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SPECIFICATIONS

Floshing-Rate Range: 110 to 25,000 flashes per minute in three
direst-reading ranges: 110 to 690, 670 to 4170, and 4000 to 25,000.
Speeds up to 250,000 rpm can be measured.

Accuracy: +19% of dial reading after calibration on middle range.
Calibration: Two panel adjustments permit calibration against
power-line frequency.

Flash Duration: Approximately 0.8, 1.2, and 3 ps for high-, me-
dium-, and low-speed ranges, respeetively, measured at 14 peak
intensity.

Peak Light Intensity: Typical on high-, medium-, and low-speed
ranges, respectively, 0.6, 3.5, and 11 million beam candles (6 X 107,
3.5 % 10° and 11 > 169 fux at | meter distance at the center of
the beam; for single flash, 18 million beam candles (18 % 10° lux
at 1 meter distance at the center of the beam}.

Refiector Beam Angle: 10° at half-intensity points.

f.’)utkput Trigger: 600- to 800-V negative pulse available at panel
jack.

External Trigaering: The flash can be triggered by the opening of a
mechanical contactor or by a 6-V, peak-to-peak, signal (2-V, rms,
sine-wave signal down to 5 ¢/s).

Power Required: 105 to 125 or 210 to 250 V, 50 4o 400 ofs.
Maximum power input is 35 W.

Accessories Supplied: Adjusiable neck strap, plug to fit input and
output jacks, spare fuses.

Accessories Available: Tyee 1531-P2 Flash Delay and Tyem
1536-A Photoelectric Pickoff , Typr 1539-A Bfroboslave with
Type 1531-P4 Trigger Cable, and Tyrz 1532-D Btrobolume
with!Tyer 1532-P8 Trigger Cable.

Mechanical Data; Flip-Tiit Case

Net Shipping

Widih Height Depth Weight Weight
b mmn in §mn in jwmam i kg {0 kg
10%t1 270 6% 1170 6% i160C 74 133 9 4.1

+ Includes handie.

See also General Radio Erperimenter, September 1960,
U.S. Patent Nos. 2,966,257 and 2,977,508,
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1,2,2, CONTROLS AND CONNECTORS,

All controls and connectors are conveniently located on the panel
of the instrument, See Figure 1-1 for location of controls and connectors
referred to in Table 1-1.

Table 1.1

CONTROLS AND CONNECTORS
(see Figure 1-1)

Ref Name Use
1 POWER Switch Turns power on and off,
2 RPM Contrel Controls flashing rate of light by rotating

fluted rim, Dial is calibrated directly in
revelutions per minute,

3 Range Switch Selects any of three RPM (internal oscil-
lator) ranges, plus three external-input
positions:

RPM Ranges External Input

110-6%0 RPM . High Iatensity — 700 RPM max
670-4170 RPM — Med Intensity - 4000 RPM max*
4000-25,000 — Low Intensity — 25,000 RPM max

4 CALibration Indicates correct setting of CAlLibration
Indicator Lamp adjustments (Ref, ) for calibrating RPM
dial to power -line [requency,
5 HIGH CAL, Calibration adjustments used for calibra-
LOW CAL fing RPM dial,
6  OUTPUT TRIGGER  Trigger pulse available at this jack for
Jack triggering Strobotac Types 1531 and 1538,

Type 1339 Stroboslave, or Type 1532 Stro-
bolume, (Refer to paragraph 2,9 and 2,10
for connection cables required.)

7 INPUT Jack Usedfor connecting Stroboscope toexternal
synchronizing signal from electrical device
or mechanical contactor,

8 Reflector -Lamp Produces and aims flashing light,
Asgsembly
9  Power Cord Permanently attached six-foot power cord.

For storage, cord is wound clockwise around
range-switch knob and reflector; plug is
secured by sliding it onto holder pin (Ref
HOR

10 Holder Pin Secures plug-end of power cord when in-
strument i8 to be stored in case,

flashes at 3600 rpm until external signal is plugged in.
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.3 ACCESSORIES.

Table 1-2 lists the accessories supplied with the Type 1531 Strob-
rac,

Toble 1-2
ACCESSORIES SUPPLIED

Part Number Description Quantity

1531-7070 Neck Strap i
4270-1100 Plug, for input and output jacks 1
5330-1000* Fuse, 0.5A, for 115~V operation 2
5330 -0700* Fuse, 0,25A, for 230-V operation 2

*Fuses supplied for voltage specified.

4 AUXILIARY EQUIPMENT.
Table 1-3 lists General Radio accessory equipment and auxiliary

[ight sources avallable for use with the Type 1531 Strobotac,

Table 1-3:

AVAILABLE ACCESSORY EQUIPMENT
AND LIGHT SOURCES

Type Description

ACCESSORIES

1531-pP2 Flash Delay (used with Type
1536 Photoelectric Pickoff,

1536 Photoelectric Pickoff {used with
Type 1531-P2 Flash Delay).

1531-P3 Surface Speed Wheel,

LIGHT SOURCES

1531 Strobotac Electronic Stroboscope
1538 Strobotac Electronic Stroboscope
1539 Stroboslave
1532 Strobolume

Refer to Section 2 (OPERATING PROCEDURE) and APPENDIX for details
describing the use of this equipment with the Type 1531 Strobotac,
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SECTION 2

OPERATING PROCEDURE

2.1 POWER REQUIREMENTS.

The Type 1531 Strobotac operates from a line frequency of 50 to
400 cycles, and from either a 105- to 125%-volt, 195- ro 235 -volt, or 210~
to 250-volt line input as noted on the plate located just above the power
cord, The instrument is normally supplied for either 105- to 125-volt
or 195-to 235-volt operation, but can be modified for 210- to 250 -veolt
operation (refer to paragraph 4.4.3 and Figure 4-7),

2.2 OPENING THE CASE.

To open the case for operation:

a, Set the instrument on a flat surface so that it is resting on its
rubber feet,

b, Unlock the case by sliding the two slide pins (one on each side)
away from the handle, (It may be necessary to push down on the topof
the instrument to release these pins,)

c. Using the palin of the hand, push the handle down as far as
possible, With the other hand, swing the instrument to the desired angle,
Lower the instrument onto the rubber gasket by slowly releasing the
bandie, The imstrument will be held in position by its friction against
the gasket at any angle from vertical to about 30°% However, since the
case is not locked in position,it may not stay in a tilted position under
severe vibration. If the instrument is to be hand-held, lower the case
into the cover and lock it in position by siiding the locking buttons to-
ward the handle,

2.3 CLOSING THE CASE.

Before closing the imstrument, push the reflector down against the
panel with the transparent reflector cover facing up. Turn the range-
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switch bar knob to the 4000 — 25,000 RPM position and wrap the power
cord cleckwise around the knob and reflector. Secure the power-cord
plug by sliding the ground terminal of the plug onto the holder pin (10,
Figure 1-1), Lift the Instrument until it is free to pivot on the handle
and lower it into the case,

2.4 TURNING INSTRUMENT ON,

The following precautions should be cbserved before turning the
stroboscope on;

a, Before plugging the power connector inte a power receptacle,
make certain the power corresponds to the data on the plate above the
power cord on the panel,

b, The power plug has three terminals, For operator safety, the
third pin on the power plug must be properly grounded,

Pivot the reflector assembiy to an upright position and snap the
power switch on, The stroboscope will be ready for use inabout 10 seconds.,

2.5 POSITIONING THE STROBOSCOPE.

The light beam can be zimed in almost any direction by means of
the swivel arm and the rotating reflector, The intensity of the light pulse
is so high that it is usually not necessary to place the unit very close.
to the object being viewed, Ifthe instrument is to be held for a long time
the neck strap can be used to provide added support. The neck strap can
be adjusted to any one of three lengths, To install the strap, slip the
appropriate slots in the strap over the buttons projecting from the side
of the case,

2.6 ADJUSTING THE FLASHING RATE.

The flashing rate of the strobotron lamp is adjusted by means of
the RPM control, To operate this control, grasp the fluted transparent
rim which. surrounds the range mask, The over-all frequency range of
the Stroboscope is divided into three overlapping ranges, selected by the
range -switch bar knob, Windows on the range maskreveal onlythe range
in use. A red line inscribed below the RPM dial indicates the frequency.
setting in flashes per minute (corresponding to rpm) for speed measure-
ments, The frequency limits for each range are marked near the appro-
priate window. The range switch has no limit stops and can therefore be
rotated continuously, The rotation of the RPM control, however, is limited
to 300 degrees by stops.

