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OPERATING INSTRUCTIONS

SCHEMATIC REFERENCES ..

1.0 INTRODUCTION

1.3 UNPACKING  All shipments leaving our plant are adequately packed and packaged. If there a-e rigns of
damage to this carton or its contents, piease notity the shipper within 24 hours and retain carton and packing
material for his examination.

1.2 FEATURES OF THIS MANUAL  The foldout flap an the front cover contains annotated photos (Figure 1) of this
Mode! 4619 dynamometer/XY controller and Model 4605 torque/speed readout showing connections and
functions for both, alzo the connections on a typical Magtrol dynamormeter, For convenient instant reterence
keep the flap opened out as you ge through the connecting instructions (Section 2) and operational checkout

- (Section 3).

A simplified schematic for the controller (Figure 2 appears on a similar foldout flap on the back over, This
one, when opened out, is for your convenience as you go through the technical data given in Sections 12and
13, The complete schematic is shown next o it

For additional convenience and faster identification, functions appearing on the panels of both controller and
readoist are shown throughout this manual in small capital letters.

2.6 COMNNECTING INSTRUCTIONS

Three pieces of equipment must be interconnected for operation of this Model 4619 controller: a Magtral digital
dynamometer, a Model 4605 readout, and the controlier.

The Model 4618 controller will additionally provide torque and speed readouts to an X-Y recorder or other analog
recording instruments. Information and instruciions on this application are given in Sections 4 and 5.

To interconnect the three basic units proceed as follows:
2.1 Plug the dynamometer {cooling fan) line cord into the outlet provided on the rear panel of the readout.

2.2 Connect the 2-pin dynamometer brake cable (part number 88C52) between the dynamometer und the
controller.

2.3 Connect and lock the 14-pin cable {part number B8CS1) between the readout and the dynamornetar.

2.4 Connact the BNC to the miniature plug [part number 88CS4) between the readout sPEED OUTPUT and the
controfler SPEED INPUT .

25 Connact the 4-pin minfature cable (part number BBCS3) between the readout TORQUE CUTPLT and the
conroller TORQUE INPUT.

You ate now ready to proceed with equipment checkout and manual operation of the interconnected units,
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Complete the movar fixturing so that motor and dynamometer shafts are aligned. The means of coupling the shatis
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3.0 OPERATIONAL CHECKOUT

should be angularly Hexible and must be torsionally rigid. (Note: Torsionally Hexible couplings {molded rubber, e.5.)

should not be used; because of the high response of the Model 4618 controller they can induce systern instability

resulting in high-frequeney shaft oscillation.)

3.1 Set the frent-panel controls on the controller as follows:

3.1, T DYNAMOMETER ON/OFF switch to OFF
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3.2

$PEEDY RANGE to the first value above the maxdmum anticipated free-run speed of the motor,
SPEED RANGE VERMIER 10 Tull clogkwise.

SPEETY (COMTROL MODE 10 full counterclockwise.
TORMUE [CONTROL MODEY 1o full counterclockwise.

STABILIZED/OPEN LOGP switeh 16 OPEN LOOF

AUTOMATIC SPEED CONTROL 10 off GHuminating pushbutton unli,

TEST TinE 10 any desired sefting,

RPAM INCREASING/DECREASING 10 its canter neuire! position opposite RPs,
INERTIAL ERROR COMPENSATION to full coumterclockwise {zero on both rotating scales),

LIME Oh/DFF 10 ON .

Start the motor and check to be sure the free-run speed indicated by the tachometer is lower than the sfee0

RANGE switch setting.

3.3 Switch the DYNAMOMETIR ON/OFF (OgEle 10 0N,

3.4 Slowly rotate the SPEEn RANGE VERNER counterclockwise untl the erake ENERGIZED fight goes on, Then reiat2 it
clockwise very slightly until the light just goes out, and leave Tt a1 this setting.

3.5 Slowly rotate the speeD control clockwise. This catises the dynamometer 1o load the tesi motor and the 8RAKE
eneRCIZED Biehit will go on; comtinuing clockwise rotation of the seEED control will load the motar dewr o
locked rotor, (Note: 1n selecting a spacific test poini for a torque/speed reading it is usually best to sat the $rp
control at & point sxceeding the test point, then rotate it counterclockwise back to the test point, This helps
serile the syscems and stabilize the test-point value more quickly. Response sluggishaess 1o these adjusiments is
nermal; it is caused by mechanical inertia and electrical delays.)

