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STRUCTURES
5.1.1 Structural Requirements

The RPV structure had to be configured around many require-
ments including take-off and landing and manuevering flight loads,
propulsive system demands and stability and control while pro-
viding an excellent platform for the mission equipment. At the
same time, it was necessary to keep the production costs to a mini-
mum, build in a high degree of maintainability and keep the struc-
tural weight down to a point that allowed the mission objectives
to be met. Obviously, trade-offs were necessary and these are
presented here to indicate the philosophy used in this design phase.

From the beginning, a rocket-assisted take-off was used for
take-off load estimation. A 3-5g acceleration gave the necessary
take-off performance but produced large structural loads in the
longitudinal direction. This indicated a need for internal bracing
to support internal components (fuel tanks, electronics, power
plant, etc.). Furthermore, the take-off load was applied by the
rocket-powered sled (or hydraulic catapult) to a hook toward the
front of the underside of the vehicle resulting in a very concen-
trated load on the structure (~ 1000 1bs.). Similarly, on landing
a rear hook would snare a horizontal net to bring the craft to a
stop (and also the forward hook was to prevent the RPV from being
ejected backwards off the net in a sling-shot manner). In order
to come to a stop in a reasonable distance, decelerations on the
order of 5 g's were necessary resulting in a similar load being

placed on the rear hook as the front hook encountered on take-off.
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In flight, the loads act primarily along the RPV's vertical
axis in both the positive and negative directions., To be manuever-
able, the aircraft must be able to execute sharp manuevers such
as pull-ups, push-overs, and tight horizontal turns. This would
allow '"close in" flying (road or river following, tree-top flying,
etc.) that would make the aircraft harder to detect and track and
thus, to bring down. For this reason, the goal of +8 g's to -5 g's
was set, This also carried over to the ability to take the large
gust loads which could well be encountered in a battlefield zone.
| To provide for maximum longitudinal stability throughout the
flight envelope called for a well-placed c.g. as well as small c.g.
travel for all mission profiles. Flexibility in locating mission
equipment in the nose due to the availability of a large volume
with which to work with inside the revolved NACA 0018 airfoil
helped in this matter. Judicious choices in propulsion system
locations, fuel tank locations, and horizontal tail location and

size produced the longitudinal stability desired.

5.1.2 Candidate Construction Methods

The size of this RPV (15 ft. wing span) is about half the size
of a general aviation airplane and about twice the size of a radio-
controlled model airplane. This would seem to indicate that con-
struction techniques from either might be employed. For this reason,
metal skin over metal ribs and spars was compared with fiber-rein-
forced epoxy over a foam core for the RPV construction.

The conventional construction technique (metal skin over metal
ribs and spars) has been used for over four decades and has provided

aircraft with a rugged though fairly expensive structure. Unfortunately,



it provides a large radar return, usually requires a protective
coating (paint), has a large weight penalty and does not conform
well to aerodynamic shaping. The latter problem has led to many
aircraft having less efficient wing sections in order to reduce
manufacturing problems and consequently, costs,

The use of fiber-reinforced epoxy (typically fiberglass) skins
over foam cores was a recent addition to the construction scene
for R-C modelers. This technique has drastically reduced construc-
tion time, tools and complexity while keeping the costs down and
the durability and maintainability high. These advantages plus
the fact that the result is a light, easily manufactured article
that has no radar return makes this method quite attractive. How-
ever, this type construction will not carry the concentrated loads
created by the rigors of take-off and landing the RPV nearly as
well as the conventional construction. For this reason, a CoOmpro-
mise was searched for to minimize this problem while maintaining

the advantage of the epoxy-foam combination.

5.1.3 Wing
5.1.3.1 Wing Configuration

The wing chosen was the NACA 4412 airfoil with an elliptical
planform for low induced drag. This was economically feasible from
a manufacturing point of view only if a fiber-reinforced epoxy
skin was utilized. Many candidate fibers were reviewed (Table 5.1—1)1
and the strength-to-weight ratios of the better ones compared with
other materials2 in Table 5.1-2. These, along with the vibrational
damping characteristics3 (Table 5.1-3) and excellent resistance to

chemicals3 (Table 5.1-4), pointed to Du Pont's Kevlar 49 aramid




o e Acrylics ) et i ) _ o Pulyolglins
Polyacrylo-  Acylonitrile | Acrylonitrile  Modified }Acrylonit:ile; Dinitrile“! Nitrile” . Polyethylene ' Polypro-
Type > nitrile  Viny! Chioride | Vinyl Chioride|  Acrylic | Base | (Darvan) | Alloy “Type | Type II . pylene
(Orlon) = Derivatives I (Dyne) | (Verel) | (Cresian) | | (Zefran) |
NATURE OF FIBER | i ! | \
[orm N Staple | Staple Staple Staple i —- ; — | = Monofilament Maonofil.
ength, in. — ‘ — - -— | —- = = — 1 —
width, 14 21 1530 - - o om0 2501300 | —
Cross Section Dogbone — —- - = = — | Circular I Circutar
PROPERTIES® I & : ”TAii Ti T e ‘ . :
Spec. grav. 1.14 117 1:3 .| L3z ‘ L1 ¢ k18 | 119 092 095096 | 0.90-09!
Breaking Tenacity, gm/den| 2.2 2.6 25 2533 | 2528 | 33 175 | 35 11.030 5073 5.5-7.0
Wet 1821 | 2.0 2533 24.2.7 33 1.5 | 31 1.0-3.0 5.0-73 55-7.0
Ten Str, 1000 psi 3239 37-40 4057 42 47 4] 26 | 53 1135 50-90 —
Breaking Eiong, % 20-28 | 36 3042 3339 32 30 | 33 2080 1040 12.25
Wet 26-34 44 30-42 3234 32 30 | 33 2080 1030 | —-
Stiftness (avg), gm/den” 10 7 | 8.2 8.0 ; 103 6 i 11 | 212 20-50 -
Strain Recovery” — | 99, 89 (5%)[ 94 88 (494) | 90 (1Y) 100 (39%)| 99, 72 9095 Stow ! —
‘ ! E(10%)  (5%) |
| |
(at 2%), % ‘ 55 (109%) 48 (5%) |75 (5%) | |
Toughness (avg), gm-cm/ ! i | |
den-cm 040 | 0.46 0.53 0.46 0.53 i 03 | 058 03 —— —
Moisture Regain, % 15 1.2 0.3-04 ! 354 ‘ 13 ! 23 | 25 i None None | -
CORROSION RESISTANCE | = A U R e
Strong Acids Good-exc. Good exc. | Good | Exc. i Good-exc. | Good-exc. | Exc. | Exc. to all but |Sim. to
' . ' oxidizing acids  polyethylene
Weak Acids Exc; || Exc. [ Exc. i Exc. Exe. ! Bt | Exc | |
Strong Alkalies Poor ’ Poor ' Good | Discolors | Poor Poor ‘ Fair Exc Exc. | Exc.
Weak Alkalies Fair-good | Fair-good Exc. | Fait-gocd ! Fair-goed | Good Exc.. Exe. Exc
Heal Soft at 5% shrinkage| Unless HT,” [Stiffens above 'Sticks at | Sticks at |Sticks at ' Mel's  Melts Melts 325-
455 F | at 487 F ! shrinks 250 F 300 F }456 F* | 450 F= 1225 F 265-230 Fi335 F

1490 F¢

+ Though not an acrylic (actually a polymer of vinylidene cyanide) it is listed here because of simiar properties

unless otherwise noted

strain, except whera specific percentage is given in parenlheses. ' Heat treated. * Copper block method.

b Nitrile alloy based on acrylonitrile.
! Ratio of breaking slress to breaking stramn (i.e., gm/den to rupture divided by stran in cm/gage cm at breaking stress)

/0 F, 659, KH,
« Recovery after 2%,

Nvlon Cellulose Esters
o . S . = TR EREC VIR
Type > T v 7772 ey ’ e . ! Cellulose C;ellulose
Regular High Staple .~ Regular High | Staple Qiana | ) orate Triacetate
Tenacity Tenacity (Ainel)
NATURE OF FIBER . !
Foim Filament Filament Staple  Filament © Filament Staple Filament Fil, Staple | Fil, Staple
Length, in. Cont Cont. - Cont. Cont. - Cont. - —
Width, 11-43 1643 | 1443 - —- — 1935 1146 —_—
Cross section Round Round | Round ' FRound | Round Round | Trilobai Clover Leaf Clover Leaf
PRCPERTIES!
Spec Gravity 1.14 1.14 o L14 114 1.14 1.14 | 1.03 1.32 1.3
Breaking Tenacity, gm/den 4659 5988 | 4047 4558 68856 3855 2138 1315 | 1214
Wet 4052 | 5176 3542 4353 1 54-15 — —_ 0812 0810
Ten Str, 1000 psi 6786 | 86-128 58-69 73-84 199-125 | 70-80 35.5-50.0 22-28 20-26
Breaking elong, % 2632 | 1828 38-42 24-34 16175 | 3740 26-36 2334 22.28"
Wet 30-37 | 21-32 ‘ 42.46 | 2838 15-24 42-46 — 3045 30-40
Stiftness (avg), gm/den — — - — - — 15150 55 ' 52
Strain recovery”' (at 295), % 100,100 | 100 (4%) = — — | 100,100 100 (4%) 100 48 65 (47%,) 88 (3%)
i ? | 43 (109%,)
Toughness (avg), gm-cm/den-cm 076 08 | 087 067 0.75 €.64-0.78 | 0.8510 0.17 016
foisture Regain, 9% 45 1 45 | 45 40 4.0 4.0 i 2.5 6 32
CORROSION RESISTANCE | )
Strong Acids Dissolves in cold HCI, H.SO, and Degraded by oxidizing agents & Depends on | Decomposa Decompose
HNO mineral acids CONC.
Weak Acids Uit disintegration 1n 5% boiling Weakens on prolong. exp. to benzoic | Excel. Decumpose Decompose
HCI and oxalic acids |
Strong Alkalis Substantially inert Substantially inert ! Excel. Saponifies, Res (cold)
similar o viscose.
Weak Alkalis Substantially inert Substantially inert Excel. Same as strong alk.
Heat Yeilows slightly after 5 hr at Yellows slightly after 5 hr at 300 F; Good Soft 350-375 Melts at
300 F; melts at 482 F melis at 420 F F: Melts 500 FI 575 F
70 F; 65% RH, uniess ctherwise noted. © For tilament; 35 4009% for stapie fatio of hreak:ng stress to breaking strain {i.e., gm/den to rupture divided by strain in
cm/gage ¢m at breaking stress). 4 Recovery after 294 strain ercept where specifi parcentage strzin s given in parentheses. * Basic flammability of untreated hier.

