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Preface

THIS VOLUME presents a brief review as well as an expansion of the
weather equipment you studied in the resident training course. It explains
the data flow through the block and circuit diagrams of the different
meteorological sensors, excluding radar. It also presents a discussion on -
theoretical troubleshooting of circuits with the use of block and circuit
diagrams. Perhaps you are wondering why this volume should be concerned
with providing a review. One reason is to reinforce some of the basic
concepts that you must have to understand troubleshooting based on block
and circuit diagrams. /

Volume 2 of this course consists offive chapters. The first deals with the
ANfGMQ-ll and ANfGMQ-20 wind equipment. Chapter 2 discusses the
ANfTMQ-ll temperature-humidity measuring set. The discussion in Chapter
3 is concerned with the visibility measuring equipment, AN/GMQ-I0
transmissometer, Complementing Chapter 3, Chapter 4 discusses the
ANfFMN-1 runway visual range computing set. The volume ends with a
discussion in Chapter 5 on the AN/GMQ-13 cloud height set.

Included as a supplement to this volume are 35 foldouts numbered 1
through 35. Whenever you are referred to one of these foldouts in the text,
please turn to the supplement and locate it.

Code numbers appearing on figures are for preparing agency identification.
only.

If you have questions on the accuracy or currency of the subject matter of
this text, or recommendations for its improvement, send them to USAF
School of Applied Aerospace Sciences/TTOC, Chanute AFB IL 61868.

If you have questions on course enrollment or administration, or on any
of ECI's instructional aids (Your Key to Career Development, Study
Reference Guides, Chapter Review Exercises, Volume Review Exercise, and
Course Examination), consult your education officer, training officer, or
NCO, as appropriate. If he can't answer your questions, send them to ECI,
Gunter AFB AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This volume is valued at 27 hours (9 points).
Material in this volume is technically accurate, adequate, and current as of

February 1973.
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CHAPTER 1

Wind Measuring Equipment

<"">, •....•.

MOST AIRCRAFT accidents occur during
takeoff and landing under adverse wind and
weather conditions. Thus, the need for an
accurate measurement of windspeed and
direction has received great emphasis. With
today's high performance aircraft, this need is
extremely important. Not only does the pilot
need to know the surface wind measurements
but the forecaster also needs this information
as an aid in predicting the weather. The days
of the windsock or a sh-awthrown into the air
are gone.

2. Imagine that the surface wind condition
at 1100 hours is 2700 at 12 knots and the
wind equipment goes out. A flight of six
aircraft is scheduled to arrive at 1330 hours.
During the period that the wind equipment is
inoperative the weather observer must not
only estimate the windspeed but the wind
direction. This is a highly undesirable
situation at any time, to say the least, let
alone when aircraft operations are scheduled.
In our example, the wind at landing time
might actually be 2400 at 18 knots with gusts
to 30 knots but estimated by the weather
observer as 2700 at 20 knots. Depending upon
type of aircraft and runway orientation, this
could be disastrous if the inbound aircraft
were to attempt a landing under these
conditions. Your primary concerns should be
to keep the wind equipment operational and
to be so familiar with the wind equipment
that when it becomes inoperative you can
repair it in a minimum of time.

3. The two wind measuring sets, designed
for precision measurement and for permanent
installation, are the AN/GMQ-ll and the
AN/GMQ-20. Both of these sets use the same
principles of operation; the wind direction is
obtained through a synchro system and the
windspeed is obtained through a DC
tachometer magneto-voltmeter system. Since
both wind measuring sets have a synchro and
generator, we should review both of these
subjects before going into the systems
themselves.

-

1. Generation of AC and DC
Voltages
1-1. Both the magnetos of the windspeed

systems and the synchros of the wind
direction systems operate on the principles of
electrical generators or motors. As you know,
the operation of both the AC and DC
generator is based on the principle of
electromagnetic induction.

1-2. Electromagnetic Induction. Whenever
an electric conductor is moved across lines of
magnetic flux or magnetic flux lines cut
across a conductor, as shown in figure 1, a
voltage is induced in the conductor, and if the
conductor is a part of a closed circuit, a
current flows through it. Electromagnetic
induction is the generation of a voltage by
causing a conductor to move through lines of
magnetic flux. This can be done by
mechanical movement of either the magnetic
field or the conductor.

1-3. The relationship between magnetism
and electricity can be demonstrated very
easily with a coil of wire connected to a
galvanometer, as shown in figure 2. When a
magnet is plunged into the coil, the meter
indicates a current flow as a result of the
electromotive force (emf) generated by the
magnetic lines of force cutting the conductors

MOTION..

I~
Figure 1. Induction.
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Figure 2. Generating an emf.

of the coil. As soon as the magnet stops
moving, current flow stops and the meter
reading returns to zero. When the magnet is
withdrawn from the coil, the galvanometer
pointer deflects in the opposite direction,
indicating that the current flow is in the
opposite direction. If the magnet is reversed
end for end and again plunged into the coil, a
reading opposite to the first example is

indicated on the galvanometer. When the
motion of the magnet stops, the meter
reading returns to zero. As the magnet is
moved in or out of the coil at a higher speed,
the voltage induced becomes higher; similarly,
an increase in the number of turns of wire or
the use of a more powerful magnet causes a
higher induced voltage. The value of the

jpduce<j emf deEends 2"n three prim~ff
futoIS';'"

• N JJe_~_"",1i..eld-
• .stte.ng:tJ;; of t . q.
• S eed of oti n betw en the conductor

and the magnetic field. -
••• ISJU

1-4. The direction of the current induced
in a conductor can be determined by the
left-hand generator rule. This rule predicts the
direction of electron movement when the
circuit is completed. In using this rule, you
must first determine the direction of the
magnetic field. Magnetic lines of force move
through an airgap in a definite
direction-from the north pole to the south
pole. Using your left hand, extend your
thumb, index finger, and middle finger at
right angles to each other, as shown in figure
3. Then turn your hand so that the thumb
points in the direction of motion of the
conductor and the index finger points in the

MOTION

OF

CONDUCTOR

MOTION

OF

CONDUCTOR
FLUX

GALVANOMETER

Figure 3. Left-hand generator rule.
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Figure 4. Induction of alternating voltage by rotation
of a magnet.

direction of the magnetic flux (north to
south). The middle finger then points in the
direction in which the current would flow if
the circuit were complete. If you know the
direction of any two factors, you can
determine the direction of the other by
applying this rule.

