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ABSTRACT

A limited performance and flying qualities validation of the SGM2-37 powered
csaiIplane was conducted in order to verify contract requirements and to evaluate
the overall capability of the aircraft to satisfy mission requirements. After
verilying the calibration of the pitot-static system, the program was accom-—
pli-lied  in three phases-performance, flying qualities and operational handling.
The S6M2-37 aircraft meets- all contract requirements except for exceeding the
maximm takeoft ground run of 1000 feet; the minimum sink rate 240 feet per
minute, exceeding the approach glide slope of 7 to 1 and failing to achieve a
wing. level stall speed between 35 and 45 mph. Failure to meet these require-
ment < was not objectionable and 4id not detract from the operational capability

of the aircraft. Problems with cockpit control movement of the left seat air-
hrake handle and with the control stick were identified along with eratic and
inaccurate fuel quanitity indicator displays. .Currently, the aircraft maximum
certitied gross wveizht of 1760 pounds is not high enough to accomodate a full

fuel load along with all combinations of crew weikht and equipment requirements.
In addition to suggested solutions to cockpit controt _and fuel gage problens,

and a recommendation to increase the maximum gross weight of the aircraft, several
warning und caution notes were recommended for inclusion in the Operating Handbook
in order to enhance ground and in-flight safety as well as crew comfort. Generally,
the aircrafe should prove to be an outstanding addition to the U.S.Air Force
Academv's Soaring Program.




I. Introduction

A limifed evaluation of the performance, flying qualitiesx
and operational handling of the SGM 2-37 powered sailpiane w.:-
conducted in order to prepare the aircraft for integration
the USAF Academy's Soaring Program. The overall objectives

.

this evaluation, as stated in the Validation Plan (1), werec

(a) verify that the 3SGM 2-37 powered sailplane meets the
performance, flying qualities, and operational handling

requirements of the "Statement of Work" provided by

Headquarters Aeronautical Systems Division (ASD) (2),




(b) verify selected performance characteristics found in the

manufacturer's Operating Handbook (3), and

(c) determine the overall operational suitability of the

SGM 2-37 in light of mission requirements.
Specific objectives for each of the three areas evaluated are
contained in the Validation Results section of this report.

The validation program was conducted in three phases:
performance, flying qualities, and operational handling. Overlap
among the phases occurred throughout the program in order to take
full advantage of aircraft availability and favorable weather
conditions. Two aircraft were flown during the evaluation:
registration numbers N31AF and N32AF. Eleven sorties were flown
for a total flying time of 19 hours. A complete listing of each
sortie flown is shown in Table A1 of Appendix A.

With two exceptions, all program objectives as defined in
Ref. 1 were completed. Sawtooth climbs at 8,000 and 9,000 feet
and flights with centers of gravity at the aft limit were not
accomplished due to time constraints and for practical
considerations discussed later in this report.

All flying was accomplished from 27 April to 27 May in the
vicinity of the USAF Academy Airfield and Peterson Air Force Base
during visual meteorological conditions (VMC) only. All
maneuvers and operations were performed within the limitations

prescribed in the QOperating Handbook and in accordance with

local flying regulations.

e e e v m———vn




1I. Validation Results

A. Aircraft Description

The SGM 2-37 powered sailplane, shown in Figure 1, is
manufactured by Schweizer Aircraft Corporation of Elmira, New
York. It is certified in the utility category at 1,760 pounds
gross weight. Acrobatic maneuvers, including spins, are
prohibited. The aircraft is an all metal, low-wing design with
side-by-side seating for two crew members. All controls,
including airbrakes, are mechanical and fully reversible. The
horizontal stabilizer is all movable with a leading tab that also
serves to trim out longitudinal control forces. The aircraft is
powered by one Lycoming 0-235-L2C reciprocating engine rated at
112 horsepower (HP) at 2,600 revolutions per minute (rpm). The
engine drives an all-metal, Sensenich fixed-pitch propeller. The
SGM 2-37 is capable of visual, daytime operation only. Both
aircraft flown during this evaluation are considered
representative of the production aircraft described in the

Operating Handbook and in Appendix B.

B. Instrumentation
Only aircraft registration number N31AF was modified with
the installation of additional instrumentation for measuring
selected in-flight parameters. N32AF was flown with the
standard, operational assortment of instruments. As shown in
Figure 2 the instruments added to N31AF consisted of an outside

air temperature (OAT) gauge, manifold pressure (MAP) gauge, and




Figure 1. 5GM 2.37 General Arrangement (3:1-2)
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accelerometer. A hand-held calibrated force gauge and a tapec
measure were carried on selected flights in order to measure
control stick forces and displacements. A stopwatch was used to
measure climbs, descents, accelerations, and dynamic
characteristics, and for pitot-static calibration runs. A
cassette tape player was found to be particularly useful for

recording qualitative comments.

C. Data Reduction
All test data was reduced to standard atmospheric
conditions and a standard weight of 1,760 pounds using the
formats shown in Appendix C. Where required by Ref. 2, data was
extrapolated to 10,000 feet density altitude. Computer support
was provided by a programmable T1 58C calculator built by Texas

Instruments.

D. Test Methods and Conditions
Data sorties, summarized in Table A1, were flown i

accordance with the Validation Plan (1). While this wus

fiight test program, commonly recognized and approved 1.t
techniques were used in order to validate the performance v
flying qualities of the SGM 2~37. Specific flight t..»
techniques are discussed in the "Initial Flight Test Reportas" -=n
Appendix D and in Refs. 4 and 5. All flights were conducted

within the limitations stated in the Validation Plan (1:10},




the Operating Handbook (3:2-1 to 2-11) and in accordance with

USAFA Regulation 55-4 (6).

E. Objectives, Results, and Analysis
1. Pitot-Static Calibration
Pitot-static calibration runs were flown in order to:
(a) verify the airspeed calibration data presented in the

Operating Handbook (3:5-3) and

(b) investigate the effect of position error by flying with
airbrakes extended.
All objectives were achieved. The pitot-static system of the
aircraft was calibrated using a 1.7 statute mile ground course
north of the Academy on an east/west heading. The aircraft was
flown at 7,500 feet pressure altitude at selected airspeeds from
55 to 110 mph. Calibration runs were flown with airbrakes
retracted and with airbrakes extended. For both airbrake
configurations the position error for the pitot-static system was
found to be negligible., The airspeed calibration data, shown in
Figure 3, lies almost exactly along the calibration curve
supplied by the manufacturer. 1In addition, no measureable
difference in position error was found by flying the aircraft in

different airbrake configurations.

2. Performance
The objectives of the performance phase of the

validation program were to
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(a) verify the no-~wind takeoff ground run from a dry, hard
surface at 10,000 feet density altitude as being 1,000 feet
or less (2:2),

(b) verify that the aircraft is capable of at least a 400 feet
per minute rate of climb at 10,000 feet density altitude
(2:2),

(c¢) verify that the idle-thrust glide ratio is at least 20 to 1
(2:3),

(d) verify the power-~off performance polar in the Operating

‘ Handbook (3:5-5),
(e) verify that the approach glide ratio in idle thrust with

airbrakes fully extended is not flatter than 7 to 1 flying at

1.3 times the stall speed (2:3), and

(f) verify that the idle~thrust, minimum-sink rate is not more
than 240 feet per minute (fpm).

Objectives (a) through (f) were accomplished; however, not all

the requirements of Ref. 2 were met.

Takeoff ground run performance was evaluated at Peterson Air
Force Base and standardized to a maximum gross weight of 1,760
pounds and a density altitude of 10,000 feet. The validation
requirement is that the aircraft take off under no-wind
conditions at 10,000 feet density altitude from a dry, hard
surface in 1,000 feet of less (1:2). Using the takeoff technique

recommended by the Operating Handbook, the aircraft takeoff

ground run was found to be 1,110 feet. Other techniques, such as

higher takeoff speeds and full aft stick takeoffs, resulted in

- - e e e T
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higher ground runs. The aircraft does not satisfy the maximum
1,000 feet takeoff ground run requirement., See Table A2 for a

summary of takeoff data obtained.

