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REO-dEC R2

REO-dEC R2 is the second generation Engine and Dynamometer Controller designed and built by
6dm Ltd. Based on the original Reo systems designed by Klas Real time systems, 6dm have continued
to develop and add features to the originally successful product.

REO-dEC R2 offers outstanding features while
maintaining the ruggedness that is required in the
engine testing environment.

Based on Intel i7 technologies with Microsoft
Embedded OS, REO-dEC R2 is designed from the base
up to be as reliable a platform as is possible. The End-
User sees no evidence that there is a Windows OS in
the background — in fact the End-User is not able to
access the Windows environment. Using the

Lockdown features provided as standard in the
Microsoft Embedded OS the keyboard and mouse can only be plugged into the rear two USB ports
on the REO-dEC R2, all Windows key functions of the keyboard are disabled, blocking access to
unwanted areas of the system. The front USB port of the REO-dEC R2 will only accept Flash Drives,
and certainly will not allow the user to boot up the system other than from the internal SSD unit. The
front USB Port allows a Flash Drive to be inserted for datalog storage and for transfer of System Files
to and from the Controller. All system files transferred to and from the controller are encrypted so
cannot be tampered with. Datalog files are saved as non-encrypted Comma Separated Variable files
(CSV).

The Windows Embedded OS provides a File Based Write Protect Filter. Using the filter, the SSD Drive
is protected from power failures and always boots back to its original state.

There are two built-in Ethernet Ports. One of these is dedicated to remote control from a testbed
control and data acquisition system, the other for file transfer to/from the controller using a remote
PC or for Remote Ethernet support. It is not possible for other access to the system through the
Ethernet Ports.

When the system is powered on, the User is presented with a Logo that can be either a static bitmap
or an animated GIF — No Windows Logo is presented. The Logo Screen (either a fixed bitmap or an
animated GIF, both of which can be provided by the OEM) is presented for 10 seconds during which
time the user is able to press the “Utilities” button to access the Controller Utilities Menu Screen.

Tandem Dynamometer Control is offered as an option. For Water Brake (Hydraulic
Dynamometers), REO-dEC R2 offers individual control of each inlet and outlet valve
for up to two dynamometers.

Each of the two Dynamometers can be fitted with a load cell (torque transducer) and
speed input to the system.
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Dynamometer Controller - Utilities

‘ KEYPAD |

l USB FILE-SET TRANSFER |

| USB DATALOG TRANSFER |

| ETHERNET FILE-SET TRANSFER |

‘ ETHERNET DATALOG TRANSFER |

Year Month

Access the Keypad

Transfer File-Sets to/from USB Flash Drive

Transfer Datalog Files to a USB Flash Drive

Transfer File-Sets across an Ethernet Connection

Transfer Datalog Files across an Ethernet Connection

Exit The Utilities Menu

Day Hour Min

Date and Time

(2016] [ 2 | [ 25| [12 ][ 25 ]

The Utilities Menu

From the Utilies Menu the User can select:

e KEYPAD

e  USB FILE-SET TRANSFER

e USB DATALOG TRANSFER

e ETHERNET FILE-SET TRANSFER
e ETHERNET DATALOG TRANSFER

e EXIT

e Adjust System Clock Time

USB FILE-SET TRANSFER

Dynamometer Controller : USB File-Set Transfer

| CONTROLLER FILES | | USB FILES

File-Sets on Controller

222
333
444

‘? Instructions

1. Select a File-Set located on the Controller

2. Click COPY TO USB to copy the File-Set
to a USB Flash Drive located in the Front

Panel USB Part

Note that any File-Set on the USB Flash

Drive with the same name will be
COPY TO USB over-written

\ 4

A File-Set defines a complete
system configuration.
Different Engine
configurations may need a
completely different
configuration of the
controller. These controller
File-Sets are defined and
stored on the controller. It is
possible to transfer the File-
Set to a USB Flash Drive for
archiving and backup
purposes. The File-Set can

be transferred back to the controller at any time. Alternatively, it is also possible to move a
configuration from one controller to another. The File-Set is an encrypted file and is always tested
for integrity before being used.

2|Page



{ 360m

Systems Engineering

=~/

www.6dmltd.com

USB DATALOG TRANSFER

REO-dEC R2 allows datalogging to either the local SSD or to a Flash Drive. If datalog files have been
stored on the local SSD then these can be transferred to a Flash Drive using the Utilities Menu.

Dynamometer Controller : USB Datalog Transfer

Datalog Files
A

COPY Copy Selected Datalog File to USB Flash Drive (Front Panel USB Only)

DELETE Delete Selected Datalog File from Controller

UTILITIES Return to Utilities Menu EXIT

Exit Utilities Menu

ETHERNET FILE-SET TRANSFER

On some sites, the use of USB Flash Drives is not permitted. REO-dEC R2 provides the ability to

transfer File-Sets to a remote PC over one of its Ethernet Ports.

