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PREFACE

This report (IFC-TN-75-1) is an analysis of the responses to a
Helicopter Control/Display Improvement Study (Pilot Factors-Helicopter)
Questionnaire distributed to a representative cross section of active
duty Air Force helicopter pilots.

The project is a part of the Pilot Factors - Helicopter (PIFAX-H)
program currently underway at the United States Air Force Instrument
Flight Center (USAFIFC). It is believed that the information obtained
from the project reported herein will help provide a data base of
pilot opinion which will be used to improve existing displays and aid
in the development cycle of future helicopter cockpit presentations
and stability systems.

Special acknowledgement is given to Mrs Mary Lou Baisden, Air Force
Flight Dynamics Lab, Wright-Patterson AFB and Mr Thomas Snyder, Bunker-
Ramo Corp., for the computer programming utilized in the project.

This technical note has been reviewed and is approved.

SIMS A. BUCKLEY, Lt Col, AUSAF
Chief, Research & Development Division
AF Instrument Flight Center

USAF Instrument Flight Center
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INTRODUCTION

Helicopters, both military and civilian, are presently operating
with instruments designed for fixed wing aircraft. Such instrumentation,
combined with Timited stability, has resulted in a reduced instrument
flying capability and has limited almost all helicopter operations to
visual meteorological conditions (VMC). When required to operate in
instrument meteorological conditions (IMC), the helicopter does so with
fixed wing airspeeds and approach procedures. In accordance with
Instrument Capabilities Survey Helicopter PIFAX-H Program CDG-PF-8
(IPIS-TN-71-1, April 1971), it has been established that helicopter
pilots fly 50% fewer instrument hours than fixed wing pilots and that
new instrument displays and associated systems (e.g., stability, rotor
anti-icing, navigation systems) might increase mission effectiveness
by up to 75%. These findings were based on pilots who "were involved
with plans/requirements, standardization, and operations in major air
command - the Air Rescue and Recovery Service, numbered Air Force, Wing,
Group and Squadron levels" - all highly experienced and knowledgeable in

helicopter operations.

Helicopter instrument approach criteria has been developed to allow
the approach designer the latitude associated with the helicopter's
"special maneuvering characteristics” and "unique maneuvering capabi]ityl
of the helicopter at airspeeds not exceeding 90 knots on final approach.

Pilot's utilization of these unique capabilities (for example,
slower speeds, steeper approach angles, reduced turn radius, etc.), is
dependent on both improved displays and increased stability. Displays
would provide the required “helicopter" information while increased
stability would reduce pilot workload and increase helicopter control-
lability so that the improved information displayed could be most
effectively utilized.

A vital, but often neglected factor in the development of instrument
displays and flight controls, is the crews' opinion of the utility of
their display and stability systems. A comprehensive analysis of subjective
pilot opinion regarding their current operational systems can provide
valid data indicative of present display/stability problems and possible
methods of improvement. With this as the major goal, the present project
reported herein was undertaken.

T.
AFM 55-9, U.S. Standard For Terminal Instrument Procedures (TERPS),

Chapter 11, Helicopter Procedures, p. 93.
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METHOD

A representative cross section of currently qualified Air Force
helicopter pilots were queried by means of a questionnaire (Appendix B).
A total of 208 questionnaires were sent out with 127 responses being
received. With exception of two Coast Guard subjects, all returned
questionnaires were from Air Force pilots. The 127 returned questionnaires
represent a 61% return rate. This relatively high rate might be indicative
of the interest and concern for the subject addressed. The 125 returned
questionnaires provide a substantial data base (approximately 20%) of the
currently qualified Air Force helicopter pilots whose primary duty is in
the cockpit.

Subjects were selected on a modified random basis with restrictions
to ensure a spread of various types of helicopters and military rank.
The latter restriction being used as a probable indication of experience.
? detailed breakdown of returned subjects experience level 1s discussed
ater.

A1l returned questionnaires were edited by the Project Officer and the
Human Factors Engineer assigned to the project. Editing consisted of
insuring proper length responses for conversion to computer punch cards,
deletion of unnecessary words, spelling, and some changes in nomenclature
were made to ease analysis, (for example, changed ID 249 to course
indicator). After editing, a subject control number was assigned and the
entire questionnaire was sent to Wright-Patterson AFB for key punching
and inclusion in the computer data base.