Climbs

Climb data was to be obtained at 7,000, 8,000, 9,000, and
10,000 feet pressure altitudes; however, due to time constraints,
data was obtained only at 7,000 and 10,000 feet pressure
altitudes. The validation requirement is that the aircraft
achieve a rate of climb of at least 400 feet per minute at 10,000
feet density altitude (2:2). Figures A1 and A2 in Appendix A
show rates of climb data for 7,000 and 10,000 feet, respectively.
At 10,000 feet, with the data standardized to the maximum
certified gross weight of 1,760 pounds, the maximum rate of climb
is 588 feet per minute at an indjicated airspeed of 70 miles per
hour (mph). At 7,000 feet the maximum rate of climb is nearly
800 fpm at 65 mph. Due to the narrow airspeed range between the
maximum rate of climb airspeed and the stall speed, insufficient
data was obtained to determine best angle of climb at either
altitude. While the aircraft meets the validation requirement
for rate of climb at 10,000 feet, the airspeed for maximum rate
of climb for both altitudes evaluated was between 65 and 70 mph.
The maximum rate of climb airspeed recommended in the QOperating
Handbook (3:4-2) is 64 mph. Consideration should be given to

amending the Operating Handbook to indicate 68 mph for maximum

rate of climb (R1).

10




Crulse

Level flight performance of the aircraft was not evaluated
and was not addressed in the validation requirements found in
ASD's "Statement of Work." Future mission requirements of the

aircraft may dictate that more detailed cruise data than that

found in the Qperating Handbook be provided. The cruise data

in the Operating Handbook should be validated in order to

assure that future mission requirements can be satisfied (R2).
Descents

Glides were performed with the throttle at idle with
airbrakes retracted and with airbrakes extended. Engine-off
glides were accomplished with the airbrakes retracted only.
Validation requirements are that the aircraft have an idle thrust
glide ratio of at least 20 to 1, an idle thrust minimum sink rate
of not more than 240 fpm, and an approach glide ratio with
airbrakes fully extended not flatter than 7 to 1 flying at 1.3
times the stall speed (2:3). According to Figure A3, which shows
the idle power, airbrakes retracted performance polar, the
aircraft demonstrated a maximum glide ratio of nearly 24 to 1 at
an indicated airspeed of 63 mph. This exceeds the minimum 20 to
1 glide ratio required. The minimum sink rate, however, was
found to be 276 fpm, which exceeds the 240 fpm requirement. This
higher sink rate is not considered significant. In the approach
configuration, with airbrakes fully extended and throttle at
idle, the aircraft was flown at ar indicated airspeed of 70 mph.
As shown in Figure AU, the Aircraft has a glide ratio of 7.6 to

1, which is flatter than the 7 to 1 required. This was not

11




objectionable. The aircraft exhibits satisfactory handling
characteristics in the approach configuration, which will be
discussed further under the Operational Handling section of this
report.

Although a validation requirement was not specified for
power-off glides, these were performed in order to verify the

power-off performance polar presented in the QOperating Handbook

(3:5-5). At an indicated airspeed of 60 mph, the manufacturer
advertises a power-off maximum glide ratio of nearly 23 to 1.
Data shown in Figure A5, derived from flying power-off glides
using two different aircraft (N31AF and N32AF) standardized to
1,760 pounds, reveals an average maximum glide ratio of only 19
to 1 at 57 mph indicated airspeed. The manufacturer's data
appears to be optimistically high, showing a higher maximum glide
ratio at a slightly higher airspeed. The minimum sink speed,
referring to Figure A5, occurs below the stall speed. The

Operating Handbook should be amended to show the more

conservative performance polar shown in this figure, In
addition, the throttle idle performance polars for both airbrake

configurations should be added to the Operating Handbook (R3).

The aircraft displays satisfactory performance
characteristics for most areas evaluated. However, it did not
meet the takeoff ground run requirement, the minimum sink rate
requirement, or the approach glide ratio requirement. Failure to

satisfy these requirements was not considered objectionalbe and

12
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d4id not detract from the overall performance capability of the

alrcraft.

3. Flying Qualities
The objectives of the flying qualities phase of the
validation program were to

(a) verify the one "g" stalling speed, VS, between 35 and 45 mph
calibrated airspeed with engine idle for both airbrakes

: retracted and airbrakes extended configurations,

& (b) evaluate stall characteristics and stall warning in wings
level and turning flight,

{c) evaluate the spin susceptibility of the aircraft,

(d) compare control inputs for both dual and solo flight,

(e) evalute trim changes in making the transition from full
power to idle and in making the transition from airbrakes

; retracted to airbrakes extended,

(f) qualitatively compare longitudinal and lateral-directional
control forces of the SGM 2-37 with those of the SGS 2-33
sailplane,

(g) qualitatively compare all control displacements of the SGM
2=-37 with those of the SGS 2-33 sailplane, and

(h) investigate dynamic stability characteristics.

Most of the objectives mentioned above were accomplished. The

A only requirement not met was the one "g" stalling speed, VS,

u hetween 35 and 45 mph.

13




Stalls

All stall entries were initiated from 2 trimmed condition of
70 mph followed by a 2 mph/second bleed rate down to the stall
speed. Three power settings were used: power-as-required for
level flight, idle-power, and power-off. Aircraft N31AF was
flown during all power-as-required and idle-power stall
evaluations, and N32AF was flown for all power-off stalls. The
center of gravity was at 24.5 percent of the mean aerodynamic
chord (MAC) for all stall investigations made using N31AF and at
22.7 percent MAC for those made using N32AF.

The results of all wings-level stall evaluations are shown
in Table I.

Table I
WINGS LEVEL STALL SPEED SUMMARY

Werp = 1,760 1bs
Power Condition Airbrakes Stall Stall
AR Idle off R E Warning (mph)
(mph)
X X -- 48
X X - 52
X X 55 53
X X 59 55
X X 56 54
X X 60 54 -

AR ~ as required for level flight 70 mph
R ~ retracted

E ~extended

14




With power-as-~required, the aircraft exhibits no stall warning
regardless of airbrake position. However, in this power
configuration the aircraft demonstrated its lowest stall speed of
18 mph with airbrakes retracted. This airspeed agrees with the

Operating Handbook value (3:5-4); nevertheless, it does not

meet the requirement as stated in Ref. 2 for a stall speed
between 35 and U5 mph (2:2 and 3). Stall speeds for idle-power
and power~off with airbrakes retracted are five to six mph higher
than the stall speed for power-as-required. As expected, stall
speeds with airbrakes extended are generally higher than for
airbrakes retracted. Stall warning occurred in the form of a
mild airframe buffeting during the power-idle and power-off stall
entries. Airspeeds for stall warning were highest with the
airbrakes extended for these two power settings and occurred six
mph above the stall speed. The condition defining the stall in
all cases was an uncommanded rolling motion that for power-off
stalls occurred to the left and for the other power
configurations generally occurred to the right.

Controllability investigations were performed during
wings-level stall entries for both airbrake configurations. The
aircraft exhibits satisfactory three-~axis control down to within
five mph of the stall speed. As soon as elevator back pressure
is released at the stall, roll and yaw control are restored.
During recoveries from all stalls, power was not adjusted but
airbrakes were retracted. The smallest altitude loss from stall

to recovery occurred with power-~as~required and airbrakes

15




retracted. Pullup from all stalls can be initiated after rolling
wings level by using a 1.5 load factor ("g") pullup between 60
and 65 mph. If recovery is delayed, airspeed may increase
rapidly to as high as 100 mph, necessitating the use of airbrakes
during the pullup. Care should be taken during all high speed
stall recoveries above 86 mph so that structural limitations are
not exceeded (RY).

