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High Current Input is only used on some models

Analog Outputs are for Throttle control and alternative data logging by another device
Alarm Inputs are for Thermal or Pressure Switches, and can be shorted to ground to bypass
Auxiliary outputs are generally reserved for operating auxiliary equipment



DYNAMOMETER SIDE VIEW (AIR COOLED, GEARED)
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DYNAMOMETER SIDE VIEW (WATER COOLED)
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DYNAMOMETER SIDE VIEW (AED-100)
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FEATURES

Dynamometer

The dynamometer is an air-cooled eddy current dynamometer. Power from the engine or
motor rotates the rotor of the dyno. The dyno’s stator field is controlled by the dynamometer
current. More current gives a stronger magnetic field, creating more torque on the rotor. Power
from the rotor is dissipated as heat via the air. The dynamometer is suspended on bearings, and
torque is read by a load cell. Bearing friction can be calibrated out, resulting in a highly accurate,
robust dynamometer. In some models a separate power input shaft is available for lower-speed,
higher-torque measurements, such as from “Power Take Offs” (PTOs) from tractors.

Dynamometer Controller

This dynamometer controller allows the user to control the dynamometer in several
different modes: Manual, Speed, Torque, Road Load (RPM?2) and Computer (remote) mode.
Which of these modes to use depends on the specifics of your testing. For simple loading of an
engine (ie. adding or reducing the load) the easiest mode is the Manual Control mode. For
constant speed operation (Torque will vary) use the Speed Control mode. Road Load mode is
commonly used to simulate the aerodynamic load a vehicle when operated on the road, or
simulate various fan or pump loads. Note that inertia/mass is not matched unless this
dynamometer specifically has an inertial load. Computer control mode is used for automated
testing, often in conjunction with the throttle control, which can also be operated remotely from the
computer.

Computer Communications

A computer can be connected to the dynamometer controller for logging data from
the Dynamometer Controller, Fuel Scale and Data Acquisition systems via Serial Ports. If serial
ports are unavailable then a USB-Serial Port converter may be used. Serial port communications
are via RS232: 9600 baud, No parity, 1 Stop bit. The cable should be a “straight through” cable
connecting pins 2, 3, and 5 at both ends. In Verbose mode the controller automatically sends data
out in the format shown below at approximately 4Hz. During power on the controller sends out a
‘Power On” message with the firmware code. Data can be logged from various serial
communications programs including Hyperterminal. Various controller parameters can be modified
from the computer interface, and data can be logged by the computer as well. In Verbose mode
the controller will automatically output data to the serial port every 250ms. When the control is
NOT in Verbose mode sending the character “A” will cause the controller to respond with the data.

In general the computer data is output in the following format:

ZSSSS1 SSSS2 TT.TTT_LLL_Mode SP_TTL_Alarm_Al A2 A3 A4 [CR]

Where:

S is speed in RPM (S1 is rpm1, displayed on the front panel, S2 is rpm2 which is not displayed on

the front panel)
T it torque in Nm



L is load in percent of full load

Mode is the mode:
NM for front panel Manual mode, CM for Computer Manual
NS for front panel Speed mode, CS for Computer Speed
NT for front panel Torque mode, CT for Computer Torque
NR for front panel Road Load mode, CR for Computer Road Load

SP is the set point

TTL is the throttle position (0-1023 is 0 to Wide Open)

Alarm is 0 for no alarm, and 1 for alarm

Al .. A4 is the Analog input in 0-1024 (ie. 10 bit) 5V resolution.

