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WARNING
HIGH VOLTAGE

is used in the operation of this equipment.

DEATH ON CONTACT
may result if personnel fail to observe safety precautions.

Learn the areas containing high voltage
in each piece of equipment.

Be careful not to contact. high-voltage or 115-volt ac input connections
when installing or operating t his equipment.

Before working inside the equipment, turn power off and ground points of
high potential before touching them.



SPECIFICATIONS

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

Accuracy: + 1 9, 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, respcctively, 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 103,
3.5 X 108 and 11 X 10 lux at 1 meter distance at the center of
the beam); for single flash, 18 million beam candles (18 x 10% lux
at 1 meter distance at the center of the beam).

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

Qutkput Trigger: 600- to 800-V negative pulse available at panel
jack.

External Triggering: 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 to 400 c¢/s.
Maximum power input is 35 W.

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

Accessories Available: TypE 1531-P2 Flash Delay and Type
1536-A Photoelectric Pickoff | Type 1539-A Stroboslave with
Type 1531-P4 Trigger Cable , and Type 1532-D Strobolume
with TypE 1532-P3 Trigger Cable

Mechanical Data: Flip-Tilt Case

Net Shipping

Width Height Depth Weight Weight

n mm n | omm in |mm W | kg | Wb |/fg
10%1 | 270 6% 170 6V i160 7% 133 9 I 4.1

T Includes handle.

See also General Radio Expertmnenter, September 1960.
U.S. Patent Nos. 2,966,257 and 2,977,508.
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SECTION 1

INTRODUCTION

1-1. PURPOSE.

The Type 1531 Strobotac is a versatile flashing-light source that
is used to measure the speed of fast-moving objects or to produce the
optical effect of stopping or slowing down high-speed motion for purposes
of observation, analysis, or high-speed photography.

1-2. DESCRIPTION.

1.2.1 GENERAL.

The Type 1531 is a portable electronic stroboscope that emits a
high-intensity, short-duration, flash of light. The instrument includes
a strobotron lamp and reflector, an electronic pulse generator that con -
trols the flashing rate, and a line-operated power supply. A built-in
calibration system utilizes the power-line frequency for checking and
adjusting the flashing -rate calibration,

The strobotron lamp and reflector assembly is mounted on a swivel
arm which can be pivoted 180°; the reflector can be turned 360°. Thus,
the operator can conveniently aim the light beam in almost any direction
while the instrument is hand-held or mounted in a stationary position. The
high -intensity light will adequately illuminate most moving objects - even
in relatively high ambient light - and it permits observation of distant
and difficult-to-illuminate objects, in otherwise inaccessible areas.

The Type 1531 Strobotac is housed in the General Radio Flip-Tilt
case, which protects the instrument when it is not in use and also serves
as a convenient support for the instrument during operation (see Figure]
[1-1). When in use, the instrument can be held in the operator’s hands.
placed on any convenient flat surface, mounted on a conventional tripod,
or supported by the neck strap provided.



Figure 1.1. Type 1531 Strobotac® Electronic Stroboscope
showing controls and connectors.



1.2.2. CONTROLS AND CONNECTORS.
All controls and connectors are conveniently located on the panel

of the instrum%@uﬁ]for location of controls and connectors
referred to in

Table 1-1
CONTROLS AND CONNECTORS
(seelEigure L1
Ref Name | Use
1 | POWER Switch Turns power on and off.
2 RPM Control Controls flashing rate of light by rotating

fluted rim. Dial is calibrated directly in
revolutions per minute.

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

RPM Ranges External Input

110-690 RPM — High Intensity — 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 Calibration
Indicator Lamp adjustments (Ref. 5) for calibrating RPM
dial to power-line frequency.
5 HIGH CAL, Calibration adjustments used for calibra-
LOW CAL ting RPM dial.
6 | OUTPUT TRIGGER Trigger pulse available at this jack for
Jack triggering Strobotac Types 1531 and 1538,

Type 1539 Stroboslave, or Ty 532 Stro -
bolume. (Refer to paragraph and 2.10
for connection cables required.)

7 INPUT Jack Used for connecting Stroboscope to external
synchronizing signal from electrical device
or mechanical contactor.

8 Reflector -Lamp Produces and aims flashing light.
Assembly
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
10),

10 Holder Pin Secures plug-end of power cord when in-
strument is to be scored in case.

‘Flashes at 3600 rpm until external signal is plugged in.



1-3. ACCESSORIES.

Table 1-7 lists the accessories supplied with the Type 1531 Strob-
otac.

Table 1-2

ACCESSORIES SUPPLIED
Part Number Description Quantity

1531-7070 Neck Strap

4270-1100 Plug, for input and output jacks
5330-1000* Fuse, 0.5A, for 115-V operation
5330-0700* Fuse, 0.25A, for 230-V operation

N N =

* Fuses supplied for voltage specified.

1-4. AUXILIARY EQUIPMENT.
Table 1-3|lists General Radio accessorv equiment and auxiliary

light sources available for use with the Type 1531 Strobotac.

Table 1-3

AVAILABLE ACCESSORY EQUIPMENT
AND LIGHT SOURCES

Type Description
ACCESSORIES
1531-P2 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- to 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-volt
operation (refer to m 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 top of
the instrument to release these pins.)

c. Using the palm 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
handle. The instrument 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 sliding the locking buttons to-
ward the handle.

2-3. CLOSING THE CASE.

Before closing the instrument, 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 clockwise around the knob and reflector. Secure the power-cord
plug by sliding the ground terminal of theplug onto the holder pin (10,
. 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 observed before turning the
stroboscope on:

a. Before plugging the power connector into 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 assembly to an upright position and snap the
power switch on. The stroboscope will be ready for use in about 10 seconds.

2-5. POSITIONING THE STROBOSCOPE.

The light beam can be aimed 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. If the 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 mask reveal only the range
in use. A red line inscribed below the RPM dial indicates the frequent y
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.

2-1. Self Test.

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
Type 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.



To, TEST the stroboscope, proceed as follows:

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

b. Refer to SELF TEST table in the instrument cover or to[Tablel
[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 -
pending range required to make these settings.

c. Set the RPM dial to the exact HIGH CAL RPM dial setting called
for in the SELF TEST table.

d. Adjust the HIGH CAL screwdriver control until the on -off pattern
of the CAL neon indicator lamp stops, or nearly stops (ref
graph[2.7.2),

e. Set the RPM dial at the exact LOW CA L RPM dial setting indicated
in the SELF TEST table and adjust the LOW CA L 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 f.
This step is usually not necessary unless the LOW CAL adjustment was
changed substantially.

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

——————— Table 2-1
é SELF TEST DATA
Powe+Line RPM Dial Settings
Frequency HIGH CAL LOW CAL .
50 3000 750
60 3600 900
400 24,000 6000

2.7.2 SELF TEST ERROR.

The action of the CAL indicator lamp is used to determine when
either of the HIGH CAL or LOW 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 generlly accurate enough for
most speed measurements. If desired, the SELF TEST 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 SELF TEST error by:

RPM

= rpm error
line frequency (c/s) XT



where T = time (in seconds) for one cycle of CAL indicator lamp

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

900
— . 7.5 rpm
60X2

2-8 SPEED MEASUREMENT.

2.8.1 FUNDAMENTAL SPEED.

When measuring the rotational speed of an object, it is recommended
that the RPM dial be set initially at a higher flashing rate than the speed
of the object. Then, slowly reduce the flashing rate until 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 is necessary to double the speed setting to 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
12,500 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|

(3) With practice, and especially when the approximate speed of the
object can be estimated, an operator can accurately 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 distinguish between single and multiple images.
Odd shaped objects usually cause little difficult y, but objects which are
Symmetrical in shape (gear, disc, fan, etc) must be marked to provide
a visiblee reference (refer to PRINCIPLES OF OPERATION,
[31.2).

®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 object, the first single image will be seen when the
flashing rate is equal to the fundamental speed.

® When the flashing rate is below the 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.P).




2.8.2 SUBMULTIPLE SPEED MEASUREMENTS.

If the Type 1531 Strobotac is set to flash 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 rates between
these submultiple, multiple images will be observe2, for
example, shows the number of images that will be obtained at various
stroboscope flashing rates (below the fundamental speed) of a device
rotating at exactly 1800 rpm.

Note the numerical 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.

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.).

Submultiple flashing is necessaryo to observe or measure the speed
of objects moving at rates above 25,000 rpm. Refer t¢ paragraph 2.8.3]
for the method of determining the fundamental speed when submultiple
operation is necessary.

