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' INTRODUCTION

The glider under consideration in this thesis 1is one
that was presented in the "Flying Manual® Vol. 2 - No. 6,
1941 publication. Having given some thought to building
a primary glider, I became interested in finding out just
now well the wing structure resacted under loading. 38ince
this glider is intended to be of such nature that it could
be built by the average laymen, I was curious to know now
severe the stresses in the wing structure were aé well as
become somewhat acquainted with the principles of airplane
stress anaylsis,

In stress analyzing the wings of a heavier than air
machine there are four main flight condition that must be
investigated. These are high incidence, low incidence, in-
verted flight, and nose dive condition. These conditions
are encountered when a plane is put into a steep dive and
then pulled out. This can best be illustrated by sketch
(e) p.2.

In the high incidence flight condition sketch (D)
there is a gross 11ft component as shown. From this 1is

subtracted the weight of wings giving the net 1ift comp-
onent. There is also induced drag making up the drag
component. These two forces form the resultant(R). If

we now break this resultant up into two components we have
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the beam 1ift component and a chord component.The latter
acts T forward and will be considered negative.

In the low incidence sketch (c¢), the net 1ift component
and drag component are so nearly equal to the beam 1ift
component and chord load respectively that they are consi-
dered the same since the wing is almost horizontal in this
flight condition. The chord component scts backwards and
is considered positive.

In the inverted flight condition the loading 1is the
same as for the L. I. condition except the 1ift component
acts in the opposite direction.

In the dive there 1s no 1ift component merely a shord
component considered as the weight of ship distributed along
the beam.

Wilth these considerations in mind we will proceed with

the wing structure anaylsis,

-



A - CALCULATING WEIGHTS

(a) WINGS
Length of one wing element = 1849"= 225 in.
width = 63 1n.
Area = 63x225 = 14175 sq. in,

Tip areas to be subtracted

N 1/3bh = 13X6XS T cmmmmmmcmeemmee 18.00 sq.
% /3x53x16,75 = 295,50 "
%\S 1/3x53x16. I e T .
/675" )

Space between ailerons 1x98.75: ~~=weee-- 98.75 "

" " . end and wing proper
9/32%193 = wmmmmm 5.30 "

Total --=-ew---

Net wing area (14175- 416.6)/144 = 95,58 sq. ft.

Total 1ifting area = 2x95.58 = 191.16 sq. ft.

s#From data on existing wings of this type weight
equals 1.10 1b. per sq. ft.

iing welght = 1,10%x191.16 2 =-ecccceccaaa-- 210.00 1b.

(b) TAIL SUKFACES

(1) Rudder Area 1080.0 sq. 1in.
54x20 3 ceccccccca--
6x24 19/32:ccccacaca- 147.1 " "
Total--=--- —Ie2ry ot
6" Subtract
R s> |
NS m  1/3bh =1/3x3x62---=- 6.0 8q. in.
20
N N (3x20)/2 = =------- 3.0 * *

#Alexander Klemin airplasne Stress Analysis'p.116

in.

]
"



tudder Area (Cont.)

<: 8x20/2 ~=cmeeee-- 80.0 sq. in.
NN Totale---- 16,0 " "
20" ,
Net rudder area 1227.1-116,0 eccecnccea- 1111.1 sq. in.

(2) Fin Ares
1/2(b+b)h 1/2(27+30)24 =-ceccmeana- 84,0 "
(3) Stabilizer Area
32 1/2X102 =cc-cmcmmeeicecmmea 3315.0 " "
(4) Elevator area

1/2(b+b)h  1/2(40454)16 1/2 -------- 775.5 " ¢
Total teil sSurfece #eé------c-c-cc--cee-- 5380.6 " "

(5) Tail surface construction is usually taken as
weighing 1.0 1b. per sg. ft.

Tai1l surface weight = 5880.6/144x1 = 40.4 1lou.

——

(¢) FUSELAGE WEIGHT

(#) Spruce -- average wt, = 27 1b. per cu. ft.
No. 10 gage stsel n=5,63 " " 8g. ft.
n

" 12 ." =4,38 (] ] L}
[} 14 n n "n - 3 W13 [} a (]
Q 20 2 " " o= 1.50 .} ] " 1]

Bracin% wire #30 Music wire =1.£9 1lb., per 100 ft,
## 1 3/16% 0.D. steel tubing =1 1b. per ft.
1 7 strand flexible cable =2.45 1b. per 100 ft.
(1) Longeron Material 1}"x13"x1v4.9"

13x14x194.9x27/1728 =-ececaceann- 4.73 1b,

#0p. cit., p. 4

+#4viation Mechanliecs Vol. 1 No.l, . 80




FUSELAGE wEIGHT (Cont.)