Turning stalls were performed for power-as-required and
power-idle throttle configurations using bank angles from 20 to
45 degrees in both left and right turns. Entries were started
from a wings level trim condition of 70 mph from which a turn was
initiated with a simultaneous bleed rate of airspeed at two
mph/second. Data obtained from aircraft N31AF on 5 May 1983 is

shown in Figure 4, along with the Operating Handbook chart of

stall speed vs. angle of bank (3:5-4). 1In all cases the stall is
again defined by an uncommanded rolling motion. No perceived
stall warning was noticed during any of the entries. In
addition, the aircraft does not exhibit a consistent tendency to
roll off in a particular direction regardless of bank angle.
Steeper recoveries at higher airspeeds than with wings level
entries were observed following all turning stalls. Dive angles
were as steep as 60 degrees following the roll off at the stall
Speed.

See Appendix D, "Initial Flight Test Reports," dated 5, 19,
and 27 May 1983 for more details concerning stall evaluations of

the aircraft.

16
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Spin Susceptiblity

Evaluation of spin susceptibility was performed with
idle-power and pro-spin controls (full aft stick and full rudder)
held for three seconds. Each of the entries evaluated was
initiated from a trim airspeed of 70 mph at altitudes between
12,000 and 12,500 feet. A bleed rate of two mph/second was
initiated from the trim condition with pro-spin controls applied
at the first indication of the stall. Both wings-level and
20-degree-bank turning entries were performed in both
airbrakes-retracted and airbrakes-extended configurations.

As discussed earlier, all stalls were characterized by an
uncommanded angular motion, i.e., drop off on a wing. Generally,
the aircraft tended to drop off on the right wing during straight
ahead entries and in the direction of the turn during turning
entries. Once the aircraft enters the post stall gyration with

the three-second application of pro-spin controls, the motion is

characterized by more roll than yaw along with a 60-degree,
nose-down pitch attitude. The aircraft made from one to one and
a quarter turns from entry to recovery. Airbrakes may be
required to avoid excessive airspeed buildup and altitude loss.
Since all recovery airspeeds exceeded the aircraft's maneuvering
speed of 86 mph, care should be taken during the pullout not to
exceed aircraft structural limits (R5). The recovery technique
used was neutral aileron and opposite rudder followed by bringing
the stick approximately one inch off the back stop. Generally,

the aircraft recovered within one-fourth to one-half turn.

18




Rudder was not effective in stopping the yaw until forward
elevator was applied. Post stall gyrations with airbrakes
extended resulted in shallower pitch attitudes than with
Airbrakes retracted. For all the entries performed, the altitude
loss was between 500 and 1,000 feet with recovery airspeeds from
90 to 100 mph. No unusual control problems during recoveries
were encountered; however, the aircraft is susceptible to spins
with a three-second pro-spin application of the controls.

More details on the spin susceptiblity evaluation are
contained in the "Initial Flight Test Report" dated 5 May 1983 in
Appendix D.

Trim Changes and Solo Flight Control

Trim changes uging rapid throttle movements and airbrake
changes were evaluated from an initial trimmed-flight condition
at 65 mph. No longitudinal or lateral-directional moments were
experienced that required a trim change for either large-throttle
changes or full-airbrake applications.

The aircraft was flown solo once during the validation
program in order to accommodate an oxygen system in the lef:
seat. Handling qualities for all flight phases were found to be
identical to those experienced during dual flight.

Longitudinal and Lateral-Directional

Static Stability and Control

Longitudinal stability was quantitatively evaluated by
measuring stick force and stick displacement from a trimmed

condition of 70 mph with airbrakes retracted. Two areas of
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longitudinal stability were examined: static longitudinal
stability and maneuvering flight. The objective was to
quialitatively compare the longitudinal control characteristics of
the SGM 2-37 with those of the SGS 2-33.
| Static longitudinal stability was evaluated by changing
airspeed from the trimmed 70 mph condition by using pitch
control. Two data runs were performed, one with throttle idle
and one with power-as-required for level flight. Airspeed was

decreased to as slow as 55 mph and increased to as high as 90

mph. The results are shown in Figure A6. Force and displacement
gradients were not objectionable. Only slightly more stick force
was required with idle power than with power-as-required. This
is probably due to prop wash effects on the horizontal tail.
Maneuvering flight characteristics were evaluated from the

same 70 mph trim condition but with the throttle at idle only.

The flight technique used here consisted of varying load factor

while descending to maintain a constant 70 mph airspeed. A plot

of stick force and stick displacement versus load factor is shown
in Figure A7. Again, the stick force and displacement gradients
were not objectionable. Stick force per unit load factor was 12
pounds/"g".

The SGM 2-37 demonstrates satisfactory longitudinal control
for both static and maneuvering flight. Qualitatively, the SGM
2-37 has slightly higher longitudinal control force with much

less longitudinal stick displacement than does the SGS 2-33.
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Lateral-directional static stability was generally evaluated
only qualitatively because of time constraints and lack of
instrumentation. Using the magnetic compass as a sideslip angle
reference, the maximum sideslip generated at 70 mph was
approximately 25 degrees in both directions with only five
degrees of bank. Roll control was also evaluated at 70 mph by
rolling through 90 degrees of bank: 45 degrees bank in one
direction to 45 degrees in the other direction. This was
accomplished using one-half and full aileron deflection in both
directions, with rudder-free and rudder-coordinated control

applications. See Table II for the results.

Table I1I
AILERON ROLLS
Altitude - 9,000 Feet

Airbrakes Retracted

i)trim = 70 mph
Sp SR Time (SEC)
172 FREE 9.3
FULL FREE 4.8
172 COORDINATED 7.5
FULL COORDINATED 5.1
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As expected the highest roll rate occurred with full aileron
rolls; however, almost no difference in time to roll was measured
when rolling with the rudder free as opposed to with the rudder :
coordinated. The biggest difference in roll rate between rudder 1
free and rudder coordinated rolls occurred with one-half aileron.
Adverse yaw effects are also more noticeable with one-half
aileron. In general, the aircraft exhibits little requirement
for rudder in a turn. Only slightly more rudder is required for
coordinated left turns compared to coordinated right turns, due
to control rigging for engine torque. In fact, for takeoff power
1 operation, engine torque effects requiring right rudder are
nearly eliminated by control rigging.
A qualitative comparison of the lateral-directional control
of the SGM 2-37 to that of the SGS 2-33 shows that rudder forces
and requirements for rudder are totally different. Aileron force
is slightly higher and aileron control displacement is less in

the SGM 2-37 than in the SGS 2-33.

Even though the handling qualities of the SGM 2-37 are

different from those of the SGS 2-33 for control about all three

axes, control harmony in the SGM 2-37 is excellent. Elevator and
aileron forces appear to be comparable, and rudder force is under
50 pounds for all operations,

Dynamic Characteristics

The dynamic characteristics of the SGM 2-37 were evaluated

from a trim condition of 70 mph, airbrakes retracted, and power-

as-required for level flight at 9,000 feet. The phugoid and
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short-period longitudinal dynamic modes and the spiral and
Dutch-roll lateral-directional dynamic modes were evaluated.

The aircraft is dynamically stable for both of the
longitudinal modes evaluated. The short period is highly damped
with a damping ratio greater than .7. The phugoid, shown in
Figure A8, is stable with a damping ratio of .094 and an actual
frequency of 2.3 cycles per minute.

