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SUMMARY

This report presents the results of the weight and balance
determination done for an Airmass Incorporated Sunburst Model 'C'
ultralight. The tests were done at the University of Kansas Aerospace
Engineering hangar facilities at the Lawrence Municipal Airport in
Lawrence, Kansas. The weight and balance determination encompassed

* finding weight and C.G. of each component

* determining the center of gravity of the ultralight
in an X,Y,Z reference plane

* calculating the mass moments and products of

inertia (Ixx’ Iyy’ Izz, Ixy’ Ixz’ Izy)'

The above relatioﬁs were calculated for various pilot weights
and fuel loadings. The fuel varied from empty to five gallons (31.05 1lbs),
and the pilots ranged from 90 to 260 pounds. The weighings of components
total 277,48 1lbs (no ritot and no fuel). The centers of gravity and
inertias of the empty vehicle are listed below:

Center of Gravity
Xc.g. = 43@73 % MGC, 110.02 in. from reference
(c = 50,34 in.)

= 233,77 in. from reference

Yc g
cog = 58,91 in. from reference
Moments of Inertia
I, = 303.9 slugs=ft.?
= 16.4 slugs=ft.2
= 352,3 slugs=ft.?
= 3.2 slugs=ft.?

= =0,43 slugs-ft.?2

I
yy
zz

Xy
Xz

zy
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1.0 INTRODUCTION

This report will address the weigiit and balance analysis of an
ultralight airecraft, shown in Figures l.l=1.4.

In recent years inflation, labor costs, complexity, and government
regulations have driven up the cost of privately owned single engine
general aviation aircraft. Previously, many of these airplanes had .
been used for recreational, or nonessential, use; but recently the '
cost has driven such users out of the market, Home=built aircraft
have absorbed some of this market, but the time and inconvenience in
construction have dampened its development. Enter: the ultralight
aircraft,

Originally, the ultralight was a powered derivative ¢f a hang=-
glider; but it has evolved into a more complex aircraft of many bizarrre
configurations. Currently the Federal Aviation Administration (FAA)
has few regulations that apply to this class of airplans, one exception
being a 254 pound empty weignt limit. The receiit »com {a this industry
has gotten the attention of the Federal government and, namely, the FAA.

This interest has been aroused by numerous fatal accidents that might

have been avoided if some safety regulations had applied. The National

Aeronautics and Space Administration (NASA) has, in response to this

concern, granted the University of Kansas Center for Research, Incorporated,

a contract to conduct tests and analyses of a typical ultralight aircraft '
to gain a better understanding of its characteristics and of the
technologies used.

The Center for Research, Inc. (CRINC), in turn obtained a Sunburst
Model 'C' ultralight from Airmass, Incorporated, in Olathe, Kansas. !
Currently a three-year research program is planned. This program will '
involve the fellowing analyses:

* power plant test and analysis
(Report # KU-FRL-6135-1, dd October 1983)
* weight and balance
(this report, # KU=-FRL-6135-2, dd December 1983)

1.1



drag analysis

(Report # KU=FRL-6135-3, dd December 1983)
description of the assembly in process

(Report # KU~FRL=-6135-4, dd Deccmber 1983)
gtability and control

(Report j# KU-FRL-A135-5, planned dd February 1984)
load analysis

(Report ## KU~FRL-6135-6, planned dd February 1984)
stress analysis .
(Repore # KU=-FRL=-6135-7, planned dd February 1984)
nondestructive loads testing

(Report # KU~FRL-6135-8, planned dd April 1984)
flight test and analysis

(Report ## KU=FRL-6135-9, planned dd August 1984).

1.2
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2,0 METHODS IMPLEMENTED

To complete the specified goal of this weight and balance
document, each individual component had to be weighed and its center
of gravity determined relative to some reference axis system. This
was necessary to determine the ultral;ght's center of gravity (C.G.),

its mass moments of inertia, and the products of inertia.

2.1 WEIGHINGS
All weighirigs were done at the University of Kansas Department

of Physics on a combination of two scales, The components that
weighed less than two pounds were weighed on a triple-beam balaiuce,
while the items that weighed more were done on a larger scale.

The triple-beam balances measured the mass of each item, which
then had to be converted into pounds-weight. Each item was marked
with a part number and a2 C.C. was determined. The center of gravity
of esch item was found by placing the component on a knife-edged
support and adjusting until a satisfactory balance point was found.
The balance point was assumed to be the center of gravity and was
marked accordingly. The typical marking convention for part number
and C.G. location is shown in Figure 2.1.1. The only exception to
this was the C.G. determination of the wing skin. To find its C.G.,

a rid was assumed to simulate the actual cross section of the airfoil.

Using this reference rib (located halfway outboard on the wing), the
underside of the airfoil was assumed to be a straight line from the

leading edge to the trailing edge of the rib location; the center of
gravity was chosen to be located halfway between the upper and lower

skin surface, and half the distance of the upper and lower rib lengths

aft of the leading edge (see Figure 2.1.3).

After marking and identifying of all the components, the ultralight
was assembled. Upon completion of assembly, many parts were left over
and determined to be superfluous. The parts list that was compiled for.
the ultralight includes only those items which were used for assembly.

The compiled parts list is given in Appendix B, Table B-2.

2.1
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An error analysis was performed for the weighings and the results
| are presented in Chapter 2.4; this analysis is critical because the
weighing results will later be used to calculate the aircraft weight,

| C.G., and inertias.

\

Figure 2.1.1 The typical marking convention for components.

Wing Skin
C.C. Location

Figure 2.1.2 Wing skin C.G. location and reference rib.

2.2
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2.2 MATERIALS

The majority of the structure on’the Sunburst ultralight was

made up of anodized aluminum tubing, as is the case on most ultralights.
I was observed that the mixer assembly and wing spar tubes were not
anodized. The aluminum used for these components was 6061-T6 stock
(.049" and .058'" thick) which was pre-cuvt,bent, drilled, and processed
upon arrival from Airmass Incorporated( the only exception to this was
that the upper and lower boom tubes which had to be drilled in accor-
dance with the Assembly Manual, Reference 1). Other materials used

were:

*

3/32" and 1/8" plastic coated stainless steel cable
( the upper flying wires were not coated)
* AN-aircraft grade standard hardware
( bolts, lock-nuts, washers)
* 3.9 ounce stabilized dacron wing and tail fabric
* propeller-54'x27" laﬁinated 2 ply birch wood
* fiberglas bucket seat
* two large, one small fiber spoked wheels
*

assorted plastic caps,plugs,saddles,and spacers

The actual manufacture's specification sheet for the ultralight is

shown in Figure 2.2.1.

2.3
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SUNBURST

The ultralight aircraft desisned for the discriminating pilot who
demands the best in aluminum altoy and dacron design,

Controls

Atruly three axis design incorporating coordinatec controls with stick
anel rudder inputs thru a mixer operated inverted Vitail and wing
mounted spoilers.

Structure

Buik with top quality aircraft hardware and components. R's
trisnguiated main frame, substantial wing spars and rugged suspended
{andiing gear give notice the Sunburst's element of structural integrity, In
fact, the entire structure has been overbuiit and designed for the con-
tainment and safety of the piict. Steerable nose gear and large dliameter
wheels facilitate the Sunburst’s use in an all terra.n environment.

*

Power System

A strong and reliable twin cylinder 430CC Cuyuna engine developing
0N, is the heart of the Sunburst power system., K features dual CDI ig-
nition, forced air cooling and mid-air restanting capabilities. The power
system package with smooth plaretary gear reduction gdrive~tuming a
54" x 27" laminated hard wood propelier provides 3 powcr and con-
fidence unparalieled by others in its class,

Performance
The Sunburst’s impressive ground handling abilities along with its
quick take off and rapid rate of clime allows its use in a wide variety of

—AiIRMAYS

Wb lown. ai el ASUR GEN 8 WTEIN

'aperating conditions. Once aloft, you experience the responsive con-

trols and its wide range of speeds and soring Capabilities. Salls are
mild and are preceded by a gentie warning, The Sunburst has spirel
stability and will not enter a stabilized flat spin condition. Landing is
effected by property setting the throttie to fly the Sunburst on the run-
way & 8 minimum cruising speed.

Comfort
Lonarange uphoistered comfortis providedby afive point suspended

bucket seat adjustable to arangetilt and leglength positions,

Adjustable rudder pedais also improve the pilots comfort settings, The

throttie and control stick are located in natural low fatigue positions to

further erihance the ease of operaticn,

Finish

Bright biue anodized tubing, black coated stainless steel catiles and
color coordinated wheels and wind coverings combine to convey an
elegant finish.

Overall; the performance, quality, comfort and finish are only hints
that the Sunburst is the ultimate personal flying machine designed to
give the pilot what he needs, the exhilaration and ease of ultralight
flight,

STANDARD FEATURES

Tubing 6061-T6 bright biue anodized aluminum tubing, cut,
bent, driled and processed. Ready for assernbly,

Hardware AN-aircraft grade hardware and fittings.

Cables 3/32" and 1/8" black coated striniess sieel cables, fac.
tory pre-swagged on jig. ,

Wing 36' span, 156 sq. ft., 8,3 aspect ratio, 4’4" chord, dou-
bie surfsced.

Wing 3.9 oz, stabilized dacron; wmg coverings are precision

Coverings sewn and are ready for mounting, Ten standard color

schemes, Custom wing color schemes available.

Engine. Cuyuna 430cc, 30tp, 2 cycle, recoil starter, quiet
multichambered mutfier, feiced air cooling ang duat
CDi ignition—factory assembied components ready to

bok on, ‘
Drive Inline 2:1 ratio planetary gear reduction drive factory
Train assembied ready to bolt on,
Propeiier Drive shaft driven, pusher mounted, 54''x 27"
larinated 12 ply birch,
Carriage Uphoistered fibergiass bucket seat with five point
Assembly  suspended comfort adjustment system, positive reten-

tion shoulder harness, large diameter fiber spoked
wheels, with shock cord suspensién system. Wheeis
available in red, biue, yeliow or biack,

Figure 2.2.1
Sunburst Model'C',

2.4

DIMENSIONS  Height 9ft. Length 16ft. Width 36ft
PERFORMANCE SPECIFICATIONS

WNE (never exceed speed) 60 m.p.h,

Cruise Speed 35-50 m.p.h.

