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1 - Infroduction

Y our Model 5240 has been adequately packaged for shipping. Please save all shipping cartons and packaging
material until the unit has been thoroughly checked. If there is evidence of shipping damage, notify your carrier
and Magtrol Customer Service as soon as possible.

Be sure to check the carton and packaging material carefully for cord sets and other hardware.

LINE VOLTAGE

WARNING! Please check the line voltage setting before operation!

Model 5240 will operate from either a 120V/60Hz or 240V/50Hz power source, but the unit must be set for the
appropriate point-of-destination line power. This adjustment is made using a switch within the line cord recep-
tacle on the rear panel.

The line cord is a detachable NEMA Standard 3 wire. All Magtrol Dynamometers and Electronic Products
require that cabinets and fixtures be earth grounded for proper equipment operation and to ensure safety of
operating personnel.

INITIAL CHECKOUT

NOTE: Throughout this manual, the following terms are used:

* LED refersto the Light Emitting Diode indicators on the front panel of Model 5240.
* Theterm GPIB (General Purpose Interface Bus) is interchangeable with |EEE-488.
e “Q’ refersto Torque.

*  “N” refersto Speed.

¢  CW means Clockwise

CCW means Counterclockwise

In order to perform the following operational check, you must have a Magtrol Dynamometer with atest motor
installed. No computer interface or digital torque-speed readout equipment is necessary. Two cables are re-
quired to connect Model 5240 to the dynamometer:

* 14 pin Instrumentation Ribbon Connector Cable.
e 2 pin Dynamometer Brake Power Cable.

Y our Dynamometer User’s Manual, Chapter 1, shows how these cables are connected.

Magtrol 5240: Introduction 1



OPERTIONAL/EQUIPMENT CHECK

1

8.

Set the Dynamometer BRAKE switch (left side) ON.

Set the TORQUE potentiometer fully CCW (zero load torque).

Set the SPEED potentiometer fully CW (max. range).

Set the GAIN, ERROR and STABILITY controls to approximately the 9 o’ clock position.

Turn ON the Model 5240 POWER switch. The green CTLS ACTIVE LED should illuminate. Model
5240 is now in the manual TORQUE control mode. NOTE: At power on, Model 5240 defaults to the
manual TORQUE control mode.

Start the test motor and allow the motor speed to stabilize for afew seconds at its no load speed.

Slowly rotate the TORQUE control knob clockwise (CW - in direction of arrow). NOTE: The arrow
direction indicates that the applied torque increases in the CW direction.

The DYNO BRAKE LED will illuminate as brake power is applied, causing load torque to be applied
to the motor. The applied torque increases as the knob is rotated CW. For most motors, torque
loading will be observed by areduction of motor speed as torque is applied. Be careful not to over-
load or stall the motor, as prolonged overload can cause the motor to overheat.

Return the TORQUE control to the fully CCW position. The DYNO BRAKE LED should go out as
the motor load torgue returns to zero.

Switch the BRAKE ON/OFF rocker switch OFF and then ON. The AUTO RANGE LED will illumi-
nate, indicating that the Model 5240 is now in the manual speed control mode. The CTLS ACTIVE
and AUTO RANGE LEDs should be illuminated.

Slowly rotate the SPEED control knob counterclockwise (CCW - opposite the arrow direction). The
arrow direction indicates that motor speed control increases with CW rotation and decreases with
CCW rotation. The DY NO BRAKE LED should illuminate, and the motor should slow down under
speed control.

NOTE: If the motor isunstable, adjust the STABILITY control CW as necessary to restore
stability. Be careful not to overload or stall the motor, as prolonged overload can cause the motor to
overheat.

Return the SPEED control knob fully CW.

Remove power to the motor under test.

This completes the Modedl 5240 manual mode operational checks. For GPIB PC computer control mode use,
please refer to section 2 - GPIB COMPUTER INSTALLATION.
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MODEL 5240 CAPABILITIES

The Model 5240 is a speed controlled power supply, designed to interface with any type of IBM compatible
computer using an |EEE-488 instrument controller. Model 5240 may be used to control any Magtrol Load Cell
Dynamometer. In addition, it may be set to return current Torque-Speed data to the computer. The unit may be
used without a computer, but will function at only afraction of its capability and will require a Magtrol digital
readout device to display torque and speed.

In acomputer controlled environment, the following motor testing capabilities are available:

Proportional (P), plus Integral (1), plus Derivative (D) closed loop speed control - PID loop. Control
parameters are adjustable by the front panel controls of proportional GAIN (P), ERROR (1) and STABIL-
ITY (D).

Torque (Q) vs. Speed (N) data acquisition, at arate of 10 readings per second.

Automatic Q-N continuous (progressive) loading in either decreasing or increasing speed mode.
Capability to remove the Effects of Inertia from dynamically-obtained data. See Appendix B.

Q or N programmable test points.

Data storage (nonvolatile) within the unit, up to 500 Q-N test points.

Complete curve capability for most types of motors, including single/poly phase induction, AC/DC
series, PMDC, brushless DC, air and internal combustion (if suitably coupled).

NOTE: |n speed mode, closed loop control between locked rotor and 60 RPM may be erratic, depending on
the test motor. Programmed loading in the speed mode may therefore not be possible for very low speed gear-
head and stepper motors.
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2 - Installation

Please be sure that the computer and Model 5240 are both turned OFF when you install the GPIB connector
cable.

If you have completed the equipment checkout as outlined in Chapter 1, the Model 5240-Dynamometer inter-
connection iscomplete. If an optional Magtrol Digital Readout isto be interfaced with the unit, you will need a
Magtrol 7 pin DIN to 14 pin Ribbon Connector Cable. This cable assembly is Magtrol PN 88CS09 and isin
stock at the factory. If areadout was supplied with Model 5240, the cable will beincluded. Please refer to Page
1-2 of your Dynamometer User’s Manual for instructions on connecting the readout.

Although numerous computer interfacing methods exist, all Magtrol electronic instruments use the IEEE-488
(GPIB) Standard for the following reasons:

e GPIB parallel communication is inherently faster than serial interfaces.

* Inmotor testing, at least five separate parameters must be synchronized. A system of easy, fast access to
more than one instrument is essential. With the GPIB, up to 15 instruments may be accessed on one port.

» The GPIB hasrigid data formatting and hardware standards. This increases the chances that all functions
will work properly when the hardware/software is installed.

GPIB-COMPUTER INSTALLATION

The GPIB interfaceis not astandard item on most computers. An interface card must beinstalled, and the driver
software made resident on disk. Several manufacturers provide these products, and some systems exchange data
more rapidly than others. In motor testing, the test rate and speed of data acquisition is very important. We
recommend using National Instruments Corporation’s PN GPIB-PC2A for IBM® compatible PCs. Addition-
aly, you will need to install an IEEE-488 Cable between the computer and Model 5240.

SOFTWARE INSTALLATION

A number of formatting questions must be answered during GPIB software installation. The following items
pertain to Modd 5240:

All GPIB data acquisition systems require the use of data termination Codes for CR - LF
characters. Model 5240 uses the Hewlett Packard HPIB standard termination BASIC |HEX|DEC
characters “ Carriage Return (CR)-Line Feed (LF)” (in that order), and looks CR = |CHR$(13) | @D | 13
for these symbols to terminate communication. LF = |CHR$(19) @A |10

Y ou may be asked to set a communication fault delay timeout, to alleviate acomputer hang-up. Do not set this
period too short. Leave at least one second. If the computer resets the interface prematurely, the host instrument
may hang up, waiting to find the never-to-happen “CR-LF.”

4 Magtrol 5240: Installation



PRIMARY ADDRESS CODE SWITCH

Segment #
2 3 4

Code

o
o

All instruments serviced on the GPIB have a separate primary address code. On the rear
panel, next to the GPIB connector, there is an opening which provides access to the code
selection switch. The default setting (from the factory) on Model 5240 is nine (09). If you
wish to change the code, this chart will help you obtain the setting you want. Please note that
the MSB is to the right. Switch segment identification resulted in the binary code notation
being reversed from the standard convention, where the LSB is normally on the right.

o B O P O B O Fr O P

6

Some PC interfaces will access 1 to 15 (4 Bit) primary L2 3 o4 s 78|
address numbers only. Others may access up to 31 (5 Bit) |
codes, even though the GPIB capability is limited to 15 [
instruments. The Model 5240 Primary Addressusesthe 5 L totimes

bit format. Before selecting avalue greater than 15, how-
ever, check with your particular interface’ s primary address code range capability.

[N
T
-

]

5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

©O P P O O P P O O R P O O R B O O

© P P P P O O O © F k KL LB O O O
i T = S R =
o 0w e o © PN s N RO

©O kP P P P P P P P O O O O O O O

©O B O B O B O

DATA ACQUISITION

When the systems are interconnected, the first thing you might want to verify is that Model 5240 and the host
computer are communicating.

Model 5240 requires no specific input instruction in order to output immediate torque and speed data. Simply
follow your computer/GPIB interface instructions and issue a data input or read command. If our primary
addressis set and addressed correctly, Model 5240 will respond. It will probably be necessary to set your input
variable to 15, i.e. 13 characters plus CR-LF.

Speed-Torque data is afixed length string, ASCII format, floating point decimal, structured as follows:
SdddddTdddd.L

Where d = decimal digit, O through 9, “ S’ indicates that the following 5 digits are RPM, and “T” indicates that
the next 4 digits + decimal point is Torque. The last character (shown as“L”) may be either “L” or “R.” “L” =
CCW dynamometer torgue application, “R” = CW.

The decimal point location will depend on the specific dynamometer and torque range in use. The CR-LF are
symbolic and will not display.

For example: Suppose amotor isrunning at 1725 RPM clockwise, with the dynamometer |oading the motor to
22.6 0z.in. Model 5240 will transmit:

S01725T022.6R
or
S01725T22.60R

By string manipulation, the speed-torque and shaft direction (if required) may be extracted and assigned sepa-
rate numerical variables for data processing. No decimal point is used in the speed value. The torque always
contains a decimal point.
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Thefollowing isasimple - single input instruction - source program written in Microsoft Quick Basic® using a
National Instruments Corporation GPIB-PCIIA, P.N. 320043-01 | EEE-488 Interface. It will access M odel 5240,
retrieve immediate data and display it exactly as received.

'$INCLUDE: ‘c:\gpib-pc\gbasic\gbdecl .bas
CLS
N$ ="“DEV9”" * Assign the primary address, (assume) 09.
rd$ = SPACES$(15) ‘Make room for the data.
CALL IBFIND(N$,BD%) ‘ Subrtn Call - Init. Pri Addr.
CALL IBRD(BD%,rd$) ‘ Subtrn Call, Input data to rd$
PRINTrd$ ‘Place it on the CRT

END

If the communication checkout is functioning properly, skip the following.

DATA ACQUISITION PROBLEMS

Data acquisition problems are typically frustrating, but not difficult. The following may provide a clue to some
possible causes.

Whenever communication is complete - and properly terminated - the GPIB TRANSFER LED will be
OFF.

The GPIB ERROR LED simply indicates that an instruction character was not understood, i.e. does not
match the unit’s programmed set. The LED extinguishes upon acceptance of any subsequent character(s).