Evaluating lateral-directional dynamic stability, the SGM
2-37 exhibited a stable Dutch roll and an unstable spiral to the
left. After exciting the Dutch roll, the aircraft motion
revealed more yaw than roll and damped out after only four
overshoots. The Dutch roll damping ratio was .3 and the actual
frequency was 13.1 cycles per minute., The spiral mode was stable
to the right with the aircraft rolling wings-level from a right
bank of 20 degrees., However, the aircraft exhibited an unstable
spiral to the left by rolling from an initial 20 degrees of left
bank to over U0 degrees of bank to the left in 20 seconds. This
is due to the lateral center of gravity location caused by the
fuel tank in the left wing and due to the torque effects of the
engine. Spiral instability to the left was not objectionable.

4, QOperational Handling
This section of the report is an overall assessment of
the capability of the SGM 2~37 aircraft to fulfill its mission
requirements. Much of the operational handling evaluation is of
necessity qualitative in nature and deals with cockpit and

preflight observations, ground handling, and general flight




operations. The opinions expressed in the following paragraphs
may rnot be shared by all of the pilots who have flown the
aircraft.

Cockpit and Pre~Flight Observations

Generally speaking, the cockpit layout is both simple an
practical (see Figure 2). If the two crew members sitting side
by side are taller and/or heavier than average, the cockpit may
be somewhat cramped. However, all controls are easily accessible
to both crew members under normal circumstances. Rudder pedals
are adjustable, although the seats are not.

Location of the pilot's microphone mount on the right side
of the cockpit was found to be unsatisfactory. When it was moved
to the instrument panel of N31AF during the validation program,
it was much easier to handle. This should not be a problem in
the future, since all aircraft will eventually be modified with
headsets.

Perhaps the most serious problem with the cockpit is the
proximity of the left-side airbrake handle to the pilot in the
left seat. 1In this position it comes into contact with the
student pilot's leg during retraction and extension. As shown in
Figure 5, this becomes an even more significant problem with full
left aileron throw and simultaneous airbrake extension or
retraction. The airbrake handle for the left seat should be
modified to prevent interference with the left seat pilot's leg
and an interim WARNING should be added to the Operating

Handbook (R6):
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Simultaneous requirement for full left aileron and
airbrake extension or retraction may not be possible
due to contact beween the control and the left-seat

occupant's leg.

Some of the pilots who flew the aircraft felt that
modification of the control sticks in both seats was also
necessary. The stick contacts the seat cushion and the pilot

during full aft stick application. Moving the stick forward

approximately two inches, possibly by means of an "S" bend, woul:

allow freer aft stick movement for the pilots in both seats (R’

Shoulder straps in both seats need an inertial reel to al

7
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greater forward motion by crew members (R8). With the shoulder

harnezs secure, the defroster ducts on the glare shield cannct
reached. While not a serious problem, inertial reels would
enhance comfort and render all parts of the cockpit accessible
both crew members.

During pre-flight, crew members had a tendency to grat
canopy when entering or exiting the cockpit. The canopy
structure is not designed to be a handhold. The following

CAUTION should be added to the Operating Handbook (R%):

The canopy should not be used as a handhold when entering

b
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or exiting the aircraft due to the possibility of
warping the canopy frame and causing it to bind in the

track.

To facilitate checking the fuel tank sump and opening the
fuel cap, a general aviation fuel tester with a screw driver end
should be obtained for each powered sailplane (R10).

When aircraft N31AF was weighed on 3 May 1483, it was
discovered that, with a full fuel load and two crew members on
board, the airplane exceeds the 1,760-pound maximum gross weight
limit. Table III shows the results of the weight and balance

performed on 3 May.

Table III
WEIGHT AND BALANCE FIGURES FOR N31AF

Scale Position Scale Readings (1lbs) (-)Tare (=)Weight (1bs)

Left Wheel 732 3.0 729
Right Wheel 628 3.0 625
Tail Wheel 61 0.0 61
Total Weight with - - 1415

Full Fluids
C.G. Arm (In.) = 61 (232.0") + (75.0") = 85.00" from the datum

(without crew) 1415
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Table IITI (Continued)

Validation Crew Weight 364

Total T.O. Weight 1779%
C.G. Arm (In.) = 83.23" from the datum

(with crew)

®Aircraft is 19 pounds overweight.

With the validation flight crew on board, a full oil and fuel
load, and some added instrumentation, the aircraft weighs 1,779
pounds. However, according to the applicable part of the
"Statement of Work," the aircraft still meets ASD's contract
requirement. The contract reads

"With sufficient fuel to accomplish at least three of

the most severe sorties, the powered sailplane shall be

capable of carrying 420 pounds of pilots, parachutes,

and seat cushions." (2:3)
The most severe sortie involves a #45-minute flight. Using a
conservative fuel flow of 4.5 gallons per hour and zero reserve
for three U4S5-minute sorties, the aircraft only requires
approximately 10 gallons of fuel. Using the weight-and-balance
figures provided by Schweizer for N31AF along with the contract
payload of U420 pounds, the aircraft weighs 1,759.5 pounds. There
is absolutely no weight margin to allow for operating the
aircraft with a full fuel load along with the 420 pound contract
payload. In addition, the fuel indicating system is not

sufficiently accurate to allow a partial 10-gallon refueling. An
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‘nerease of at least "0 pounds in certified gross weight is
necded in order to easily accommodate a full tuel load along with
varied combinations of crew weight (R11). Since the 50-pound
increase represents only a three percent increase in wing
loading, the Federal Aviation Administration (FAA) may not
require drop testing for re-certification., JIdeally, a weight
increase of 100 pounds would allow more flexibility for future
modifications and uses of the aircraft. This, however, may
require drop testing and could delay the delivery schedule for
the rest of the Academy's SGM 2-37 fleet. At this time, the
50-pound weight increase appears adequate. See Appendix B for
more information on weight~and-balance considerations for the
airecraft.

As mentioned above, the fuel indicating system is not
sufficiently accurate to allow partial refueling for specific
fuel loads. On the ground with the tank visually filled to
capacity, the fuel quantity gauge indicates that it is only

three-quarters full. This situation existed on both the aircraft

flown during the validation program. The fuel indicating system
should be recalibrated to show full on the ground with the fuel
tank filled to capacity (R12).

Ground Handling

Forward visibility during taxi operations is surprisingly
good for a tail dragger. The tail wheel affords adequate control
during turns for most situations and is controlled in a

conventional manner through the rudder pedals, However, loss of




directional control can occur during sharp or rapid turning
maneuvers. Under these circumstances, the tailwheel may
disengage from the steering system. The following WARNING with

Note should be added to the Operating Handbook (R13):

Sharp or rapid turning maneuvers during taxi operations

should be avoided, since the tailwheel may disengage from
the steering system, resulting in loss of directional
control.

Note
Differential braking does not seem to be particularly

effective under all conditions.

While the aircraft is not especially difficult to taxi
during gusty wind conditions due to the low wing design, the high
aspect-ratio wing is sensitive to strong crosswings. To enhance
ground handling and avoid potential damage to the aircraft, the
airbrakes should be extended during all taxi operations (R14).

General Flight Operations

The aircraft was qualitatively evaluated in the traffic
pattern, in cruise conditions, in the power-off configuration
along with engine-airstart capability, and during high altitude
powered operation to 18,000 feet mean sea level (MSL).

Takeoff characteristics of the aircraft were evaluated both

with and without crosswinds. With calm winds, takeoffs were
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performed at 52 mph using the normal takeoff technique. 1n
addition, several takeoffs were performed at 55 and 60 mph by
applying forward stick force to keep the aircraft on the runway,
and two takeoffs were performed with full aft stick. 1In all

é cases, the trim was set at the takeoff trim setting designated on
the cockpit trim wheel scale. When the normal takeoff technique
at 52 mph was used, the tail began flying at 40 to 42 mph with

only slight aft stick required for lift off at 52. This is the

Operating Handbook procedure and worked well. As the tail

lifts off between 40 and 42 mph, rudder is effective for
directional control. At 55 and 60 mph, forward stick was applied
after the tail began flying in order to keep the aircraft on the
runway. This technique resulted in longer ground runs and
exposed the prop to possible damage from debris on the runway.
During the two aft-stick takeoffs performed, close to 50 pounds
of aft-stick force was required to keep the tail on the ground.