Tablﬁ‘ 5 . 1—1




Rewnmatu‘ Cellutus‘, (iayons) Aramids Polyestus

) \ Viscose i Saponified nmm Polyethy!ene Terephthalate (Dacrun)
Type = - | S ;
— | Reg to Med ngh i | i ‘ ngh |
| Tenacity = Tenacity (Fortisan) | (Fnrhsau 16) Momex®  Kevlar 29 Keviar 49! Regular | Tenacity ‘; Staple
NATURE OF FIBER ! | | | \
Form . Fil, staple Filament; Filament | Filament | Fil, staple | Fitament Filament  Fil, staple | Fil, staple | Fil, staple
Length, in. .. .. — = | = - 1-25 Cont. ~ Cont. ! 1540 | 1540 | 1540
Width, s .| 4384 | l005| 39 | 39 — 119 | ng | 1128 | 1128 | 1825
Cross section i lrreg o lireg lireg lireg Ruutd Round Round + Circular | Circular | —
PROPERTIES" i ’ ‘ B 1 \
Spec grav 1.46-1.52 = | 1.5 | 15 138 | 144 145 | 133 ‘ 1.38 [ 138
Breaking Tenacity, : ‘ i ‘ i
gm/den : 1,532 | 3050 67 8 5.3 t 215 215 | 4450 67 | 3843
Wet ) 0719 @ 1936 5160 | 6064 4.1 Z21.5 215 | 4450 | 6-7 ‘ 3843
ey Ten Str, 1000 psi 29-65 | 65105 136 155 I 955 400 400 | 7788 | 106-123 67-76
Breaking [long, 9% | 1530 | 922 | 6 62 | 122 34 | 225 @ 1925 | 9-11 3036
Wet a 17-40 | 14-30 ! 6 ‘ 4 16 4 225 | 19-25 g-11 3036
Stiftness (avg), gm/den” | 11.1-166 | 25.5-29 117 1 135 | 460 1000 —_ — ——
Strain Recovery" = | ‘ | [
(at 29%), % KISV 70-100 | 100 (20%). 85.7 (5%) - - — 97, 80 (8%) /100, 90 (8%)  —

| 60 (40%%) |
Toughness (avg), gm-cm/ | i i

|
i \
den-cm , 0.19-0.21 |0220. 30021 ‘ 0.26 ! s— P — 0.78 . 0.50 1.03

_ Maisture Regain, 94 { 13 ‘ 13 107 | 96 [ 50 5.0 35 | 0.4 ; 0.4 ;04
ST R U UTRSEI. IS o sl e 55 RS e e e
CORROSION RESISTANCE | f \ ;

Strong Acids ...... ... Disintegrates 'Similar te cotlon | Str loss Good Good Dissolves in H.SO,
|m hot dilute or ‘ | | |
— Weak Acids . ........... cold cencentrated Similar to cotton . Mod str Good Goed 1 Good
lacids | | loss |
Strong Alkalies . ....... | Sweil, str reduced ‘Similar to cotlon i Str loss Good Goed Disintegrates when boiled
Weak Alkalies ...........Good 'Similar to cotton | Better than! Good Good Good
| Nylon 6/6

Heat s s s vl = Similar to cotton : ' 220 F 1390 F Melts at 480 F
I | lung term long tarm!

L] ?0 F 6"",{. RH unless olhemlse nntLrt  Ratio ni breakmg shes:. to b eakmp =na|n (i.c., grz.fden to rumum dwuhd by stiain in cm/gaga cm at breakmg stress). lRe
covery after 20{ strain except where specitic percentage strain is given in parentheses. 20 demier yarn with 3 yarns/in. of twist. f After 1000 hr at 500 F has 6505 RT

= breaking strength; degrades above 700 F.

| Organic, man-made ; Orgamc, natural
L mel Denva*wes Novoloid ' Flumncarhcm i . [
Type > mel ; mehdene Chlnnde saran ! | !
Chloride | Mono | i " Potyvinyl | ; | i 1
Acetate | Filament | Filament } Staple | Alcohel Kynol [ TFE . Cotton | Hemp | Silk
— NATURE OF FIBER | i ' 1
Form oo Staple | — _ — Staple | Fil, staple |  Filament | Staple | Staple | Fil, staple
Length, in. I -— I - - — | - | — 1-15 | — | —
Width - 1618 1 1300 50 - —- | 14 l — | 16-21 18-23 - 1013
o Cross section Barbell ! Crcu!m Clrcula. | Circular | Peanct | — i Circular Rlbbonhkc { Triangular | Triangular
PROPERTIES" ‘ | | j ' : | :
Spec grav I 1.33-1.35 1.7 ¢ L7 17 ‘ 1.26-1.30 1.25 i 23 i 1.5%¢ | 148 | 1.25!
Breaking Tenacity, ' 1 i |
il gm/den 0.7-10 1223 (Upto2 Uptol5' 4460 L7 | 16 11560 | 5.7 | 3545
Wet ' 0710 ' 1223 [Upto2 Uptol5 3750 | 156 16 1560 | 57 | 34
Ten Str, 1000 psi .| 12-17 1545 | 44 33 | — ? 21 47 |- ‘ — —
Breaking FElong, %! 100-120 | 2030 | 1525 1525 | 1517 | 35 i 13 6.9 ‘ 1-3 20-25
Wet .1 100-12¢ | 20-30 | 1525 1525 | — ‘ 37 i 13 7-10 | 1-3 25-30
Stiffness (avg) | | ‘ \ : | |
gm/den® . 15 | 710 | 812 | 812 | 2840 | 45 | 12 60-70 ‘ 200 ‘ 100
Strain Recovery” | E ‘ | | , | I
(at 2%). % i — 195 (109%)/95 (10%) 95 (10Y%) | = ' 95 . 83(3%) | 95 190 (<1%) | 90 (<2 2%)
Toughness (avg), ! ‘ | ‘ ‘ ! |
gm-cm/den-cm | 1.3 0.17.027| 0125 | 0125 | 0.79-092 | 0.5 ! 0.12 0I5 I 0.04 0.44
Moisture Regain, % upto 15/ None  None ' None | 4550 6 | None | 6. 8¢ ! 8" i 10
CORROSION RESISTANCE 1 | ? ' | |
= Strong Acids ..  Excellent  Exc; fair to conc H SO, | - Res hot and Inert | Dissoives ! Dissolves | Dissolves
| } | cenc non- ‘ { i ;
Weak Acids .... ‘Excellent Excellent I e oxidizing Inert Stable Stable | Fair
| ‘ mineral acids | \ ‘
Strong Alkalies . 'Excellent  Excellent except to NH OH - Some instability| inart Swell | Swells Dissolves
= Weak Alkalies .. . Excellent | Excellent — | — Inert Good | Stable ‘ Fair
Heat . v e (Melts 260F |Scftens at 240-280 F ;M(:Ilk, 420 F ! Goad to 570F | Good to 400 F | 1 Good ! Stable | Good
%70 F, 65% RH, unless otherwise noted. " Ratio of breaking stiass to brezkiy strain (e gm/den to ruplute divided by strain i cm/gage cin st bresking strvss)
’ E‘em“w atter ;ﬁ% st;ainrulcenl where s[,,:““;? p;ﬂ:ﬂnlage strain is given in o chthesis, 4 Dry cotton @ €8 F. ° Depends on type snd growth econditions. f Scoured.
— ¥ Marra:izad " Rlan-bad  iRequmned drvy 7 .