1-5. If the amount of the magnetic flux
surrounding a coil is varied by any means
whatever, a voltage is induced in the coil. A
simple method of producing a constant
variation of flux in a magnetic circuit is
shown in figure 4. A permanent magnet is
mounted so that it may be rotated within the
gap of a nonmagnetized iron yoke. The
magnetic field of the magnet can then
produce flux in the magnetic circuit
composed of the magnet and the yoke. With
the magnet in the position shown, the flux is
maximum since the reluctance (magnetic
resistance) of the circuit is minimum. As the
magnet is rotated away from this position, the
reluctance increases and the effect of the
magnet on the circuit decreases; both of these
changes reduce the flux. At the 90° position,
the flux decreases to zero, for in this position
the poles of the magnet are equally distant
from each pole piece of the yoke, and the
effect of one magnetic pole on the circuit is
canceled by the other. As rotation is
continued, the iron yoke becomes
remagnetized, with the flux lines reversing
their direction. The flux again reaches
maximum at 1800 of rotation from its
original position. It again decreases to zero at
the 2700 position and is reestablished to its
original value and direction when the original

starting position is reached. Therefore, the
direction of flux reverses twice per revolution.

1-6. If a coil is wound around the yoke, as
shown in figure 4, it is linked with a magnetic
circuit. 'Whenever a coil is linked with a
magnetic circuit in which the flux rises, falls,
or changes direction periodically, an
alternating voltage is induced in the coil. A
graphical representation of an alternating
voltage is shown in figure 5. The important :
feature that you should note is that the
induced voltage reaches maximum not when
the flux linkage is at a maximum but when
the flux is changing at the fastest rate
(approximately 90° and 2700

).

1-7. Another type of magnetic circuit,
known as the inductor-rotor type, has been
developed in a wide variety of designs for
several purposes, One such design is shown in
figure 6. The inductor rotor (A) is made of
laminated soft iron and is used to complete
one or more magnetic paths. With the rotor in
the position shown by the solid lines, the
right-hand magnet is furnishing the flux
(shown by the solid-line arrows) which travels
from the N pole through the pole extension
(C), the coil core (D), down the left-hand side
through the pole shoe (B), and completes the
circuit to the S pole of the right-hand magnet.
As the inductor rotates, the amount of flux
through the magnetic circuit varies and this
varying flux causes a voltage to be induced in
the coil, as shown by the reading on the
galvanometer (E). When the inductor rotor
reaches a position 900 from the starting
position (the position shown by the dotted
lines), the magnetic circuit is completed
between the Nand S poles of the left-hand
magnet. The flux through the magnetic circuit
is now reversed (as shown by the dotted
arrow lines), and the flux linkage with the coil
is also reversed from its original condition.
The rotation of the soft iron inductor
continuously varies and periodically reverses

1
1 POSITIVE NEGATIVE
I •• I>I'""-E !>-I
: ALTERNATION ALTERNATION,,

+1
</)1
>-....
0
> 0°

I~q~--------- ONE CYCLE------~~

:; 16C 4 -- i -7 - ~6

Figure 5. AC generator voltage curve.
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Figure 6: Rotating inductor generator.

the flux linkage through the coil. Thus, it
induces a voltage in the coil similar to the
voltage created by the rotating magnetic type
generator.

1-8. Whenever there is a relative movement
between a conductor and a magnetic field so
that the conductor "cuts" (moves across)
lines of magnetic flux, a voltage is induced in
the conductQJ:••Thus far in the discussion we
have dealt mostly with a varying flux and a
fixed or stationary coil of wire, but this is not
always the case. If the conductor is bent to
form a loop and mounted so that it can be
rotated in a magnetic field, it, too, becomes a
generator of an alternating voltage. Such an
arrangement is shown in figure 7.

1-9. When the loop is passing through
position D in figure 7, no voltage is induced in
the loop because at this instant the conductor
is moving parallel to the magnetic flux and,
consequently, is not cutting any lines of flux.
As the rotation is continued toward position
A, side a is moving up through the magnetic
field and side b is moving down through the
same magnetic field. A voltage is induced in
each side of the loop, but in opposite
directions. This causes the voltage appearing
between the two ends of the loop to be the
sum of the two induced voltages. The total
induced voltage causes a current to flow
through the load. As the loop continues to
rotate toward position B, the voltage

A - MAXIMUM B - MINIMUM

c

C - MAXIMUM
>-
Z
w

'"'"::>
u
+

0- MINIMUM

+ MAXIMUM

o 90°
oZ \ROTATiON

w MINIMUM
::: MAXIMUM

B 3600 REVOLUTION = 1 CYCLE I
I 3.•110-,.-1-1

Figure 7. Simple alternator principle.

decreases toward zero. Position B is called a
point of reversal because the sides of the coil
begin to move across the flux in the opposite
direction to induce a voltage of opposite
polarity. At position C (270°), the loop is
cutting the maximum number of lines of flux,
and the voltage )5 of maximum value in the
opposite direction. As the rotation continues
toward position D, the voltage decreases to
zero and the cycle of events is repeated again.
A curve representing the resulting load
current is shown at the bottom of figure 7 to
portray the variations of the induced voltage.

1-10. Sine-Wave Curve. The graphic
portrayal of voltage variation, as shown in the
preceding paragraph, is called a sine wave. To

N hffiJ ~, "I t I II I I t I~:I

!:' :t ' l:t I: 1:1: r: j, it, I, i I I'll II I
1" I I I I I I : I I 'II" II I I I I II, I I I 1'1 II I

t r I I I I, I I III I
t : II I III I

S S

B C D

s
A

31604-1-7-49

Figure 8. Rotation of a coil in a stationary flux.
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understand how the curve is constructed,
picture a single coil side (see fig. 8) rotating at
a constant speed in a uniform magnetic field.

1-11. When a conductor is at position A, it
is moving parallel to the field and is not
cutting any flux lines. At position D, it is
moving across the flux field at a 90° angle and
is cutting flux at the maximum rate. At
position B, 30° from position A, the
conductor is moving less parallel to the field
than at position A. Even though the
conductor is moving at the same speed at B
and D, it is not cutting flux as rapidly at Bas
at D. At position C, 60° from A, you can see
that the conductor is not moving across flux
lines as rapidly as at D but is moving through
them more rapidly than at B.