Sall speen 8mp.h

Glide ratio 1071

Takeoff distance 75100

tanding distance 50'-100'

Rate of climb 800fp.m.

Fuel flow 1,69.p.h

Fuei capacity S galions

“ Endurance 3 hours

Averzge range 100 nautical miles

Empty weight 240 pounds

Wing loading 2.8 1bs. @ 170 1b. pilot w/S gal. fuel
Pilot Weight range 90-260 pouncs

OPTIONAL TQUIPMENT

instruments: Others:

Air speed indicator Storage bags

Altimeter Pontoons

Variometer Parachute system .
Tachometer Wheel broke

EGT Front fender

CHT Wheei parts

Instrument pod AG spraying system

2way radio Strobe light

Manufacturer's ultralight specifications listirig for the

L
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2.3 CALCULATIONS

2.3.1 LOCATING COMPONENTS IN A REFERENCE AXIS SYSTEM

To determine the center of gravity and moments of inertia the
location of each componentlhad to be referenced to an axis system.
Because no technical drawings could be obtained from the manufacturer,
these locations had to be determined by measurements. These measure-~
ments were taken relative to a reference axis that was arbitrarily
chosen ¢o be 'off' the aircraft to allow possible future test modifi-
cations to remain within the current axis system. The ultimate
goal was to have the X,Y, and Z coordinate for each component. The

coordinate system is shown in Figure 2.3.1 and in Figures 1.2, 1.3,
and 1l.4.

COMPONENT z
C.G. #
o1y |
ZDIRM ' Y
I |
! /‘K
\g HDIST ‘
X € P 1 -,. ;
Figure 2.3.1 Measurement reference axis system for establishing X, i

Y, and Z coordinates.

The coordinates were found by using a vertical measurement tool, §
tape measure, plumb-bob, and transit( Figure 2.3.2). The measurements ;
taken were (Figure 2.3.3): Ik

* vertical distance
* horizontal distance to plumb-line
* hoizontal angle from reference axis using the transit

2.5
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Tool 7

.
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Figure 2.3.2 Distance measurements being taken using

vertical distance tool, plumb line, and
tape measure.
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The measurements, or raw data, taken are listed in Table A~1,
Appendix A. The measurements are assumed to be accurate, or were
read, to the nearust 1/8 inch and the angle to the nearest 10 minutes.
The errors in these measurements and their effects are discussed in
Section 2,4,

Once the measurements had been taken, the data were reduced to the
reference coordinates desired. This was accomplished using a computer
program subroutine that converted thesz raw data into usable material.
The data taken, vertical height (Z-DIR), horizontal distance (HDIST),
and horizontal angle (PSI) were reduced to X, Y, and Z coordinates
as fpllows:

X = HDIST x COS(PSI)

ref

Yref « HDIST x COS(PSI)

Zoog is measured as vertical height, Z-DIR.

These reference coordinates are listed in Table 2.3.1l. With these

data, the C.G. and moments of inertia can be calculated.

2.7
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Table 2.3.1 Reference coordinates for each component according to part
number (583 components including pilot and fuel).

THIS FILE COORD CONTAINS X,Y,AND Z COORDINATES
UHERE ¥ AND Z MRE CALCULATEL

17N AREF REF IRET UE 1GHTCLDS.)
u6-62 9%.445 18,087 90.250 237600
ANG-24R 2F,2T 86,172 16.071 90.250 ,054590
EC-9 17.717 13.466 90.620 012790
U6-87 105.500 15.447 88.873 1,146000
€Cc-9 118.647 15.262 87.8735 0127390
ANG-24A 3T 117.564 15.833 07.375 052380
u6-63 116.899 17,825 87.750 218500
NC-51 136 .641 21.031 85.250 .007253
N6-66 112.368 35.609 87.875 +235900
u6-31 118,351 56.451 85.500 2.354000
N6-31 §6.251 35.841 87.250 2.354000
. ANG-30A 27 86.033 78.367 03 .623% 057180
N6-33 §6.033 70.367 83.62% 005952
u6-52 91.412 91.360 85.375 0486170
ANG-14A 1T 91.412 ° 81.360 85.375 °  .031670
cs-38 95.051 81.101 85.373% 014770
U6-93 8 94 94,087 18.251 85.250 281000
u6-41 96.493 84.861 84.500 .288500
u6-11 112.257 17.876 84.625 023530
AN3-16A 2F 142.694 17.684 83.730 .0263170
ANgG-144 1T 113,032 17.192 83.07% 031670
u6-%3 113.367 76.698 83.87% 048677
ANG-26R 2F 115,389 76.374 83.815 056790
ANG-24A 2F . 115.702 16.381 84.000 053260
u6-66 108.195 86.063 93.625 233900
U6-33 116 .426 117.447 $0.750 2.115000
u6-33 85.15% 117.207 82.000 2.115000
ue-51 90,222 124.958 80.373 215000
i u6-517 90.222 124,958 80.37% 215040
U6-66 109,208 122.015 80,6235 253900
U6-335 83.300 158.221 75.625 005952
ANG-30A 3F 85.355 150.192 18.623 059380
, U6-53 86.513 155.562 10.625 .04867%
ANd-140 1T 86.513 155.562 178.500 031670
u6-46 105.013 154.690 17.500 .278300
U6-66 108,692 155.230 79.750 255900
ANG-144 17 112.7%9 156.172 17.375 031670
ANG-244 1T 86.7157 155.426 18,625 069730
u6-93 91.672 153,599 78.250 .268300
U6-53 114.340 155.404 17.250 048670
ANg-26A 2F * 116 .069 157.317 77.37% - 056790
ANG-24A 2F 116.436 157.355 17.378 053260
U6-97 117.655 156.134 77.250 065480
AN4-17S TFITUR 117.655 136.134 77.230 050500
cs-40 118.706 134.978 19.500 .343800
u6-750 12 452 190.433 54.125 687500
u6-56 100.087 193.666 74.315 .200000
u6-92 100.007 193.566 14.315 812500
u6-66 107.663 1008.984 76 .500 235900
u6-21 115.038 189.517 74.000 2.330000
u6-27 05.275 189.305 76.250 2.380000
U6-66 109.963 222.985 14.090 .255900

2.8



Table 2.3.1 continued

1TEN

AN3-TA ST
AN3-TR ST
€5-33
€5-42
ANS-12% 5F
€s-32

AN3-24R 1T2r
AN3-260 1T2F

aex
ANd-240 1F1T
2

3

ANG-24A 3F
U6-62
ue-07 °
EC-9
ANG-24A 3F
Ue-§3
HC-57
UG-66
H6-317
N6-31
U6-35
ANG-30M 2F
H6-53
ANd-14R 1T
U6-33
¢s-38
u6-43
46-11
AN3-16R 2F
ANd-144 1T
U6-53
ANgG-24A 2F
ANG-25A 2F
U6-66
H6-57
u6-57
H6-33
U6-33
uG-66
U6-§6
u6-35
AN4-30A 1F
U6-53

ANd-144 1T
u6-93

ANG-26A 2F

BREF

113.503
118.826
114.606
114,164
114,184
113.925
113.839
114.606
115.130
115859
96.106
941106
104.368
105.414
96.759
86.595
86.510
105 .14
119.200
118.440

118 5617
136.079
110,582
116.144

117.549
118.305
111 .476
102,302
102.302
05.662
118.122
110.751
1:0.308

117.213

ORIGINAL PAGE 9%

OF POOR QUALITY

WREF

225,971
235,747
221,375
226.048
226,048
225.338
226,641
221,315
229,210
230,682
221.901
227,98
117,749
169.017
433.526
452,667
450.519
*'429.698
453,061
451.413
451,956
449,069
415.020
412,021
414.124
377,100
311.217
393,185
393,185
308.301
387,764
389.216
390,581
390.581
391.272
383.297
388.611
380,904
382,460
349,449
349,849
348,759
351,359
347.661
314.464
311,990
311,135
309.047
309,36
307.930
306.933
311.021
310,859
308.081
308,081

2.9

Iner
66,375

17.250

BLIGHTCLOS )

020760
020780
1073520
008596
,062090
047350
032730
.032730
315900
052160
100300
053260

056790

.

T



ORIGINAL PAGE 6
OF POOR QUALITY

Table 2.3.1 continued

ITEN XREF WEF ner WEIGHTCLDS.)
ANG-176 IFITUR 119,445 308,429 76,150 .U50504
ye-2 05,120 277.434 16500  7.330000
WG 92 101,057  272.156 14,500 912500
4G 56 101,057  272.756 14..500 .200000
NG-86 05,627  205.95% 16 .500 .255900
WG-21 116,35  276.383 74,875 2.330000
UG-66 110.225  247.511 14.900 ,255900
11 6.539 238,802 73.375 -100309
ANG-204 2F 06.539 238,803 13.315 053260
‘IR 117371 237.172 74 .000 .100300
ANG-240 2F 161,725  326.191 71,000 1053260
£5-39 117.613  335.460 79.500 .343000
UG-15 172,239  2715.951 85625 687500
H6-14 106.479  302.031 $3.315 .562500
46-12 105.022  209.801 94.500 412500
U6-283 100,200  239.019 9.750  3.660000
AN3ES-524 109.091  234.807 117.075 011270
ANG-54, 1T 01.838  .232.783 14.375 .155000
uG-13 81.351  232.95¢ 13.625 075620
UG-8 02.516  231.3%0 73.315 -103600
UG-9 03.621  237.19? 13.315 .103600
ANd=268 2F 91,096  231.188 72,000 056790
ANG-26R 2F 92.425  230.586 71.815 1056750
ANG-24) 2F 01,593 230.358 73.000 053260
ANG-290 2F 00,197  229.650 14.12 053260
ANG-26R oF 82.662  230.235 74,050 1053260
ANG-28A 2F 85.167  231.053 13.250 .058290
Akd-2A af 25,478  232.104 13.750 .058290
ANG-25 95.189  233.043 13.315 .952970
ANa. 578 2Fun 82.783  233.115 16.000 .051630
€5-28 83.110  233.660 76..000 000661
€s-28 82,457  233.091 76,000 .000661
ENG ,RED NOUNT 102,213  233.319 65,915  78.375000
SPARK PLUG 100.640  233.3¢8 57.500 -124900
SPARK PLUG 103.999  231.733 57.500 .124000
y-PIPE 104,205  229.694 §4.125  1.643500
I-PIPE 96.692  225.929 63.000  1.010400
RUFFLER 102,016  223.051 60.125  5.000000
NUFFLER SPR 100.93¢  224.066 64.625 012130
NUFFLER SPR 100,768  226.331 66.250 012130
NUFFLER SPR 95,7717 225.639 89475 012130
UPFLER SPR 95.883  227.765 §9.875 512130
ANG-12R GF 99,766  220.140 57,500 -035780
RUBRGIS HASHER 99166  228.140 §7.500 .024690
ANd-120 2F 106.031  229.159 §7.250 - .035780
RUBSBIG UASHER  106.031  229.158 §7.250 -024690
ANG-28 2T 99.299 232,019 12.250 1056090
ANG-288 2T 109,330 231.499 12.250 .055990
EN-26 103,233  241.213 61.625  2.900000
46-36 125.6d5  232.184 10.975 068839
ANS-420 2F 125.200  232.3M1 69.750 -120000
AN3-25A 2F 125.9¢5 2323008 70.500 .031310
AN3-25A 2F 124.95¢  232.5%% 10.625 031310
ANG-20 2F 125.200 232301 12.750 .044450
U6-36 126.229  234.141 12.750 .068830

