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FOREWORD

The Localizer Range Rate System described in this report was designed,

fabricated and tested by personnel of the FAA Navigation and Landing

Division, Systems Research and Development Service, Washington, D.C.

Flight testing of this system was performed by the U.S. Air Force

4950th Test Wing Det. 1, Andrews Air Force Base, Maryland under the

direction of the Flight Dynamics Laboratory, Air Force Wright Aeronautical

Laboratories, Wright-Patterson Air Force Base, Dayton, Ohio.
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1. INTRODUCTION

Wind shear related aircraft accidents and incidents motivated formation

of the FAA Wind Shear Project Office for related research and development

activity. This effort emcompassed several different areas ranging from

improved wind shear forecasting techniques to airborne wind shear devices,

one being to provide accurate ground speed information to aircraft while on

final approach.

The use of ground speed information by the flight crew has been demon-

strated as an ingredient of a reliable wind shear information system. The

accuracy and timeliness of the ground speed information is of the utmost

importance. Current systems that meet these requirements are relatively

expensive, therefore effort was directed toward development of a low-cost

ground speed system. This report describes such a system which has been

fabricated as a flyable brass board and successfully flight tested during

this program.

2. DESIGN GOALS

The design goals for the equipment described by this report, for ground

speed measurement in a wind shear environment during final approach

are as follows:

Coverage Same as localizer

Accuracy +5 knots (2a)

Velocity 80-250 knots

Velocity Res- 3 knots/sec
ponse

Update rate 0.3 Hz

3. OPERATING PRINCIPLE

The operatir.: =rinciple of this range rate measLreerz system is illus-

trated by Figures 3-1 and 3-2. A conv2ntlonal one-way Doppler, using the
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carrier frequency of the localizer, is shown by Figure 3-1. The aircraft

speed and the signal wavelength are appropriate to provide a measurable beat

note when the received signal is mixed with the output of an airborne

clock that is synchronized with the localizer carrier frequency. While

this approach is theoretically sound, it would require substantial localizer

modifications to stabilize the carrier frequencies and substantial

avionics modifications. The differential ranging system illustrated

by figure 3-: has been selected as the operating principle of the system

described by this report. It operates on the amplitude modulated envelope

of the localizer carrier, with the modulation being originated by a 5 kHz

precision controlled rubidium clock source. The aircraft speed and

modulation wavelength combination in this situation are not appropriate

for measuring beat notes, since the beat note frequencies are on the order

of a few thousandths of a Hertz. However, an equivalent measurement is

made with the airborne equipment described in this report, by partitioning

each wavelength into small phase increments and measuring the aircraft

transition time thru each increment.

Referring now to Figure 3-3, the Instrument Landing System (ILS)

localizer transmitter is amplitude modulated by an audio tone from the

reference signal generator. This audio tone is derived from a precision

frequency source such as a cesium or rubidium clock. The ILS localizer

signal with its reference tone is received and demodulated by the ILS

localizer receiver. The frequency of the demodulated tone is compared

to the frequency of a tone generated by a precision frequency source in

the aircraft. The frequency difference between these two tones is

caused by the Doppler shift of the received and demodulated tcne. This

shift is a measure of the ground speed of tie aircraft relative to the ILS

localizer transmitter.



I 
L

I  L  5 
E R E N C E

LOCALI 'ZER SIGNAL
RECEIVER H PROCESSOR

SREFEREKE ILS AIRBORNE STATION

SIGNAL - LOCAL IZER
G EN ERATOR TRANSMITTER

GROUND STATION

Figure 3-3. System Block Diagram.

The airborne station is shown more clearly in Figure 3-4, where the

demodulated signal from the localizer receiver is filtered and converted

from a sine wave to a square wave by the signal conditioner for processing

by the Doppler detector. This square wave is processed with the output

of the precision frequency source in the Doppler detector to generate a

pulse having a period inversely proportional to the groundspeed. The period

of this pulse is measured and converted to linear range rate by the Doppler

processor, and displayed on a groundspeed indicator.