The separator between the fields is a space character

For example:
Z2510 6500 12.345 20 NS 2500 53 0 123 345 678 1023

Speed is 2510 RPM

Speed 2 is 6500 rpm

Torque is 12.345Nm

Load is 20%

Mode is Front Panel, Speed Mode
Set Point is 2500

Throttle is 53

No Alarm state present

Analog Input 1 is 0.601V (ie. 5*123/1023)
Analog Input 2 is 1.686V

Analog Input 3 is 3.314V

Analog Input 4 is 5.00V

Data Acquisition System

The basic dynamometer controller has several channels of Data Acquisition. This is used
for measuring common engine sensors such as Air/Fuel Ratio, Thermocouples, Pressure Sensors
and etc. The channels can be user configured for different sensors. All of these sensors can be
read by the computer data logging software for display and recording. A separate Combustion
Analysis system is also available which reads combustion pressure sensors in a high-speed mode
where the pressure is recorded and displayed through out an individual engine cycle. Additional
expansion DAQ units are also available which can be read by the dyno monitor program as well.

Fuel Scale

This digital gravimetric fuel scale weight fuel as it is consumed by the engine under test.
The data is fed to the computer via serial (RS-232) communications link, allowing seamless
integration with our dynamometer and DAQ systems. The weight of fuel is measured as a function
of time allowing direct measurements of fuel consumption, and calculation of Break Specific Fuel
Consumption (BSFC), and Fuel Mass Flow rate, for calculation of actual Air Fuel Ration (AFR)
when combined with an air flow sensor. In some systems you will have to have a fuel feed line



from the tank to the engine as well as a return line to the tank. Make sure there are no bubbles in
the system, and insure that the hosed used do not hang or drag on the scale. The fuel lines
should be flexible, and rigidly mounted to a frame, eliminating any stress on the fuel scale which
might bias the weight reading as shown below. Finally make sure the fuel scale is isolated from

vibrations, and shielded from turbulent air or fan blasts, as these will interfere with the fuel weight
measurement.

RECOMMENDED FUEL SCALE MOUNTING

Wind
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Power

This dynamometer can absorb torque and power up to the limit listed in the specifications
below. A typical torque curve is shown below (for the 600Nm load unit at the retarder). Speeds in
this graph refer to the dyno speed in this case (not the engine speed). As this is an air cooled
eddy current dynamometer, the actual torque depends on the speed and temperature of the dyno:
cooler dyno gives more torque.
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Test Duration vs. Power

Air cooled retarder’s torque drops as it heats up. The maximum temperature of the rotors should
be kept below 400C to insure rotor strength. Also high-power testing should be performed for
shorter periods of time, while lower power testing may be run continuously. Below is a table
indicating the approximate maximum power rating (in percentage of maximum power) as a
function of run time at the given power level. It is common to over spec the torque by 4 x on air
cooled units.

Maximum
Minutes | Power
1 100%
15 70
30 50
Continuous 25




AED-500-G2

Torque curve for the AED-500 is shown below with torque and speed at the Engine Input shaft.
Maximum input power is 500kW.
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The water cooled AED-100 has a 400Nm maximum torque from about 1000 rpm to 3000 rpm, and
is power limited at 100kW above 3000 rpm to the maximum speed of 7000 rpm. As these units are

continually supplied with cooling water the power does not degrade with time.
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AED-100-F

The air cooled AED-100 (F) has a 200Nm maximum torque from about 500 rpm to 15000 rpm,

and is power limited at 100kW above 1000 rpm to the maximum speed of 8000 rpm.
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SPECIFICATIONS

DIMENSIONS
LXWxH: See Chart Above
Weight: See Chart Above
POWER IN
Voltage: 220 VAC +/- 10%
Frequency: 50Hz
Current Draw: 18A max

CONTROLLER OUTPUT

Resistance: 10 ohms minimum
Power: 3500W maximum
Voltage: 50V to 200V typical
Current: 5A to 35A typical
DYNAMOMETER
Mechanical Power: See Above
Torque: See Above
Speed: 4000 rpm maximum at dyno (Air Cooled)
7000 rpm maximum at dyno (Water Cooled)
Temperature: 400C Max at Rotor Surface (Air Cooled)
80C Max Water Temp
INPUTS
Speed Input: Hall Effect or Variable Reluctance type input
1 to 60 pulse per revolution
30V pk-pk maximum
60 to 10,000 rpm (typical)
Strain: 200 to 500 ohm