2.7 CALIBRATIONM.
2.7.1 GENERAL,

If the instrument is to be used for speed measurements, the RPM
dial should be calibrated with respect to the power-line frequency, The
T'ype 1531 Strobotac will normally remain calibrated for a considerable
period of time, unless significant changes occur in ambient temperature
or in the power -line voltage,
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To calibrate the stroboscope, proceed as follows:

a. Allow the instrument to warm up for about 10 minutes,

b, Refer to the calibrationtable in the instrument cover or to Table
2-1 for the HIGH CAL and LOW CAL RPM dial settings indicated for the
power -line frequency being used. Turn the range switch to the corres-
ponding range required to make these settings,

c. Set the RPM dial to the exact HIGH CALRPM dial setting called
for in the calibration table,

d. Adjust the HIGH CAL screwdriver control until the on-off pattern
of the CAL peon indicator lamp stops, or nearly stops (refer to para-
graph 2,7.2),

e, Set the RPMdialat the exact LOW CALRPM dial setting indicated
in the calibrationtable and adjust the I.LOW CAL screwdriver control until
the on-off pattern of the CAL neon indicator lamp stops, or nearly stops.

f. Return the RPM dial to the HIGH CAL RPM setting, If the CAL
indicator lamp blinks on and off too rapidly, repeat steps d, e, and £,
This step is usually not necessary unless the LOW CAL adjustiment was
changed substantially,

g. The RPM dial is now calibrated to within 1% on all scales.

Table 2-1
CALIBRATION DATA
PowerLine RPM Dial Settings
Freguency HIGH CAL LOW CAL
50 3000 750
60 3600 900
400 24,000 6000

2,7.2 CALIBRATION ERROR,

The action of the CAL indicator lamp is used to determine when
either of the HIGH CAL or 1.OW CAL adjustments are properly set, Ex-
tremely slow on-off action of the lamp indicates the calibration setting
is very close to the line frequency and generally accurate enough for'
most speed measurements, If desired, the calibration error can be
calculated as follows:

a, First, observe the period (in seconds) required for the CAL
indicator lamp to complete one full cycle —on to off to on again, for
example,

Then, calculate the calibration error by:
RPM

= pm etror
line frequency {c/s) T
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where T=time (in seconds) for one cycle of CAL indicator lamp

Example - if the CAL lamp period equals 2 seconds, the line frequency
ig 60 ¢/s, and the RPM dial is set at 900; the calibration error is:

900

= 7.5 tpm
60 x 2

2.8 SPEED MEASUREMENT.

2.8.1 FUNDAMENTAL SPEED,

When measuring the rotational speed of an object, it isrecommended
that the RPM dial be set initially at a higher flashing rate than the speed
of the object, Then, slowly reduce the flashing rate uatil the first single
image is observed, At this point, the flashing rate of the stroboscope
will be equal to the rotational speed of the object, and the speed can be
read directly from the RPM dial.

When using the middle~ or low-speed ranges, simply switch to the
next higher range without moving the RPM dial setting to check whether
the stroboscope is flashing at the fundamental speed of the object, Since
the ratio between ranges is exactly 6:1, six images will appear at the
next higher range, if the stroboscope has been set to the fundamental
speed, If only three images appear, for example, then the stroboscope
has been set to one-half the correct frequency. On the high-speed range,
it 1s necessaryto doublethe speed settingto check for fundamental-speed
operation, A double image should occur when the frequency setting is
doubled, If the fundamental speed of the device being measured is above
12, %00 rpm, it is not possible to check for correct speed setting by the
method outlined above, In this case, refer to paragraph 2.8.3.

With practice, and especially when the approximate speed of the
object can be estimated,an operator canaccurately measure the speed of
rotating objects quickly, and with confidence, It is necessary, however,
to thoroughly understand the following basic principles involved in making
speed measurements with a stroboscope:

@ The operator must distinguishbetween single and muitiple images.
Odd shaped objects usually cause little difficulty, but ebjects which are
symmetrical in shape (gear, disc, fan, etc) must be marked to provide
a visible reference (refer to PRINCIPLES OF OPERATION, paragraph
3.1.2).

@ Multiple images will always be observed when the stroboscope
flashing rate is set to a multiple of the fundamental speed of the object.

@ When reducing the flashing rate from a rate higher than the funda-
mental speed of the ohject, the first single image will be seen when the
flashing Tate is equal to the fundamental speed.

® ‘Whenthe flashingrate is belowthe fundamental speed of the object,
single and multiple images will be observed. The single images will
always occur at integral submultiples of the fundamental speed of the
object (refer to paragraph 2.8.2).



VIP PR 1221=-M JFNRWVDW | Al

(3

2,8,2 SUBMULTIPLE SPEED MEASUREMENTS,

I the Type 1531 Strobotac is set to flagh at an integral submultiple
of the fundamental speed of a rotating object, a single image will be ob-
served, just as it will at the fundamental speed. At flashing ratesbetween
these submultiples, mulriple images will be observed, Table 2-2, for
example, shows the number of images that will be obtained at variocus
stroboscope flashing rates (below the fundamental speed) of a device
rotating at exactly 1800 rpm.

Note the mumerical relationship between the numerator of the sub-
multiple fraction and the corresponding number of images seen. This
relationship will always hold true, regardless of the speeds involved,
Table 2-2 lists only a few of the more useful submultiple speeds and
corresponding images; many other multiple images are possible (for
example, five images will be seen at 5/7, 5/8, etc.).

Submmultiple flashing is necessaryto observe or measure the speed
of objects moving at rates above 25,000 rpm, Refer to paragraph 2.8.3
for the method of determining the fundamental speed when submultiple
operation is necessary,

Table 2-2
SUBMULTIPLE SPEED/IMAGE RELATIONSHIP
Submaultiples of
Fundamental Number of RPM bial

Speed (1800 rpm)  lmages Seen* Setting
1 1 1800

5/6 5 1500

4/5 4 1440

5/4 3 1330

2/3 2 1200

3/5 3 1080

1/2 1 900

2/5 2 720

1/3 1 600

1/4 1 450

1/5 I 360

1/6 1 300

*Ar dial settings above fundamental speed, multiple images
always occut. Refer to Table 4-1,

2.8.3 MEASUREMENT OF SPEEDS ABOVE 25,000 RPM,

Speeds up to about 250,000 rpm can be accurately determined by
calculations based on submultiple measurements, The procedure is as
follows:
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a, Starting at 25,000 rpm, decrease the flashing rate of the strob-
sscope until a single inage is obtained. Record the RPM dial setting and
:all it X,

b, Continue to decrease the RPM dial setting slowly, Watch the
:hanging images carefully, and stop when the next single image occurs,
Record the RPM dial setting as Y,

¢. Calculate the harmonic number, n, by:

Y

n T —
X-Y
and round off the value of n to the nearest whole number,

d. Calculate the fundamental speed, Sf, by

Sf = nX
Example:
If X is 22,500 and Y is 16, 800 , then:
16,800
n I ee——— 2.95 b 3

22,500 - 16,800

and the fundamental speed is;
S¢ = 3x22,300 = 67,500 pm

2.8.4 LOW-SPEED OPERATION,

The measurement of speeds (below 600 rpm) on the low range of
the Type 1531 may be difficult because of flicker resulting from lack of
persistence -of~vision, It is recommended that these measurements be
made in a darkened environment, or that the operator wear dark glasses,
in order to reduce the confusing effect of high ambient room lighting on
the pattern observed,

Speeds below 110 rpm can be measured by means of multiple images.
For example, if the flashing rate of the stroboscope is twice the funda-
mental speed of the device, two images, 180 degrees apart, will appear.
At three times the fundamental speed, three images, 120 degrees apart,
will appear, Refer to paragraph 3.1.2 for illustrations. This multipie-
image technique can also be used for higher speeds, within the range
of the Type 1531, where flicker makes it difficult to tell when the correct
flashing rate is obtained (for example, between 110 and 600 rpm}.

2.8.5 SLOW-MOTION STUDIES.

High-speed motion can be reproduced by the stroboscope at an
apparently much lower speedif the rotating or reciprocating motionoccurs
at a constant rate.

If the flashing rate of the instrument is set at a speed slightly lower
than the fundamental speed of the observed object, the object will appear
to move slowly in the same direction as the actual motion, at a speed
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equal to the difference between the actual speed of the object and the
flashing rate of the stroboscope,

If the flashing rate is set slightly higher than the speedof the object
being observed, the same slow motion will result, but in the opposite
direction,

This stroboscopic technigue of slowing down motion can be ex-
tremely useful in investigating the operation of a device under normal
operating conditions, Excessive vibration, misalignment of parts, mode
of vibration of equipment on a shake table, operation of vibrating reeds,
actual relation between traveler and thread during a complete revolution
of the traveler onatextile spinning frame-these are oniya few examples
of slow-motion studies that are possible with the Type 1531.