PRECISION
FREOUENCY

SOURCE

LOCAL IZER. C o __
RECEIVER CONDITIONERF DETECTOR -- r PROCESSOR

DISPLAY

Figure 3-4. Localizer Receiver with Doppler Range-Rate Sensor.
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4. SYSTEM DESCRIP'IUN

The ground and airborne components of this range rate sensor are

considered separately in this report. The ground components that provide

the precision reference tone on the 1LS localizer transmitter are the

responsibility of the Federal Aviation Administration. The airborne

components will be provided by the users.

The system utilizes the Doppler component generated between a reference

signal radiated by an ILS localizer facility and q signal obtained from a

precision airborne clock. Conventional Doppler (frequency domain.) t'fdhniques

that measure the frequency of a Doppler beat-note cannot be utilized, because

of the extremely long wave length of tho reference signal (32 miles) and the

relatively slow motion of a 1-.uiiJng aircyift. Accordingly, measurements are

made on a time domain basis and converted to a linear function relative to

radial groundspeed. This is accomplished by measuring the amount of time

it takes an aircraft to travel a fixed inorement of wave length of the

reference signal. A digital processor converts this period of time to a

signal having a frequency that provides a ratio of one hertz per knot of

radial groundspeed. A single process.'r using low clock frequencies

provides acceptable ground speed infornation, but will not meet the

up-date response time. Higher clock frequencies increases the response

time, but groundspeed data becomes unacciepiably joisy. Thus, the use

of multiple processors as described by Lhis report provides a compromise

between data up-date rate and si ,nai noi.e. So Vure 4- . do divide

by "N" processor circuits are -' tl V' o ,-o accept able gignal-to-noise

ratio. Two additional divide b- "," or(,cessors are osed , increase the

data update rate. The four di'ilc by "'I" prcles-;ors :ire sequentially

updated and sampled. Tw, DoppIor detocl_ors4 are uied, one for each pair

of divide by "N" c:ircuit-'. Tb. *'pp er i ,nl i are detected at phase

quadrature which automatici] ]v 1rvid-.; ,obei,,ot sc(i'encing of the

divide by "N" rircmits;. iho lloppi . :.i. o al, isod to program a

multiplexer which i r -,,.c Iha: 0, , , ,,,, l b will I ,I displayed.



4.1 Ground Components

The ground components of this sensor are the ILS localizer transmitter,

the reference signal generator, and the modulator. The localizer transmitter

used for this range rate function is the standard lateral guidance component

of the instrument landing system. The localizer carrier is amplitude modulated

by the 90 Rz and 150 11z frequencies for lateral guidance, plus an audio

identification signal. The signal format on the localizer transmitter is

modified only by the addition of the reference tone modulation. The percent

modulation of each of these modulations on the localizer transmitter is

listed in table 4-1. It is noted and emphasized that the addition of this

reference tone modulation does not detract in any manner from the primary

lateral guidance function of the localizer transmitter.

TABLE 4-1.

PERCENT MODULATIONS ON LOCALIZER TRNSMITTER

FUNCTION PERCENT MODULATION

90 Hz Guidance ..... ............... ... 20

150 Hz Guidance ..... ............... ... 20

1020 Hz Identity ....... .............. 10

Reference Tone ..... ............... ... 30

TOTAL 80

Referring again to figure 3-3, the 5kHz reference tone is derived from

a rubidium frequency standard. The high frequency (10 MHz) of the frequency

standard is digitally divided down to a 5kHz square wave. The square wave



is converted to a sine wave with passive circuitry to minimize phase noise,

and applied to the automatic level control of the tocalizer transmitter to

effect 30% amplitude modulation (f the tocalizer carrier signal. At facilties

where the transmitter has voice modulation capabilities which are no longer

required, the 5kHz sine wave tone would be simply connected to the carrier

modulator terminals. Since space-modulation is not used, flight inspection

of the reference signal is not required and monitoring of the 5kHz signal

would be a simple go-no go alarm operation.