Dynamometer Controller : Ethernet File-Set Transfer

[ CONTROLLER FILES | l SHARED FOLDER FILES ]

File-Sets In Shared Folder

ITEST_SAVE A s |
TEST_SAVE_2 I Slecta il Setocated nte hared

2. Click COPY TO CONTROLLER to copy
the File-Set to the Controller

Note that any File-Set on the Controller
| COPY TO CONTROLLER with the same name will be over-written

UTILITIES Return to Utilities Menu EXIT Exit Utilities Menu

The method employed
to allow connection
protects both the REO-
dEC R2 Controller and
the remote PC from
unwanted actions. File-
Sets can be transferred
to and from the remote
PC. As with USB Flash
Drive transfer, all File-
Sets are encrypted to
ensure integrity.
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ETHERNET DATALOG TRANSFER

Using the connection, it is possible for the user to transfer Datlog files that are stored on the local
SDD to a computer connected via the Ethernet Port.

Dynamometer Controller : Ethernet Datalog Transfer

Datalog Files

COP Copy Selected Datalog File to the Shared Folder

Delete Selected Datalog File from Controller

Return to Utilities Menu Exit Utilities Menu

KEYPAD

The Keypad is used to allow the Engineer to access protected functions of the Utilities Menu:

Dynamometer Controller - Utilities

Access the Keypad

Keypad

Please Enter Required Value

U

Transfe

Transfe

!

Exit The vaiiues menu

Year Month Day Hour Min
Date and Time [2016] [ 05 | [10 | [ 21 |[ 32 ]
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UPGRADE SYSTEM SOFTWARE

From time to time, the REO-dEC R2 software system has upgrades to its features included in new
releases. Also, new releases may contain bug fixes to any issues found in the main software.
Software Upgrades are provided to the User as an Encrypted file on a USB Flash Drive. By entering
the required Password at the Keypad, the Engineer is able to access the Upgrade Feature.

Dynamometer Controller : System Software Update

UPDATE Insert USB Flash Drive containing the Software Update and Press UPDATE

System Software Version will be updated. Existing File-Sets will not be altered

UTILITIES [  Return to Utilities Menu EXIT Exit Utilities Menu

A Software upgrade does not affect the System Configuration. As part of the Upgrade Process, the
existing system software is automatically backed up if the user wishes to return to using it.

5|Page



{ 360m

Systems Engineering WWW 6 d m Itd com

=~/

RESTORE SOFTWARE

Dynamometer Controller : System Software Restore / Reset

Available Versions

¢

RESTORE

FACTORY RESET

Instructions

Previous Versions of the system software
are available for use if required.

1. Select the required version in the
AVAIL ABLE VERSIONS list.

2. Click the RESTORE button to return to
the selected software version.

The existing File-Set is not changed - only
the software version.

FACTORY RESET restores the entire system
back to the initial Factory Condition.

| UTILITIES | Return to Utilities Menu

EXIT Exit Utilities Menu

On enetering the correct Password at the keypad, the Engineer gains access to the Sytem Software
Restore / Reset feature. This allows previous versions of the software to be selected for use. Also,
the User is able to completely reset the system back to the Factory Default condition and the version

of the software that was installed when the system was delivered.

The User/Engineer can exit the Utilities Menu at any time and return to the controller where it will

continue to start up.
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REO-dEC R2 : Controller

The 12” high resolution Touch Screen is used to interface between the User and the Controiller.
Once the Start-Up cycle has completed the User is presented with the REO-dEC R2 screen display:

The Dynamometer and Engine demands are manually controllable using hi-precision optical
encoders mounted on the front of the REO-dEC R2 controller.

Various Controller pages are selectable by pressing the buttons at the top of the controller screen.

PRIMARY

DISPLAY PAGE

PRIMARY || MONITOR H DATALOG ||DYNO INFOH FILE SETS || ALARMS || TUNING ||CALIBRATEH SYSTEM |

DISPLAY PAGE CONTROL

DYNAMOMETER SETPOINT CONTROL STATUS ENGINE DEMAND
' | SPEED om | '

RN

T e
TORQUE TORQUE
SPEED SPEED
FUNCTION
is‘mp |SILENCE| I RESET |

The Primary Display Page allows the user to select the control modes for the dynamometer and the
engine. The user is also able to monitor the demands and to access various user defined push
buttons on the right of the screen.
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This display page varies depending on the system configuration:

DAY PAE

| PriMarY || MoNITOR | | DATALOG |[DYNO 1nFO| [ FiLe seTs | [ aLarms |[ TuninG |[cavierate|[ svstem | ‘ If no Engine Control is required, then
o the right hand side of the page
DYNAMOMETER SETPOINT CONTROLSTATUSmm DYNO 5::’:;0::::‘:EONTROL mtroduces a s|mp|e Test Step
4 3 Controller for the Dynamometer.
, sEquENceR I
TORQUE e There are other configurations that
&l “""”‘5’5-"“""“ i"'““”' support Tandem Dynamometers.
T
POWER w I |
] | |

| RUN ‘ LOCK
S e i e [Creser |
[ mowier | |3¢s) [fee! [167] [ven! _

MONITOR

DISPLAY PAGE

PRIMARY H MONITOR H DATALOG ”DYNO INFO” FILE SETS H ALARMS H TUNING HCALIBRATE” SYSTEM ‘

DISPLAY PAGE COMTROL

TCS ENABLE

DYNAMOMETER SETPOINT

RN

L'-}D | il ‘ ‘ SPEED | RPM STEP STEP TIME
o, | TORQUE | FUNCTION | ¢ ‘ 250 H 5 | 'J’

it T Ll

The Monitor Display Page allows the user to view the primary controller channels, Speed, Torque
and Power on three user configurable dials. A simple Manual Dyno Demand facility is also provided.
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DATALOG

DISPLAY PACE

PRIMARY | [ MONITOR || DATALOG | [DYNO InFO| | FiLe sETs | | ALARMs || TuNING |[cALieraTe|[ svsTem |

The Datalog Display Page

— provides continuus data

logging to the local SSD or to
a Flash Drive. The user is
able to select 1Hz, 10Hz and
50Hz logging. Data is stored
as standard CSV file format.

A graphical display also
allows the user to select up
to 6 channels that are

7 |
Disk Storage Rate Chart Channels Chart Window

ST . ~ plotted on the display in

— real-time.
i | EEEEE

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ”DYNOINFOH FILE SETS || ALARMS || TUNING |lCALIBRATE|| SYSTEM |

DISPLAY PAGE CONTROL
sk rres spoce : [IETIEREEY rours ot vz Hours at 10tz Hours at 50z
Torgue Temperatures {degF)
Torgue [Nm] DYNG INLET
Torgue [Ibft]
Torgac o] i TORQUE {Nm} POWER (k)
oo | 32| :
l __DJ — Input Channels
TORQUE [] OUTLET VALVE [%] INLET VALVE [%]
Power .
Power [ki] !
‘70[” REMOTE DMD []
ol —— l 0 TCS ENABLE
\ 00
power [PS]
\ ool
Disk Storage Rate Chart Channels Chart Window STORETO STORE TO File No
[1Hz ]| [10Hz]| [50Hz] [ SELECT | \ 60| sc DISK USBSTICK | |
["Torque | [Tei] [7ez] [1e3] [Tea] e
SPEED || ESTOP SILENCE RESET

The user can select to display the data that is being stored to disk on a Numeric Display Page as
shown above.
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DYNO INFO

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||DYNO INFO| | FILE SETS || ALARMS || TUNING |[cALiBRATE|| sysTem |

DISPLAY PAGE CONTROL

DYNO1 || DYNO 2 |

Dynamometer Map |Kahn Industries | |USA |
—rvekpe @ Gt postion "Model ' [101-080 |
[serial Number | [1933-1 | St
[Max Speed | (14000 rpm |
[Max Torque | [250 Ib-ft |
100 [Max Power | 450 hp |

Capaaty (hp)

TCS ENABLE

i ERE

10 SPEED (rpm) TORQUE (Hm}
3000 S000 7000 000 20000
2000 4000 8000 8000 10000
[ie2]

|SILENCE | I RESET

[“Power ] [7cs] [7cs] [7e7] [Tes]

The Dyno Info Display Page presents the Dynamometer Curve for the Dynamometer. The REO-dEC
R2 system monitors the current Speed and Torque (or Power) and plots this in real-time on the chart
allowing the user to see that the operating point is within the operational range of the
dynamometer.

A utility is provided for the Engineer to produce the information on this Display Page.
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Dynamometer Map Editor ==
Dynamometer Map General Details | Dynamometer Map Points
[—envelope Dynamometer Info
PARAM ID PARAM VALUE
' Kahn Industries usA
Model 101-080
 Serial Number | | 1935-1
E 100 - Max Speed 14000 rpm
"E Max Torque 250 Ib-ft
@
3 | Max Power 450 hp
Axes Definition
X-Axis Tite Speed (rpm) \’MS'ﬁﬁe.Capadty (hp} |
10 ; S ¥-Axis Min 2000 ¥-Auds Min | 10
3000 5000 F000 9000 20000 e e
2000 4000 ao00 8000 10000 X-Axis Max 20000 ¥-Axis Max 500
Speed (rpm) /] ¥-Axis Logarithmic Scaling /! ¥-is Lagarithmic Scaling
— — . = y
R M i (@ Y-Axis Power () Y-Axis Torque
LOADED MAP FILE
| Load Dyno Map File | C:\pynoContrallerUser\SystemDynod.csv | Save Dyno Map File | | Encrypt Map File | | Clear All Data |

This utility, shown above, is provided for running on a separate PC. The Map is encrypted and
transferred to the Controller using on the the options available on the REO-dEC R2 Utilities Menu.