- (2) truts Res fusela
§x446)27 1728 —-mmmmmcmmmceeee 2.82 1b,
(3) Strut (Front fuselage)
(1 1/2&2;n209 27/ 1728 ccccmccmeee e 15.59 "
(4) Skid Pruss
(134x13x228)27/1728  c-ccc--o-commmmone- 5.56 "

(5) Plywood_for Skid 3/32"
Area = [(14x112)-102]2 = 2932 sq. in.
(o]

Plywood Gusset Plates for
Fuselage Joints
Area 2(8x3x4) -=--- 102 * "
2124 " Total

# 3/32" Plywood = 3.2 02z./8q. ft.
Glue (Casein) =8,0 oz./ "
Totat Wt.--- I1.Z2 " *

Wt. of The Above Plywood
(11.2x3124)/16%x144 —--cmmmmcccccaacna- 16.20 "

(6) Ash food

Ash Clamp
292x3x26x41/1728  cccc-mmemmmmmeemeee 1,99 *
Ash Clamp
22 3x$x9x41/1728  cccecmmmemmemeeemee- 0.96 "
Ash Skid
. 2A3xEx44X41/1728  mcmmcmmmmeeemeee e 4,91 "
Ash Blocks
9@3x2x3 X$x41/1728 ccomccemcccccmeaeean 4.80 "
Ash Blochk
146X10X5x2x41/1728 ---cmmmemmmmmacaeno 0.53 "

ash Rudder Bar
12194 x18x7/8%x41/1728 <-cecememccccaac-- 0.71 "

Ash Seat Board
1311x11x$x41/ 1728  em-cccmcmcmcco-ooa- 2,15

# Niles and Newell, Airplane Structures p. 379




Fuselage weight (Cont.)
(7) Control Unit
1 3/16" 0.p. Steel Tubing

(21 11/16%1/12 —cooo o . 1.75 1b.
Torque Tube 1 3/16" Steel Tubing
(25 5/8x1/12  cccmcemmccece oo 2.0y "
Coptrol Stick Yoke 10 ga. .C.K.S.
ElléxS)-4(4}x’7/8?J 5149;(5.63 -------- 1.17
Torque Tube Beapring 3Strap 10ga. C.K.S.
(383x2)/144x5.63 mcccoecccccecceeam 0.75 "
Rocker Arm 10 ga. C,K.S.
(10x1 3/8x4)/144x4.,38 c-ceccccmcaaa_- 2.15 "
Elevator Sheave Yoke Pattern 12 ga. C.h.S.
(1 5/8x4%)/144x4.38 =cocoeccmooaao 2,23 "
Six Sheaves 2 in. Disa,
6X6/16 —mmcm e 2.26
Wing Mount plates 12 ga. C.S.
42[24(33-2)4/144]X4.38 =cccmmomeoo 0.55 "
Longeron Joint Plate ]O ge C.S.
2 [(58x1 1/8)/144[x5.63 ==-nemmamnn- 0.54 "

Front §trut Clamps 10 ga._C.S.
22[(2 5/8x3 3/16)/144]%x5.63 -----o-- 0.65 "

kear Strut Clam 10 ga. C.S.
23 [(3x5)/144)85.63 =em-ccemoomcaann 1.17 "

Launching Hook_ 10 ga. C.S.
28 [1x8/144]%5,63 «-ccoccmcamamomaaoo 0.63 ®

wing Strut 11" 20 ga. 8teel Tube
42 1025ft.X0.056 =mccocmccccacceaeoa 2,35 "

Brace wire Links 14 ga, C.S.
20@ [(7/8x2 7/8)/144]x3.13 ocnncune- 1.10 "

wheels Plus Tubing and sxle ------------ 4.00 "



FUSELAGE WEIGHT (Cont.,)
(7) Control uUnit (Cont.)

Coptrol Cables (7 strand flexible cable)

(72+68)/100] x2.45 -==-=-cmmocmca- cmome-a 3.4% 1b.
Braci Wwire #30 Music Wire
[(95)_ 100]X169 =-mccecemememeeeceeaao- 1.62 "
(8) Man Weight =--=mem-c-cmcocmooomoommnn- - 165.00 "
(9) Add for Incidentals ~---c-ecccccccacaaa- 57.00 *
Total wt, of Structure -------=e--- .
Call It =cmcmcmmcmcmcccmccceeeo—- 555,00 "

B - GENERAL DaATA ON GLIDER

(a) Gross weight of ulider (Man included)---- 555.00 1b,
(b) wt. of Wings (1.10 1lb. per sq.ft.) ~=e-=- 210.00 *
(¢c) Net Wt, of Glider(Gross wt.-Wing Wt.)---- 345.00 *
(d) Total Span =------=----- R 371- 9"

(e) Lenght of Sections

(1) Lenght of Center Section ----=-ccecca-- 3 in.
(2) " " Bay e-ceccccccccceccccneen- 116.0 1in.
(3) " ® Overhang --e--coc-cccmcecaa= 109.0 "

(f) Alrfoil Section Type =------==---- Modified U.8. 27

(g) d%rd Length =cccmcmmcmce e e ecma -- 63 1in.