If the GPIB TRANSFER LED remains ON, this indicates that communication has occurred, but the
computer either has not accepted the data (probably the CR-LF) or has not released the bus for some
reason. Check your interface installation software instructions. Model 5240 will probably be “hung up.”
Y ou must turn the main power switch OFF (left side), wait a few seconds, then ON again to reestablish
operation. The only time that the GPIB TRANSFER LED will remain ON - in proper operation - is when
your program contains a continuous loop, and communication runs uninterrupted.

If the GPIB TRANSFER LED is off, repeat the data acquisition instruction, but keep an eye on the LED
to seeif it flashes. If it does not flash, look for a primary address or interface hardware problem. If it
flashes ON, then OFF, you are very close. Recheck your program, especialy how you handle the input
variable.

Y ou may save time by contacting Magtrol Customer Service. Ask for “GPIB software assistance.”
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3 - Instruction Set

Before proceeding with the instruction set, some fundamental operating principles should be covered.

DYNAMOMETER CONTROL MODES

Dynamometer torque load is applied to a test motor by either of two modes of operation:

1 Direct torque control, where regulated and fixed current is applied to the Dynamometer Hysteresis
Brake.
2. Speed control, where the immediate value of speed is compared to areference, and brake current is

proportioned to the difference.

In the speed mode (2), the Dynamometer/Model 5240 becomes a closed loop system, forcing the test motor to
operate at afixed speed. Two digital-to-analog converters form an integral part of this function, controlled by
the system microprocessor. For reference within this manual, these elements are identified as Q-D/A for torque
and N-D/A for the speed digital-to-analog control elements.

SPEED CONTROL RANGING

Because of the wide range of motor operating speeds accommodated, it is hecessary to program Model 5240
with the test motor’s maximum RPM to establish the speed range value. There are two methods to accomplish
this:

1 Non-instructed: If the following three conditions are met, the unit will establish the correct RPM
operating range automatically.

* No previous GPIB SPEED range instruction.
* BRAKE switch OFF.
e Test motor installed - and running - with the dynamometer shaft speed above 256 RPM.

Model 5240 will assume the current RPM value to be the free-run motor speed, and will select and
retain the correct speed range. The acceptance will be signaled by the illumination of the AUTO
RANGE LED.

2. GPIB Specified: This method of range control has precedence, and the instruction suspends the
AUTO RANGE function described above. To recover the AUTO RANGE capability, refer to the“R”
or an “N” instruction. “ Set An Operating Speed Range” is described below.

Magtrol 5240: Instruction Set 7



MODEL 5240 INSTRUCTION SET

The following is a condensed al phabetical listing of the control characters recognized by the Model 5240. The
characters dddd represent a variable numerical value following the identifier. Leading zeros are not required.

mooOw>

Fddddd
H

HS
ldddd

M PUddS
M1 PR
MO Q

N Qdddd
Nddddd R

o) S
PDdd X
PUdd Y
PDddS z

All characters must be in uppercase and ASCII format. All entries must end with a CR-LF (Hex OD-0A), as
previoudly outlined in the GPIB-Computer Installation, Section 2. If a string or character is not recognized, the
GPIB ERROR LED will go ON. The ERROR LED will reset OFF upon avalid instruction.

SeET AN OPERATING
SPEED RANGE

SPEED TESTPOINT

ReseT From GPIB
Spreep CoNTROL

“A” =2,000 RPM
“B” =4,000 RPM
“C” = 8,000 RPM
“D” = 16,000 RPM
“E” =32,000 RPM

“Fddddd” Where ddddd is a specified speed range value between 256 and
32,000 RPM, which the motor speed is not to exceed. L eading zeros are not
required. The AUTO RANGE LED will go OFF when any of the above range
values are accepted.

“Nddddd” Where ddddd is any value up to 32,000 RPM. Leading zeros are not
required.

Example: Force the motor to operate at 1787 RPM. Enter "N1787" (CR-LF).

The GPIB SPEED LED and SPEED SYNC LED go ON. The motor will
decel erate (with some overshoot) to 1787 RPM. The SPEED SYNC LED may be
somewhat intermittent, refer to Chapter 4, STABILITY CONTROL.

NOTE: If the BRAKE switch is OFF, the DYNO BRAKE LED will flash ON-
OFF-ON, signaling the inability to comply with the instruction, until the brake
switch is set ON.

“N” (only) Sets GPIB SPEED LED off, resets Model 5240 to the highest speed
range, enabling the AUTO RANGE capability.
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TorQuUE TESTPOINT

ReseT To
ZERO TORQUE

APPLY FIXED
Brake Power

ProviDE THE
IMMEDIATE Q-D/A
VALUE

APPLY FIXED SPEED

In the following, the actual torque values selected (dddd) must be within the
capability of the dynamometer in use. Thisvalue (full scale rating) is shown on
the dynamometer front panel.

“Qdd.dd” Where the torque value in any units = dd.dd. Floating point notation,
leading zeros are not required (i.e. d.ddd, dd.dd, ddd.d or dddd).

The GPIB TORQUE LED will go ON. The motor will be loaded to the value
specified.

Example: For “Q32.5”, load the motor with 32.5 of whatever torque unit is
applicable, as specified on the dynamometer front pandl, i.e. OZ.IN., GM.CM,
mNm, etc. If the BRAKE switch is off, the DY NO BRAKE LED will flash ON-
OFF-ON until the switch is closed.

“Q" (only) Removes the torque load from the motor. The GPIB TORQUE LED
will go OFF.

“Idddd” Numerical value (dddd), to be any whole number between 1 and 4095,
is converted to 12 bit binary and applied directly to the Q-D/A converter. Do not
use adecimal point. This resultsin afixed application of voltage (and torque) on
the dynamometer brake. The value (dddd) trandatesto 0to 28 V.D.C. The GPIB
TORQUE LED will go ON.

Thisinstruction is a very fast method to load a motor to a specified value of
torque. The value (dddd), however, must be predetermined. There will be long-
term torque drift (subject to effects of hysteresis brake heating) since the
function is open-loop. A method to establish an Idddd to Torque Calibration is
shown in the programming examples of Appendix A.

“X”  Thisentry instructs Model 5240 that upon the next computer-read/M odel
5240 write function, instead of current speed-torque data, the contents of the Q-
D/A converter should be returned. The number returned will be the decimal
equivalent of the binary 12 bit Q-D/A word. Thisinformation is useful when
establishing a correct 1dddd instruction. After the single data write instruction,
the unit automatically resets to provide standard speed-torque data on
subsequent write (data output) instructions. See Appendix A for further
information.

“Zdddd” dddd isconverted to a 12 bit binary value and applied directly to the
speed N-D/A converter. The value of dddd must be from O to 4095.

For thisinstruction to work properly, the speed range A through F must have
been previously output.

Thisinstruction is a very fast method to load a motor to a specified value of
speed. The value (dddd), however, must be predetermined. A method to establish
an “Zdddd” to speed value is shown in the programming examples of Appendix
A.
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ProviDE THE CURRENT

N-D/A VaLue

PrRoGRAMMED
LoAaD TESTING

CanceL PD/PU
RouTINE

“Y” Thisentry instructs Model 5240 that upon the next computer-read/Model
5240 write function, instead of current speed-torque data, the contents of the N-
D/A converter should be returned. Thisinformation is useful when establishing a
correct “Zdddd” instruction. After the single data write instruction, the unit
automatically resets to provide standard speed-torque data on subsequent write
(data output) instructions. See Appendix A for further information.

“PDdd” Program Down (speed mode) from free-run to locked rotor at arate
proportional to dd. Where: dd is any number from 1 to 99, relating indirectly to
RPM per second, where 1 isthe slowest and 99 the fastest. The SPEED SYNC
LED goes ON if the instruction is accepted.

The absolute rate of speed decrease, or test time, is dependent upon the free run

speed of the test motor and the speed range setting. Therefore, the rate specified
by “dd” must be established by test. Try 20 to start, then adjust up or down from
there.

If the speed range information was not established prior to the instruction, the
GPIB ERROR LED will go ON, indicating failure of the instruction to execute.
To correct this, command an “A through F” instruction. Please note: Asarule,
either the AUTO RANGE LED or the GPIB SPEED LED must be ON,
indicating that a speed control range has been specified, in order for a“PDdd”
instruction to execute.

“PUdd” Program Up at arate of dd, same as“PDdd” except that the RPM is
increasing. To be accepted, this instruction must have been preceded by an N or
PD instruction.

“PDddS’ or “PUddS’ Same as*“PDdd-PUdd” above, except that up to 500
blocks of speed-torque data are stored within Model 5240’ s memory for future
retrieval. This releases the host computer for other processing as atest istaking
place.

In order not to overrun the memory, the total test time must be maintained under
45 seconds. As long as the memory is not overrun, multiple PD(S)/PU(S)
instructions will accumulate. See “O” command and Appendix A for further
information.

“PR” Resetsto free run speed from a PD/PU instruction, providing the shaft is
till rotating. The current speed range statusiis retained. If there was a previous
“Nddddd” instruction, the unit will return to that. Please note that the PR
instruction will fail, resulting in alocked rotor condition, if the shaft speed is
below 100 RPM when the instruction is issued.

10
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RETRIEVE
Memory DaTA

SET STANDARD
REsoLuTION

SeT HicH RESoLuTION

SET AUTOMATIC
ResoLuTioN CoNTROL

ManuAaL CoNTROLS
OFF

ManuaL CoNTROLS
OnN

REseT ALL

“O” (not zero) Thisentry instructs Model 5240 to output the contents of
memory obtained from a previous PDddS or PUddS function. After an “O”
instruction is received, upon the next computer read cycle, instead of current Q-
N data, there will be 6000 bytes of data plus CR-LF from memory. Set the input
variable to 6002.

Datain memory is retained indefinitely, even if Model 5240 is switched OFF.
The memory is automatically retained, and only erased after a successful “O”
command has been executed.

Appendix A provides a programming example.

“S" All torque data will be formatted and fixed to exactly the resolution of the
dynamometer front panel torque identification.

“H” Fixesthe torque resolution from that shown on the dynamometer front
panel, by an additional 1/2 LS digit (0-2-4-6-8) but not greater than 1 part in
9999 resol ution.

“HS” Allowsthe torque value to increase resolution by 10 automatically. The
decimal point will shift right or left one digit to maintain at least 1 part in 2000
resolution. Thisis the default mode of operation (at power up).

“MQ” (M zero) Disablesthe manual TORQUE and SPEED controls. The
CTLSACTIVE LED extinguishes, and the GPIB TRANSFER LED illuminates.
The front panel TORQUE and SPEED control knobs are inactive.

When using computer controlled TORQUE or SPEED functions, the “M0”
instruction must precede all other control instructions.

“M1" Enablesthe manua torque control mode. The CTLS ACTIVE and GPIB
TRANSFER LEDs illuminate. The TORQUE control knob adjusts the applied
torque load.

The“M1” followed by the “N” instruction (TORQUE and AUTO RANGE)
enables the SPEED control mode. The CTLSACTIVE and AUTO RANGE
LEDswill illuminate, indicating that the SPEED control mode is active. The
front panel SPEED control knob will control the speed of the test motor by
applying variable loading torque to the motor (within controller and
dynamometer ratings) as necessary to control speed at the set value.

The“M” instruction toggles (reverses) all front panel control functions, i.e. ON
to OFF and OFF to ON.

“R” Restoresthe controller to the manual TORQUE control mode (mode at
power turn on) and clears al previous instructions.
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4 - Controls, LEDS and I/O

This chapter describesthe front panel control functions and indicators, rear panel |nput/Output connections and
controller operation.