J1able 5.l-=1 cont.
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Inerganic, man-made i Inorganic, natural
Type > Glass' Graphitz T Buron! r Ashestos ms.::?c':d Carbon Lirconia
Type E Type S | High Mod. H.gh Str. | Cheysotile | Crocidolite - — -
= NATURE OF FIBER
Form Cont, Staple| Cont. |Cont, Chopped|Caont, Chnpp._-nl Cont | Crude — ! Staple Cont, il ICan be cont
Length, in — - — — - 3/82 1/83 1/410 — i
Width, w = = 7.1-76 749795 -~ | ow 02 320 810 e
= Cross section Cyl, tub Cyl Circular Circul=i Curcular i Teh Cyl — Irreg e
Min/Max dia, mil 403004 |003004( 0.0/2-007% 078 603 2.8 -~ I_ e 003004 0.039"
s oo o o sumoieis o SR, FSSEPRIINE | CRRUUS, STV (SRS S| SO —
PROPERTIES i
Spec grav 2.54 249 8519 179 183 23318 24286 3233 273 1.4.1 35 5.6-59
— Break Tenacity ! i
gm den i i
70F. 65% RH 3947 - | - — | 2531 . 1465 75 -
Wet 4046 - | - - S e 2
Tensir (70F i |
i 65%5RH L % |
1000ps! 300-560 | 500-650 1 340 min 410 min 400 avy . 390 750 100-300 | %0230 30-180 150-200
Breaking Elong, f | ! | i
%, 70F 65% ] [ }
—_ RH 34 — 0.62-0.58 1214 ‘ - None | 1427 2.5 =
Wet 25535 —_ - — S R Nowe |  — - ==
Strain Recovery i | [ i |
(at 2%), % 100 P — —- I | — 100 : — 100 P o
N Toughness (avg). L 3 ' '
gm-cm:den cm 0.07 - - - ‘ = - ; — - -
Moisture Regain ‘
(70 F, 65 RH), %, 0 — — - | - U | — 2-14 s
Ther Cond | |
— Btu-ft/hr-sq ft-F 12 I - — || = b S 1l -
CORROSION RESISTANCE [ i
Strong  Acids Attack cnly by HF and Excellent === |l Poer Good. exc.,  Sim to Excel. Fair, exc.
hot H PO, i ; HF - boro sl HE, hot
- | | | glass H SO,
Weak Acids Stahle Frcelient | . Poor-good Cxer i Frcel Guud
strong Alkalies Resist muost Excellent { — ' Eee! Lo Excel Lxcel.
Weak Alkalies Resist most Excallent \ ‘ Eriel Excel | Fxcel Frcel.
i Heat 600 F 4500 F 176U | ‘ }i«‘;}ﬂ 1900 | 1400 F |23100 F max! 4500 F max, —m
750 F! 600 £ 1 1320 F meits | 6040 F°
Sunhght Inert Inert Inert [ Inent Iner i et Inert Inert
‘Properues may vary wide'y depending on gliss comp, valaes shoai are e Loresiioate B sy e et ce 3w EMe g Ve tungsten substiate 9 function of the matrx

— Ahen Lsed in compesdes

- Table 5.1-1 cont.
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Strength-To-Weight Ratios of Various Types of Materials

Strength-to-Weight Ratio*

Material x 10=2
Polycarbonate 210
Polystyrene 230
Nylon 260
Styrene-Acrylonitrile Copolymers 310
Brass (Yellow Cast) 320
Zinc Alloys (Cast) 350
Glass/Polystyrene 360
Glass/Polycarbonate 370
Glass/Styrene-Acrylonitrile Copolymers 410
Magnesium 460
Aluminum 530
Glass/Nylon 550
Orlon 850
Nylon 6/6 13522
Boron 5833
Type E Glass 4861
High Strength Graphite 6170
Type S Glass 6395
Kevlar 49 7639

* Tensile strength in psi divided by weight in pounds per

cubic inch.

Table 5.1-2
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ENVIRONMENTAL STABILITY OF

"KEVLAR'" 49

UNIDIRECTIONAL TAPE REINFORCED 3M SP-306
EPOXY RESIN COMPOSITES

Interlaminar
Shear
Environment Strength, psi*
Control 10,520
Water Boil (2 hours) 9,290
Salt Water 9,770
Room Temp.
100 hours
Texaco "Abjet K-40" 10,480
Jet Fuel
Room Temp.
100 hours
"Skydrol" Lubricating 0il 10,460
Room Temp.
100 hours

* Short Beam Shear, 4/1 span/depth ratio

Table 5.1-4



fiber. The Kevlar was found to be available as woven fabric in

several styles4

(Table 5.1-5) and style 285 was chosen for its
conformability and lower costss. Typical properties of the various
fabric styles in an epoxy composite4 (usually 50-50 by volume)
are given in Table 5.1-6. As a point of comparison, the yarn and

6 are shown in Table 5.1-7.

composite properties
Research showed Kevlar to be in use in several applications
including the skin of the Lockheed Quila RPV7. Use as hulls for
boats8 has demonstrated its resistance to sharp inward blows in
that the composite does not crack but can be '"popped" back out
without structural failure. Repair has proven comparatively easy
requiring only a simple fabric and epoxy patch as with fiberglass
followed by sanding to smooth contours. Painting is unnecessary
for the Kevlar but camouflage might still be required. For best
results, the fabric is pre-impregnated with XCE epoxy resin (''pre-
peg'), cut, vacuum molded, cured and joined section-to-section
with epoxy. Unfortunately, the Kevlar fabric costs about $14.00
per square yard at present and this is much higher than that for a
similar weave of fiberglass (about $1.00 per square yard). This,
plus the increased tooling costs of Kevlar (cutters, drills, sanders,
etc.) drive up the manufacturing costs on a per unit area basis
over fiberglass. Fortunately, the total area involved (less than
40 square yards per RPV) is not large so the increased costs in-
curred are not overly burdensome.
In order to provide structural mounting and stress distribution,
aluminum main and rear spars were placed at basically the 30% and

75% chord locations, respectively, and run parallel to each other



FABRICS OF KEVLAR® 49 ARAMID

Basis Fabric Fabric
Weight Construction Yarn Thickness
Style (0z./yd.?) (Ends/Inch) Denier* Weave (mils)
120 1.8 34 x 34 195 Plain 4.5
143 556 100 x 20 380/195 Crowfoot 10
181 50 x 50 380 8-harness satin 9
243 38 x 18 1140/380 Crowfoot 13
281 11 % 1Y 1140 Plain 10
285 17 % 17 1140 Crowfoot 10
328 6.8 1l x 17 1420 Plain 13
*Denier: Weight in grams of 9000 meters of yarn.

Table 5.1-5
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(Figure 5.1-1). Due to the elliptic nature of the planform, it
was possible to locate only the rear spar on a constant chord line
and maintain a meaningful structure. Therefore, the main spar
was positioned parallel to the rear spar but its length was limited
by the planform to approximately 73% of the full span. Its chord-
wise location was expected to be roughly that of the wing elastic
axis thus minimizing the torsional loads encountered by the I-beam
cross-section of the main spar. The rear spar (a hollow tube) was
located to act as a hinge point for the full span flaps as well
as to provide additional torsional rigidity in the wing. The cross-
sectional properties of the spars are shown in Figure 5.1-2. Both
the main and rear spars were of extruded 2024-T6 aluminum for
strength and low manufacturing costs. The two different sized
sections of the rear spar were welded together via a machined joint.
Five aluminum ribs, spaced 12" apart, were used to provide
additional support of the wing structure in and around the area
of the wing-fuselage mounting and wing fuel tanks (four plastic
tanks sandwiched between the five ribs and positioned fore and aft
by the main and rear spars). The ribs were stamped .050" 2024-T6
aluminum. The servo motors (2) for the flaps were each mounted to
the outboard ribs and the flaps were driven simultaneously through
a universal joint at the wing root. This provided redundancy in
the flap deflection system while insuring equal flap deflections
for both wings. Also, the spoiler servos (one each) were braced
to the main spar and skin.
Foam was used to fill spaces remaining such as those forward
of the main spar, outboard of the ribbed section and the interior

of the flaps. The foam contributed little strength and an insig-
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nificant weight but eliminated volumes for water condensation and
created a rigid containment for wires and tubing. Additional wing
stiffness was obtained (but not used in the calculations) by as-
suming a slight "overfill" of the foam thereby pre-stressing the
skin a small amount. Finally, in order to have the fuel tanks
tightly located but cushioned slightly, foam was used to fill all

the spaces around them.

B=l.3.2 'Winig Congtruction

A construction technique similar to the Aquila was envisioned
for the wing. The wing upper and lower surface shells and flaps
would be formed of a single layer of prepeg Kevlar and the rib and
spar structure would be assembled. The rear spars would be joined
at the root by a universal joint, as mentioned above, and the main
spar would have to be cut and welded to account for the 7.50° anhe-
dral. The metal and skin structures would be joined with epoxy
with the upper wing surface shell used first to allow checking the
operation of the control surfaces. All tanks, wiring, and tubing
would be positioned, as would the flaps, prior to mating the lower
wing surface shell. Again all surfaces would be joined with epoxy.

Finally, all cavities would be filled by injecting structural foam.

5.1.4 Fuselage
5.1.4.1 Fuselage Configuration
There were many factors affecting the fuselage configuration,
the major ones of which are:

low drag,

|9
2.) large forward volume for missions equipment,
B

N N

adequate structure for rear-mount propulsion system and
tail boom,



adequate volume for fuel, propulsion and electroiics,
large, localized take-off and landing loads,
light weight,

minimize radar cross-section, and

o 2 O 1
. . . . .
e N Ny

ease in manufacture and maintenance.
All these were well satisfied by the configuration arrived at. The
revolved NACA 0018 airfoil provided the necessary volume for the
missions equipment, fuel, propulsion and control electronics while
keeping the drag respectably low. The Kevlar skin over aluminum
bulkheads and stringers was chosen for the high strength-to-weight
ratio possible (and necessary), low radar return and comparative
ease in manufacture and maintenance.

The internal structure (Figure 5.1-3) consisted basically of
nine (9) bulkheads spaced out along the approximately 90 inch
length of the fuselage braced by six (6) stringers running longi-
tudinally from the first bulkhead at the 8.25 F.S. (fuselage station
in inches) to the eighth bulkhead (also the engine firewall) at
the 72.0 F.S. Two stringers were located on either side of the
fuselage centerline (in the horizontal plane) with the others spaced
out in 60° increments. This arrangement allowed maximum visibility
downward for cameras, laser target designators, etc. The two hori-
zontal stringers were run all the way to the ninth bulkhead with
only two additional stringers, spaced at 90° intervals, between them
to brace the last two bulkheads. This was considered more than
adequate for this section since very little weight and thus small
loads were involved.

Due to the fact that the wing rode imbedded in the fuselage,

small changes had to be made in the locations of the bulkheads and
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stringers in the affected area. Two bulkheads were located at
the positions of the wing main and rear spars to facilitate load
carry-through. Stringers maintained their angular locations with
respect to the fuselage centerline, however, and these provided
extra support of the wing. Because of the imbedded nature of the
wing and to keep the flow as undisturbed as possible, a wing-cap
was added to smooth the change of contours between the fuselage
and the top of the wing. This, too, was of Kevlar.