(h) angle of INC1deNCe =----m=cecmee-mceec—ce- o)

(1) Dihedrel eececemcmecececececcemee-ea= — 1

(j) Area of Wings (Allerons included) -=-===-- 191.2 sq.ft,

(k) Location of wing Spars in Percent From Leading
rdge of Wing:

Front Spar 9/63x100 e---cccccecemccccacax 12.8
Rear "  44/63%x100 -eececccccmcccacoa- -70.0



(1) # Center of Pressure in Per Cent of Chord From
' Leading xdge of wing.

By actual testing of different airfoils in
wind tunnel it has been found that: the center of
pressure for an airfoil of the U.S3. 27 type 1s

a8 follows:

Ho Io --------- L X X X T X L Xk L R X 30
Je Fo crcrmccnccccceccecccncanas e==30
L. Io ------------------------ ---50

| (m) Load Pactors Hequired.
: In an airplane structure the load factor at
“low incidence should not be less than 3 nor should
the load factor for inverted flight be less than 2,
The low incidence load factor is usually taken aus
65 per cent of thguf;21dence value and that of 1in-
verte d

flight as 40 per cent of high incidence. Load

factor values then become:

Hoele 8/e65 wmcceceae- 4.5 Use 5.00
Then Lc Ic 51. 66 """"" Ll T 30 25
Io ).". 51.40 """"""" 2000

(n)*hatio of Chord to Beam Lift Component for U.S.
27 Airfoil at:

HoI. oce-ecoe- cocemececmenan—- 0.175
LoIo °°°°°° bk add ol ol od oot i hadeabdd 0015
Io po ---------------- Ldabdad St - 000

(o) Discussion on wing Loading.
Since there is no experimental data on the wing
the

tip of wing under consideration the usual procedure is

to analyze the forces &3 follows:

# Alexander Klemin, Airplane Stress Analysis p. 118.
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If the wing is of a monoplene type varying nelther in
rlan form or thickness and is externally braced so that
outer strut point is approximately one chord length from
the wing tip use the loading shown in Pig. 1.

Since the glider wing under question has the outer
strut point located 109 inches from wing tip and ‘go chord
length equalto 63 inches, it 1s commonly agreed that more
‘severe stress will be set up due to this fact than the
previous loading diagram would give. when the structure
is of such nature that strut point is at a distance greater
than one chord length from wing tip use the loading snown
in Pig. 2 to design the spar sections outbosrd of the outer
inflection point 1nfhe bay.

These locding conditions apply to a rectangular wing
structure but since in our case we have & negative rake

[
on the wing tip of 17.5. But according to Warner, alrplene

Tan ©0:="67% = 376

- S 3
) Tﬁy /:/j. J
8| e=/75°

Design unless the changing of tip form doesn't extend in-
wsrd more than one chord length from tip the 1ift increuse

and center of pressure change is so small it cun hardly be



given sny consideration. Therefore for stress analysis thae
slight negative rake will be neglected.

In summarizing the above loading‘conditions it can be
sald thet Fig. 1 loading is used in stress unalyzing the
members inboard of the outer point of inflection. . For
stresses outboard of this inflection point use Fig. 2 load-
ing. Por future reference call:

Case NO./===-= Fig. 1 loading
Case NQ.2----- 2 ®

Ir clarifying these loading condition it might be saiq,
whut is sctually done 1s to calculate an effective wing
which will naturally be smaller than the actual size due
to the fact thet some air pressure is lost by air slipping
off the wing tip. To transform this effective wing to the
actual wing we have the slope of load curve from W to O.5w
and 0.8W in Pig. 1 and Pig. 2 respectively. 4lso the ef-
fective wing 13 somewhat less in length than the actual

since it is deoreased 0.25L, and 0.10L, 1in Fig. 1 and 2
‘respectively.

Sinde the overhang from strut point to wing tip is
greater than one chord length (wing width) both cases 1
end 2 will have to be used.

C - WING LOADS

(a) Calculate pffective Semi-span S.

For case 1 ==~ §5,3 225-0.25X109 e=ceece-= 197.62 in.
n " 2 --= S :=225-0,10x63 «--cce-=- 218.90 ¢



(b) Dead Wweight of wings per lineal Inch

Ws2010/225X2 =-=ocmecacacaa-0.47 1b. per lineal in.

(c) Normal Gross Beam Load

Case 1 ; Wg= 555/(197.62x2)s1. 0 1b. per.lineal in.
Case 2 : W, - 555/(218,90x2)z1.27 * % * .

(d) Normal Net Load On Beam

Case 1
Case 2

W,
Wy

1040"0047 ----- 0095 lbo pel‘ lineal ino
102‘7-0047 """ 0080 f

o 8o

w it

(e) Check These Values

Case 1 1§ 2(0.93x197.62)4210 -cemmceme- 577.58 1b.
Case 2 : 2(0.80x218.90)4210 ~-=vee=ee= 560,00 "

These check values hro somewhat more than the actual.

gross load of 555 1b, but they produce more severe stresses

and are on the safe side. Therefore they will be used.