During the data compilation phase of the project, the computer was
queried on the basis of certain "flagged" items or by total responses to
a particular question cross referenced to another question. An example
might be relating all subjects who said they wanted a flight director system
to how they rated their current panel arrangement or whether they had ever
flown a flight director before.

The entire data bace has been placed on magnetic tape, thus permitting
future additions and varied types of analysis.
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ANALYSIS

For the purpose of this report, data has been divided into two
general categories: Heavy Lift (H/L) pilot responses and Light Lift (L/L)
pilot responses. A1l responses were analyzed by specific type category
and helicopter; however, it was determined that differences between types
were generally not as significant as differences between H/L and L/L
responses.

For the purpose of this report, Heavy Lift responses are derived from
H-53 and H-3 pilots' responses while Light Lift data consists of the H-1
series and H-43 pilots' responses.

Generally, Light Lift category helicopters have a maximum gross weight
of 10,500 pounds or less, are normally flown by a single pilot, do not have
stability augmented controls, and, with the exception of the H-IN (Bell 212),
are single engine helicopters.

The Heavy Lift Category aircraft is a twin engine, crew served (pilot,
copilot, and flight mechanic) helicopter equipped with stability augmentation
systems. Maximum takeoff gross weight is in excess of 19,000 pounds for
this category. More specific information on each type helicopter is
in appendix C.

Appendix B contains a copy of the questions used to gather data
for this report. The numbers beside each response indicates total number
of subjects responding with that answer. The page number beside each
question indicates page number in the analysis section discussing that
question's responses. All percentages are rounded off and thus might produce
totals of 99% or 101%.

DT
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SECTION I
ANALYSIS OF PERSONAL DATA RESPONSES

Branch of Service

As praviously mentioned, 125 of the 127 responses were from Air Force
helicopter pilots. The two Coast Guard pilots were both H-3 pilots and
are included in the Heavy Lift data.

Years Rated H/L L/L
Less than 3 Years 32% 42%
3-6 Years 18% 9%
6-10 Years 30% 27%
10-15 Years 10% 16%
Over 15 Years 10% 6%

The years rated information is very similar for both groups with
approximately 50% of the pilots responding having their wings for less
than six years. This does not necessarily mean the individuals have been
assigned to flying duties for the entire time but this would be the case
for the vast majority of the pilots.

Flight Experience

Perhaps a more meaningful criteria is the total flying time an
individual has amassed in both fixed wing and helicopters. It is
assumed that the difference between total time and helicopter time is
fixed wing flying time.

Total Time Helicopter Time

s H/L L/L H/L L/L

+ Less than 800 hours 20%  19% 24% 23%
; . 800-1500 hours 22%  30% 50% 449
i 1500-2000 hours 6% 1% 8% 13%
i 2000-2500 hours 18% 16% 6% 6%
; Over 2500 hours 34%  34% 12% 13%

S oA

Once again, very little distinction appears between H/L and L/L

; pilots. While approximately 50% of both groups have less than 1500 hours
total time; 74% of H/L and 67% of L/L pilots have less than 1500 hours

: helicopter time. This serves to establish the fact that some pilotc

5 have flown both helicopters and fixed wing.

6



The Air Force currently has two types of pilots flying helicopters.
The first category is the "conversion" pilot. This individual was
originally a fixed wing pilot who received transition training to
helicopters. The second type is the "helicopter only" pilot who
underwent all his training (basic f1ight training with the Army) in
helicopters and has never flown military fixed wing aircraft. At the
completion of approximately four years of helicopter flying, the
"helicopter only" pilot then undergoes fixed wing training and serves
a tour as an Air Force fixed wing pilot. Both category pilots can then
be utilized in either fixed wing or helicopter assignments. "Helicopter
only" pilots comprised 60% of those responding to the questionnaire.