FILE SETS

REO-dEC R2 allows the suer to save and load complete File-Sets. A File-Set describes the entire

controller configuration. Any number of File-Sets can be saved and reloaded for different engine and
dynamometer configurations.

DISPLAY PAGE

DISPLAY PAGE

ACTIVE FILE SET

[File Set Name | 424

[ g | 222

STORED FILE SETS

>

222
333
444

¢

| Description | 222

ALARMS

U8 0 I edEE
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DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||DYNO INFOH FILE SETS || ALARMS || TUNING HCALIBRATEH SYSTEM ‘

DISPLAY PAGE couRoL
ALARM PANEL CONFIGURATION
ChNo Description 1P Ch LoSD LoAlarm HiAlarm  HiSD I}I;-I;g- Disable DBS D‘zrlg‘;“(g) De"(‘;')‘“ce
I Em=mmmEae ) -

2 ESTOP DI1 1 2 N Y 1

| | | g =y ] §Framay m | | | FUEL
3| | | R/ | §E'RF BN N | | |

s | | | I N I Y BN AN | | | |

| | | B |[EE | Sy NN | | | CRANK
A | | | I N N 5 BN | | | |

Ca ]| | | P 1 | §F'RF B N | | |

TEMPERATURE ALARMS (degF) GENERAL

ChNo HiAlarm HiSD Type ChNo HiAlarm HiSD Type | DisableBelowSpeed || 600 | RPM | fEathas
e L] e e R i v o

(R N TS [rco| (NN N D " WiMam  WiSD Type

ves) (N N [rc7) (N N R e voree oy [N I
vca) [ I N [rco) (N N (o Power o [ N 50
o e e e | SLENCE| [ RESET |

An extensive Alarm and Shutdown Monitoring System is provided. The Alarm configuration is stored
as part of the File-Set described previously

PID TUNING

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||DYNO INFO” FILE SETS || ALARMS || TUNING | |CAI.IBRATE|| SYSTEM |

DISPLAY PAGE CONTROL
[ bvvo | position|  [Reserzoom| | PoSITION|[ ENGINE | PID Adjustment

| rapID | | FINE |

[P Term| I Term||D Term| | IGNITION
| 0.000 0.000 0.000

o oo 0o ||
VIV
e

=

Demand and Feedback
P | D and Qutput (%)

[Ramp (5)| [ Pemand | [ Hold (s) |
I
I
L L L |

TCS ENABLE

5 100 180 20 20 Eil
Time (Secs)
(Svect’ (NN (roroocvr] (TS o N O [ N B [Revent | | o |
e ] [

The advanced PID Tuning Display Page alloows the user to program a simple test step sequence to
test the performance of the PID system. The graphical display shows:
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e P contribution to the output
e | contribution to the output

e D contribution to the output
e The Output

e The Demand

e The Feedback

All these parameters are shown on the graph in realtime as the test sequence is followed.

The P, I and D terms can all be adjusted using the arrows under each active parameter. The PID
values are stored as part of the File-Set described previously.
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Input Channel Calibration

DISPLAY PAGE

PRIMARY | | MONITOR || DATALOG |[DYNO INFO| [ FiLE SETs || aLaRMs || TunING |[caLiBraTe]

SYSTEM |

DISPLAY PAGE CONTROL

| Analog Inputs || Output Channels || Repeat Outputs || Torque.CALCheck|

[tP1][P2 ]| [IP3 | [IP4 ] [IP5]|[IP6 | [IP7 | [IP8 | [IPO | [IP10] [IP11] [IP12]

[AZ 2] [Tci][Tc2][Tc3 | [TCc4][TC5 | [TC6 | [TC7 | [TC8 ]
General Details TORQUE Calibration Units EI
}(;I::Qelu[:scrlptlon HUmrs I }Smmthll:(_;- I } Eng MmoH Englmoago} [ I I | i |
Calibration Table Calibration Check
" bAQualie | | ENGValue | |Applied Eng | [CLEAR || Read Value || %FS Error |
Giw| o[> ][ -0.005 | oIl H
> [ 9724 | 1000 E | | [ |
T 1> e
L [l I |
> | [
pEeD || @|51|.ENCE| | |

REO-dEC R2 provides a comprehensive calibration facility for all input and output channels.

Torque CAL Check

To ensure validity of Torque values, a multipoint loading and unloading dynamometer Calibration
Check is provided.