Table 2-2
SUBMULTIPLE SPEED/IMAGE RELATIONSHIP
Sumbmultiples of
Fundamental Number 0f RPM Dial

Speed (1800 rpm) | images Seen* Setting
1 1 1800

5/6 5 1500

4/5 4 1440

3/4 3 1350

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 1 360

1/6 1 300

*At dial settings above fundamental speed, multiple images
always occur. “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 :




a. Starting at 25,000 rpm, decrease the flashing rate of the strob -
oscope until a single image is obtained. Record the RPM dial setting and
call it X.

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

c. Calculate the harmonic number, n, by:

Y
0 = —
X-Y
and round off the value of n to the nearest whole number.

d. Calculate the fundamental speed, S, by:

S= nX
Example:
If X is 22,500 and Y is 16,800 , then:
16,800
n= — =295 =3

22,500-16,800

and the fundamental speed is:
S,= 3 x 22,500 = 67,500 rpm

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 multiple-
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 speed if the rotating or reciprocating motion occurs
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 speed of the object
being observed, the same slow motion will result, but in the opposite
direction.

This stroboscopic technique 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 on a textile spinning frame -these are only a 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 position. 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 PICKOFF.

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 1531 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 controlled delay period between an externally
generated trigger 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 a light source, a simple cylindrical optical system,
and a photocell. Variations in ref lectivity, 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
1531 -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.
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PHOTOELECTRIC TYPE 1531 STROBOTAC®
PICKOF

Figure 2-1. Synchronization of Type 1531 Strobotac with rotating cam, using Type
1531-P2 Flash Delay ond Type 1536 Photoelectric 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 Linear Speed Wheel consists of two black nylon wheels of
difrerent 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-inch white radial strip and the pro-
per 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 illuminated by the flashing light of the stroboscope. The dial of the

12



Figure 2-2. Measuring belt speed on a sanding machine, using Type
1531 Strobotac ond Type 1531-P3 Linear Speed Wheel.

stroboscope is then adjusted to produce the proper stationary image. The
linear speed of the moving object is determined from the stroboscope
dial reading.

The range of surface speeda that can be measured with the large
wheel is 50 to 12,500 FPM (feet per minute); with the small wheel the
range is 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 circumference of 0.5 foot and is marked “SINGLE
IMAGE, FPM = RPM =+ 27, 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 minute 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 =+ 10”. Adjust the stroboscope dial so that a double stationary image
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 CONTACTOR.

For low -speed application (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 contact or is independent
of the speed of rotation. The Type 1531 stroboscope will flash on the
opening of the mechanical contact (refer tol_paragraph 3.2.7),

NOTE

Before connecting the contactor to_the strobo-

scope, make sure the range switch is not in any

one of the EXT INPUT positions. This precaution

will prevent holdover of the thyratron when the

plig 1s inserted. Alter the plig 1s connected,

the range switch can be set to any desired posi-

tion. It the stroboscope Tails _to flash because

of holdover. turn the instrument off, and then

on_again after 10 seconds (refer to paragraph
After making sure the range switch is not in an EXT INPUT position,
connect the contactor to the INPUT jack, using the standard phone plug

supplied. Then the synchronization procedure is as follows:

a. Set the 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 -
tally. 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
multlple flashes when the Type 1535 Contactor is used to synchronize
the stroboscope.

2.9.5 USE OF ELECTRICAL -SIGNAL TRIGGERS.

The instrument can be triggered by any electrical signal of at
least 6 volts peak-to-peak amplitude (maximum of 500 volts). For sine -
wave inputs, the unit will operate with a 2 -volt rms signal down to 5 cfs.

For pulse inputs (i.e., step -wavefront signals), the repet it ion rate
has no minimum value. The instrument can be synchronized with external
signals of frequencies up to at least 24,000 rpm, 400 c/s. (Refer to para -
graph[327)) 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 on the trailing-
edge characteristics of the input pulse.

To operate the unit from an external electrical signal, turn the
range switch to one of the EXT INPUT positions, depending on the fre -
quency of the driving signal. Connect the external -signal source to the
INPUT jack. Observe the precaution given in NOTE,[paragaph 2.9.4]
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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. In
the 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 -
tude inputs, there will be a wide range of settings for the RPM control,
at which 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 by a Type 1531 Strobotac.
A Type 1532-P3 Trigger Cable is required to 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 -B, or -C Strobolume, 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 —mﬂl ure 2-3)] Since the Stroboslave has no internal oscil -
later, the (trigger95|gna is supplied by the Type 1531 stroboscope through
a Type 1531 -P4 Trigger Cable. Plug the large end of this cable into the
OUTPUT TRIGGER jack on the 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 1531 when a second source of flashing light is
needed. A Type 1531 -P4 Trigger Cable is required to connect the two
instruments. 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. Vibration test, using a stroboscope
and a Type 1539 Stroboslave.

2-11 .USE IN HIGH-SPEED PHOTOGRAPHY.

The short duration of the light flash from a Type 1531 Strobotac,
triggered by a controlled time -delay pulse from the Type 1532-P2 Flash

Delay, allows the photographer ture on the film the image of very
fast moving objects (see%@eﬁ?ﬁ? The instrument can be triggered

FLASH DELAY

TYPE 1531
STROBOTAC®

Figure 2-4. Stroboscope, Flash Delay, and Photoelec-
tric Pickoff used for high-speed photography.
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by an external signal (e.g., from a photocell or microphone) for syn-
chronization of a single flash, or can be set to flash at a given rate for
multiple exposures. The entire system should be checked for proper
synchronization before the film is loaded into the camera.

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

GN

f = =

d

The guide number, as determined from is used for single-
flash applications. When repetitive flashing of the stroboscope is required,;

the guide number must be multipled by a correction factor (Guide Number
Multipler - K) taken from[Eigure 2-6|
It is necessary in computing aperture setting to modify the distance

measured between the stroboscope and the subject. The light from the
unit must be considered as coming from a point 1.5 feet behind the front
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Figure 2-5. Guide number versus film speed for Type 1531
intensity settings. Dots for single-flash operatian: sée Fig
ure[2-6] for correction required for repetitive fleshing.
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of the reflector. Therefore, 1.5 feet must be added to the measured
distance between the stroboscope and subject. For example, if this dis -
tance is 2 feet, use 3.5 as the number to be divided into the guide number
to obtain aperture setting.

The guide numbers shown if_Figure 2-§ should be regarded as only
a tarting point for obtaining correct exposure. Contrast between subject

T T T T
LOW INTENSITY

g
//

S 4,000 T~ MEDIUM INTENSITY

1,000 HIGH INTENSITY.

Lo [o:] [oX-} 0.7
GUIDE NUMBER MULTIPLIER-K

0.8 05
Q.8 C3 73374

Figure 2-6.  Guide number correction for repetitive
flashing with a 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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SECTION 3

PRINCIPLES OF OPERATION

3-1.BASIC STROBOSCOPE OPERATION.

3.1.1 WHAT IS A STROBOSCOPE

A stroboscope is a source of flashing light that can be synchronized
with any fast, repetitive motion so that a rapidly moving device seems to
stand still, or to move slowly.

To illustrate this principle, consider the following example:

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

When the disc is rotating at 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 illuminated 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 minute. Thus, the dot will appear to
“freeze” or stand still.
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Now, if the flashing rate of the stroboscope is slowed 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 o ‘clock) one minute later.

A similar movement, but in a direction opposite the ro -
tat ion 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 is a 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 submultiple 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 1531 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 difficult y. Assume, for
example, a fan with only one blade: the single blade will be seen when
a single image occurs, two blades (1800 apart) will be seen when 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 difficult y is easily overcome; simply upset the symmetry

of the object by applying a reference mark with pencil, paint, chalk, tape,

etc. See

3-2. CIRCUIT DETAILS.

3.2.1 GENERAL.

The Type 1531 Strobotac consists basically of a strobotron, an
oscillator to determine the flashing rate of the strobotron, and a power
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supply, Component designations in the following paragraphs refer to
the schematic diagram, Figure 4-7.

3.2.2 STROBOTRON TUBE.

In most modern stroboscopes, the flash occurs inside a xenon-filled
tube. The gas in the tube is ionized by the rapid discharge of a capacitor.
The gas must then deionize before the next flash can occur. This deioni -
zat ion time sets the limit on the maximum flashing rate of the instrument.
If too high a voltage is applied across the tube before it is deionized, an
erratic condition (continuous conduction) known as “hold-over” will
result.