To absorb take-off and landing loads, two hooks (Figure 5.1-4)
were attached to the underside of the fuselage. The one in front
(27.0 F.S.) took the take-off loads from the rocket sled or hy-
draulic catapult of 1000 1bs. or so. The rear hook (65.4 F.S.)
was designed to snag a horizontal net and decelerate the aircraft
with an initial force of about 1000 lbs. Additionally, when landing,
the front hook was to snag the net after the RPV was slowed be-
fore it could be shot backwards after stretching the net but, this
load was considered small compared to that encountered at take-off.
These hooks were designed as Kevlar structures supported inter-
nally by two 1.2" 0.D. aluminum rods 0.10" thick.

The nose was configured as a plexiglass or acrylic hemisphere
that would be replaceable and mount to the first bulkhead. Portions
of the underside were available, if needed, to be'replaced by
optical glass for cameras in the areas forward and aft of the front
hook. For accessibility to the missions equipment, the top third
of the fuselage between the first and fourth bulkheads was hinged.
This allowed quick replacement of equipment and easy refueling access

without necessitating wing removal. For the most part, the missions
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equipment was mounted on racks which attached to the stringers.
Access to the engine compartment was provided by several removable
skin panels. The tail boom was located immediately behind the

wing and bolted to two bulkheads thus allowing for removal-replacement.

5.1.4.2 Fuselage Construction

The fuselage construction was envisioned to be similar to
that of the wing. The aluminum frame would be assembled with the
fuel tank, muffler, intake cooling air ducting, tubing and wiring
in place. The Kevlar skin (5 layers thick) would be epoxied to
the metal frame and all joints sealed. Note that the loop-type
dipole communications antenna would be laid-up in the fuselage skin
and thus be protected. The engine and shroud assembly would be

added separately.

S:1.«5 Tail
5.1:5:1 Tail Configuration

A conventional tail was decided upon -- it would be supported
by a single boom affixed to the fuselage immediately behind the
wing. The boom had a 31.2° incline from the top of the fuselage
in order to clear the propeller shroud. Once the shroud was cleared
(7.5 inches above the fuselage centerline) the boom extended
horizontally for a distance of 68 inches at which‘point the tail
was attached.

The boom was configured as a tube of Kevlar wrapped spirally
with a thickness of 0.20 inches (20 ply) and an outside diameter of
3.00 inches. This insured the tail would not deflect vertically

more than 4.0 inches under the maximum download of 250 1bs. The



circular cross-section yields the best torsional stiffness and
thus minimize twisting of the tail about the boom. The hollow
interior of the boom afforded space for wires and cables running
between the fuselage and the servos in the tail as well as pos-
sible additional antennas in the tail.

The horizontal tail consisted of a symmetrical (NACA 0009)
airfoil with 25% of the area of the wing. An elliptical planform
was also used here with an axis of symmetry about the 50% chord
line. A single spar was placed here and provided the pivot point
for movement of this all-moving horizontal tail. The spars from
both halves of the horizontal tail were extended into the boom
where they were geared to the servo.

The vertical tail was designed to be identical to one-half
of the horizontal tail so as to cut manufacturing costs and reduce
the numbers of different spare parts required on hand. Each air-
foil section had four ribs spaced every ten inches and braced by
the main spar. Foam filled all remaining spaces and pre-stressed

the skin.

£.1.5.2 7Tail Constructiol

Tail construction would consist of three basic steps: 1) boom
construction, 2) airfoil construction (3 per vehicle), and 3) inte-
gration of the parts. |

The boom would be laid up with various orientations of the
multiple plys to insure no directional properties. The airfoil
sections would be constructed identically to the wing (minus fuel
tanks and control surfaces). Finally, servos, gears, and control

linkage would be mounted in the boom as a single assembly and the



tail surfaces added. Completion of the basic RPV would only re-

quire bolting the tail boom and wing to the fuselage and mating

electrical and fuel line connectors.
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WEIGHT AND BALANCE
5.2.1 Basic RPV

The RPV in its basic form, i.e. no payload and no fuel, was
determined to have, at 93 lbs., a weight of less than half its
design maximum take-off gross weight of 210 1bs. This weight and
its moment arm(s) was obtained from a NASTRAN model of the RPV
(section 5.3). The weights and moments of the various components
were approximated and compared with the total obtained from NASTRAN
(Table 5.2-1). The light weight of the structure allowed great
flexibility in the carrying of fuel and equipment with the c.g.
location and length of travel becoming the limiting factors. Thus,
the missions equipment was positioned so as to produce favorable
center of gravity locations throughout the mission and the fuel
tanks were positioned to reduce c.g. travel during the mission.
The fuselage fuel tank was positioned so that its center of gravity
coincides with that of the wing tanks. This caused the c.g. shift

to be a straight line with no "jumps'" as the wing tanks empty.

5.2.2 Mission A

The surveillance-reconnaissance mission (Chapter 2) was equip-
ped with a television camera in the nose for flight control and real-
time surveillance and three TA-8M2 motorized photo-reconnaissance
cameras mounted in tandem. Together with full fuel (5 gallons in
wing tanks + 8 gallons in fuselage), the take-off gross weight
(T.0.G.W.) comes to 221 1bs. which amounts to only 5% over the de-
sign T.0.G.W., This small increase in weight came while increasing
the fuel capacity by 30% (to 13 gallons) and adding the third still

camera to the structure that was originally estimated. Even so,

\‘\J
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Component Weight Arm Moment
Fuselage 18.0 1bs 45.8" 824.4 in-1bs
Wing 10.0 47 5 475.0
Tail 2:50 147 3 368.75
Boom e 110.0 830.8
Engine 10.0 74,75 747.5
Alternator 7.0 70.00 490.0
Drive Shaft 0.5 82.90 41.5
Fan and Shroud 1.5 88.00 132.0
Batteries 10.0 65.4 654.0
Muffler 6.0 65.4 212.4
Flap Servos 4.0 ag.2 Bl Lol
Tail Servos 2D 147.3 294.6
Autopilot, Radios, Etc. 10.0 43.0 430.0
Fuselage Fuel Tank 1.0 520 Ly 8
Wiring, Tubing, Etc. 3.0 5E. U 156.0
Fuel 78.0 52.0 4056.0
Totals

Basic RPV/DRY 258 185 65.9" 5941.85 in-<1bs
NASTRAN 03.04 63.75" 5831.0
Basic RPV/WET 171.0 1bs 58.5" 9997.9 in-1bs
NASTRAN 171.04 1bs 58.4" 9987.0

Basic RPV Component Weights and Moments

Table 5.2-1

4]




a sizeable fraction of the available payload volume remained unused.
The weights and moments used for this mission appear in Table

5.2-2., The relative change in c.g. is shown in Figures 5.2-1 and 2.

Note the extremely small change in c.g. throughout this mission

(0.45") which would indicate that the manueverability (static margin)

does not change appreciably.

5:2+.3 Mission B

The laser target designator-damage reporting mission as de-
scribed in Chapter 2 consists of the basic RPV equipped with the
Honeywell laser target designator with infrared sensor in the nose
and one TA-8M2 mounted behind the front hook. Its T.0.G.W. came
to 229 1bs which was about 9% over the design T.0.G.W.. But here,
too, endurance was increased by over 35% over the original design
estimation.

Table 5.2-3 lists the weights and moments of the components
of this mission and the relative locations and changes are illustrated
in Figures 5.2-3 and 4. Due to the heavy laser target designator
being located at the very nose, the c.g. was shifted forward several
inches from Mission A. Even with the c.g. travel five times that of
Mission A (2.21"), the location and travel were well within the

limits allowed due to the large tail moments .available.



Mission B Weights and Moments

Table 5.2-3

Component Weight Arm Moment
Basic RPV/Dry 95.0 1bs 63.8 " 5931.0 in-1bs
TV Camera 10.0 10.0 100.0
2 Photo Cameras 27.0 270 12940
1 Photo Camera 152 38.0 501.6
Fuel 78.0 52.90 4056.0
Totals
Mission A/DRY 143.2 1bs 50.71" 7261.6 in-1bs
Mission A/WET 221.2 51 .16 113517.6
Mission A Weights and Moments
Table 5.2-2
Component Weight Arm Moment
Basic RPV/Dry 93.0 1bs 63.8 5931.0 in-1bs
Laser Target Designator 45.0 10.0 450.0
1 Photo Camera 1342 38.0 501.6
Fuel 78.0 52.0 4056.0
Totals
Mission B/DRY 151.2 1bs 45 . 527 6882.6 in-1bs
Mission B/WET 2292 47.73" 10938.6
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NASTRAN MODEL
5.3.1 NASTRAN Modeling

NASTRAN (NAsa STRuctural ANalysis Program) is a general pur-
pose digital computer program designed to solve (among other things)
static and dynamic loading problems, buckling analysis and normal
modes analysis using a finite element approach. It assumes 'the
distributed physical properties of a structure are represented by
a model consisting of a finite number of idealized elements that
are interconnected at a finite number of grid points, to which loads
are applied”g. Everything is then referenced to these grid points
throughout the problem. The structural elements provide the means
of specifying the properties of the structure including material
properties and mass distribution. Finally, constraints are applied

to specify boundary conditions.

dsds1:1 Grid Peints

The structure was modeled using 263 grid points located in
three-dimensional space with the origin being the tip of the fuse-
lage airfoil (the point defined by the nose of the NACA 0018 air-
foil coordinates before being modified by the hemispherical glass
nose). The coordinate axes used coincide with the stability axes
system (Figure 5.1-3). Furthermore, symmetry about the XZ-plane
was assumed so only one-half (right side) was modeled.