The range rate ground equipment for these tests utilized a standard

7 inch rack panel.

4.2 Airborne Components

The 5kHz tone from the localizor is obtained from the audio !-ction

of a conventional navigation -eceiver for airborne processing. With some re-

ceivers, the tone is available at the audio output terminal. With receivers

that utilize audio band pass filtering, the tone is obtained ahead of the

filter. No other connections or changes to the receiver are required. A

block diagram of the major airborne components is shown by Figure 4-1.

4.2.1 Precision Frequency Source

The precision frequency source f(r the airborne equipment can be either

cesium or rubidium clocks, or the less prciisc but adequate oven control

crystal 'YhLock. While the crystal clock wol'ld ost considrably loss, it

would require periodic calibrat,,on triat could )rFt-Fet its cost advantage.

The precision frequency source Includes a digital frequency divider to

convert the clock frequency to those frequencies required by the Doppler

detectors and processors.

Pill
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The accuracies of the clocks in knots per unit time, considered for both

the airborne and ground components, are shown by Table 4-2. Rubidium clocks

were selected for the equipment described by this report.

TABLE 4-2.

CLOCK ACCURACIES

AIRBORNE CLOCK

QUARTZ RUBIDIUM CESIUM
GROUND

COCK

Quartz 4.08 kt/week 2.04 kt/week 2.04 kt/week

Rubidium 2.04 kt/week 0.14 kt/year 0.07 kt/year

Cesium 2.04 kt/week 0.07 kt/year -

These values were obtained from Hewlett-Packard and Efratom equipment

specifications. The ground facility will use the rubidium frequency standard.

The clock-divider network to provide the precision frequencies required by

the airborne processors, accumulators, and detectors, is shown by Figure 4-2.

4.2.2 Signal Conditioner.

As illustrated in figure 4- 1, the 5kHz tone is conditioned with a

bandpass filter having a high input impedence to prevent derogation of the

aircraft receiver performance. The output of the bandpass filter is a 5kHz

square wave that is applied to the Doppler detectors. Figure 4-3, illustrates

the type of filter used to obtain engineering test data. It is basically a

phase locked loop (PLL) circuit employing a special differential filter in

the loop feedback network. Two mixers use complementar-y signals which

are derived from the divide by "N" network to provide inversely proportional

analog voltages. With reference to Figure 4-4, these analog voltages are

developed across resistors RI and R2 of the L-R integrator networks. These

resistors are also parz of a differEntiai ng network effected by capacitor C.

1-0
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Thus. the integrators and differentiator utilize common resistors

to oerform both functions. The differentiating portion of the net' ork

is only active in the presence of noise and provides a high degree

of noise rejection.

4.2.3 Doppler Detectors

Two separate Doppler detectors are utilized to increase the data up-date

rate. This is accomplished by applying the clock frequencies at a phase

quadrature relationship between detectors. This phase quadrature relation

is obtained as shown by Figure 4-5.

The detectors can be either digital as in Figure 4-6i or analog as

in Figure 4-7. The digital configuration was used during the flight tests

described by this report, with all test results meeting the accuracy and

response time requirements for wind shear avionics. The analog configuration,

now undergoing flight tests, has demonstrated a significant noise reduction

as compared to the digital configuration. However, the analog director

requires a frequency multiplier to multiply the 5KHz signal up to the 1.25MHz

clock frequency. The digital detector does not require a frequency multiplier,

although a PLL multiplier circuit was used to provide filtering of the 5kHz

signal.

Referring now to the Figure 4-6 digital Doppler detector, a monostable

circuit converts the 5 KHz square wave to a 5 KHz pulse. This pulse and the

clock pulse are applied to a coincidence detector which upon coincidence

causes the flip-flop circuit to change state. This in turn causes the

phase shifter to invert the clock pulse which is then saifted an additional

900 before being applied to the coincidence detector. This action

is repeated every time the 5 KHz pulse becomes coincident with a clock pulse.