4-wire Wheatstone bridge
5 or 10V excitation

SERIAL COMMUNICATIONS

Baud, Bits, Parity, Stop: 9600, 8, N, 1

ENVIRONMENT

Temperature:

Humidity:
Shock/Vibe:

10 to 40°C Operational

0 to 50°C Non-Operational
5 to 90% Non-condensing
<109
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DYNAMOMETER STARTUP PROCEDURE

This controller is equipped with several safety features to avoid damage to the dynamometer and

engine. Theses must be correctly wired to insure safe operation. This section describes their
setup and use.

Dynamometer Startup Procedure

VMI: Visually inspect all components of the dynamometer system

Engine: Insure coolant and Fuel are topped up

Dyno: Check belts, pulleys, couplers and U-Joints to make sure they are tight
Turn on cooling tower and water supply pump (for water cooled units)

Turn Computer ON

Turn Dynamometer Current to the OFF position

Switch the Mode selector switch to MANUAL mode

Turn the Dynamometer Controller and Power Unit ON

TARE the load cell (this may be repeated after unit has warmed up for best results)
10 Set the Set Point Adjust to 0%

11.Set the Throttle Set Point to IDLE

12.Run the Dyno Monitor Software for recording and display

©CoNoh,rwNE

Fuel Scale Startup Procedure

Switch ON the Fuel Scale

Zero the Fuel Scale Load

Load the Fuel tank with fuel

Place the fuel tank on the scale
Confirm that the scale is not overloaded

abrwnE

Engine Startup Procedure

Check the Engine Oil and Coolant levels

Check Engine — Dynamometer shaft and alignment

Place the engine in Neutral Gear

Power ON the Cooling System (Fan or water pump)

Power on the exhaust system

Open the Fuel Valve

Turn ON the Engine Ignition (for gasoline engine) or push down the decompression lever
(for diesel engine)

Place Throttle to the START position (IDLE)

Start the engine and IDLE

NoakswNE

© ®

13



Engine Testing Procedure

Place engine in required gear

Switch Dyno Current ON

Switch Controller to appropriate Mode

Adjust Set Point to desired set point

Open Throttle to Desired Operating Condition

Commence Measurements, adjusting either Set Point of Throttle as required

UM LNE

Shut Down Procedure

Reduce Throttle to Idle

Save all data on the computer

Place Dynamometer in Manual Mode

Reduce Dynamometer load to 0%

Switch Dyno Current OFF

Place the Engine in Neutral Gear

Allow the engine some time to cool at IDLE if hot
Once the engine has cooled Continue:

Shut OFF the Engine Ignition

10 Turn OFF the Fuel Valve

11.Turn OFF the cooling system (Fan of Pump)
12.Turn OFF Exhaust fan

13. Stop the Computer Data Acquisition Program
14.Shut OFF The Fuel Scale

15.Shut OFF The Dynamometer and Power Supply

©CoNoh,rwhE
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MODES OF OPERATION

Modes of Control

This dynamometer controller allows the user to control the dynamometer in several
different modes: Manual, Speed, Torque, Road (RPM2) and Computer Control mode. Which of
these modes to use depends on the specifics of your engine testing. For simple loading of an
engine (ie. adding or reducing the load) the easiest mode is the Manual Control mode. For
constant speed operation (Torque will vary) use the Speed Control mode. For automated testing,
use the COMputer controlled mode, which also allows control of the Throttle setting. In all
operating modes the TARE key zeros out the torque reading, and Alarm Reset resets the alarm
state, assuming the cause of the alarm condition has been cleared.

Manual Control Mode (MAN)

In Manual Control mode the Set Point Adjust knob directly controls the current going to the
dynamometer. For a given speed, the load will be directly proportional to the knob setting: 0% load
at one end, 100% load at the other end.