1-12. As the conductor moves from A to
D, the rate at which it cuts flux increases in
proportion to the angle through which the
conductor has moved from the neutral
position. For the next quarter-revolution, the
cutting rate decreases from maximum to zero.
For the last half-revolution, the process is
repeated, but in the opposite direction.

1-13. Remember that the emf induced in a
conductor is directly proportional to the rate
at which the conductor moves through flux
lines. The emp induced in the coil side of
figure 8 at any instant depends upon the angle
at which the coil side is moving through the
flux lines.

1-14. Instantaneous voltage is the emf at
any point on the sine curve. Its value depends
upon the position of the coil with respect to

~-.
I ,

~ ROTATiNG COil

~ FIELD POLE

LOAD

MAXIMUM

~.,•.... I I I

Z~IW I I I
: I I

o o~ 900 ./800 2700 /600 I
~MIN!MUM .-/' :~llO_'_l_:

ROTATION _

Figure 9. Elementary DC generator.

the zero position. In other words, it is the
voltage present at any instant during a cycle
of rotation. Mathemati.call¥'j-'~Y@Rcaft-.find.th.e,
ins~~Qll§_Y.91t~e_ )~y_ .multiplying .the
mayJrnum voltage by the sine of the angle of!£fa.JlO~:, - . -- .

1-15. For example, in part C of figure 8,
the conductor has moved 60° from the zero
position. If the maximum value of the voltage
sine wave is 100 volts, the instantaneous value
in part C is as follows:

E = 100 X sin 60°
E = 100 X 0.866 = 86.6 volts (instantaneous)

1-16. The half of the curve above the zero
reference line represents voltage in one
direction, and left half below the time axis
represents voltage in the opposite direction.
The half of the sine wave above the line is
usually called the positive alternation, and the
half below the time axis is called the negative
alternation, as shown in figure 5.

1-17. Sliprings and Commutator. The
voltage induced in the rotating loop of wire is
of no practical value unless connections can
be made to use the emf in an external circuit.
Each end of the rotating coil is connected
electrically to a ring which rotates as the coil
rotates. These electrical conducting rings are
called sliprings. They are electrically insulated
from each other and from the shaft which
rotates them. Contact between the sliprings
and the external circuit is made by a carbon
graphite brush which rides on the surface of
the ring. Tension applied to the brushes
insures a good electrical connection between
the brushes and the sliprings at all times.

1-18. To convert a simple
alternating-current· generator into a
direct-current generator, it is necessary only
to replace the sliprings with a commutator. A
simple commutator is a ring cut into two
halves (see fig. 9), each of which is insulated
from the other. Each half-ring is connected to
one end of the coil. The commutator reverses
the brush connections between the rotating
coil and the external circuit at the instant the
polarity of the induced voltage in the coil
loop reverses.

1-19. Technically, a generator is a machine
for converting mechanical energy into
electrical energy by electromagnetic
induction. To eliminate the possibility of
confusion and to differentiate between AC
and DC machines, we normally use the term
"generator" for mechanical devices which
deliver direct current to the external circuit.
The rotating member of a DC machine is
called an armature and is easily identified by
its commutator. Power devices which generate

5
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Figure 10. Construction of a synchro generator.

an alternating voltage and deliver it to
external terminals are usually called
"alternators." The rotating component of an
alternator is a "rotor" and can be
distinguished from an armature by the
sliprings. Now that we have reviewed the way
that a generator operates, we will apply some
of these principles to the operation of a
synchro.

generator or motor, Figure 10 shows a
cutaway drawing of a synchro generator and
its main components. Note that it has a stator
and a rotor. ---

2-3. The"Stator windings are composed of
three groups of coils that are placed in slots
around the inside of a laminated iron shell at
1200 intervals. The three groups of coils are
connected so that the voltages and,
consequently, the currents are single phase.

2-4. The rotor consist of two coils wound
on a laminated soft-iron core and connected

2-1. A simple synchro system may be in series. The ends of the core are curved so
~oi_ a..--,s-Y-l'l(}Qro:..geneTato ~ that the airgap formed with the stator is small
_tran~ and a synchro motol.'--&l'-i'~~ and uniform. Note, as indicated on the
A synchro generator is often called a drawing of the rotor, that the two leads are
transmitter because it generates and transmits, connected to sliprings on the shaft. The entire
by electrical energy, a rotational force rotor assembly is mounted on ball bearings to
(torque) to the synchro motor. A synchro eliminate as much friction as possible. The
motor is often called a receiver because it synchro generator and synchro motor are
receives electrical energy from the generator. precision machines.

2-2. Synchro Generator Construction. A 2-5. Synchro Motor Construction. The
synchro generator resembles a small AC stator of the synchro motor may be identical

2. Synchros

6
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Figure 11. Synchro motor rotor.

to the stator of the generator. However, the
rotor usually differs because it has a metal
flywheel mounted on one end of the shaft, as
illustrated in figure 11. The flywheel is called
an inertia damper. It prevents the motor from
oscillating when the generator it is following
stops or starts suddenly. The damper is
mounted so that it can turn freely on the
shaft for about 450 and then turn into a
keyed bushing. This bushing is fastened to the
shaft through a friction disc. When voltage
changes are slow, the flywheel follows along.
But if a sudden change occurs in the position
of the shaft, the flywheel tends to stand still,
and the friction disc acts as a brake to stop
the motion of the shaft,

2-6. Sy n chro Diagrams. Schematic
representations of a synchro generator and a
synchro motor are identical. Figures 12, 13,
and 14 represent common methods of
illustration. The types of illustrations shown
in figures 12 and 13 generally are used for
explanatory purposes. The type shown in
figure 14 is often used in the representation
of synchros in 'wiring diagrams of systems.
Note that the stator windings in these three

30250-2-1-12

Figure 12. Synchro schematic diagram (rotor at 0°
position).

figures are designated by 81, 82, and 83 and
the rotor windings by Rl and R2. These are
standard identifications and appear on both a
synchro transmitter and receiver.