2,10
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Table 2.3.1 continued

17N
€s-28
€5-28
PROPSSHAF Y
EN-12

EN-95

EN-95

AN4-35A 2F
ANG- 3SR 2F
EN-90

EN-90

EN-92 016 WASH
EN-92

EN-99
EN-99
ANe-50A
ANS-16A 2F
TS-4
Ts-2
15-22
T3-3

T5-1

PUSH CLEVIS
AN3-118 27
AN3-11R 27
PUSH CLEVIS
cs-47

HOSE CLANP S
HOSE CLANP SN

AN4-14S 1FUR
ANG-14S 1FUR
ANG-145 1FUR
ANG-14S 1FUR
AN3-11R 2T
fsa-4
fnSa-18
75-36

NSA-1
fISA-108
AN3-128 27
AN3-128 27
AK3-6A 27
fnsA-$
nsa-1e
fNsA-2
nsa-41
AN3-31 17
AN3-CA 1T
fnsA-26
nSA-16
ANG-168 2T
AN3-138 27
AN3-13R 2T
nsA-38

ORIGINAL PAGE IS
OF POOR QUALITY

NREF
125,493
1 4

136.328
138.229
135.716
139.013
135.334
136.9%9
138.176
138,995
138.995
138.116
138 .4%0
138.629
130.117
113,154
161.144
109.259
136.120
160,567
195.969
115.898
116.520
195.944
195.033
138.264
120,661
125,555
114,582
139.011
155 .469
199.61

200.896

AL 1

232,293
236,649
235,369
235.418
232.073
232,520
231,319
230.942
232,255
237.5717
231,51
231.418
236,714
232.276
234,579
232,001

*185,376

2,11

187.092
219,521
205,958
221.504
222.640

1.19

IREF

12.750
12.750
§6.250
66.250
66,250
66.129
65,000
§7.625

68.750

8
1

1
1
1
1
1

=S

-t

UEIGHTCLDS )

A0006¢ 1
.800661
875000
.160009
+110900
1110300
068420
068420
282600
.202600
100100
.100100
857549
.957540
172000
065280
160000
875000
.250000
-160000
815009
-149700
013710
0197176
.149700
.43750¢
.053190
.053790
016580
1016580
043130
1843730
.043730
1043730
.013170
.006944
011300
1152600
1030090
1096169
.021350
021380
016580
910630
911900
1128200
.047000
014319
.014310
1023400
021270
:922050
821380
.021380
.084880



Table 2.3.1 continued

ITen

AN3-5A 1F
AN3-5A §F
AN3-6A 37
NSA-12
AN3-120 5T
nsA-13
nsA-8
N54-7
AsSA-23
nsA-12
nSA-13
AN3-64 T

AN3-128 2T
AN3-124 27
nsa-10A
nsA-1

AN3-15A 27
AN3-13A 27
AN3-13A 2T
AN3-15A 27
AN3-154 27
AN2-13R 27
15-31

15-38

15-118

TAIL TUBE 81
15-8
FABRICCTAIL)
15-19
AN3I-6A 3T
75-29

15-31
AN3-135A 2T
T5-31
AN3-13a 27
75-20
AN3-1dA 2T
15-26

T5-26

NRET

201.709
202,046
203,943
203,859
203,198
202,979
205,111
207.516
207,516
200.429
206,242
196.703
199.701
200,346
200,346
200.8¢64
201.678
201.678
139.904
200,071
200.071
200,783
199.989
199.889
139.967
201.1%7
200,705
202.083
201.3%
201.398
202,393
202.231
207.156
207.040
206 .4%2
203.705
207.108
207,496

230.7%0

Cianal VAL F’AGE iS
QF POOR QUALITY

REF

222 066
222,434
222,366
222.474
223.078
224,564
222.%11
221,863
223,883
223.311
223,706
224.607
224,376
224,470
224.470
225.684
225.962
225.962
231,347
237,852
23,852
241,411
253,560
253,560
253.658
233,902
256.892
237.001
249,362
259.362
297.473
211.865
208.972
209.433
211.380
213.015
216.348
217.360

216.4%3

2.12

{14

11 .500
70.815
67,629
70,500
73.750
1¢.500
14,253
10.625
10,625
12.87%

HEIGHTCLDS.)

015300
013300
017770
1060300
102495
021940
,096320
025350
031060
060300
233200
017770
084980
021300
021380
011900
015300
015300
011909
006944
019770
345800
021380
021380
096560
020090
011300
132600
019770
005944
022050
022050
023150
023150
023150
023150
023150
023150
104600
248200
313000
579030
1.010000
~.718800
260000
Q17770
085700
004299
023150
042990
023130
225600
.022050
017360
017360

L ey - —
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Table 2.3.1 cont inued

1en

TAIL TUBE 84
AK3-13R 2F
AN3-114 1
15-28

AN3-11A 3T
15-26

AN392-13 RIn-
42#2-!13 11¥

-28
AN3-11A 17
AN3-11A 3T
15-26
AN3-118 2F
75-28
AN3-118 1T
75-23
AN3-11R NO 1T
T5-34
AN3-11A 1F
AN3-135A 2T
AN3-15A 2T
AN3-15A 2T
AN3-13A 2T

AN3-134 2T
AN3-15A 2T
T5-31

15-33
AN3-6A 2T
15-34
AN3-11A NO
15-23
AN3-11R 2F

TS-11
TRIL TUBE #1
5-1

T5-3

TAIL FABRIC LF
AN392-13 B
ANG2-B13
AN3-11A N0
To-38

1<

AN3-11R 3T
T5-26
AN3-1dA 2T
75-26

15-2¢

75-20

TAIL TUBE 84
hl3slil oF

|
AN3-11A 1F NO
15-19 ;

T5-30
AN3-6A 3T
AN3-1iR 2T

XREF

221,630
242,002
243 .14
243,144
230,060
230.5%0
¢21.161
227,167

231.3%

ORIGINAL PAGE 1§

mef

202.531
215,996
216.406
216.406
198.929
199.251
137.414
197.474
197.210
196,318
231.821
231.909
233.837
233,857
233.951
233.420
*1233.428
234.675
233.800
261,511
260,759
261.161
235.703
255.029
234.1217
257,368
258.236
254.330
236.011
235.507
235.633
231.132
246.631
247.169
263.064
268.246
255.313
212.138
212.138
212.329
272.32%
271.390
271,500
253.395
231.017
252.735
254.511
254.141
254.993
234.654
254.634
255.021
254.959
235.329
254,035

2.13

OF POOR QuALITY

IRET

11.87%
76.37%
10.250
70.25¢
§7.500
57.750
56,730
86,730
36.000
53.750
$5.250
#4.500

HEIGNTLDS,)

687500
623370
013570
+052360
.020360
017360
.003960
025330
952360
018580
020960
017360
0211760
052360
018580
022320
013840
004255
013570
023158
023150
023150
023150
.023150
.023150
.104600
231500
0163580
004255
012650
022320
021760
+333000
.875000
1.010000
1.760000
.118800
003960
041560
2012650
.052360
020360
017363
2022050
017360
017360
225600
687500
014830
052360
014830
260000
085700
017170
019770
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Table 2.3.1 continued

Imen
AN3-11A 27
75-31
15-31
T5-26
AN3-11R 37
AN3-11A 1T NO
75-28
AN3-11R 2F
ANg-12A 2F
ANd-12R 2F
AN4-12S 2FUR
T5-25

15-21
ANG-260 1F
AN3-6A 2T
£5-46
HC-3

HC-3

HC-2

HC-1

HC-1

EN-94

HC-2

NE-20
ANG-24A 1F
HC-08
NGSA-12
NG5A-10
NESA-10
NGSA-11
NOSE UHSTIRE
WESA-11
NGSA-12
HC-88
NGSA-S
ANG-26A 1F
NGSA-8
NGSA-8
NSSA-1
NGSA-18
NGSA-14
NGSA-13
NGSA-13
WGSA-13
NGSA-13
NGSA-6
NGSA-19
NGSA-19
HC-57
HC-51
ANG-TA 1T NO
NG-21

N6-53
ANG #ALF WT
ANG HALF T

AREF

232.900
231.39%
232.900
231.147
232.319
228 .459
227.760
221.934
225.761
225.104
226 .458
225.761
228.808
116,368
114.602
116.302
11991
120.476
97.067
71.458
13.649
68.803
99.574
71.360
Q.34
42.344
42.121
42 .229
41,935
Q.40
41.764
42.005
42 .005
42.304
41.764
42.304
48.014
48.3%0
$4.213
52.667
52.832
51.463

ORIGINAL PAGE IS
OF POOR QUALITY

YREF

252.651
256,023
252,651
239.361
219.212
235411
235.85¢
236.034
235.116
235,805
234.505
235.176
235.536
233.802
229.056
229.43¢
226,889
243,445
226,920
226.621

'243.480

242 .684
244.367
236.276
230.264
230.264
232.972
231.683
237.831
232,790
234.942
236.2%6
236.236
239.924

238,556

2.14

13.500
13.500
18.750
19.000
23.875
22.378
23.3715
20,625
21.125
22,750
23.315
20.875
22.6235
24.075
25.500
25.500
22,250
22.000
21.500
21.8175
21.570

VEIGHTCLDS.)