A FORTRAN program was written to generate the locations of
the grid points defining the fuselage (Appendix A.5.2) as well as
the structural elements involved and punch cards for input to
NASTRAN. Each grid point was initially given all six degrees-of

freedom (DOF) available -- 3 translational and 3 rotational.

A)
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Similarly, the wing was modeled using its own program (Appendix A.5.3)
but its coordinate axes were located at the leading edge of the wing
root. A coordinate transformation card was then used to properly
position the wing on the fuselage.

The same wing modeling program was used to model the tail sur-
faces and coordinate transformations were applied to these structures
to locate them properly with respect to the fuselage. Finally, the
grid point locations of the hooks, tail boom, propulsion system

and missions equipment were entered by hand.

5.3.1.2 Elements

There were three basic elements used in the NASTRAN model of
the RPV structure: 1) membrane element, 2) bar element and 3) plate
element. A quadrilateral membrane element (Figure 5.3-1) was used
to model the Kevlar skin. This element (CQDMEMZ) assumes finite

inplane stiffness and zero bending stiffnesslo.

This says that
the Kevlar skin absorbs its share of the load through tensian and
compression only which is standard procedure for modeling aircraft
skins. The bar element (CBAR) was used to model all the aluminum
spars, and ribs and stringers. It can include all six DOF at each
end (Figure 5.3-2) which are extension, torsion, bending in two
perpendicular planes and the associated shears. All the aluminum
wing ribs were modeled with a plate element (CQUAD2) which included
both inplane and bending stiffness for a solid homogeneous cross
section (Figure 5.5-3),

All the elements were positioned by using them to connect the
appropriate grid points. Properties (mass and inertia) were as-

signed through "property" cards. For the skin and plate (CQDMEM2 §



CQUAD2) elements this consisted of only material properties (Young's
modulus, shear modulus, Poisson's ratio, and mass density) and
element thicknesses (Table 5.3-1). Bar elements required, in ad-
dition, moments of inertia in bending and the torsional moment of
inertia and the cross-sectional area. The values of these used
and the cross-section involved are listed in Figure 5.3-4 as cal-
culated in Appendix A.5.4.

In addition to the basic RPV structure, the masses of various
system components had to be included in the final model. The use
of CONM2 cards enabled the components to be modeled as concen-
trated masses located at specified grid points within the interior
of the structure. The components involved include the engine, fan
and shroud assembly, muffler, batteries, autopilot and radios,

servos, alternator, fuel tanks, fuel, and missions equipment.

5+3.1»3 Constraints

Two types of constraint are available to the user of NASTRAN --
singe-point constraints (SPC's) and multipoint constraints (MPC's).
The SPC's constrain designated degrees-of-freedom to zero thus en-
forcing zero motion of the specified grid point(s) in the direction
of the degrees(s)-of-freedom indicated. Throughout, SPC's were
used to eliminate degrees-of-freedom either where the elements used
provided no stiffness for that motion or where the effects of those
degrees-of-freedom were considered negligible. For example, they
were used to eliminate the inplane bending D.O.F. in the membrane
elements since they provided no stiffness for that motion.

Multipoint constraints are used to specify a linear relation-
ship among selected degrees of freedom. This allows one to define,

in effect, infinitely rigid, zero mass elements. One way they were



Young's Shear Poisson's Densitg
)

Modulus Modulus Ratio®* (1bm/in
Muniven 10,6 wo10Y Bsi 4.0 x 109 psI 0.33 0.100
Kevlar 4.5 x 109 psI 2.0 x 100 pSI 0.13 0.48
*IJ:.Z%...]_

Materials Properties

Table 5.3-1
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used was in constraining points along the centerline of the fuselage
to always remain '"centered" within the fuselage structure during

deformation of the structure due to the applied loads.

5.3.2 NASTRAN Results

5.3.2.1 Weights and Moments Inertia

| NASTRAN computed total weights, moments of inertia and center
of gravities using the mass densities and element volumes input.
This feature was of great convenience in that weights and balances
did not have to be recalculated by hand each time the structure
was modified or for different missions.

A portion of one such output is shown in Figure 5.3-5. Due
to the locations of the fuel tanks and missions equipment, the
moments of inertia stayed within the same order of magnitude during
changes in missions and fuel quantities. The values obtained are
small enough to provide the RPV with excellent manueverability

dynamics but also indicates the RPV would be susceptible to gusts.

5.3.2.2 Displacements

Loadings were applied to the structure and the deformation
noted. Since the RPV was designed to have an operational load
range of +8 g's to -5 g's, the analysis was run to 150% of these
values. To simulate these loading conditions, a gravitational
load was applied in the appropriate direction and pressure loads
applied to the lifting surfaces to simulate the lift produced.
For take-off and landing, concentrated loads were applied at the
hooks in the appropriate directions.

The displacements obtained due to these loadings were com-

pared with those expected or allowed. Especially important were

AL
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those of the wing-tips and the tail. These results were then

used to improve the model through structural modifications.

5.3.2.3 Stresses

For the most part, the limiting factor for the structural loads
was the stresses encountered. For each loading condition, the
stresses in all the members was compared with the materials' 1limi-
tations to determine margin of safety. If the structural limits
were exceeded, that portion of the structure was strengthened.
The final structure was able to carry all the design loads with-
out failure in any part of the structure and stayed within the

weight limitations.

5.3.2.4 Final Structure

NASTRAN provides structured plots as a standard feature.
This feature was used to insure all the grid points were located
properly. Another convenience featufe is the ability to have the
plotter show the structure as reflected about a plane of symmetry.
This enabled the final plots to show the entire structure as re-
flected about the XZ-plane. The final 3-view plots are shown in

Elgures 5.3~6, 7, and §.
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A 2.2-1

The thrust and final velocity for take-off and kinetic energy

for landing were found from the following basic equations:

Force (F)

Kinetic (K) =

and distance
where M = mass of RPV
a = acceleration
V = velocity

=M a

(8} = Vgt +

1/2 MV

2

Knowing the weight of the RPVs and acceleration of the Aquila sys-

tem,

F = (146

the thrust was found to be

1bm) (6 gs)

876 1bs.

With this information and knowing the Aquila landing speed the fol-

lowing table was made.

Aquila

Weight

Take-0ff
Velocity

Take-0ff
Distance

Acceleration

Landing
Velocity

Kinetic Energy
Landing

146 1b
83 ft/sec

20 ft

6 gs
98 ft/sec

21773 f£t-1bs

RPV

230 1b
70 ft/sec

20 fe

3.8 gs
70 ft/sec

17500 ft-1bs
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10
20

30

Lo

50

G0

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
2C0
270
200
290
300
310
320
330
300
350
360
365
380
390
394
396G
L0QO
L10
L2720
L30
440
450
LCO
L(2

DATA -
DATA -
DATA -
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
PATA
PATA
PATA
DATA
PATA
PATA
PATA
DATA
DATA
PRINT
| KPUT
PRINT
INPUT
PRINT
INPUT
PRINT
| KFUT
W=/ G
PRINT
[NFUT
PRINT

G,33);G(h,51)

1 70 35

Cla T FT2a) Jo RO T Ja PO 1 ) FCR 0 0 FLE,;

¢.k3, 0.0304, -0.u48, 0.0184, -0.L48, 0.01C

0.2, 0.0284, -0.42, 0.0172, -0.42, 0.0152
0032, 0020 =0.32, 0u018,; ~-0.3%, 0.0142
0.24, 0.024, <=0.24, 0.014h, ~Q.24, 0.0132
0.31%; O©.0224, ~0.14, 0,014, =0.14, 0.0126
~0.04, - 0.0212, -0.04, 0.0136, =0.04, 0.012%
U.08; .02, 0,08 0.012B3 G.06; 0,012
0.14, 0.0196, 0.14, 0.0124, 0.14, 0.,0118
6.22, 0.0%%2, ©0.22, 0.0124, 0.22, 0,0116
0.313, 0.018, B.312, 0.01%4, 0,312, 4.0116
0.C

.4, 0.8182, OQ.h, 0.012L; 0.k, 12

0.48, 0.02, 0.48 c.Ciz22, O0.48, 0.06124
0:50, 00202, 0.56; 0.013, 0,56, 0.0132
c.e4, 0.021, 0.6, 0.0132, O0.6L4, O0.0C142
By ©.022; OuT2,  B. ClJL, B.72, ©.015k
0.784, 0.0248, 0.784, O0.01L, O0.784, 0.Cl62
0.é4, 0,028, 0.8k, 0.017, 0.8, 0.0178

0.9,0.031, 0.5, 0.019, 0.92, 0.0194
0.952, 0.036, 0.952, 0.022, 0.968, 0.021k
0.98, 0.046, 0.98, 0.03, 1.02, 0.024
1.6, ©0.0€, 1.0, 0.05, 1.6G6, 0.02¢
1.0, 0.G€l, 1.0, 0.055, 1.092, 0.032
1.6, C©€.062, 1.0, 0.06, 1.1, 0.C36
0.99C, ©.063, 0.09C, 0.0F1, 1.002, 0.0
0.972, 0.0€6L, 0.972, 0.062, 1.0C4, 0.0k
0.852, O0.0€5, 0, 052, 0.GE3, 1.04, 0.0h8
0.928, O0.CEE, 0.922, 0.06L, 1.0, 0.052
0.2, 0.067, 0.92, 0.065, 0.98, 0.05€
6.9, 0£.068, 0.S%, 0.6CC, 0.96, 0.0€
0.8, 0.069, 0.88, 0.067, 0.9k, 0.0EN
0.872, 0.07, ©0.872, 0.068, 0.0928, 0.0CS
¢.8C, 0.071, 0.86, 0.069, 0.312, 0.07
0.84, 0.672, 0.3k, 0©0.07, 0.9, 0.071

"MUD SOLIDITY, C.75 FOOT™ RADIUS SOLIDITY?'