2-7. Synchro Operation. The action of a
synchro is like that of a transformer. The
stator coils act as the secondary and the rotor
coil as the primary. The main difference
between the function of a transformer and a
synchro is that the rotor (primary) of both a
receiver and a transmitter can be rotated
through 3600

•

2-8. _Tote in figures 12 and .13 that the
rotor windings are connected to a 115-volt

30250-2-1-13

Figure 13. Synchro schematic diagram.
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Figure 14. Synchro schematic diagram.

AC source. 8ynchros are usually designed to
operate with either 115 volts, 60 Hertz, or
115 volts, 400 Hertz, applied to the rotor.

2-9. The turns ratio between the rotor and
stator of a synchro may vary widely,
depending on the use for which it was
designed. However, a ratio of 2.2 to 1 is
common. Assuming such a ratio, you can find
the maximum voltage that can be induced
into a stator by dividing the rotor (primary)
voltage by 2.2 and allowing for a slight loss.
Doing so, you find that the maximum stator
voltage is 52 volts. Figure 12 shows the rotor
"lined up" (0°) with 82 and at 60° to both 81
and 83, The maximum number of lines of
magnetic force from the rotor (primary) cuts
82 ; consequently, the voltage induced in 82 is
maximum (52 volts) and is greater than that
in either 81 or 83,

2-10. Now consider the voltages which are
induced in 81 and 83. The induced voltage
from any rotor to any stator equals the
maximum induced voltage possible multiplied
by the cosine of the angle between the rotor
and the stator. Since stator coils 81 and 83
are spaced 120° apart, each is at an angle of

0°'-'\1t"3

\
\
\
\
\ 115V

3025021 15

Figure 15. Synchro rotor at 30° position.

S2-------.,
037V

-----8------- SI
S3 30250-2-1-16

ZERO V

Figure 16. Finding electrical zero, voltmeter method.

60° with the rotor, and the induced voltages
are 26 volts in both 81 and 83, This
calculation is made by multiplying 52 volts
(the maximum voltage) by the cosine of the
angle, which is 0.5000 for 60° (52 v X 0.5000
= 26 v). It is evident that the voltage from the
outer terminal of 82 to the outer terminal
of either 81 or 83 is 78 volts (52 v + 26 v = 78
v).

2-11. Next consider figure 15, which
shows the rotor to be at an angle of 30° with
82• Note that in this position the rotor is also
at 30° to 81 and 90° to 83 and that the same
value of voltage is induced in 81 and 82,

which is 45 volts. (The cosine of 30° is
0.8666 which, when multiplied by 52 volts,
equals 45 volts.) But now no voltage is
induced in 83 since the cosine of 90° is zero.
From this discussion, you can see that the
voltage induced into any individual stator coil
depends upon the position of the rotor.

2-12. When the stator coils of a generator
and motor are connected together, the stator
circuits are completed. The induced voltages
produce currents which, in turn, produce
magnetic fields around each stator coil. The
magnitude of the stator coil field is
proportional to the value of the voltage which
is induced in the stator coil. The fields of the
three stator coils of a synchro unit combine
to form a resultant field. As the rotor changes
position and different voltage values are
induced, the direction of the resultant field
changes. In other words, the magnetic field
rotates in synchronism with the rotor.

2-13. Electrical Zero. In any synchro
system, the units must be electrically zeroed
so that they work together. Note, as shown in
figure 12, the conditions which exist when a
synchro is in zero position. These conditions
are:

8
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NO CURRENT
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30250-2-1-17

Figure 17. Current flow with synchros alined.

o The rotor is at 00 to 82•

•• The phase of the voltage, at any instant,
at 82 is the same as the phase of the voltage at
R1·

I! No voltage exists between 83 and 81,

This is true because both voltages are 26 volts
and in the same phase-that is, the same
polarity-at any instant.

$ The voltage from 82 to 81 or 83 is the
sum of the voltage drop between 82 and 81 or
83 (78 volts in the explanation).

2-14. Now assume that all the conditions
have been met, but that the rotor is reversed
1800

• In this case, RJ. and R2 are reversed
and, consequently, all other polarities are also
reversed. This rotor reversal causes the voltage
at 82 to be in phase with the voltage at
R2-not with the voltage at R1. Even though
the values of all the voltages remain the same,
the ey nchro is not in zero position unless the
voltage at 82 is in phase with the voltage at
e..

2-15. There are several ways to zero a
synchro. The technical orders of a particular
system usually describe the recommended
method. An explanation of the voltmeter
method, covered in the following paragraphs,
gives the basic principles for zeroing both
transmitters and receivers.

2-16. The first step is to rotate the
energized rotor until you get a zero voltage
reading between 83 and 81, Next, you must
determine whether the rotor is in the 00

position or 1800 out of phase. Do so by
connecting R2 and 81 together and by
connecting a voltmeter between S2 and R1.

These connections are shown in figure 16.
2-17. When the polarity relationship is

correct, the voltmeter (connected between 82

and R1) reads less than the 1I5-volt line
voltage. In these examples, the meter reads
approximately 37 volts (115 v - 78 v),
because the 115-volt rotor voltage is opposed
by the total voltage across S2 and 81 (115 v-
52v- 26v=37v).

2-18. When the polarity relationship is not
correct-that is, when the rotor is 1800 out of
phase-the voltmeter reads approximately 193
volts, because the 115-volt rotor voltage and
the total voltage across 82 and 81 (115 v + 52
v + 26 v) equals 193 volts. Notice that 83 is
not in the circuit when these connections are
used. Note that the jumper that connects R2
and 81 can be connected to either 81 or 83,
After you determine the correct phase
relationship, remove the jumper between R2
and 81 and the meter connection between 82
and R1. The rotor is then adjusted for zero
voltage between 81 and 83,

2-19. Synchro System Operation. A simple
synchro system (in which the motor shaft
follows the generator shaft) is composed of a
generator and a motor connected as shown in
figure 17. Note that both Rl rotor terminals
are connected to one side of the supply line
and that both R2 terminals are connected to
the other side. In this way, the two rotors
have applied voltages which are identical in
magnitude, phase, and frequency. Notice that
each generator stator lead is also connected to
the corresponding motor stator lead. These
connections must be correct if the motor is to
be synchronized with the generator. Figure 17
illustrates a synchro system with the rotors of
the generator and motor properly phased, the
connections properly made, and the rotors in
the same position.