~(f) Celculated Chord Loads

. Case - 1 :
; -Beam lLoa&d Chord Chord Actual chord
Plight Per Lin, Beam Load pPer Load Load Per Lin.
Condition in. Ratio Lin. in. Factor In.
o HoIo 0095 -00175 -03175 5.00 i "00865
L.I. 0.93 0.15 0.140 325 - 0.458
I.P. 0.93 0.00 0.00 2.00 0.00
Dive ' 1.00 - 0.77

In a dive the net weight of plane would be distributed

along the chord and the load factor would be 1.

In the above table the dive chord load

(555-210)/ 225X2 ~vmececca= 0.77 1lb. per lin. in.

(g) Caleulated Distribution of Loads On the Spars
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Front spar takes x/yx100 s per cent
n " " Rear spar location-center of pressure

Hear spar location-front spar location

Rear spar takes x/yx100 = per cent

" . " Center pressure-front spar location
Rear spar location-front spar location

Then for Case 1 and 2 at H, I. and I. F.

Pront spar takes 70-50x100 -~ 69.93 o/o0

Rear spar takes ;g:%.g_g_xmo —ee- 30.07 /0

For L. I. Condition

Front spar takes ;g;%%.B x100 ---- 52.62 o/0

near spar takes 50-12.8 el B
70-12.8 x100 65.03 o/o

The above values represents the percentages of tne
load carried by each spar under the varies conditions.
The variation in the load on the spars is due to the
travel of the center of pressure toward the leading edge

of wing as the angle of incidence increases.



(h) Beam Loads Per Lineal Inch on Spars

«lbe

= Net Load o/o Car- Net Load
Flight Per 1in. Load ried by per Lin.
Condition Case Spar oOn Wing [Factor  Spar In,
H.I. l PFront 0.93 5.00 69,93 3.25
Rear 0.93 5.00 30.07 1.40
2 Pront 0.80 5.00 69,93 2.80
Rear 0.80 5.00 30.07 1.20
L.I. 1 Front 0,93 3.25 52,62 1.88
Rear 0.93 3,25 65,03 1.66
2 Pront 0.80 3.25 52,62 1.37
Rear 0.80 3.25 65.03 1.69
I.F. 1 Front 0093 2.00 69.93 '1.29
RO&I' 0093 2'00 30.07 ‘0056
2 Pront 0.80 2,00 69,93 -1.01
Rear 0080 2.30 30007 "0048
- Net load per in, = Column (4x5x6)
(1) Compute Moments, Shears and ieactions
Case No. 1 (Unit Loading)
/=1b F:cr Lrn I - N &
05 /5 ! g : | ’St ¢ éf wike | ’ W
N _"__—"T-—*—_!*—”’ ;,/‘g//;t of | | i ! $]
k ’ )3 ﬁﬁp//'c‘pt/b% ; : N
| l I L Y
| o . 3
. L { E f ‘ t N
| I S R~
t—_.,-__,m?.:’ e e ]
Y .
Semi-S,pan :L2LPL" ?ﬁ

/552 5
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By placing %unit loading of one pound per lineal inch
on spar

M,s (109x0.5x109/2) + (109x0.5/2x109/3)=3,960.33 in. 1b,

Me= 0

Shear right and left of reactions

V2109 X(0.54¢1)/2  —eccecmecmccccaaaoo-- 81.75 1b,

Vpr =3960.33/116 - 116X3 —cccoccmccmmeeeo -92.14 1b,
Ry2 Total =eecemcccccc e ccccaceas .- 173.89 "

V=116 x 4 - 3960.3:5/116 ................ 23.86 *

WO

(Check) K, + R,=173.89 + 23.86 = 81,75 + 116x1 = 197.75

Caée No. 2 ( Unit Loading)

/=15 FPer Lz i

I O B
o
il’

1 ! !
. |
 Sérvé & Wire
o/ n & OF

7, o, licaltror

/Tc/be/(/9e £d98

]
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~N — -
[N
i .
|
!
D
D

-— - — - — .~ - - — = = —————

Semi-S,pan: 225"

/’Qg é
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M, = 63x.8(46+463/2) + 0.2x63/2(46-63/3) + 46x1x46/2

.............. 5,452,25 in. 1b,

M,=0

Shear right and left of reactions.

V., 63 X(0.861)/2 + 46X] -mc-mecomcoaman 102.70 1b. -

Ve, = =5,452.25/116 = 116 X 3 =ccec-cec-e=- -105.00 "
R/=Total ecceccmcccaa-a- S —— 207.70 * ®

V =116 x 3 - 5452.25/116 R -=--co----=-- 11.00 *

Veo=0 .
Check R, + R,=207.70 + 11.00 = 102.7 + 116 =218.70 1b,

To obtain the actval bending moments, shear and re-
actions multiply the unit values just found by the loading

per lineal inch as shown in table under article (h).
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(j) Rose Dive Condition

Tar/ Force

JJ-” /j?”

.
| I

Front Srar Kear Separ Tar/ Fbst’4/1

/F(g, /
In the nose dive condition the three forces shown in
Fig. 1 keeps the structure i equilibrium. If we a&ssume

the loading on the front spar being the seme as for the

I.F. condition then:

SM=o0

137(K.S.) =172 (P.S.)
ﬁoSo = 1.255 (FoSo)
By using the worst loading on the front spar in I.F.

condition (Table II) the following results are obtained.

