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In the wake of last year’s fatal Kelly D accident at 6t
Poplar Grove, speculations came up about the structural;
integrity of the design. Since | had already performed, |
a structural analysis of the Hatz biplane [1], | offered sl
to take a look at the Kelly D structure. | received a set
of plans soon thereafter and went to work. A vacation,” |
moving to a new home and various other commitments' 7*s.~.
kept me from getting results any sooner. 0

The whole analysis was performed using Sl units and +
these are in general also used in this report. A convert; |
sion table between Sl and American units is given at the, |
end. nl

The analysis starts with the definition of the flight en--
velope (see also [1]). The airplane performance and ) _
specifications (table 1) together with the requirements Figure 1: Flight envelope for Kelly D biplane
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Wing span 26 ft 79m

Wing area 202.8f 18.8nt nents (spars, wires, interplane struts,...) are then calcu-
Gross weight 1600 Ibs 725 kg lated for all loadcases. Figure 3 shows the bending mo-
Top speed 127 mph 204 km/h ments in the upper front and rear spars for loadcase C.
Cruise speed 90 mph 145 km/h This loadcase is found to be the most critical for the di-
Stallspeed ~ 45mph  72.4km/h mensioning of the wing spars (this is also true for the

Hatz). The critical section of the spar is just inboard
of the interplane strut-attachment where the maximum
bending moment is superposed to a compression load

of FAR Part 23 [2] yield the flight envelope shown inFN due to the flying wires. The numerical values of the

. ; " . maximal bending momenl, and the normal forcéy
figure 1. The maximum positive maneuvering load fa%— given in table 2

toris as.sumed tobe4.4g. Itcan be seen that for poin ven though the.KeIIy D and the Hatz are similar in
of the flight envelope the load factor is higher (4.68 ggi e and performance the loads in the spars differ, the
This value is the result of the gust load requirements 0 f

FAR 23. As we will see later this loadcase is the mogaaxmum in the fr_oqt spar .belng conS|derany higher
o ; or the Kelly D. This is due in part to the higher max-
critical one for the wing structure.

imal g-force (n=4.68 versus n=4.56) but mainly to the

For all points (SACDEFG) of the flight envelope the,. : ; :
loads in the structure must be calculated. The lift distﬁjjfferences in the geometry (wing spans, no center sec

bution is shown in figure 2 together with the one for thgayiy used for the Hatz analysis was discovered. For critical com-

Hatz!. The loads and moments in all the wing comp@onents the corrected distribution yields generally lower loads. The
wrong distribution was thus conservative and the conclusions drawn
1During the present analysis an error in the lift distribution origat the time are still valid.

Table 1: Specification of Kelly D biplane




Kelly D Hatz
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Figure 2: Lift distribution on top and lower wing of Z = A=2316 mnd
KellyD (left) and Hatz (right) € 2777-10° mnt* 1 72 - 2898163 mntt

Figure 4: Geometry of front spars. Kelly D at left and
Hatz at right

Q00

1500 + — R

1000+ B
T 500 | the spar is almost the same size, actually even slightly
Z o | ; | smaller. The maximum stress in the critical section is:
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Figure 3: Bending moment distribution on front ang™ 2316 2898 10° 2

rear spar of Kelly D wing for loadcase C These numbers must now be compared to the allow-

able stress values in the wood. These are found for ex-
ample in ANC-18 [3]. For spruce with a 15% moisture

tion for the Kelly D). content we get the values shown in table 3. FAR 23 re-
From a structural point of view the maximum stress
in a given cross section of the spar is of interest. Thisis Fiber stress at Fop =5300 psi
obtained by the following formula: proportionality limit =36.5 N/mri
Fv Mp h Modulus of rupture F,, =9400 psi

Omax= "+ 75 = 64.8 N/mn#t

F is the load in the direction of the spak,the cross

section of the spaiy, the bending moment,the mo- Table 3: Allowable stress in spruce spars with 15%

ment of inertia andh the height of the spar. The valuesnoisture content under bending loads

of A andl for the Kelly D and the Hatz front spars are

given in figure 4. quires the structure to support the limit loads (the max-
Even though the loads which have to be carried iyium loads expected) without permanent deformation.

