AD656248

47,

USAAVLABS TECHNICAL REPORT 67-57

FLEXIBLE WING TOWED UNIVERSAL GLIDER

Bcteber 1967

U. S. ZRMY AVIATION MATERIEL LABORKTORIES
FORT EUSTIS, VIRGINIA |

CONTRACT DA 44-177-AMC-179(T)
RYAN AERONAUTICAL COMPANY
SAN DIEGO, CALIFORNIA

SPONSORED BY:
ADVANCED RESEARC'I

This document has been
approved for public release
and sale; its distribution is
unlirnited,

PROJECTS AGENCY

Reproduced by the
CLEARINGHOUSE
for Federal Scientific & Technical
Information Springtield Va 22151



DEPARTHMENT OF THE ARMY

U. S. ARMY AVIATION MATERIEL LABORATORIES
FORT EUSTIS. VIRGINIA 23604

The work described in this report was accomplighed by the Ryan
Aeronautical Company under the terms of Contract DA 44-177-AMC-
179(T) and was sponsored by the Advanced Research Projects
Agency (ARPA). The report covers the design, fabrication, and
testing of the Flexible Wing Towed Universal Glider (TUG).

This command concure with the conclusions made by the contractor,

Based on the results of this program, this ¢ and does not feel
that che TUG requires further evaluation at ~+8 time, since the
basic concept has baen proven, Further ref;. iments are required
to bring the glider to a condii’ -n where it -an be employed with
maximum effectiveness,



Task 1F121401A 14172
Contract DA 44-17T-AMC-174(T)

USAAVLABS Technical Report 67-57
October 1967

FLEXIBLE WING TOWED UNIVERSAL GLIDER

RYAN REPCRT NUMBER 29267-1

This research was sponsored by the Advanced Research Projects
Agency of the Department of Defense under / RPA No. 294,
Amendments 13 and 19, and was monitored by the U.S. Army
Aviation Materiel Laboratories (USAAVLABS) under Contract
DA 44-177-AMC-179(T).

Prepare By

Ryan Aeronauticzl Corapany
San Diego, California

For

U.S. ARMY AVIATION MATERIEL LABORATORIES
FORT EUSTIS, VIRGINIA

This document has been approved
for public release and szle; its
distribution is unlimited.




hal

Hiwi

SUMMARY

This report is the final report on the design, fabrication, and test of a Mexible
Wing Towed Universal Giider. The work was accomplishced under Contract No.

DA 44-177-AMC-179(T) by the Ryan Aeronautical Company, San Diggo, California.
The purpose of the glider design was to develop &n unpowered roadable winged
vehicle which could carry up to 4000 pounds of payload on an open bed which would
put minimum restrictions on cargo volume and shape. The vehicle, towed Ly a
helicopter, would extend the normal helicopter internal load and slingload capacity
as "~ ~5 place hazardous cargn «mnte fram the helicopter and crew

The report describes the vehicle, presents the techpnical engineering analysis,
and summarizes the results of the flight tests which were conducted.

The results confirmed that thc vehicle was feasible and would operate as expected.
A family of successful operating arameters of weight, airspeed, and wing inci-
dence angles was established along with related tow cable forces and operating
limits, F!‘ght tests were concluded after reaching a 2820-pound payload weight
due tc accumuiated vehicle operational damage for which no funds were available
for repairs. Successful operations up to the design gross weight were otherwise
anticipated and indicated by flight test results,

All flight testing vas conducted at the U.S., Army Yuma Proving Ground, Yuma,
Arizona.”
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NTRODUCTION

The concept of the Flexible Wing Towed Universal Glider (TUG) was based on the
necd for an extremely versatile aerial cargo delivery vehicle of simple design
ard low cost for use in & highly mobile and dispersed combat environment. The
design concept of the TUG system includes simplicity of construction, ease of
maintenance, off-the-shelf components, and a design philesophy of cost
effectiveness.

Preliminary design studies and the final detail design of a Flexible Wing Towed
Universal Glider were accomplished, and four test vehicles were fabricated. Struc-
tural integrity was determined by stress analysis, and the performance and stability
were determined by aerodynamic analysis. A flight test program determined
handling qualities and performance of the vehicle., Initial ground taxi tow tests re-
vealed excellent tracking and braking characteristics., All vehicles were utilized

in both the ground and the flight tests.