019770
.004299
004299
017360
.026960
.013840
.052360
014530
035780
.435780
.043080
0641450
.120000
.054360
.016580
, 563000
365800
.365600
1.156000
1.000080
1.000630
.381800
1.156000
.192000
.050830
.0G0683
,010360
047820
.047820
.000860
3.120000
.000888
.010360
.000683
.435000
.050830
434500
436600
1.250000
.163900
058826
.05e310
.058310
.058310
058310
035930
069550
.069550
.007253
.007253
019180
.015980
.039080
.004630
.004630



ORIGINAL PAGE i3

OF POOR QUALITY
Table 2.3.1 continued

men AREF YREF IREF HEIGHT(LDS.)
NG-27 56,544 23R.643 21.47% 015980
ANY 148 2F ¢t .84 240,390 ¢1,250 .039080
AN3-104 27 $3.059 240,98 22.31% ,018200
AN3-104 2T 32 .49 232,010 22.250 018200
NGSR-14 $3.294 234,008 24.250 .058870
ANG-74 1T MO 52.461 236,352 22.000 019180
N6-27 33.200 #3043y 21.87% ,015980
RNG-16A 2F 56.609 ’R.049 24.250 +030290
NGSA-1 56.025 /11,907 26.250 .036380
NGSA-2 §5.91% 270,508 24,250 009700
N6SA-3 35.74i 229,993 24.250 033510
NGSA-4R 36.712 230,615 24.875 1.009700
NGSA-3 56.000 231.832 26.250 032520
NGSA-2 35,497 232.5% 24,250 009700
NG5R-5 §5.708 235.11% 26,250 +972600
NG6SA-2 56.419 238,672 24,125 +009700
N6SA-3 56.297 23%.08¢ 26.12% 033540
NGSA-48 56.6%9 *239.129 24.750 1.042300
NESA-3 36.191 240.138 26.125 033510
NGSA-2 35.926 240.714 24.125 0049700
NGSA-1 35.815 241,766 26.125 36360
ANG-16R 2F 55.897 243,671 24,125 042300
€s-30 33.703 261.279 29,375 054970
AN393-61 R 35.450 24v.982 29.2%0 037630
NG-53 95,120 231,01% 21.629 .079080
ANG HALF WT 54.613 230,493 21.75¢ .004300
ANG HALF WT 36.128 230,773 21.375 004300
NG-27 96.902 230.736 21.250 .015980
ANG-144 2F $7.48¢ 230,567 21.125 JLO33NE
HC-99 62.720 242.523 30,900 063760
HC-5% . 64.328 242.176 32 .450 007187
( ANG-35R 1FIT 64,459 243.696 3:.850 067320
HC-5 64.009 244.511 31.830 .009458
HC-12 64.104 244.873 31.850 037170
ANd-16A 2F 63.339 243,821 31.8%0 .062900
{ HC-57 63.252 245.998 32.050 007187
NG-18 61.6%0 261.495 30.000 021270
ANG-354 1T1F2P 61.413 213.242 29.300 .068640
75-31 61.413 243.242 29.900 004299
UG-3% 62.532 241,795 29.900 004299
€5-42 61.6% 261,495 36.000 .008598
AN332-13 R 62.069 241.3%98 35.150 003960
AN392-13 & §2.069 241,350 25.520 003960
AN4-158 2F §1.3%7 246,092 32.100 . 040810
ANG-24R 2F 61.628 244.090 22.100 +053260
HC-11 61,244 244,107 39.300 06540890
HC-11 60.507 244.287 33.100 065480
ANG-1TA 2F2P 61.028 244.090 36.200 045798
EC-9 60.059 243.966 32.100 012799
HC-8 61.534 235.441 32.000 +820800
ANG-15A 2F 01.423 211,716 31.500 0400810
£C-9 60 .46¢ 225.665 31.540 012790
AN4G-178 2F2P 61.897 225.195 36.150 . 045190
HC-11 61.897 223.19% 35.400 065480
HC-11 61.097 225.795 30.70n 065480

2.15



ORIGINAL PAGE ¥
0OF POOR QUALITY
Table 2.3.1 continued

- 3

k Jens

 JTER 113 YREF INEF UEIGHTCLDS )
ANG-178 2F2P 61.997 225.19% 29,800 045799
HC-12 64.223 223,974 31.500 037170
ANG-16A 2F 64.085 223.4%4 31.900 042900
HC-S $4.013 224.424 31.900 009458
He- 57 €3.113 223,583 31,900 .007¢53
ANG-25A 1FIT 64.070 225.968 31.900 +054300
HC-6 81.203 2295 .181 31.400 2.540000
HC-13 82.7% 225.399 30.500 130000
AN3-23R 1TIF $2.79% 225,399 31.400 +030449
ANG-24A 2F 82.719 225,399 29.300 4053260
AN3-6R 2T 82.165 224.345 30,000 016580
C5-24 83,29 223.747 29.750 097220
€s-21 93.528 222.461 29.750 033680
€s-30 83.528 222.461 29.150 .008913
ANd-16R 2F2P 82.339 222.237 23.8%50 044220
€5-22 01.144 222.942 31.650 613800
ANd-6A 27 82.116 .p22.586 26.600 . .016580
HC-107 87.526 25.000 16.300 5625060
€s-38 94.849 223.453 14.300 014779
HC-27 98.836 221.992 21.500 1.540000
€5-25 96.6%6 222.381 25.900 450000
€s-26 98.119 222.993 28 .900 167400
HC-10 93.764 221.595 30.400 .639410
FT-1 108.669 229.580 22.300 2.021000
En-92 108.612 232.921 22.300 281500
FT-2 108.202 236.353 22.900 2.021000
NC-120 108.760 235.058 29.000 070000
HC-21 108.760 233.058 29,000 197100
nS-35420-14 R 108.644 226.962 29.000 013810
TANK TANG 100 .644 226.962 29.500 018300
TANK TANG 108.395 243.460 29.500 018300
AN365-428 109.395 243,460 23.000 .008179
ANG-23R 1F 107.6081 223.760 30.050 048570
ANG-23R 2F 109.3096 225.810 30.058 051000
HC-109 109.306 225.810 30..050 464500
AN4-30R 2F 111.483 221.950 21.800 039380
HC-12 111.470 222.195 31.500 037170
HC-S 111.470 222,195 31.000 .009458
ANG-244 2F 111.470 222.7195 30.200 053260
ANG-26R 2F 111.595 222.113 30.200 056790
HC-12 111.595 222.113 30.200 037170
HC-5 111.595 222.113 31.000 009458
HC-S 111.595 222.113 28.300 009458
HC-12 111.595 222.173 28.500 - 03710
AN4-16R 2F 111.595 222.1713 28.000 042900
ANG-24R 2F 111.905 222.0117 30.200 +053260
He-S 112.304 222.195 30.200 009458
HC-12 113.157 222.004 30.400 0371170
ANG-17S 2FUR 111.256 213.964 30,200 .051630
06-105 111.256 219.964 30,200 005842
AN3-6A 2T 114.215 222.525 25.200 016580
cs-23 114.100 222.303 26.700 058860
AN3-6A 2T 112.1719 222.976 28.950 016580
HC-110 113.615 226.19%4 29.050 »104200
ANS-23R 1F 112 664 225.3M1 29 .800 075760
2.16
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Table 2.3.1 continued

ITEN XREF YREF REr UEIGHTCLDS.)
ANS-238 §F 112.571 226,576 29,800 075760
NC-3% 112.664 225.971 29.800 009480
HC-35 112.51 22€.576 29.800 .009480
€S-21 111.995 224.629 20,000 .033680
€s-30 111.716 224.069 28,800 008973
€5-21 112.862 223,915 28.000 019250
£S-30 112.805 223.903 28,000 0089173
HC-47 114.0 225.542 28.000 .138400
ANG-16R 2F 114.008 223.754 28,000 042900
HC-57 115.384 224.033 20,000 007253
AN3-6R 2T 115.092 227.549 27.700 016580
UHEELSTIRE RY 111 650 205.643 15.100 $.430000
AXLE STRIP 129.670 240,523 13.700 055660
AXLE STRIP 121.131 245.631 13.700 055660
ANG-14A 2T 106 .820 223,954 13.500 036880
ANG LONG 24 110.516 224,106 15.400 060560
ANd-16R 2F 100.393 £06,725 23.800 . .042990
HC-84 107.799 237.423 19.900 250000
REAR ANLE 110,341 237.454 15.500 7.007200
HC-9 106 .236 237.716 30.000 2.021300
HC-25 99.860 231.212 30,200 333000
HC-87 100,316 228,854 30.200 005842
ANG-24R STIF 99.931 227.112 30.200 .052150
ANG-168 2F 100.307 229.813 39.200 042900
HC-32 100.417 229.083 30,200 037170
ANg-16A 2F 99.480 244,133 30.200 042900
HC-12 99.515 245,333 30.200 037170
HC-87 99.598 246.515 30.200 005842
ANG-24R 1T1F 99.645 246 .631 30.200 052150
HC-9T(SEAT) 8%7.4%4 239.189 23.500 8.710000

( HC-111 83.658 239.563 26.100 975100
ANG-16A 2F 105.663 291.298 28.100 042990
ANd-16R 2F 107.216 251.609 24.000 042900
ANG LONG 24 108 .362 251.233 15.600 060560
A ANG-148 2F 105.680 251.037 13.400 039080
UHEELSTIRE LF 109.292 269.427 15.200 9.460000
ANG-22S 1TUR 105.668 251,392 30.000 053240
HG-105 105.668 251.992 30,000 005542
ANG-26A 2F 123.047 243.277 30.000 036790
¥C-12 123.041 263.217 28 .600 0374170
HC-5 123.047 243.217 29.300 004558
HC-$ 123.047 243.2M 30.900 037170
. HC-12 105.936 249.372 31.300 - 037170
HC-5 105.936 249.312 30 .900 0034358
AN4-244 2F 105.936 249,572 30,000 053260
ANG-24A 2F 105.928 230.526 30.000 053260
HC-28 107.119 250.291 30,800 037170
HC-S 107.070 250.176 30.400 .009458
ANG-17S 2FUR 107.768 249.876 30.600 051630
ANS 374 24 106.235 247.218 30.000 063710
ANS 374 24 106 .432 246.771 30.000 063710
HC-35 106.284 241.385 30.000 003480
HC-3S 106.283 246.433 30.000 .003480
HC-103 103.5% 247.035 30.150 465000
2.17
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Table 2.3.1 continued