2-20. Note that no current flows in any
stator winding of either the generator or the

115V

55A

30250-2-1-18

Figure 18. Current flow with transmitter rotor moved.
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motor. This is true because the voltages
induced in these windings by their respective
rotors are equal in magnitude and oppose
each other in phase. These voltages are
represented by the arrows on the diagram.
For example, the voltages induced in the S2
generator coil by the rotor is 52 volts, which
is the same as the voltage induced in the S2
coil of the motor by its rotor. Since the values
of these voltages are equal and oppose each
other, as shown by the arrows, no current
flows through the S2 coils. This stabilization
also applies to the S1 and S3 coils. This shows
that when the rotor windings are
synchronized, no current flows in the stator
coils.

2-21. In figure 18, note the circuit
conditions which exist when the position of
the generator is at a relative angle of 30° with
the motor rotor.

• The voltage induced in the S2 coil of the
generator is 45 volts, whereas the voltage
induced in the S2 coil of the motor is 52
volts. This unbalance produces a current flow
through the S2 coils.

e No voltage is induced in the S3 coil of
the generator since the rotor is 90° out of
phase with it; however, 26 volts is induced in
the S3 coil of the motor. This unbalance
produces a current flow through the S3
windings.

• Similarly, current flows in the Sl
windings since an unbalance exists in the
voltages induced in these coils.

2-22. These currents develop a magnetic
field in the motor which positions the motor
rotor with the generator rotor. When this
stability occurs, again no current flows
through the stator windings. As the generator
rotor turns, it develops varying values of
currents through the stator windings which, in
turn, develop a magnetic field that positions
the motor rotor so that it corresponds to the
position of the rotor of the generator.

2-23. After reviewing the operation of
both generators and synchro systems, you are
ready to begin the discussion of the wind
measuring systems AN/GMQ-ll and
AN/GMQ-20. Let's begin by tracing data flow
through the block diagrams.

3. Block Analysis of the Wind
.Measuring Sets
3-1. The block diagrams of the

AN/GMQ-ll and AN/GMQ-20 wind sets are
very similar. If you understand the data flow
through one of the systems, it will help you
to understand the data flow through the

other. We will begin with the block diagram
of the AN/GMQ-ll wind set.

3-2. AN/GMQ-11. Turn to the block
diagram for the AN/GMQ-ll on foldout I.
(FOs 1 through 35 can be found in the
supplement.) The transmitter section (upper
left) contains a DC tachometer magneto
(generator) and a synchro transmitter. The
magneto armature is rotated by the wind
striking its three-bladed impeller. As the
rotation of the armature increases, the DC
output voltage increases. This DC voltage goes
through a brush and slipring connection to
PI. The amplitude of the DC voltage
represents the windspeed. The stator voltages
of B1 furnish the wind direction indication.
The rotor of B1 is positioned by the wind
vane which alines itself to the wind direction.

3-3. The DC voltage, representing
windspeed, and the stator voltages,
representing wind direction, are connected to
TB201 in the indicator. From TB201, the DC
voltage from the magneto is connected to a
voltmeter (M201) which is calibrated in knots
(windspeed) instead of volts. The stator
voltages are connected from TB201 to the
stators of a receiver synchro (B201) in the
indicator. Only the T420 transmitter and the
ID-373 indicator are contained in the basic
AN/GMQ-ll system, but in most systems the
recorder is added. When the recorder is used,
the windspeed and direction voltages are also
sent to P403 (recorder), to B403 (wind
direction), and to M402 (windspeed).

3-4. The AC source for the indicator lights
and the synchro system rotors can be
connected through a fuse, F201; the exact
connections are not the same at all stations. It
would be advisable for you to locate and
identify the AC source and main fuses for all
your equipment. For this discussion, F201 is
used to fuse the indicator lights and the rotors
of the synchro transmitter and synchro
receivers, B201 and B403. Fuses F401 and
F402 control power to the recorder lights,
chart movement, and repositioning system in
the recorder.

3-5. During normal operation, the RO-2
recorder and the ID-373 indicator record and
indicate windspeeds up to 120 knots. The
recorder has the additional capability of
recording windspeeds up to 240 knots. When
the RECORDER switch (S405~ is in the
0-240 position, the indicator windspeed meter
(M201) is disconnected from the transmitter.

3-6. The repositioning circuit moves the
wind direction recording pen from the edge of
the chart back to the center of the chart
whenever necessary.

10
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Figure 19. Schematic of the AN/GMQ-l1 transmitter.

3-7. Two motors move the chart under the
pens. The B401 (chart drive) motor feeds the
chart from the paper roll. The speed of B401
must be constant and accurate since it
determines the speed at which the chart is fed
under the pens. Time lines are printed on the
chart. As it moves, the time lines should
correspond to local time. The normal chart
speed is 3 inches per hour, and the chart is
marked for this speed. However, by changing
gears, you can change the chart speed to 6
inches per hour for special mission
requirements or for maintenance. B402 is the
chart takeup motor, rolling up the recorded
chart. 8402 controls AC power to both
motors; however, 8403 must be closed
because it controls AC to B402. 8L103 is a
microswitch that closes when you insert the
chart take up roll correctly.

3-8. 8404 has Jlu-ee positions: OFF,
POWER WITH LIGHTS, and POWER
WITHOUT LIGHT8. The lights are two
lamps, one on each side of the chart. As we
stated before, 8404 controls power to the
recorder lights, chart movement, rotors, and
repositioning circuit. This completes the
tracing of data flow and AC power through
the AN/GMQ-ll block diagram. Turn your
attention now to the AN/GMQ-20 block
diagram.

3-9. AN/GMQ-20. The block diagram for
the AN/GMQ-20 is shown in FO 2.
Comparing the two block diagrams you can
see that both sets are very much alike. The
transmitter (T755) contains a magneto
(G201) to generate the windspeed voltage and
a synchro transmitter (B201) to generate the
wind direction signal.