4.0 X-Y RECORDING: GENERAL INFORMATION

Two outputs appear on the rear panel of the Model 4619 controller, outeuT seeen and GUTPUT TORQUE. The red juck on
each is positive(+}, the black is negativel~} and ground, When connecting an X-Y recorder to the controller, use either a
jumper or shoriing bar to connect the recorder ground 1o either of the controller’s black terminals.

Either axis of an X-Y recorder can be assigned to torgue and either to speed, depending on sealing and data presentation;
X-¥ recorders are rarely square. '

The analog ourputs from the controller are unidirectional and of low impedance. Fyou wish to reverse the polarity of the
input to either recorder axs, simply reverse the axis input connector from the controller.

4.1 ANALOG SPEED OUTPUT The signal amplitude is 10.00 volts a1 full scale for each position of the SPEED RANGE
switch. Therefore the precise output voltage (Ep) for a given speed (RPM) can be calculated from this ratio:

10 BPM

. T e W L] =3
Ep BELNEE (Mote: RPM always=2 SPEED RANGE)

Example {or d-pole 60-Hz motor with bree-run speed of 1780 RPM, using the 2(000) position on SPEED RANTE:

P

Ery

R ARG , .
T 8.5 VOO 1%

{Nota: Zero ReM will not be absolute zero volts, since up to 5 millivolts {05% fulscale) is possible. Thisvaluz i3
aciustable; refer to paragraphs 12.0 and 12.2)
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4.2 ANALOG TORQUEOUTPUT  The analog torgque output (Eglis proportional 1o the torgue reading of the Model
4605 readout. The relationship is as follows (DR represents ihe readour of all digits, whole or decimal, but with
the decimal point, i any, omited):

Eq =4 x DR x 10
Example for digital display of 48.2 oz.ft. of torque:
Eq =4 x 482 x 707 = 1.93 VDC (£1%)

As with analog speed output, zero torque is not absolute zero volts. It adjustmentis required refer 1o paragraphs
12.0 and 121 :
i

5.8 XY RECORDING: SETUP AND OPERATION '

5.1 Disgonnact any test molor or other hardware coupled to the dymamometer shafl,

&M
Ful

nstall the calibration beam fcitawing the instructions in the dynarmometer manual; then usmg a precikion
vexg%*i establish 2 torgue value within yvour range of interest,

5.3 Sesle the J-Y recordér for the calibration reguired.

54
kS

With the weight removed, check zero. i the zere has moved, reset it and recslibraie,

in
LR

» Remaove the calibration beam and couple a tast motor to the dynamormaier, 1
|

5.6 With the controller seeeD RanGE set higher than the motor free-run speed, start the motor. Scale the speed axis of
1the X-¥ recorder to the desired RPM per inch or centimeter excursion.

5.7 Switch the controller’s DYNAMOMETER toggle 1o ON. The BRAKE eneraizep light should be out. Slowly rotats sreen
RMGE vERMIER counterclockwise until theBrAE ENERGIZED light comes on, Then slowly rotate it clockwise until the
fight just goes out, |

All eguiprnent wo record is now set up, and a final, accurate test curve of speed vs. torgque can be attempwd Bui befare
doing so you should become {amiliar with the three additional functions that appear on the front panel of the controfiar:
ALTOMATIC SFEED CONTROL, INERTIAL ERROR COMPENSATION, and TEsT TIME. They are covered respectively in Sectionsé 7and
10 following. |

£.48 AUTOMATIC SPEED CONTROL

|

This control operates in the speed-control mode and performs essentially the same function as the manually adjustible

SPEED control, but it is smoother operating and automatically repeatable. i

6.1 Set the TEST TIME switch to 20 (seconds). This is an average setting; see Section 10 for further information onest
times, |

6.2 Activate AUTOMATIC SPEED CONTROL by depressing the burton 1o light it up; the light signals activation.
6.3 Set the Rem Loggle to DECREASING. i

These settings will cause the motor to ramp from free run to locked rotor in approximately 20 second!s. {Note: The
AUTOMATIC SPELD CONTROL ¢an be deactivated at any time simply by pressing the bution again to putthe light pist; his
will return the motor to free run.) .

|
£.4 Atany load point the kes toggle can be switched up 1o INCREASING , This reversas the ramp, causmg the spaedto

increase at the same rate as it previously decreased. ‘

£.5 T cancel out the ramp and hold the test poing, switch the rPs togghe to Its center neutral posﬂlf‘n

6.6 There is flexibility in the method of controlling the equipment, For example, the rPm taggte Ca’I be lefl in

picREASING and ramp control initiated solely by the AUTOMATIC SPEED CONTROL button,

T e






7.0 INERTIAL ERROR COMPENSATION: GENERAL INFORMATION AND SETUP

In X-Y recording the motor speed is continually changing. Thus the true torque measurement is the sum of two fartors:
the actual turning power of the motor, plus the addition (when decelerating) or subtraction (when accelerating) of the

stored energy in the systemn (inertia). The inertia factor is proportonal 1o 1he rate of change of speed, and the miss of the
systern,

The INERTIAL ERRIR COMPENSATION control supplies an adiustable quantity (=2mass) of the differentiated speed ignal
{differentition = rate of change). This electrical value is set up as negative in decelerating and positive in accelersting,
and is sumimed with the unipolar torque signal.