Since the clock signal Is a 1.25 MHz square wave having-a total period of

0.8 microsecond, coincidence will occur every time the 5 KHz reference

pulse advances 0.72 electrical degrees (G.40 usec) ddce to motion of the

1.4



aircraft. Thus the periodic rate of coincidence is related to aircraft

radial velocity. The Doppler signal is obtained by detecting the clock

signal phase relationship between the input and output terminals of the

180 degree phase shifter.

This detection is accomplished by two mixers operating in a complementary

fashion which provides out-of-phase signals required for the differential

comparator. The output of the comparator provides a square wave Doppler

signal. Since the clock pulses applied to the detectors are at phase-

quadrature, the square wave Doppler pulses of each detector will have a

quadrature relationship. By utilizing the positive-going and negative-going

edges of the Doppler pulses, the sensor will be up-dated each 0.36 degree

(198 ft.) increment of phase change of the 5 kHz reference signal.

The analog detector, shown by Figure 4-7, differs from the digital

detector, in that the 1.25 MHz signal is derived by a PLL frequency multiplier

that is locked to the 5 kHz modulation on the received signal. This 1.25 MHz

signal is then mixed with a 1.25 MHz clock signal which produces the Doppler

signals applied to the differential comparator.

15
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4.2.4 Doppler Processor.

With reference to Figure 4-8, the output of each detector is applied to

separate channels for processing. Each channel contains two processors.

All four processors are identical except that one processor in each channel

operates on positive-going Doppler signals. The other processor in each

channel operates on negative-going Doppler signals. Since the Doppler signals

are applied at phase-quadrature to each channel, the processorn will auto-

matically be sequenced over the Doppler period. For example, if the Doppler

period is four seconds per processor, the up-dating of each processor is evenly

staggered over this period, thus providing new groundspeed information

once every second. This situation is illustrated by Figure 4-9 using

actual time interval values of the flight tested system. That figure

shows a range rate step function, the measurement characteristics, and

the filtered display. It is emphasized that the step function represents

a worse case situation and that the aircraft mass restricts the velocity

change to only a few knots per second. Accordingly, the actual error

inherent in the measurement system caused by accelerations is considerably

less than that shown by the illustrated example. Note that after the

actual range rate change, the measured value can remain unchanged for one

full update period, i.e., for 0.777 sec. The measured value approaches

the actual value as each processor is sequenced, and the measured value

equals the actual value after 4 updates, i.e., 0.777 X 4 = 3.1 seconds.

This response capability fully meets wind shear avionics requirements.

One of the four identical processors is illustrated by Figure 4-10.

The square wave Doppler pulse is applied to a monstable circuit which is

19
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0
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b) Measured Range Rate

I ~ ~160 ..
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pre-conditioned to operate on a positive-going or a negative-going voltage

as previously mentioned. The output pulse of the monostable is first

applied to the latch circuit. The latch will transfer the number of clo,:k

pluses accumulated by the accumulator to the divide by "N" circuit. The

divide by "N" circuit will divide the 116 kHz clock frequency by the number

of accumulated pulses or counts latched. The monostable output pulse is

delayed before resetting the accumulator for a new count t( insure that a

valid count has been transferred to the divide by "N" circuit. This process

is repeated on eech positive or negative edge of the Doppler pulse. The

clock frequencies applied to the accumulator and divide by "N" circuit are

selected to produce an output frequency that provides 1 Hz for each knot

of radial groundspeed. For example, at a radial groundspeed of 116 kts., the

detected Doppler period would be four seconds. This would allow the

accumulator to accumulate 1000 pulses during each 4 seconds at the 250 Hz pulse

rate. The number 1000 would be latched into the divide by "N" circuit.

Accordingly, 116 kHz divided by 1000 equals 116 Hz which corresponds to i6 knots.