Type Helicopter Flown and Time in Type

Heavy Lift opinion is represented by 50 pilots while 77 pilots
responding flew Light Lift helicopters. Time in types ranged from a low
of a 490 hours average for H-1H pilots (newest helicopter in AF inventory)
to a high of 1536 hours averaged by the H-43 (oldest helicopter in
inventory).

Heavy 1ift pilots averaged 697.6 hours in their aircraft while Light
Lift pilots have an 870.6 hour average. These average time figures are
relatively low due to the large number of young pflots flying helicopters.

Actual Weather Time in Last 12 Months

The obvious lack of actual weather experience is apparent through the
responses to this question. Actual weather time ranged from 14.1 hours
for the TH-1F to a Tow of 1.1 hours for the H-1P. At this point it must
be noted that seven of the 10 TH-1F pilots responding were instructors in
the Air Force Instrument Pilot Instructor School (IPIS) and would, therefore,
be expected to fly more weather time than an operational pilot. Average
weather time for Heavy Lift was 12.1 hours with 5.3 hours being the Liaht
Lift average. These averages are perhaps misleading when looking at weather
time in another way. While 20% of H/L pilots reported 2 hours or less
weather time in last twelve months, 53% of the L/L pilots logged 2 hours or
less for the same period of time thus indicating a significantly greater
percentage of H/L pilots flying more weather time than L/L pilots.

guestion #2 - "On what percentage of your flights do you operate in
nstrument Meterological Conditions (IMC)?"

a. Less than 5%

b. 5-10%
c. 10-20%
d. Over 20%



Analysis of responses to this question provides a further indication
of the lack of instrument operations. Seventy-nine percent of pilots
responding stated that less than 5% of their missions involve actual
weather operations. Eighteen percent reported a 5-10% rate while the
remaining 3% stated they encounter weather on from 10-20% of their
missions. Not a single pilot claimed weather operations on over 20% of
his missions.

The difference between H/L and L/L pilots again appears. Of 55
single engine, L/L helicopter pilots responding, only seven stated they
encountered actual weather on 5-10% of their missions - the remaining
pilots all said less than 5% of their missions involved weather operation.
These seven pilots were TH-1F instructors involved in a formal Air Force
Flying Training Course - IPIS.

When looking at the types of primary missions being flown by the
responding pilots (see appendix B for breakdown), the lack of weather
experience is even harder to reconcile. Training flights, rescue missions,
and ciross country support flying are common to all helicepter pilots and
are missions where actual weather could and should be encountered. It
must be obvious that the lTow incidents of actual instrument flying
is attributed L¢c more than type of missions being flown, rather it is a
concentrated effort on the helicopter pilots' part to avoid weather and
stay in VMC, even at extremely low altitudes. The remainder of this
report will, hopefully, help explain a portion of this problem; that is, a
general lack of confidence in his machine as an all weather platform.

Question One (see appendix B) was used to help establish subject's
experience level with various stability/display systems. For this reason
it was not analyzed separately but is used to qualify responses to
later questions.

While no absolute statements can be made about the entire body of Air
Force helicopter pilots based on the 20% sampled, it is felt that the sample
accurately reflects the opinion shared by the entire force.
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SECTION II
ANALYSIS OF DISPLAY RESPONSES
OVERALL INSTRUMENT PANEL

Question #3 - "Rate the general quality (e.g., efficiency, arrangement,
ease of viewing, etc.), of your helicopter instrument panel."

a. Unacceptable

b. Acceptable for instrument training in VMC only
c. Adequate for instrument flying in IMC

d. Excellent

The following resulted:

Heavy Lift Light Lift
Unacceptable 4% 3%
VMC Training 47 33%
Adequate for IMC 80% 59%
Excellent 12% 5%

The assumption that the H/L pilots are generally more satisfied with
their instrument panel than their L/L counterparts is apparent. It must
be reiterated that the H/L helicopters are crew served and thus have
instrument panels for both pilots while the L/L pilots are faced with
marginal panels when flying in the left seat (copilot's station). The L/L
aircraft flight manuals recommend two pilots for planned IFR flight and
thus force IMC operations from the left seat. Several comments were made
which pointed to this fact.