The strobotron tube contains two main elements, a cathode and an
anode. A discharge capacitor acts as a low impeace source of voltage
across these electrodes, The gas, however, remains non-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 with tape 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° apart.

IXLERLEI LAY

/53/-2

Figure 3-1.  Single and multiple images of a rotating gear as
observed with o stroboscope.



spersed between the two electrodes. This trigger pulse ionizes the gas
and causes current to flow through the tube, thus generating an intense
flash of white light.

3.2.3 STROBOTRON CIRCUIT.

The high -voltage output from the trigger circuit is capacitively
coupled from T2 to the strobotron. The coupling capacitors are built into
the ceramic insulator in the swivel neck.

(2) The energy to flash the strobotron is stored in the discharge cap-
acitors C10, Cll, and C14. 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 dc. 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 circuit, one section conducts while the other section
is shut off. Then, very rapidly, the two sections reverse states. Each
section is alternately turned 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-
trols. The RPM control is R3; R1 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 -
former T2, is used to produce the high-voltage pulse necessary to 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 by a 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
circuit is converted to a conventional, amplitude -sensitive, bistable cir-
cuit. The RPM control varies the bias on V1 so that optimum sensitivity
for sine wave or pulse input signals can be obtained.

(2)The greater the amplitude of the input signal, the greater will be

the range of bias values that will allow proper flashing of the stroboscope.
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The input circuit can also 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 by the input circuit,
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 input jack is about 500,000 ohms.
Because of the dc voltage divider, about 50 volts dc is present 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 c/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 in the INPUT jack. Enough voltage
is available to permit synchronization at all bias (RPM control) settings.

3.2.8 CALIBRATION CIRCUIT.

To calibrate the frequency dial against power-line frequency, volt-
ages at both the power -line 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 -
guency, or a multiple 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 rpm, 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.
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SECTION 4

SERVICE AND MAINTENANCE

4-1. WARRANTY.

NOT APPLICABLE

4-2. SERVICE.

NOT APPLICABLE

4-3. MINIMUM PERFORMANCE STANDARDS.

The following procedure is recommended for incoming inspection

or_periodic operational testing. (SELF TEST instructions are given in
m-)
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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 reflector, 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.

25



4.4.3 LOOSE FREQUENCY DIAL.

If the frequency (RPM) dial turns when the range -switch position
is changed, the range -switch knob and mask are rubbing against the
frequency dial. Remove the scale-mask assemblv and reposition the
frequency dial. Refer to[paragraphs 4.7.3land 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.

4.4.4 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. Close 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.
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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 tyrned on tor a period of time.

4.4.6 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 on the panel, remove
the screw directly under the INPUT jack, and pivot the etched board
containing the power transformer away from the panel (seqd Figure 4-1).
Avoid damage to parts, do not allow the etched board to swing free.

4.4.7 REFLACEMENT 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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4,4,8 galibpration.
Calibration will be performed in the AN/TSM-55V5

mainteance calibration shelter.

instrument on the etched board (see Fl,[Eigure 4-2). Be sure to insert
a proper value fuse, as indicated in the parts list.

4-5. TROUBLE ANALYSIS.

45.1. GENERAL.

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

4.5.2 PRELIMINARY CHECKS.

If the stroboscope is inoperative, make the following simple checks
before removing the instrument from its case:

a Check that voltage is available at the power receptacle to which
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. If conver -
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 Turn 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.)

V4 ve c8 Vi Cc4 R7 cl10

AT4 AT2 R24 TI C5 C6 R33 R32 RS

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

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 as noted on
the schematic diagram (see Figure 4-7). Terminals AT1 and AT4 are
those located nearest to the fuse. See 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 input required. Recommendation: remount the plate
with the reverse side up and print new input requirements with an in-
delible marking device.

454 NO FLASH — NO DIAL LIGHT.

If the strobotron tube will not flash and the RPM dia is not ill-
uminated; unplug the instrument, remove it from the case, 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 4.5.4] and 4.5.7.

4.5.5 INSTRUMENT BLOWS FUSES.

If the stroboscope continually 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 (AT5), 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).

45.6 NO DIAL ILLUMINATION.

If the indicator under the RPM dia is not illuminated, but the
strobotron lamp fires, pilot lamp (P1[FEigure 4J1) is defective. To re-
place, swing back the etched board (refer to[paragraph 4.4.6)] and unclip
the 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 light 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 again after 10 seconds.
The thyratron may hold 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 voltages (+250V, +400V, and -400V).

e. Replace V1 (5965) 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. If 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. If the 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 hold
over and the strobotron lamp should be replaced.

4.5.9 NO INDICATION FROM CALIBRATION | AMP.

If the stroboscope flashes, but the CAL indicator lamp remains
out when the HIGH CAL and LOW CAL settings are adjusted
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.

c. Capacitor C3, or resistor R22, R23, R24, or R29 may be
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 and 4-2,
and check the following:

a. Tube VI (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 R5, and resistors R2 and R6 for
proper values.
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c. Check that the RPM control has not become loose and moved
with respect to the shaft of R3. If so, refer to paragraph 4.7.4.
d. Check capacitor C5 for proper value.

4511 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 the-
settings by 5/6 .

If the 6:1 ratio between frequency ranges is not correct within 1%,

se¢ Figures 4-1]and 4-2, and proceed as follows:

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

b. Remove the instrument from the case (refer td_ua.[agj:a.ph_A.A_ﬁ})
so that potentiometer R7 and R8 are accessible. These patentiometers
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 5400 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.

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

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

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

j. Adjust potentiometer R8 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 f before checking this setting again.

k. If the above procedure does not correct the difficulty, try re -
placing tube V1 (5965), and check values of C4, C5, and C6.

4-6. TEST VOLTAGES.

Test voltages from tube pins to ground are shown on the schematic
diagram, Figure 4-7. Voltages are dc unless otherwise indicated.
Deviations of up to 20 percent from the stated dc voltage should 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).
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4-7. REPLACEMENT OF MECHANICAL PARTS.

Although the stroboscope is designed for use in manufacturing,
test, and other areas where the working environment is often unsuitable
for precision electronic instruments, certain mechanical parts mounted
on the outside of the instrument case may eventually become contain -

inated or damaged. To replace these parts (see refer to
the following instructions.

PIVOT .
BLOCKS
i531-7110

COVER

WASHERS
[- 7120
8020-0600 o 153
DIAL
1531-1010 %n‘nx €CTOR

EFLEC

T hs31-7002

SCALE-
MASK
ASSEMBLY
1531-1060

SWIVEL~

SUPPORT

ASSEMBLY
1531-2020

Figure 4-3. Location and part numbers of mechanical parts for the
Type 1531 Strobotac.

471 REFLECTOR AND COVER.

Remove the old reflector by pulling it away from the swivel-
support assembly. Mount the new reflector 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 reflector housing until the three flanges
snap securely in place.

4.7.9 SWIVEL-SUPPORT ASSEMBLY, PIVOT BLOCKS, AND WASHERS.

Seel Eigure 4-4. To replace the swivel-support assembly:

a. Remove the reflector, the strobotron 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.)

32



c. Unsolder the three swivel-support assembly leads (X, Y, Z)
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
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 blocks 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 nut again.
f. Solder leads (X, Y, Z) to terminals (see m}

473 SCALE _-MASK ASSEMBLY.
To replace the scale-mask assembly:

a. 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 shaft.

Zz B

Figure 4-4. Internal view of Type 1531
Strobotac. Lead connection terminals
and mounting of swivel-support assembly.
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c. Mount the new scale-mask assembly on the shaft and center
the 4000-25000 RPM window in the dial over the white panel segment
beneath the dial.

a. Tighten both setscrews securely.

474 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 to|paragraph 4.7.3,|steps a and b).

c. 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 1/16 -inch.

e. Rotate the dial from the limit stop in 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 equidistant from both ends of the scale.

f. 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. Calibrate the stroboscope before making speed measurements.
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Figure 4-5a. Etched-board layout of Type 1531 Oscillator-
Trigger circuit (part number for complete assembly: 1531.

2700).

NOTE: The number oppearing on the foil side is not the port number.
The dot on the foil at the transistor socket indicates the collector lead.
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Figure 4.5b. Etched-board layout of Type 1531 Switch Circuit {part
number for complete assembly: 1531.2710).

NOTE: The number appearing on the foil side is not the part number.
The dot on the foil at the transistor socket indicotes the collector lead.
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Figure 4.6.
Elementary schematic diagram for Type 1531 Strobotac.