2.9 EXTERNAL SYNCHRONIZATION.

2,9.1 SYNCHRONIZING TO POWER~LINE FREQUENCY.

When using a 50~ or 60-cycle power line, synchronization of the
flashing rate is obtained automatically by setting the range switch to the
LINE/EXT INPUT pesition, For 400-cycle operation, set the range switch
to the EXT INPUT, LOW INTENSITY position and inject a 400-cycle
signal at the INPUT jack (refer to paragraph 2,9.5).

2,9.2 USE WITH FLASH DELAY AND PICKOFY.

Two very useful accessories for the stroboscope are the Type
1531-P2 Flash Delay and the Type 1536 Photoelectric Pickoff. The com-
bination of these three instruments makes it possible to synchronize the
flash of the Type 1331 with the moving object at any desired point in the
cycle of operation of the object, These synchronizing devices can operate
at very high speeds and do not load the machine under observation, See
Figure 2-1, : :

The Type 1531-P2 Flash Delay is a small, portable, time-delay
unit that is used to insert a controiled delayperiod between anexternaily
generatedtrigger pulse and the resulting light flash from the stroboscope.
The flash delay also provides a convenient method of obtaining single-
flash photographs at any desired point in the cycle of the moving object.

The Type 1536 Photoelectric Pickoff is used to convert the motion
of a moving object to electrical impulses that can be applied to the strob-
oscope. It consists of alight source, a simple cylindrical optical system,
and a photocell. Variations in refiectivity, produced by the motion of the
object being observed, produce electrical signals which are amplified,
delayed, and shaped by the Flash Delay, and then fed to the stroboscope.
Power for both the photocell and the lamp are supplied by the Type
1331-P2 Flash Delay,

The reader should refer to the Operating Instructions for the Type
1531-P2 Flash Delay and the Type 1536 Photoelectric Pickoff for further
information concerning these instruments and their use with the Type
1531 Stroboscope,

10
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PHOTOELECTRIC TYPE i531 STROBOTAC®
PICKOFF ;
 CAM

FLASH DELAY

Figure 2-1. Synchronizution of Type 1531 Strobotac with rotating com, using Type
1531-P2 Flash Delay and Type 1536 Photoclectric Pickoff.

2.9,3 USE WITH LINEAR SPEED WHEEL.,

The Type 1531-P3 Linear Speed Wheel is used with the Type 1531
for accurate measurement of linear speeds of moving objects, such as
belts. This combination can also be used to determine the surface speeds
of rotating devices, such as wheels, drums, rollers, etc., as well as
the relative speeds of multiple V-belts and other groups of moving ob-
jects, See Figure 2-2,

The L.inear Speed Wheel consists of two black nylon wheels of
different diameters, freely turning on opposite ends of a steel rod, The
three six-inch rod sections supplied have threaded ends so that one, two,
or three lengths can be used. A 1/16-inchwhite radial strip and the pro-
pet speed-ratio data are marked on the surface of each wheel,

In use, the selected wheel is pressed against the moving object
whose linear or surface speed is to be measured, and the rotating wheel
is illyminated by the flashing light of the stroboscope. The dial of the

11
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Figure 2-2. Measuring belt speed on @ sanding machine, using Type
1531 Strebotac and Type 1531-P3 Linear Speed Wheel.

stroboscdpe is then adjusted toproduce the proper stationaryimage, The
linear speed of the moving object is determined from the stroboscope
dial reading,

The range of surface speeds that can be measured with the large
wheel is 50 to 12,500 FPM (feet per minute); with the small whee! the
range iz 10 to 2500 FPM, Press the appropriate wheel against the
moving surface just firmly enough to prevent any slipping.

The large wheel is suitable for the measurement of relatively high
linear speeds. It has a circumiference of 0.5 foot and is marked "SINGLE
IMAGE, FPM = RPM ¢ 2", Adjust the stroboscope dial to the highest set-
ing that produces a single stationary image, (NOTE: To check the dial
setting, switch the stroboscope to the next higher range, If the original
setting was correct, six images will now be produced,) The linear speed
of the moving surface in feet per mimte is the stroboscope dial reading
divided by 2.

The small wheel, suitable for the measurement of relatively slow
linear speeds, has a circumference of 0,2 foot and is marked "2 IMAGES,

RPM 1 10", Adjust the stroboscope dial 50 that a double stationary lhmage
is obtained, The image will appear as a full-diameter line on the wheel,
{NOTE: To check the dial setting, turn the stroboscope dial to half of its
double -image value, If the original setting was correct, a single image
will now be produced.) The linear speed of the moving surface in feet
per minute is the stroboscope dial reading divided by 10,
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2.9.4 USE WITH A GONTACTOR,

For low-speed appiication (below 1000 rpm), where significant
speed variations are encountered, it may be desirable to use a mech-
anical contactor, such as the General Radio Type 1535, for synchroni-
zation and phasing, The phase adjustment of this contactor is independent
of the speed of rotation. The Type 1531 stroboscope will flash on the
opening of the mechanical contact (refer to paragraph 3.2.7).

NOTE
Before comnecting the contactor to the stroboe-
scope, make surethe range switch is not inany
one of the EX'T INPUT positions, This precaution
will prevent holdover of the thyratronwhen the
plug is inserted. After the plug is comnected,
the range switch can be set to any desiredposi-
tion, If the stroboscope fails to flash because
of holdover, turn the instrument off, and then
on again after 10 seconds (refer to paragraph
3.2.2),
After making sure the range switchis not in an EXTINPUT position,
connect the contactor to the INPUT jack, using the standard phone plug
supplied, Then the synchronization procedure is as follows:

a, Setthe range switch to one of the EXT INPUT positions, depend-
ing on the speed of the object being observed, The maximum speeds
indicated can be exceeded up to the point where the lamp flashes errati-
cally, Generally, the highest intensity position that allows satisfactory
flashing of the instrument should be used,

b. Set the RPM control fully clockwise, If this control is not fully
clockwise, the flash will occur at a delayed time after the contacts close
and the unit will not operate properly at high speeds.

c. At speeds above 1000 rpm, some difficulty may result from
multiple flashes when the Type 1535 Contactor is used to synchronize
the stroboscope,

2.9.53 USE OF ELECTRICAL ~SIGNAIL. TRIGGERS,

The instrument can be triggered by any electrical signal of at
least & volts peak-to-peak amplirude {(maximum of 500 volts). For she-
wave lnputs, the unitwill operate with a 2-volt ¥ms signal down to 5 c/s,

For pulse inputs (i,e,, step-wavefront signals), the repetition rate
has no minimum value. The instrument can be synchronizedwith external
signals of frequenciesup to atleast 24,000 rpm, 400 ¢/s. (Refer topara-
graph 3.2.7.) Since a positive-going signal is required at the input to flash
the stroboscope, positive pulses are required to synchronize on the lead-
ing edge, Negative pulses will result in a delay, depending onthe trailing-
edge characteristics of the input pulse,

To operate the unit from an external electrical signai, turn the
range switch to one of the EXT INPUT positions, depending on the fre-
quency of the driving signal, Comnect the external-signal source to the
INPUT jack, Observe the precaution given in NOTE, paragraph 2,94,

13
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In the LINE/EXT INPUT position, the power-line excitation is
automatically removed when a plug is inserted in the INPUT jack.Im
che EXT INPUT positions, the RPM control adjusts the sensitivity of the
input circuit, Starting at the fully clockwise position, adjust the RPM
control until satisfactory synchronization is obtained, For large-ampli-
mde inputs, there will be a wide range of settings for the RPM control,
atwhich the instrument will operate satisfactorily, For small-amplitude
inputs, the range will be correspondingly smaller,

2.10 OPERATION WiTH AUXILIARY LIGHT SOURCE.

2.10.1 USE WITH TYPE 1532 STROBOLUME,

When a wider beam of light, or substantially greater light intensity
is needed, a Type 1532 Strobolume can be driven bya Type 1531 Strcobotac,
A Type 1332-P3 Trigger Cable is requiredto connect the two instruments,

Plug the large end of the cable into the OUTPUT TRIGGER jack on
the panel of the stroboscope, and plug the other end of the cable in the
CONTACTOR jack on the Strobolume,

NOTE

The Type 1532-P2B Transformer Cable, used
with the older Type 631-BL stroboscope, cannot
be used with the Type 1531,

A Type 1531 Strobotac can also be used to drive the older Type
1532-8, or -C Strobelume, but a modified Type 1532-P3 Trigger Cable
is required to connect the two instruments. To modify the cable, simply
replace the phone plug (small end) with the twist-lock plug required for
the older type Strobolume,

2.10.2 USE WITH TYPE 1539 STROBOSLAVE,

The Type 1539 Stroboslave is used with the stroboscope when a
second light source is needed, or when a difficult-to-illuminate object
requires the use of a compact light source, mounted at the end of a flex-
ible cord (see Figure 2-3), Since the Stroboslave has no internal oscil -
lator, the trigger signal is supplied by the Type 1531stroboscope through
a Type 1531-P4 Trigger Cable. Plug the large end of this cable intothe
OUTPUT TRIGGER jack onthe panel of the stroboscope, and plug the
other end into the INPUT jack on the panel of the Type 1539 Stroboslave,

2.10.,3 MULTIPLE STROBOSCOPE USES,

A second Type 1531, or a Type 1538 stroboscope, can be used in
conjunction with the Type 1331 when a second source of flashing light is
needed, A Type 1531-P4 Trigger Cable is requiredto connect the two
ingtruments. Plug the large end of the cable into the OUTPUT TRIGGER
jack of the "master"” Type 1531. Then, plug the small end into the IN-
PUT jack of the "slave’ stroboscope; either a Type 1531 or a Type 1538.
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Figure 2-3. VYibration test, using o stroboscope
and @ Type 1539 Stroboslave.