Responses to this question were also treated by "conversion" vs "heli-
copter only" type pilots (see page 7 for explanation of terms) with the
following results:

“Conversion" Pilots "Helo Only" Pilots
Unacceptable 0% 5%
VMC Only 16% 25%
Adequate for IMC 73% 64%
Excellent 1% 5%

While 30% of "helicopter only" pilots felt that their panels were unsuited
for actual IMC flight, only 16% of the "conversion" pilots rated their
panels in a similar manner.



After allowing for the type panels (H/L vs L/L) and finding no real
distincticn among pilots, it can only be determined that experience
(that s, confidence) 1s the best explanation. This trend is found
throughout - "Helicopter only" pilots tend to be a 1ittle more conservative
than those pilots with fixed wing experience.

Quastion #4 - "What improvements would you make to your instrument panel?"

Since panel size, instrumentation and arrangament vary considerably,
the following comments will be 1isted by specific type helicopter. These
comments reflect the items most frequently mentioned.

H-3 (Heavy Lift)

- Course indicator changes were the most frequent]y_mentioned item.
Suggestions ranged from improving the 1ighting to total removal and
replacement by a flight director system. The flight director was
mentioned by 35% of the responding pilots.

- Several requests to move the turn and s1ip indicator up on the panel.

- Complaints about the copilot's cyclic grip blocking his turn and slip
indicator was a common problem cited by several H-3 copilots.

- Many pilots identified problems with the entire left (copilots) side

of the panel. The comments were aimed at providing the copilot the same
quality of displays that the aircraft commander presently utilized. Specific
left side displays mentioned as needing improvement were: reposition
attitude indicator directly in front of the copilot, improve the turn and
slip indicator and reposition; add a clock to copilot's panel, and put more
effort in standardizing left and right side instrument locations.

- The entire cockpit was consistently written up for the poor quality
of the lighting. This area is discussed in detail on page 12 .

- The radar altimeter also received some negative comments. These
comments delt with the maintenance and reliability of the instrument rather
than the location or "cosmetics" of the display.

- Forty-three percent of the responding pilots made suggestions involving
either swapping presently installed instrument locations or moving instruments
to totally new positions.

- Items that were listed by relatively few pilots but have merit were:
Use of tape instruments, addition of an approach plate holder, improve
airspeed indications, tilt entire instrument panel to reduce paralax and
add an "area navigation" system and Heads-Up Display.

10
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H-53 (Heavy Lift)

A flight director also led the list (39%) of improvements requested
by these pilots. Swapping instruments was not as common with this group
as with the H-3 pilots. The only change mentioned by a significant
number of subjects was swapping the radar altimeter with the vertical speed
indicator. Poor lighting was consistently mentioned with one individual
suggesting that the entire instrument panel be painted black with white
faces on instruments. Tape instruments, a weather radar and a doppler with
groundspeed readout were cited as possible improvements.

H-1 Series (Light Lift)

Light Lift comments were indicative of the relatively austere instru-
mentation provided in all types of helicopters making up this group.

Their desires were for such things as TACAN and ILS capability as
compared to the weather radar and area navigation requested by their H/L
counterparts.

Another trend was one which was found, to a lesser degree, in the
H/L responses was the request for improvement of the copilot's displays.
As previously mentioned, while the L/L helicopters are single pilot
aircraft, flight manuals require planned instrument flight be conducted with
two pilots at the controls and thus force instrument flight from
the left seat (copilot's statiuv:).

Improvement of left panel was directed, primarily, at the replacement
of the J-8 attitude indicator. Appendix D contains a brief description
of this instrument with a more detailed discussion of its problems found on
page 14 . Addition of a turn and slip indicator and course indicator type
information was also listed as the minimum required for the upgrade of the
copilot's station.

Another requested item was expanding the entire panel to the right in
order to reduce paralax. Tilting the panel was also recommended.

Addition of radar altimeters, tape instruments, instantaneous vertical
speed indicators and flight directors were commonly requested items.

The standby magnetic compass seemed to present a problem to several
H-1 series pilots in that it was poorly located and should be moved.

Poss;ble locations included center post on wind screen or overhead (eyebrow)
panel.