The most common engine testing is done using manual mode control. For a torque/power
curve of the engine, the engine can be started and throttled up to “redline” (ie. tha maximum
speed. Dyno load is increased as the throttle is opened to keep the engine just at redline speed.
Once the throttle is full open, the torque and speed are recorded. Subsequently the load in
increased in small steps, causing the engine speed to decrease. At each new speed the torque
and speed are again recorded. Repeating this in steps of 500 rpm allows the wide open throttle
(WOT) torque curve to be determined.

Speed Control Mode (RPM)

In Speed control mode the Set Point Adjust knob sets the desired speed. If the engine is
operating above the set speed, the controller will increase the current to the dynamometer,
increasing the load on the engine, and slowing it down to the set speed. If the engine is incapable
of reaching the set speed at a given throttle, the engine will operate at a speed below the set
point, and the dynamometer will be completely unloaded. For best results the PID gains must be
carefully adjusted.

Torque Control

In Torque control mode the Set Point Adjust knob sets the desired Torque. If the dyno is
operating below the set torque, the controller will increase the current to the dynamometer,
increasing the load on the engine, and slowing it down, while the torque increases to the set point.
If the engine is incapable of reaching the set torque at a given throttle, the dynamometer will
continue to add load until the engine stalls, the clutch slips, or maximum load is attained. If the
dyno torque is above the set point, then the load will be reduced, dropping the torque, and
increasing the speed.
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Road Load Control

In Road Load control mode the load is varied as a function of speed to mimic aerodynamic
loading of a vehicle. Load is increased proportional to the square of the speed, with no load at
zero speed. In this mode the set point adjustment know controls the proportionality constant. A
larger constant is used for physically larger vehicles, while a smaller constant is used for smaller,
or more aerodynamic vehicles. A good way to calibrate the constant is to operate the vehicle at a
known throttle/speed combination. If the vehicle speed is higher than the desired operating point
the constant can be increased, and if the speed is lower, the constant should be decreased. This
calibration should be performed in the mid-point of the desired test speed range. Once the
constant is established for a given vehicle, it should always be re-used for that particular model.

Computer Control

In Computer control mode the operating control mode, set point, throttle position and
Verbose Mode are set from the computer via the serial port. The mode and set point command
sequence to be sent from the computer is as follows:

RPM TORQUE RLOAD
; ’ F

— - o & - -

CSSSSS
Where:
C is a character indicating the control mode:
M for Manual
S for Speed
T for Torque
R for Road Load
SSSSS is the appropriate set point

For Example here are several valid mode/setpoint commands:

M123 Manually Sets Load to 12.3%

S12250 Sets Speed control mode to 12250 rpm (Limited to maximum speed @ controller)
T12.34 Set Torque control mode to 12.34Nm

R250 Set Road Load with factor of 250%

For throttle Position control send the following sequence:

PXXXX
Where XXXX is the desired position (0 to 1000 for OV to 5V)

For Example the following sequence sets the throttle output voltage to 50% (ie. 2.5V):
P500

Verbose mode can be activated from the computer by sending a capital V, and deactivated by
sending a lower case Vv:

V Turns Verbose mode ON
v Turns Verbose Mode OFF
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The Alarm mode can be activated from the computer by sending a capital X, and deactivated by
sending a lower case x:

X Turns Alarm mode ON
X Turns Alarm Mode OFF

The torque measurement can be Tared (zeroed) by sending a capital Z:

Z Tare the load measurement

Internal Strain Gage Amplifier

This dynamometer controller features an internal strain gage amplifier. This amplifier can
be connected to any standard Wheatstone bridge configuration 4-wire strain gage load cell. The
amplifier may be bypassed if the load cell does not require further amplification.