2.11 USE IN HIGH-SPEED PHOTOGRAPHY.

The short duration of the light flash from a Type 1531 Strobutac,
triggered by a controlled time -delay pulse from the Type 1531-P2 Flash
Delay, allows the photographer to capture on the film the image of very
fast moving objects (see Figure 2-4), The instrument can be triggered

FLASH DELAY

TYPE 53%
sTroaoTAC®

Figure 2-4. Stroboscope, Flash Delay, ond Photoelec-
tric Pickoff used for high-speed photography.

15



BoLE mm  rurnroscaAr W R EL s s B
g@

y an external signal (e.g.., from a photocell or microphone) for syn-
hronization of a single flash, or can be set to flash at a given rate for
wltiple exposures. The entire system should be checked for proper
yachronization before the film is loaded into the camera.

Determining correct film exposure is simplified by the use of a
uide number (GN) that relates the lamp-to~subject distance (d) to the
amera-aperture setting (f):

GN

f =

d

he guide number, as determined from Figure 2-5, is used for single-
ashapplications. When repetitive flashing of the stroboscope is required,
1e guide number mustbe multipled bya correction factor (Guide Number
tultipler - K) taken from Figure 2-6.

It is necessary in computing aperture setting to modify the distance
aeasured between the stroboscope and the subject, The light from the
nit must be considered as coming from a point 1,5 feet behind the front

200
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7
&
5
4
3
2 HIGH
AT INTENSITY
L]
100 . L~
3 = MEDIUM
6 — INTENSITY
5 el
4 o o
3 7 y LOW
L~ L~ LT INTENSITY
2 // " & ]
* 1 P
bt L~
L~ L1 o~
10 e -
9 e
8 P — =
6 hg”™
s N P o
4
3 i H
2 / //”
L
| //
10 2 3 4 56789100 2 3 4 5678310C0O 2 3 4 36789210000
FILM SPEED (ASA)

Figure 2-5. Guide number versus film speed for Type 1531
intensity settings. Data for single-flash operation: see Fig
ure 2-§ for correction required for repetitive Hashing.



of the reflector. Therefore, 1.5 feet must be added to the measured
distance between the stroboscope and subject. For example, if this dig-
tance is 2 feet, use 3.5 as the aumber to be divided into the guide mumber
to obtain aperture seiting,

The guide numbers showsn in Figure 2-5 should be regarded as only
a starting point for obtaining correct exposure, Contrast between subject

30,000

T ¥ : :
| e LOW INTENSITY
20,000 [

10,000

= 4,000 T MEDIUM INTENSITY

LOGO HIGH INTENSITY.

1 0.8 05 pEea

O ©.9 0.8 o7

GUIDE NUMBER MULTIPLIER-K

Figure 2.6, Guide number correction for repetitive
flashing with o Type 1531 Stroboscope.

and background, type of film, development techniques, and many other
variables should also be taken into consideration, Trial photographs are
most helpful in determining optimum exposure. Follow the film manu-
facturer's recommendations when processing the film,

For detailed information on the use of the stroboscope for photo-
graphic applications, refer to General Radio's "Handbook of High-Speed
Photography.
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ECTION 3

PRINCIPLES OF OPERATION

.1 BASIC STROBOSCOPE OPERATION.

1.1 WHAT IS A STROBOSCOPE?

A stroboscope is a source of fashing light that can be synchronized
'ith any fast, repetitive motion so that a rapidly moving device gseems to
tand still, or to move slowly.

To illustrate this principle, consider the following example:

L]
Assume a white disc, with a single black dot, mounted on
the shaft of an 1800-rpm motor,

Whenthe disc is rotatingat 1800 rpm, it is impossible for
the human eye to distinguish a single image and the dot
will appear to be a blurred continuous circle.

When iliuminated by the flashing stroboscope light, syn-
chronized to flash once every revolution of the disc (when
the dot is at 3 o'clock, for example), the dot will be seen
at this position —and only at this position ~at a rate of

& 1800 times each mimte, Thus, the dot will appear to
"freeze" or stand still,
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Now, if the flashing rate of the stroboscopeisslowed to
1799 flashes per minute, the dot will be illuminated at a
slightly different position each time the disc revolves,
and the dot will appear to move slowly in the direction of
rotation through 360°and arrive back at its original posi-
tion (3 c¢'clock) one minute later,

A similar movement, but in a direction opposite the ro-
tation of the dot, will be observed if the flashing rate of
the stroboscope is increased to 1801 rpm. If desired, the
; rate of apparent movement can be speeded up by further
increases or decreases in the stroboscope flashing rate,

When the image is stopped, the flashing rate of the stroboscope
equals the speed of the moving object and, since the flashing rate is
known, the speed of the object is also known, Thus the stroboscope has
a dual purpose of measuring speed and of apparently slowing down or
stopping rapid motion for observation. The practical significance of the
slow-motion effect is that, since it isa true copy of the high-speed motion,
all irregularities (vibration, torsion, chattering, whip) present in the
high-speed motion can be studied,

3.1.2 SINGLE AND MULTIPLE IMAGES.

Single images will occur at the fundamental speed of the object
under observation, and at predictable submultiples of the fundamental
speed. Multiple images will be observed at various speeds above and
below the fundamental speed, Refer to paragraphs 2,8.1 and 2.8.2,

When the Type 1331 Strobotac is used for observation purposes
only, the ability to distinguish between single and multiple images is
usually not necessary., When making speed measurements, however,
the operator must be able to make this distinction, Generally, odd-
shaped (not symmetrical) objects cause little difficulty, Assume, for
example, a fan with only one blade: the single blade will be seen when
a single image occurs, two blades (180° apart) will be seenwhen a double
image occurs, three blades (120°apart) will be seen when a triple image
occurs, etc.

But when the object is symmetrical in shape (fan with 4 blades, for
example), multiple images cannot always be distinguished from a single
image. This difficulty is easily overcome; simply upset the symmetry
of the object byapplying a reference markwith pencil, paint, chalk, tape,
etc, See Figure 3-1.

3.2 CIRCUIT DETAILS.
3.2.1 GENERAL.

The Type 1531 Strobotac consists basically of a strobotron, an
oscitlator to determine the flashing rate of the strobotron, and a power

19



@IIFE I921-AD 31 KWUDW I AL

>

supply, Compoenent designations in the following paragraphs refer to
the schematic diagram, Figure 4-7,

3.2.2 STROBOTRON TUBE,

In most modern strohoscopes, the flash occurs inside a xenon ~filled
tube, The gas in the tube is ionized bythe rapiddischarge of a capacitor,
The gas must then delonize before the next flash can occur. This deioni-
zation time sets the limit on the maximum flashing rate of the instrument,
Iftoohigha voltage is applied across the tube before it is deionized, an
erratic condition (continuous conduction) known as "held-over” will
result,

The strobotron tube contains two main elements, a cathode and an
anode, A discharge capacitor acts as a low impedance source of voltage
across these electrodes, The gas, however, remains pon-conducting
{deionized} until a pulse of high voltage is applied to trigger wires inter -

Gear not marked for speed measurement, Simple
observation is possible but observer cannot be
certain if image is single or multiple,

Single image observed with tape applied to one tooth
of gear,

‘ Multiple {double) image observed withtape applied

to one tooth of gear, Images are 180°apart,

Multiple (triple) image observed with tape applied
to one tooth of gear, Images are 120" apaxt,

15312

Figure 3-1. Single and multiple imoges of a rotating gear as
observed with o stroboscope.
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spersed between the two electrodes. This trigger pulse ionizes the gas
and causes current to flow through the tube, thus geperating an intense
flash of white iight,

3.2.3 STROBOTRON CIRCUIT.

The high-voltage output from the trigger circuit is capacicively
coupled from T2to the strobotron, The coupling capacitors are built into
the ceramic insulator in the swivel neck,

The energy to flash the strobotron is stered in the discharge cap-
acitors C10, CLl, and Cl4, The correct capacitance for each RPM range
is connected across the strobotron by the range switch, After the stro-
botron flashes, the active capacitors are recharged to 800 volts de, The
unused capacitors are kept charged to 800 volts to reduce arcing at the
switch contacts when the range-switch setting is changed.