The aircraft lifted off in a three-point attitude at 52 mph with

a slightly longer takeoff ground run than that produced by the

normal Operating Handbook technique (see Table A2). With the

full aft stick technique, not only is stick force excessive, but
pitch attitude is also higher and acceleration after lift-off is
slower. This puts the aircraft close to its stall speed for a
longer period of time after lift-off, which could be disastrous

In gusty wind conditions. In addition, releasing back pressure

immediately after lift-~off may cause the aircraft to contact the

runway again if done too abruptly. For calm or moderate wind
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conditions, the normal Operating Handbook takeoff technique is

best. For takeoff into strong crosswinds up to 15 knots,
crosswind controls need to be applied before beginning the
takeoff roll. In order to avoid a large increase in required
rudder during crosswind takeoffs as the tailwheel lifts off the
runway, the tail should be kept on the runway until 45 to 50 mph
{K15). The following CAUTION should be added to the Operating

Handbook (R16):

Improper crosswind control application during the
initial part of the takeoff roll may result in the
aircraft's weathervaning into the wind so that
differential banking and/or tailwheel steering may
be ineffective in preserving directional control.
The only way to avoid running off the runway under

these conditions is to abort the takeoff.

In the traffic pattern, during approaches, the aircraft was
filown at 65 and 70 mph with variations in airbrake and throttle
technique. Of all the approach techniques evaluated, an approach
at 70 mph, throttle idle, using airbrakes as required, provided
the most glide-path and airspeed control. Full airbrakes were
extended at touchdown, which is a technique that the cadets will
see when making the transition to the SGS 2-~33 sailplane.

Approaches with full airbrakes and idle power were satisfactory
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but resulted in steeper approaches with a larger pitch change
required in making the transition to a landing attitude. Using
this technique, rounding out high without the benefit of ground
effect can result in hard landings. With full airbrakes, the
aircraft exhibits little tendency to float in ground effect.
Approaches flown with idle power and no airbrakes revealed that
the aircraft will float in ground effect down to the stall speed
resulting in excessive landing distance. Sideslipping the
aircraft, however, is effective in losing altitude under these
conditions. When approaches were made with full airbrakes and
power-as-~required to maintain airspeed, glide paths were shallow
and the SGM 2-37 was flown much like a conventional powered
aircraft. Throttle was retarded to idle approaching the landing
threshhold followed by a normal transition to flare and landing.
All these approach techniques were repeated for an approach
airspeed of 65 mph., The controls felt more sluggish at 65 mph,
and less airspeed margin for recovery from a high roundout during
landing was provided. This airspeed was determined to be too
slow for all the approach techniques evaluated. Surprisingly,

the Operating Handbook recommends a 60 mph minimum approach

speed (3:4-23 and 4-24)., Minimum approach speed for landing
should be 70 mph (R17).

The SGM 2-37 was flown in crosswinds up to 15 knots at both
65 and 70 mph. All of the approach techniques discussed above
were performed. 1In all cases, the normal wing low into the wind

with opposite rudder procedure was used. Again, approaches at 70
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mph were far more controllable. 1In strong crosswinds with gusty
conditions, the power-on, full airbrakes technique afforded more (
directional control and easier transition to a landing attitude.
Touchdowns during crosswind landings should be made at higher
than normal airspeeds to enhance directional control. The
tailwheel should then be lowered to the runway as soon as
possible to avecid loss of rudder effectiveness as the aircraft
slows after touchdown (R18).
Engine operation for all flight conditions is excellent.
Effective leaning is provided by pulling the mixture lever back
to the screw stop. This can increase rate of climb by
approximately 100 fpm. This procedure also works well for
takeoff in order to achieve maximum engine power. The only
potential problem with engine operation was observed during
cruise with full throttle. At altitudes flown from 7,000 to
18,000 feet, the engine rpm will exceed the maximum rated value
of 2600 rpm as the airspeed reaches 90 mph with full throttle.

The following CAUTION should be added to the Operating Handbook

(R19):

Care should be taken not to exceed the maximum rated
rpm of 2600 during level-flight, full-throttle operation.

This normally occurs at airspeeds approaching 90 mph.
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A problem with the fuel gauge, mentioned during the
pre-flight discussion, also exists during flight operations.
During climb, cruise, and descent, the fuel quantity gauge is

erratic and does not give an accurate indication of remaining

fuel. An alternate fuel quantity gauge should be installed or
the existing gauge should be modified so that reliable readings

of fuel remaining in-flight can be obtained (R20).

The only specific operational requirement for the SGM 2-37
is that it be capable of powered operation at altitudes as high
as 18,000 feet MSL (2:2). On 23 May 1983, N31AF was flown solo,
with an oxygen system secured in the left seat, to an altitude of
18,000 feet. The time from takeoff to altitude was 26 minutes at
a nominal gross weight of 1,640 pounds., Airspeed throughout the

climb was 64 mph, the Operating Handbook-recommended best rate

of climb speed (3:2-3). Engine indications remained normal

throughout the climb with an average engine rpm of 2350.

Vertical velocity ranged from 600 {fpm passing 10,000 feet to 350
fpm at 18,000 feet. The maximum level-flight airspeed was

f determined to be 90 mph at 18,000 feet. The service ceiling,
based on a linear extrapolation of rates of climb from 10,000 to
183,000 feet, is approximately 26,000 feet. Not only is the
aircraft very capable of high altitude operation up to and
including 18,000 feet, but it also has the potential to operate
at high altitude as a routine part of a normal mission profile.
Current mission requirements dictate operation only as high as

12,000 feet.
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Power-~off operation of the aircraft was evaluated on two
separate flights, first in N31AF and then in N32AF. This was
accomplished in N31AF during glides from 18,000 to 9,000 feet and
in N32AF during glides from 12,000 to 9,000 feet. In addition,
power-off glides in the traffic pattern to landing were performed
in N32AF. During power-off glides in both aircraft, the SGM 2-~37
performed and handled with a noticeably lower glide ratio than
during power-on. Comparing Figures A3 and A5 substantiates this
observation. However, in the traffic pattern the characteristics
of the aircraft during power-off operation seemed similar to
those exhibited when flying the aircraft with the throttle at
idle. All engine~out patterns were flown at 70 mph with sink
rates nearly the same as those observed for throttle~idle pattern
work. Starting from the normal USAF Academy sailplane entry
point at 7,500 feet MSL and 70 mph, full airbrakes were used on
base, partial airbrakes turning base to final, partial airbrakes
on final, and full airbrakes at touchdown. Rates of sink appear
to be about twice what they are in SGS 2-33. In summary, the
aircraft has good handling characteristics power-off, but with a
noticeably lower glide ratio. If power-off airwork is
incorporated as part of either pilot instructor training or cadet
training, the mixture lever should be left in full rich, fuel
pump on, throttle set above the idle position, and magneto switch
on in order to facilitate rapid engine starts if required (R21).

This is particularly important in the traffic pattern.
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Engine shutdowns were accomplished at 18,000, 12,000,
10,000, and 9,000 feet. In all cases, the time for the propeller
to come to a complete stop was decreased by slowing the aircraft
to 55 mph. The prop usually stopped in the horizontal position,
which is desired for better forward visibility.

Engine starts were performed between 9,000 and 10,000 feet
by using the electric starter and by windmilling the propeller.
During all propeller windmilling restarts, the prop began turning
between 100 and 115 mph. This method of engine start is
effective and avoids frequent use of the electric starter;
however, at least 500 feet of altitude may be required to achieve
prop windmilling airspeed. During all starts using the electric
starter system, the engine normally turned over two to three
times before starting. No priming was required, and the mixture
was set at full rich until start and then leaned. Starting from

the published Qperating Handbook minimum sink airspeed of 59

mph, only 300 feet of altitude were lost from the time the engine
start checklist was initiated to completion of the engine start
sequence.