the Kelly D front spar are higher than those of the HatZherefore the stress in the spars must be compared to

the value off,p. We define the safety margin for limit

loadcaseC KelyD Hatz loads as: o

bending moment (Nm) 1411 979 MSimit = e
normal force (N) 8202 6233

-1

max

A negative value ofMS indicates an insufficiently
Table 2: Maximum bending moments and normatrong structure. The ultimate load is obtained by multi-
forces in front spar of upper wing for the Kelly D andgplying the limit load by a factor of 1.5. According to the
Hatz biplanes regulations the structure must be able to withstand ulti-
mate loads without failure for 3 seconds (FAR23.305b).



Therefore the margin of safety for ultimate loads is: 190 1

Fou

15 * Gmax -

|
\{

M Sqltimate =

138.0

The safety margins thus obtained are given in table 4.
Although all values oM Sare positive, this is just barely

MSimit MSutimate loadcase
KelyD 0.06 0.26 C (n=4.68)
Hatz 0.57 0.85 C (n=4.56)

_ - Figure 5: Strengthened Kelly D top front spar
Table 4: Safety margins for top front spar at critical

section (inboard of interplane strut)

without too much trouble. The maximum stress

true in the case df1Simi: for the Kelly D. If one further and the safety margin are then:
considers the variability of the wood itself (ANC-18
lists a decreased value Bf,=4200 psi = 28.9 N/mm Omax = 8202  1411-10° . @
for spruce with 20% moisture content) and other un- 2630 4161.10° 2
certainties, a value d¥1Sjmit = 0.06 is in my opinion MSiimit = 0.26

clearly insufficient.

The analysis didn’t take into account the plywood For either solution | would also extend the 1/4” ply-
doublers which are present in the area and contribi{eod doublers on bay inboard and outboard. It is im-
to the strength of the spar. On the other hand, the ad@@rtant to use high quality 5-ply birch plywood and
tional weakening due to the bolt holes was not consit® bevel it generously. The face grain of the plywood
ered either. should run parallel to the spar.

What does all this mean in practice? The spar of the
Kelly D built per plans using good quality wood an
workmanship will just barely satisfy the structural rjReferenceS
qguirements of FAR 23. For airplanes already built,
would therefore strongly suggest:

= 26.6 N/mn?

[i] J.Muller; ’Structural analysis of the Hatz Air-
planes’, AHA Newsletter Vol. 9, No. 4, December

e not to perform any aerobatic maneuvers 2000

e to limit the maximum take-off weight to 1400 Ibs[2] Federal Aviation Regulations, Part 23, 'Airworthi-

instead of 1600 Ibs. In that case the safety margin ness Standards: Normal, Utility, and Aerobatic Cat-
becomedMSimi = 0.2 egory Aircraft’, Federal Aviation Administration

anonymous; 'Design of Wood Aircraft Structures’;
ANC-18 Bulletin, Governement Printing Office,
June 1951

For new airplanes the following structural improve[—3]
ments are suggested:

e Use stronger wood for the upper front spars. Dou-

glas fir is on the average about 10% strong :
(Fop=5900 psi = 40 N/mrf) than spruce. Keeping%r;onverSIon table

the dimensions of the spar the same, this yields & tiply by  to obtain
safety margin oM Simit = 40/34.2— 1=0.17. Newton [N] 0.2248 pounds force [Ibf]
meter [m] 3.281 feet[ft]

e The preferred solution would be to increase theInch fin] 254 milimeter [mm]
height of the front spar (fig. 5). Since the origi- .

nal design already has ribs which are joined at th(?\”m P ](_)475352 Ibf.ft
spar (not like the Hatz where a capstrip runs over ;;1 1 6693 T(?;/h

the spar), this modification could be impIementedrn