The only problems peculiar to any particular L/L type helicopter seems
to be the UH-1N master caution 1ight location. "N" model pilots stated
that the two fire pull handles block the copilot's view of the master
caution light {See appendix E).’

1
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The general trend established from the overall quality of the panel
in question #3 continued in the comments question in that the H/L pilots
requested refinements while the L/L pilots were more concerned with
acquiring basic equipment installation. As one UH-1IN pilot put it: "the
ashtray is in a more prominent position than the clock."

In summary, the following general items were offered as improvements:
The percentages indicate percent of total (H/L and L/L) responses

-28%* requested that the J-8 attitude indicator be replaced.
-28% wanted to add a flight director system.

-25% wanted to improve copilot's panel.

-22% wanted to improve course indicator.

-18% cited need for improved 1ighting.

-18% asked for changes in instrument arrangement.

-12% wanted radar altimeter installed or improvement made to currently
installed system.

-11% cited need for improved turn and slip indicator.

-11% requested changes to attitude indicator.

-8% wanted entire panel either moved or tilted.

*Direct request for replacement of J-8 by pilots with J-8 equipped aircraft.
A much higher percentage would result if statements such as "redesign entire
copilot's side," "Copilot's side unacceptable for IFR operation," etc.,
were added to the totals.

As has been previously mentioned, aircraft instrument lighting has been
the single most critiqued item.

Instrument Panel Lighting (Q 25,26)

Question #25 - "Rate the Overall Quality of the Instrument Panel Lighting
in your aircraft: A - Unsatisfactory, B - Fair, C - Good, D - Excellent."”

Ratings were as follows:

H/L L/L
Unsatisfactory 29% 11%
Fair 37% 53%
Good 29% 30%
Excellent 5% 6%

12
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guestion #26 - "Describe any particular problems with the instrument

1ghting in your aircraft." In response to this question and #25, nou

real difference between the H/L and L/L pilots can be determined. The

much larger percentage of H/L pilots finding their lighting unsatisfactory
is unexplained by the analysis performed. When combined, the unsatisfactory
and fair percentages (66% - H/L and 64% L/L), they tend to be allied in
their general negative regard for their lighting.

Comments were generally applied to all the instruments with only the
course indicator being singled out. Pilots were unanimous in their
opinion that it is impossible to set a course in the indicator without
either a flashlight or other aircraft 1ighting source; that is, map light,
flood lights, etc.

The external type lighting (peanut or post lighting) received many
negative comments. Flicker, short 1life, "hot spots" and resultant
reflections as well as post blocking view of the instrument were all
attributed to the external type lighting.

Internal type lighting was found to be inore suitable but did draw
some negative responses in that the pilots felt that it was very costly
to replace an entire instrument when the bulbs burned out.

While the L/L panels used mostly red lights the H/L panels have mixes
of red and white 1ight displays. Both groups of pilots felt that white
lighting was superior but that a mix was worse than an all red system.

_Some problems with wiring (shorts that produce flickers), {mbalanced
rheostats resulting in bright spots, and, in one case (H-53), pilots rheostat
that controls some of the copilots displays were mentioned.

A few pilots also identified instruments that were not lighted at all;
for example, the UH-1Ns standby compass.

Both H/L and L/L pilots agreed that internal, white 1ight was the best
system currently in use.

INDIVIDUAL DISPLAYS

Attitude Indicators (Q 5, 6)

?uestion #5 - "Rate each of the following aspects of your attitude indicator:
= Unacceptable, 2 = Acceptable for instrument training in VMC only, 3 =

Adequate for instrument flying in IMC, and 4 = Excellent.”

13
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J-8 MM Other

a. Precession.

b. Color Scheme.

c. Location of bank index.

d. Graduation of pitch scale.

e. Pitch/roll trim.

f. "Thickness" of miniature aircraft.

g. Ease of interpretation.

h. Overall quality of display

?uestion #6 - "Comment on any aspect of your attitude indicator you feel is
mportant but which has not been adequately expressed above."

Attitude indicator data is based on type indicator rather than
aircraft as ratings were found to be consistent from type helicopter to
type helicopter. For description of specific attitude indicators, refer
to appendix D.

The following chart represents the overall percentages of each rating
award to the applicable attitude indicators.