52,83

"RLADES?!

5

"WELOCITY? (FT/SEC)'

\J”

"RpH?!

i3
0.0

"AIR DENSITY? (SLUG/(FT CUEBED))"'

RS

"MINIMUM ALPHA ZERO 1S A MULTIPLE OF .2°

A el



LGy
LGE
470
472
L74
L76
LG0
L3S0
500
510
520
530
510
550
560
570
580
590
€00
€10
€20
630
CLO
650
6060
670
€30
640
760
705
710
720
730
740
750
760
770
780
785
790
800
§10
320
822
824
826
830
&L
850
860
8§70

PRINT "MINIEUL ALFHA ZENO?!
INPUT X0

P=v/V

T=0.0

Q=0.0

X=1

FOR R=0.25 TO 0.6 STEP C.01
SC=ATN(P/ (2+&P | *R))
S1=((S3-S2)/0.5)*(R-0,25)+52
C=51*2x&P |1 *R/P
RO=C*V/(SIN(SO)*1 . 5757E-4)
GOosupB 1520
J=(2%&P I *R)**x2 ,0+P*%x2,0
K=RE*&P | *R*S1* (\/*\])
N1=Kx}*

N2=K*Rx|*J

G(1,X)=S1

c(2,X)=C

G(3,X)=B1
G(4,X)=B1*180.0/&PI
T=T+0,005*D1

Q=Q+0.005*02

|F R<COL.35 THEN 690

N=(T*P)/ (2*x&P1*Q)
C5=(2*T)/(R5E*xGP | *E*xRxV*Y)
CC=(2.0*xQ)/ (RE*&PI*(R**3,0)*V*V)
PRINT R,T,Q,N

T=T+0.0605*D1

Q=Q+0.005%[2

X=X+1

HEXT R

PRINT

PRINT

PRINT 'BLADE GEOMETRY FOR ';B;' BLADES'

PRINT 'SCLIDITY OF ';S2;' AT ROOT, ';S3;'

PRINT "VELOCITY= '";V;' PITCH= ';P
PRINT

FOR X=1 TO 3G

R=0,2L+X*0.01

PRINT R,G(2,X),G(L,X%X)

MEXT X

PRINT

PPINT

PRINT 'CHANGE ALFHA ZERO MINMIMUM? 1=Y'
INPUT X&

IF X8=1 THEN LG2

PRINT "TIP RACIUS?'

INPUT R1

IF R1=0 THEN 380

IF R1I<O THEN 1860

PRINT 'VELOCITY?'

AT TIP'

ot

) - (/; iy
e



880

890

900

902

S04

810

920

930

9L0

950

960

970

980

990

1000
1010
1020
1030
1040
1050
10€0
1070
1080
1090
1100
1110
1120
11350
114G
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1270
1280
1290
1300
1302
1303
1304
13508
1510
1520
1530

INPUT V
FOR P=0.2 TC 4.0 STEP 0.0l
X =1
T=0.0
Q=0.0

FOR R=0.25 TO R1 STEP 0.01 4503
SO=ATN(P/(2.0%&P1%R)) .
C=S1%2.0+&P | *R/B TT>Ss1=6(01,
RG=C*V/(SIN(S0)*1.5757E=1)
R1=G(3,X)
cosug 1270
J=(2,0%&P [ *R)**2 . G+P**2.0
w:V/P
K=R5*&P | *R*ST*\ %}’

D1=K*H*J

P2=K*R*| *J

T=T+0.01%D1

0=0+0.01%D2

IF R<OR1 THEN 1070
T=T-0.005%D1

0=0-0.005%D2

NEXT R

N=(T%P)/(2+&P|%Q)
C5=(2.0%T)/(R5%&P | *R1*R1*V#V)
CE6=(2.0%Q)/(R5*&P I *(R1*%3.0)*VxV)
PRINT P,C5,CF,N

NEXT P

PRINT

PRINT 'VELOCITY= ',y

PRINT

PRINT 'CHANGE V? 1=y

INPUT Z

IF Z=1 THEN 870

PRINT 'CHANGE RADIUS?'

|MPUT 2

IF Z=1 THEN 830

PRINT "CHANGE PFSICN?'

I NPUT 7

IF Z=1 THEN 380

STOP

REM INDUCED FLOW SOLUTION
AO=P1-S0

C7=L.0%SIN(S0)/S1
AC=180.C*A0/&P I

IF A0>=-4 .4 THEN 1304

AO==14 4

IF AG<=19.2 THEN 1310

A0=19.2
Z1=INTCINT(10.0%A0+0.001)/8+9.001)
IF ROS82800 THEN 1340
RO=82800

e st . AL



1340 IF RS<=333000 THEH 1560
1350 R9=332000

1360 |F RS<166000 THEN 1390
1370 Zi=1

1375 29=83200

137¢ 27=62800

1380 GO TO 1400

1390 Z2=3

1395 29=167000

139¢ 27=16GC000

1400 GosuB 1730

1410 AQ=AG*&P1/180.0

1420 T0=C0/(CO/AQ+CT)

1430 A=AC-TO

1435 Al=A0

1436 A0=A*1C0.0/&PI

1433 Zl=|NT(IHT(lO.ﬂ*Fﬁ+0.CGl)/E+Q.GOl)

1440 cosuB 1730

1450 22=22+1

1455 C1=CO0

1460 cosuB 1730

1:€5 AQ=Al

1470 C2=C0

180 S=S0+T0

1490 H=C1*C0S(S)=C2*SIN(S)
1500 | =C1*S1N(S)+C2*C0S(S)
1510 RETURH

1520 REN CPTIMIZED BLACE
525 N1=C.C

1530 FOR X5=X9 TOC 12.8 STEP Ui
1540 AQ0=X5%&P1/180.0

1550 GOSUB 12€0

1560 N=H/ (1*R)

1570 |F M¢=H1 THEM 1650
1580 H1=N

1590 A5=A0

1600 B1l=S0+AC

1610 Hl=H

1520 F1=1

1630 T1=TC

1640 A1=S0+T0

1650 MEXT X5

1660 N=M1
1670 AQ=A5
1680 M=Kl
1660 1=11
1700 T0=T1
1710 A=Al

1720 RETUREK
1730 REM TALLE INTERFCLATICH
1740 I1F z1=33 THEF 182C



1750
175E
17E0D
1770
1780
1790
1800
1810
1820
1630

&40
1650
15660

~ORIINN NN
Ul W Wy 00 ¢
W i

CO=(RG=Z7)+(Z5=ZL)/ZG+ZL
CC TO 1850
Zh F(z2,Z1)

=F(Z22+2,721)
CC (RO-Z7)*(Z5-724)/Z2G+ZL
NETURN
EHD



BLADE GEOMETRY FOR & BLADES
SOLIDITY OF .0 AT ROOT, .6 AT TIP

VELOCITY= 121.613 PITCH= 1.263136

Bt Rad fus (£+). Blade chovd (#¢)  Blade Angle (Degrees)
“08 2355134 h2.20604
.26 2450442 4il 1215
27 2544689 40.07031
.28 2633336 39.07756
.29 »L 155183 38+13052
.3 w28 27152 37422659
: 31 2821679 36.3633
w32 3015226 35.53836
5t 511911715 34.74356
.34 3204422 33.99486
55 .3238669 33.27235
v 3B 3392918 32.58023
« 37 3487165 31.91682
« 58 .3531412 31.28052
x 33 .3575661 30.66385
h 3763308 30.08340
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A\{/ NASTRAN DATA CARD FORMAT

Input Data Card (DAR Simple Beam [le vt Connection

Description: Defines a simple bean element (BAR) of the structural model.

Format and Example:

1 2 3 4 ) 6 7 8 9 10
CRAR EID PID GA (R X1,G0 X7 X3 F abc
CBAR 2 39 7 3 13 2 123
+he PA PB PR 22N 73A 1B 2B 738
+23 . 513
Field Contents
EID Unique element identification nmuher (Integer - 0)
PID Tdentification number of a PBAR praperty card (Default 1s LID unless BARPR cavd
has nonzero entry in field 3) (Integer - 0 or blank*)
GA,GB Grid point identification numbers of connection point: (Inteqer = 0: GA # OR)
X1,X2,%3 Components of vector ﬁ, at end A, (figqure 1(a) on page 1.3-15) measured at end A,

parallel to the components of the displacement coordinate system for GA, to deter-
mine {with the vector from end A to end D) the orientation of the element coordinate
system for the bar element (Real, X17 + X27 + ¥3° - 0 or blank*, see below).

GO firid point identification number to optionaliy supply X1, X2, X3 (integer > 0 or
blank*) (see below)

F Flag to specify the nature of fields 0-8 as follows:
6 7 fa
F = blank*
F =1 Xl X2 %3
F=2 GO |blank/D {b1ank/0
PA,PB Pin flags for bar ends A and B, re-pectively, that are used to insure that the bar

cannot resist a force or moment corresponding to the pin flag at that respective
end of the bar. (!p to 5 of the uniaue digits 1-6 anywhere in the field with no
inbedded blanks: integer > 0) (These dearce of freedom codes refer to the element
forces and not global forces. The bar must have stiffne<s associated with the
pin flag. For example, if pin flag 4 is specified, the bar must have a value for
J, the torsional constant.)

ZIA,220N 230 Components of offset vectors &a and éb' respectively, (see figure T(a),‘paqe
71B,728,/38  1.3-15) in displacement coordinate systems at points GA and GB, respectively.
(Real or blank)

*Spe the BARBR card for default options for field, 3,6, 7,8 and 9.