Twenty-eight flight test operations were conducted on the TUG during 7 October-
20 November 1964 and 4 October-2 November 1965. The towed flight envelope was
expanded to a speed range of 40 to 80 KIAS, depending upon the glider gross

weight and wing-incidence angle. Payloads of up to 2848 pounds were success-
fully towed.




SYSTEM DESCRIPTION

GENERAL

The Ryan Model 179 Flexible Wing Towed Universal Glider (TUG) system consists
of the glider and includes cargo handling provisions, removable flexible fuel con-
tainer, iow cable, and tow aircraft accessories. In use, it is loaded with fuel or
cargo and towed by a helicopter to increase the load-carrying capacity of the heli-
copter by a factor of 2-1/2 to 3. The carrying capacity is 4000 pounds of dry
cargo or 500 gallons of fuel, or a combination of the two. Normal airspeed is

60 -70 knots. It is easily collapsikle for ground handling and can serve as & cacgo
trailer to be pulled by a jeep or truck.

The giider, shown in Figure 1, consists of the major assemblies defined in the
following paragraphs.

Wing Assembly

The wing consists of a cloth membrane supporied by an aluminum structure, as
shown in Figure 2. The structure consists of leading edges, a keel, and a
spreader par, all made of aluminum alloy tubes. These members are composed
of severzl relatively short telescoped sections of diameters proportioned to suit
local bending moments and allowing easy replacement of individual sections by
cutting to length and bolting in place. Various fittings for wing attachment and
adjustment are incorporated.

The membrane is of Dacron cloth coated witi1 neoprene rubber on both sides, and
weighing 6 ounces rer square yard. Assembly of the membrane is by machine
stitching of numerous panels. Field repair may be made by hand sewing or
cementing patches

Wing span is 36 feet, area is 554 square feet, keel length is 28 feet, and aspect
ratio is 2.6.

Wing Support Struts

The wing support struts are constructed from standard aluminum alloy tubes.
Thiee A-frames are used for wing supports. Ar electrically nperated linear
screw jack, mounted to the apex structure of the forward A-frame, shifts the
center of gravity of the cargo with respect to the wing, thereby changing the trim
angle of attack. The screw jack is controlled from the tow aircraft. The two aft
A-frames form a pyramid and attach to a sheet aluminum fitting on the wing keel.




Forward A-Frame

—Wing Trim Cable

Mid & Aft A- Frames 3" Dia Tube x ,065
\—_v Wall 6061 Al Aly —
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» e
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Front Elevation
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Figure 1. Tow Universal Glider - General Arrangement
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This arrangement of A-frames takes all the loads to which the craft is subjected,
except rolling moments about the wing keel. Rolling moment loads are taken by

a pair of steel cables extending from the tips of the wing spreader bar to thre sides
of the glider body. The struts are attached to the glider body cy simple sheet
met 1 fittings that are casily removable for replacement of strut tubing.

Vertic~! Stabilizer

The vertical stabilizer, shown in Figure 3, fatiicated of sheet aluminum alloy
with two aluminum spars, has a conventional airfoil shape of 8% thickness, an
aspect ratio of 1.4, and an area of 14 square feet. The vertical stabilizer is
attached to the keel with four quick-disconnect pins.

Body Assembly

The glider body is shaped like that of a conventional pickup truck, with a cargo
deck and tie-down fittings, a cargo divider with fixed sides and froat, and a re-
movable tail gate. Two dock boards, stowed on the sides of the bedy, are manu-
ally positioned on the aft end of the cargo deck for rolling wheeled cargo in and
out of the body,

A tow kar attached to the front end of the body mates with existing military tow
hooks for ease in ground handling before and after flights. Mounting for a fuel
puinp systcw is provided on each side of the body, allowing two pumps to be
carried. The bouay, shown in Figure 4, is constructed of metal frames and con-
ventional loa’ -carrying longitudinal beams. The cargo compartment floor and
sides are constructed from aluminum-covered plywood. All secticns throughout
ave uniform; special contouring is not required.

Takeoff and Rolling Gear

A rolling gear with a track of 104 inches and a wheel base of 123 inches supperts
the body. The gear is designed for grourd handling and takeoff runs. Its sus-
pension ailows vertical deflection tc absorb jolts during ground runs. Two longi-
tudinal wooden skids, attached to the underside of the »ody, absorb razjor landing
ioa s, The suspension deflects sufficiently to allow all loads greater than 2 G's
to be taken by tre skids, significan’’'y reducing both body and landing gear struc-
tural weight. The ski *~ also reduce any tendency of the glider to bounce during
hard landings, and they minimize ground run-outs.