3-10. The DC magneto voltage and the AC
stator voltages from the transmitter are fed to
TBI in the recorder. From TBl, the voltages
are sent to the indicator (MI0I for speed and

BI02 for direction) and to M1 and B2 in the
recorder. The indicator uses luminescent
plates to illuminate the speed and direction
scales. The plates require a 400-Hertz,
220-volt power source supplied by an
oscillator in the indicator.

3-11. The recorder for the AN/GMQ-20
has two ranges for windspeed, as did the
AN/GMQ-ll. But the ranges for the
ANfGMQ-20 are 0-75 and 0-150. Like the
AN/GMQ-ll, the indicator is disconnected
from the transmitter when 83 is in the 0-150
knot position. With the recorder in the 0-150
knot range, you must place 2300 ohms of
resistance in parallel with the windspeed
indicator of the recorder to maintain the
proper load resistance.

3-12. The repositioning system of
.AN/GMQ-20 is different from that of the
AN/GMQ-ll. The AN/GMQ-20 repositioning
system uses two pens. When one pen moves
off the edge of the chart, a pen on the other
edge takes up the tracking of the vane. The
AN /GMQ-20 repositioning system is
mechanical, whereas the AN /GMQ-l1
repositioning system is electrical.

3-13. Chart movement for the
AN/GMQ-20 has two speeds-3 inches pel'
hour and 3 inches per minute. Normally, the
3-inch-per-hour speed is used to record
windspeed and direction. Use the
3-inch-per-minute speed for maintenance
routines or whenever a speciai mission
requirement calls for it. To change the chart
speed, use the CHART FEED switch to select
the fast speed motor. The chart takeup motor ;..,/
(B5) operates properly at either chart feed}"/
speed. i )j~! •

3-14. The AC power for tlhe lkit]f&
AN/GMQ-20 system is routed thrftilgb ~1 and
82. Here again, the exact conn~6ns rpay be
different from station to ~tatio# so check the
AC power connections +~)Pte equipment at

j )' ")

i JJ'f\' ZzV 51
}. j

V n rlS2 '201 '2
.~g~ i,~LJ~C1.ea I \

C201 1 t· "USHES 1
1

\1 I 53 .,
0.25u'T . ,~ I

k+->\ IIr15 I~--+-----I

[r9lj
3023(:-1-1-20

Figure 20. Schematic of the AN/GMQ-20 transmitter.
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Figure 21. Schematic diagram of indicator ID-373.

your station. This concludes our discussion of
the block diagrams for wind measuring sets
AN/GMQ-ll and AN/GMQ-20. To make the
block diagrams more meaningful and to help
you locate a faulty component during
troubleshooting, you must be able to analyze
individual circuit operation.

4. Circuit Analysis of the Wind
Measuring Sets
4-1. Since both systems are approximately

the same, this discussion of circuit analysis
covers both sets and points out the individual
differences between the two sets.

4-2. Transmitters. Both transmitters
contain a magneto (DC generator) for
windspeed information and a synchro
transmitter for wind direction information.
Figure 19 illustrates the T420 transmitter and
figure 20 illustrates the T755 transmitter. G1
in figure 19 and G201 in figure 20 represent
DC generators. The generators are called
magnetos because the magnetic field is
produced by a permanent magnet rather than
an electromagnet. Remember that to generate
a voltage, three things determine the output
voltage amplitude:

• Number of coils cut by magnetic field.
• Strength of magnetic field.
• Speed of motion between conductor and

magnetic field.

4-3. In the wind set magnetos, the variable
factor is the armature speed of rotation. The
wind rotates the armature by striking a
three-bladed impeller. The higher the
windspeed, the faster the armature rotates
and the higher the output voltage. Since the
output voltage is linear with the speed of
rotation, you can calculate the windspeed if
you know the DC voltage. The T755 magneto
has two resistors (R201, R202, fig. 20) that
match the generator to the line impedance.
The T755 transmitter can operate up to ten
indicators, whereas the T420 transmitter can
operate only two. At some locations, a T755
magneto is placed in the T420 housing to
increase the number of indicators that the
transmitter can operate. FL1 (fig. 19) and
C201 (fig. 20) are RF filters. Both outputs are
connected through a slipring and brush
assembly to the output plug.

4-4. Wind direction measurement is a
function of the stator voltages from the
transmitter synchro. The synchro rotor is
connected to the wind vane. As the wind
changes direction, the vane turns, thereby
changing the rotor position. The output
voltage represents the rotor position, as we
stated in the first part of this chapter. The
transmitters produce the windspeed and
direction information, and this information is
routed to the indicators.

4-5. Indicators. As we have already
mentioned in the block analysis, a voltmeter

12
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Figure 22. Schematic diagram of indicator ID-815.

is all that is needed to indicate the windspeed,
and M201 (fig. 21) and MI0l (fig. 22) are
basically voltmeters. Both meters are
calibrated in knots rather than volts. When
the magneto output is 14.6 volts, the
voltmeter indicates a windspeed of 120 knots
(full scale). To convert a known voltage to
knots or a given windspeed to volts, use the
equations: Volts = knots X 0.1216, or knots =
volts X 8.22. For the magneto to produce a
linear output, a load resistance of 1150 ohms
must be maintained. Both meter movements
(M201 and MI01) have 2300 ohms of
resistance. When either the ANfGMQ-ll or
AN/GMQ-20 system is used with only one
readout, you must place 2300 ohms of
resistance in parallel with the speed meter to
maintain a load resistance of 1150 ohms. In
the ID-373, the resistor is R201; in the

ID-815, the resistor is RIOL However, most
wind systems use more than one readout;
therefore, these resistors are removed from
the circuit.

4-6. A synchro receiver is needed to
indicate the wind direction. In the ID-373,
the receiver is B201; in the ID-815, it is BI02.
The synchro systems in indicators operate
exactly as the synchro system explained in
Section 2 of this chapter.

4-7. There are seven scale lights in the
ID-373 (fig. 21). The 6 volts to operate these
lights is furnished by a stepdown transformer
T201. The ID-815 does not use light bulbs to
illuminate its scales; instead, it uses a
luminescent plant. The luminescent plate is
the calibrated face of the indicating dials. As
AC power is applied, the plate lights up in the
same way that a fluorescent dial on a watch

13
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Figure 23. Luminescent plate oscillator.

glows in the dark. The power that causes the
plate to glow is supplied by an oscillator.