TABLE NO. IV

I.F. and Nose Dive
Nose Dive Rear Spar
(Front Spar) -1.205 FK.S.
case No. 1 Load /Lin. in., ~1.2° 1.568
M, -5108,83 6,257.32
= RI -224.32 274075
Rs 30,72 37.69
Case No. 2 Load/Lin. In. -1.01 1.24
M, -2,217.78 6,760.79
R, 209.78 257 .55

R, 11,11 13.64
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(k) Stresses In Tail Guide Wires,

(1) Top wires

!

/09" I8 P 787 1097
e it Il ettt vt v
AN

7 . /
Q Q:J Leor Srar
. of Wrng

1/

0 Oreoce
Wires

FF0 Lrace Wires
Urprper Longeron »

l fr19. 8
Us 22552 L 761 Fose
Calculate the force P on fin and rudder
Prome----c-- Sect. A(Art.b,1 and2)
Rudder 8red ««ccecccccccncrnnacnncac=- 1111.1 83-1!1.
Fin L e s 68400 "
Total vertical tail ares --=-=--- 1795.1 % "

sPorce on vertical surfaces 22.5 1b./sq. ft.
P =1795.1%22.5/144 =-memm-nmm=a-am-== 280,34 1b.

Area above upper longeron
5x26/2 39 SqQ. 11'.10

21x26 546 "
2x20 40 " "
Total ----- g6 "
44X = 232.55
X = 5.28 inches down from upper longeron 18 &

point where there is as much fin
and rudder area above &s below,
This i1s the point of application
for the force P on tail post.

w#ilexander Klemin, Airplane Stress Analysis p.202




o~ 2—U P, rcr Lonyeron

C
.2@1

e 28004 /b

l—2—70// Fost

172" 5
|

/1 72"

}_‘,

|, —2—Aower Aongeron

27U = 280.34x21.72
U = 280.34x21.72/27 _225.52 1b,
L =_54.82 1b.
- —-—3

Since the longeron 1s a flexitle beam tie slight
bending resistznce offered by the butt joint at trailing
edge of wing 1s neglected. The structure in Fig. 8 1is,
however, indeterminate; therefore, it will be investigut-
ed in the following manner,

Drop out wires No, 1 and 3 (Fig. &)
/ /30" a=8"

Y Y *j, 14'5q.
O — = RN N
r —_— “”12""_——“ . — Al 1 £
' U=22552 /6
rFig. 9

4
I=d/12 @?’12
Z0.2034 in”

2 r —2 —3°
A, = Fax _(17- X)_ 225,52x8x56(130 = 56%) _ v 65 1n.
X = SEIl 6x1 . 2X10° X0, 2034x1 30 n

Then solve for the horizontasl component at B, by

substituting into

2,4

AN - Ba" b
By = SEIl - 7.366x3x1.2x10 x0.2034x130 41.3 b
agbl (56%)‘-(73})‘ = lo 1 l .

(See Fig. 93
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L 4= 1207
- ]
e _ l 4 Fig. 9
azselt | bezi#” ]
( c {
R
{ N N kK
Yo | o]s
o\ N | e
A 4 BY—— Y
Bu=4t3//6 7
AN @ /
AN @ Ty
N
\iﬁ d L Fig. 10
\ / T\
A //UZf'
ﬂh&b g
U 22552 /6.y -
2Ye=0
130Ax - 41.31x56% - 225.52x138 = O
Ay —mcmcccmccececccccecmcm—cm—ma= 257.37 1b.
Ari(73.5/117.50)257 437 ==cecoccccacan 161.11 *
ZM4 =0
41.31x73.5 -'1500, 8x225.52 = 0
CH -------------------------------- 9.46 "
(Check) a1, 31 ¢ 225,52 weccoccea- 266.83 "

Force in wire No, 1 and &; #30 music wire

F.=(97 5/79.5)41.31 = 50.59 1b,
P =(134. 9/117 5)257.37 = 295,10 1b.

Stresses
S, = 50.59/005603 -c=au- - 1,005.7 1b./8q. in.
S5, = 295,1/.00503==~== 58,703.0 " * "

Maximum allowable stress 165,000 * * "
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(2) Lower wires
ﬁ Wing
{ _ﬁﬂ / §
/ [ Lower Longeror
A ]\x
/ .
\\ e §
LI y Gos”
9 | G B4
N Ay N\ Fig. 11
N fHor FPlarnc
o L5982 /6
aSsume no bending moment at B.
D Maz0
92.4Ay- 54.82x116.4=0
AN e n e n > et en G e R S W D D S B GO n e @ = 69'15 lb.
> Maz0
54.82x24 - 92,4B4=0
14.33 "
n
53.74 "
]

‘= (145.93%x69.15)/117.5 ~ec-eemmmmnaaa- -- 85.88 1b.