4.2.5 Processor Multiplexer.

The output frequency of each processor is directly related to ground

speed with the up-dating of each processor being automatically sequenced

by the nature of the two quadrature Doppler signals. This sequencing

of the processors requires coherent multiplexing of the output signals

to retrieve the most recently up-dated data. The multiplexcr 4s also pro-

grammed by the quadrature phase Doppler signals of each channel and

accordingly, the output frequency of the multiplexer represents the latest

groundspeed information. This update sequence is shown by Figure 4-11 and

the relation of range rate vs. update time by Figure 4-12. The update

23



00 00 z c

4
w ) V) cr. .- , 4)

4) L 0 O U) bo
0 C 0 0C - 4)

I0 0

0L~ *9-6

11 0*960

6-0. -

I cj

I U

13 0'861 Qn

0

- -

IJ O'S61

IJ 0*961 .

3 .L=i ~ .I U

24j



(-44

-

4I.-

C4.

6L- -



time also is a function of the clock Irequency, and is shown in Figure 4-12

for clock frequencies of 1 MHz and 1.25 Mz. The 1.25 Mliz value is used

for the system described by this report. l'he cutput frequency can be

displayed on a digital counter. However, the frequency is converted to an

analog signal which can more readily be filtered. The filtered analog signal

is applied to the range-rate display. The analog signal is calibrated to

provide a linear voltage of 10 millivolts per knol of groundspeed.

It should be noted that when approaching the localIzer facility the

5kHz reference signal is advancing in phase relative to the airborne clock.

When departing the facility, the 5kHz reference signal is retarding in

phase relative to the airborne clock. Accordingly, a directional phase

detector is required to assure coherent multiplex performance. The

directional phase detector can also provide to-from information fo- diiplav.

26



4.2.6 Sensor Flag System

The sensor flag system is designed to monitor significant parameters

in order to alert the flight crew of any equipment malfunctions, as

illustrated by Figure 4-13.

The PLL filter utilizes a 10 MHz voltage controlled crystal oscillator

(VCXO) which multiplies the Doppler component of the 5 kHz reference signal

2000 times. Accordingly, this small increase in the freqlency of the 10

MHz PLL signal can be detected by mixing the PLL 10 M z signal with the

airborne precision frequency source. This beat frequency in the order of

2 to 3 hertz is applied to a frequency to analog convertor. The D.C. voltage

out of this convertor is proportional to the input frequency. Upon loss

of the 5 KHz signal or if for any reason the loop is not locked, the 10 §Iz

VCXO frequency will change by 1 K1iz or more, thus causing a large F/A output

voltage. The comparator will sense this change in voltage and its output

will drop to zero volts, thus causing the output V of the associated
o

"and" gate to go to zero volts. This condition causes a flag alarm. A

flag alarm would also be caused if the lock signal of the precision frequency

source should to to zero, indicating a clock component failure.

A window comparator is utilized to indirectly monitor other parameters

that could affect system performance. Failure of any one of the doppler

processors, groundspeed frequency to voltage convertor, channel multiplexer

and other associated circuitry would cause a radical change in groundspeed.

Accordingly, by monitoring the analog range rate signal with a window

comparator adjusted to detect speeds outside specified limits, failure of

any one of these parameters also would cause an alarm.

2 '
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4.3 Alternate Approaches

Alternate approaches using Doppler range rate were considered during

this program. One approach considered controlling the carrier frequency

of the localizer with a precision clock, and mixing the received carrier

with a frequency synthesized by the airborne clock to measure the Doppler

frequency. While this method had the merit of simplicity, it would require

substantial modifications to the airborne receiver and this was discarded.

Another approach considered was to provide a modulation on the carrier

with a frequency signature that identified the carrier frequency drift. When

the receiver carrier is mixed with the aircraft frequency standard, the

error caused by carrier drift is corrected by the information provided by

the modulation. This approach was successfully flight tested, and had

considerable merit. However, it was discarded in favor of the system

described by this report because of the cost effective advantages of the

described system.