-1




Figure 3. Vertical Stabilizer




090 THICK "ASYNITE"

I/4 PLYWO0D COYERED FIDERGLASS PANELS

BOTH SIDES WITH .032 / = j} -
THICK 2024T3 ALUMINUN
ALLOY Humll I
500 GALLON COLLAPSIBLE | |
| FUEL TANK ( GOODYEAP TIRE 1 I '
& RUBBER CO.) /y/\ i l|I 1
\ \\ \\ \ \ \ ! T | il “
;A\\ NN \\\ \ Aol il bl
— e e B _,f lc“‘ l !.Z
: $; Some = L ’ .T_ l ——
/‘—’ \ — -~ v/ 1
\ L 1/2 PLYWOOD-COVERED BOTH SIDES mlm : Z Ty
- F
iﬁ%.‘.’e”‘s’.?.é‘s‘ Rowooo + 032 THICK 2024T3 ALUMINUM ALLOY *r:hj_,_\ ITTiNGs

SECTION THRU CARGO COMPT

| STANDARD JEEP WHEELS
4 TIRES (GFE)

GROUKD NANDLING
TOW-BAR

FWD A FRAME

SPRiINGS

FRONT VIEW

Figure 4. Body Assembly

b

\_ LAMINATED FIBERGLASS




T

ADJUSTABLE TO SUIT
REQUIREMENTS

|
I l
fl | | li ::J |
BTl |ty Sy 1 I Spis s il B
Lf I | kc o | =
x_&r | alinks el -\l 2 — oo 1
—— V4 AN} /AN - A\
o ng“:: Tie-oow \/ \_ Rem0vABLE cARSO DIVIDER

PLAN VIEW

FUEL PUMPING UNIT
W STOWED POSITION

(OME EACH 8iDE) MID A FRAME
DOCK- BOARD

N STOWED POSITION
( ONE EACH SIDE)

FWD A FRAME

AFT A FRAME

REMOVABLE
TAILSATE

40 1 8.0 NOMINAL
FIR COCK BOARD (2)

SIDE VIEW

——— ———

N




The rolling gear springs, in the form of conventional single flat leaf springs, are
manufactured from Fiberglas. The springs are similar to those developed and
tested for the flexible wing utility vehicle (Project XV-8A. contract DA 44-177-
AMC-874(T)). The wheels and briukes are standard Government-furnished jeep
equipr.ent. The forward wheel installation provides the cas‘ering required for
successful shimmy-free ground ‘owing. The aft wheel installction acts as the
b-aking system for the venicle.

The brake system consists of a master brake cylinder, a brake lever, a tension
spring, and the brake line tubing (Figure 1). The systern applies brake pressure
to the two rear glider wheels and brak-s when the tow cable is slack. The brake
pressure can alsc be controlled manuaily for ground handling.

Tow Bridle Assembly

The tow bridle assembly, shown in Figure 1, consis*~ of four 1/4-inch-diameter
woven wire cables, two connected to the forwarcd end of the glider body and two
connected to the mid-wing support strut. An adjustable tension cable runs from
the mid-wing support strut to the aft wing support strut attach fitting, to relieve
the mid-wing strut of tow loads. The low: r left of the four cables is not attached
directly to the body; it runs through a fairlead to the brake lever. Whern there
is sufficient tension in the cable to overcome the brake spring, the lever yields
and releases the brakes. The forward ends of the cables attach through a swivel
fitting to a whiffletree which induces corrective pitching moments for any off-trim
tow conditions. Thirteen electrical wires run the full length of the tow cable,
with quick-disconnects on each end to allow separation of the cable from the glider
or the helicopter.

Electrical System

The electrical system (Figure 5) consists of a 28-volt aircraft battery, an elec-
trically operated linear actuator, and six control relays. Four control relays
are operatec from the helicopter to command glider power on, wing up, wing
down, and glider release. The other two relays are for wing up and wing down
limits.

Momentary switches are located in the glider to control the system during ground
checkout,

11




Fuel Container

The fuel container is a flexible, collapsible 500-gallon container made of rubber-
ized fabric in a « avenient pillow design. Only o:e fitting is needed for both the
filling and the draining operations. The filled container is held in place by tie-
down straps attached to the floor of the cargo body. The container is 130 inches
long by 70 inches ‘wide by 13 inches high when filled.