=2-1/0
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Input Data Card C@RUZR Rectanqular Coorinate System Definition

Description: Defines a rectanyular coordinate system by reference to the coordinates of three
points. The first point defines the origin. The second point defines the direction of the z-axis.
The third point defines a vector which, with the z-axis, defines the x-z plane. The reference
coordinate must be independently defined.

d

P»q
u,
// y
//
s
C ?f/

', — Y

|

|

| X

Y
Format and Example:
s T SN (NN W— - 6 el 8 9 10
E?RD2R CID RID Al A2 A3 Bl B2 B3 ABC
ICPRD2R 3 17 7~?.9 T 0.0 3.6 0.0 1.0 123 i
HBC b] hE_“"-__E}mgﬁw;_—n__““_"vvigﬁwgi
23 i 1.0 2.9 i
Field Contents
CID Coordinate system identification number (Integer > 0) -
RID Reference to a coordinate system which is defined independently of new coordin-
ate system (Integer > 0 or blank)

A1,AZ,A3
B1,B2,B3 Coordinates of three points in coordinate system defined in field 3 (Real)
€1,02,C3

Remarks: 1. Continuation card must be present.

2. The three points (Al, A2, A3), (B1, B2, B3), (C1, C2, C3) must be unique and non-
collinear. MNoncellinearity is checked by the geometry processor.

3. Coordinate system identification numbers on all CPRDIR, CPRDIC, CPRD1S, CPRDZR,
CARD2C, and CORDZS cards must all be unique.

4. An RID of zero references the basic coordinate system.

5. The location of a grid point (P in the sketch) in this coordinate system is given by
(X ¥, £).

6. The displacement coordinate directions at P are shown by (“x’ Uy uz).

oLl



Input Data Card CQDMEMZ Quadrilateral "lement Connection

Description: Defines a quadrilateral membrane element (QDMEM2) of the structural model
consisting of four nonoverlapping TRMEM elements.

Format and Example:

1 2 3 4 S 6 7 8 9 10
CQDMEM2 EID PID Gl G2 G3 G4 TH
CQDMEMZ2 72 13 13 14 15 16 29.2
Field Contents
EID Element identification number {Integer > Q)
PID Identification number of a PGDMEMZ property card (Default is EID) (Integer > 0)
G1,G2,63,G4 Grid point identification numbers of connection points (Integer > 0;

Gl # G2 # G3 # G4)

TH Material property orientation angle in degrees (Real)

The sketch below gives the sign conventien for TH

G3

G4

TH
G1 G2

Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers.

2. Grid points Gl through G4 must be ordered consecutively around the perimeter
of the element.

3. A1l interior angles must be less than 180 degrees.

2~/ 3



Input. Data “ard  COUADZ (Quadrilaterai Element Connection

Description: Defines a homogeneous quadrilateral membrane and bending element (QUAD2) of the

structural model.

Format and Example:

1 i — 4 5 6 7 8 9 10
CQUAD2 EID P1D G1 G7? [ G3 G4 TH
QuAD2 72 13 13 m ol s 16 29.2
Field Contents
EID CLlement identification number (Integer - 0)
PID Identification number of a PQUAD2 property card (Default is EID) (Integer > 0)
G1,62,63,G4 Grid point identification nmumbers of connection points (Integer > 0;

Gl £ G2 # 62 £ G4A)

TH Material property orientaticen angle in degrees (Real)

The sketch below wives the sign convention for TH.

Remarks: 1. L[lement identification numbers must be unique with respect to all other element
identification numbers.

(]

Grid points Gl thru G4 must be ordered consecutively around the perimeter of the
olement.,

3. A1l interior anales must be less than 180°,

R —1/4



Input Data Card CTRIAZ Triangular £le ent Connection

Description: Defines a triangular membrane and bending element (TRIAZ) of the structural model.

Format and Example:

G1,62,63

TH

Remarks:

! 4 3 SR, [Somenl - e NI e U S (SR T
,ICTRIA2 EID | PID Gl | & | @ ™ | 1 4
CTRIAZ LI 2 | 1 ) 3 | 12 | R
Field Contents
EID Element identification number (Inteqger > 0)

PID Identification number of a PTRIA?2 property card (Default is EID) (Integer > 0)

Grid point identification numbers of connection points (Inteqer > 0;
Gl # G2 # G3)

Material property orientation anale in dearees (Real) - The sketch below aives
the sign convention for TH.

1. Elenent ddentification nunbers oot beounigque with respect to all other element
identification nuiler .,

2. Interior angles wust he less than 1

2 =S



Input Data Card CTRMEM Trianqular Llement Connection
Description: Defines a triangular membrane element (TRMEM) of the structural model.

Format and Example:

1 2 3 4 5 @ 7 8 9 10
CTRMEM EID D Gl | G2 | G3 TH
CTRMEM 16 2 12 1 3 16.3 ]
Field ' Contents
EID Element idenlification number (Intcger > 0)
PID Identification number of a PTRMEM property card (Default is EID) (Integer > 0)
G1,62,G3 Grid point identification numbers of connection points (Integer > 03

Gl # G? # G3)

TH Material property orientation angle in deqrees (Real) - The sketch below gives

the sign convention for TH.

Hemarks: 1. Element identification numbers nust be unique with respect to all other element
identification numbers.

~

Interior angles must be Tess then 1807,

L —ATE



Input Data Card F@RCE Static Load
Description: Defines a static load at a grid point by specifying a vector.

Format and Example:

1 2 3 4 5 6 7 8 9 10
F@RCE SID G CID F N1 N2 N3
F@RCE 2 5 6 2.9 0.0 1.0 0.0
Field - Contents
SID Load set identification number (Integer > 0)
G Grid point identification number (Integer > 0)
CID Coordinate system identification number (Inteaer > 0)
F Scale factor (Real)
N1,N2,N3 Components of Vector measured in coordinate system defined by CID (Real;

‘N12 + N2% + N3% > 0.0)

Remarks: 1. The static load applied to grid point G is given by

4 >

f = FH
where ﬁ is the vector defined in fields 6, 7 and 8.

2. Load sets must be selected in the Case Control Deck (LOAD=SID) to be
used by NASTRAN. ‘

3. A CID of zero references the basic coordinate system.



Input Data Card GRID Grid Point

Description: Defines the location of a qeometric grid point of the structural model, the direc-
tions of its displacement, and its perancont single-point constraints.

Format and Example:

— s et e A 4 . 5 & P 8
R1D o 1 X1 X2 X3 _CDb P_S
GRID 2 3 _ ]:flq 2.0 3.0 316
i3 Contents
10 Grid point identification nunber (Integer = 0)
cp Identification number of coordinate system in which the location of the grid
point is definea  (Intener > 0 or hlank*),
LA v Location of the grid peint in coordinate system (P (Real)
o)) Identification number of coordinate-system in which dicplacements, degrees of frecdom,

constraints, and solution vectors are defined at the grid point (Integer > 0 or blank*)

Ps Permanent single-point constraints associated with grid point (any of the digits
1-6 with no irbedded blanks) (Iunteger > 0 or blank*)

Pemarks: 1. A1l grid point identification numbers must be unique with respect to all other
structural, scalar, and fluid points.

2. The meaning of X1, X2 and %3 depend on the type of coordinate system, CP, as
S follows: (see CPRD_ card descriptions)

Type X1 X2 X3
- Rectangular X Y z
Cylindrical R O(deqgrees) Z
Spherical R U{degrees) | 1(degrees)

3. The collection of all CD coordinate systems defined on all GRID cards is called the
Global Coordinate System. A1l degrees-of-freedom, constraints, and solution vectors
are expressed in the Global Coordinate Systen.

* See the GRDSET card for default options for fields 3, 7 and 8.

2=/ §



Input Data Card LPAD

Static Load Combination (Superposition)

Description: Defines a static load as a linear combination of load sets defined via F@RCE,

FOTTERT - FOR

» FPRCET,

Format and Example:

M@MENT1, F@RCE2, M@MENT2, PLPAD, PLPAD2, SLPAD, RFPRCE and GRAV cards.

1 2 3 4 5 6 7 8 9 10
LPAD SID S S1 L1 S2 L2 S3 L3 abc
L@AD 101 -0.5 1.0 3 6.2 4
+be sS4 L4 -etc.-

(etc.)
Field Contents
SID Load set identification number (Integer > 0)
S Scale factor (Real)
Si Scale factors (Real)
Li Load set identification numbers defined via card types enumerated above
(Integer > 0)
Remarks : The load vector defined is given by

The Li must be unique.
entry must be blank.

{P}

S ZSi {PLi}
1

The remainder of the physical card containing the last

This card must be used if gravity loads (GRAV) are to be used with any of the

other types.

Load sets must be selected in the Case Control Deck (LPAD=SID) to be used by

NASTRAN.

A LPAD card may not reference a set identification number defined by another LQAD

card.

Q



Input Data Card MAT] Material Property Definition

Description: Defines the material properties for linear, temperature-independent, isotropic
materials.

Format and Example:

, 1 2 3 4 5 6 7 8 9 10
MAT1 MID E G NU RHP A TREF GE +abc
MAT 17 347 1.9+47 4.28 0.19 5.37+2 0.23 .]ABC
+abc ST SC 55
[tBC 20.+4 |15.+4 12.+4
Field Contents
MID Material identification number (Integer > 0)
— E Young's modulus (Real > 0.0 or blank)
G Shear modulus (Real > 0.0 or blank)
NU Poisson's ratio (-1.0 < Real < 0.5 or blank)
i RH@ Mass density (Real)
A Thermal expansion coefficient (Real)
TREF Thermal expansion reference temperature (Real)
il GE Structural element damping coefficient (Real)
ST SG; iSS Stress limits for tension, compression and shear (Real) (Used only to compute

margins of safety in certain elements; they have no effect on the computational
procedures)

Remarks: 1. One of E or G must be positive (i.e., either E > 0.0 or G > 0.0 or both E and G may
be > 0.0).