Several techniques and circuit configurations were tested with the

selected approach, as listed below. The asterisked techniques were those used

in the final equipment that was fabricated and tested during this program

and described in this report:

a) Precision Frequency Source

Quartz

Rubidum*

b) Localizer Receiver

Vacuum Tube

Solid State*

29
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c) Signal Conditioner e) Doppler Processor

Phase locked loop* Multiplying D/A

Mechanical filter Programmable Divide by "N"*

Ceramic Filter Slope Integration

Digital Filter f) Display

d) Doppler D)etector Analog

Synchronous Digital

Non-Synchronous Hybrid*

Freq. Multiplier

Sample & Hold

Balanced Mixer

Digital Phase Shift*

Frequency Off-Set

4.4 Multipath Considerations

This localizer range rate measurement system has inherent and

significant multipath resistant characteristics.

The multpath resistant features include:

(a) The localizer antenna pattern is highly directional, with the

peak of its main lobe in the on-course direction, as illustrated by Figure 4-14.

All localizer facilities that will be provided with this range rate

function already will hav been , ertitied for the primary lateral guidance

function, which includes proper resistance to mutipath that could otherwis

derrogate system performance. It 1V important to ,it.c that the range rate

system does not use space inodulation, aid thus the signal will be even more

It)
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resistant to multipath than the lateral guidance signal. Its energy

radiated in the direction of the reflecting surface will always be less

than or equal to the direct signal to the localizer receiver antenna.

However, the lateral guidance signal is radiated by the sideband antenna,

which nulls on-course and is maximum at about 10 degrees on both sides

of on-course centerline. Thus, the multipath-to-direct signal ratio for

the range rate signal always will be considerably less than for the

azimuth signal. It is evident that the certified localizer facility will

assure proper multipath protection of the range rate system.

b) The range rate error cannot be greater than v(l-cos 9),

where v is the range rate when the aircraft is on-course, and 9 is the angle

between the flight path and the line connecting the aircraft and the reflecting

object. Note that for 9 _ 11 degrees, the range rate error, due to multipath

would be less than 2 percent, even under worst case conditions where the

direct signal is shadowed and only the multipath signal arrives at the

localizer receiver.

c) A high amplitude, low scalloping frequency, multipath environ-

ment can effect systems that derive range rate by differentiating techniques,

considerably more than one-way Doppler derived range rate. When the scalloping

frequency is too low for effective filtering (since filtering is limited

by response time requirements), the differentiating process that establishes

range cate could introduce a significant error.

Accordingly, this one-way Doppler range rate system has an inherent significant

resistance to multipath environments.

32



5. FLIGHT TEST PROGRAM

The localizer range rate measurement system, configured as described

by Section 4 of this report, was flight tested at Andrews AFB, Md. The

facilities, flight test profiles, and test results are described in this

Section.

5.1 FACILITIES

The localizer modulated by the precision frequency source was a

small (30 ft.) aperture, 6 dipole array mobile unit with a 6 degree course

width, operating at 109.1 MHz. The power at the transmitter output terminals

was 10 watts. The small aperture provided a carrier antenna beamwidth that

was considerably wider than that of the Andrews AFB commissioned localizer

facilities, and thus was more susceptable to multipath than the commissioned

facility. However, multipath errors were not evident during these tests,

except during deliberate localizer overflights by "other" aircraft.

The localizer antenna that transmitted the range rate signal was located

at Andrews AFB, 500 ft. beyond the overrun region of runway 19L and 200 ft.

offset from runway centerline. All runs were made on the localizer back course,

i.e., towards runway 1R, and towards an "imaginary" runway approach threshold

located on the back course 9000 ft. from the localizer antenna. The DME

used for range measurements was located alongside runway 1R, about 5200 ft.

from the localizer antenna. The locations of these facilities are shown

by Figure 5-1. A photograph of the localizer range rate ground equipment

is illustrated by Figure 5-2.

5.2 FLIGHT TEST PROFILES

All flight test data obtained at Andrews AFB utilized a military KC135

aircraft, which is the military equivalent of the Boeing 707 commercial

aircraft. The test aircraft was equipped with a Litton Model LTN-72R Tnertial
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Navigation System. A synchro to DC analog converter was used to provide

a continuous INS analog reference groundspeed signal. The INS groundspeed

and "he localizer range rate signals were recorded simultaneously on a

strip chart. A photograph of the flight test brassboard equipment is shown

by Figure 5-3. A photograph of the demonstration flight test panel is shown

in Figure 5-4. Observe that the panel design provides for the ILS (localizer)

ground speed pointer being vertically aligned with the INS ground speed

pointer when the system error is zero. The airspeed pointer also is

vertically aligned with the other two pointers when there is zero wind

at flight altitude.

