmstead of a list view. There are also position bars signifying the position of the actuators.
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