During all engine-out and throttle-idle airwork the
altimeter indicator has a tendency to hang up passing its 12 and
6 o'clock positions. This problem was worse during engine-out
operation. For both power configurations, the altimeter lag is
approximately 100 to 200 feet. The following Note should be

added to the Operating Handbook (R22):
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Note
Altimeter lag of 100 to 200 feet along with hang up

at the 6 and 12 o'clock positions on the indicator

will occur during throttle-idle and power-off flight

operations.

During one sortie in which a typical cadet mission profile
was flown, the aircraft satisfied all mission requirements within
the planned 45 minutes of flying time. Mission events consisted
of a climb to 12,000 feet, glides, discussion of control
effectiveness along with attitude flying, two approaches to the
auxilliary field, and, finally, a climb back to altitude followed
by a full stop landing at the USAF Academy Airfield. All glides
were performed with the throttle at idle. Momentary throttle
bursts were performed at 30 second intervals to prevent spark
plug fouling. Tne engine manufacturer should be contacted to
determine the exact requirements for clearing the engine during

extended flight operations with the throttle at idle (R23).

I1T. Conclusions and Recommendations

Verification of the SGM 2-37's capabilities was accomplished
through a flying validation program conducted in three phases:
per formance, flying qualities, and operational handling. Eleven
data sorties were flown for a flying time of 19 hours. Most of
the objectives of the validation program as defined in ASD's

"Statement of Work" were met, with the exception of climb
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per formance at 8,000 and 9,000 feet and flight evaluations with
the aircraft center of gravity at the aft limit. Generally
speaking, the SGM 2-37 powered sailplane is entirely capable of
fulfilling its mission requirements and should prove to be an

outstanding addition to the USAF Academy's Soaring Program.

A. Pitot-Static Calibration
Using a 1.7 statute-mile ground course and airspeeds from
55 to 110 mph, the position error of the pitot-static system was
found to be negligible, and data obtained agreed with that found

in the Operating Handbook. In addition, no measurable

difference in position error was found by flying the aircraft in

different airbrake configurations.

B. Performance
Using the takeoff technique recommended by the Operating

Handbook, the takeoff ground run for 10,000 feet density
altitude was found to be 1,110 feet. The aircraft does not
satisfy the maximum 1,000 feet takeoff ground run requirement of
Ref. 2.

With data standardized to a maximum certified gross weight
of 1,760 pounds, the aircraft's maximum rate of climb at 7,000
feet is 800 fpm at 65 mph and at 10,000 feet is 588 fpm at 70
mph. While the aircraft meets the validation requirement for 400

fpm at 10,000 feet, the airspeed for maximum rate of climb from
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7,000 to 10,000 feet is from 65 to 70 mph. The Operating
Handbook-recommended maximum rate of climb airspeed is 64 mph.
(1) Consideration should be given to amending the

Operating Handbook to indicate 68 mph for

“ maximum rate of climb (p. 10 ).
j Level-flight performance of the aircraft was not evaluated.

Future mission requirements of the aircraft may dictate more

detailed cruise data than that found in the Operating Handbook.

(2) The cruise data in the Qperating Handbook

should be validated to insure that future
mission requirements can be satisfied (p. 11).
For idle power with the airbrakes retracted, the aircraft
has a maximum glide ratio of nearly 24 to 1 at an indicated
L airspeed of 63 mph. This exceeds the required 20 to 1 glide
ratio stated in Ref. 2. The minimum sink rate, however, was
found to be 276 fpm, which exceeds the requirement for a maximum

sink rate of 240 fpm. With the throttle at idle and airbrakes

fully extended, flying at 70 mph, the a:rcraft has a glide ratio
of 7.6 to 1, which exceeds the maximum glide ratio of 7 to 1
stated in Ref. 2. With power-off and airbrakes retracted, the
aircraft has a maximum glide ratio of only 19 to 1 at 57 mph.

The manufacturer's Operating Handbook data for power-off

indicates a maximum glide ratio of nearly 23 to 1 at 60 mph. The
manufacturer's data appears to be too high, showing a higher
maximum glide ratio at a slightly higher airspeed.

(3) The Operating Handbook should be amended
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to show the more conservative performance
polar shown in Figure A5. 1In addition,
the throttle idle performance polars for
both airbrake configurations should be

added to the Operating Handbook (p. 12 ).

The aircraft failed to meet the maximum takeoff ground run
requirement, the minimum sink-rate requirement, and the approach
glide ratio requirement. Failure of the aircraft to satisfy
these requirements was not considered objectionable and did not
detract significantly from the overall performance capability of

the aircraft.

C. Flying Qualities
With the throttle set for power-required for level

flight, the aircraft exhibits no stall warning regardless of
airbrake position. In this throttle configuration the aircraft
demonstrated its lowest wings-level stall speed of 48 mph with
the airbrakes retracted. This speed agrees with the Operating
Handbook; however, it fails the stall requirement as stated in
Ref. 2. Stall speeds for idle power and power-off with airbrakes
retracted are five to six mph higher than stalls with power set
for level flight. Stall speeds with airbrakes exteaded are
generally higher than those with airbrakes retracted. Stall
warning occurred with airbrakes both retracted and extended in
the form of mild airframe buffeting for both idle and power-off

conditions. In all cases, the stall was defined by an
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uncommanded rolling motion. The aircraft exhibits satisfactory
three-axis control down to within five mph of the stall speed.
The smallest altitude loss from stall to recovery occurred with
power set for level flight and airbrakes retracted. If recovery
is delayed, airspeed may increase to as high as 100 mph,
necessitating the use of airbrakes during the pullup.

(4) Care should be taken during all high speed

stall recoveries above 86 mph so that
structural limitations are not exceeded (p. 16 ).

For turning stalls in both directions from 20 to 45 degrees
of bank, the stall is again defined by an uncommanded rolling
motion. Steeper recoveries at dive angles as high as 60 degrees
were observed for turning stall entries as opposed to wings level
entries.

Investigation of the spin susceptibility of the SGM 2-37
revealed that, with a three-second application of pro-spin
controls following stall, the aircraft exhibits a post-stall
gyration with more roll than yaw along with a 60-degree,
nose~-down pitch attitude. Airbrakes may be required during
recovery to avoid excessive airspeed buildup.

(5) Since all recovery airspeeds exceeded the

aircraft's maneuvering speed of 86 mph, care

should be taken during pullout so as not to

exceed aircraft structural limits (p. 18).
Altitude loss for all the spin-susceptibility evaluations

performed was between 500 and 1,000 feet with recovery airspeeds
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from 90 to 100 mph. The aircraft is susceptible to spins with a
three-second, pro-spin application of the controls.

No trim requirements were generated when making the
transition from airbrakes retracted to airbrakes extended or for
large changes in throttle setting.

Solo handling qualities were found to be identical to those
experienced during dual flight.

The SGM 2-37 demonstrates satisfactory static and
maneuvering longitudinal control. However, compared to the SGS
2-33, the SGM 2-37 requires slightly more longitudinal control
force with much less stick displacement.

During lateral-directional control evaluations, it was found
that the SGM 2-37 exhibits little requirement for rudder in a
turn. In addition, engine torque effects are essentially
eliminated by control rigging. Comparing lateral-directional
control of the SGM 2-37 to that of the SGS 2-33, aileron force in
the SGM 2-37 is higher and control displacement less than for the
SGS 2-33.

All five dynamic modes of the aircraft were found to be
stable for the flight condition evaluated except for an unstable
spiral to the left. This was due to a lateral center of gravity

location and to control rigging. It was not objectionable.