DISPLAY PAGE

IPRIHARY ” MONITOR H DATALOG ||mmo INFOH FILE SETS || ALARMS H TUNING ”CALIBRATE” SYSTEM I

DISPLAY PAGE CONTROL

Analog Inputs || Output Channels || Repeat Outputs || Torque CAL Check |

Calibration Check - Unloading Dynamometer DYNO 1 ORI

Read Value H 9%FS Error ‘ |Applied Eng ‘ ‘ Read Value H %FS Error |
| I [ ovnoa |

o
Bl
=
g
2
=
=]
3
a
3
o
g
&
5
=
=
=
1
E]
=]
2
g
g

Applied Eng

|
ey | ||| [+ I
1l [ ||| =l I | roraue
S > || | (1 REX | |m
SS > | [ || | [ | I |

> | [ ||| | [ | I |

; “al Check

— 1[ 2 | [ ||| =X I | L= m—
=l [ ||| | [ ] I | ==
SS > | | || =l I |

> | | ||| I I |
R i
e e e ot e | STLENCE] | |
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Output Channel Calibration

om0

DISPLAY PAGE
Use Dynamometer Demand Encoder to adjust demand voltage levels when calibrating
[or1] [op3] [0P4] | | _
General Details |~®- Cutput Charel (OF) —8—Feechack Channel (F8) |
Output Channel Description (OP) | Feedback Channel (FB) | | _
INLET VALVE | IP3: INLET VALVE | t0 ]
Calibration Signals (Volts) :
| output Demand (0P) | | Feedback Value(FB) | -
| | | 5.
Demand Feedback g s
[Feedback (v)| [ Position | [Feedback )| £ * -
= 3
| MIN | > || 0000 | MIN || » | -0.009
=
[MAx | > | 10000 [ mMAX || > | 8893
_ - Engineering Units Output (%)

Comprehsive Output Channel Calibration provides plots of the demand and the feedback ranging.
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SYSTEM

The System Display Page allows the ENGINEER to configure the system. It shouldbe noted that
various areas of the system and the controller as a while are protected by various levels of user
definable passwords.

The first Tab on the System Page is the General tab.

DISPLAY PAGE

PRIMARY || Mourron|| DATALOG ||DYNOINFO|| FILE SETS || ALARMS || TUNING ||CALIBRATE|| SYSTEM

DISPLAY PAGE CONTROL

| GENERAL | | METERS | |DIGITALS| [ ANALOG | [coNTROL| [UsER MODE| [ comms | [1/0sTATUS| | RemotE
DISPLAY
Security Level Demand Encoder Rates System Shutdown
B | o ] oo [ rueL
Display Precision = TORQUE and POWER Display Units TC Units Maximum Demands

PN | [bf | [kom | [k | [desc| torer 1000
vower || 1| [ (RN (RSN degk| | s | 5000

Dynamometer Control Modes Dynamometer User Control Mode Torque Signal

| TorQUE | | sPEED | | Disabled | [ PowerLaw | [Polynomiallaw| |  INVERT |

Software Version

4.030

TCS ENABLE

= susvce] e

This Display Tab allows the User to change some display parameters. Other areas are protected by
password level. REO-dEC R2 Controller has three levels of operation:

o User
e (Calibration
e Engineer

The User level allows use of the system with very ltille ability to reconfigure the system
The Calibration level allows for the system to be calibrated

The Engineer Level allows full control and adjustment of all aspects of the controller configuration.
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METERS

DISPLAY PAGE

PRIMARY H MONITOR ” DATALOG ”DYNO INFO” FILE SETS H ALARMS || TUNING HCALIBRATE” SYSTEM |

DISPLAY PAGE

CONTROL

GENERAL | | METERs | [DIGITALS| | ANALOG | [cONTROL | [usER MODE| | comms | [1/0 sTATUS|

REMOTE

i BBl

TORQUE POWER
SPEED Meter Configuration TORQUE Meter Configuration POWER Meter Configuration TG ENA‘BLE
_ Min | O [ows|[ 5  [min]| 0 [pws | 10  [min | o [pws| 8
[Max |[ 5000 [ Test | [Max [ 1000 [ Test | [ Max || 800 [ Test |

=

| sowrn | ) ves] ver] ven) | SLerecE | | RESET

This Display Tab is used by the Engineer to configure the Meters shown on the Monitor Display Page

as previously described.

DIGITALS

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||DYNO INFOH FILE SETS H ALARMS || TUNING ||CALIBRATE|| SYSTEM |

DISPLAY PAGE

CONTROL

GENERAL | | METERS | |DIGITALS| [ ANALOG | [CONTROL | [USER MODE| | coMMs | [1/0 sTATUS| | Remote

DIGITALS
Channel Names
Ch No Description Type

|1 | IGNITION | [our |
(2] FueL f[our]
3]l CRANK |[our]
4| ALARM 1 |[our |
5 || HEALTHY |[our |
|6 | RUNNING | [out |
200 J[eur]
el J[oeur]

Ch No Description Type Invert

‘1] Estor [ ]| HE
2 [ oyno [[w]HH
IEDE
e [[w] N
s w1
e [[w] N

System Digital Output Channels

Digi Ch Desc Dig No Digi Ch Desc Dig No

|HEALTHY|| 5 | [IGNITION | [ 1 | EI
[ALARM1|[ 2 | | FUEL | [ 2]

[ALARM2 [

[ CRANK |[[ 3 |[MaxCrankrpm|| 600] CRANK
[RUNNING | 6 ||Run Speed rpm|| 800]

User Buttons

Posn DigNo Digi Ch Desc m
[1] [1 ] IGNITION | -
(2] BB [ FoEL |

[ | || |

===
5T | || | | AepLIED

oRu | 7T 7E3) e (] =2
o s s e e | SILENCE| | RESET
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This Display Tab is used by the Engineer to configure the System Digital Input and Output Channels.