Internal Dynamometer Power Supply

This dynamometer controller features an internal power supply providing DC current to the
dynamometer coils. Make sure not to exceed the power supply ratings. In general the
dynamometer coil resistance should be less than 10 ohms. When operating loads requiring more
power, it will be necessary to provide an external power switching device (ie. transistor), which
may be triggered from the controller's dynamometer output by running it through an appropriate
voltage divider.

Serial Port Data Logging

Along with the controller a “serial port data logging” program is also supplied. This program
communicates from any PC via the serial port directly to the dynamometer controller and can
display and record the mode specific set point (ie. set speed or torque), dynamometer speed,
torgue, and dynamometer load (duty cycle). It may require the installation of Agilent VEE driver
software, which can be downloaded for free from the appropriate Agilent website. The simple
serial port communications protocol can also be reproduced in user defined programs for
customization.

The Dynamometer controller can be set up to “broadcast” its data automatically by turning the
“Verbose” mode ON. This can be done from the front panel menu in manual mode. When verbose
mode is OFF the controller will only send out data in response to a received character “A”. This is
done on some systems to help synchronize data acquisition. Make sure not to issue the A
command to the controller more than once very 250ms.

Controller Setup

From the main menu you can access the setup menus using the right or left arrow keys. Different
menus are available for the different modes, as selected by the mode switch. To adjust any of the
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parameters use the Up and Down arrow keys. To permanently save changes you make to the
configuration use the Up arrow to change the Save Config? Value to YES then hit the right arrow
key to exit the menu.

In Manual mode you can select the over speed and torque limits, and the “Pulses Pre Revolution”
for the RPM1 and RPM2 speed signals. If a target wheel has 30 teeth, then the appropriate PPR
would be 30. Finally in Manual mode you can set the appropriate position for the decimal in the
torque display.

In Speed mode you can adjust the Speed Maximum Set Point, and the Proportional, Integral and
Differential gain values for the Speed PID Control. For extended PID resolution denominator
factors for P, | and D are also provided. If you want finer resolution, and lower gain on a given
factor, increase the appropriate factor.

In Torque mode you again have a the Torque Maximum Set Point and the Proportional, Integral
and Differential gain values for the Torque PID Control. For extended PID resolution denominator
factors for P, | and D are also provided. If you want finer resolution, and lower gain on a given
factor, increase the appropriate factor.
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Controller Configuration Menu Map

Set the Mode Select Switch to get access to the various menus. Use the Right/Left arrows to
page through the menu. Use the Up/Down arrow keys to change the individual values. To save
the configuration use the Up arrow key to change NO to YES at the Save Config? screen.

MAN (Manual Control Mode)

RPM TORQUE % L O AD
0]0|0]0]O +]0(. |0]0]|0O|O 0]0 |0
M[A|N
RPM TORQUE % L O AD
o|vi]el|r s|p|d I Imft >10|5(0]0]0
o|vi]el|r t [r]q I Imft 91919919
RPM TORQUE % L O AD
PIP|R]|1 > (3]0
P[P|R|2 >13]0
RPM TORQUE % L O AD
+]0(. |0J]O|O|O
t|r [d d|p > |4
RPM TORQUE % L O AD
Sla|v |e clofn|f |i [g]?
>|NJ|o

In Manual mode the right arrow (—) will step you through the following values:
Over Speed Limit (Alarm speed at which the ignition relay is turned OFF)
Over Torque Limit (Alarm Torque at which the ignition relay is turned OFF)
Pulses Per Revolution in RPM1 signal

Pulses Per Revolution on RPM2 signal

Position of Decimal Point in Torque Display

RPM (Speed Control Mode)