J-8 MM Series 4005
Unacceptable 37% 2% 0%
Acceptable for VMC Only 35% 10% 4%
Adequate for IMC 27% 70% 62%
Excellent 2% 18% 34%

When comgaring both the overall ratings (above) and the individual
parameter ratings for the J-8 vs the MM series attitude indicators, it is
obvious what value the pilots place on the J-8.

__ While only 6% of the pilots found the precession qualities of MM
indicator to be unsuited for actual weather flying, 89% of the J-8 raters
placed that instrument in the unsuitable catagories. This trend continued
;hrqughout the ratings of aspects of the J-8 vs MM series attitude
indicators. As a further indication of tne display acceptability, the J-8
was rated in the lower two categories (unsuitable for actual

14
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weather operations) by 70% or more in every rating parameter except
location of bank index (54%), while 15% represents the higgest
unsuitable rating received by the MM attitude indicator.

The rating distinctions between the 4005 attitude indicator and
the MM type indicator are much less obvious than those between the
J-8 and MM indicators. A1l parameter ratings of the 4005 indicators were
rated as excellent by 25% or more of the subjects. This compares to only
one parameter (precession) for the MM indicator receiving an excellent
rating by the same 25% margin.

Location of the bank pointer was the only rating parameter that was
found to be adequate for actual weather flying on all three indicators
by any significant number of subjects (J-8 = 100%, MM = 93%, 4005 = 100%).

When given a chance to comment about their attitude indicators, the J-8
pilots stated that the instrument was "worthless," "needs pitch scale,"
meeds color," "precession is excessive", and "totally unacceptable for
actual instrument flight." It must be remembered that the J-8 indicator is
used on the copilot's side of the instrument panel and is his only attitude
information source.

The MM and 4005 attitude indicators drew more constructive comments.
In the case of the MM indicators, the need for a turn and slip indicator
located at the bottom of the indicator was a common request. Expanded pitch
scale, thinner miniature aircraft symbol and the need for a more accurate
roll trim were conmonly identified by both MM and 4005 display users.

One comment that was related to attitude instrument flying as it
applies to helicopters was common to all type aircraft regardless of model
attitude indicator being utilized. The pilots concern was with the extremely
high pilot activity in the pitch axis necessary to maintain airspeed. This
type of statement was usually followed by a request for a totally new
attitude indicator designed specifically for helicopters. These attitude
problems are unique to helicopters because all current attitude indicators
reference fuselage attitude rather than the rctor plane attitude. As a
result, a control input is applied through the cyclic stick producing a
change in the rotor plane attitude. A lag is then induced while the
fuselage (present aircraft attitude) indicator source, attempts to match
actual attitude (rotor plane).

In summary, the pilots are commenting on the attitude displays as well
as questioning the source of that attitude information displayed.

15



Altimeters (Q 7, 8)

?gestion #7 - "Do you feel that any aspects of your altimeter display
ead to misreading altitude?"

3-Pointer Counter-Drum-Pointer

Yes No Yes No

Question #8 - "What changes are desirable in your altimeter display (e.g.,
expan scale, change low altitude warning symbol, tape)?"

Thirty percent of the pilots using the 3-pointer altimeter (see
appendix D for description) reported misreading the altimeter as compared

to 22% of the counter drum pointer users encountering interpretation
problems. ’

The most common cause cited for misreading the 3-pointer altimeter
was the 10,000-foot pointer. They indicated that the 10,000-foot informa-
tion was not required and only served to "clutter" the display. Poor
instrument 1ighting was also faulted by two subjects. The problems
identified with the counter-drum-pointer system were mainly mechanical
hangups in the drum display. Pauses of the pointer at 1,000-foot intervals
were a conmon complaint. Most subjects stated that they preferred this
system over the 3-pointer altimeter display.

Specific improvements expressed were basically common to both H/L
and L/L pilots. Overall, 31% of the pilots felt that there was no change

necessary in their altimeter display. The general improvements requested
are as follows:

- 20% felt a tape display would improve their altimeter.
- 14% wanted a Tow altitude warning device.
- 12% requested an expanded altitude scale below 1,000 feet.
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