ANALOG

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG |[DYNO INFO| | FILE SETS | | ALARMS || TUNING ||cALBRATE|| svstem |

DISPLAY PAGE

CONTROL

GENERAL | | METERS | [DIGITALS| | ANALOG | [cONTROL| [uSER MODE| [ comMs | [1/0 sTATUS|

=] =] =
Wl na| |

1C

-~

= [=] =
(gl se | W
LRI

-
(]
@

Description

DP

DYNOINLET || 0]
DYNOOUTLET || 0]
FRONT BEARING || 0]
REAR BEARING || 0]

Frequency Channel Names

Ch No

Description

Units DP

[Hz1 ||

SPEED

Rem | o

[Hz2 ||

I IL_|

Analog Input Channel Names

Output Channel Names

REMOTE

Ch No Description Units DP Ch No DP

[1P 1] TORQUE i I[ o] OUTLET VALVE FUEL

P 2|[OUTLETVALVE o || 1]

P3[INLETVALVE o |[ 1] [ ]

)] [ —

1P5|[REMOTEDMD |- [ o] REPEATSPEED | 0]

P56 I | REPEAT TORQUE | 0]

7] ] Y

wal| [ ——

[Pol| I L]

1 10]| I |

11| I L]

m——
|51LENCE|I |
!

The Analog Inputs and Output Channels are configured using this Display Tab.

REO-dEC R2 supports the following 1/0:

2 off
8 off
12 off
6 off
8 off
6 off

Frequecy Inputs (100kHz Max per channel)
k-type Thermocouple Inputs
Voltage Inputs (+/- 10V)
Voltage Ouputs(+/- 10V)

Digital Output
Digital Inputs

Signal Condition for up to two Load Cells is included using an advancesd conditioning module

with a built-in 3™ order butterworth filter to improve noise immunity.
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CONTROL
REO-dEC R2 offers control of:

e 1 or 2 dynamometers in Tandem configuration
e Hydraulic (Water) Dynamometers
o Outlet Valve Control
o Static Inlet Valve Control
o Dynamic Inlet Valve Control
e Eddy Current Dynamometers
e Engine Control (Throttle or Pedal)

Different Configurations will be dispayed depending on the dynamometer/engine configuration:

Configuration 1. Eddy Current Dynamometer with Engine Control (Throttle/Pedal)

DISPLAY PAGE

PRIMARY || MONITOR H DATALOG ||quo INFOH FILE SETS || ALARMS || TUNING ||CALIBRATEH SYSTEM |

DISPLAY PAGE

CONTROL

GENERAL | | METERS | [DIGITALS| | ANALOG | [coNTROL | [uSER MODE| | comms | [1/0 sTATuS|

DYNAMOMETER CONTROL DYNAMOMETER CONFIG

%) Dynamometer Present ¢ Hydraulic (Water) Dyno
Channel Configuration & Eddy Current Dyno
Channel ID Ch No
Speed Input |[Hz1]
f'l'orque Input || IP1 ‘
Dyno Current Demand |[oPp1]
‘Dyno Current Feedback || IP2 ‘
[‘Torgue | [cz] [vcz | [1ca] [Tc4]
‘ - [xcs]

ENGINE CONTROL

&3@ Engine Control Present

Channel Configuration

REMOTE

[ Control Output

‘ Control Feedback

REO-tCS Present

CRANK

B EDE

|SILENCE| I

This would be a standard configuration for a typical Eddy Current Engine Testbed. The Engine
Control also provides the option for the REO-tCS — This is the Throttle/Pedal Controller offered by

KLaS.
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Configuration 2. Eddy Current Dynamometer with no Engine Control

DISPLAY PAGE

DISPLAY PAGE

DYNAMOMETER CONTROL DYNAMOMETER CONFIG ENGINE CONTROL
‘ @ Dynamometer Present ‘ ‘ @ Hydraulic (Water) Dyno ‘ ,@ Engine Control Present _
Channel Configuration ‘ @ Eddy Current Dyno ‘ Channel Configuration
Channel ID Ch No Channel ID Ch No
Speed Input |[Hz1] LoP3 | -
Torque Input |ETE e

IDyno Current Demand |[oP1] -

[Dyno Current Feedback |_
s L e )
[EPoWERT [Fes] [wos] (o7l [ies]

‘@ REO-tCS Present ‘
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Configuration 3. Hydraulic Dynamometer with Engine Control. Mapped Inlet Valve