P -
Q = (28/145.93)x(145.93/117.5)x69.15 ==-== 16.48 "
P = (85.88 ¢ 16.48)F comcecmcaccccccacana- 87,45 "

Stress = P/A s 87.45/.00503 -~---17,400 1b./sq.in.
Allowable —-c-cccecw- 165,000 1b./sq.in.




(1) Stresses in wing struts
r£3
AP 116" A D
I Q) [
s b |
‘\ | ‘92}4-1/
Plg |2 |
4 oo o £ D
TABLE NO. V
Length and Components of Wing Struts
1 1 ! 1 1] ] 'L v - Hl
Member W. ' H Y. DY VU H ! ' =D Y

t 1
Front---(AC)145:116.0

1 1
Rear----(BD)145¢116.0

1

'
122,754 " 1

1 '

1t 0.012025113595,561

115620.561124,98

! ' '
1517.56116138.121127.04

Front L/V 124,98/45 2,777
Strut H/L 116.0 /124.98 0.933

Rear L/V 127.04/45 2.822

Struti/L 116.0

127.04 0,917

/L 0.0 /124.98 0.0 p/L 22.75/ 127.04 0.179
1}oads in Wing Struts - Spar and Draézgoads
Load~- Reac- Loud Axial Drag Loads
ing Con- tion In Strut Spar Loads

Hear

2 PFront

KRear

H.I.
L.IO
I.F.
N.D.
H.I'
L.I.
IIF.
N.D.

274,75
"224.32

243.45
340,82
-97.38
274,75

581.56
284,55
-209.78

249.24
3561.01
-99,69
257 .55

762,987
-623.61C

687.02T
961.79T
274,81C
775.347T

1614.997T
790, 20T
581.96C

703,36T
990.94T
g 281 . 320
726.,80T

711.77
581.837T

630.00C
881,.,96C
251.99T
710.99C

1506.89C
737, 26C
542.967T

644.98C
908.69C
257 .97T
665.26C

122.98
172.16
-49.19
138.79

0.00
"

125.90
177.27
"46.18
130.10




In the above table the front strut is in the same vert-
ical plane as the front spar therefore it causes no drag

load due to 1lift.
(1) From TABLE NO,V (Front Strut)

Greatest strut tension force =---cecaca--- 1614.99 1b.
S = 1614'99/001336 ------- - 12,052010 1bo/3q. 1n.
Allowable stress -------ec-- 55,000 "o "

Factor of Safety 55,000/12,081.1----4.57
Since thils is & long slender tube Euler's Formnla
will apply in the case of compression strength.
Greatest compression%orce ---------------- 623.61 1b,

P =C F1°E1/L*
C=1
B = 28x10°
1:0.02467
L:124.98

P = 1x x28x10°x0.02467/124.98
4,364.6 1b. ‘

Factor of Safety 4,364.6/623,61---- 7.02
(2) Check 3" strut pin for shear
v £(1614.59)/(0.5)x -- 8,210 1b./s4y. in.
Allowable = 35,000 " " "
Factor of Safety 35,000/8,210 = 4.26

(3) Check pin End of Tube for Shear and Bearing

: t=0035 rn
Fletteneo Lnd

S —

5 " rrn Hosle



Area of a 20 gage 13" 0.D. tube =--c-moeca-- 0.1336 sq. in.
Subtract 3" pin hole

Shear area = 0,133€ - (£x0.035x2) --- 0.0986 " "

v = 1614.95/2.0986 = 16,390 1b./sqy. 1in.

Allowable shear for mild carbon steel
equels --------- -- 45,000 " " "

Factor of safety =:45,000/16,390 ==w==-- -- 2,75
Bearing force =1614.99/4x2x0.035--46,200 1b./sq. in.
Allowable bearing stress = 90,000 " " "
Pactor of safety » 90,000/46,200 --eec--- 1.95

(4) Kear Strut

In discussing the rear strut let us consider the left
wing.: Refering to Fig. & there might be a time when left
rudder 1s used which would put wires No. 2 and the lower
tail brace iires in tension as calculated. However, to
find the worst tension force on the rear strut these forces
are considered zero because there might be a condition
where right rudder was used putting the right hand wires

in - ten&lon.

From TABLE NO V the greatest tensile force (rear strut)
equals -ceeewv-- -=- 990.94 1b.

Since this force 1s less than the force on front
strut and from the fact that both struts ure of the same
material and crossection the latter has a greater safeyy

factor in tension than the front strut.

I~



«lT =

In testing for compression strength, however, the ten-

sion in the lower tail brace wire produces a downward reac-

tion.
Q :16.48 lbo (830 SOOt.-C Arto k(ZJ -
P = 16.48xL/V = 16.48x2,822 --==a--Tn- - 46.51 1b.
Load in strut --- ccccccemeco--- 281,32 "
Total load in strut e-cccecccecce- R

This force 1s also less than the compressive force
solved for in the case of thé front strut. Therefore, no
futher investigation will be needed. A strut of iess
crossection could have been used here. In calculating the
forces in the struts no consideration was made for the
stresses taken by the two wires (a) and (b) Fig. 13. These
wires no doubt take some stress but in the event that they
would become slack or broken the struts should be so de-
signed to carry the load. The wing structure is consider-
ed a rigid structure;therefore, it is difficult to predist
what deflection if any takes place in the wing thus putting

stress in these wires,

D -INVESTIGATION OF INTERNAL WING STRUCTURES

(a) Truss Solution By The Method of Joints (Case No. 2)
Refering to Fig. 14 and starting at joint No. (11)
the following solution applies:

N 3%,

o 42, 81-(11-12) =
@ (11-12)---- 42. 81 1b. C.