3.2.4 OSCILLATOR,

The flashing rate of the instrument is controlled by an internal os-
cillator, The two sections of the oscillator tube (V1) constitute a bistable
circuit; in such a circuir, one section conducts while the other section
is shut off, Then, very rapidly, the two sections reverse states., Fach
section isalternatelyturned on and off at a rate determined by the values
of resistors and capacitors in the circuit and the voltage setting of R3
(RPM control), Several of these components are adjustable by panel con-
trolg, The RPM control is R3; R] and R5 are the calibration screw -
driver adjustments, The range switch (S2) introduces the proper timing
capacitor into the circuit to step the flashing rate up or down by a factor
of 6,

3.2.5 TRIGGER CIRCUIT,

The output of the oscillator (V1) is applied to the thyratron tube
{(V2) through C8, The thyratron, together with C9 and the pulse trans-
formex T2, is used to produce the high -voltage pulse necessaryto trigger
the strobotron,

3.2,6 POWER SUPPLY,

A voltage -doubler power supply furnishes 400 and -400 volts dc
to operate the strobotron, The +400-volt supply is filtered bya two-stage
R-C filter to obtain the +250 volt supply. The power transformer is cap-
able of operating on line frequencies ranging from 50 to 400 c¢/s, and is
normally wired for either 115~ or 230-volt operation (see Figure 4-7),

3.2.7 EXTERNAL SYNCHRONIZATION,

For operating with an external synchronizing signal, the oscillator
circuitis converted to aconventional, amplitude-sensitive, bistable cir-
cuit. The RPM control varies the bias on V1 so that optimum sensitivicy
for sine wave or pulse input signals can be obtained,

The greater the amplitude of the input signal, the greater will be
the range of biasvalues that will allow proper flashing of the stroboscope,

21
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The dnput circuit can alsc be driven by an external contactor, In
such operation, half of the dc voltage divider, comprising R32 and R33,
is short-circuited by the closing of the external contactor, The positive
pulse required to operate the thyratron is generated bythe inmput circait,
upon the opening of the external contactor switch, Thus the flashing is
synchronized with the opening of the switch, not with the closing.

The input impedance at the panel imput jackis about 500,000 ohms.
Because of the dc voltage divider, about 50 volts dc ispresent at the input
terminals,

Three frequency ranges for external input are provided: LOW
INTENSITY, MED INTENSITY and HIGH INTENSITY. Operation above
the maximum frequencies indicated will not damage the strobotron, but
operation may become erratic, On the LOW INTENSITY range, the in-
strument can often be synchronized at frequencies up to 600 ¢/s (36,000
rpm) or higher, before the strobotron begins to misfire,

In LINE/EXT INPUT position, the Type 1531 Strobotac is synchroni -
zed with the power -line frequency, by means of an ac voltage from the
power transformer applied to the input circuit, This voltage is removed
from the circuit when a plug is inserted inthe INPUT jack, Enough voltage
is available to permit synchronization at all bias (RFPM control} settings.

3.2.8 CALIBRATION CIRCUIT.

To calibrate the frequency dial against power -line frequency, volt -
ages at both the power-iine and the flashing-rate frequencies are super -
imposed across a neon bulb (V5).

When the flashing rate of the strobotron equals the power -line fre-
quency, or a muitiple or submultiple of it, the voltage across V5 will
remain constant and the bulb will not vary in intensity. Depending upon
the phase relation between the strobotron oscillator and the power -line
voltage, the steady-state condition of the neon bulb may be maximum
intensity, partial intensity, or zero intensity.

If the flashing rate of the strobotron differs from the power -line
frequency, the voltage across the neon bulb will vary, and the intensity
will change, at the difference frequency.

The above calibration can easily be made at many flashing rates
between 600 and 7200 rpm. Below 600 rpra, the flashing rate will pro-
duce the appearance of flicker, The flicker frequency will be super-
imposed on the difference, or beat, frequency described above; when
the flicker is pronounced, it may be difficult to distinguish between the
flicker and the beat frequency, Above 7200 rpm, the variation in inten- -
sity may be so slight that calibration is difficult,

22
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SECTION 4

SERVICE AND MAINTENANCE

4.1 WARRANTY.

We warrant that each new instrument manufactured and sold by us
is free from defects in material and workmanship, and that, properly
used, it will perform in full accordance with applicable specifications for
a period of two years after original shipment, Any instrument or com -
ponent thatis found within the two -year period not to meet these standards
after examination by our factory, District Office, or authorized repair
agency persomnel will be repaired or, at our option, replaced without
charge, except for tubes or batteries that have given normal service,

4.2 SERVICE,

The two -year warranty stated above attests the quality of materials
andworkmanship in our products., When difficulties do occur, our service
engineers will assist in any way possible, If the difficulty cannot be elim -
inated, please write or phone our Service Department, giving full informa-
tion of the trouble and of steps taken toremedy if. Be sure to mention the
type and serial numbers of the instrument,

Beforereturning aninstrument to General Radio for service, please
write to our Service Department or nearest District Office, requesting a
"Returned Material Tag",Use of this tag will ensure proper handling and
identification. Ifor instruments not covered by the warranty, a purchase
order should be forwarded to avoid unnecessary delay,

4.3 MINIMUM PERFORMANCE STANDARDS.
4,3,1 GENERAL.,

The following procedure is recommended for incoming inspection
or periodic operational testing. (Calibration instructions are given in
paragraph 2,7.)
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4,3.2 PRELIMINARY TEST.

Comnect the Type 1531 to a power source and turn on the POWER
switch, Observethe actionof the flash tbe, it must not be erratic on any
of the three speed ranges.

4,33 FLASHING-RATEH TEST.

A synchronous motor outfitted with a disk mounted on the motor
shaft is recommended for this test, The motor can be any commercially
available 1800 rpm (60 cycle) or 1500 rpm (50 cycle) synchronous unit in
good working order. The disk should be clearly marked with a large dot
slmilar to the one described in paragraph 3.1,

Refer to Table 4-1 for the number of patterns that will appear on
the disk at various RPM settings of the stroboscope, Proceed as follows:

a, Turn thestroboscope on andallow it to warm up for at least ten
minutes.

b, Set the range switch to the 4000-25,000 RPM range and set the
RPM contrel to 21,600 (18,000 for 1500 rpm motor, refer to Table 4-13,
Adjust the HIGH CAL control on the panel to obtain a stationary pattern
of 12 images as indicated in the table,

c. Set the RPM dial to 5400 (4500 for 1500 rpm motor) and adjust
the LLOW CAL control to obtain a stationary pattern of 3 images.

d. Set the RPM controt to 21,600 (18,000 for 1500 rpm motor) and
obtain a stationary, 12 -image patiern. Keeping the RPMdial fixed, switch
the range switch to 3600 (middle range) and 600 (lower range}. I the
RPM dial must be changed more than 1% in order to obfain a stationary
pattern, refer to paragraph 4.5,11.

e. Check all points in Table 4-1 to an accuracy of £1%,. If checks
exceed the specified accuracy, follow the adjustment procedure outifned
in paragraph 4,5.11 and then perform the Flashing-Rate test again,

4.4 MAINTENANCE.

4.4,1 GENERAL,

The following paragraphs contain general maintenance information
and brief instructions for replacing the fuse and the strobotron lamp.