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||DYNO INFOH FILE SETS H ALARMS || TUNING HCAL-IBRATEH SYSTEM |

DISPLAY PAGE CONTROL

GENERAL | | METERS | [DIGITALS| [ ANALOG | [cONTROL| [USER MODE| [ coMMs | [1/0sTATUS| | Rremote

DYNAMOMETER CONTROL DYNAMOMETER CONFIG ENGINE CONTROL
&4 Dynamometer Present &) Hydraulic (Water) Dyno (&%) Engine Control Present
FUEL

Channel Configuration @ Eddy Current Dyno Channel Configuration
Channel ID Ch No Inlet Valve Configuration Channel ID Ch No
|Speed Input H Hz 1 | : |Control Output H OoP3 ‘ CRANK
&) Mapped to Outlet Valve i
[Torque Input 11| [Control Feedback || IP6 |
[Closed Position [ 2 [ |
Outlet Valve Demand OP1 i iti
| ‘ ‘ | Engine Idle Pasition || 5 |[[% | TCS ENABLE
[Outlet Valve Feedback 12| Idle Speed | 800 |[rpm]
‘Max Open Position ‘ | 20 || % ‘
[Inlet Valve Demand |orP2| &  REO-CS Present
‘Max Power ‘ | 2000 || ‘
[Inlet Valve Feedback |[IP3]] Valve Ramp Rate || 10 |[Secs
D ESTOP SILENCE R T
ey EN sl

In this configuration, the Inlet Valve is matched to the Outlet Valve, For this mode of control to work
it is important that the Inlet Valve has the same response time as the Output Valve. The system
operates the valves in anti-phase to give a greatly improved control of high-speed engines. This
configuration would be typically used on aero engine test beds.

As the Outlet valve closes to increase the load on the engine, the inlet valve is opened at the same
rate to allow more water into the dyno. The operational range of the two valves will typcially not be
the same, however the speed of response must be similar.
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Configuration 4. Hydraulic Dynamometer with Engine Control. Static Inlet Valve

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||DYNO INFO|| FILE SETS || ALARMS || TUNING ||cALIBRATE|| svsTem | ‘

GENERAL | | METERS | [DIGITALS| [ ANALOG | [conTROL | [usER MODE| [ comms | I/osTaTus| | Remote

DYNAMOMETER CONTROL DYNAMOMETER CONFIG ENGINE CONTROL IGNITION
&7 Dynamometer Present &%) Hydraulic (Water) Dyno (&%) Engine Control Present IEI
Channel Configuration @ Eddy Current Dyno Channel Configuration
Channel ID Ch No Inlet Valve Configuration Channel ID Ch No
Speed Input |[Hz1 | — | Control Qutput | or3 | CRANK
&) Mapped to Outlet Valve _
Torque Input |[1P1] [ Control Feedback |[ IP6 |
|Closed Position || 2 || % |
Outlet Valve Demand |[or1] [Engine Idle Position || 5 [[% | TCS ENABLE
‘Outlet Valve Feedback | ‘ P2 ‘ |Idle Spece H 500 H rpe |
|Max Open Position || 20 || % |

(% ] REO-tCS Present

Inlet Valve Demand |[orP2]

|Max Power || 2000 || |

Inlet Valve Feedback |[IP3| |valve Ramp Rate || 10 |[Secs

. |SILENCE| | RESET

In this configuration the Inlet Valve is considered Static, even though it will take up different
positions depending upon the engine condition. The valve does not require to be fast acting for this
type of control. However, is does need to be motorised.
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USER MODE
Typically the dynamometer is run in one of three two control modes:

e Speed Control
e Torque Control

Additionally, REO-dEC R2 supports two different Function Control Modes:

e Power Law
e Polynomial Law

Power Law

In Power Law the Engineer defines the slope of the curve the Torque Curve that the Engine will
follow depending upon the speed of the engine.

DISPLAY PAGE

I PRIMARY || MONITOR ” DATALOG ||DYNO INFOH FILE SETS || ALARMS H TUNING ||CALIBRATEH SYSTEM |

DISPLAY PAGE CONTROL

GENERAL | | METERS | [DIGITALS| [ ANALOG | [cONTROL| [USER MODE| [ coMMs | [1/0sTATUS| [ remote
USER MODE
| Power Law | | Polynomial Law |
- (s )E User Constants . Torque Demand
A8, —— Torque Demand Curve —@- Actual Torqus
[=] s000 | ., /
T = Calculated Torque Setpoirt ] %
Derived from: 008 /
$= Measured $peed (rpm) | Tr | ‘ 75°°| 5000 VL
User Entered Constants — %,] g //
3000 +
Tr=Dynamometer RatedTarque | E | ‘ 2. 1| /
£ = Power Law Curve Exporent 0 1 o
1000 o ’/,/
0 — . . : ‘
a 1000 2000 3000 4000 5000
|SILENCE| [ RESET |

When the Engine is running, the current condition point is displayed in real-time on the chart. This
Chart has a static curve dependent upon the values entered by the engineer.
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Polynomial Law

This is a much more complex control mode and allows for variability of the slope of the curve based
on an additional analog input, for example pedal/throttle position.