228/ 2H=0

(11-9)-39/36xVert. (11-10)20

(11-9)-=--- 0.00
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Proceding to joint No.(12)

@

-22-8/

@

@

Sv=o0

42081 - V,‘, O

V,.o --=-- 42.81 1b.(ten.)
2H=0

H, - (10-12) = 0
H,:39/35V,.,39/36x42.861 =
47.56 1b

(10-12)--47.56 1b, (comp. )

The remainder of joints were solved in a similar

manner,

(b) Truss Solution For Case No. 1

If we solve tne wing truss for case No. 1 loédihg in

4 simil:r mznner to the solution of truss for case No.2

loading (Fig. 14, 15, 16, 17) we will obtain the necessary

information to solve for the maximum bending moment in-

board of the inflection point. The solution of truss for

cuse No. 1 yields the following values. Only those values

used are listed.

HO IO
Front (2 - 4) 335.85 1b.
Spar (4 - 6) 119.87 "
(6 - 8) -133.63 "
H.I.
Front (2 -4 ) -203.37 1b, Rear (1 - 3) 142.24 1b.
Spar (4 - 6) -142.24 " Spar (3 - 5} 118,83 "
(6 - 8) -133,05 (6 = 7) 118.83 *
L.I.
Front (2 - 4) 1081.26 1b. Rear (1 - 3)-1616.27 1b.
Spsr (4 - 6) 565.71 " spar (3 - 5)-1081.26 *
(6 - 8)

69.95 * (5 - 7) -565,71 "
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The truss for case No.l loading was not solved as com-
pletely as for csse No.2 because in checking the stresses
inboard of the inflection of the spars, we are interested
in the condition tretproduces tie greutest bending moment
under the case No. 1 loading as steted in Sect.-B Art.(o).

In case of the rear spar if we inspect TaBLE NO. V1l the con-

dition that will prcduce the greatest bending moment occurs
under H.I. . Therefore to be sure we will investigate as

shown inTABLE NO., V11l.

(c) Check Stresses In Truss Wires
(1) Drag wires (#30 music wire)
Prom Fi1g.(14,15,16,17) the greatest loaa occurs in

wire 2 - 3 (Fig. 17).

F = 753.4 1b,
Area(#30 wire) = (675§74)xn' -------- 0.00503 sq. in.
S*P/h = 753.4/0.00503 -~veue-= 149,780 1b./sq. in.
All0WED]le —wecmccccccccceccc=- 165,000 " ] n
Factor of safety =z165,000/149,780 ----= 1.01

(2) Anti-drag wires (#26 music wire)
F = 114.8 1b.

Area (#26 wire) (6.332/4)TT ---------- 0.0031 83. 1in,
S = P/A = 114.8/0.003) =cccacuae- 37,032 1b./sq. in.
Factor of safety =165,000/37,032 ------ 4.45

B - CHECK THE DESIGN OF THE WING SPAKS

(a) Spar Constants(Front Spar)

(1) Position of neutral axis;
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_ Nevira/ Aars

Jax I
"S8ince the top and bottom »€ flunges are identical the

neutral axis occurs at’center as shown. -

(2) Moment of 1nertla:

I(flanges) = 2 ﬁ)+ (R)x(z. 625}--7 961 1in,
I (webs) = Bffxlgii ceemeecle~ 3,375 "
I(total) =ee-=cem RN . . +.:
/1 = 3/11.336 eececaca- et 0.265
Area = $x3 + 6x3/32 --v-- B LT T --1,688 8q.1n.
At strut point and fuseluge (spar solid)
1 s 1/12x x(sr’ mememmeeeaieceeccomen 13.5 4in.
= 3/13.5  ----a- wmeccmmccccan SR 0.222
Area = §xs mececmccermcanccccc——- 4.5 8q. in.
b) Spar Constants (rear - R e
(b) Spa on 8 (rea spar)A } égéjgr Py
I =1/12x¥x(4.5)" = 5.63 2
y/13(2 1/8)/5.63 = 0.377 41
Area = 2x = 3.185 sq. 1in. J%J

(¢) Axial Load On Spars (In vey)

Case No, 1 -
TABLE NO., V1l

Average Due to

Flight Spar Due to Due to Tail . Total

Condition Dra Lift Wires
H.T. Front  107. -1484.23 -1624.7%
Rear -323.52 -630.,00 -122.98 . 626.35
H.I. Front -159.55 -1464.24 -1624,79
Rear 126.63 ~830.00 -122,98 -626.35
L.I, Front 571.64 -711.77 . «140.13