Tow Cable

The tow cable is a standard woven-wire strain cable wrapped with electrical wires
and covered with a neoprene jacket. The tow cable is approximately 400 feet in

length.

The cable has an attaching ring, weak link and load link on the tow aircraft end,
and a standard releasable type cargo hook on the glider end. Electrical connec-
tions made through quick-disconnects at both ends allow separation of the cable
from the glider or the helicopter.

Tow Aircraft Provisions

Modifications to the helicopter are necessary to accommeodate the attachment
fittings for the tow bridle and to tie in the electrical system for the tow operation
(Figures 6, 7, and 8).

The helicopter tow bridle consists of two 5/16-inch-diamc.er woven-wire strain
cobles that attach to the structural shelf aft of the main doors. These cables in
turn attach to the forward end of a triangular-shaped metal plate., A standard re-
leagable-type cargo sling hook is attached to the aft end of this plate. The hook
accepts the tow cable attaching ring. Both the existing electrical and manual sliug
releases in the helicopter are utilized for tow cable release at the helicopter.

A glider control panel is included in the conversion. This panel mounts the
switches to command glider power on, wing up, wing down, and glider release.
Also on the panel is a display of cable tension and indicator lights for wing motior
and glider power on.

AERODYNAMICS ANALYSIS

Summs 7y

This section contains the estim.ated performance and stahility characteristics of
the Flexible Wing Towed Universal Glider (TUG) system.
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The empty weight estimate of the TUG was less than the actual empty weight ¢f the
vehicle as flight tested. Data are therefore presented herein for a TUG gross
weight of 4,200 pounds, which represents a 500-gallon payload of f ' based on
the estimate of empty weight, and for a gruss weight of 5,100 poun , which rep-
resents a 500-gallon payload based on the actual empty weight of the TUG.

Using the UH-1B for towing, a sea level tekeoff ground run of approximately
1,400 feet at a gross weight of 5,100 pounds was calculated for the TUG. Rate of
climb at sea level and normal rated power with this payload was 530 feet per
minute. A maximum tow speed of approximately 70 knots was determined.

Analysis indicated that the UH-1B is capable of towing the glider 117 nautical
miles at a gross weight of 4,200 pounds and an aititude of 5,000 feet. This allows
10% of usable fuel for reserve. In this case the takeoff ground run was 800 feet,
the maximum possible tow speed was 72 knots, and the landing ground run was
290 feet.

The TUG was shown to be both statically and dynamicallv stauie in all configur-
ations investigated, and both longitudinal and lateral-di cectional oscillatory
characteristice were more than adequate for an unmauned vehicle.

Data DBasis

The aerodynamic data used as a basis for estimating TUG periormance wece cb-
tained for the most part fron: Ryan and NASA -conducted wind-tunnel tests. Aero-
dynamic characteristics of untested components were estimated, using standard
estimating techniques.

A drag buildup for the TUG at zero lift is tabulated in Table 1. Drag due . lift
wag added to Cpg to provide the drag polar presented in Figure 9. The lift curve

is shown in Figure 10.

Lift-to-drag ratios are plotted in Figure 11, which shows maximum L,D to be
3.72.

Horsepower Required and Available

Hors.power required for the UH-1B-TUG combination in level flight was deter-
mined by first calculating an '"equivalent helicopter' and then solving for power
required using standard helicopter analysis. The "cquivalent helicopter' is
defined as a helicopter exhibiting the same performance characteristics as the
helicopter -plus-glider combination.
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TABLE I
DRAG BUILDUP

. f .4CD
ITEM (SQFT) 0]
Body 11.85 0.0214
Skids 0.22 0. 0004
Wheels 2.49 0.0045
Wheel Struts 0.89 0.0016
Wing -Body Struts 16.79 0.0303
Roll Cables 0.44 0.0008
T~w Line Attaching Cables 0.11 0.0002
Pitch Actuator 1.50 0.0027
Vertical Tail 0.16 0.0003
Fuel Pumping Units 0.44 0.0008
A-Frame Supports 0.88 0 0016
SUBTOTAL 35.77 0.0646
Miscellaneous (5% of SUBTOTAL) 1.79 0.0032
Wing 38. 81 0.0700
TOTAL 76. 37 0.1378
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The "equivalent helicopter' was determined as follows:

1. Cable tension and cable angle at the helicopter were obtained from a
tow cable characteristics program solved by an IBM-704 computer.

2, The cable tension was resolved into two components: one in the drag
direction and one in the weight direction.