ITER KREF YREF IREF NEIGHTCLDS )
AN4-23A 2F 103.6%2 246.314 30.150 +051000
ANG-234 2F 102.859 246,257 30.150 051000
HC-10 97.346 246,504 30.450 439400
HC-27 92.806 249,205 20.850 1.540000
€5-38 97.5%5 244625 14.600 014770
NC-107 - 82.154 246.679 14.400 362500
HC-T 16 .322 245.798 31.500 2,540000
EN-95 1¢.097 240.493 40.200 .166800
HOSE CLANP LG 70.218 244,082 32.700 0621170
HOSE CLARP LG 13.363 245.002 32.200 062170
€s-35 102.822 15.392 §9.250 147400
€5-34 102.663 85.12 §8.850 090170
AN3-34 27 100.961 05.220 08.850 015500
AN3-54 2T 104.459 #6.109 96.850 015500
ANB-5244 99.815 04.261 07.050 013230
AN3-58 2T 102.039 18.612 8,050 015500
€5-317 101.011 .6 48.750 .110500
AN3I-54 2T 101.517 +095.498 07.150 - 015500
€S-36 101.599 108.647 86.95¢0 143600
£5-35 91.638 396.934 90.150 147400
£5-34 32.050 388.494 99.850 090170
AN3-54 2T 90.936 388.6217 89.850 015500
AN3-3R 2T 93.832 388.453 89.850 015500
ANB-5244 08.462 308.429 08.850 013230
AN3-SA 27 92.239 304.208 09.650 015500
€s-31 92.042 381.041 89.450 .110900
AN3-5A 2T 92.598 376.145 §8.950 015500
€5-36 92.937 363.817 07.450 149600
UING FAB RT 106 .384 129.054 79.800 0.125000
UING FAB LF 100.808 345.450 19.800 8.125000
FUEL LINE ASS. 95.574 244.367 51.815 435000
FUEL BuLB 99.433 244,019 53.000 +106000
uG-1 101.894 231.574 12.250 $.312500
PILOT 83.658 239.563 24,100 000000
FUEL RIGHT 108.663 223.380 22.900 +000009
FUEL LEFT 108.20¢2 236.353 22.500 .000000
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2,3.2 CENTER OF GRAVITY

The center of gravity of the ultralight was calculated using a
computér program, listed in Appendix A, that used the coordinates and
weights of each item to sum moments about the reference axes and solve
for its moment arm. This moment arm was the location of the C.G.
relative to the reference axis. The component build-up method C.G.
locations are shown in Figures 2.3.2.1 and 2,3.2.,2. The empty weight
C.G. is shown in these figures. Centers of gravity were also determined
for various loading conditions (pilot weight and fuel on board). The

errors in measurement are addressed in Chapter 2.4.

"2.3.3 INERTIAL QUANTITIES

The moments of inertia and products of inertia were calculaﬁed for
a body~-fixed axis system with the origin passing through the C.G. and
parallel to the X, Y, and Z reference axis system shown in Figures

2.3.2.1 and 2.3.2.2. The inertias were calculated as follows:(slugs-ft.z)

2 2
Ixx- Ixx + Wax (2° + ¥Y°)

P S

2 2
I = W
gy Iyyp + W x (2° + X%) :

= I +Wx(X2+Y2)
zz

—

I
2z

* subscript 'p' represents principal inertia
Ixy' Wx (X xY)

Ixz-'w x (X 2 2)

Izy- Wx (ZxY)

The principal inertias of components, which are defined here as 4
the contribution to inertia about its own C.G., were calculated by
hand knowing the component weight and individual geometry. This is
shown in Appendix D and the assumptions made are outlined there.

The results are presented in Figures 3.1-3.12.
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2.4 WEICHNING CHECK AND ERROR ANALYSIS

The build-up method outlined in the previous sections was checked
by weighing the assembled ultralight. This was done to establish a
basis forAcompariaon of the results, ' ' ‘

The aircraft was placed on three scales at the same attitude as
the reference axes. The main gear scales leveled and zeroed prior to
setting the ultralight upén them. They were also calibrated by placing
known weights on them with the conclusion that within the expected range
of loading (100-150 pounds each) the scales were within 1/2 pound or
0.33%. This was considered to be negligible for these purposes. The:
nose gear scale was also checked for accuracy and found to be within
1/50 of one pound, and was also assumed to be negligible.

The ultralight was carefully weighed with the following results:

Attitude Nosgmggaction Left Gear Right Gear

parallel to
reference axis

tilted nose
down 16 deg.

11.49 1b. 127.0 1b. 133.2 1b.

-- 102 05 lb. 103 -2 lbo

By summing the reactions measured by the scales, an aircraft weight
of 271.69 pounds was established. 'This differed irom the component
build-up method empty weight of 277.48 pounds, but as outlined in Appendix
C the expected error is + 7.183 pounds. The component build-up weight
is within this error band.

The aircraft was tilted to determine the vertical C.G.. This
method is very sensitive to angle measurement and is very difficult to
measure accurately. A convenient angle of 16 degrees nose down'was
selected because without a pilot the tip-over (on the tail) angle did
not allow the nose to be tilted upward. The experimental results are
listed below:

X .5." 112.39 in. from reference axis

Yc.g.- 234.27 in. from refzrence axis

zc_s_- 56.89 in. from reference axis

2.22



The center of gravity as determined from component buiid-up
calculations is shown here with the error term listed alongside:

X = 110.02 + 3.78 inches from reference axis

Y = 233,77 + 6.38 inches from reference axis

c.g

zc .8.- 58091

i+

1.74 inches from reference axis

1+

.

The build-up method errors due to measurements and inaccuracies
were calculated in Appendix C. Within the computed error bands the

C.G. locations as obtained from the two methods are in agreement.
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3.0 DISCUSSION OF EXPERIMENTAL RESULTS

This chapter presents a detailed discussion of the results
achieved through the component build-up method for determining the
Sunburst ultralight C.G. and moments of inertia.

The center of gravity calculated from the build-up method compared
very well with that obtained from the entire vehicle weighing, with the
exception of the vertical C.G. (zc.g.Z' The two methods results differed
by 2.02 inches but the expected error was only + 1.76 inches. This
is probably due to the weighing check procedure which calls for a
very accurate tilt angle measurement, Reference 3; also, the tilting

method assumes a rigid aircraft which the ultralight is definitely not.

The X and Y reference C.G.'s (p. 3.2) were within the range of exﬁected

error. The xc. . differed by 2.37 inches which is less than the predicted*
+ 3.78 inches, The Y, .. differed by only 0.5 inches considerably
less than the predicted + 6.38 inches.

The C.G.'s were computed with,the computer program of Appendix A
for different pilot weights and fuel loadings. The computer print-
out of these conditions are shown in Figures 3.1-3.12. The longitu&inal
C.G. envelope, created by these various loadings, are shown in Figure 3.13.
It can be seen that the specified pilot weight range of 90-260 pounds,
from Figure 2.2.1, shifts the C.G. from 35.9% MGC to 23.4% respectively;
a shift of 12.5% due to the pilot. This large C.G. range will probably
change the trim and control characteristics of the aircraft.

The vertical C.G. also changes from 50.38 inches for the 90 pound
pilot to 42.07 inches for the 260 pound pilot. The C.G.'s and inertias

are summarized in Table 3.1, page 3.2.

*
Predictions of expected errors are presented in Appendix C.

3.1
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Table 3.1 C.G, and inertia summary.

ORIGINAL PAZE 12
OF POOR QUALITY

Measured Calculated
giI:;:ft Pilot | Fuel xc:g. zc . Alrcraft Momentzof Inertia
Weight | Quan. *e (slugs-£t.”)
lbs. lbs. gal. in, 7%MGC in. I I I
xx Yy 2z Xz
277.48 0, 0. }110.02148.73(58.91 | 303.9 16.4 352.3 3.2
293.00 .0 2.5 [109.93|48.56(|57.00 | 308.1 16.5 352.3 2.9
308.54 0 5.0 1109.86]55.28]48.4 | 311.8 16.6 352.4 2.6
e d e e b L pilot effeces . e e i
~ 367.58 30 0.7 [103756(35.90|30738 | 32272~ T~ 17.0 T 7362797 ["-7.0
383.00 90 2.5 }103.76136.29[49.27 | 324.6 17.0 363.0 | -6.8
398.54 90 5.0 |103.94(36.66{48.24| 326.9 17.1 326,9 | -6.5
T 452,88 T|T17sT T 0.7 [ 9978228747 |55%45 [ 33207 T T 173 365 T T T9. T T
468.00 175 2.5 |100.11{29.04]44.70 | 334.5 17.3 369.4 | -8.9
483.54 175 5.0 {100,38|29.57]44.00| 336.1 17.4 369.7 | -8.8
537.48 260 0. 97.27123.40142.07 | 340C.0 17.5 373.4 | 8.9
553.00 260 2.5 | 97.58|24.02(41.53] 341.3 17.5 373.8 | -8.8
568.54 260 5.0 | 97.88124.61141.02| 342.5 17.6 374.3 | -8.8

¢ = 50.34 inches
L.E. Station = 85.49 inches
Centerline = 235.0 inches from axis
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' »

.
P G D WA R D R N G AN W W A WD S G NS YR GED SN SR G 0 W) WD WU GND A W WIS NS GG GNP WRY WED GEB SEF SN0 SIS NN GU GHD GNP MR SR SED SN N

ULTRALIGHT WEIGHT:= * 277.481 (LBS)

G D D W IR D WP W D W R PN D M S W G A G G WD AN S D A D SN GED S AP GU GNP I AU AEN WD WD P W AED Y /B NN GED GUP AN N GVD S W S

-

XCG IS 110.0168 IN. FROM X-REF
YCG IS 233.771 IN. FROM Y=-REF.