R P M TORQUE % L O AD
0|0]0 0|0 +|0]. [0[0]0O]O 0]0 |0
>1012(5]0]0 R{P[M

R P M TORQUE % L O AD
S|P rfajnjgle mla |x >[(5]10(0|0

R P M TORQUE % L O AD
I |D c|f |g|: P I D
s|ple|e|d > (0|2 {0 00 |5 0fo|o0

R P M TORQUE % L O AD

Sla|v |e clofn|f |i [g]?
>[N]o
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In RPM mode the right arrow (—) will step you through the following values:
Set Point Range Maximum Value (Highest RPM selectable as Set Point)
Proportional Gain Constant for Speed PID

Integral Gain Constant for Speed PID

Differential Gain Constant for Speed PID

TORQ (Torgue Control Mode)

R P M TORQUE % L O AD
0]|0]0 (0|0 +[0f. [O[O]O]O 01010
>|0]. [1]|5(0][0 T[R[Q
R P M TORQUE % L O AD
+ 10 0]0]0
S|P rfalnjgle mfa |x |: >11(913
R P M TORQUE % L O AD
Pl |D c|f|g P I D
t Jo|r |q|ul|e >(01]2]0 00 |5 0]0]|0
R P M TORQUE % L O AD
Sla|v |e clofn|f |i [g]?
>[N]o

In TORQ mode the right arrow (—) will step you through the following values:

Torque Calibration Factor

NOTE: actual torque using this calibration value will be displayed on the top line of the display
Proportional Gain Constant for Torque PID

Integral Gain Constant for Torque PID

Differential Gain Constant for Torque PID

ROAD (Road Load Mode)

R P M TORQUE % L O AD
0]0]0 (0|0 +|0]. [0[0]0]O 01010
K[{>[1]0]0 N[™[2

R P M TORQUE % L O AD

K|f Kla Kim
>|0]0(0]2]0 0]7[5]0]0 0]0]0 |0 [0

R P M TORQUE % L O AD

Sla|v |e clofn|f |i [g]?
>|N|o

Kf: Rolling Resistance (friction)
Ka: Speed at which Aerodynamic Resistance becomes 100%
Km: Acellerational Drag (mass)

Load% at a given speed (RPM) is then calculated (approximately) as:



Load% = Kf + 100 x (RPM/Ka)? + Km x (RPN’

Where: RPM’ is the differential of the speed (ie. acceleration)

Tuning the Road Load Parameters

A convenient way to “tune” in these parameters for a given vehicle is to measure the low-speed
(20 kph) steady state cruise throttle setting, the high speed steady-state cruise throttle setting
(60kph or higher) and the time required to reach 60kph from a stand still.

First, zero out the Ka (by setting Ka very high, say 20,000rpm) and Km (Km = 0) settings. For the

following procedure keep the “Set Point” at 100%. On the dynamometer the set the Rolling
Resistance (Kf) to get the same throttle setting at the “low speed” cruise speed throttle setting.
Next set the Aerodynamic Resistance (Ka) to get the appropriate throttle setting at the “high
speed” cruise speed. Note that a lower Ka value gives a higher load.

Finally increase the Acellerational Drag (Km) to get the appropriate zero to 60kph acceleration
time.

This should give you dyno performance very similar to the road performance. For minor
adjustments you can change the “Set Point”. For more load, increase it beyond 100%, for less
load decrease it.

COM (Computer Controlled Mode)

RPM TORQUE % L O A D
ojofofo|0 +|0]|. [0]O|O|O >(0]0]|0
C|O|M
RPM TORQUE % L O A D
Vie|r |b|lo]|s|e Mlo |d |e |?
>|INJ|o
RPM TORQUE % L O A D
Sle|r [i |a]l Mlo |d |e |?
>|T|TIL
RPM TORQUE % L O A D
Sla|v |e clofn|f |i [g]?
>|N|o

Verbose Mode:
On causes controller to output data every 250ms
Off will cause controller to send output data only when an “A” is received on the
communications lines
Serial Mode:
Serial inverts the output serial data stream (required for RS232 devices)
TTL does NOT invert the serial data stream (used with WiFi/BlueTooth)
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RSV (Reserved Mode)

R P M TORQUE % L O AD
o(ofofof|o +(0|. [OfO|O oo (o
PIL|E|A|S|E S|E|L|E|[C|T O|D|E !