3. The weight component was added to the helicopter gross weight and the
drag component was considered as additional parasite drag.

The tensior. components were resolved using the following force diagram:

Wing

"HORIZ 2 dbp

t 4 .
c/sin (80+ Y ) = Av‘/sin (dH-')') = ADP/sin (SO—GH)

AW _ tesin(@n -7)

sin (20 + ¥)
o te sin (90 - @) te cos Oy
Abp = sin(9 + y)  sin (90+ v)
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where

Y = flight path angle

6 H = cable angle below horizontal

tc = cable tension

AW =  weight component of cable tensgion

AD =  parasite drag component of cable tension

For level flight vy = O and the expressions for AW and ADP reduce to:

AW = tc sin OH

ADp = tc cos GH

The total power required at the helicopter rotor shaft for the UH-1B-TUG combi-
nation was calculated by IBM-704 computer, utilizing the computation methods of
References 1 and 2, The digital program does not use small-angle assumptions
regarding blade section inflow angles and velocities. Allowance is made for stall
in the reversed flow region.

The calculated power required does not include power losses due to transmission,
cooling, antitorque, etc. These losses are accounted for in thr power available,
which is reduced by 10% for this purpose. Figures 12 and 13 present power re-
quired and available for the UH-1B plus TUG for sea level and 5,000 feet respect-
ively. The engine assumed for the UH-1B is the Lycoming T-53-L-9 rated at
1,100 horsepower at sea level,

Maximum Tow Speeds

Power-limited maximum speeds were ohtained from the intersection of the power
required and power available curves. Maximum speed at sea level at a gross
weight of 5, 100 pounds is 70 knots and at %,000 feet is 66 knuis.

Rates of Climb

Rates of climb were calculated using the equation:

p/c - HPAVAIL - HP REQ) 33,000
" WEIGHT (UH-1B + TUG)
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Figure 12. Horsepower Required and Available at Sea Leve!
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Figure 13. Horsepower Required and Available 1t 5000 Feet
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Available and required horsepowers are for the equivalent helicopter and were ob-
tained from Figures 12 and 13,

The results are plotted on Figure 14.

Glide Performance

Still-air glide rangc is plotted in Figures 15 and 16, a4 4 function of altitude and
Speed, for TUG weights of 4,200 and 5,100 pounds respectively. Maximum range,
attained at maximum L/D, occurs at speeds of 64.5 and 71 knots. Glide velocitiesg
at sea level are presented in Figure 17, with equivalent rates of degcent shown in
Figure 18. Glide performance was determined as follows:

Consider the force diagram Tepresenting gliding flight:

where
L = 1lift
D = drag
W = weight
¥ = flight path angle
L = Wcos v
D = Wsin v

L/D= (cot v)
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rate of descent sin v

\
(GLIiDE)

altitude at start of glide/tan vy

]

glide range

Takeoff

Takeoff performance is presented in Figure 19 as takeoff ground run versus TUG
gross weight. This was cerived as foilows:

dv dv2

= = = 1/2 —

g at 172 55
v

Lo . 2

= d

" / .

0

The above equation may be solved graphically, knowing the acceleration (2) which
is found by consideration of the force diagram representing the glider forces:

L
t 1
c
I 2
R
tocos € - R w
a = i —
m
where
tc = cable tension at glider, pounds
€ = cable angle, degrees
m = massa of glider, slugs
L = lift, pounds
W = weight of glider, pounds
R

= resisance = D+ y (W-L-t sin ¢)
c
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TAKEOFF GROUND RUN, 100 FEET

16

1. HARD-SURFACE RUNWAY
2. SEA LEVEL STANDARD DAY
3. UH-1B TOW HELICCPTER

1 2 3 4 5

TUG GROSS WEIGHT, 1,000 LB

rigure 19. Takeoff Performance
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D

drag, pounds

coefl :ient of rolling friction = 0.025

]

M
Wing-body incidence angle is 22° throughout ground run and lift-off.
Landing
The landing ground run is presented in Figure 20 as a fun:tion of gross weight

of the TUG. A touchdown speed of 1.20 percent of stall speed was assumed for
the calculations, and the following equation was used:

0.1022 v__2
TD

sG = m log 10 [ug (L/D)TD]
where

SG = ground run, feet

Vb = touchdown velocity, knots

(L/D)pp = lift/drag ratio at touchdown Cy

ﬂﬁ = braking coefficient = 0.4 for turf runway assumed
Stall Speeds

Sea level, standard day stall speeds are shown in Figure 21 as a function of gross
weight. These values are determined using:

’ o
(KNOTS) = \Fnoss WEIGHT X 295

\'
STALL S X
w CL MAX

Stall speed at the design gross weight of 5, 100 pounds is 46.8 kncts.