FRONT PANEL CONTROL FUNCTIONS

TorQuE

The TORQUE control knob applies an adjustable current through the dynamometer brake coil, causing load
torque application to the test motor. The TORQUE control knob isa 10-turn adjustment, capable of applying up
to 0.75 amps of DC current through the brake coil. The front panel arrow indicates the direction of rotation
needed to apply increasing brake torque, i.e. CW to increase and CCW to decrease torque application. A half
turn or so of rotation may be needed before the brake starts to respond. The amount of TORQUE knob rotation
necessary to obtain maximum dynamometer torque will depend on the dynamometer model used. Torgque control
mode is active at power turn on.

SPEED

The SPEED control provides an adjustabl e speed set point to which the PID (Proportional + Integral + Derivative)
control loop modulates the brake current. This results in dynamic application of brake torque to maintain the
motor speed at set point. The front panel arrow indicates the direction to increase (CW) or decrease (CCW)
speed. Speed control permits the test motor to be controlled through most unstable regions of the motor’s
characteristic torgque curve. Speed control mode is activated from the torque control mode, by switching the
BRAKE ON/OFF switch off, then on.

The SPEED control is a 10-turn adjustment, ranging from near zero speed at the fully CCW position to the
control range maximum at the fully CW setting. In speed control, the free run motor speed must be programmed
into Model 5240's memory to establish the controller control range. At controller power turn on, the control
range defaults to the 32,000 RPM range. This establishes the speed control set points at 32,000 RPM when the
speed control knob is set fully CW and near zero at the fully CCW position. If, for example, you are testing a
motor with afree run speed of 16,000 RPM, and you use the default range of 32,000 RPM, the SPEED control
knob would have to be rotated approximately five turns CW before the speed control is established.

CURRENT GAIN

The CURRENT GAIN control isthe outer adjustment knob of the concentric dual gain control cluster. Thisone-
turn control adjuststhe gain of the current output amplifier to provide rated torque loading from the dynamometer.
Refer to the OPERATING INSTRUCTIONS - MANUAL TORQUE CONTROL section on page 17 for the
adjustment procedure.

PropPorTIONAL GAIN

The PROPORTIONAL GAIN control isthe center knob of the concentric dual gain control cluster. This GAIN
control isthe voltage gain of the proportional factor (P) of the PID speed control loop. This control isfunctional
only in the speed control mode. The control is a one-turn adjustment of gain of the speed error signa (the
difference between the set and the actual motor speed). To ensure best speed control response, the GAIN control
should be adjusted for as high a gain setting as possible, while maintaining stable (non-oscillatory) motor
control. The control is set in conjunction with the ERROR and the STABILITY controls.
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ERROR

The ERROR control istheintegral of speed error and is functional only in speed control mode. The control isa
one-turn adjustment of integral gain. Increasing the integral holds the actual motor speed closer to the set point
value. This contral is set in conjunction with the GAIN and STABILITY control settings.

STABILITY

The STABILITY control isthe negative rate feedback of brake current. Brake current is sampled by picking off
aportion of the voltage drop across a 0.5 ohm current sampling resistor in serieswith the brake coil. Since brake
torque output is proportional to current flow through the brake coail, this sampled voltage represents the applied
brake torque. This torque signal is differentiated to provide a signal proportional to the torque rate of change.
This negative rate signal (derivative) is algebraicaly summed with the PROPORTIONAL and INTEGRAL
signalsto provide response stabilization of motor speed. Thisrate feedback signal actsto improve and stabilize
the test motor’ s response. Like the GAIN and ERROR controls, it is a one-turn adjustment, providing greater
control stability, and is functional only in the speed control mode.

FRONT PANEL INDICATORS (LEDS)
The following is a detailed explanation of the front panel LED functions.

Dyno BraAKE

Thisisared LED indicator which goes ON anytime the dynamometer has - or iscalling for - torque, regardless
of the BRAKE switch position. With the BRAKE switch OFF, this indication serves as notice (or war ning) to
the operator that if the BRAKE switchis closed, torque - possibly full - will beinstantly applied, sometimeswith
violent results.

Another function of the DYNO BRAKE LED isto signal a GPIB instruction incapability. For example, if a
speed or torque instruction is transmitted, with the BRAKE switch OFF, this LED will flash on-off-on until the
BRAKE switch isturned ON.

GPIB ERROR

Anytime an unrecognizable instruction character is received by Model 5240, the unit will set thisred LED ON.
Additionally, if a“PD” or “PU"” type of instruction is entered without previously establishing rangeinformation,
the GPIB ERROR LED will go ON. Any valid instruction received after the LED is ON will clear the error
indication.

GPIB TRANSFER
While Model 5240 is either receiving or sending data, this amber LED is turned ON. It remains on for 1/2

second after GPIB ceases activity.

If Model 5240 or the host computer should “hang-up,” and this LED remain on, it indicates that a GPIB
communication transfer was incomplete. Look for a missing CR-LF from the computer to Model 5240, early
computer sign-off, or other software or hardware defect. For more information on this, turn to Section 2,
SOFTWARE INSTALLATION.

SPEED SYNC

When thisamber LED is ON, the shaft RPM iswithin afew RPMs of an “Nddddd” specified value, or a PU/PD
instruction has been accepted and isin progress.
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AuTO SPEED RANGE

This green LED signals that Modd 5240 is in SPEED control and has set the free run speed of the test motor
automatically.

GPIB TorguE

This green LED signals that the unit is presently operating under a computer-directed torque control mode of
operation. The “Q" or “I” type of instruction sets this mode. If the manual TORQUE control is active, it can
override the GPIB instruction.

GPIB SpPeeD

This green LED signals that the unit is operating under a computer-directed speed control mode, and that the
operating speed range is established. All “A through F’ or “N” type of instructions will turn this LED ON.
AUTO SPEED RANGE control isdisabled, regardless of the brake switch setting. If the manual SPEED control
is active, it can override the GPIB instruction.

CTLS AcTIvE

Thisgreen LED signalsthat the unit will accept manual TORQUE controal. If the TORQUE control isdeactivated
by a GPIB instruction, “M0”, the CTLS ACTIVE LED will be off.

MODEL 5240 ELECTRICAL /O

The following is a description of the electrical Input/Output. All connectors are contained on the rear panel of
Model 5240.

GPIB INTERFACE

Computer to instrument interconnection uses the standard
| EEE-488 | nstrument Cable available from instrumentation IEEE-488 INTERFACE
cable manufacturers, computer hardware outlets, Magtrol,

Inc., or Hewlett Packard dealers. D1 /m DS

The following is a brief description of the interface lines. D2 | N2 14EM | D6
For more thorough information, various publications on the D3 | HE3 15EHE | D7
|EEE-488 are availablefrom Intel, Motorola, | EEE, National

Semiconductor and Hewlett Packard, to name a few. Two D4 | EE4 16HE |\ D8
bytes form the composition of the GPIB, 8 bits for data EOCl | IS5 17HE | REN
transfer and 8 bits for interface control. DAV | W6 1SHEE | DAV-COM

D1-D8 Datasignal lines. The dataformat is 8 bit NFRD | EE7 10H8 | NFRD-COM

ASCII. NDAC | I8 20HE | NDAC-COM

DAC, RFD, DAV are byte transfer lines: IFC | HES 21HM | IFC-COM

RFD Ready For Data, goes passively high. SRQ | N0 22HM | SRQ-COM

DAV Data Valid - an instrument may signal that its ATN | HE11 23HH | ATN-COM
dataisvalid by pulling thisline low. SHIELD \ﬂ—/ SIGNAL GROUND

DAC Data Accepted - will go passively high,
signaling that the data has been accepted.
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ATN, IFC, SRQ, EOI, REN are bus management lines that control the orderly movement of information
across the interface lines:

ATN (Attention) monitored continually, and a change results in activation of the transmit/receive
control signals.

IFC Interface clear - used by the system controller to place the GPIA (General Purpose Interface
Adapter chip) into aknown quiescent state.

SRQ Service request signals a need for service by reguesting the controller to interrupt the current
sequence of events.

REN Remote Enable - selects an aternate source for device programming data. This converts the
GPIA into another state of operation.

EOI End or Identify - has a dual purpose. It may signal the end of a multibyte transfer, or when used

in conjunction with ATN, places the contents of the parallel poll register on the bus.

DYNAMOMETER BRAKE

Model 5240 applies power to the dynamometer |oad brake through a cable fitted with
—_ Cinchtype, 2 pin connectors. Theselines connect directly to the dynamometer hysteresis

brake coil in Magtrol Dynamometer M odelsHD-100, HD-106, HD-400, HD-500, HD-

700 and HD-705. On ModelsHD-800 and up (HD-8X X), an intermedi ate booster power
supply is contained within the dynamometer cabinet. The applied voltage is 0-28 VDC, at up to 0.7 amps,
dependent on dynamometer size.

ACCESSORY TORQUE-SPEED OUTPUT

Thisisan output only connector. It is used to provide input to other Magtrol c OJIA\\/IC(;'I\.I

Digital Torque-Speed products. The connector isastandard 7 pin DIN type. D.P.
TACH.

D.P. Pin 7, D.P. Pin 3: These are decimal point locator lines. They have SIGNAL D.P.

pull-up resistors to +5VDC. Each individua dynamometer will have the

appropriate line connected to ground that codes the decimal point location =~ TORQUE N/C

for Model 5240 and other Magtrol products. The decimal point locator code COMMON TORQUE

IS OUTPUT

ddd.d =Pin 7 HI, Pin 3HI.
dd.dd =Pin7LO, Pin 3HI.
d.ddd =Pin 7 HI, Pin3LO.

Tachometer Signal: Thisisa TTL compatible standard frequency output of 60 pulses per shaft revolution.
Outputs of 600 or 6,000 pulses per revolution are available on special order. The tachometer commonis chassis
ground.

Torque Output: Thisis a bipolar analog voltage. The torque common is chassis ground. The torque signal
amplitude varies with the individual dynamometer connected to Model 5240. The signal is equal to the whole
number of the torque value (identified on the dynamometer front panel) in millivolts. Positive polarity would
indicate torque applied in CW direction of rotation. For example: for an HD-700-6 with full scale torque applied
ina CW direction, torque = 425 oz.in. and 0.425 volts between pins 4 and 2, with pin 2 positive.
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ACCESSORY CABLE

P/N 88CS089

14 PIN RIBBON The cord set required to
T connect Model 5240 to
ﬁ & another Magtrol Digital
2 9 Readout is Magtrol
T 7PIN PN.88CS09. This has
T E a7 pin DIN connector
E on one end, witha 14
a % pin ribbon connector on
6 13 the other. Do not use
’ E this cord set to connect
Il . a dynamometer to
. Model 5240. No
damage will result, but
CONNECT TO DIGITAL CONNECT TO 5240

nothing will work!

READOUT INSTRUMENT

DYNAMOMETER

Model 5240 connects to any Magtrol dynamometer with a 14 pin ribbon connector.