4-8. The oscillator, shown in figure 23, has
an output that is a 400-Hertz wave which can
be varied from about 60 to 220 volts in
amplitude. For the oscillator to be free
running, it must be biased for class A
operation. Resistors R108 and R106 provide
the bias to start Q1 conducting. With Q1
conducting, a voltage is induced into the
secondary of T102, causing C102 to charge.
When Q1 reaches saturation, the secondary
field of T102 collapses and C102 starts to
discharge. The discharge of C102 causes a
feedback to the primary of T102 which
reverse-biases Q1 and stops its conduction.
Capacitor C102 discharges to a point where
the bias of R108 and R106 causes Q1 to start
conducting again and the whole process
repeats. Resistor R104 controls the current
through T102 when Q1 is conducting. This
controls the charge on C102. The higher the
charge, the brighter the glow. As we stated
before, you can vary the output from about
60 to 220 volts AC with R104. Resistors
R105 and R104 and capacitor C101 are an
AC filter for the bridge rectifier circuit. In
addition to the indicator, the transmitter

outputs are also applied to the recorders,
which are discussed in the following
paragraphs.

4-9. Recorders. The recorders provide a
continuous record of wind direction and
windspeed values with respect to time. You
cannot use the recorders independently.
Electrical values, representing wind direction
and windspeed, must be supplied by the
transmitter since the recorder only interprets
and records these values; it does not produce
them.

4-10. The recorders operate on the same
principles as the indicators. That is, the
windspeed meter is basically a voltmeter, and
the wind direction is indicated by a synchro
receiver. The main difference between the
indicators and the recorders is that, in
addition to scale indicators, the recorders use
inking pens to write on a chart. Another
difference is that the recorders are capable of
recording higher windspeeds than the
indicators can show. The recorder for the
ANfGMQ-20 records winds up to 150 knots
and the ANfGMQ-ll recorder traces to 240
knots. The indicators can go only to 120
knots.

14
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Part A shows the circuit when 83 in figure 27
is in the 75-knot position. The values of R3
and R2 are such that the recorder has 2300
ohms of resistance. In the 75-knot position,
the indicator is in the circuit, adding 2300
ohms of parallel resistance. Part B of figure 26
shows the resistive network when the RANGE
switch is in the 150-knot position. As shown
in figure 27, R1 or some other 2300 ohms of
resistance must be placed in parallel with the
incoming signal when the indicator is
disconnected from the magneto. The circuit
that disconnects ID-815 is not shown in figure
27. It is usually disconnected through wiring
to 83.

4-14. The wind direction system uses
synchro receivers B2 (fig. 27) in the
AN/GMQ-20 recorder and B403 (fig. 28) in
the AN/GMQ-ll recorder. Both systems use a
gear train to operate the inking pens. The

i405

4-11. To see the way that the recorder
windspeed range is increased, look at the
diagram of the windspeed circuit of the
AN/GMQ-ll recorder (RO-2), as illustrated in
figure 24, and notice the way that it is
connected to the transmitter and the
indicator. With 8405 in the 120-knot
position, M201 (ID-373) and M402 (RO-2)
are in parallel and indicate the same
windspeed. Note that the resistance of the
meter movement of M201 is 2300 ohms, but
the resistance of M402 is only 65 ohms. To
increase the resistance of the M402 circuit,
R405 (2235 ohms) is added, increasing the
circuit resistance of M402 to 2300 ohms.

4-12. When 8405 is placed in the 240
position, two things 'happen-M201 is
disconnected from the transmitter and a
series-parallel resistive network is placed in
the M402 circuit. M201 is disconnected
because it indicates to only 120 knots.
(Besides, if the windspeeds are at that
velocity, nobody should be around to read
the dial.) Figure 25 shows the resistive
network as seen by the magneto. Applying
Ohms law, you find that the total impedance
is 1150 ohms, and that twice as much voltage
is needed for full-scale deflection than is
needed in the 120-knot position of 8405.

4-13. The windspeed circuit of the
AN/GMQ-20 recorder is shown in figure 26.
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gears are turned by the rotor of the synchro
receiver as it alines itself with the transmitter
rotor. Since the wind is ever changing in
direction, and the recording charts are limited
in width, there must be some method to
reposition the pen as needed. The
respositioning circuits are our next topic of
discussion.

4-15 _ Repositioning system, RO-2
recorder. The wind direction chart (fig. 28)
indicates 5400 of wind vane movement from
one side of the chart to the other side. You
might think that 5400 is enough to indicate a
wind from any direction since a complete
circuit is only 3600

• However, it is not quite
that simple. Refer to the wind direction scale
in figure 28. Assume that the wind is blowing
from the west. Because of a peculiar
meteorological situation, also assume that the
wind changes direction, first toward the
north, and finally, to the east and back to

south. In this situation, the recording pen
indicates south but is on the edge of the
chart. If the wind shifts again toward the
west, the pen tends to move off the chart. To
prevent this condition, a repositioning system
is used in the RO-2 recorder.

4-16. The repositioning system in the
RO-2 moves the recording pen from either
side of the recording chart back to near the
center of the chart. To see the way this
works, start with the AC applied at L1 and L2
of TB401 in figure 28. Beginning at L1, the
AC is applied to pins 3 and 7 of both K402
and K401. Both relays are shown in the
deenergized position; therefore, the AC stops
at the open contacts. Following the other lead
from L1, you see that it is connected to the
slipring. The slipring makes connection with
S401. This is as far as this line of the AC goes
until either K401 or K402 energizes. The
other side of the AC is at L2. From L2, this
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.~.
side of the line goes to a contact on the
commutator, through the commutator to
another contact, and to pin 1 of K401. (When
8401 is near the north edge of the chart, the
commutator contact to pin 1 of K402 is made
rather than the K401 contact.) In addition to
the commutator, the AC is applied to pins 7,
2, and 5 of thermal relay K403.

4-17. As the wind direction pen
approaches the edge of the chart, 8401
approaches one of its contacts. In the
preceding situation, we assumed that the pen
was on the south edge of the chart. When
8401 makes connection with the south
contact, AC is applied to pin 10 of K401 by
way of the slipring and 8401. 8ince 8401
makes contact when the pen is at the south
side of the chart, the commutator contacts
supply AC to pin 1 of K401, as shown in
figure 28. Under this condition, K401
energizes; this disconnects R1 (contacts 2 and
11), 83 (contacts 9 and 14), and 82 (contacts
8 and 13) of B403, applies AC power

30250-2-1-29

Figure 29. Wind direction mechanism, ANjGMQ·20.