D. Operational Handling
The aircraft satisfies all the requirements for

operational handling stated in Ref. 2. No significant factors
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were discovered that would have an adverse effect on the mission
capability of the aircraft. The following recommendations are
derived from an evaluation of cockpit and pre-~flight
observations, ground handling, and general flight operations.

Cockpit and Pre-~Flight Observations

(6) The airbrake handle for the left seat should
be modified to prevent contact between the
control and the left-seat pilot's leg. An

interim WARNING should be added to the

Simultaneous requirement for full left aileron

Operating Handbook:

and airbrake extension or retraction may not be

possible due to contact between the control and

the left-seat occupant's leg (p. 24).

(7) Moving the stick forward approximately two
inches, possibly by means of an "S" bend,
would allow freer aft stick movement for the

pilots in both seats (p. 26).

(8) Shoulder straps in both seats need an inertial
reel to allow greater forward motion by crew

members (p. 26).
{(9) The following CAUTION should be added to the

Operating Handbook:
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The canopy should not be used as a handhold when
entering or exiting the aircraft due to the
possiblity of warping the canopy frame and causing

it to bind in the track (p. 26).

(10) As an aid in accomplishing all the checklist
pre-flight requirements, a general aviation
fuel tester, with a screwdriver end, should
be obtained for each powered sailplane (p. 27).

(11) An increase of at least 50 pounds in
certified gross weight is needed in order to
easily accommodate a full fuel load along
with varied combinations of crew weight (p. 29).

(12) The fuel-indicating system should be
recalibrated to show full on the ground
with the fuel tank filled to capacity (p. 29).

Ground Handling

(13) The following WARNING with Note should be

added to the Operating Handbook:

Sharp or rapid turning maneuvers during taxi operations

should be avoided, since the tailwheel may disengage
from the steering system, resulting in loss of directional
control.

Note

Differential braking does not seem to be

45




particularly effective under all conditions (p. 30).

(14) To enhance ground handling and avoid
potential damage to the aircraft, the
airbrakes should be extended during all taxi
operations (p. 30).

General Flight Operations

(15) In order to avoid a large increase in required
rudder during crosswind takeoffs as the
tailwheel 1lifts off the runway, the tail
should be kept on the runway until 45 to 50
mph (p. 32).

(16) The following CAUTION should be added to the
Operating Handbook:

Improper crosswind control application during the

initial part of the takeoff roll may result in the
aircraft weathervaning into the wind so that
differential braking and/or tailwheel steering may be
ineffective in preserving directional control. The
only way to avoid running off the runway under these

circumstances is to abort the takeoff (p. 32).

(17) Minimum approach speed for landing should be
70 mph (p. 33).

(18) Touchdowns during crosswind landings should
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be made at higher than normal airspeeds to
enhance directional control. The tailwheel
should then be lowered to the runway as soon
as possible to avoid loss of rudder
effectiveness as the aircraft slows after
touchdown (p. 34 ).

(19) The following CAUTION should be added to the
Operating Handbcok: i

Care should be taken not to exceed the maximum rated

rpm of 2600 during level-flight, full-throttle
operation. This normally occurs at airspeeds

approaching 90 mph (p. 34 ).

(20) An alternate fuel quantity gauge should be

installed or the existing gauge should be

modified so that reliable readings of fuel

remaining in-flight can be obtained (p. 35).

(21) If power-off airwork is incorporated as part
of either pilot instructor training or cadet
training, the mixture level should be left in
full rich, fuel pump on, throttle set above
the idle position, and magneto switch on in
order to facilitate rapid engine start if
required (p. 36 ).

(22) The following Note should be added to the
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Operating Handbook:

Note
Altimeter lag of 100 to 200 feet along with hang
up at the 6 and 12 o'clock positions on the
indicator will occur during throttle idle and power-

off flight operations (p. 37 ).

(23) The engine manufacturer should be contacted
to determine the exact requirements for
clearing the engine during extended flight

operations with the throttle at idle (p. 38 ).

48




References

1. Crenshaw, Kent R,, Limited Performance and Flying Qualities
Validation of the SGM 2-~37 Powered Sailplane, USAF Academy,
January 1983.

2. Statement of Work, Parts I and I1I, F33657-81-~C-~0303,
Headquarters, Aeronautical Systems Division, Wright-Patterson

AFB, Ohio.

3. SGM 2-~37 Motorglider Pilot's Operating Handbook, Schweizer

Aircraft Corporation, Elmira, New York, 22 March 1983.

4. Performance Theory and Flight Test Techniques, FTC~T1H-70~

1001, USAF Test Pilot School, Edwards AFB, California, January

1673.
5. Flying Qualities Theory and Flight Test Techniques,

FTC-T1H-79-2, USAF Test Pilot School, Edwards AFB, California, 1

August 1979,

6. Airstrip Operations and Air Traffic Control, USAF Academy

Regulation 55-4, 9 May 1980.

49




APPENDIX A

SGM 2-37 Sortie Summary

Graphical Data




=T R MR Sl AT

DATE

a/27

o
~
w

5/9

5/9

5/11

5/27

A/C

N3TAF

N31AF

NJ3LAF

N3TAF

N3TAF

NI3I1AF

N3IAF

N3IAF

NILAF

NJIAF

NTI2AF

CREW  FLT

TIME (HRS)

TABLE Al.

SGM 2-37 SORTIE SUMMARY

Crenshaw
Picha

Crenshaw
Picha

Crenshaw
Picha

Crenshaw
Picha

Crenshaw
Picha

Crenshaw
Picha

Crenshaw
Picha

Crenshaw
Tayvlor

Crenshaw
Picha

Crenshaw

Crenshaw
Picha

TOTALS =

2.4

2.4

1.

1.

1.

2.

1.
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DATA

Pitot—Statig/Trim
Changes

Pitot~-Static
Spin Susceptibility
& Stall Evaluation

Takeoff & Landing
Evaluation

Pitot-Statiq/blimbs
& Descents

Takeoff & Landing
Crosswind Eval.

Climbs & Descents

Normal Mission
Profile

Descents & Flying
Qualities

High Altitude Op's
and Power Off
Glides

Power Off Glides,
Stalls and Landings

19.0 hours and 11 sorties

REMARKS

Helicopter Photographic
Support

UV-18 Photographic
Support

Too Gusty and Turbulent
to Complete

Pitot-Static Data
Complete

Maximum 15 Knot Crosswind

.3 for Weather Divert

Descents with Airbrakes
Extended

Flown Solo




Table A2
TAKEOFF DATA
SGM 2-37, N3I1AF

wSTD = 1,760 1b.
Alt. = 10,000 ft.
Vi (mph) Average Number of
Lift-Off Distance (ft.) Data Points
52 1110 3
55 1159 S
60 1158 5
52% 1218 3

*Full Aft Stick




1334 000°Z 1V v1va WD HLOOLIMVS "LV 3HNDIJ

{HdW) @33d4SHIV A3LVIIaNI A -
0 I .,KﬁN 001 06 08 () h( o.o om
|
\ |
qduw 01 = XVRA \ Oh"
\ | K
\ _ )
/ _ i
t n
\ ! 4 m
\ [ o
\ _ Bl
\ _ 9 O
\ _ r
|
// | » <
\ _ -~
\ | ~
\ ! oL P
AN | o)
AN [ ~
N\ _
N
< | 21
.I||.|I|.|ll|l‘|||-|NlFiL
Y

SH7 091 = Ai1SM
a310vH13d sHvHadly ‘JYLEN ‘2€-2 WNDS




1 T— — — T T T T T T s S s I T - - ot -

1334 000’0} 1V V1VQ SWNITO HLOOLMVYS "2V 3HNDII

 (HdW) G33dSHIV G3LVOIaNI ‘A

oLt _ 00t 08 08 02 09 0g

| - Sy —
L \ _

ydw £0L = XVRNA N\ S9! o

\ ! 2 >

\ | =

\ ! m
\ !