2. If any one of E, G or NU is blank, it will be computed to satisfy the identity
E = 2(1+NU)G; otherwise, values supplied by the user will be used.

3. The material identification number must be unigue for all MAT1, MATZ and MAT3 cards.
4. MAT] materials may be made temperature dependent by use of the MATT1 card.

— 5. The mass density, RHP, will be used to automatically compute mass for all structural
elements except the two-dimensional bending only elements TRBSC, TRPLT and QDPLT.

6. If E and NU or G and NU are both blank they will be both given the value 0.0.

7. Meight density may be used in field 6 if the value L is entered on the PARAM card
WTMASS, where q is the acceleration of gravity (see”Section 3.1.5).



Input Data Card MPC Multipoint Conc'raint

Description: Defines a miltipoint constraint equation of the form

VA u, 0
¢ |
3 ¢ Al
Format and Example:
T N i, e e

! 2 3 4 O R T U -
PC SID G | C
1PC 3 5
+be _-eti;.T
Field Lontents
SID Set jdentification number (Inteaer = 0)
G Identification nunber of grid or scalar point (Integer - 0)
C Component number - any one of the diaits 1-6 in the case of geometric grid

points; blank or zero in the case of scalar points (Intogr)

A Coefficient (Real: the firvet A must be ronzern)

Remarks: 1. The first coordinate in the sequence is assumed o be the dependent coordinate and

must be unique for all ecquations of the set
2. Forces of multipeint constraint are rnt recovered.

3. Multipoini constraint sets must be selacted in the Cese Control Deck (MPC=SID) to
be used by NASTRAN.

4. Dependent coordinates on MPC cards may nob appear on $MIT, PMITI, SUPART, SPC or
SPC1 cards.

K13



Input Data Card PBAR Simple Beam Propr ity

Description: Defines the properties of a simple beam (bar) which is used to create bar elements
via the CBAR card.

Format and Example:

_— 2 3 4 5 . S UM - Y, ST .| S

ok | po [ [oa [on foue [0 ] we [T ke

PBAR 39 6 2.9 5.97 123

e Cl c2 D1 2 | o | ez Fl F2 |def

+23 2.0 4.0 B

ref Kl k2 12 i Gl s _—_“”f#“—]
A— —— P I S CCEIGEN PEPCRTI GRS, SRR i

Field Contents

PID Property identification number (Integer > 0)

MID Material identification number (Integer > 0)

A Area of bar cross-section (Real)

11, 12, 12 Area moments of inertia (Real)

J Torsional constant (feal)

NSM Nonstructural mass per unit Tenqth (Real)

K1, K2 Area factor for shear (Real)

Ci, Di, Ei, Fi  Stress recovery coefficients (Real)

Remarks: 1. For structural problems, PBAR cards may only reference MAT] materiai cards,
2. See Section 1.3.2 for a discussion of bar element geometry.

3. For heat transfer problems, PBAR cards may only reference MATA or MATS
material cards.

R ~/Aed



Input Data Card PLPADZ

Description:
Only QUAD1,

Format and Example:

Pressure Load

Defines a uniform static pressure load applied to two-dimensional elements.
QUAD2, QDMEM, QDMEM1, QDMEM2, QDPLT, SHEAR, TRBSC, TRIA1, TRIAZ, TRMEM, TRPLT or
TWIST elements may have a pressure load applied to them via this card.

1 2 3 4 5 6 7 8 9 10
PLPAD2 SID P EID EID EID EID EID EID
PLPAD2 21 -3.6 4 16 2
Alternate Form
PLPAD2 SID P EID1 "THRU" | EID2
PLPAD2 30.4 16 THRU 48
ALl Contents
SID Load set identification number (Integer > 0)
p Pressure value (Real)
EID
EID1 Element identification number (Integer > 0; EID1 < EID2)
EID2
Remarks: 1. EID must be 0 or blank for omitted entrys.
2. Load sets must be selected in the Case Control Deck (LPAD=SID) to be used by
NASTRAN.
3. At least one positive EID must be present on each PLPADZ card.
4. If the alternate form is used, all elements EID1 thru EID2 must be two-dimensional.
5. The pressure load is computed for each element as if the grid points to which the
element is connected were specified on a PLPAD card. The grid point sequence
specified on the element connection card is assumed for the purpose of computing
pressure loads.
6. A1l elements referenced must exist.



Input Data Card PQDMEMZ Quadrilateral Membrane Property

Description: Used to define the properties of a quadrilateral membrane. Referenced by the
CQDMEMZ card. No bending properties are included.

Format and Cxample:

Mm
] 2 3 4 5 6 7 8 9 10
PQDMEM2 PID MID T NSH PID MID T NSM
FQDMEMZ 235 o2 0.5 0.0
Field Contents
PID Property identification number (Integer > 0)
MID Material identification number (Integer > 0)
T Thickness of membrane (Real > 0.0)
NSM Nonstructural mass per unit area (Real)

Remarks: 1. A1l PQDMEM2 cards must have unique property jdentification numbers.

2. One or two quadrilateral membrane properties may be defined on a single card.



Input Data Card PQUAD2 Homogeneous Quadrilateral Property

Decription : Defines the properties of a homogeneous quadrilateral element of the structura.
model, including bending, membrane and transverse shear effects. Referenced by the CQUAD2 card.

Format and Example:

T i e e ——
1 2 3 4 5 6 7 8 9 10
PQUAD2 PID MID T NSM PID MID T NSM
EQUADZ 32 16 2.98 9.0 45 16 5.29 6,32
Field Contents
PID Property identification number (Integer > 0)
MID Material identification number (Integer > 0)
T Thickness (Real> 0.0)
NSM Nonstructual mass per unit area (Real)
Remarks : A1l PQUAD2 cards must have unique identification numbers.

2. The thickness used to compute membrane and transverse shear properties is T.

3. The area moment of inertia per unit width used to compute the bending stiffness is

T2/12.

4, Quter fiber distances of *T/2 are assumed.

One or two homogeneous quadrilateral properties may be defined on a single card.\



Input Data Card PTRIAZ Homogeneous Triangular Element Property

Description: Defines the properties of a homogeneous triangular element of the structural model,
including membrane, bending and transverse shear effects. Referenced by the CTRIAZ card.

Format and Example:

i 2 3 4 5 6 7 8 9 10
PTRIAZ PID MID T NSM PID MID T NSM
PTRIA2 2 16 3.92 14.7 6 16 2.96
Field Contents
PID Property identification number (Integer > 0)
MID Material identification number (Integer > 0)
T Thickness (Real> 0.0)
NSM Nonstructural mass per unit area (Real)

Remarks: 1. A1l PTRIA2 cards must have unique identification numbers.
2. The thickness used to compute the membrane and transverse shear properties is T.

3. The area moment of inertia per unit width used to compute the bending stiffness is
T2

4. OQuter fiber distances of #T/2 are assumed.

5. Onedor two homogeneous triangular element properties may be defined on a single
card.



Input Data Card PTRMEM

Description:
CTRMEM card.

Format and Example:

___.—-"—-—--__,_/\_._-"-—-—-_‘-\

Triangular Membrane Property

Used to define the properties of a triangular membrane element.
No bending properties are included.

Referenced by the

1 2 3 4 5 6 7 3 10
PTRMEM PID MID T NSM PID MID NSM
PTRMEM 17 23 4.25 0.2
Field Contents
PID Property identification number (Integer > 0)
MID Material identification number (Integer > 0)
T Membrane thickness (Peal> 0.0)
NSM Nonstructural mass per unit area (Real)
Remarks: 1. A1l PTRMCM cards must have unique property identification numbers.

2.

One or two triangular membrane properties may be defined on a single card.

02—l 7



Input Data Card SPC] Single-Point Constraint

Description: Defines sets of single-point constraints.

Format and Example:

1 2 3 4 5 6 7 8 9 10
lspc SID c Gl G2 63 G4 G5 G6 |abc
lsPc1 3 2 1 3 10 9 6 5  [nBC
+he G7 G8 G9 -etc.-
+BC 2 8
Mlternate Form S S
SPC1 SID C GIDI “"THRU" GIDZ2 =
SPC1 313 L.]2456 6 THRU I 32
Field Contents
SID Identification number of single-point constraint set (Integer > 0)

C Component number (Any unique combination of the digits 1-6 (with no imbedded

blanks) when point identification numbers are grid points; must be null if point
identification numbers are scalar points)

Gi, GIDi Grid or scalar point identification numbers (Integer > 0)
Remarks: 1. Note that enforced displacements are not available via this card. As many continua-
tion cards as desired may appear when "THRU" is not used.
2. A coordinate referenced on this card may not appear as a dependent coordinate in a
multipoint constraint relation, nor may it be referenced on a SPC, @MIT, PMITI,
SUP@RT card.

3. Single-point constraint sets must be selected in the Case Control Deck (SPC=SID) to
be used by NASTRAN.

4. SPC degrees of freedom may be redundantly specified as permanent constraints on the
GRID card.

5. A1l grid points referenced by GID1 thru GIDZ must exist.
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PROPOSAL COSTS
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PROPOSAL COSTS

1. Personnel

A.

— 2. Use

15 weeks for 4 engineering students at

1) 4 hrs/week @ $10.00 $ 2400
2) 15 hrs/week @ $10.00 $ 9000
1 week for 4 engineering students at

50 hrs/week ¢ $10.00 $ 2000

Subtotal Personnel $13,400

of Facilities, Equipment and Supplies
Computer $ 2000
References $ 50

Subtotal Facilities § 2050

3. Other Direct Costs

A,

B

Xerograph $ 75
Telephone $ 40
Travel

1) Two trips to Linda Hall Library $ 60
2) One trip to AVRADCOM $ 10
$

Subtotal Other Direct Costs 190

Total Fixed Price $15,635

¥ =

/35
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