Pin 11 isaspare 10 VDC used in older s
dynamometers. ﬁ
NC (llf Bl | COMMON
2 9
Pin 10 is the tachometer frequency signal NC I HHE| DP.
providing 60 pulses per shaft ISOLATED + |me  E| TACH. SIGNAL
revolution. The signal level hasa 22 VDC 4 11
low voltage of approximately 0.2, ? E (SPARE) +10 VDC
and asigna highof 50+ 0.1 VDC. |soLATED + |l | DP
The common to this signal is Pin 8. 22 VDC a % TORQUE COMMON
7 14
Pin 14 isthe millivolt level torque signal, =~ TACH. +50 VDC Il HE | TORQUE SIGNAL
referenced to Pin 13. Thisisa
bipolar analog voltage. Pin 13 \jj‘(/:ONNECTOR SHELL
(common) is chassis ground. The & CABLE SHIELD
torque signal amplitude varies with the individual dynamometer
connected to Model 5240. It is equal to the whole number of the torque value (identified on
the dynamometer front panel) in millivolts. Positive polarity would indicate torque applied in
CW direction of rotation. For example: an HD-106-6 with full scale torque applied in a CCW
direction, torque = 2.50 oz.in. = 0.250 volts between pins 14 and 13, with pin 14 negative.
Pins9-12 are decimal point locator lines. Each individual dynamometer will have the appropriate line
connected to ground that codes the decimal point location for Model 5240 and other Magtrol
products. The decimal point locator codeis:
ddd.d = Pin 9 N/C, Pin 12 N/C.
dd.dd=Pin9LO, Pin 12 N/C.
d.ddd = Pin9 N/C, Pin 12 LO.
Where N/C = no connection, LO = Common to Pin 8.
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Pin 7

is5.0 VDC for the TACH LED/Phototransistor. It references common to Pin 8 as shown.

Pins 3-6 are 20 VDC isolated instrumentation voltages for the torque signal amplifiers and the torque

load cell power supply. Within the dynamometer enclosure, these unregulated voltages are
converted to regulated + 15 VDC and regulated + 5.0 VDC for the dynamometer torque
transducer load cell. Y our Dynamometer User’s Manual Chapter 4 coversthisin greater
detail.

OPERATING INSTRUCTIONS

NOTE: Pleaserefer to the Instruction Set description in Section 3 for a complete listing and description of
all available instructions.

ManuaL TorQue CoNTROL

Preset the TORQUE knob fully CCW and the BRAKE ON/OFF switch ON. Turn the power ON. The CTLS
ACTIVE LED should illuminate, indicating that the controller is in the manual TORQUE control mode.

The CURRENT GAIN control is adjusted to supply dynamometer coil current sufficient to provide rated shaft
torque. Thisis set asfollows:

1

Attach the Calibration Beam supplied with your Dynamometer to the load shaft. The Calibration
Beam is simply a moment arm that converts a force from aweight hung at a specific distance to a
calibrated torque applied to the load shaft. The load torque is the weight times the moment arm
distance. See the sketch inthe FULL SCALE TORQUE CALIBRATION paragraph on page 22.

For example, an HD-705 israted 50.0 Ib.in. load torque. Hanging a5.00 Ib. calibrated weight at the
10 inch pin of the Calibration Beam applies the rated torque of 50.0 Ib.in. to the dynamometer shaft.
The Calibration Beam is marked in inches for an English system of units or centimeters for metric.

Set the front panel manual TORQUE control for maximum torque - fully clockwise. Set the
CURRENT GAIN control (outer knob of GAIN control cluster) for minimum current -
fully counterclockwise.

Slowly increase the CURRENT GAIN control clockwise while holding the calibration weight on the
Cdlibration Beam's hanging pin until the dynamometer torqueis just sufficient to support the weight
when the beam is horizontal. The Calibration Beam should be positioned horizontally as determined
by the bubble sight glass located at the center of the Calibration Beam.

Make a note of the position of the CURRENT GAIN control knob for future calibration reference.
The controller is now calibrated to supply full dynamometer load torque when the manual TORQUE
control knob is set fully clockwise. This calibration is also active when operating the controller from
computer control. Therefore, this setting should be maintained in both MANUAL and COMPUTER
control modes.

NOTE: The CURRENT GAIN control setting can be modified from the calibrated setting to
achieve optimum control response while running an automated motor test curve. Thiswill not affect
the calibration numbers, only the control response. If areadjustment has been made, return the
CURRENT GAIN knob setting back to the calibrated reference position when the test is completed.
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Adjusting the TORQUE control knob will apply an adjustable torque load to the test motor. Set the motor load
as desired within the dynamometer and motor specifications.

The GAIN, ERROR and STABILITY controls are non-functional since they are speed control adjustments.

Manual torque control can be started from the GPIB TORQUE or GPIB SPEED control modes by sending an
“R” (reset) GPIB instruction.

NOTE: Be careful not to stall or overload the motor, as damage to your motor could result.

GPIB Torque ConTroL (CompPuTER CONTROL)

Set the CURRENT GAIN control as described in the MANUAL TORQUE CONTROL paragraph, above.

Toinitiate GPIB computer interface control, enter the“MQ” (M zero) command. The CTLSACTIVE LED will
extinguish, and the GPIB TRANSFER LED will illuminate. A torque control value (within the ratings of your
dynamometer and motor) can be set by sending the “ Qdd.dd” instruction (dd.dd is the torque value). The GPIB
TORQUE, GPIB TRANSFER and DYNO BRAKE LEDs should illuminate. Use the“Q” instruction to remove
(zero) thetorqueload. The GPIB TORQUE and DY NO BRAKE LEDswill extinguish, and the GPIB TRANSFER
LED will illuminate.

When in GPIB TORQUE control, other modes can be entered as follows:

MANUAL TORQUE contral can be restarted by using the “R” (reset) instruction, the CTLS ACTIVE LED
should illuminate. See the MANUAL TORQUE control section, above.

MANUAL SPEED control can be started using the“R” (reset) instruction, followed by sequencing the BRAKE
ON/OFF switch OFF and ON. The AUTO RANGE LED should illuminate. See the MANUAL SPEED
CONTROL section, below.

GPIB SPEED control can be started from the MANUAL SPEED control mode by using the “MQ” (M zero)
instruction. See the GPIB SPEED CONTROL section, below.

ManuaL CoNTROL

The controller’'s AUTO RANGE feature will establish the speed range calibration as follows:

1 Preset the PID control knobs as shown:
SPEED - fully CW
GAIN - to approximately the 9:00 o' clock position
ERROR - to approximately the 9:00 o’ clock position
STABILITY - to approximately the 9:00 o’ clock position

2. Sequence the BRAKE ON/OFF switch OFF and ON. The AUTO RANGE LED will illuminate. This
uses the controller’s auto range capability to establish the speed range at the free run motor speed.
The speed control range is now set from near locked rotor (zero) to the free run speed. Aslong asthe
BRAKE switch remains ON, the set speed range will remain in effect.

3. Rotate the SPEED control knob CCW to apply aload torque to the brake, slowing and controlling
motor speed at the set value. Continue to slowly turn the SPEED control CCW through the desired
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speed range and observe its performance. If the motor speed is unstable (oscillatory) or if you wish to
fine tune the controller for optimum performance, see the PID control loop setting procedure below.

Setting the PID Control Loop for Optimum Performance

These adjustments should be made after the speed range has been set (see step 2 above).

A.

If the motor speed is oscillatory, rotate the STABILITY control to achieve stability. If good stability
cannot be achieved, reduce the GAIN setting and readjust the STABILITY control. Work back and
forth between the STABILITY and GAIN controls to achieve good stability. If the speed responseis
too slow, increase the GAIN control CW and readjust the STABILITY control to maintain stability.

With a stable motor, peak performance can be obtained by adding more proportional GAIN (CW)

and readjusting the STABILITY control as necessary to maintain good motor stability. Add some
integral by turning the ERROR control alittle CW, and readjust the STABILITY control as necessary
to maintain good motor stability. Work back and forth with the GAIN, STABILITY and ERROR
controls to optimize motor response performance. A little experimentation will be necessary to get
the feel of the adjustment effects. The goal is to achieve settings of the GAIN and ERROR controls as
far CW as possible and still have good motor stability throughout the desired motor speed range.

The higher (CW) the GAIN is set, the more responsive the control will be, and the higher (CW) the ERROR
control is set, the closer the speed will be held to the set point value. The best PID control loop settings will be
achieved by alternately working back and forth with the above controls, while varying the motor speed through
the desired speed range.

GPIB Speep ConTtroL (CompuTER CONTROL)

1

Set the speed PID loop controls of GAIN, ERROR and STABILITY, asin manual speed control
mode, above. These manual speed control settings are a good starting point for the GPIB speed
control mode settings. From these, you can fine tune the GAIN, ERROR and STABILITY settings as
needed to achieve the desired response. If the speed control range under the GPIB mode runs from
near locked rotor to free run, make sure that you manually vary the speed from free run to near zero
speed while making your manual speed settings. The wider the desired speed control range, the more
critical the PID control settings become, i.e. to control from near locked rotor to free run requires the
most fine tuning.

From the Manual Speed Control Mode, use the “MQ” (M zero) instruction to start the GPIB computer
speed control mode. The GPIB TRANSFER and GPIB SPEED LEDs should illuminate.

Establish an operating speed control range by using the “Fddddd” instruction, where ddddd is a
specific range value between 256 and 32,000. The AUTO RANGE LED will extinguish. In general,
you will want to set the speed range to the free run speed of your test motor.

The operating speed range can also be set by using one of the five preprogrammed ranges as shown:
Instruction “A” sets the range to 2,000 RPM.
Instruction “B” sets the range to 4,000 RPM.
Instruction “C” sets the range to 8,000 RPM.
Instruction “D” sets the range to 16,000 RPM.
Instruction “E” sets the range to 32,000 RPM.
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4, Speed set points are set by using the “Nddddd” instruction. The SPEED SYNC LED illuminates
when the set point is reached. If the SPEED SYNC LED failsto illuminate, the speed is not within an
acceptable error from the set value. If this happens, try increasing the GAIN and ERROR control
settings (CW). If the SPEED SYNC LED flashes on and off, the motor is oscillating. The
STABILITY control setting should be increased (CW) and the GAIN control may possibly need to be
reduced (CCW) to achieve stability.

5. To cancel an existing speed range (GPIB SPEED LED ison), usethe“N” instruction. This
instruction sets the speed range to the maximum range of 32,000.

0. From GPIB SPEED CONTROL Mode, other modes can be entered as follows:

GPIB TORQUE control can be started by using the “N” and “Qdd.dd” instructions. See the GPIB TORQUE
control operating instructions, above.

MANUAL TORQUE control can be started by using the “R” (reset) instruction. See the Manual Torque
control operating instructions, above.

MANUAL SPEED control can be started by using the “R” (reset) instruction, followed by sequencing the
BRAKE ON/OFF switch off and on. See the Manual Speed control operating instructions, above.
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5 - Calibration

Cdlibration and balancing controls are provided for most of the analog elementsin Model 5240. Normally, no
adjustment of these elements is anticipated for the life of the instrument. All or part of the calibration and
bal ancing procedures may be indicated, however, if any of the following conditions exist:

* Slight torque loading, with the DY NO BRAKE LED ON, when not called for.

* A torque difference between the GPIB indicated value and another Magtrol Digital Readout of greater
than + 0.25%.

* A torque difference between CW and CCW full scale readings of greater than 2 least significant digitsin
standard resol ution.

Thereis no calibration for the digital speed reading. Please refer to MODEL 5240 SPECIFICATIONS in this
chapter.

BEFORE PROCEEDING

Routine Torque calibration and zero offset adjustments should always be done using your dynamometer. The
torque signal offset and calibration controls within Model 5240 are provided to permit standardization with
other Magtrol Digital Readouts, aswell as agreement between full scale valuesin both CW and CCW directions.