2CG IS S8.909 IN. FROM Z-REF .
C.G. IN PERCENT mMGC 48.725%
20 20020 N K INERTIQL QUANTITIES **ﬂ#t**
IXX . 303.698 IvYyY 16.383 122 352.25%4
CEENY 2. 48, o TR20 0 s, e 1880 ; I2Y . . =429 ..

Figure 3.1 Computer output listing for empty aircraft;
zero fuel and no pliot.

. . o2 ) " L]
Ceh . . . .
" 1N [ + y e N v, L [
o o N

ULTRALIGHT WEIGHT= 367.4682 (LBS)

D D P aED GID D P S SER GEb S5 GN EES W IS GNP GUR D SR O D D D CUR GID TS GNP WD 3D GNP WD S G D D S D N s

roy e 3k
g ’ NS + D ¥ . . .
d A + PR e A SN .t . g

XCG IS 103.562 IN. FROM X-REF
YeG IS  235.190 IN. FROM Y-REF.

2CG IS 50.384 IN. FROM 2Z2-REF.
C.G. IN PERCENT MGC 35.901%-
wxxxnn INERTIAL QUANTITIES wmxmmkn
SLUG~SQ.FT. ,
INX 322.162 IvyY 16.951 122 362.937
IXY -4, 698 IXZ -6.991 I2vY -3.386

Figure 3.2 Computer output listing for aircraft loading;
zero fuel and 90 pound pilot.

3.3



ORIGINAL PAGE &
OF POOR QUAL!TV

ULTRALIGHT WEIGHT= 452.481 (LBS)

XCG IS 99,823 IN. FRCM X-REF
YCG IS 236.014 IN. FROM Y-REF.
2CG IS 45.447 IN. FROM Z-REF.
C.G. IN PERCENT MGC 28.473%

ok INERTIAL QUANTITIES oK
SLUG~SQ.FT.

IXX 332.742 Ivy ' 17.280 122’ 369.125 .
IXY -$.995 IX2 -9.061 12y -5.099

Figure 3.3 Computer output listing for aircraft loading;
zero fuel and 175 pound pilot.

LA ' . % .
. a (A ’
i . R ' ’ " .

S S D D WD WD D W G I SED A A D W GO GED SR GNP AP WD U G GED GNP SUD GUY WD NP GI GUR T /S VD GED S GNP AED GO EID AP GIR GED WID G D WD e

ULTRALIGHT WEIGHT= $37.481 (LBS)

D - 5 D D B S G SR D S SO Y G S I S S A D D D W SN D G D OTF G SIS G D SNS A GED D G T AN A G W D G ) 7T S G
'.7_ L A A I g v .

XCG IS 97.267 IMN. FROM X-REF

YCG IS 236.%73 IN. FROM Y-REF.
2CG IS =+ 42.071 IN. FROM 2Z-REF.
C.G. IN PERCENT MGC 23.39%5% -
xammkknx INERTIAL QUANTITIE", ok
SLUG-SQ.FT.
IXX 339.974 Ivy 17.%0S 122 373.3%6
IXY -5.881 IX2 -8.870 12y -6.270

Figure 3.4 Computer output iisting for aircraft loading;
' zero fuel and 260 pound pilot.
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W S D VER AN T SN} Sy S G S SN g GED GUD JED M SED AD SER D GES SE) SN D SED WER WD GED MNP W 4T Y AND W G AT CUR GHD TS TUD SN SN AR Gan SR W SV WD AR

ULTRALIGHT WL IGHT= 293.001 (LBS)

XCG IS 109.934 IN. FROM X-REF
YCG IS 233.734 IN. FROM Y-=REF.

2¢G IS $7.002 IN. FROM Z-REF.
C.G. IN PERCENT MGC 48.559%
maswwnn INERTIAL QUANTITIES skmmmmm
SLUG-SQ.FT.
IXX 308.051  IYY 16.513 122 3s2.304

IxXyY -2.458 IX2 2.87S 2y -.349

Figure 3.5 Computer output listing for aircratft loading;
2.5 gallons fuel and no pilot.

3 - + o . * LY LF ) 3
S . ¢ P g y @ » ; ¢ .t
ts . " d L] ¢ ‘ v, . A » . . (T
. . Ve L ‘
’ . + . e by tt v pAL . 0 N e .

R . . o
NS D s b W D W WO D A G - e - - D, . - . - e - am

ULTRALIGHT WEIGHT=  383.001 (LBS)

%ea 18" T 103.760" IN. FROM X-REF
YCG IS  23%.104 IN. FROM Y-REF.

2CG IS 49.271 IN. FROM 2Z-REF.
C.G. IN PERCENT MGC 36.293% .
wunkwm INCRTIAL QUANTITIES ko
SLUG-SG.FT.
IXX 324.645 vy 17.028 122 363.069
IXY -4.,734 IX2 -6.737 1zy -3.199

Figure 3.6 Computer output listing for aircraft loading;
2.5 gallons fuel and 90 pound pilot.

-
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'

ULTRALIGHT WEIGHT= 468.001 (LBS)

-----------—-----:d'--—----- -------- W WD S ap WD G GIR SR SN GNp GER WEP SHS WD W m WS

XCG 1S 100.109 IN. FROM X-REF
¥YCG IS 235.914 IN. FROM Y-REF.

Figure 3.8 Computer output listing for aircraft loading;
2.5 gallons fuel and 260 pound pilot.

3.6

2CG IS 44.699 IN. FROM Z-REF.
C.G. IN PERCENT MGC 29.040%
wxmmnkn INERTIAL QUANTITIES soximunn
SLUG-SQ.FT. '
IXX 334.456 Ivyy 17.333 122 369.432
IXY -6.079 IXZ -8.90S Izy -4 .884
Figure 3.7 Computer output listing for aircraft loading;
2.5 gallons fuel and 175 pound pilot.
ULTRALIGHT WS IGHT= $53.001 (LBS)
X¢6 ‘IS ' 97.s80 IN. FROM X-meF T
YCG IS 236.474 IN. FROM Y-REF.
2CG IS 41 .533 IN. FROM Z-REF.
C.G. IN PERCENT MGC 24.017% -
wxxnxkk INERTIAL QUANTITIES saxummuxk
SLUG-SQIFTO
IXX 341.2951 Iy 17.544 122 373.842
IXY -7.0i2 IX2 -8.848 12y -6.0S1
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ULTRALIGHT WEIGHT= 308.541 (LBS)

D D D D W D I W N D D SR D @O S G W WS S e - am " e T en as e - D AN (W S M WD R W S S - e o - e e en o .

XCG IS 109.859 1IN. FROM X-REF

YCG IS 233.700 IN. FROM Y-REF.
2CG IS $%5.284 IN. FROM 2-REF.
C.G. IN PERCENT MGC 48.408%
mmmmkkx INERTIAL QUANTITIES okokmx
SLUG-SQ.FT.
IXX 311.800 vy . 16.629 122 - 382.35%54
IXY -2.457 IX2 2.629S 12y -,276

Figﬁre 3.9 Computer ou:i:ut list’ing"'for' aircraft loading;
5.0 gallons fuel and no pilot.

ULTRALIGHT WEIGHT= 398.541 (LBS)

o . - ' B ”
- e ' e e @ e o - an e
’ sore e - . ‘e T,

-
.

e L, AR
‘ o, »
B ]

XCG IS 103.942 IN. FROM X-REF

YCG 1S 235.024 IN. FROM Y=-REF.
_2CG IS. . 48.242.IN. FROM 2-REF.. N
C.G. ‘IN PERCENT mMGC '~ '36.6%55% :
xpmpxkx INERTIAL QUANTITIES koK kK
SLUG~SQ.FT.
IXX 326.942  IVvY 17.100 122  363.194
IXY -4.767  Ix2 -6.540 I2Y -3.025

Figure 3.10 Computer output listing for aircraft loading;
5.0 gallons fuel and 90 pound pilot.
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- B D D D S D G D M SED AU GNP SIS MNP W SN IR WD W AN IR SRY D GAD WP SN S SED GHR GND GED WD U GED SES GID U GND SN W) I SN D TN GED WP D AN

ULTRALIGHT WEIGHT:= 483.541 (LBS)

t
- vm S . - .. A e I D D T R G A S WP G T A D R D S e W S - an cap e om == - D S S -

XCG IS 100.397 IN. FROM X-REF
YCG 1S 235.822 IN. FROM Y-REF.

2¢G IS 43.998 IN. FROM 2-REF.
C.G. IN PERCENT MGC 29.8572%
sxmaenn INERTIAL QUANTITIES mmkssmns
SLUG-SQ.FT.
IXX 336.067  IYY " 17.383 122 269,726

IRY -6.159 IX2 -8.750 12y -4 . 6€E2

Figure 3.11 Conputer output listing for aircraft loading;
5.0 gallons fuel and 175 pound pilot.

ULTRQLIGHT NEIGHT"' 368 S41 (LBS)

. .
* s . . - .o
-’ - an ap --d X ------ -
B 0 . Ty . .
N B

XCG :s " 97.877 IN. FROM. X=-REF

YCG IS 236.38%t IN. FROM Y-REF.
ewr . &CQ IS0 43.023 IN.  FROM . Z=REF .. -« . . v L L e
c.G. IN PERCENT MGC 24.607% ' ;

wuxxxxx INERTIAL QUANTITIES »akmkamk
SLUG-SQ.FT. -

IXX 342.463 Ivy 17.582 122 374.306
IXY -7.13S IXZ -8.814 2y -5.6844

Figure 3.12 Computer output listing for aircraft loading;
5.0 gallons fuel and 260 pound pilot.
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SUNBURST ULTRALIGHT
COMPONENT BUILD- UP
CENTER OF GRAV/TY
ENVEL OPE

MAXIMUM FUEL § GAL=3).05L8,

\ C=4195 FT.

Fue L FUEL

EMPTY

WEIGHT

A

10

20
CENTER OF GRAVITY, X_

30 40 50
WV %MGC

cALe (¢ Woltkamp lI)-10-83 ] meviseo | parx
curek| ) QAW |iz.20.44
APPD
APPD

Figure 3.13 Ultralight longitudinal
experimental flight envelope for
pilot and fuel loadings.
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4.0 CONCLUSIONS

The first and most critical conclusion is that the Airmass Inc.
Sunburst Model 'C' ultralight is in fact not an ultralight as defined
by the FAA regulation of maximum empty weight of 254 pounds. This
ultralight was found to have an empty weight of 277.48 pounds (component
build-up method) and 271.69 pounds measured weight. These differ
substantially from the published weight by Airmass Inc. of 240 pounds
empty, see Figure 2.2.1.