The early flights, shown by Figure 5-5 and 5-6, were made on the back

course of the mobile localizer sited as shown in Figure 5-1. While front

course approaches were preferred because of the better signals radiated

in that direction, traffic control constraints at that time precluded front

course approaches. The back course signals were at least 8dB below those

of the front course. Lateral guidance during these range rate runs was

obtained from the localizer signal, and vertical guidance from tit. Andrews

GCA equipment. The aircraft was stabilized on its approach path about 7 n.m.

from approach threshold. The four approaches shown by Figure 5-5 were made

under the following conditions.

Run 1: Two dots high on glideslope

Run 2: Two dots left on localizer course

Run 3: Standard approach

Run 4: Standard approach, with programmed localizer overflight

by "other" aircraft

The actual flight test recordings of standard approaches on the back course

are shown by Figures 6a and 6b. Two front course approaches are shown by

Figures 7a and 7b.
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5.3 TEST RESULTS

The INS groundspeed was used as the standard reference data during

all runs and the localizer range rate was compared to that reference data

to obtain range rate deviation. The results are illustrated by Figure 5- 5

The range rate deviation cn all runs was within about +5 knots, and

normally was considerably less than this amount. The mean value of the

deviation was less than 2 knots. The maximum deviation of about 7 knots

occurred during a localizer overflight by another aircraft, that shadowed

the localizer signal. This error is attributed to the automatic gain control,

and can be corrected by a design modification. All range rate deviations

are within the limits necessary to provide useful groundspeed information

for wind shear measurement avionics.

Subsequent flight tests, shown by Figure 5-6a and 5-6b, substantiate

the merit of this system. The print-out circuits were modified to show the

actual values of INS groundspeed and localizer range rate, and also to clearly

show the difference values. The INS groundspeed is shown by the main trace,

and the localizer range rate by periodic "ticks" above or below the main

trace. The abcissa on these figures again shows time-to-go to the localizer

array. The range rate deviationa, as in the Figure 5-5 runs, are in the

limits demanded by wind shear avionics requirements.

The flight test recordings of the front course approaches, reproduced

by Figures 5-7a and 5-7b, show range rate with deviations within +2 knots

during most of these approaches, and never exceeding +4 knots.
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6. EQL. PME' T COST

The total cost Of al I eqLipoen t for this range rate measurement syst Tm

is considerably le.ns th1cmi that o!- other ivai lable equivalent system1s,

such as inertial, )oppler, and radar systems.

6. 1 gROUND EQUIPMENT

[he ground equipment cost, in production, is estimated at less than

-8000. This includes $4000 for the rubidium clock and $4000 for the asso-

tiated electronics. The equipment will be provided by the Government.

6.2 AIRBORNE EQUI PM'NT

[he airborne equipment cost, in production quantities, is estimated

at $4500. This includes $500 for the quartz clock, and $4000 for the

associated electronics. This cost would be increased by about $3500 for

airborne equipment tusing a rubidium clock.

7. CONCLUSIONS

The localizer range rate measurement system described by this report

provides groundspeed on final approtI, h i1h -ufficlent accuracy and response

time to serve as a valuable input to a wind shear avionics package. The

cost of the system is considerably loss than any other available system that

provides equivalent capabilities. The necessary additional modulation

an the localizer signal does not deteriorate the primary course genera tirI

function of that equipment. The demodulation and processing equipmncnt required

to extract range rate from the Doppler shift of the localizcr modulation

does not deteriorate the primary course measurement function of the

localizer receiver. This integrated package provides a cosl effective

interim solution to the measurement of groundspeed during final approach.
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