APPENDIX A

BASIC ISSUE ITEMS LIST

Basic issue items list will be published at a later date.
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APPENDIX B

MAINTENANCE ALLOCATION CHART

Sectionl. INTRODUCTION

B-1. General

This Maintenance Allocation Chart designates overall responsi-
bility for the performance of maintenance functions on the iden-
tified end item or component. The implementation of field main-
tenance tasks upon this end item or component will be consistent
with the assigned maintenance operations,

B-2. Maintenance Functions
Maintenance functions will be limited to and defined as follows:

a. Inspect. To determine serviceability of an item by comparing
its physical, mechanical and electrical characteristics with estab-
lished standards.

b. Test. To verify serviceability and to detect electrical or
mechanical failure by use of test equipment.

e. Service. To clean, to preserve, to charge and to add fuel,
lubricants, cooling agents, and air, If it is desired that elements,
such as painting and lubricating, be defined separately, they may
be so listed.

d. Adjust. To rectify to the extent necessary to bring into
proper operating range.

e. Align. To adjust specified variable elements of an item to
bring to optimum performance.

f. Calibrate. To determine the corrections to be made in the
readings of instruments or test equipment used in precise mea-
surement. Consists of the comparison of two instruments, one of
which is a certified standard of known accuracy, to detect and
adjust any discrepancy in the accuracy
compared with the certified standard.

g. Install. To set up for use in an operational environment
such as an emplacement, site, or vehicle.
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h. Replace. To replace unserviceable items with serviceable
like items.

i. Repair. Those maintenance operations necessary to restore
an item to serviceable condition through correction of material
damage or a specific failure. Repair may be accomplished at each
category of maintenance.

j. Overhaul. Normally, the highest degree of maintenance per-
formed by the Army in order to minimize time work in process
is consistent with quality and economy of operation. It consists
of that maintenance necessary to restore an item to completely
serviceable condition as prescribed by maintenance standards in
technical publications for each item of equipment. Overhaul nor-
really does not return an item to like new, zero mileage, or zero
hour condition.

k. Rebuild. The highest degree of materiel maintenance. It
consists of restoring equipment as nearly as possible to new con-
dition in accordance with{ original manufacturing standards.
Rebuild is performed only when required by operational con-
siderations or other paramount factors “ and then only at the
depot maintenance category. Rebuild reduces to zero the hours
or miles the equipment, or component thereof, has been in use.

I. Symbols. The uppercase letter placed in the appropriate
column indicates the lowest level at which that particular main-
tenance function is to be performed.

B-3. Explanation of Columns

Listed below is an explanation of the column shown in the main-
tenance allocation chart:

a. Column 1, Group Number. Column 1 lists group numbers,
the purpose of which is to identify components, assemblies, sub-
assemblies, and modules with the next higher assembly.

b. Column 2, Functional Group. Column 2 lists the names of
components, assemblies, subassemblies, and modules on which
maintenance is authorized.

c. Column 3, Maintenance Functions. Column 3 lists the lowest
level at which that particular maintenance function is to be per-
formed.

d. Column 4, Tools and Equipment. This column shall be used
to specify, by code, those tools and test equipment required to
perform the designated function.

e. Column 5, Remarks. Self-explanatory.
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Section Il.

MAINTENANCE ASSIGNMENT

Electronic Stroboscope—General Radio 1581-AB

Maintenance funetion
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APPENDIX C

REPAIR PARTS LIST

C-1.
This appendix provides a list of ( ) repair parts for main-

tenance support of the equipment. The parts along with their
descriptions are listed in[tables C—1|and C-2 below.

C-2.
Instructions for requisitioning parts not identified by Federal

stock numbers require the following information be furnished to
the Supply Officer:

a. Manufacturer's Federal supply code number.
b. Manufacturer’s identification number.
c. Manufacturer's nomenclature.

d. Any other information as listed on parts list that will aid
in identification of the item being requisitioned,

C-3.
If DD Form 1348 is used, fill in all blocks except 4, 5, 6, and

Remarks field in accordance with AR 725-50. Complete form as
follows :

u. In blocks 4, 5, and 6 list manufacturer’s Federal supply code
number followed by a colon and the manufacturer’'s part number.

b. Complete Remarks field as follows: Nomenclature of the
repair part and any other identification to assist Supply Officer
in procurement.

C-4.

The reporting of errors, omissions, and recommendations for im-
proving this publication by the individual user is encouraged.
Reports should be submitted on DA Form 2028 (Recommended
Changes to Publications) and forwarded direct to Commanding
Officer, Frankford Arsenal, ATTN: AMSWE-SMF-W3100, Phil-
adelphia, Pa. 19137.
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Table C-1. Repair Parts List

Circuit
symbol Nomenclature Mfg part No. fg code No. | uantity FSN

C3 Capacitor 4860-7400 24655 1 5910-842-2960
C4 Capacitor 4860-7900 1 5910-842-2974
Cb Capacitor 4860-7600 1 5910-842-2973
Cé Capacitor 4860-7500 1 5910-842-2975
C10 Capacitor 1531-4000 1 5910-538-7982
C11 Capacitor 1531-0470 1 5910-893-0877
C12 Capacitor 4450-0800 1 5910-666-5627
C13 Capacitor 4450-2000 1 5910-893-0879
Ci4 Capacitor 1531-4020 1 5910-893-0873
D1,2,34 Diode 6081-1002 4 5960-082-7347
F1,2 Fuse 5330-1000 2 5920-131-9814
P1 Pilot Lamp 56000700 1 6240-057-2887
R1 Potentiometer | 6010-0800 1 5905-964-9963
R3 Potentiometer |0975-4030 1 5905-893-0953
RE Potentiometer |6010-2450 24655 1
R7,R8 Potentiometer |6010-2200 1 5905-823-3359
R20 Resistor 15310410 1 5905-100-7894
S1 Switch 7910-0200 1
S2 Switch 7890-1830 1 5930-893-0866
T-1 Transformer |0347-4760 1 5350-893-0943
T-2 Transformer |1551-2000 1 5950-893-0938
Vi Tube $3C9-5965 1 5960-272-8558
V2 Tube 8380-5727 1 5960-269-4762
V3 Strobotron 1531-9601 1
V4,V5 Tube 8390-0300 ¥ 2

Swivel Support [1531-2020 24655 1 6625-893-0948

Assembly.




Table C-2.

PARTS LIST

REF NO DESCRIPTION PART NO FMC
CAPACITORS
Cl Ceramic, 0,01 pF +20% 500 V 4406-3109 72982
3 Plastic, 0.0047 uF t10% 600 V 4860-7400 84411
C4 Plastic, 0.182 pF +1% 400 V 4860-7900 84411
Cs Plastic, 0.0301 pF £1% 400 V 4860-7600 84411
Cb Plastic, 0.005323 pF 1% 400 V 4860-7500 84411
c7 Ceramic, 10 pF #10% 500 V 4400-1100 78488
CB Ceramic, 100 pF $£10% 500 Vv 4400-4600 72982
9 Plastic, 0.0047 pF +10% 600 V 4860-7400 84411
C10 Viscofilm, 0.047 pF x10% 1000 V 1531-4000 84411
Cl1 Viscofilm, 0.22 pF x10% 1000 V 1531-0470 24655
Clza Electrolytic, 50 pF 450 v 4450-0800 56289
C12B Electrolytic, 25 pF 450 v 4450-0800 56289
ci2¢ Electrolytic, 25 pF 450 V 4450-0800 56289
€13 Electrolytic, 4 pF 475 V 4450-2000 80183
Cl4 Viscofilm, 1,15 pF 10% 1000 V 1531-4020 74861
C13 Ceramie, 0.01 pF +80 -20% 2000 V 4428-3109 72982
Cl6 Ceramic, 0.0047 uF t10% 500 V 4407-2478 72982
RESISTORS
R1 Potentiometer, composition 5 k@ +10% 6010-0800 01121
R2 Composition, 12 k@ 5% 1 W 6110 -3125 01121
R3 Potentiometer, composition 50 kf +2% 0975-4030 24655
R4 Composition, 100 k2 5% 1/2 W 6100-4105 01121
RS Potentiometer, composition 2,5 m Q2 £20% 6010-2450 12697
R6 Compesition, 3.3 m 5% 1/2 W 6100-5335 0112}
R7 Potentiometer, composition 500 k2 +10% 6010-2200 01121
R8 Potentiometer, composition 500 kQ #10% 6010-2200 01121
R9 Composition, 15 kQ 5% 1 W 6110-3155 01121
R10 Composition, 240 kQ +5% 1/2 W 6100-4245 01121
Ril Composition, 1,1 mQY £5% 1/2 W 6100-5115 01121
Ri2 Composition, 10 kQ £5% 1 W 6110-3105 01121
R13 Composition, 8.2 kQ +5% 1 W 6110-2825 01121
R14 Composition, 240 kQ 5% 1/2 W 6100-4245 01121
R15 Composition, 100 kQ +5% 1/2 W 6100-4105 01121
RI16 Composition, 510 k@ +5% 1/2 W 6100-4515 01121
R17 Composition, 24 k2 +5% 1/2 W 6100-3245 01121
R18 Composition, 1 k@ 5% 1/2 W 6100-2105 01121
R19 Composition, 100 kQ +10% 2 W 6120-4109 01121
R20 Ceramic, 27 k2 +10% 25 W 1531-0410 24655
R21 Composition, 82 kQ +10% 1W 6110-3829 01121
R22 Composition, 100 kQ £5% 1/2 W 6100-4105  (Ol121
R23 Composition, 150 kQ +5% 1/2 W 6100-4155 01121
R24 Composition, 560 k2 5% 1/2 W 6100 -4565 01121
R25 Composition, 51 @ +5% 2 W 6120-0515 01121
R26 Composition, 6.8 kQ 5% L W 6110-2685 0112}
R27 Wire~wound, 2,7 2 10% 1/2 W 6760-9279 75042
R28 Composition, 10 kQ +5% 2 W 6120-3105 0li21
R29 Compoagition, 150 kR £5% 1/2 W 6100-4155 01121
R31 Wire -wound, 6,8 @ +10% 1/2 W 6760~9689 75042
R32 Composition, l mQ £5% 1/2 W 6100-5105 01121
R33 Composition, 1 mQ £5% 1/2 W 6100-5105 01121
R34 Composition, 3,3 mR +5% 1/4 W 6099-5335 75042
R35* Composition, 100 @ +5% 1/2 W 6100-1105 01121
*Part of T2,
MISCELLANEOUS