Range

The n:ission profile for the TUG plus UH-1B helicopter combination is presented
in Figure 22. The TJG has a gross weight of 4,200 pounds. Allowance for

37
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LANDING GROUND RUN, 100 FEET

NOTE:

1. SEA LEVEL STANDARD DAY
2. TOUCHDOWN AT 1.2 VgrALL
3. BRAKING COEFFICIENT = 0.4

1 2 3 4

TUG GROSS WEIGHT, 1,000 LB

Figure 20. Landing Perfcrmance
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warm-up and takeoff is the fuel required for 5 minutes at normal rated power at

sea level Fuel to climb was ealeulated at maximum normal rated power. Cruise
speed is 67 knots. Ten percent of total usable fuel is allowed for landing and re-
serves. The maximum range for these conditions is shown to be 117 nautical miles.

Longitudinal Trim

Longitudinal trim analyses have been perfornied for both on-tow and 1-g glidiug
flight conditions.

Pitching moment coefficients for gliding flight were calculated as funetions ot angle
of attack and wing-body incidence from the following equation for pitching moment
coefficient about the glider's center of gravity.

C = C Xac zac ls
m ~ Nl==WlcCc l=—|Cn +C. | ]*C o
3 C [
cg CK A CK Ow DS K ma B

The symbols in the following diagram are defined in the list of symbols.
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Xac and Zac are functions of the wing incidence as shown in Figure 23. The wing

normal and axial force coefficients CN and C A are ploited versus angle of attack
in Figure 24.

Example Cpy . versus o curves are presented in Figure 25 for off-tow conditions.
¢

Trim angles of attack were read at the point of zero pitching moment to provide
the curve of wing incidence versus trim angle or attack presented in Figure 2o.
From these data,trim airspeed was calculated and is plotted in Figure 27 versus
wing angle of attack.

Curves of winy, incidence versus trim airspeed are presented in Figure 28 for two
gross weights at sea level standard day conditions. Values used for Figure 28
were obtained from Figures 26 and 27.

On-tow trim was calculated by means of a digital computer program which includes
the effect of tow-cable tens:ion on lift, drag and pitching moment. The equations of
motion used and a description of the program may be found in Reference5 .

Data obtained from the computer include vertical separation between the glider and
helicopter, tow-cable angles, cable tension ard trim wing incidence. These data

are nresented in Figures 29 through 33.

Longitudinal Static Stebility

Values of the off-tow longitudinal static margin CmCI were calculated using data
from Figures 10 and 25. The variation of CmCL with CL is shown in Figure 34

and indicates stable values throughout the Cy, range.

Lateral-Directional Static Stability

The lateral-directional stability parameters C, , Cn 8 and C/ 3 for the wing

B
alone are presented in Figure 35. These are basea on Ryan and NASA wind-tunnel
tests. Body, strut and tail contributione were ca'culated using standard estimating

technigques.
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NOTE:
1. WING ONLY
1,24 2. BASED ON FLATPLAN WING AREA
3. C A IS POSITIVE FORWARD
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Figure 24. Flex Wing Normal and Axial Forces
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Figure 31. Tow Cable Angle at TUG
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Figure 32. Tow Cable Tension




125 |TUG BELOW HELICOPTER

» CABLE NOTES
LENGTH = 4t9 FT
DIAMETER = 0. 68 IN.
DENSITY = 0.362 LB/FT
18
n
[N
=
&
2
a 16
g ALTITUDE SEPARATION ~FT
=]
S 100
& 1
1
5 150
0
a
7
2
12
10
>0 89 70 80 90

TRUE AIRSPEED, KNOTS

Figure 33. Wing Incidence Vercus True Airspeed
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Cyﬁ o CNﬁ and Cf 8 for the complete glider off-tow were obtained by transfer-

ring the wing terms to the aircraft centex of gravity and by adding the body, strut
and tail terms as follows:

Cy = Cy + Cy + Cy + Cy
ﬂcg ﬂw BB Bs ﬁt
CNﬁ = CN + bN + CNB + CNB
Ccg Bw BB 8 t
where
X
= '
CNB CNﬁ + Cy (w
w W '6w
C = C + C + C + C
cg w B ﬁs t
where
Z
C = C! + C (w)
l [ y ﬂ
Bw ﬂw ﬁw

Subscripts w, B, s and t denote wing, body, struts and tail respectively. The

prime subscript refers to derivative to the wing mid-keel point. All terms are
in the stability axes system. Xw and ZW are defined in the following sketch:
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Xw ig positive for the mid-keel puint forward of center of gravity; Z, is negative
for the wing above center of gravity.