The center of gravity location of this aircraft is greatly
affected by the pilot's weight. A stability and control report that is
planned for the futuré will give a detailed analysis of the effect of
C.G. on controllability.
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OF POOR QUALITY

C THIS PROGRAM COMPUTES THE ULTRALIGHT CENTER OF GRAVITY AND
C NMASS MOMENTS OF INERTIA.

NO0ONDOODNNOOHODONO

Nnoononon

c
c

1. 17 READS FROM A DATA-FILE ’MEASURE’ AND OUTPUTS TO °COORD’
2, SUBROUTINE REDUCE CONUERTS THESE INTO X,Y,2Z COCRDINATES
3. THIS MAIN PROGRAM COMPUTES THE WEIGHT AND BALANCE

¢ C.G,»IXX)IYY,»122Z)IXZ,1XY,12Y)

TSI O0 0000 o 002 0 200 0D 06 b 20 00 200200 0 0 0 000 0000 00 00 0 0 00 0 0 000 0 00 U000 K O 0 T 2 O

THIS PROGRAM WAS DEVELOPED BY JOHN A. WOLTKAMP(SUMMER 1983).
THIS VERSION WAS WRITTEN FOR THE GOULD SEL 32/77 COMPUTER
WITH DUEL PROCESSOR AND SHARED MEMORY WHOSE SERVICES WERE

GRACIOUSLY MADE AUAILABLE BY KOHLMAN SYSTEMS RESEARCH IN
LAWRENCE KANSAS.

208000 20 3 200 0 0 6 0 D07 0200 300 20 20 208 000 200 008 200 00 20 0 0 30 20 208 20 00 0 20 200 200 300 200 30 206 000 0 20 10 20 20 0 20 200 200 200 90 20 20 20 200 200 20 0 200 200 300 206 206 08 200 20

DECLARE REALS AND INTEGERS

REAL W(E00),XW(600),YWN(600),2Z2KHIE600) ,WXSUM, HYSUM, W2SUM, KSUM
REAL MARGIN,CBAR,CG

REAL CENTX,CENTZ,CENTY,»X(800),Y(800),2(600),ZDIRMLE00),
& HDIST(600),PSI(600)

REAL®4 IXX, IYY,IZ2Z,IXZ, IXY,»I2Y) IXXP, IYYP, IZ2ZP, IX2P
INTEGER NUMPTS

CHARACTER ITEM(600)%1S, SETNAME»4,FILENAME»S, FILECORD»@
S, FILEOUT»8

CHARACTER=®2 ANS

REAL =4 DUMMY(600,3)

INITIALLIZE ARRAYS

TYPE®, ‘HOKW MANY MEASUREMENTSCITEMS) ? >))/
ACCEPT#, NUMPTS
CBAR=z4, 195 { FROM S/C ESTIMATION REPORT
DO 1=21,1000
%(1):0.0
¥(1):0.0
2(1):0.0
W(l1)=0.0 .
XW(1)20.0
YW(I)=0.0
ZW(1)=20.0
END DO

TYPE = ,’WHAT INPUT FILE TO OPEN 5>’

ACCEPT 111,FILENAME

SETNAME='PREP
OPEN(UNIT=S,FORM=*FORMATTED’, STATUSz’0LD’, IOSTAT=11,ERR=31S,
&BLOCKED=.TRUE. -USER=SETNAME, FILE:=FILENAME.FILESIZE=70)
30 70 13

S1S  TYPEx, ‘suxnmunx ERROR IN OPEN sxmxnxs’

13

STOP
LOAD MEASUREMENTS INTO DUMMY ARRAY TO DECLARE THE REAL ==

PO J:=1,3
READ(S,S10)
END DO

oQu1,000

[+ DV (VY]
0003, 000
0004, 000
0005, 000
000¢ ., 000
0007, 000
0008.000
0009, 000
0010, 000
0011.000
0012, 000
0013,000
001 4,000
0015.000
0016.000
0017,000
0018,000
0019,000
0020, 000
0021.000
0022.000
00&3.000
0023, 100
0024, 000
002€.000
0027.,000
0028.000
002%.000
0030.000C
0031.000
0032,000
0033.000
0034, 000
003%. 000
0036.000
0037.000
0038.000
0039.000
0040.000
0041,000
0042, 000
0043.000
004 4.000
0045, 000
0046.000
0047,000
0048.000
0049, 000

0080.000 !

00S1,000
0052.000
0053.000
0084,000
0055.000
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S10 FORMAT(’ )
DO I22,1000
READ(S, 102,END=8B00) ITEM(I)
102 FORMAT(SX, ALS)
END DO
@00 REWINDCUNIT=S)
DO J=1,3
READ(S,S310)
END DO
DO X=21.,1000
READ(S, 105,END=900) (DUMMY (X, J),» J=2,%)
10% FORMAT (20X, 4¢(F10.7))
DO J=2,8
[ TYPE » ,DUMMY (I.))
c TYPE 102, 1TEM(I)
END DO
END DO
900 CLOSECUNIT:=S)
NUMPTS=I~-1
c
[ ASSIGN VALUES TO Z2-DIRM, HDIST ,PSI,AND KT
[+4
DO K=1,NUMPTS
ZDIRMCK)=DUMMY (K, 23712
HDISTI(K)=DUMMY(K,4)712
PSI(K) =DUMMY (K, J)
WOK) zDUMMY (K, S)
TYPE=, *ZDIRM=’ ,ZDIRM(K)
TYPEw, "HDIST =’/,HDIST(K)
TYPE®, 'PSI=’,PSI(K)
TYPE®, "WEIGHT=’/ » W(K)
TYPE®, *ITEM=’, ITEM(K)
END DO
TYPEw, '"FILE NAME TO STORE REFERENCE COORDINATES 7’
ACCEPT 111,FILECORD
OPENCUNIT=3,FORM="FORMATTED’ » STATUS=’UNKNOWN’, ERR=51S
&) BLOCKED=. TRUE ., USER="PREP’,FILE=FILECIORD,FILESIZE=70)
CALL REDUCE(NUMPTS, ITEM, W, ZDIRM, HDIST,PSI. X, Y)
111 FORMAT(A)
CLOSE(UNIT=z3)
[ amme INITIALIZE INERTIA ARRAYS w»wam

00000

WSUM=0.0
WXSUM=0.0
WYSUM=z0.0
H23UM=0.0
IXX30.0
IYY=0.0
122:=9.0
IX2=0.0
I1XvY=0.0
12v¥=0.0

c

C CALCULATE VALUES OF WSUM, XW(K), YW(K), 2WIK) , KXSUM

C  HWYSUM,WZSUM

A2

0056, 000
0057.000
0058.000
0059.000
0060, 000
0061.000
0062,000
0063, 000
0064 .000
2065,000
00&6.000
0067,.000
0066.000
0069.000
0070.000
00714,000
Q072,000
0073.000
0074.000
0075.000
0076.000
0077.000
0078, 000
0073.000
0080.000
0081.000
0082.000
0083.000
0084.000
008S.,000
0086,000
0087.000
0068.000
0089.000
0090, 000
0094,000
0092, 000
0093, 000
0094,000
0095.000
0096.000
0097.000
00906, 000
0099, 000
0100.000
0101.000
0102.000
0103.000
0104,000
0105.000

0106,.000
0107.000

0108.000
0109.000
0110.000
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DO I=z1,NUMPTS
WSUM=WSUM+M ()
XWCL)z2XCX) ()
YRCD)aY(T)mU(T)
ZC1)=ZDIRMCT)
SH(I)zZC(I)el(Y)
WXSUMzWXSUM+XW(T)
HYSUMzWYSUM+YR(T)
WZSUM:zWZSUM+ZH(T)

END DO
TYPE®, ULTRALIGHT WEIGHT=’,WSUM, * (POUNDS) ’

*x CALCULATE CENTER OF GRAVITY w»x

o000

CENTX sWXSUM/WSUM

CENTY:=WYSUM/WSUM

CENTZ:=WZSUM/WSUM

CG=( (CENTX~B5,49/12)/CBAR) %100

TYPE®,’CGX=’, CENTX, 'CGY=", CENTY, 'CG2=’,CENT2,’ C.G.5 */C6
0000000 0000 0 0000 000 0000000000 0 0 O 20 00000 0020 055000 20 00 0 O
C CALCULATE MOMENTS OF INERTIA ABOUT STABILITY AXIS
c

DG I=1,HUMPTS
IXX IXXPWC IR ((2CI)=CENTZ) mm24(Y(I)=CENTY)®n2)

IYYZIYY4UHCI)ImM(CZ(I)=CENTZ)mm24(X(T)~CENTX ) wn2)
T2Z2IZZHUCTIIC(XCLI)=CENTX ) mu24(Y(I)~CENTY)un2)

PRODUCTS OF INERTIA (IXY,IXZ,IZY) sxsss

o000 0O 0

IXYSIXYHUIT )M C(XCI)=CENTX)IM(Y(Z)=CENTY))
IXZ=IXZHHCL )M (XCT)=CENTX)m(Z(1)~-CENTZ))
IXZ==1I%2 ! CHANGE SIGN OF 2~-AXIS
IZYSIZYH+UCTIIM((ZCII=CENTZ) (Y (I)~CENTY))
END DO

TYPEx, DO YOU WISH TO ADD PRINCIPAL INERTIAS?OIN'

ACCEPT 111.,ANS

IF(ANS.EQ. "N’ )THEN
IXXP=z0,
IYYP:z0,
122P:=0.
IXZP:z0,

ELSE
TYPE®: "ENTER IXX SUM OF ALL COMPONENTS CONSIDERED(SLUG=FTe%2))>’
ACCEPTS, IXXP
TYPEx, "ENTER IYY SUM OF ALL COMPONENTS COMSIDERED(SLUG-FTa%2))>’
ACCEPT=, IYYP
TYPE=, "ENTER 122 SUM OF ALL COMPONENTS CONSIDERED(SLUG-FT®%2))>’
ACCEPT», I22P
TYPER, "ENTER IXZ SUM OF ALL COMPONENTS CONSIDERED(SLUG-FTsm2))>’
ACCEPTw, IX2P