7.1 Helease the lock on the side of the control by setting it at lis up (1 o'clock) position. Then turn the knol full
counterciockwise to bring both cotating bands to zern.

7.2 Let up the equipment as in Section 6. Then establish a torque/speed point manually with either the seind ar the
TORQUE control. When the motor has stabilized and speed is constant, drop the recorder pen to marl this
caint. c— . :

7.3 Fewrn the cantrol full counterdodovise, and using the AUTOMATIC SPEED CONTROL , record a curve ground the
point obtained manually.

7.4 Feturn the motor (o free run.
7.5 Hotsie the contral one turn clockwise and repest the operations in paragraphs 7.2 and 7.3,

7.6 Continue rotating and repeating untll the B togzle can be switched back and forth from NCRESIG 1o
DECREASING while the curve almost retraces Hsell At that stage the corredt setting hos been raachad.

7.7 WWhen the correct setting is established, lock it in by setting the lock at its down (2 0’clock) positian, The value
will be repeaable for future testing if the mass of the system remains approximately the same and the ame
SPEED RAMGE i wsed.

7.8 Abways lsave a slight lead — perhaps around 5 percent higher worgue — on the decsleration curve The
magnetic alignment of the armature 10 the field is altered upoen acceleration or deceleration and in additlon it
is natural for some rotor heatlng 1o oogur, resulting in displacememt of the retrace curve.

8.0 LOCKED-ROTOR YESTS

To obtain locked-rotor torgque as rapidly as possible and with cold-meter pertormance, the test procedure sutlired in
Section & should be modified as follows:

B.1 St the DYNAMOMETER ONAOFE switch a7 o,

8.2 Sei the YORQUE STABILIZER/OPEN LODEF SwitCh at OPEN LODP.

8.3 Rotate the TORQUE contro! full clockwise.

8.4 For X-Y dara recording, be sure the recorder is on and calibrated, ard the pen up.

B.5 Close the gircuit breaker (o the movor and immediately drop the recarder pen, then raise the pen and upen
the circuit breaker. This takes approximartely two seconds. (Note: Because of magnetic slotting eftects and
bearing friction, most motors with plain bearings, and 10 a lesser extent motors with ball bearings, ¢<h bit a
range of locked rotor values; typically, a plain bearing is free only when it has rotation to develop an oii film
between shaft and bearing. This range of locked-rotor values ¢an be as high as 30 percent, depending on the
motor.)

4.8 TORQUE (CONTROL MODE)

Ty

This 5 2 rmanual control, its positions functioning as follows:
371 OPEN LOTP With the toggle in this position the TORQUE contro! regulates current to the dynamomaet:r brake
without feedback reference.






9.2 STABILIZED With the togple in this position the actual torque value is compared with the torque potentic meter
seuting, and the current to the dynamometer brake is controlled proportonal to the difference. Thesafore the
torque is maintained constant despite any speed changes, temperature changes, or hysteresis effects. Note:
This control is not useful for locked-rotor 1ests; a torgue signal is necessary for closed-loop operation, and if
the test motor is not energized there is no torque signal.)

10.0 TEST TIME

Generglly, the minimum time a motor is under load beyond the maximum-efficiency operating peing, the better, But
necessary damping and deiays in the data signais limit the speed with which data can be obtained while sill
aintaining accuracy. As a rule of thumb for best results, use a maximom recording time of 1.5 seconds per inch, or 6
seconds per centimersr. This translates to 2 TEST TiME setting of 15 or higher for most average conditions, with of course
ther ssitings for special sivsations.

m:a

o

1.0 STABILITY

Systerr damping Is controlled by a locking potentiomeater on the rear panel of the controlier. The potertic meter
should not be rofated full counterclockwise, which eliminates the rate feedback signal and results in system iostubility,
or il clockwise, which causes heavy system damping and results in extreme sluggishness. Normally the most dedirable
position tor critical damping is close o center. with acceptable variance From center depending on the
motor/dynamometer combination in use. When adjusting, rotate the potentiometer very slowly.