The reserved mode is not available for adjustments.
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MECHANICAL DIMENSIONS

Dyno Input Flange and Input Shaft

The prime mover can be connected to the dyno either through the input flange or input
shaft. In order to connect through the input shaft, the input flange can be dismantle from the input
shaft, and replaced by other coupling. Some shafts use a key and keyway to transfer torque, while
others are intended to use taper bush and thus will not have a keyway on the shaft. Related
mechanical dimensions for connecting the input flange and input shaft are as follows:

-——H il
*Dimensions are in mm
Dyno A B C D E F G H
n Thread
AED-20 150 130 8 M12° 22.5°145° |30 2012 taper bush
AED-200 180 155 8 M16 22.5°|45° |55 59.3 |16
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CALIBRATION

Speed Calibration and Adjustment

This dynamometer controller accepts speed signals from most “pulsed” types of speed
sensors, including Hall Effect (HE) and Variable Reluctance (VR) sensors. Speed is determined
from the frequency of teeth passing the speed pickup. As such the only calibration required is
setting the proper number of teeth on the speed target wheel. The standard speed target wheel
has 30 teeth, but each dynamometer may have a different number of teeth, so this should be
measured. The Pulses Per Revolution (PPR) can be set from the front panel by hitting the right
arrow in Speed mode, and following the prompts on the screen. If the speed target wheel is not on
the main shaft (engine/motor input shaft, or rollers for chassis dynos) then the number of teeth
needs to be multiplied by the gear ratio such that the number of PPR refers to the number of
pulses received in one revolution of the input shaft. For example if the dyno spins at 2x the input
shaft speed, and has 4 teeth, then there will be 8 pulses per revolution of the input shaft, and thus
PPR = 8.

To properly read the teeth is it important that the speed pickup be clean, and in close
proximity to the target wheel. The gap between the speed pickup tip and the target wheel should
be approximately 1mm for VR sensors, and approximately 4mm for HE sensors.

0.5mm to 1.5mm for VR type sensors
3 to 6 mm for Hall Effect type sensors

The speed sensing circuit is a 2-level signal qualification type circuit to eliminate the
influence of noise. In order to qualify as a pulse, the voltage of the signal must exceed the UPPER
THRESHOLD (UT), and then go below the LOWER THRESHOLD (LT) before the subsequent
pulse can be read. Both upper and lower thresholds are adjustable from potentiometers located
on the main controller circuit board. RPM1 pots are labeled UTO and LTO, RPM2 pots are labeled
UT1 and LT1. A voltage sensing pad is provided adjacent to the pots to verify the threshold levels,
as shown in the image below with a volt meter.

NOTE: The Lower Threshold voltage MUST be LESS than the Upper Threshold voltage to insure
proper triggering of the circuit.

24



RPM1 UpperThreshoId UTO

RPl Lower Threshold (LTO
'4 .' ») ’0

uwzm:wu‘@

fﬂ’ IOZOZO]H

.J~

,

e

RPM2 Upp Threhol RM2 Lower Threshold

Typically we recommend a lower threshold voltage of 0.1V to 0.4V, and an upper threshold
voltage of 0.5V to 1V for most VR sensors. For Hall Effect type sensors, the Lower Threshold
Voltage should be ~0.5V above the low-voltage reading of the sensor (eg. about 1V), and the
Upper Threshold Voltage should be greater than the Lower Threshold Voltage, and at least 0.5V
below the upper voltage reading of the sensor (eg. about 4V).

One Pulse Period

Upper /\ A
Threshold v
Signal
//\ Lower
V V Threshold

Upper Lower
Threshold Threshold
Transgress Transgress
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Torque Calibration

Before calibration the dynamometer should be warmed up, and loaded with a typical load
for a few minutes. A calibration arm is provided with most dynamometers. This needs to be
mounted to the dynamometer appropriately. Once the arm is loaded the load should be zeroed at
the dynamometer controller.