Thetorque val ue produced by the dynamometer should read within tolerance on all instruments. If adissimilarity
exists between Model 5240 and another digital readout, before proceeding with zero offset or calibration
adjustments, you must establish which of the two instruments requires the service adjustment. This must be
done first, by standardization of the dynamometer signal output.

WARNING! The following requires removal of Model 5240’s top cover. All connections and trimpot
adjustments must be made only as specified herein and with caution. There is an electrical
shock hazard inside Model 5240. Do not touch or connect instrumentation to any el ements of
the circuit boards, front panel or chassis components.

All calibration and balancing potentiometers are contained on the circuit board identified 78B159. Thisislocated
in the lower left corner of Model 5240’ s chassis, facing from the rear panel. The following sketch shows the
portion of the board on which the trimpots are located, their identification and function.
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TRIMPOT FUNCTION

Q. R, - Accessory output torque calibration (Q, Cal).
Q, R, - Accessory output torque signal zero (Q, Bal).
-Q.R,, - CCW torque full scale caibration (-Q_,).
-Q, R, - CCW torque zero (-Q,,).

+Q_R,, - CW torque full scale calibration (+Q_,).

c 14

+Q, R .- CW torque zero (+Q,,,).

To perform the following, you must write a short, continuous loop program to have Model 5240's Torgue
output reading displayed by the controlling computer. All referencesto “CRT” in the following pertain to this
reading. APPENDI X A contains ashort program example, CONTINUOUS Q-N DISPLAY, for your reference.

TORQUE ZERO (NULL) ADJUSTMENT
1 Remove any couplings from the dynamometer shaft.

2. Place a precision voltmeter resolving at least 0.1 millivolt (DC) between pins 13 and 14 on the
DYNAMOMETER ribbon connector, pin 13 negative. Y ou may have to remove the connector cap on
the cable or obtain access from inside the dynamometer rear panel.

3. Adjust the dynamometer zero control for best zero (dynamometer torque signal output) on your
voltmeter.

The object of thefollowing step isto alternate between the - and + Bal trimpots (-Q, and +Q,, respectively), until
you know that each is adjusted so that your output torque reading is JUST at zero - on both trimpots.
While observing, Model 5240’ s Output Torgue Reading (CRT):

4, Adjust the + Q Bal trimpot (+Q,, R ) Aslowly. Try both CW and CCW rotation until the indicated
torque value reads higher, then back off very slowly until the reading is zero or returns to the original
value. Repeat this procedure on the - Q Bal trimpot (-Q,, R)) /2\. Work back and forth to set zero
with a1 flashing occasionaly.

FULL SCALE TORQUE CALIBRATION

1 Compl ete the zero adjustment procedure outlined in the preceding section. Install the Dynamometer
Torque Calibration beam, as shown in the sketch.

Torque = Weight (W) x Distance (D)
Weight (W) = Torque / Distance (D)

i D i NN g
i

Be sure the shaft flat is facing down,
tighten the cal-beam screw against the
shaft flat only.
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2. With Modd 5240 in MANUAL TORQUE mode, turn on the BRAKE switch. Rotate the TORQUE
control full CW for maximum applied torque. With a precision weight, apply a known torque at or
close to full scale in the CCW direction. Maintain the beam exactly horizontal and perfectly still.

3. Observe the voltage reading (across pins 13 and 14) on the voltmeter. Adjust the TORQUE CALIB
on the rear panel of the dynamometer for a voltmeter (millivolt) reading exactly equal to the true
torque applied.

4, Adjust the- Q_, trimpot (-Q, R, A until Model 5240's output (CRT) torque reading is equa to the
voltmeter reading.

5. Place the weight on the opposite side of the beam. Adjust the + Q__, trimpot (+Q, R,,) /A to match
Model 5240’ s output (CRT) torque and voltmeter reading.

NOTE: Asyou changed the torque direction, if there is an excessive CW to CCW difference (greater than 2
L SD at standard resol ution), thismay indicate aneed to adjust the pivot bearing assembly within the dynamometer.
Before doing this, however, be sure your voltmeter repeats a reading after a polarity reversal. Many do not.
Please consult Dynamometer Customer Service at Magtrol before attempting mechanical alignment of the
dynamometer pivot assembly.

ACCESSORY TORQUE OUTPUT CALIBRATION

With zero torque applied to the dynamometer and nothing connected to the shaft:

1 While reading Model 5240’ s output (CRT) torque value, adjust the dynamometer ZERO control for
best zero reading.

2. With avoltmeter, resolving at least 0.1 millivolt DC, connected between pins 2 and 4 on the
ACCESSORY TORQUE-SPEED OUTPUT connector, or using the Magtrol Digital Readout
Instrument, adjust the Q, Bal trimpot (Q,, R 4)15 for best zero reading.

3. Attach a Calibration beam. Energize the brake to hold the beam. Attach aweight to apply an amount
of torque close to the dynamometer full scale rated value. Adjust the Q, Cal trimpot (Q_, R,) /b for
the correct torgque reading.

MANUAL TORQUE CONTROL ZERO

1 At zero RPM, rotate the TORQUE control 1/2 turn CW (ON).

2. Rotate the TORQUE ZERO trimpot R, until the DYNO BRAKE LED just goes ON, then CW until
it just goes OFF.

GPIB "Q" COMMAND TORQUE NULL

1 Output an “116” command to Model 5240.

2. If the DYNO BRAKE LED is OFF, no adjustment is necessary. If the DYNO BRAKE LED isON,
adjust the Q trimpot until the LED just goes out.

This compl etes the balancing and torgue calibration procedure.
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MODEL 5240 SPECIFICATIONS

Spreep CONTROL

OUTPUT: DC speed control current up to 0.75 amps.
ACCURACY: + 0.05% of the SPEED reading.
RESOLUTION (in RPM): RANGE RESOLUTION

0to 4,000 1.0

0to 8,000 2.0

0to 16,000 4.0

0to 32,000 8.0

TorqQue CoNTROL
OUTPUT: DC torque control current up to 0.75 amps.

ACCURACY: Determined by the accuracy of the dynamometer in use. Please refer to your
Magtrol Dynamometer User’s Manual for detailed specifications.

POWER: 120 Vrms or 240 Vrms, 48 to 63 Hz at 120 volt amps.

A WORD ON SPEED VARIATIONS

I nstantaneous speed measurements, required for rapid data acquisition, produce some aspects of motor shaft
velocity not normally encountered with typical averaging methods of RPM indication.

A factor encountered in most induction motors, and all motors to some extent, is the lead/lag of the rotor in
relation to the magnetic field that pulls it. Y ou might visualize the rotor connected to the pulling force by a
rubber band, resulting in aslow rotational oscillation, rate dependent upon the rotor’ sinertia and other factors.
Thisis achangein velocity occurring within a single revolution.

With velocity measurement extracted from only afew degrees of rotation, and not necessarily in afixed radia
position (speed is variable), the measurement window will occur at random locations of the rotor’s angular
position. Therefore, when a reading is “snapshot,” it may be higher or lower than the longer term averaged
speed.

These combinations can produce velocity variations, appearing as data scatter. These may occur rapidly or
sometimes very slowly.

One of the more startling examples occurs when a synchronous induction motor displays a motor speed greater
than the synchronous speed! No, this is not an inaccuracy, and not to despair, if the data is averaged over a
sufficient time period, such as one to two seconds (10 or 20 readings is usually adequate), the variations will
integrate, resulting in an RPM precisely equal to the synchronous speed.

Whilewe may not like these variations, they really represent what the motor is doing within the short time frame
we use to control and produce data.
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6 - Circuit Description

TACHOMETER

Simultaneous analog and digital speed data is required for proper function of Model 5240. Digital format is
required for RPM asdata, anal og for the dynamometer speed control signal. Both signalsmust be highly responsive
and noise free.

PCB No. 78B156 isthetachometer section which producesthis speed information. It usesaclock whichisgated
on-off by the period of time between pul ses generated by the tachometer generator. Because of the overall RPM
range (0-32,000), the time period must be selectively staged and is dependent upon the immediate shaft speed -
between 1, 1/10 or /60 of a shaft revolution.

Since RPM is now areciproca value, a math function is required to convert the value back to true RPM. All
functionsare under command of amicroprocessor that performsranging decisions, math and calibration processes
in microseconds.

Theblock diagram identifiesthe basic elements. The MPU section contains a Programmabl e Read Only Memory

(PROM) and Periphera Interface Adaptor (PIA) for program and 1/0 control. It also contains buffers and other
“hand-shaking” elements.

FREQ. RATIO SELECT

u24
U6-40[ CLOCK ]
DYNO. TACH-GEN us-1 U4-12| 1MHz ——\| u2s
u4-1 - >
H SPEED
U1 u18 U6 U16 |OUTPUT
u27 —\ 16 BIT
ollcCH— u2 U19 MPU
7/
us u20 U7,9,10
COUNTER LN\ s PN
1 PIN 12 PIN 11
EQ 7 SPEED.
ANALOG
SIGNAL
PB6
78B156 PCB RANGE CONTFFQ%

The speed transducing functioniscomplex, and only elemental measurementsfor adequate power supply voltages
and speed signal output may be done easily. The analog speed output signal may be measured between pin 15
and 17 on U15. Thisvoltage is between 0to 5.0 VDC, full scale, for each speed range. If avoltage proportional
to speed is present here, you can reasonably assume that everything in the speed section is working properly.
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SPEED CONTROL
GPIB Speep ConTROL

Thisfunctional block diagram showsthe speed PID control section and the current output amplifier, both located
on PC board 78B159.

(DIFFERENTIATOR)

SPEED SIGNAL

(SCALING PROPORTIONAL |
AMP) GAIN u24
(Na) l |
(FROM D/A CONV. U15 RGO c (CURRENT AMP)
ON 78B156 PCB) 35VDC
T | (0 to 35VDC at
.75 AMP MAX.
SPEED ®_. U270 @ U23c )
RA9 | DYNAMOMETER
(ERROR (INTEGRATOR) BRAKE COIL
X6 AMP) c
o d g STABILITY
] (ScALING — o
SPEED SETPOINT: AMP) CURRENT

Nref
(FROM D/A CONV. U12
ON 78B155 PCB)

SAMPLING R71

curRrRenT| RESISTOR
GAIN =

78B159 PCB

The calibrated speed signal, N, from D/A (digital to analog) converter U, (located on the 78B159 PC board)
and the speed command set point N from D/A converter U_, (located onthe 78B159 PC board) arealgebraically
summed and amplified by operational amplifier U, . The amplification of this speed error signal is controlled
by the front panel proportional GAIN control potentiometer R, . This speed error signal feeds an integrating
operational amplifier U,.. The amount of integral signal is adjusted by the front panel integral ERROR control
potentiometer R_,. Brake current issampled by a0.5 ohm seriesresistor, amplified and differentiated by operational
amplifier U,,. This derivative signal is proportional to the rate of change of brake current and acts as negative
rate feedback to provide stability and response shaping. The amount of rate feedback is adjusted by the front
panel derivative STABILITY control potentiometer R, . Then, the proportional speed error signal from U, , the
integral signals from U, and the derivative signal from U, are algebraically summed by operational amplifier
U, to produce the PID (proportional plus integral plus derivative) control signal. This PID control signal is
input to a current feedback amplifier composed of operational amplifier U, and bipolar power transistor Q,,
both connected in a current feedback configuration with the brake control coil. This same current amplifier is
utilized during manual and computer torque control. The current amplifier gain is adjusted using front panel
potentiometer R_.. This PID current signal modulates the torque (torque from a hysteresis brake is proportional
to brake current) applied to the test motor to achieve closed loop speed control of the test motor. For example,
if the motor speed is above the set speed, the PID loop increases brake current until the increasing applied torque
causes the motor to run at the lower set speed. Conversdly, if the motor speed is less than the set value, the PID
loop reduces brake current until the reducing applied torque causes the motor to run at the higher set speed. Any
deviation from the set speed causes the PID control loop to apply a compensating current to correct for the
deviation. Thetime response and amount of this correction are determined by the settings of the GAIN, ERROR
and STABILITY controls.