4,4,2 CLEANING OF REFLECTOR AND COVER,

Since the inside of the reflector is well protected by the cover
and by the seal at the swivel arm, it is improbable that impurities in
the air will collect on the reflective surface, However, if it should
become necessary to clean the inside of the refiector, first pull the
reflector from the swivel assembly. Remove the cover by pushing on
the edge of the cover at each of the three fingers that clamp over the
reflector housing. Use a soft, lint-free cloth to clean the reflector
surface and cover. If necessary, moisten the cloth with water, Do not
use solvents of any kind, as they may mar the surface,

A
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Table 4-1
CALIBRATION WITH SYNCHRONOUS MOTOR
AND ONE-SPOT DISK
RPM Dial RPM Dial
50-cycle  60-cycle No. of 50-cycle 60-cyele  No, of
i500-rpm  1800-rpm  Spots 1500-rpm  1800-rpm  Spots
motor motor Seen motor motor Seen
125 150 1 3000 3600 2
250 300 1 3750 4500 5
300 360 i 4500 5400 3
375 450 1 £000 7200 4
500 600 1 7500 9000 5
£00 720 2 9000 10, 800 )
750 900 1 10,500 12,600 7
900 1080 3 12,000 14,400 8
1000 1200 2 13,500 16,200 9
1125 1350 3 15,000 18,000 10
1200 1440 4 16,500 19,800 11
1250 1300 5 18,000 21,600 12
1500 1800 1 19,500 23,400 13
2000 2400 4 21,600 i4

4.4.3 LOOSE FREQUENCY DIAL,

I the frequency (RPM} dial turns when the range-switch position
1s changed, the range-switch knob aad mask are rubbing against the
frequency dial. Remove the scale-mask assembly and reposition the
frequency dial, Refer to paragraphs 4,7.3 and 4.7,.4 for detailed instruc-
tions. When mounting the scale~mask assembly, be sure to maintain
sufficient clearance between the mask and the dial. It is not necessary
for the mask to project above the rim of the frequency dial to obtain
adequate clearance.

4,44 CASE WILL NOT LOCK PROPERLY,

if the screws that fasten the side plates of the handle assembly
to the cover become loose, proper operation of the slide pins may
become difficult or impossible. Clese the instrument and set the slide
pins in the lock position by moving the side plates up or down, Tighten
the screws on the side plate. Check operation in the open position,
If necessary, loosen the side plate screws and reposition these plates
slightly so the case will lock in both open and closed positions.

4.4.5 REPLACEMENT OF STROBOTRON LAMP.

To replace the strobotron lamp, remove the reflector from the
swivel assembly by pulling it away from the panel of the instrument,

an
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Figure 4- 1. Side internal view of Type 1531 stroboscope with etched
board swung open.

Do not take off the reflector cover to replace the lamp. Make certain
the replacement lamp is fully seated in the lamp socket.

WARNING

Avoid contacting the strobotron pins when removing the old
lamp. When the instrument is turned on, 800 volts is present
at the lamp pins. Also, the lamp may be quite hot (tempera-
ture) if the instrument has been turned on for a period of time.

4,46 REMOVAL OF INSTRUMENT FROM CASE.

To remove the instrument from the case, open the case and place
the instrument with the panel in a vertical position. Make certain to un~
plug the power connector before starting the next step. Remove the four
screws from the side of the case opposite the panel and pull the instru-
ment forward. For access to the parts located om the panel, remove
the screw directly under the INPUT jack, and pivot the etched board
containing the power transformer away from the panel (see Figure 4-1).
Avoid damage to parts, do not aliow the etched board to swing free.

4.4,7 REPLACEMENT OF FUSE,

To replace the fuse, first remove the instrument from the case
{refer to paragraph 4.4.6). The fuse is located near the front of the
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instrument on the etched board (see F1, Figure 4-2). Be sure to insert
a proper value fuse, as indicated in the parts list.

4.5 TROUBLE ANALYSIS,

4.5.1 GENERAL,

A Gemneral Radio Type 1806 Electronic Volumeter, or any reliable
voltohmeter, can be used for most checks described in the following
paragraphs,

4.5.2 PRELIMINARY CHECKS.

If the stroboscope i inoperative, makethe following simple checks
before removing the instrument from its case:

a. Check thatvoltage is available at the power receptacietowhich
the unit is connected,

b. Check that the voltage and power-line frequency of the power
source agree with the data on the panel of the instrument, ¥ coaver-
sion for a different input voltage is required, refer to paragraph 4.5.3.

¢. Check that the range switch is not in one of the EXT INPUT
positions.

d. Ture the instrument off and turn it on again after 10 seconds,
(The thyratron may hold over if the instrument is in an EXT INPUT
position when a plug is inserted in the INPUT jack.)

vé4 vz 8 Vi c4 R7 Clo
R23 '

AT4  AT2 R24 Ti C5 C6 R33 R32 RS R&

Figure 4-2. Top internal view of Type 1531 Strobotac.
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4.5.3 CONVERSION FOR DIFFERENT INPUT VOLTACE.

To convert from one line-voltage input to another, remove the
jumpers which interconnect the transformer windings. These jumpers
are located on the etched board. Connect the proper jumpers asnoted on
the schematic diagram (see Figure 4-7), Terminals ATl and AT4 are
those located nearestto the fuse. See Figure 4-2. The numbers are silk~
screened on the reverse side of the board. Insert a proper value fuse.

If the input voltage is changed, the plate on the panel, just above
the power cord, should either be removed or marked to indicate the
correct power mnput required, Recommendation: remount the plate
with the reverse side up and print new input requirements with an in-
delible marking device,

4.5.4 NO FLASH —NO DIAL LIGHT.

If the strobotron tube will not flash and the RPM dial is not ill-
uminated; unplug the instrument, remove it from the cage, and:

a, Check for open fuse. If fuse blows when replaced, refer to
paragraph 4.5.5,

b, Flip power switch on and check for continuity between pins
of power -cord plug, If continuity check indicates an open circuit, check
power switch and continuity of the power input circuit,

It is possible that the pilot lamp is defective and there is also
some other difficulty preventing the strobotron from flashing. Refer
to paragraphs 4.5.6 and 4.5.7.

4.5.3 INSTRUMENT BLOWS FUSES,

If the stroboscope continualiy blows fuses {see Figures 4-1, 4~2,
and 4-7):

a. Make certain replacement fuse is correct value.

b. Make certain transformer is properly connected.

c. Check for accidental short circuits to ground at secondary of
power transformer (ATS), or +400-volt {(AT17) and -400-volt (AT20)
lines.

d. Check for possible short circuits across C12C or C13.

e. Check for low back resistance of rectifier diodes CR1, CR2,
CR3, and CR4. Measure forward and back resistance of each diode.
(Measured values will depend upon type of instrument and scale used.)
The back resistance should be much greater — 100 times greater, for
example ~than the forward resistance, (The +400~ or -400-volt supply
will probably be low if diodes are faulty).

£.5.6 NO DIAL ILLUMINATION,

If the indicator under the RPM dial is not illuminated, but the
strobotron lamp fires, pilot lamp (P1, Figure 4-1) is defective. To re-
place, swing backthe etched board (refer to paragraph4.4.6) and unelip
‘he lamp socket from its bracket, The lamp can now be easily replaced,
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4.,5.7 STROBOTRON DOES NOT FLASH,
If the strobotron lamp will not flash, but the pilot fight is on;

a, Check that the range switch is not in one of the EXT INPUT
positions,

b. Turn the instrument off and turn it on agaln after 10 seconds,
‘The thyratron mavyhold over if the instrument is in an EXT INPUT posi-
tion when a plug is inserted in the INPUT jack,

c. Make certain the strobotron is firmly seated in the lamp socket
(refer to WARNING paragraph 4.4.5),

d. Check power -supply volitages (+250V, +400V, and -400V),

e. Replace V1 (5963) or V2 (5727).

4,5.8 STROBOTRON FLASHES ERRATICALLY.

If the strobotron lamp arcs at the base, the lamp is at the end of
its useful life and should be replaced.

a. U the strobotron fires erratically when the stroboscope is
triggered from an external contactor, the trouble may be due to con-
tact bounce at the contactor contacts,

b, Ifthe strobotron lamp flashes at the same rate, regardless
of the RPM dial setting on all three speed ranges, potentiometer R3
(see Figure 4-~1) is probably open-circuited,

c. If erratic firing continues, the trouble is probably due to hoid
over and the strobotron lamp should be replaced.

4,5,9 NO INDICATION FROM CALIBRATION LAMP,

If the stroboscope flashes, but the CAL indicator lamp remains
out when the HIGH CAL and LOW CAL settings are adjusted (see Fig-
ures 4-1 and 4-2):

a, The CAL indicator neon lamp V5 may be defective. Remove
the instrument from its case and then remove the two screws that se-
cure the lamp holder to the instrument panel, Unsolder the lamp from
the terminals and replace with a new lamp.

b. The neon lamp V4 may be defective. Unsolder the lamp from
the etched board and replace with a new lamp.

¢, Capacitor C3, or resistor RZ2, R23, R24, or R29 may he
defective, Replace if necessary.