120 ZERO ADJUSTMINTS AND SYSTEM BALAMCING

Oin the left side of the controller’s back panel is a cover plate fastened by two screws. Removal of this plate gives iccess
to twa rows of Trim patentiometers behind the panel. {(Mote that from this point on, some of the functions appeating in
srnall capltals refer to functions shown on the controlier’s back panel.)

127 TORGQUE OUTPUT ZERO  Proceed as tollows:

4% 1 Disconnect the 4-pin torgue-input cable from the Model 4605 readout. Shert all of the cable pins
wogether by wrapping a length of fine wire around all four, being careful not 1o bend then

121 2 Connect 3 millivoltmeter capable of 21 millivoh resolution to the TORGQUE OUTPUT jack,
121 3 Adjust 9 sal for zero &1 millivolr output,
12,2 SPELD OQUTPUT ZERD  Procead as follows:
12.2. % Connect the millivolimeter to the speep ouTeuT jack.
122, 2 With the dynamometer shaft stationary, adjust the F 10 v ZERO for zere &1 millivel
12.3 SPEED QUTPUT CALIBRATION Proceed a3 follows:

12.3. 1 Connect a digital voltnetay. of at least £.25% accuracy to the spéep GUTPUT jack. Operate the dyramo-
meter at a constant and known shaft speed of between 1000 and 2000 RPM. Set SPEED RANGE 2¢ 2,000}

12.3. 2 Caleulate the correct voltage output (En} from the equation given in paragraph 4.1 (which at t7e ibove
serting becomes shaft speed x 10, divided by 2000}, and adjust 2006 CAL Tor the correct B,

12.3. 3 Calibrate 4000 CAL by repeating the above, but with spEED RANGE set at 4{000), an appropriate higher chaft
speed, and the substitution of 4000 for 2000 in the equation.

el
o
L
&

Calibrate 8000 CAL (8.16-32 CALON the back panel) with similar resetting of SPEED RANGE, shaft speed, and
couation divider. When the SPEED RANGE Is 5t B{000), 16.000 CAL and 32,000 CAL are calibrated autoratically,

124 Any neaded further adjustrments will require more extensive disassemnbly and internal measuremnerts, as
covered in the circuit descriptions and schematic cominentary (Section 13), The following abnormal condlitions
indicate the need for further adjustment, which is explained in the Section 13 paragraph number shown for
aach. ‘
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12.4
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. 1 Torgue sighal with variance between clockwise and counterclockwise shatt ratation: paragraph 13.1.3.

{Note: Use caution in correciing this condition. Refer first to the instructions on zero balancing in the
dynamometer manual )

. 2 Inability to obtain locked-rotor torque with speeD control full clockwise: paragraph 13.2.
. 3 Non-uniform INCREASING 10 DECREASING ramp iirne: paragraph 13.1.2.

. 4 Excessive residual torque and BRAKE ENERGIZED light constantly on: paragraph 13.1.3.

5.0 CIRCUIT DESTRIPTIONS AND STHEMATIC COMMENTARY

To gain access o the controlier’s elecironic components, it is necsssary 1o remove both the top cover and the internal
enclasure cover over the printed-circuit boards.

~dost of the elzcironic funciions are contained on three plug-in-circuit cards;-as-shown on the simplitied schamatic

{Figure 2}

The three printed-circuiv boards are part numbers 768011, 788013, and 78B014. Each circuit card is connected by a 30-
pin connector, with two rows ol 15 pins each, and each pin [dentified by letter or number. The left row is identified
from top to bottorm with letters A 10 8 {to aveid possible conflict or errors of recognition, lenters G, |, O and 3 are not
psedy; the right row is similarly identitied with numbers 1 to 15, The power inputs to all circuft boards are +15 V3C pin
A, =15 VOO pin C, and +3 VD pin B; pine | and 8 are commaon remurns, '

131 CIRCUIT BOARD 78B0TT  This circuit serves three disdnot functions; as follows:

13,1, 1 The bipolar signai s applied 10 ‘pin § and is linearized by amplifiers £ and G. The balance

potentiometers for each of these are identified as TP and TP These outputs are on pads also
identified as TPT and TP2, on the edge of the board. An absolute zero relative to chassis common is
unattainable on these outputs; however, amplifiers F and G are balanced when with zerc input the trim
potentiomaters just barely change sutput polarity.