Load cell is mounted to the side of the dyno load unit.
Calibration Arm mount may be in the load cell mount
Or on the opposite side of the dyno load unit.

Simply hit the TARE button on the front panel to zero the torque. Calibration weights can now be
added to the cal-arm at the indicated location. This places the weights at a defined radius (R) from
the centerline of the dynamometer. The torque reading is the torque resulting from a mass M is:

Torque=Mx 9.81 xR

Where:

M is the weight of the mass in kg

9.81 is standard gravitational acceleration (m/s?)

R is the radius of the weights from the center of the dynamometers shaft in meters

NOTE: if measuring the torque on a dynamometer which has a gearing ratio, this needs to be
included in the calculation. If the dyno spins at G times the input shaft rpm then the torque at the
main shaft should be:

Torque=Mx 981 xRx G

If the front panel torque reading is different from this amount, then the calibration factor must be
adjusted. To do this, temporarily turn the dyno current off to avoid overheating) put the mode
selector switch in TORQUE mode and go to the front panel menu by hitting the right arrow, and
adjust the torque calibration factor up or down as required to get the torque (displayed on the top
line) to agree with the actual torque. Re-zero and check the torque once the factor has been
adjusted. Generally the calibration only requires small changes, ~1% of the nominal value. If your
system requires very large changes after the initial calibration, it may be a sign that the load cell is
damaged.

Torque Amplifier Board

In some cases it may be necessary to adjust the Toque Amplifier Board inside the controller. This
is generally only required when changing the load cell, or load cell amplifier, or applying a large
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offset torque. The amplifier will look similar to the image at right and will have potentiometer
adjustments for Zero, Vref and Gain.
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Generally the “Zero” pot is adjusted to give a
small positive voltage (like 500mV) at no
load. This allows us to measure slightly
negative torques without saturating the DAQ
at OV. The GAIN pot adjusts the gain of the
amplifier. If the Torque Amplifier Board is
adjusted, then the Torque must be re-
calibrated as stated in the section above. Be
sure to avoid increasing the gain so much
that the output saturates, as this will cause non-linearity’s, and inaccurate torque readings.
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Each dynamometer should have a designated calibration weight loading point, or calibration
“arm”. The radius R from the centerline of the dynamometer to the loading point is a critical
dimension, and should be marked on the calibration arm.
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MAINTENANCE GUIDE

Most dynamometer are designed to require relatively little maintenance once properly setup,
however there still are a few items that require periodic checking and maintenance. Roller
bearings require greasing annually, and any belts require periodic tensioning, and may eventually
require replacement. Each of these is described separately below.

Roller Bearings

Roller bearings have a nipple at the top for addition of grease (red circle in foto below). Fresh
grease needs to be applied periodically. This can be added with a grease gun by clipping the
grease gun to the nipples and delivering a few pumps. This should be done once each year, or
every 300 hours of operation.

CAUTION: Do not add so much grease that it leaks from the bearings seals.
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Shaft Couplers

Shaft couplers are used to compensate for the inherent misalignment between
rotating shafts. Generally these couplers consist of a flange at the end of each
shaft connected by a pliable or compressible medium, such as rubber bushings.
These bushings compress when transferring torque between the shafts, and
insure there is no metal-to-metal contact between the coupler halves. As the
bushings wear, they become thin and must be replaced before metal-to-metal
contact occurs as this will cause shock loading of the couplers, and may result
in fatigue failure and/or wear of the couplers and shafts.

When connecting shafts, be sure that the shafts are well aligned to prevent premature wear of the
bushings. The shafts should be aligned to within 0.1mm of each other radially. This can be
checked with a micrometer mounted to one shaft and measu