4.5.10 INSTRUMENT CANNOT BE CALIBRATED,

If the stroboscope cannot be calibrated by following instructions
given in Section 2, OPERATING PROCEDURE, see Figures 4-1 and 4-2,
and check the following:

a. Tube V1 {5965) may be defective. Replace if necessary.

b. If the unit cannot be calibrated at either the 3600 RPM or 900
RPM positions, check rheostats R1 and R3, and resistors R2 and R6 for
proper values,

20
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<. Check that the RPM control has not become loose and moved
with respect to the shaft of R3. I so, refer to paragraph 4.7.4.
d. Check capacitor C5 for proper value,

4.5.11 INCORRECT RATIO BETWEEN RANGES,
NOTE

In the following steps, the calibration settings are those to be
used with a 60-cycle motor; if a 50 -cycle motor is used, ob-~
tain corresponding settings from Table 4-1 or multiply these
settings by 5/6.

If the 6:1 ratio between frequency ranges is not correct within 1%,
see Figures 4-1 and 4-2, and proceed as follows:

a. Set up a synchronous motor fitted with a disk, as described in
paragraph 4.3.3.

b. Remove the instrumentfrom the case (refer to paragraph 4.4.6)
so that potentiometer R7 and R§ are accessible, These potentiometers
are located one on each side of the range switch on the etched board.

c. Allow the instrument to warm up for at least one hour,.

d. Set the range switch to the 4000-25,000 RPM range and set the
RPM control to 21,600 RPM. Adjust the HIGH CAL control on the panel
to obtain a stationary pattern of 12 images,

e, Set the RPM dial to 3400 RPM and adjust the LOW CAL control
on the panel to obtain a stationary pattern of 3 images,

f. Repeat steps d and e until no further adjustment is necessary.

. Set the range switch to the 670-4170 position and set the RPM
dial to 3600 RPM.

h, Adjust potentiometer R7 so thata stationary patternof 2 images
is obtained, Check operation at 900 RPM by adjusting the RPM control
until the image is stationary. The correct setting should be iess than
one-half division from the 900 RPM mark. H the setting is not correct,
repeat steps d, e, f, and check setting again,

i. Set the range switch to the 110-690 RPM position and set the
RPM control to 600 RPM.

i+ Adjust potentiometer RS so that a single stationary image is
obtained, Check operation at 150 rpm. The stationary-image setting
should be within one-quarter of a division of the 150 RPM mark. If not,
repeat steps d, e, and { before checking this setting again.

k. If the above procedure does not correct the difficulty, try re-
placing tube VI (5965), and check values of C4, C5, and C6,

4.6 TEST VOLTAGES.

Testvoltages fromtube pinsto ground are shown on the schematic
diagram, Figure 4-7, Voltages are de unless otherwise indicated.
Deviations of up to 20 percent from the stated dc voltage shouid not be
considered abnormal. Voltage ranges given for V1 are to be measured
with R3 (the RPM control} either fully clockwise or fully counter clock=
wise (refer to VOLTAGE MEASUREMENTS on schematic diagram),

b1aY
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4.7 REPLACEMENT OF MECHANICAL PARTS.

Although the stroboscope is designed for use in manufacturing,
test, and other areaswhere the working enviroament is often unsuitable
for precisionelectronic instruments, certain mechanical parts mounted
on the outside of the instrument case may eventually become contam-
inated or damaged, To replace these parts (see Figure 4-3), refer to
the following instructions,

PvaT
BLOGKS
1531 THO
o COVER
WASHERS . _
8020- 0600 @@‘-—-.,_\ . B3 - T20

DAL
1531 - 1010

SCALE-

MASK i/

ASSEMBLY
1S3 1060

§ SWIVEL-
SUPPORT
ASSEMBLY
183I-2020

Figure 4-3. Locotion and part numbers of mechanizal parts for the
Type 1531 Strobotac.

47,1 REFLECTOR AND COVER,

Remove the old reflector by pulling it away from the swivel-
support assembly. Mount the new reflector by sliding it onto the swivel-
support assembly until the spring-loaded detent button snaps into the
groove inside the reflector base.

To replace the reflector cover, remove the old cover by pushing
on the edge at each of the three flanges that clamp over the rim of the
reflector housing, Then, mount the new cover by pulling the edge of
the cover toward the rim of the refiector housing until the three flanges
snap securely in place.

4.7.2 SWIVEL-SUPPORT ASSEMBLY, PIVOT BLOCKS, AND WASHERS,

See Figure 4-4. To replace the swivel-support assembly:

a. Remove the reflector, the stroboiron lamp, and then remove
the instrument from its case,

b. Loosen (do not remove) two nuts (A) and slide the two pivot
blocks apart, (The heads of the two screws (B) clamp the pivot blocks
in position when nuts (A) are tightened.)

27
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¢. Unsolder the three swivel-support assembly leads (X, Y, %)
and remove the assembly,

NOTE

If desired, the pivot blocks and washers may
now be replaced.

d. Position the new swivel-support assembly so that the strobotron
tube socket and leads (X, Y, Z) can be mounted as shown in Figure 4-4.

e, Insert leads (X, Y, Z) through the slot between screws B,
and hold the swivel-support assembly in position between the two pivot
blocks, Slide the pivot biocks together and tighten nuts (A), The pivot
action of the swivel-support assembly may need adjustment; if so,

loosen one nut (A), adjust the corresponding pivot block, and tighten
the mat again,

f, Solder leads (X, Y, Z)to terminals (see Figure 4-4),
4.7.3 SCALE-MASK ASSEMBLY.
To replace the scale-mask assembiy:

4. Set the range switch to the 4000-25,000 RPM position,
b, Loosen the two setscrews in the scale-mask assembly hub
and remove the assembly from the range-switch shait.

B X Yy oz B
Figure 4.4, internal view of Type 1531

Strobotac. Lead connection terminals
and mounting of swivel-support assembly.
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¢, Mount the new scale-mask assembily on the shaft and center
the 4000-25000 RPM window in the dial over the white panel segment
beneath the dial,

d. Tighten both setscrews securely.

4.7.4 DIAL,
To replace the dial:

a, Remove the instrument from the case,

b, Set the range switch to the 4000-25000 RPM position and re-
move the scale -mask assembly (refer toparagraph 4,73, steps a and b).

¢, Note the approximate dial setting and remove the dial from
the potentiometer shaft without turning the shaft., To remove the dial,
loosen the two setscrews in the dial hub under the instrument panel,

d. Mount the new dial at the approximate setting noted in step
c. Tighten one setscrew in the dial hub,

CAUTION

The dial should not rub against the panel when rotated; allow
for a minimum clearance of 1/14 inch.

e. Rotate the dial from the limit stopin one direction to the limit
stop in the other direction, Note the distance between the red marker
and both ends of the 4000-25000 RPM scale. (The ends of the scale
should travel approximately 1/4 inch beyond the red marker.) Adjust
the dial until the red marker is eguidistant fromboth ends of the scale,

i, Tighten both setscrews in the dial hub,

g. Mount the scale-mask assembly (paragraph 4,7.3, steps ¢ and
d,} and mount the instrument in the case,

h, Calibratethe stroboscope before making speed measurements,

2



Figure 45a. Etched-board layout of Type 1531 Oscillator-

Trigger circoit {part number for complete assembly: 1531
2700).

NOTE: The number appearing on the foil side is not the port number.
The dot on the foil ot the transistor socket indicates the collector lead.



Figure 4-5b, Eiched-board layout of Type 1531 Switch Circuit (part
number for complete assembly: 1531.2710).

NOTE: The number cppearing on the foll side is not the part number,
The dot on the foil at the trensistor socket indicates the collector lead.

FREQUENCY 250 QUTPUT
Low CONTROL - 400V y TRIGGER
A AN SANA B AN Y -
FRCIME—A W W 73 . it v
b + 535pf
= s s i +250 +400 =
FA) -
HigH 3 b it
CEL - §( ] " R AN Bt \
TG RS & " I Y I e P . I
= e B i =T T
=
Gl vz —iH LS
5727
& = pscwrce | kT
2 CAPACITOR | 7
2l
. : : — R .l
A\ - 7\ e AR v FARN ] /
OSCILLATOR & TRIGGER GENERATOR  THYRATRON TRIGGER STROBOTRON POWER SUPPLY
Figure 4-6.

Elementary schematic diogram for Type 1531 Strobotac.