26 Magtrol 5240: Circuit Description



MANUAL SPEED CONTROL

In manual control, the speed set point comes from a regulated DC voltage applied through the front panel
SPEED potentiometer R,.. Thissignal isused in place of the N, signal fromthe U, D/A converter as described
by the above GPIB SPEED CONTROL paragraph. Circuit functionality is otherwise identical to the GPIB
SPEED CONTROL description above.

TORQUE CONTROL
GPIB Torque CoNTROL

The following functional block diagram shows the torque control section and the current output amplifier,
located on PC Board 78B159.

! (CURRENT AMP)
O+35VDC
(0 to 35VDC at

/

R48 .75 AMP MAX.)
DYNAMOMETER
TORQUE SETPOINT— BRAKE COIL
(FROM D/A CONV. U19
ON 78B159 PCB)
50

CURRENT 1

78B159 PCB GAIN -

A computer-generated torque signal from D/A converter U, located on the 78B159 PC board, is applied at the
input of alinear current output amplifier. The current amplifier is composed of operational amplifier U,, and
bipolar power transistor Q,, connected in a current feedback configuration with the brake control coil. The
current gain is adjusted by the front panel CURRENT GAIN potentiometer control R, (outer knob) to provide
rated dynamometer shaft torque for full D/A control input voltage. When a torque instruction ("Qdd.dd " or
"ldddd") isentered, the D/A converter's (U,,) output is adjusted by the microprocessor to provide avoltageinput
to the current amplifier to produce the torque value (dd.dd or ddddd) of the instruction. Therefore, a digital
control loop is closed, providing regulating load torgue at the instruction set point value to the test motor.

MANUAL TORQUE CONTROL

In manual control, the microprocessor-generated torque signal from the D/A converter isreplaced by aregulated
DC voltage applied through the front panel TORQUE potentiometer R .. This voltage is applied to the input of
the same current output amplifier as described above for the GPIB TORQUE mode. Therefore, the TORQUE
control provides an open loop adjustment of brake current to produce the load torque applied to the test motor.
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SALIENT POLE "COGGING"

If aspecified torque level cannot be maintained (stalled motor), then the system will saturate and load the brake
- full on. A hysteresis brake, with current applied, in the absence of rotation, will temporarily exhibit salient
poleswhen the power is subsequently removed. Y our Magtrol Dynamometer User’ sManual containsadescription
of this effect, sometimes referred to as “ cogging.”

I/O AND MAIN DATA PROCESSING

The primary MPU and GPIB controlling €l ectronic functions are contained on PC board 78B155. Onthisassembly,
U5 isthemicroprocessor, and U10isthe Programmable Read Only Memory containing the Model 5240 operating
system. A 2K nonvolatile RAM deviceisidentified as U11l. The N-D/A speed reference D/A isU12. U13 and
U14 are Periphera Interface Adapters. U1, U2 and U3 are the GPIB interface control elements. The balance of
the components are buffer and timing control devices.
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XTAL —=
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-
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<
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\/

PIN 15
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N \
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I SPEED REF.

PIAQ

u14

"

40 PIN I/O CONNECTOR
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PC board 78B157 power supply provides +5 logic power, +15 volts for the analog elements and a 35 VDC-50
watt source of power for the dynamometer brake.

Hysteresis brakes, used on all Magtrol Dynamometers, are 28 VDC units.

If you have questions or require more detailed information, please contact Magtrol Customer Service Department,

Dynamometer Technical Information.
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APPENDIX A: Programming Examples

MAGTROL MOTOR TEST SOFTWARE

Magtrol offers, as an option, a comprehensive motor
test software package available on either 3-1/2" floppy
disks or CD-Rom. To demonstrate the capabilities of
this package, a free demo disk is also available. For
further information, or a copy of the demo disk, contact
Magtrol Sales at 716-668-5555 or visit our web site at:
www.magtrol.com

Most people involved in computer programming are familiar with BASIC. In order to show the programming
techniques as simply as possible, all of the following examples are given in Microsoft 4.5®, using a National
Instruments GPIB-PC2A interface.

If you are using another |EEE-488 interface system, modification of the assembly language CALL subroutines
will be required.

Except for the SPEED-TORQUE CRT DISPLAY program, immediately following, the primary addressused in
all examplesisthe default factory setting of 9. If you modify the code switch setting, you will haveto correct the
“dev9” operandsto reflect thischange. Look for thelineBDNAMES = “dev9” and modify the 9 to whatever you
selected, i.e. 1 through 15.

SPEED-TORQUE CRT DISPLAY

In the following example, the program will ask for the GPIB primary address. If you have not changed it, enter
9, and the speed-torque values should display on the CRT, updating continuously:

'$INCLUDE: ‘c:\gpib-pc\gbasic\gbdecl .bas
CLS: LOCATE 10, 20
INPUT “Enter the primary address (1-15)...”, an$
BDNAMES$ =“DEV” + an$
CLS
CALL IBFIND(BDNAMES$, BD%) ‘Initialize the GPIB
rd$ = SPACE$(15) ‘Dimension the input
DO:
CALL IBRD(bd%, RD$)
spd = VAL(MID$(rd$, 2, 5)) ‘Extract N
tor = VAL(MID$(rd$, 8, 5)) ‘Extract Q
LOCATE 10, 20: PRINT “Speed = “; spd
LOCATE 11, 20: PRINT “Torque ="“; tor
LOCATE 20, 50: PRINT “Any key ends...”
LOOPWHILE INKEY$=""
SYSTEM : END
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RECALL MODEL 5240 DATA FROM MEMORY

If aPDddS or PUddS instruction wasissued, al datafrom thetest run will be retained in Model 5240’ s memory,
provided that the total test time did not exceed 50 seconds (500 test points @ 0.1 sec.) Another PDddS/PUAAS
instruction will append data to that already in Model 5240’ s memory. The memory is cleared only when an “O”
command is issued and the data transfer successfully completed.

In the following program fragment, the variable QNdata$ receives the test data from Model 5240 memory. The
dataformat is similar to that shown on page 2-3, except that the shaft direction character (L or R) iseliminated.
Each individual test point block is always 12 characters long.

'$INCLUDE: ‘c:\gpib-pc\gbasic\gbdecl .bas

‘Routine to access Model 5240 Memory after a PDddS or PUddS command
CLS

BDNAMES$ =“DEVY’

eos$ = CHR$(13) + CHR$(10) ‘assign the CR-LF

QNdata$ = SPACE$(6502) “Make room for torque-speed data
wrt$ =“0O”" + eos$ O+CR-LF command to 29B

CALL IBFIND(BDNAMES$, BD%) “Initialize the GPIB
CALL IBWRT(BD%, wrt$) ‘Output command :

CALL IBRD(BD%, QNdata$) ‘Fetch all memory

‘QNdata$ now contains all Model 5240 test data...

What you have is along data string structured as shown in the following example. To fill in some numbers
for our example, let’s assume a speed of 1752 RPM and 85.64 oz.in. torque. A block of 3 data samples,
anywhere in the string will look like:

Onesimplemethod to extract individual data pointswould beto createa FOR-NEXT loop to “walk through” the
single variable labeled “ QNdata$.” Within the loop, assign two numerical data arrays, one for “ Speed” and one
for “Torque.” Sinceit isunlikely that all the memory was filled with data, zeroswill be outputted where the test
stopped. You could omit these by making the array assignment conditional on both torque and speed being
greater than zero. This step is not included in the example.

DIM Speed(600), Torque(600)
n=1 ‘Initialize array number
FORI=2TO 6005 STEP 12 ‘Step ablock at atime
Speed(n) = VAL(MID$(QNdatas$, |, 5))
Torque(n) = VAL(MID$QNdatas$, | + 6, 5))
n=n+1
NEXT

PROGRAMMING EXAMPLE FOR “I” COMMAND USE

To apply a torque vaue to the test motor as rapidly as possible, the Idddd command provides a method to
directly address the Q-D/A converter. The | instruction requires that the numerical value used with it be a
number from 1 to 4095. In order to relate thisto torque, first output a“ Qdd.dd” command, made dd.dd equal to
the value of torgue you want (2.0 is selected in the example), delay afew seconds for the system to respond and
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settle, then ask for the contents of the Q-D/A converter with the “X” command. Concatenate the number
returned with the | command.

'$INCLUDE: ‘c:\gpib-pc\gbasic\gbdecl .bas

‘Routine to use the “I” command

‘“TORS$ = Torque value you wish to emulate with the | command
CLS: eos$ = CHR$(13) + CHR$(10) ‘CR-LF

wrt$="“Q" +“2.0" + eos$ ‘“2.0" isarbitrary here.

BDNAMES$ =“DEV9” ‘primary address=9

CALL IBFIND(BDNAMES$, BD%)

CALL IBWRT(BD%, wrt$) ‘Loading Q2.0 (2.0 units of torque)
SLEEP (7) ‘Wait 7 seconds to settle down

wrt$ = “X” + eos$ ‘Q-D/A Datarequest

CALL IBWRT(BD%, wrt$)

QDAS$ = SPACE$(6) ‘awaysreturns 4 digits+ CR-LF

CALL IBRD(BD%, QDA$) ‘D/A converter value
FASTQ$="i" + QDA$ ‘+ldddd

CALL IBWRT(BD%,FASTQ$) ‘-this may go anywhere for fast Q loading

PROGRAMMING EXAMPLE FOR “Z” COMMAND USE

To apply avalue of speed to the test motor as rapidly as possible, the Zdddd command directly addresses the
N-D/A converter. The Z instruction requires a numerical value of 1 to 4095. To establish this value relative to
the speed you wish to apply, use the Nddddd instruction first. After the speed has settled, out put a“Y” data
regquest. The 4-digit value returned may then be concatenated with “Z” for fast speed loading.

Be sure that the speed range has been previously established!

'$INCLUDE: ‘c:\gpib-pc\gbasic\gbdecl .bas
‘Routine to use the “Z” command

CLS

e0s$ = CHR$(13) + CHR$(10) ‘CR-LF
wrt$ ="“N" +“1750” + eos$

BDNAMES$ =“DEV9” ‘primary address=9
CALL IBFIND(BDNAMES$, BD%)

CALL IBWRT(BD%, wrt$)

SLEEP (7) : WRT$="Y" + eos$

CALL IBWRT(BD%, wrt$)

NDA$ = SPACE$(6)

FASTN$ =“Z" + nda$

CALL IBWRT(BD%,FASTN$) ‘this may go anywhere for quick N loading.