Rear -1087.72 -881.96 -172,16 -2141.84
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Case No. 2
TABLE NO, Vil
Aversage Due to :
Flight  Spar Due to Due to Tail Total
- Condition __Drag _Lift wires
H.1. Front 111.15 -1506.89 -1305.74
(Fig. 14) Rear -330.34 -644,98 -326,52 -1301.84
# H.I. Pront -154.17 -1506.89 -1661.06
(Fig. 15) Rear 122.39 -644.98 -41.31 -563.50
L.I. Front  561.72 -737.26 -165.54
Rear =1066.67 -908.69 =326,52 -2301.38
N.D. Front 623,40 542,96 1166.36
Rear -1150.61 -665.29 -326,52 -2142,42

Average axial spar load due to drag in TABLE NO.V1l

(See Sect.-D, Art. (b)

Average axial spar load due to drag in TABLE NO.V1lll

(See Fig. 14,15,16,and 17)
Axial load due to 1ift (See TABLE NOQ. V)
Axial load due to tail wires (See Sect.-C, Art. k)
# In this particular flight condition the tail brace wire
No. (1) Pig. 10 produces &,axial spar load as shown at the

second panel point.

(d) Determining the OQuter Point of Inflection
By referring to B8ect.-C, Art.(i) it becomes obvious
that the outer point of inflection is determined by case
No. 1 loading because N, 1s less than in case No. 2. 4Also
the loads are larger per inch in case No. 1 thus reducing
the moment to zero sooner in the bay.
Point of inflection equals:

Me= M, ¢ Vp, x + wX/2 =0
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FProm Sect.-C, Art. (1)
M, =—c-mcceccememmm————— - 3,960.33 in. 1b,
Vf, e s e e e e s e S o - -92014 le
w o w oo -- - - - omeoe- 1000 "
3,960.33 - (-92.14X) - X/2:=0

2

= 68.88 or 116.00
—em—

X
X

This formula neglects the effect of axial loading on
the spar but for the purpose of determining the inflection
point the above val@es are accurate enough,

(e) Determining the Maximum Moments in Bay

Bearm 4000’/'/79

Maximum Moment

ron FPornt '~ Bq‘/

\_L.:/

Bending Moment Driagram

Inbocrd of /nf/ect-







ST -

By inspection we can readily see that the wing beams
are not simple supported, but have a bending moment at
the strut point and also a uniform plus axisl loading;:
therefore, to determine the maximum bending moment in
the bay of beam the precise moment equation will be made
use of, Calling strut point No. 1 and the point where
wing is fastened to fuselage No. 2 then the moment between
these two points can be found from equations:

(1)*5‘,21:_242%%;E£1_ sin x/j + D, cos x/§ + w3”®
sin 1/J

' t

D=M -'j;e
D= MN-Ww
j = (EI/P)4

*

(2) Tan x/§j _ D, - Dgcos %{]
D, 8ln

*
(3) Maximum moment between points 1 and 2

M,.,= D sec x/j + wj*®
] '

%With these flormulae in mind we will proceed, vwe solve

for the maximum moments in the following tables.

# Niles and Newell, Airplane Structures p. 201.
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In the TABLES X and X1 when the moments were plus

this indecates that there 1s no inflection point. If we
solve for (x),the distance from strut point to point of
maximum moment,end this is found to be a value greater
than (L), the length from strut point to fuselage,then
this indicates that M, at the strut point is the worst
moment. Thus:

In TABLE NO. XI under rear spar H.I.

Tan x/j= =19.733
x/j = 92.9 = 92,9/57.3 =1.621(radians)
x = 1.621x72.03 = 116.6 in.
which 14 greater than L (116.0 in,)
If we were to choose some point outboard of the strut
point it cen be very easlly seen that the axial force as
well as bending moment on spar would become less and enable
one to design the spar with a smaller crossection as the
section becomes nearer to the wing tip. However, since
the spars are of the same crossection throughout in this
case there is no need to check the forces outboard of the

strut point.




CONCLUSION

In working through this problem in stress anaylsis the
forces in the ribs at panel points were solved for in the
solution of truss but no mention was made of as to what the
allowable stresses are, The strength of the ribs in a wing
structure are not computed mathematically but are tested in
a mechanical jig. However, in our case the forces in ribs
are not severe as can be seen in Fig. 17. The worst com-
pressive stress being 503.19 pounds.

An inspection of the results found in this thesis re-
v:gﬁ% none of the members of the wing structure are over-
stressed. On the contrary most of the members have & high
factor of safety. Some of the safety factors are as high
as 4 or 5. The design could perhaps be made more conserv-
ative but this would not be recommended since this glider
is intended to be built by the average alrminded person
who in most instances would have no means of testing the
structure or material, an operation which would be neces-
sary if one W% to édhere to the 1.5 safety factor which
i3 used in some aircraft design. Furthermore in a glider
of this nature we are not as much interested in attaining
high speeas as we are in reliability under rough usage.

This thesis does not go into any great detail in the
application of aerodynamic principles,but I have merely
8pplied some of the fundamentals to one of the simpler

type of aircraft design.
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