ol Choke, 680 pH 210% 4300-4600 99800
CR1 Diode, Type 1N3254 6081-1002 09213
CR2 Diode, Type IN3254 6081-1002 09213
CR3 Diode, Type 1N3254 6081-1002 09213
CR4 Diode, Type 1N3 254 6081-1002 09213
CRS5* Diode, Type IN3255 6081 ~1003 79089
£l Fuse,us V,0.5A 5330-1000 71400

230V,0.25A 5330-0700 71400
Ji Jack 1531-0490 24655
32 Jack 4260-1030 82389
Pl Pilot light, Type 2 LAP-939,6.3V 5600-0700 24454
SL Switch, Toggle, DPST 7910-8353 04009
52 Switch, Rotary wafer 7890-1830 76854
Tl Transformer 0345-4760 24655
T2 Transformer 1531-2000 24655
Vi Tube, Type 5965 8380-5965 24446
V2 Tube, Type 5727 8380-5727 33173
V3 ‘Tube, Strobotron, Type 1538-P1 1538-9601 24655
V4 Tube, Type NE-2H 8390-0300 24446
V5 Tube, Type NE-2H 8390-0300 24446
*Part of T2,

MFG. PART NO.

811, 0.01 pF +20%,
663, .0047 BF £10%
663, 0,182 pF £1%
663, 0,0301 pF £1%
663, 0.00523 uF 1%
GA, 10 pF +10%,
315GP6, 100 pF

663, 0047 pF £10%
663UW, 0.047 uF £10%,
1531-0470

D28936

D28936

D28936

D32845

#2368 Visco Film
#3858

841, 0.0047 pF +10%

785021
RC32GF123]
0975 -4030
RC20GF104]

53 MS, 2.5 M £20%,
RC20GF335]

JU, 500 k2 £10%
JU, 500 k2 £10%,
RC32GG153]
RC20GF244]
RC20GF115]
RC32GF103]
RC32GF822]
RC20G F244]
RC20GF104]
RC20GF514]
RC20GF243]
RC20GF102]

HB, 100 k© £10%
1531-0410

GB, 82 kQ £10%
RC20GF104]
RC20GF154]
RC20GF564]
RC42GF510]
RC32GF682]
BWH, 2.7 @ +10%,
RC42GF103]
RC20GF154]
BWH, 6.8 @ +10%
RC20GF105]
RC20GF105]
BTS, 3.3 MQ +5%
RC20GF101§

3500, 680 puH £10%
1N3254

1N3254

1N3254

1N3254

1N3255

MDL, 0.5 A

MDL, .25 A
1531-0490
#111
MAZDA 44
83053

Type H
0345-4760
1531-2000
5965

8727
1538-9601
NE-2H
NE-2H

FSN

5910-977-7579
5910-842-2960
5910-842-2974
5910-842-2973
5910-842-2975
5910-061-8236
5910-668 -3463
5910-842-2960
5910-842-2973
5910-893 -0877
5910-977-2829
5910-977-2829
5910-977-2829
5910-931-7073
5910-893 -0873
5910-919-2510
5910-842-9584

5905-964-9963
5905-299-2549
5905 -893 -0953
5905-195-6761

5905-279-1883
5905-797-3768
5905-797-3768
5905-299-2028
5905-279-2521
5905-279-1868
§905-279-1719
5905-279-1718
§905-279-2521
5905-195-6761
5905-279-2516
5905-279-1878
5905-195-6806

5905-100-7894
5905-299-2005
5905-195-6761
5905-279-2522
5905-279-2514
5905-252-5425
5905-299-2036
5905-794-3857
5905-185-8516
5905-279-2522
5905-930-2613
5905-192-0390
5905-192-0390
5905-800-3955
5905 -190 -8889

5961-082-3988
5961-082-3988
5961-082-3988
5961 -082-3988
5961-964-5242
5920-199-9498

5920-933 -5435

5935-683 -2746
6240-057-2887
5930-989-5982

5950-893 -0943
5950-893 -0938
5960-272-8558
5960-284-9285

6240-731-5071
6240-731-5071



(Located in back of manual)



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

The nomograph on the following page can be used to determine quickly
the fundamental 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 at which a true stopped-motion image occurs.
Then find the point on the Y scale where the next lower true stopped image
occurs. Hold a straightedge so that it intersects the X and Y scales at the
points plotted. The straightedge should intersect the n scale at 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
scale and 15 on the Y scale intersects the n scale at 3. Therefore the fun-
damental speed is 3 x 20,000 rpm, or 60,000 rpm.
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Nomograph for use with Type 1531.AB Strobotac.
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By Order of the Secretary of the Army:

W. C. WESTMORELAND,
General, United States Army,
Official: Chief of Staff.
KENNETH G. WICKHAM,
Major General, United States Amy,
The Adjutant General.

Distribution:

To be distributed in accordance with DA Form 12-37, Operator require-
ments for Gun, 20-mm XM163; DA Form 12-40, Operator/Crew require-
ments for Gun, 20-mm XM167.

w U.S. GOVERNMENT PRINTING OFFICE : 1993 - 342-421/63381






Table C 2. PARTS LIST

. DESCRIPTION PART NO
ETCHED CIRCUIT BOARDS
cBig—4-8=Oscillator /Trigger 1531-2700
CPig—#5H Switch Circuit 1531-2710
MECHANICAL PARTS

"Dial Assembly 1531-1010

Scale -Mask Assembly 1531-1060

Knob Assemblyt 1531-1120

[Eig43 Swivel -Support Assembly 1531-2020
Reflector 1531-7002

Pivot Block 1531-7110

Cover, reflector 1531-7120

Spring Washer 1531-8110

.Washer 8020 -0600

Foot, soft 5260-0760

Cover Assembly 1531-2055

Case Assembly 1531-1130

Handle Assembly 1531-2050

TPart of Scale-Mask Assembly (1531 -1060).

Conti nued

FMC

24655
24655

24655
24655
24655
24655
24655
24655
24655
24655
24655
24655
24655
24655
24655

MFG. PART NO.

1531-2700
1531-2710

1531-1010
1531-1060
1531-1120
1531-2020
1531 -7002
1531-7110
1531-7120
1531-8110
8020 -0600
5260-0760
1531 -2055
1531-1130
1531-2050

FSN

Code

00192
00194
00656
01009
01121
01295
02114

02606
02660
02768

03508

03636
03888
03911
04009

04713
05170

05624
05820
07127

07261
07263

07387
07595

07828
07829
07910
07983
07999

08730
09213
09408
09823
09922
11236
11599
12498

12672

12697
12954
13327
14433
14655
14674
14936
15238

15605
16037
19644
19701
21335
24446
24454
24455
24655
26806
28520
28959
30874
32001
33173
35929
37942
38443
40931
42190
42498
43991

49671
49956

8/68

FEDERAL MAN UFACTURERS CODE

Monut

From Federal Supply Code for

ks Hé-1

rers C

|
(Mome to Cade) and H4-2 (Code to Nome) as supplemented through June, 1967.