If you have questions regarding any of the above examples, or if you have suggestions regarding software
development, please feel free to contact Magtrol Software Engineering at any time.
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APPENDIX B: Inertia Correction

INERTIAL EFFECT ON MOTOR TEST DATA

A major advantage of the Magtrol Speed Controlled System isthe ability to obtain full (free run to locked rotor)
motor performance data by continuous load application with an absorption dynamometer. Data acquisition is
fast, resulting in minimal motor I2R losses, and loading characteristics simulate actual end-use applications.

When a motor is accelerating or decelerating, the measured torque is the sum of the true motor torque + the
inertial torque (stored energy) of the system. Unlessinertial torqueis excluded, motor performance datawill be
in error, since the measured torque will vary in proportion to the rate of acceleration/decel eration.

This type of error can produce startling test results. For example, during rapid deceleration, system inertia can
produce apparent efficiency greater than 1.0! Thismay occur as output power isdivided by input power without
extracting the stored energy in the system. Alluding to perpetual motion causes most technically oriented people
to suspect the data.

DATA TIMING FACTOR

Since“inertial effect” isonly afactor as speed is changing, and sinceinertial torque is proportional to the rate of
change, inertial value may be expressed as a unit of torque per change in RPM in a given period of time.

Model 5240 accumulates and outputs test data at fixed intervals of 0.10 second. Therefore, change in RPM
occurs over that fixed period, regardless of test rates. It might seem desirable to output data at fixed interval's of
speed or torgque, perhaps every 100 RPMs or some other figure which is easy to work with. But this would
preclude the ability to extract inertial error effects, unless we could somehow accurately measure and rapidly
output the elapsed time between every data point. If you must have speed/torque data in even decades, various
computer software routines provide fast and accurate curve fitting techniques to do this for you.

PROCEDURE

In order to create atorgue Correction Factor (CF), we need:

1 A torgue value equal to the inertial torque.

2. The difference in RPM (per 0.1 sec) that created that value.

In the following graph example, we have arbitrarily selected a data point on the performance curve. We want to
program down by increasing torque load and fetch a group of test points. We have selected the first data point,
where speed will be just less than 78% of the Free Run speed. Call this the dynamic speed value. Additionally,
save one test point before this value and one after. Immediately program Model 5240 (Nddddd) to a speed
exactly equal to this“dynamic” value. When the speed has stabilized, fetch this as the static torque value.

To calculate CF, first average the speed change between 3 test points. Next, calculate the difference in torque
between the static speed value and the dynamic speed value. Divide this torque difference by the average
change in speed. The result isyour CF.
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DECLARATION TORQUE
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A few key conditions:

* Thetest point selection of “0.78" isfairly typical for an induction motor. Select thisvalue in an area
where the performance curveisfairly linear, and there is a substantial torque change with speed.

*  Thedatamust be acquired rapidly, so that motor heating does not degrade performance by adding afalse
difference between the static and dynamic torque val ues.

* Theinput line voltage must be stable for the 1 or 2 seconds needed to perform the test. Torque varies by
the square of the change in line voltage. Use aregulated power source.
INERTIA CANCELLATION PROGRAM

The following steps outline a computer program, in Quick Basic, to control Model 5240 for the acquisition of
a“CF” value. Initialization:

'$INCLUDE: ‘c:\gpib-pc\gbasic\gbdecl .bas

“fr = free run speed. Y ou must assign thisvalue.
BDNAMES$ = “DEVY9” ‘Primary addr = default code 9.
CALL IBFIND(BDNAMES$, BD%) ‘Initialize the GPIB.
€0s$ = CHR$(13) + CHR$(10) ‘CR-LF termination char’s.
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PROGRAMMING STEPS

1. With the system up and running, command a PD99 instruction to Program Down to 78% of the free run
speed:

wrt$ = “PD99” + eos$ ‘Program Down at afast rate.
CALL IBWRT(BDNAMES, wrt$) ‘Send it to Model 5240
rd$ = SPACE$(15) “Assign room for the data+ CR-LF

2. Collect datain an array. (Single data point = SdddddTddd.dL.)

X =0 ‘Xisour array # = selected speed point.
DO: X=X +1
CALL IBRD(BD%, rd$) ‘rd$ isthe datafrom Model 5240
ND(X) = VAL(MID$(rd$, 2, 5)) ‘SPEED
QD(X) = VAL(MID$(rd$, 8, 5))' TORQUE
LOOP UNTIL ND(X) <.78*fr ‘fr = free run RPM assigned.

3. Set up the static value as an N instruction. Model 5240 will apply it when the current PD99 instruction
terminates. NOTE: An Nddddd will not override an in process PDdd instruction.

wrt$ = “N” + STR$(ND(X)) + eos$ * Static speed val ue.
CALL IBWRT(BD%, wrt$)

4. Savethe next N-Q test point < the .78 FR value:

Y =X ‘Keep X intact, change array #to Y.
DO:Y =Y +1

CALL IBRD(BD%, rd$)

ND(Y) = VAL(MID$(rd$, 2, 5))

QD(Y) = VAL(MID$(rd$, 8, 5))
LOOPUNTILY =X +1

5. Send a “PR” instruction to stop further loading. The system will revert automatically to the “N” value
installed by Step 3 above.

wrt$ =“PR” + eos$ ‘Stop PDdd, revert to static point
CALL IBWRT(BD%, wrt$)

6. Calculate the average difference is speed between the test points. Call it (avgdN).

avgdN = (ND(X-1) - ND(X)) + (ND(X) - (ND(X + 1))
avgdN - avgdN/2
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7. Now wait for the static speed to be equal to the dynamic speed value previously obtained. Hold in aloop
until 3 speed readings agree - just to be sure.

samples=0 ‘Null it.
DO: CALL IBRD(BD%, rd$)

speed = VAL(MID$(rd$, 2, 5))

torque = VAL(MID$(rd$, 8, 5))

IF speed = ND(X) THEN samples = samples + 1
LOOP UNTIL samples=2

8. Return the motor to free run speed.

wrt$ = “N” = eos$
CALL IBWRT(BD%,wrt$)

9. Determine the Correction Factor CF.

CF = (QD(X) - torque)/avgdN

CORRECTING TEST RUN PERFORMANCE DATA

The following program fragment shows one method to correct data, using a previously obtained CF. Y ou have
run a complete motor test by PDdd, PUdd or both, acquiring the “ SdddddTdd.ddL” type datain an array.

AN = Array counter (number)
Dta$(AN) = Your test run data, a string variable array.

To correct each torque value in the array of test data, you must first subtract each speed test point from the
preceding speed test point value. Call this a numerical variable dN. This number yields the change of speed
occurringinthe0.1 second period for that datapoint. It will beasigned value, positiveif the motor isdecel erating,
negative if accelerating.

Next, multiply dN by the CF. Wewill call the (signed) product CFdN. Thisisequal to theinertial torque portion
of the torque value for that respective data point. Algebraically sum this with the (test point) torque value, and
place the result in anumerical array, Ttor(AN).

FORI1=2TO AN -1 *Start with the 2nd value!
dN = VAL(MID$(dta$(l-1), 2,5)) - VAL(MID$(dta%(l), 2, 5))
CFdN =CF* dN
Ttor(I) = VAL(MID$(Dta$(l), 8, 5)) - CFdN ‘torque -/+ inertia.
NEXT

We still have the original test data unchanged. The new data array “Ttor(AN)” contains complete performance
curve torque data, with the effects of inertia removed.

If you have any questions regarding any of the above, please contact Magtrol Customer Service, Model 5240
software.

Magtrol 5240: Inertia Correction 35



Drawings

APPENDIX C

NG+ AST+ NSl %
T —
2 . ' m
3 : + = = [o0]
oS e o] e LR T e, N~
Al T T LT T 0 iy
o 91-£'€-12
r 2202 prel
GIn 2N I3 ee 12 £ El
= B ER Ve il
(s Sl 5 8221 ol
|2 07 T
19 va ot e 6
B oy o6 ‘
ae 5L O = o 02 8.9
3 2k ! iz T :
i 4\ S340 L85 S0 Ty I 12’7 g
AN I TR So{08 el 5 o =
q
e o Tl Uig ‘
m Toos a9 21 e £
PR oot &g SESEGH =0 2
‘ oy a1 | o 0
T il 008vL , Iljoe e tld reral 2 1
f X B Al G 21d 14 14
>t Y g% U T1d o- ol WD or n
574 77488 SBpe g8 U5 01
944 godI =t 11N CI5H
5544 91243 onaill pajou aspuayzo ssajun
DCad S5 et ﬁﬂl = 0w = = 87TPNT Sapop
Brad p17ie AU SN g LA o T T SWHD Ul 50351584
OEdd E156% 2995 ] Lol ee—o T el Jn U su0320d0d
bdd godd eshe (00 LY e 9
U 18d W 7 N I El 5 o 5 713
16d Woaq v 51200 Moy g0t lgg—0t U4g 37d
B (vl
0dd 0591 15y v ol Sy pio0 97— 097 §F]
& 310401 o815 osyss AN i L P ofs Gg—pe?s 05 71
0 9¢ 0V €0l €Y Oy Iy oy Iy
Bvd gLV 053 v | B Seng ez & Lt 9le g2 oo ag Eld
ool Bove an 21 5 o 71 [ G 21d o o
T2 I o1 1v U Lz g3 RERE
Svd St 0 [ W El € o £ iE oo
vd Uywg  pals S0 | boge o200 O4g v el Us—eltl U5 d 71N iy
Opvd Slevy  egle TV 02a7ST CISH C9CH 107
[S] =
con 2o en L —— /N an Wy €12, T en T
v 1 02 T oW €V 1] EE
OTvd 3 x TV I S oy, B Gr
(i =E £2 W W 7 5 | o 5
o094 — 7 £ I o1 ENE b-18,819
1289 72 0V 20V § i [ 7
T v 6 A 19 2N
01N e 6V v € s
1" ort 71N o 7563 /0 uau /g
100 oN o0 9= 87 Gn 997 upo ogls!
© U ]
WOJ ONo bvd S a4 Cloog odr L ®leq pgu cal”!
utyd ol 140 9w 8 qoa 7 Bl SCREr yd [1 02 71d mom Bas g 87
v ° O vevd | [8d S STV 4 SN 9rd 91 [EE) g £
flva  © ° uevd 284 Usgy goar’e 1y v o100 Ts—gdY gy g d O old NI gyl 8 rig
[ovg —° ° wpwg | O Mgy woarcs | I e ) AN ol cld L EE gl 2 g
[oevs—— ° uowg Slyag mrale v et g ey erd X AEH I (U Ll IFEREHIE
ey ¥ R [T v 92 97 o] s &g a2 el
Vg U594 e8d  J W< N erd 2l eq 4] 3 2
0 2 el Jse %ot _oy&— Aot 12°rd Sl ad] e oSl Al Irve
otvd FUzgg i te Ve &V 8e VT a] feov o Slpg
[oo7a—— °—uoag 194 ord 01 _ yo  cdl
[o7ga— o —ummg | &MM m 044 wmq ww /£d E&ﬁ o1d MMM mH ca mmm IS
Bgd  ° O vaad Mavy 159 964 tedo 91 2/l -1/s AH o
e © 2 AR > wl 6[) Tho STV 16125 SV EL )y Sy[e 95/% 0 re
Bod  © © - @M /¥4 Bmm MM W6 mm m 8T v mm“ Mm yed {0y mkm Ewm %B BRI W Ul o o
EXEInearcr il BAC Sove  o13 UL ) Fo AR M? Heed SOy EE it o0 103 98|
Oyad usdd GYd mmw &V G 71 GV i ctd . Ol IV G0 29p G H—o o—
° “u/gg “avd Uyed  pafes ST e yovfely 8 req 0Mssy Avglll Lag ~op gL Lo
° °Toag vyvd Jevs  eqe Tk g e WY O8pcq o2 O15sy  TomlPt Yya o yaltl o1
o oty UEYd S 3 Y Be 1e IS Oale 1 o+ ETSS Llge g &
744 . v A R 7 [ I 205 LN 1Sy 1l 0 g ed
o ERE 7 TE EIlE g2 2 5 R , v 88 ED g 02 _
94d - Wd WS LT 1S ex | 05y 24l EIRE
N Tvd £ e i 0 5 I - W % Ve 7 T2
3 sdd 09d 0t W e €W 3 NS = zhay - ) a1 a1 e o
oy 2 £ 00v ELEH Iz 2 5 = B 5t £ 2
1285 €085 88789 I7ve
Brad w (3345 NIl er
Boqd 4 MD ﬁD
D/Ad el