Amplitier H provides a gain of four (4) 1o the unipolar torque signal, and in additien provides the
differentiating tunction of the INERTIAL ERROR COMPEMSATION ,

Amplitier £ is an FET-input operational amplifier. 1t has wo modes of eperation: as an integritor when
the AUTOMATIC SPEED CONTROL 15 engaged, and as a voltage follower for manual speed control. The
amplitier s balanced by the Ramp BAL on the back panel, by adjusting for zere volis at pin 12 on the
circuit board with ALTOMATIC SPEED comTROL disengaged and the seeed control fully clockwise

in the integrating mode the time consiant or ramp time is determined by the voltage inpu, which is
established by the divider resistors on the TEST Time switch.

1 Wariaus precision refargnoss are reguired in the operation of the Model 4619 controller. They are
) ] P

estzblished by the reference zener diode §NBZT operating at approximately -7.5 mitliarnperes and
regulating -6.2 VDT, This potential is applied to the inverting input of amplitier B, Limited gain contral
of amplifier B permits adjustment to a precise +5.00 VDG, which is effected by the #ersv
potentiometer, The measurement is made between pin 1 (%) and pin 8 (common).

The +5 voits are applied 1o the noninverting input ot amplifier C operating at a gain ¢i two (2),
providing +10 VDC at pin 4. This potential is applied to the inverting input of amplifier D operating at a
gain of unity for the -10 ¥2C reference at pin 9.

13.2 CIRCUIT BOARD 788013 This circuit contains the elements that convert the frequency, or pulse train,
received from the Madel 4605 readout into a fast-response analog.

The frequency rate equals 60 pulses per shait revolution for 60-Hz line operation, or 50 pulses per revnlution
for 50-+z pperation.

The input is applied o pin & of the connector, where it is conditioned by a schmint-trigger morosiab e chip.
The output is available at pin 2. The complement of the output is applied to a bistable chip that divides the
input By 2 and 4, which signals appear on pins 9 and 10 respectively.

The conversion of frequency to voltage is sccamplished within the plug-in module on the circuit card. This
unit has an aperating frequency of 0-10 KHz. To maintain a 16-VDC full-scale output per range, the converter
gain it automaticaily adjusted on the 02K, 8-4K, and 0-8K RPM ranges. Abave BK the inpuat freguency s
sdomatically divided by 2 and 4 respectively on the 0-16K and §-32K ranges.

R






13.3
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The analog output of the module goes to two places: the output jack on the back panel and the inverting input
of amplifizr A. Amplitier A is an active filer with a gain of unity; it applies the inverted (+ to -} signal 1¢ circuit
board 78E014, It is balanced by mwERTER 8AL pin 11 to common.

CIRCUIT BOARD 788014 This circuit contains four operational amplifiers and a preamp driver for the IN3228
dynamorreter power transistar.

Amplifier | is the sPEED -control summing amplifier. Three pins supply active inputs to the inverting summing
point; pin 1 is the speed analog, pin 2 the rate feedback signal, and pin 3 the controlled reference.

Amplifier K operates essentially identically to amplifier | except that its signal sources are an analog
proportional (o torque or brake current 35 selected by the STABLIZED/DPEN LOQP switch,

Amplifier L serves the function of automatic biasing off the preamp (and subsequently torque) it there i no
seed present on the dynamometer. Automatic biasing is desirable in case the TORQUE control is set for soma
fue when the maotor is off and the switeh is in its STABILIZED position; in this situation it prevents amplifier K
am driving the dynameometer brake 1o full wraue,

v
tr

Araplitier M is the rate-feedback device essential for the system’s stability. It recejves a signal from a 1.0-0hm
current-sampling resistor in series with the dynamometer brake. The level of this signal is conuolled by the
back-pane! STABILITY control, Tha signal is decoupled by a 47MFD tantalum capacitor. Therefore the outputl is
an AC signal in phase, and proportional to the brake current change. It is applied directly o the summing
painis of amplifiers § and K

14.0 METRIC AND POWER CONVERSIONS
: METRIC

railfimeters x 03937 = inches
miliimeters-+25.4 = inches
grams+28.35 = ounces
kilograms x 2.2046 = pounds
Oz.in. ¥ 72.008 = gr.om,

oz 51 x LBB4093 = kg.om.

El

¥

#

ib.in. x 115212 = kg.cm.

kg.m. x 9.80665 = N.m.»

oz.in, X 7.06155 x 10=3 = N.m.~®
*Newton.meire

FOWER

ozin x rpmis82T ¢ 197 = hp
Zin x rpend /407 ® 107) = walls
watls + 746 = hp

For further information or technical
assistance, pleate feel free to
contact our engineering
department at any time.
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