Manufacturers Name and Address

Jones Mfg. Co., Chicago, lllinois

Walsco Electronics Corp., Los Angeles, Calif.

Aerovox Corp., New Bedford, Mass.
Alden Products Co., Brockton, Mass.
Allen-Bradley, Co., Milwaukee, Wisc.
Texas Instruments, Inc., Dallas, Texas
Ferroxcube Corp- of America,

Saugerties, N. Y. 12477
Fenwal® Lab, Inc., Morton Grove, IlI,
Amphenol Electronics Corp., Broadview, Ill.
Fastex Division of Ill. Tool Works,

Des . Rtcuiess I1l. 60016
G. E. Semiconductor Products Dept.,

Syracuse, N. Y. 13201
Grayburne, Yonkers, N. Y. 10701
Eymﬁlm Resistor Co., Cedar Knolls, N. J.

lairex Corp., New York N. Y. 10001
Arrow, Hart and Hegeman Electric Co..

Hartford, Conn. 06106
Motorola Semi - Conduct Product

Phoenix, Ariz. 85008
Engineered Electronics Co., Inc.,

Santa Ana, Calif. 92702
Barber-Colman Co., Rockford, Ill. 61101
Wake field Eng., Inc., Wake field, Mass. 01880
Eagle Signal Div. of E. W. Bliss Cn..,

Rarabon. Wisc.

Avnet Corp., Culver City, Calif. 90230
Fairchild Gamera and Instrument Corp.,

Mountain View, Cali.f
Birtcher Corp., No. Los Angeles, Calif.
American Semiconductor Corp., Arlingtan

Heights , Ill. 60004
Bodine Corp., Bridgeport, Conn. 06605
Bodine Electric Co., Chicago, Iil. 60618
Continental Device Corp., Hawthomne, Calif.
State Labs Inc., N, Y., N, Y. 10003
Amphenol Corp., Borg Inst. Div.,

Delavan, Wisc, 53115
Vemaline Prod. Co.. Franklin LakessM.J.

General Electric Semiconductor, Buffalo, N. Y.

Star -Tronics Inc., Georgetown, Mass. 01830
Burgess Battery Co., Freeport, Ill.
Burndy, Corp., Norwalk Conn. 06852
C. P.S. of Berne, Inc., Berne Ind, 46711
Chandler Evans Cotp N Haxtford Conn.
Teledyn Inc., Crystalomcs Div.,
Cambridge, Mass. 02140
RCA Commercial Receiving Tube and Semi-
conduct or Div., Wood ridge, N.}.
Claros tat Mfg. Co. Inc., Dover, N. H. 03820
Dickson Electronics Corp., Scottadaleg.drrz.
Solitrone Devices, Tappan, N. Y. 10983
ITT Semiconductors, W. Palm Beach, Florida
Cornell Dubilier Electric Co., Newark N. J.
Corning Glass Works, Corning, N. Y.
General Instrument Corp., Hicksville, N. Y.
ITT, Semiconductor Div. of Int. T. and T,
Lawrence, Mass.
Cutler-Hammer Inc., Milwaukee, Wisc. 53233
Spruce Pine Mica Co., Spruce Pine, N. C.
LRC Electronics, Horseheads, New York
Electra Mfg. Co., Independence, Kansas 67301
Fafnir Bearing Co., New Briton, Conn.
G. E. Schenectady, N. Y. 12305
G. E., Electronic Comp., Syracus e, N. Y.
G. E. (Lamp Div), Nela Park, Cleveland, Ohio
General Radio Co., W. Concord, Mass 01781
American Zettler Inc., Costa Mesa, Calif.
Hayman Mfg. Co., Kenilworth, N. J.
Hoffman Electronics Corp,. E1 Manse, Calif.
International Business Machines, Armonk, N.¥
Jensen Mfg. Co., Chicago, Ill. 60638
G.E. Comp., Owensboro, Ky., 42301
Constanta Co,, Mont. 19, Que.
P. R. Mallory and Co. Inc., Indianapo lis, Ind.
Marlin-Rockwell Corp., Jamestown, N. Y.
Honeywell Inc., Minneapolis, Minn. 55408
Muter Co., Chicago, Iil. 60638
National Co. Inc., Melrose, Mass. 02176
Norma-Hoffman Bearings Corp.,
Stanford. Conn. 06%¥4
RCA, New York, N. Y.
Raytheon Mfg. Co., Waltham, Mass. 02154

Code Manu facturers Nome ond Address

53021 amo Electric Co., Sprm%leld Iil. 62705

54294 Sha cross Mfg. Co.,
54715  Shure Brothers, Inc,, Evanston, IlI.

56289  Sprague Electric Co., N, Adams, Mass.
59730 Thomas and Betts Co., Elizabeth, N. ]. 07207

59875 TRW Inc. (A ries Div), Clevel

60399  Torrington Mig. Co., Torrington, Conn.
61637  Union Carbide Corp., New York, N, Y. 10017

61864  United-Carr Fastener Corp., Boston, Mass.

63060  Victoreen Instrument Co., Inc.,
Cleveland, Ohio

d, Ohio

63743  Ward Leonard Electric Co., Mt. Vernon, N. Y.
65083  Westinghouse (Lamp Div), Bloom field, N. J.

65092  Weston Instruments, Weston-Newark ,

Newark, N. J.
Atlantic -India Rubber Works, Inc.,
Chicago, I11. 60607
70563  Amperite Co., Union City, N. J. 07087
70903  Belden Mig. Co., Chicago, Ill. 60644

71126  Bronson, Homer D., Co., Beacon Falls, Conn.
71294  Canfield, H. O. Co., Clifton Forge, Va. 24422
71400 Bussman Mig, Div. of McGraw Edison Co.,
St. Louis, Mo.
71590  Centralab, Inc., Milwaukee, Wisc. 53212
71666  Continental Carbon Co., Inc., New York, N. Y.
71707  Coto Coil Co. Inc., Providence, R. I.
71744  Chicago Miniature Lamp Works, Chicago, Il
71785  Cinch Mfg. Co. and Howard B. Jones Div.,
Chicago, 111, 60624
71823  Darnell Corp., Ltd., Downey, Calif. 90241
72136 Electro Motive Mg, Co., Willmington, Conn.
72259  Nytronics Inc., Berkeley Heights, N. ]. 07922
72619  Dialight Co., Brooklyn, N. Y. 11237
72699  General Instrument Corp., Capacitor Div.,
Newark. N. ]. 07104
72765  Drake Mfg. Co., Chicago, Ill. 60656
72825 Hugh H. Eby, Inc., Philadelphia, Penn. 19144
72962 Elastic Stop Nut Corp., Union, N. J. 07083
72982  Erie Technological Products Inc., Erie, Penn.
73138  Beckman, Inc., Fullerton, Calif, 92634
73445 Amperex Electronics Co., Hicksville, N. Y.
73559  Carling Electric Co., W. Hartford, Conn.
73690  Elco Resistor Co., New York, N. Y.
73899 J.F.D. Elec(ronics Corp., Brooklyn, N. Y.
74193  Heinemann Electric Co., Trenton, N. J.
74861  Industrial Condenser Corp., Chicago, Ill.
74970  E.F.Tp hnson Co., Waseca, Minn. 56093
75042  IRC Inc., Philadelphia, Penn. 19108
75382  Kulka Electric Corp., Mt. Vernon, N. Y
75491  Lafayette Industrial Electronics, Jamaica, N.Y,
75608 Linden and Co., Providence, R. I.
75915 Littelfuse, Inc., Des Plaines, Ii}, 60016
76005  Lord Mfg. Co., Erie, Penn. 16512
76149  Malloy Electric Corp., Detroit, Mich. 48204
76487  [ames Millen Mfg. Co., Malden,Mass. 02148
76545  Mueller Electric Co., Cleveland, Ohio 44114
76684  National Tube Co., Pittsburg, Penn.
76854  Oak Mig. Co., Crystal Lake, Ill.
77147  Patton MacGuyer Co., Providence, R, I.
77166  Pass -Seymour, Syracuse, N, Y.
77263  Pierce Roberts Rubber Co., Trenton, N. J.
77339  Positive Lockwasher Co., Newark , N. J.
77542  Ray-0-Vac Co., Madison, Wisc.
77630  TRW, Electronic Component Div.,
2amden, N. J. 08103
77638  General Instruments Coxp., Brooklyn, N. Y.
78189  Shakeproof Div. of Ill. Tool Works,
Elgin. Il1. 60120
78277  Sigma Instruments Inc., S. Braintree, Mass.
78488  Stackpole Carbon Co., S5t. Marys, Penn.
78553  Tinnerman Products, Inc., Cleveland, Ohio
79089 RCA, Commercial Receiving Tube and Semi-
conductor Div., Harrison, N. J.
79725  Wiremold Co., Hartford, Conn. 06110
79963 Zierick Mfg. Co., New Rochelle, N. Y.
80030  Prestole Fastener Div. Bishop and Babcock
Corp., Toledo, Ohio
80048  Vickers Inc. Electric Prod. Div.,
St. Louis, Mo.
80131  Electronic Industries Assoc., Washington, D.C.
80183  gprague Products C%. N. Adams, Mass.
80211  Motorola Inc., Franklin Park, Il1. 60131
80258  Standard Oil Co Lafeyette, Ind.
80294  Boumms Inc., Riversi de, Calif. 92506