Figure 30. Ratchet and pen carriage assembly.

(contacts 3 and 12) to pin 10 of K401
(self-holding) and L401, and applies AC
(contacts 7 and 6) to pin 3 of K403.

4-18. With Rl, 83, and 82 disconnected,
all the torque force on B403 is removed. The
AC power that K401 applies to L401 causes
the brass disc to rotate. This repositions the
shaft which places the ink pen, 8401, and
commutator back to the south indication near
the middle of the chart. When K401 connects
AC to pin 3 of K403, it starts current flow
through the heating element. If the
repositioning is not completed within
approximately 5 seconds, the heating element
opens the bimetallic strip to break the AC
connection between pins 7 and 5, thus
removing the AC from the repositioning coils.

4-19. K401 deenergizes when the
commutator moves far enough to break the
AC connection to pin 1. The repositioning
circuit operates in the same way when the

19



north edge of the scale is approached except
that K402 is energized and L402 causes the
shaft to rotate toward the middle north on
the chart.

4-20. When the commutator connection
breaks 'and the repositioning relay
deenergizes, this reconnects RI, S3, and S2 or
B403 to the transmitter synchro. Since the
repositioning coil (L40I or L402) moves the
B403 rotor 3600

, the rotor is at the same
position electrically that it was before the
repositioning took place. Therefore, when
K40I or K402 reapplies the torque power to
B403, it locks the rotor position to
correspond to the transmitter position. As
you have seen, the RO-2 recorder wind
direction repositioning system uses one ink
pen and a 5400 chart, whereas the recorder
for the AN/GMQ-20 wind set uses two ink
pens and a 3600 chart. The following
paragraphs explain how this latter recorder
operates.

4-21. Repositioning system, AN/GMQ-20
recorder. In the recorder used with the
AN/GMQ-20, the wind direction synchro
drives the two wind direction pens through
gearing and a ratchet and carriage assembly, as
illustrated in figure 29. A pinion gear attached
to the synchro rotor shaft drives a spur gear
and pinion. This pinion, in turn, drives the
ratchet gear on the ratchet and carriage
assembly. Gear ratios are such that 3600

rotation of the synchro shaft produces 400

rotation of the ratchet and carriage assembly.
Figure 30 shows the ratchet and carriage
assembly in more detail. The pen carriages are
moved by pawls that are attached to the pen
and engage the teeth of the ratchet wheels.
The pawls are spring-loaded to assure positive
engagement. The carriages are adjusted so that
when the position of the synchro rotor
corresponds to north, each pawl is fully
engaged with a tooth of its associated ratchet
wheel. Then if the synchro rotor turns away
from north, one of the pawls transmits the
motion of the ratchet wheel to its pen
carriage to produce the required indication.
(If the wind shifts toward the east, the left
pen records, and the right pen records if the
wind shifts toward the west). If the direction
of the wind shift reverses before the wind has
shifted through a full 3600 (back to north),
the active pen continues to record, and the
other pen remains at rest.

4-22. The pen in use follows the ratchet
wheel because its pawl remains positively
engaged with the ratchet tooth that moved
initially and because of a spring-load provided
on the carriage itself. If the direction of wind
shift continues past north for more than 3600

in the original direction, the active pen is
released at the chart margin by an automatic
pawl release and is swung back toward its rest
position by the spring-load of the carriage. As
soon as its pawl encounters the next tooth on
the ratchet wheel, this same pen resumes
tracking the wind shift. While the active pen
and its pawl carry out these actions, the pawl
of the inactive pen rides over the next tooth
on its ratchet wheel, and if the motion
continues to the chart margin, it drops to
engage the next tooth just before the pawl of
the moving pen is released.

4-23. The net effect is that the inactive
pen begins recording if the direction of the
wind shift reverses exactly at the north
position, and the initially active pen continues
recording if there is no wind shift reversal at
the north position. This entire action occurs
regardless of which pen is initially in motion.
A simple way to remember the way the pens
operate is that, with both pens at north on
opposite sides of the chart, the left pen
records wind shifts toward the east and the
right pen records wind shifts toward the west;
in all other instances the active pen continues
to record.

4-24. The only circuit remaining in the
recorder is the chart movement. The
discussion of the chart movement in the block
diagram section actually covers circuit
operation; therefore, further analysis is not
required.

5. Troubleshooting
5-1. With this background of block and

circuit analysis, you should be able to locate
the cause of faulty system operation and
correct the trouble. Suppose that you are in
the observer section of the base weather
station cleaning the recorder when the control
tower calls to say that they have no indication
of windspeed. You check the recorder and
find that it is recording; but the forecaster
tells you that two flight crews reported on
landing that they encountered higher
windspeeds than those given to them by the
tower.

5-2. What should you do-drive out to the
transmitter, check out the indicator in the
control tower, or take a good look at the
recorder? Before you do anything, take time
to analyze the trouble. What are the
symptoms? The tower reported no speed at
the indicator, and the forecaster implied that
the recorder reading is low. Now recall that
the DC generator GI in the transmitter
produces a voltage proportional to the speed
of the wind. Also, you know that the
indicator and recorder are wired in parallel
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with the generator in the transmitter. You
decide that the most likely source of trouble
is the recorder. Good thinking! You check the
recorder and find switch 8405 in the 0-240
position instead of the 0-120 position where
it should have been for the present weather
conditions.

5·3. What was the reasoning that led you
to look for the trouble in the recorder? You
knew the transmitter was good when you read
a windspeed at the recorder. This left the
recorder and the indicator as possible
suspects. The low wind readings could be
caused by improper positioning of the

switches in the recorder, and since the
recorder was nearby, you checked this
possibility first and found the trouble. By
using your knowledge of the system circuitry
and some logical analysis, you saved yourself
a long trip to the transmitter location at the
end of the runway or up the stairs to the
control tower.

5-4. You have now completed the
discussion of the wind equipment used by
AWS. Now refer to the chapter review
exercises in your workbook and answer the
items for this chapter.
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