The estimated lateral-directional static stability for the complete glider off-tow
is presented in Figure 36, which shows stable values of C { 8 and CN 8 through-

out the usable range of wing angle of attack.

Longitudinal Dynamic Stability

Lengitudinal dynamic stability of the TUG in free flight was calculated using an
IBM-704 compnter to solve the stick-fixed small perturbation equations. The
equutiuns uses in the program are those developed in Reference 3,

Time and ey es to damp to half amplitude in free flight are shown in Figure 37,
which indicatzs stable longitudinal dynamirs throughout the speed range,

J.ateral-Directiona! Dynamic Stability

The methods used to estimate the lateral-directional dynamic stability off-tow
were similar to those used for the longitudinal dynamics, i.e., small perturba-
tion equations solved using an IBM-704 computer. The stick-fixed lateral-
directional perturbationequations are based on those of Reference 3,

Estimated data are presented in Figure 38 as the inverse of the cycles to damp to
half amplitude of the Dutch roll and the inverse of the time to damp to half ampli-
tude of the spiral and roll modes.

57




NOTE:

C[ 1. STAB;LITY AXIS SYSTEM
B 2, 1y =1, TRIM
PEF. DEG
-.002
-.004
10 20 30 40 50
WING ANGLE OF ATTACK, DEGREES
. 004
. 002
C
Ng
PER DEG
—
0
10 20 30 40 50
WING ANGLE OF ATTACK, DEGREES
0
Cy
B
-.01
-.02
0 10 20 30 40 50

WING ANGLE OF ATTACK, DEGREES

Figure 36. Lateral-Directional Static Stability

of Complete Air :raft
58




TIME TO 1/2 AMPLITUDE, SEC

CYCLES TO 1/2 AMPLITUDE

16

0.7

0.6

0.5

0.3

0.3

0.2

0.1

NOTE:
1. GROSS WEIGHT =4200 LB
92, SEA LEVEL STANDARD DAY

3. PHUGOID
------ SH?RT PERIOD
40 50 60 70 80
TRUE AIRSPEED, KNOTS

40 50 60 70 80
TRUE AIRSPEED, KNOTS

Figure 37. Longitudinal Dynamic Stability
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Figure 38. Lateral Dynamic Stability i
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STRUCTURAL ANALYSIS

GENERAL

The operational Towed Universal Glider has been designed with a philosophy of
simplicity and low cost ac the most important criterion. This basic design
philosophy has necessitated lesser structura!l efficiency with an accompanying weight
penalty impoced on the vehicle. Many design details have been influenced by the
results of the Air Cargo Glider System designed, fabricated, and flight-tested by
Ryan under Contracts D.. 44-177-AMC-868(T) and DA 44-177-AMC-122 (T).

DESIGIN CRITERIA

The design criteria established for the Towed Universal Glider are based primarily
on data obtained froin preceding air cargo glider programs. The criteria upon
which the original design was predicated have been modified to the extent that data
from the TUG flight test program have been incorporated. Loading conditions con-
sidered originally which have proven to be insignificant based on flight tests have
been deleted. Other conditions which have proved to be significant have been
included in the criteria.

GENERAL DA™A

L MATERIAL REFERENCES FOR ALLOWABLE

a. Metals ...... ... .. .. it e MIL-HDBK-5
b. Plasties . ........... ... ... .. . ... MIL-HDBK-17
c. Wood ............iiiiiiiiiennnnn. ANC-18