Code

80431
80583
80740
81073
81143
81349
81350
81751
81831
81860

82219

82273
82389
82647
82807
83058
83186

83361
83587
83740
84411
84835

84971
86577

86684
86800

88140
88219
88419

88627
89482
89665
90201
90750
90952
91032
91146
91293
91598
91637
91662
91719
91929
92519

92678
93332

93916
94144
94154
95076
95146
95238
95275
95354
95412
95794

96095
96214
96256

96341
96791
96906
97966

98291
98821
99180
99313
99378
99800

Kan ufocturers Nome and Address

Meissner Mfg,, Div. of Maguire Indu stries, Inc.

Mount Carmel, Nllinois
Air Filter Corp., Milwaukee, Wisc, 53218
Hammarlund Co. Inc., New York, N. Y.
Beckman Instruments, Inc., Fullerton, Calif.
Grayhill Inc., LaGrange, I11. 60525
Isolantite Mfg, Corp., Stirling, N. J. 07980
Military Specifications
Joint Army-Navy Specifications
Columbus Electronics Corp., Yonkers, N. Y.
Filton Co., Flushing, L. I, N. Y
Barrv Controls Div. of Barzrv Wricht Coxp..
Watertown,  Mass.
Sylvania Electric Products, Inc., (Electronic
Tube Div.), Emporium, Penn.
Indiana Pattern and Model Works, LaPort, Ind.
Switchcraft Inc., Chicago, 111, 60630
Metals and Controls Inc., Attleboro, Mass.
Milwaukee Resistor Co., Milwaukee, Wisc.
Carr Fastener Co., Cambridge, Mass.
Victory Engineering Corp { VECO),
Springfield. N. 1. 07081
Bearing Specialty Co., San Francisco, Calif.
Solar Electric Corp., Warren, Penn.
Union Carbide Corp., New York, N, Y. 10017
TRW Capacitor Div., Ogallala, Nebr.
Lehigh Metal Products Corp.,
Cambridge, Mass. 02140
TA Mig. Corp., Los Angeles, Calif.
Precision Metal Products of Malden Inc.,
Stoneham, Mass. 02180
RCA (Electrical Component and Devices)
Harrison, N. |.
Continental Flectronics Corp.
rooklyn N Y. 11222
Cutler-Hammer Inc,, Lincoln,
Gould Nat. Batteries Inc., Trcnton, N. J.
Cormell Dubilier Electric Corp.,
Fuquay-Varina, N, C.
K and G Mfg. Co., New York, N. Y.
Holtzer Cabot Corp., Boston, Mass.
United Trans former Co., Chicago, Ill.
Mallory Capacitor Co., I.ndlanapohs Ind.
Westnghouse Electric Corp., Boston, Mass,
Hardware Products Co., Reading, Penn. 19602
Continental Wire Corp., York, Penn. 17405
ITT Camnon Electric Inc., Salem, Mass.
Johanson Mfg. Co., Boonton, N. J. 07005
Chandler Co., Wethersfield, Conn. 06109
Dale Electronics Inc., Columbus, Nebr.
Elco Corp., Willow Grove, Penn.
General Instruments, Inc., Dallas, Texas
Honeywell Inc., Freeport, Ill.
Electra Insulation Coxrp., Woodside,
Long Island, N. Y.
Edgerton, Germeshausen and Grier,
Boston, Mass.
Sylvania Electric Products, Inc.,
Woburn, Mass.
Cramer Products Co., New York, N. Y. 10013
Raytheon Co. Components Div., Quincy, Mass.
Tung Sol Electric Inc., Newark N ]
Garde Mfg. Co., Cumberland
Alco Electronics Mfg. Co., L,awrence Mass.
Continental Conaector Corp Waods jde, N, Y.
Vitramon, Inc., Bridgeport, ‘Comn.
Methode Mfg. Co., Chicago, 11l
General Electric Co Schenectady, N- Y.
Ansconda American Brass Co.,
Torrington, Conn.
Hi-Q Div. of Aerovox Corp., Orlean, N. Y.
Texas Instruments Inc., Dallas, Texas 75209
Thordarson - Mejssner Div. of McGuire,
Mt. Carmel, Ill,
Microwave Associates Inc., Burlington, Mass.
Amphenoe Corp. Jonesville, Wisc, 53545
Milita ry Standards
CBS Electronics Div. of Columbis Broadcast-
108 Systems, Danvers, Mass
Sealectro Corp., Mamaroneck. N. Y. 10544
North Hills Electronics Inc., Glen Cove, N. Y,
Transitron Electronics Corp., Melrose, Mass.

Varian, 611 Hansen Way, Palo Alto, Calif. 94303

Atlee Corp., Winchester, Mass. 01890
Delevan Electronics Corp., E. Aurora, N. Y.
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NOTES:
RESISTORS 172 WATT UNLESS OTHERWISE SPECIFIED
FESISTANCE /N OHHS UA’L[.)J C‘THERW/SE SPECIFIED

00 OHMS MEGORM

CAPACITANCE VALUES ONE AND OVER IN MICRO
NICROFARADS, LESS THAN ONE IN MICROFARADS,
UNLESS OTHERWISE SPECIFIED

O PaNEL CONTROL

@ SCREWORIVER CONTROL

Rotary switch sactions are shown as viewed from the

Aln
t

= ~antast
& CoOntact

! o8 e L _f. TL_ Li.a

ponei ena OT Thé& SNATT. 1 NS TiF37 Gy
number rofers to the section. The section nearest
the panel is 1, the next section back is 2, etc. The

next two digits r.fnr fo the contact. Contact 01 is

me ’lr!" Pﬂ’l'luﬂ CIDCK'

ally the screw above the locating key), and the other

ot 48 (ND N2 N4 aer)
TiGNy (UL, VI, Ve, 81T,

Lo o ==
woimn U 37

coniacis are numberad se
proceeding clockwise around the section. A suffix
F or R indicates that the contact is on the front or
rear of the section, respectively.

SWITCH WAFERS SHOWN IV THIS POSITION

MEASURED WITH YTVM

UNIT OPERATING ON BS VOLT LINE

RAMGE SWITCH ON EXT INPUT. HIGH INTENSITY
WHERE A VOLTAGE RANGE IS GIVEN, FIRST VOLTAGE
1S WITH R3 (FLASHING RATE CONTROL) FULLY
CLOCKWISE, SECOND VOLTAGE WITHRS FULLY
COUNTERCLOCKWISE. VOLTAGE MAY DEVIATE 20%

av . _ 2
Schematic diagram for Type 153



T. . 1C20.4A CTDNONC! AVE i Tooe 1528.A STROROTAC Y
APPEND'X 1Ype 1J37-A JIRUDUJILAYLE w\! 1Ype 1330 I RUDU I AL
The Type 1539 Stroboslave is an in- aw“w The Type 1538 Strobotac is func
Type 1536-A PHOTOELECTRIC PICKOFF expensive. auxiliary 1inht source that tionally similar to the type 1531, but
Type 1531-P2 FLASH DELAY e ic2z T . C o will produce a flashing light with out- Type 1538-A the instrument has additional fea-
Al—r_u—a_l_ype (41036 P otoelfffnc H_‘__Cfﬁ" con- put characteristics that are similar Strobotac tures which include:

to the Type 1531 Strobotac. This
compact sr.roboscope will flash on
command when t.uggered from a con-
ESC[ c105ure i