REF NO

Cl

CLl
CLIA
iz
Cil2C
C18
Cl4
<13
Cl6

R1

R3
R4

B3
R&

R3
RS
RiD
Rii
Ri2
Ri3
Rid
RES
Rio
R17
R15
R19
R20
R2i
R22
R23
Rid
R23
R16
R27
Ris
R1%
R31
R332
Ri3
R34
R35"®

#Part

of

DESCRIPTION

Ceramic, 0.01 pF $20% 500V
Plastic, 00047 u¥ =10% 600 V
Plaseic, 0.182 p¥F =19 400V
Plastic, 00301 plF 21% 400 V
Plastic, 0,00523 uF 1% 400 V
Ceramic, 10 pF 2107 500 ¥
Ceramic, 100 pF =10% 500 V
Plagtic, 0.0047 p¥ +10%W 600V
Viscofilm, G047 uF =10% IN00 ¥
Viscofilm, 0,22 n1F 210% 1000 V
Electrolytic, 30 uF 450 V
setrolytic, 25 uF 450 v
crrolytic, 23 pF 450 V
Flectrolytic, 4 pF 475 ¥
Viseofilm, 1.15 pf 0% 1000 v

Geramic, 0,01 uF +80 -20% 2000 ¥

Ceramic, 0,0047 ¢F 210% 500 v

Potentiometer, composition 5 k2 £10%  6010-0800

Composition, J.Z k@ £25% 1w

Potentiometer, composition $0 k{2 224

Composition, 108 k2 #5% 1/2 W

Potentiometer, composition 2,5 m £20% 5010 -2450

Composition, 3.3 mQ 5% 1/2 W

Potentiometer, composition 500kR+10% 5018-2200
Potentiometer, composition 500 k110§, 6010-3200

Compogition, 1S kQ+3% W

Composition, 240 kG +37 1/2 W
Composition, LI mg +5% 1/2 w
Composition, 10 k@ +5% 1w

Composition, 8.2 k8 3

Composition, 240 k& &
Composition, 100 kO ¢
Composition, 310 k2
Composition, 24 k&
Compaosition, 1 ki

1/2 W
Composition, 160 kg = IGZ W
Ceramic, 37 kR £10% 25 W
Composition, 82 kR +10% LW
Composition, 100 k& + /

Compeosition, 6.8 ksz x

Wire-wound, 2,7 22 =1
Composition, 10 k&2 £3
Composition, 150 &Q£53% 1/2 W

Wire-wound, 6,8 £:10% 1/2 w
Composition, 1 mt /2w
Composition, 1 m /2w
Composition, 3,32 m2 £3% 1/4¢ W
Composition, 100 Q £3% /2 w
T2,

Choke, 680 pH £107
Diode, Type 1N3254
Diode, Type 1N3254
Divde, Type 1N3254
Diode, Type IN3254
Diode, Type IN3255
BV, 054

30V, 0254

Fuse,

Jack

jeck

Pilot light, Type 2 LAP«939, 6.3 V
Switch, Toggle, DPST

Switch, Rotary wafer
Transformer

Transformer

Tube, Type 3965

Tabe, Type 5727

Tabe, Strobotron, Type 1538-P1
Tube, Type NE-2H

Tube, Type NE-2H

*Part of T2,

kIS

PARTS LIST

PART NO  FMC
CAPACITORS
4406-3109 72982
4360-7400 34411
4300-7900 84411
4B60-7600 84411
4800-7500 84411
4400-1100 73438
4400-4600 72982
43607400 84411
13314000 84411
1531-0470 24635
44300800 56289
A4300800 36289
4430-0800 36289
4430-2008 30183
15314020 74801
4428-3109 72982
4407-2478 72982
RESISTORS

SHI2L

6110-3125 (112}
09754030 24685
6100-4103 01121
12697

6100-3335 01121
0121

PASEAY

6119-3135 01121
6100-4245 01121
6100-3115  0Li2
ol0-31053  0i121
6115-2823 431121
6l00-4245 0112}
G100-4105 01121
$100-4513 0112l
GIO0-3243  0iidl
b 01121
£123-410%  D1I2]
1531410 24633
6118-3829 01121
6100-4105 01121
6L0-4185 01121
6LO0-4565  QE12L
6123-0313 01121
6110-2685 (1121
7600279 75042
6120-3103 01121
6100-4355 01121
a760-9689 75042
610-5108 01121
6100+3105 01121
6099~3335 73042
SI00-110%  DHi2]

MISCELLANEQUS

4300-4600 99300
6081-1002 09213
G081-1002 09213
608L-1002 09213
6081-1002 (9213
60HL-1008 79089
5330-1000 71400
5330-0700 71400
L535-0490 24655
4260-1030 82389
S6O0-0700 24452
791)-8353  0400%
7890-1830 75854
0345-4760 24655
I531-2000 246585
S380-5963 24446
83803727 38173
1338-9601 24453
B390-0300 24446
83900300 24446

MFG. PART NO,

211, 0,01 ¥ 120%
463, 047 pF
663, 0182 uF =
663, 0.0301 uF %19’

663, 0,00523 pF 1%,
G4, 10 pF 2107
313GP8, 100 pF
663, 0LT pF £1

S63UW, 0,047 uiF
1531 -0470
28936

68 VlSCO Film
#3458
341, 0.0047 uF 2109

188021
RC32GF123]
0475 -4030
RC2OGFL04]
53M8, 2.5 M 4207,
RCZIGF335]

U, 500 X8 10
U, 500 k& 107
RC32033153]
RO20CGF244]
ROZNGF115]
RC3I2GF103]
RC32GFR22]
RCZ0CGF244]
RC20GFLO4}
ROZOGFS14]
ROZ0GF245]
RO20GE102]

HB, 100 k22 =10%
15310410

CB, 82 kG £10%,
ROZOGFLO4]
RGOGF154]
ROZ0G 64T
RCAIGFSI0]
RC32GI682]
BWH, 2,7 22109,
RC42GF103]
RO20GF154]
BWH, 6.8 2 £10%
RC20GE 105}
RC20GRI05]
BTS, 3.3 Wi 5%
RCIOGFIGL]

3500, 680 uH £10%
EN3234

IN3254

iN3254

1N3234

IN32583

MDL, 0.5 &

MDL, 25 A
1531-5490
111
MAZDA 44
83053
Type M
D345 -4766)
1581 -2000
59565

5727
1538-9601
NE-2H
NE-2H

FsN

5910-977-7579
5910 ~5842 -2960
3910-842-2974
5910842 -2973
5910-842-24758
3910061 -8236
59106683463
39108422960
SRI0-842-2973
5910 -893 ~087Y
S910-977-25329
391G977-2329
3910-977~2829
3910851 -7073
5910893 -0873
3010 -919-2310
3910 -842-9584

5905 -904 -996
5605-200-2549
5905-808-0933
3905-195-6741

5905-279-1883
3905-797-3764
5905-797-3768
3905-299-2028
3903-279-2521
3903 -279-1868
B905-279-1719
5605-279-1718
5905-279-2521
3805-195-6761
39038-279-2516
2905-279-1878
39065-195-6808

5905-100-7594
50052992005
5005 +193-6761
5905-274-2522
5905-27¢-2514
5905 -252-5425
3905-209-2036
5005-794-3857
SO05-185-6516
590532792502
5905 -03G-2613
3905 -192-0390
59051920330
5905 -800-3955
50051903889

5961 -082-3988
3961 342 -3938
5961 -082-3988
5661 -082+3988
3561 -904-3242
3920-196-9493

5520-%33-5435

5935 -683 -2746
6240-057-2887
30 -989-5982

3950 -893 ~0943
59308950938
5960272 -8358
5960-284-0285

6240 -721-5071
6240731 -5071



STROBOSCOPE REFERENCE MATERIAL

HANDBOOK OF STROBOSCOPY
Price: $1.00.

HAMDBOOK OF HIGH.SPEED PHOTOGRAPHY
Price: $1.00.

THE STROBOSCOPE IN THE TEXTILE INDUSTRY
Handbook, free on request,

STROBOTAC ® ELECTRONIC STROBOSCOPES
Brochure, free on request.
on request,

STROBOTACTICS

Quarterly bulletin, ask to be put on
mailing list.

NOMOGRAPH FOR USE IN MEASURING
SPEEDS BEYOND THE FLASHING
RATE OF THE TYPE 1531 STROBOTAC

The nomograph on the following page can beused to determine guickly
the fandamental speed of an object from two successive submultiple images.

To use the nomograph, find the point on the X scale corresponding to
the highest flashing rate atwhich a true stopped-motion image occurs,
Then find the pointon the Y scale where the nextlower true stopped image
occcurs, Heold a straightedge so thatit intersects the X and Y scales at the
points plotted, The straightedge should intersectthe n scaleat an integer,
Multiply the X scale value by this integer to determine the fundamental
speed.,

Example:
Suppose that the first true stopped-motion image is obtained at 20,000
rpm, the next lower one at 15,000 rpm, A line drawn through 20 on the X

scaleand 15 on the Y scaleintersects the n scale at 3, Thereforethe fun-
damental speed is 3 x 20,000 rpm, or 66,000 rpm.

an
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Nomograph for use with Type

16216

1531-AB Strobotac.