2. DESIGN WEIGHTS

a. Minimum design gross weight = 1200 lb
b. Basic design gross weight

Weight empty = 1200 lb

Useful load = 4000 Ib
c. Maximum design gross weight = 5200 lb
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DESIGN ALTITUDE = SEA LEVEL
WING SPECIFICATIONS
a. Area S - 5544 ft2 (flatplan)

b.  Keel length £, - 281

i

¢.  Wing loading W/S = 9.29 b/ft2

d. 1.eading edge = 50" flying
_weepback = 45° flatplan

e. Span b = 36 ft

f. Average chord = 14 ft

GLIDER VELOCITIES
a. Maximum level speed (S.L ) = 70knots, gross weight = 5200 1b
b, Stall Speed = 46.8 knots, gross weight = 5200 lb

c. Speed for maximum gust intensity = 64.4 knots, gross weight =
5200 b

d.  Limit Speed, V7 = 105 knots

LANDING CONDITIONS

a. Load factors (ultimate)
Nz = 6 G vertical
N = 2 G lateral
y
Nz = 3 G forward
b. Design rate of sink - 10 feet per second

(Assume wing lift = 2/3 gross weight at landing impact)
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7. FLOOR DESIGN CRITERIA

a. Carg. floor to be dcsigned for 250 1b/ft? acting locally.
8. GROUND HANDLING

a. Apply load factor of 1.5 G in 2ll directions.
9. FLIGHT CONDITIONS

a, Maximum maneuver load factor Nz = 2.5 kimit, at 5200 I*
(see Figure 39).

b. For gust load factors, see Figure 33.

LOADS ANALYSIS

Wing pressure data from NACA TN D-983 (Bibliography, Reference 6) have beexw:
analyzed to determine the wing airlcad distributicn. The reduced data yielded the
load distributions on the wing keel and leading edges for symmetrical flight condi-
tions. The pressure data are presented as plots of pressure coefficient Cp against
fraction of loca! chord projected to the rlane of the leading edge and keel at four
spanwise locations. A further discussion of the models emplcyed and che data is
available in the reference.

The data chosen for analysis in this report are from the model with a 48. 6-degree
leading-edge sweep. It is felt that this wing, of the three tested, most nearly
approximates the wing on the Towed Universal Glider system.

Certain aspects of the model which differ from the actual wing should be pointed
out. The pressure data at the lower angles of attack on the rigid model result

in negative lift values on the wing. These values, at the lower angle of attack,
are somewhat academic and not apglicable to flexible wings since the assumed
conical shape will not result with negative lift on the membrane. For that matter,
the assumed conical shape probably occurs on a flexible wing only at angles of
attack near 90 degrees. . is {2lt, however, that the data for angles of attack
larger than about 15 degrees will be fairiy representative of the pressures on a
flexible wing.
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The chordwise pressure data of the reference setween 20 and 50 degrees angle
of attack havebeenanalyzed. Integration of the chordwise plots yiecided points for
spanwise loading curves. Reprerentative curves are shown in Figure 40 along
with theoretical span loading curves. Integration of the spanwise loading curves
from pressure data determined the wing normal force coefficients versus angle
of attack.

CN=2_[ u dn, where n = 2y/b
( )

c
root

Curves of wing normal force coefficient C}; as a function of angle of atiack are
shown in Figure 41. The curve uf force data is from unpublished NASA wind-
tunnel data ¢.. a fiexible wing with geometry approximating the wing on the towed -
glider vehicl.. Good agreement is shown between the pressure and .he force data
except at the angles of attack '"beyond the stall. "

To evaluate the loading on the keel and leading 2dges, three represcntative angles
of attack were cliosen for further analysii. Cross plots ¢f the chordwise data
were made at constant percent chord stations (radizle from the wing tip). A suf-
ficient number of these cross plots were made to aefine a three dimensional
picture of the loading on a wing semispan. The primary area of uncertainty in
this procees was due to lack of pressure data at the root choird. A cross plot of
these ''cross plots' was then made, which resulted in the curves of Figures 42, 43,
and 44. These curves cssentially give a pictorial represeatation of the airload
distribution on the wing semispan.

The curves of Figures 42, 43, and 44 were integrated to determiae their area and
centroid. The proportion ci airload rcpreserted by each curve that is carried by
the leading edge was co.sidered to be inversely proportional to the distance between
the leading edge and the centroid of each curve. Use of this reasoning resulted in
the curves of Figures 45 and 46, which shew the distribution of membrane vertical
load or. the leading edge and keel for angles of attack of 20, 3v, and 40 degrees.

The dashed curves show estimated load distributions for intermediate angles of
attack.

A somewhat further anclysis of the data produced the curves of Figure 4° vhich
show longitudinal and lateral center of pressu~e and the percentage of membrane
load on the keel, all ay a function of angle of attuck. The curves of longitudinal
pressure coefficient location show good agreer.ent between the pressure data and
the previously mentioned unpublished NACA force dsata.
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