inQgs

Drawi

Magtrol 5240

36



030U 3SIMJ3LI0 SS3un
8FIPNT Sapolo 1y

37

o oo <)

w0l
=5

4n Ul Saopoodos g
SWHO Ul 5401SISad 11§ 1930N
A+ AT+ AcI-
{ T
H : LS yi| 92
1 [ T 1 T 12 vl ce €1 S
N = L Mﬂug\ €107, H0T —293
B VT 8
TT 1 7T T 1 = I iy arn oL c
8e-712 £8d 7]L8d LSdipe I 0e i
dd oga nal Tt T )
SE oy odd Y08l g :
o orvd A/ds— e
o Pleas — 31s 22212
289 253 L19TYT
i Bl £ o 81
- 1ad 19 02 | arme
GIin Tad T [¥2]
L LT o 8 o7 | et
5y 01 o127 ISyt
G o7y 5r| 190 0sdfg 0c'el'st
d L v | erve
Sy 793 g|ovd e ’
6 9vd ] 72 (] Wo3 G- G+ G+ n
oA s - vd 777 SUge 1w 80
oi® %8 21N Tor{ W 5|7 e T
saan gt ke evd €0
[ £] 9 Il Tad Evd Slovg 20l €V .
al ¢ ﬂoww mmm W [ A R R 429 m\
et 2 i Dmm Tvd 3 A o R 29
& ! 2 6 wd : e | v oL
3 3 , eS8 < 1e89 R
+
72 T , EIN( g S Enis) mm[_’ Ell
TAN e LA N, o A B AR [0 IAT
e A R | BETOH Soa 9l
3 61 [ 51d
8T gy @ 01d 2w i tvd  Cld
< , 72 8T Tl
i [ i i oo|7rd P 1a
- — | &= ow[ee - 7 trd  £1d
3T o 607 HS F L] A ] T I
T T 72 a0 Le ST | 2
E) E) 807 ! rd  11d
e 1T s T 07d i ™ 3oy 82 T Td
5 — T AN L0V 98« 7o Ord  OId
v W@ 0, /&9 7ad Bl 5 2 3 it f£d ped e
fY g S £3n EIGA] Sloc e f V]
el 8 s e S cov 05 03 STv
AT e 0 g FCARE A "o agls v B o
U Sy w——2dor oz 7o 9d 2 rv ol ewl Sloy a2 A B S
W2l 0g——maloe el Wd € v %l aw L EL gy [ I
pIN st me m e Dmm ﬂm Svd 7l v ol mm 1o oz gl B e ﬂaﬁ
Lo o1 ar o1 a1l 794 cll 0y 1T 6 8] B 1av .
: — Er ooy o T
- TISOH TICIH 17N mum w vorz O ez @ M < , .
IWN—— G+ W % 01
000H [ S B2 L[] s | s+
&JHUH 0¥d ol ! W5 | 2o vy ey
j LN . €089 Zam LT
T LCa— s
an a1 22N !
R A T n
N Y AN e e 092 | 1 1
g T T 9vd g 5+ rol®
s 1o v € Jo wT s N oeeal | 1| o
S—os  as5—rsyEve i1 L 308 30 oL 0618 | 0 1
2 tlor D o 61N T3 400 i 60y | 0 | o0
e Gy Evd o o m c 30Nvd | /8d | 94d
e e T wafcrd L LG
10 o ° °Ugvd ER Y ovd v 8 € NI=H | H
Wos ON UTvd €L83H 0vd 6T 2 2 N g
© oTUgvd - [ 09/1 H ﬂ
° Ty - ms [ o Y o1 | 1] 1
2 oyvd T 3———A 120 v °-110| €dd| vad
UCvd o8 @ G U
° °Tgyg ML oy (L oy ) A
[9d
o /Yd € 99 q 8 € a8 9vd 9 a0 4 2 =
0 7 Y U £ 0022-1dH
° voad | Hos  1g5—Lhos s 4 R
ulad oy 0y o ar—LY9ETYs € 7T L3N
° ogg Noe 19— e sV hevg JoL
a
°° ATEI LA R (AR or, el LY S
oo 0 T 1 T vd 2 1] ees e
°° for ws—Hor  afs— e kg 000H , | < £
S ELCTH €I53H 0vd 57 |09 @ﬂi@ 2 r@u
584 5 B il
© °oTzgd ] WMD ﬁMD © v ! Gt (<]
oo 1
oo ’ N O
oo €dd —
oo m
" o0}
N~

inQgs

Drawi

Model 5240




T
[F-6-40
KK 7
AC INPUT PMI

BRI
120 240 b8 g8 PD-05 57
ok 1 1
7 L el g : Lo Lee les oo
33 JIK
4 [ 8 Tow T o
5 5 M oo
! 3 BR2
< . PD-05
ON-DFF ** 03CR4 ¢ dea Lea Lee
> 4 /Fm ’F 51K
CHASSIS
5
14A-30-515
PD-05 alx
| M340T-15
8
C o3+
QA9 L\Tﬂ Lcs
Sic oo T 1
5 6 | o7
¢ | o
R Lo o1, Lee
L 1
|
[M320T-15
aex
3%
| M340T-5
| c13+lc1e Lo
Moo oo s 7 L{ )}J 1
KT [
o5 | cle

D3 IN5625

5 Vr 1
4 L Leis %PEAM L
g prtmees 000 T ' 3
mal L

8
87V044

% CHASSIS MOUNT
*¥ FRONT PANEL MOUNT
#¢x REAR PANEL MOUNT

78B157

38

Magtrol 5240: Drawings



B. B. B. B. B B R R R
N N
0 07 9’ E} E} m} m’ m’ m’
) VL) P em] VL[ m.. b I r T T
590 "F L g0t = L8, o) = L€ = LM = LM, o L6 g5 L8055 LA 155
- 0§ - 0 = & = 1@ =~ S =~ S = o k! 9
T A g A g A g A g A F A T A g A i AC
v v T T T T T T
850 660 192 510 k) 75 10 210
£l b Cl 4 L 2 % £ o
ASH A AR ALY Act T AC T A AQ &
[ tm ol
e o o T g r L5
RIIDE v Y patou asMusy}0 SSaNN
de&|:muzo ° Ag AG SWHD Ul 54015584 Iy
borg———————— 4N Ul S40320dod NIy :@30N
I
294 Pa1UNOY SISSTYT Xx%
L — M pajunou jauod 4UOJ4 xx
LR pajunow jaund U403y x
6cyd °°
09%d °°
fopeg——————— o s 10\
°
me : auaifdo.aiiog pazporay\)/
bzdad
Bedd ° 9JauN
opad °°
oo
o oo
[ b/dd
0 o
ER il
5984
. B £ e
| - oin i Sl 2N
| e 9 N o Moyl
S 3 11| Brad 29vd mﬁum a9y 8
o q 08 0 LIS EEE
€ ﬂoam az g Byvd <l o ol 9
z QAN LR KA
: ; s 095 LA b I
07 Ul d 01 Y 3
I 1A e pete s I
e g _oevd ELCIATL
e et
0Cad
(@ ALITIEYLS e
Cly —
i T
0w
5
ey e T
os O BSvd 71| L
N PR EILIAER o
El e c £Vd DEVd ﬁuv vy T
AN IS ALCAEN e (e
LA U e S
- = U E9GIHYL @ 09d Bovd 6l bl 0 2
Hﬁ 7N ELSIHYL
gmm%ﬁ SFoag 01 — Wv 2ad " -
07 N L Ty
5=l B,
paads 190! UG —vove |TVa Al gile
SNBUoT T wm 497 eya gm«m wgw 152
U RERLTA £y B gl
JUAS g7 S DEVd oy 0¥ Ll
SR AR L (S RRATY | SR T
bs o7 0%
poaegro%c  Ueog m
EEEI %m Bovd 3
s I+ al- -
Lo
m e W L L oen . . <440 vMeYs) Iivad ONAT
T T T1 TV eoT+ T =
3¢ | T
N30
1
2Ly
o
v
£
2

=4

78B159

39

ings

Drawi

Model 5240



Magtrol Limited Warranty

Magtrol, Inc. warrants its products to be free from defects in material and workmanship under normal use and
service for a period of one (1) year from the date of shipment. Software is warranted to operate in accordance
with its programmed instructions on appropriate Magtrol instruments. This warranty extends only to the original
purchaser and shall not apply to fuses, computer media, or any other product which, in Magtrol’s sole opinion,
has been subject to misuse, alteration, abuse or abnormal conditions of operation or shipping.

Magtrol’s obligation under this warranty is limited to repair or replacement of a product which is returned to the
factory within the warranty period and is determined, upon examination by Magtrol, to be defective. If Magtrol
determines that the defect or malfunction has been caused by misuse, alteration, abuse or abnormal conditions
of operation or shipping, Magtrol will repair the product and bill the purchaser for the reasonable cost of repair. If
the product is not covered by this warranty, Magtrol will, if requested by purchaser, submit an estimate of the
repair costs before work is started.

To obtain repair service under this warranty, purchaser must forward the product (transportation prepaid) and a
description of the malfunction to the factory. The instrument shall be repaired at the factory and returned to
purchaser, transportation prepaid. MAGTROL ASSUMES NO RISK FOR IN-TRANSIT DAMAGE.

THE FOREGOING WARRANTY IS PURCHASER’S SOLE AND EXCLUSIVE REMEDY AND IS IN LIEU OF
ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR PURPOSE OR USE. MAGTROL
SHALL NOT BE LIABLE FOR ANY SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES
OR LOSS WHETHER IN CONTRACT, TORT, OR OTHERWISE.

CLAIMS

Immediately upon arrival, purchaser shall check the packing container against the enclosed packing list and
shall, within thirty (30) days of arrival, give Magtrol notice of shortages or any nonconformity with the terms of the
order. If purchaser fails to give notice, the delivery shall be deemed to conform with the terms of the order.

The purchaser assumes all risk of loss or damage to products upon delivery by Magtrol to the carrier. If a product
is damaged in transit, PURCHASER MUST FILE ALL CLAIMS FOR DAMAGE WITH THE CARRIER to obtain
compensation. Upon request by purchaser, Magtrol will submit an estimate of the cost to repair shipment damage.

MAGTROL

70 Gardenville Parkway ¢ Buffalo, New York 14224
Phone: (716) 668-5555 « (800) 828-7844 Fax: (716) 668-8705

www.magtrol.com


http://www.magtrol.com
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