Fourth flashing-rate range for high-
er speeds

Greater light intensity

6-foot extension lamp

Battery pack (rechargeabic) plus
COnVenthnal Power-une OPEIB.EIOH

he Type 1531-P2 Flash Delay provides a continuously adjustable time-
:lay between an external triggering device and a stroboscope. The
iggering device can be an oscillator, photocell or other type of transducer.

a photocell whxch produces a pulse when
light from a moving object is reflected back
to the photocell. This output pulse is fed
through a Type 1531-P2 Flash Delay, and
then used to trigger a stroboscope. With
this combination of instruments, the motion

[0
0
cr
=8
)
. n’

typical combination of flash delay, photoelectric pickoff and strobo-
:ope (shown below) can be used for visual observation and analysis of

Either instrument can be used to

;petitive motion whose period is not constant. The flash delay also of objects rotatmg at uregula: speeds can T ) ]
. " : L . . . A o Shotopranhic ype 1538 Sttobotacs. High-Intensity 3 L g
ovides means for precise synchronization of camera shutter, strobo- be ?-'l-uau)'LcC'l visually or by photographic Flash Capacitor QR trigger the other when a second
sopic flash, and objects moving at irregular speeds for high-speed means. SPECIFICATIONS flashing-light source is required.
1otography.

graphy SPECIFICATIONS Flashing-Rate Ranges: 0 to 700, 0 to 4200, 0 to 25,000 flashes per

min on high-, medium-, and low-intensity ranges, respectively.
Flash Duration: Approx 0.8, 1.2, and 3 ps, measured at 3§ peak
intensity, for the low-, med.wm- and high-intensity ranges,
_ I . NP respectively.

Power Required: 20 to 28 V dc¢, 40 mA. Power is supplied by Peak Light Intensity: Typlca.lly 0.6, 3.5, and 11 mllhonbeam candles

the Typr 1521-P2 Flagh Delav or the Tvyrr 1150-R /nr Tvre A e o111 s camiiead ot
VAL A SYW ioyisi e LiaSh ASClay Of e 4 1F e A EEE (0.6, 3.5,and 11 X 1{° lux measured at 1-m distance at the beam

1151-A) Digital Frequency Meter. center), for low-, medium-, and high-intensity ranges, respec-
Accessories Supplied: 10-ft roll of 34-in black tape; 10-ft roll of tively. For single fiash, 18 million beam candles at 1 meter.
34-in silver tape; carrying case. Reflector Beam Anglo 10" at ha.lf-mtensxty points.

- P, (PRt = :“__ 2
Mounhng C—clamp (capacity 13 in, flat or round) or 114-in mag- ” Exiernai Triggering: Either a switch closure across the input jac
net, both uuppueu #

Maximum Pulse Rate: Approximately 2500 pulses/s as limited by
the 200-us time constant of the photocell and cable combination.

K
terminals or a 2-V (peak) positive pulse.

Power Required: 100 to 125 or 195 to 250 V, 50 to 400 c¢/s, 16 W
Accessories Supplied: Phone plug for input, mounting bracket.
Accessories Available: TYPE 1537-A Photoelectric Pickoff, Tyrr
1531-P2 Flash Delay (with a TYpe 1536-A Photoelectric Pickoff),
TyrE 1535-B Contactor.

black nylon wheels mounted on the

gy
T

FLASH DELAY

SPECIFICATIONS

Time-Delay Range: Approximately 100 us to 0.8 sin three ranges.
Output Pulse: Better than 13 V available for triggering the TYPES

1531-A and 1538 A StroBoTAC® electronic stroboscopes and the
103 1000~ OTROBOTACS €:8CuIronicC suwréoosCopes ang e

Tyrr 1539-A Stroboslave.

Sensitivity: As little as 0.3-V input will produce sufficient output
to trigger the stroboscope.

inputs: Phone jack for triggering; jack for camera synchronization.
Accessories Available: TYPE 1536-A Photoelectric Pickoff.

Power Required: 105 to 125 or 210 to 250 V, 50 to 400 c/s, 5 W
with Type 1536-A connected

Aaceaida—. Aliyiminiine ancs with hooal ¢ chink A
mownnpgs oiUIiNnun case with DTACKEY, Wiiitn &

the STroBoTAC electronic stroboscope.

C-4A

In appearance, the Type 1537 Photoelectric
Pickoff is similar to the Type 1536. The
lype 1537 however, has no hght source,

mritabh  Tha avsemcae fonmn ahio sonn o

Witlini. i€ O LPUL IToN tnis trains-

111 r;on dir. rect tlvy the Tvne 1528

will trigger directly the Type 1538

Strobotac or the Type 1539 Stroboslave but
cannot be used with the Type 1531

SPECIFICATIONS

Qperating Rate: Greater than 2500 pulses/s.

Operating Rate: Greater n 2500
Power Required: 3 to 25 V d¢; 0 to 100 pA depending on operating
rate. Power is supplied by instrument with which it is used,
Accessories Supplied: 10-ft roll of 34-in black tape, 10-ft roil of
34-in silver tape, carrying case.

Mounting: C-clamp (capacity 1% in, flat or round) or 14-in mag-
net, both supplied.

ends of a sccuoned steel rod

thn

halr manllay eallar ar rha
ng belt, pulley, roller, etc., the
ing wheel can be obhserved with
a stroboscooc and the linear surface B

speed of the object can be accurately
determined.

SPECIFICATIONS

Speed Range: 10 to 2500 ft/min with small wheel and 50 to 12,500

ft/min with large wheel.

Dimensions: Wheels are 0.764 and 1.910 in dia, respectively.
1

hree-section shaft totals 20 in in length.

Accuracy: +19, of reading on all ranges after
calibration against line frequency.

Flash Duration: Approximately 0.5, 0.8, 1.2,
and 3 us for high-to-low speed ranges, respec-
tively, “measured _at 123 peak 1ntens1ty " for

single flashes with Type 1538-P4 High-Intensity-

Flagh Canacitor R
11880 Lapacier, & us.

Peak Light Intensity: Typically 0.16, 1, 5, and 15
million beam candles (0.16, 1, 5, and 15 X 10¢
Iux measured at 1 meter distance at the beam
center) for high-to-low speed ranges, respec-
tively; 44 million beam candles for smgle ﬂnsh

with Type 1538-P4 High-Intensity-Flash

Reflector Bsam Angle: 10° at halfl intensity
points.

Output Trigger: Greater than 6-V positive pulse
behind 400 Q.

e E ML E LM~ ATIAME
JrEevvirivVAlivng
Flashing-Rate Range: 110 to 150,000 flashes per  External Triggering: Either a switch closure across
T 1537-A minute in four duegt_re&dmw ranges: 110  the input jack terminals; a 1.V, peak; positive
ype 193 Tvoe 1531.P3 to 690, 670 to 4170, 4000 to 25,000, and 24,000 pulse, or & 0.35-V, rms, sine wave down to
PHOTOE! ECTRIC PICKOEF A e to 150 000 rpm. Speeds to over 1 million rpm 100 Hz mcreaamgmtf(\) 3.5 V, rms, ‘z:.)tgﬁ*ﬂzom v
[N ] =Y V ol =4 - N Wil e b meaoasinn m var Py . o or 0
§ I0W § Winimtnw § I iw § FTwinrwe ¢ Thc Ty” 1531-P3 Consists Ot two ) ‘KrAL:.)r::u "n::L Can UE IMeasurea. l"FW'l = § d; AUU W Ll&U Ul adv VWU

50t,0400Hz 15 W or 20 to 30 V dc, T2 W,
Accessories Supplied: Adjustable neck strap,
phone plug for input and output jacks, spare
fuges.

Accessories Available: Type 1538-P2 Ext,enslon

Lamp, Type 1538-P3 Battery and Charger,
Tyrz 1538-P4 High- Tntnnmtv-phﬂh (‘nnnmfnr

A YPE 13351 RLNEILY

Type 1531- P2 Flash l)elay, TYPES "1536-A
Photoelectric Pickoff (for use with Flash Delay),
Type 1537-A Photoelectric Pickoff, and TypE
1539-A Stroboslave.

Mounting: Flip-Tilt Case

Dimensions: Width 10%4%, height 6%, depth
es (270 by 170 by IMI mm), over-all.
Net Weight: 714 b (3.3 kg) -

Shipping Weight: 10 Ib (4.6 kg).

* Includes handle,
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