DISPLAY PAGE

|| SYSTEM

CONTROL

USER MODE

POLYNOMIAL LAW
T = Tr{K0 + K1 (ss_r)“‘ Ao (S-‘;]m. et |y &)“’_ ates) User Constants | Applied Torque Curve |
e User Constants

T = Calculated Torque Setpoint ‘ Sr ‘ | 20000‘ | el | ‘ 1'755|
Derived From: ‘ Tr ‘ | 1000‘ | Se? | ‘ 1-755|

S = Measured Speed (rpm) A = External Analog Signal (0~ 10V normalised to 0~ 1) ‘ 0 ‘ | _0'07691‘ | o | ‘ 1l755|

K0 = -1.0000 to +1.0000 L2l H 1-23‘ | act H 0.989|
- 10000 to +1.

KL, K2, K3 = Variables in the range -1000.0 to +1000.0 ‘ K2 ‘ | -0. 28‘ | Ae2 | ‘ 1.974|
Sel, Se2, Se3 = Exponent Values inthe range -4.000 to +4.000 ‘ K3 H 0.73‘ | Ae3 H 2.873|

User Entered Constants —

St = Dynamometer Rated Speed  Tr = Dynamometer Rated Torque ‘

Ael, Ae2, Ae3 = Exponent Values in the range -4.000 to +4.000

‘A" Value || 0.000

As with the Power Law Curve, the Polynomial Law Curve is plotted in real-time with the currently
active point shown on the chart.

DISPLAY PAGE

[ramarr | [ wonrror | | S NSRHE (SRR | vsev |

DISPLAY PAGE CONTROL

SER MODE

POLYNOMIAL LAW

T = Tr[K0 + K1 (;‘:)g" o (s,f_r)“z Afe? 4 g3 @)553.‘4“1} User Constants | Applied Torque Curve |
e Torgue Demand
T = Calculated Torque Setpoint |— Tarque Demand Curve —8- Actual Torque
Derived From: o
5 = Measured Speed (rpm) A= External Analog Signal (0 ~ 10V normalised to 0~ 1) 800
User Entered Constants —
Y eoo 4
St = Dynamometer Rated Speed  Tr = Dynamometer Rated Torque o
KO = -1.0000 to +1.0000 P 400

K1, K2, K3 = Variables in the range -1000.0 to +1000.0
200 4
Sel, Se2, Se3 = Exponent Values in the range -4.000 to +4.000

Ael, A2, Ae3 = Exponent Values in the range -4.000 to +4.000 0 ! } I ! ; I
o 3000 B000 9000 12000 15000 18000

-- [Torgue]| [vei] [vez] [vea] [1ea]
[“rower | [7¢5] [Tea]| [1c7] [1ea]
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COMMS

To allow remote control of the controller form a testbed PC. REO-dEC R2 offerss three methods of
external interface

e Analog

e Serial (RS232)

e FEthernet (TCP-IP)

DISPLAY PAGE

DISPLAY PAGE

CONTROL

COMMS DATA

ANALOG COMMS CONFIGURATION REMOTE COMMS MODE
Remote Dyno Demand Remote Engine Demand

IP No Input Channel Description IP No Input Channel Description

[1p5| REMOTE DMD | N |

SERIAL R5232 COMMS CONFIGURATION

| Baud Rate ‘ | 115200| Max Baud Rate = 115200

ETHERNET COMMS CONFIGURATION

| tocal 1P Address || 192.168.0.4 | PortNumber || 4000

A sample program is provided with full source code to demonstrate the use of the Serial and
Ethernet Interfaces.

25| Page



{ 360m

Systems Engineering www.6dmltd.com

=~/

10 Status

DISPLAY PAGE

PRIMARY || MONITOR || DATALOG ||m‘m‘o INFOH FILE SETS H ALARMS || TUNING ||CALIBRATE|| SYSTEM |

GENERAL | | METERS | |DIGITALS| | ANALOG | [CONTROL | [USER MODE| | coMMs | [1/0 sTATUs| | Rremorte
TC Channels Output Channels Input Channels Digital Channels IGNITION
DIG OUT DIG IN
00} I AN 0000 BGEEE g -
m | 10000l | 0000 | 00ooco =
.0 ___ 0000 0000
e | R R —
0000 | 00og| —
rca | [ - I 4
: 0000
tcs | [T Qoog) [
Freq Channels 1/0 Module Display ]
(] % | W 71
g Raw IP Values Shown | ENGINEERING I - -m
""" @|st|.|suc£] | o |

This Display Tab allows the user to view all the system channels in one location. Display can be as
either DAQ values or as Engineering Calibrated values.

26 |Page