AN " y

\ " O

// " —

// m 6 8 )

N " T

N ! 8~

_ %)

_ 3

@)

||||||||||||| e’

8'6 01
S8 0921 = aisp Y

@310VH13H SIAINVHEHIV ‘JY I EN ‘L€-CNDS




HV10d IONVNHOSHId 0310VH1L3Y SINVHEHIV ‘"HIMOd 3101 "€V 3HNDIJ

Wil At o e

(HdW) @33dSHIV A3LVOIAaNI A
08 0L 09

L 1

ydw 19

C- ydw g9

O ~~ OllVH 3AI7O

© ~~ (33S/14) MNIS 40 31vH

3701 31L1OUHL 'S8 0921 = a1sM
d310vH13Y SINVHEHIV ‘JVIEN ‘ZE-2WDS

T P



14

_ UV1Od 3ONVNHOIIId QIANILX3 SINVHEHIV ‘HIMOd I1AI “vV JUNOId

Vilo o

wil

(HdW) Ommmwmz Q3LVOIANI "A
A

08 09

- | 1

ydweo

[ —

O 7v OliLvd 3A1O
6

]
!
!
!
t
}
!
i
|
i
1
|
1
|
|
|
1
I
i
|
f
I
|
!
[
!
!
!
{

O v (038/14) XWNIS 40 31vd

— - — — — =

£2-

3101 31LLOYHL ‘SE1 09/ = GISM
d3AN31X3 SINVHEHIV ‘JVILEN ‘2€-ZWDS




HV10d 3ONVNHOJH3d G3L0VHL3H SINVHEHIV ‘440-HIMOd "SV 3HNOId

(HdW) d33d4Sdiv A3.LVOIIANI “A

08 0z 09 0S ov
: ! —T ! St
6'9S , 6:SS
|
1) \
> U _
- |
m v ! 91
)
. 2
O
m am
97 <t 1
2 >
d = <
H. O
» o 81 m
m
e 0
m 61
©
Y Y

(L 37aV1 298) 1IVISHVIE

440-43IMOd ‘S81 091 = aism
@310VH13d SvHEHIV ‘/E€-2NDS




STICK FORCE (LBF) ‘

STICK DISPLACEMENT (IN)

SGM2-37, N31AF, AIRBRAKES RETRACTED
ALTITUDE-9000 FT (PA), TRIM AIRSPEED-70 MPH

}

5-
3 4
|
g 3
2-
1..
40 50
1.4
T
» 2
>
g 3
4-
°y
. 2
-
-d
3 .
a
14
Vi = 70 mph
gt T T r> VI
40 50 60 90 (mph)
T
g
2

T & @ .

O TRIM POWER
D IDLE POWER

FIGURE A6. LONGITUDINAL STICK FORCE AND DISPLACEMENT VS. AIRSPEED
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APPENDIX B

General Aircraft Information

Weight and Balance
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GENERAL AIRCRAfT INFORMATION

schwelzer Aircraft Corporation
SGM 2-137
i. GENERAL DATA
A. Wing Span
B. Wing Area
C. Aspect Ratio
D. Airfoil Section Root
E. Airfoil Section Tip
F. Dihedral
G. Twist
H. Dive Brake Area
I. Horizontal Tail Surface Area
J. Vertical Tail Surface Area

K. Alleron Area

I, ENGINE
A. Number of Engines
B. Ergine Manufacturer
C. Engine Model Number
D. Rated Horsepower
E. Rated Speed (rpm)
F. Bore (in.)
G. Stroke (in.)
H. Displacement (cu. in.)
1. Compression Ratio

J. Engine Type

59.5 ft
195.71 ft?
18.09
Wortmann FX61-163
Wortmann FX60-126
3.5°

1° Washout

8.79 £t

21.88 ft?2

14.58 ft?

10.90 ft?

1

Lycoming

0-235-L2C (with Slick Mags.)
112

2,600

4.375

3.875

233.3

8.5:1

Four Cylinder, Direct Drive,
Horizontally Opposed, Air
Cooled
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Schweizer Aircraft Corporation

SGM 2-37
i 111. Propeller
| A. Number of Propellers 1
B. Propeller Manufacturer sSensenich
C. Model 72CK-0-50
D. Number of Blades 2

E. Propeller Diameter (in)

(1) Maximum 72
(2) Minimum 70
F. Propeller Tyvpe Fixed Pitch
1
v, FUEL
A.  Fuel Capacitv (U.S. gal.) (Total) 15.6
B. Useable Fuel (U.S. gal.) (Total) 14.2

. Fuel Grade, Aviation

(1) Minimum Octane 100/130 - Green

(2) Specified Octane 100/130 Green
100 - Green
100OLL. - Blue

(3) Alternate Fuel%* 115/145 - Purple

*Alternate Fuels refers to military grade with 4.6 ml of TVl

V. OILL
A. 0il Capacity (U.S. gqts.) 6
B. 01il Specification Refer to latest issuc o
Lycoming Service Instructio
1014,
C. 0il Viscosity Refer to Section 8 -

paragraph 8.10,




Schweigeyp Alrcrafye Corporatijon
SGM 2-37

VI. MAXIMUM WEIGHTS

Ucility
A, Maximup Takeof f Weight (lbs) 1760
B. Maximum Landing Weight (1bs) 1760
VIT, STANDARD MOTORGLIDER WEIGHTS*
A, Standard Empty Weight (Ibs): 1280
Weight of a4 standard motorglider
including unuseable fuel, full
Operating fluids and full oi1,
B.  Maximup Useful Load (1bs) 480

The difference between the Maximum
Takeoff Weight ang the Standard
Empty Weight,

*These values ape approximate a4ng vVary from one aircraft g another,

VIIL, SPECIFIC LOADINGS
A, Wing Loading (1pg Per sq. f¢,) 8.499

B.  Power Loading (lbs per hp) 15.71

IR e
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WEIGHT AND BALANCE

As shown in Figure B2, the aircraft was flown over a narrow center of gravity
and weight range of 82.56 to 83.66 inches aft of the datum and 1648 to 1779 pounds
respectively. Figures shown in Table Bl for aircraft registration number N31AF are
based on the weight and balance figures derived from weighing the aircraft at the
Academy on 3 May 1983, Figures shown in the same table for N32AF are based on the

manufacturer's results found in the Operating Handbook (3:6-5). Moments and moment

arms for all crew weights and fuel loadings shown in Table Bl were found by using
the charts found in the Operating Handbook (3:6-9 and 6-10).

As discussed under the operational handling section of this report, the air-
criaft should be certified for a higher gross weight. With the current maximum
gross weight limit of only 1760 pounds, N31AF exceeded this weight by 1% with a
full fuel load and two crewmembers on board. While this over weight condition was
not considered significant enough to warrant downloading fuel prior to takeoff,
there is absolutely no flexibility within the current weight limit for higher crew

welghts and for adding equipment to the aircraft.

Referring to Tables B2 and B3, the SGM 2-37 aft center of gravity is very
Insensitive to different fuel loadings and combinations of crew weight. The
lighter the fuel and crew load, the further aft the center of gravity moves. With
a solo 110 pound pilot and only 4.5 gallons of fuel on board, the center of gravity
is only as far aft as 83.2 inches from the datum. The aft allowable limit shown
in Figure B2 is 86.2 inches. For this reason, the aircraft was not evaluated at
its aft center of gravity limit during the validation pregram. With the current
configuration of the aircraft, it does not appear possible under normal operations

to c¢ven approach the aft center of gravity limit.

The forward center of gravity limit, however, can be exceeded with a full
fucl load and a combined crew weight from 350 to 360 pounds. The center of gravity

location moves as far forward as 82.4 inches from the datum under these conditioms.
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