NDNAOOODOOODHOOOOOODOOD

A.3

0111,000
0112.000
0113,000
0114,000
0115,000
0116.000
0117,000
0118,000
0119,000
0120,000
0121,000
0122,000
0123, 00V
0124,000
012%,000
0126, 000
0127.000
0128, 000
0129, 000
0130.000
0131,000
0132.000
0133,000
0134,000
0135.,000
0136, 000
0137.000
0138, 000
0139,000
0140.00¢
0141.000
0142,000
0143,000
0144,000
0145,000
0146,000
0147,000
0148.000
0149,000
0150.000
0131,000
0182,000
0133.,000
0154.000
0135.000
0156.000
0157.000
0158.000
0159, 000
0160.000
0161.000
0162, 000
0163.000
0164,.000
016%,000

P —
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END IF
CONVERT TO SLUG~FT»»2 AND ADD PRINCIPAL INERTIAS
IS CIXK/32,1742432,56%

1YYz (IXX/32,17471+6.930

1222(322/32.174)462.504

IXY=zIXY’32,174

IX22(IXZ/32,174)+,276

12v=212Y732, 174

TYPES, " IXX2 "’ IXX, * Ivyz’,1vyy
TYPEw, '3223%,122,"' INYz/!, IXY
TYPES, 7 IX22/,IX2)* 12¥=",12Y

samuenes QUTPUT TO FILE swwmaxsswssi»

TYPEw, 'ENTER FILENAME TO OUTPUT INERTIA FILE?>>’

ACCEPT 111,FILEOUT

FILEQ=’FILEQUT’
OPEN(UNIT=6,FORM='FORMATTED’, STATUS = "UNKNOWN’ . BLOCKED:

&, TRUE. » FILEzFILEOUT, USER2’PREP’, IOSTAT=I1,ERR:81S, FILESIZE=TO)

mnnwx FORMAT FOR QUTPUT OF ALL CALCULATIONS sunasamw

TYPE 100, WEUM, CENTX, CENTY,CENT2,CG + IR, 1YY, 222,
RINY, INZ, 22Y

CENTX=CENTX®12
CEMTYzCENTY®12
CENTZ=CENTZ*12 5

WRITE(6, 100) WSUM,CENTX,CENTY,CENTZ,CGy IXX, XYY, X222, IXY, IXZ, LTy

J¢

BIXY, IXZ,12Y

100 FORMAT(11X) 'ememmosmcenvemcs e men—n -

1, 10X, *ULTRALIGHT WEIGHT=',F10.3,’ (LBS)’,~/

20100, 7 o o o 0 o e e o -——— ',/

3,7,42X% 'MCG IS *,F10,.3,' 1IN, FROM X=-REF ',/

4, 12X, ’YCG IS *»F10,3,’ - IN, FROM Y=-REF. ‘.7

S,12%,°2CG 1S *,F10.3,* 1IN, FRDH Z=REF. ‘*,/

6,12%,’C.G. IN PERCENT NGC ’,F10.3,’%’,v/

(R Y-1. 70 wxwnwnn INERTIAL QUANTITIES lﬂl'lll ’o/
8,12%,7 SLUG-SQ FT. 'yl
8,/,12%s 7 IXX *,F10.3 ," Iyy *.,f10.3 ,° 122 ‘*,F10.3 ,~
1,42%. IXY ?,F10.3 ,°’ IXZ2 *,F10.3 ,’ 12y ’,F10.3 ,»7)

CLOSE(UNIT=z6)
sToP
END

s/

+

0167,000
01686,000
0169,.000
0170.000
0171,000
0172,000
0173,000
017«,.000
0173, 000
0176,000
0377.,000
0178,000
0179,000
0180, 000
01681,000
0182,000
0183,000
01084,000
01835, 000
0186.000
0187.000
0188,000
0189.000
0189.100
0189,200
0109, 300
0190,000
0194.,000
0192.000
0193,000
0154,000
019S,000
0196.000
0197.000

0198.000

0199.000
0200.000
0201,000
0202, 000
0203.000
€204.000
0203, 000
0206.000

CHSNEARA YV YRNNENEEEEEN SR EARAERENTETEREE NN AR AERAA TR AEERE SRR SRR ERB R w0207, 000

0OO0O0OO0O N0

sesxxnes  SUBROUTINE REDUCE THAY CONVERTS TO X,Y,Z COORD,ssssssxss
SRAPAAESEREANEEN RN EEEEE RS A AARNRN RSN NESSNANERASEBAS RN SRS SRS SN RS

SUBRODUTINE REDUCE (NUMPTS, ITEM, W) ZDIRM, HDIST,PS1,XDIR, YDIR)

man READ INPUT DATA sxxzaswmnn
THIS SUBROUTINE CONVERTS THE 2-DIRECTION MEASUNEMENT., HORIZONTAL

ANGLE(PST) THE MEASURED HORIZONTAL DISTANCEC(HDIST) INTO X.Y,AND 2

COORDINATES (REFERENCED TD AN ARBITRARY AX1S),
REAL*4 ZDIRM(E600),» HDIST(600),PSICE00),H(R00),DUMMNY(600,3)
REAL»4 XDIR(600),YDIR(600)

A4

0208.000
0209%.000
0210.000
0211.,000
0212.000
0213.000
0214.000

021%.000

0216.000
0217.000



¥

0o 0006 o o0

S4

(~
<

ORIGINAL PAGE 1S

INTEGER NUMPTS
CHARACTER ITEM(200)#15,MEASURE(600,%)

aw BEGIN CALCULATIONS »x

DTOR:=3.14:6/180

REMEMBER TO READ PAST BANNER .

WRITE(3, 54)

FORMAT(SX, THIS FILE COORD COMTAINS X.Y,AND 2 COORDINATES’.,
&7, ’WHERE Y AND Z ARE CALCULATED’,/,' ITEM ’,3X,’ XREF

& "e3X,' YREF ’,SX,’ 2REF ’,0X,’HEIGHT(LRS.)")
DO Kz3,NUMPTS ,
XDIRC(K) zsHDIST(K)»COS(PSI(K)=DTOR)
YDIR(K) =HDIST(K)®SIN(PSI(K)*DTOR)

ws SEND THE NEW COCRDINATES Z2DIRM, XDIR,YDIR TO FILE ‘COORD’ =x
NRITE(3,SS)ITEM(K) ) XDIR(K)I®12, YDIR(K)®12, ZDIRM(K)®12, W(K)
FORMAT(SX,A1S5,1X,F10.3,3%,F10.3,3X,F20.3,3X,F10.6)

END DO

RETURN
END

A5
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0216,000

0219.000
0220.000
0221,000
0222.000
0223.000
0224.000
0225.000
0226.000
0227.000
0220.000
0229,000
0230, 900
0231.000
0232.000
0233.000
0234.000
0238.000
0236.000
0237.000
0236.900 ,
0239.000 ;
0240.000
0241.000
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This appendix presents the parts list of all components (Table B-1)
and the actual assembled ultralight parts list (Table B-2).

Table B-1 was compiled of all parts received, with a corresponding
description, Table B-2 consists of only those components used for

assembly.
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JIable B~1 Preassembly parts list
(includes all parts received).

Part Number Name _ (suant.) Description
HC-6,7 Hang cage frame (1 each) 50.5"%1.75"
" tube assemblies &
HC=-10 Hahg cage frame (2) 14" x 1.875"
tube sleeves '
HC=-13 Control Stick (1)
Clamp
HC=109 "7 Brackets (2) _
EC-8 Front Carry-thru (1) 22.875" x 1.125" o.d.
Tube
RC=-11 "Y' shaped radius (6)
based brackets
dC-12 'U' shaped square (10)
based brackets
HC=-87 Black Flastic (2) Designed to
Saddles £it 1.875" +tube
aCc=9 Rear Carry=-thru (1) . 30"x1.875" CD
tudbe assembled with
1.75" CD tube
inside
BEC=-28 Lower Boom Square (2)
'U' shaped brackets
HC-5 ~luminum Saddles (10) Designed .to f£i%
: 1.875" CD tube with
- ~ 0.25" hole in center
EC=110 Rear Control Stick (1)
3racket with 'L
Shaped Flange
HC=35 Aluminum Saddles (4) Designed to fit
1.875 " CD tube with
0.3125" hole in cen<
AC-1 Front Vertical 2) "43,5"x1" CD
Strut Tube
EC-88 Black Plastic (8) 0.625" CD x 0.25" ID
Washers ‘
dc-3 Rear Vertical (2) 43"x1" CGD
Strut Tube

B.2



Table B-l continued

FPart Number

HC=-2

HC-27
HC=53
iC-84
HC=57

WG 1
NG=8
WG=36

WG=27,W3=42

(41,21,C1,D1)

WG=37,WG=38

WG=33,%3=40

(42,82,C2,D2)
HG=53
VG=56 .

WG=57

WG=93

W3=94

WG=-92

ORIGINAL PAGE IS

v e e m— e
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Name (Cuant.) Description
Rear Diagonal (2) 51.75"x1" CD
Strut Tubes

¥atn Gear Support (2)
Strzut Tubes

Cross Support (1)
Tube,

Main Jear Cross (2)
Suppozrt Cables

Black Flastic (4)
Flug

Root Tube (1)

Front King Fost (2)
Brackets

Rear King FPost (2)
Brackets

Inboard Section (1 each)
of Spars

Cutboard Section (2 each)
of Spars

Center Section (1 each)
of Spars

"W' Shaped U (8)
Bracket ‘
Inboard Cable (2)
Assembly

Cutboard Cable (4)
Assembly

Slide Tube (4)
aASsemblies

Compression (4)
Springs

Inboard Cable (2)
aSsemblies

B.3

72"x1" QD with

‘4"%x1.129" CT Sleeve

3é"x1" CD
28.25" center to
center of tangs

1" 0D 0.9375" ID

57.75"x2" Square

78.5"x1.75" CD with
1.875" CD sleeve

84"x1.75" CT with
a wooden plug

70.5625"%x1.75" CD
with 1.875" sleeve

82.75 " Center to

Center of Tangs

85" Center to
Center of Tangs

10"x1" CD with.
Slotted Tube and
Knob attached

g§0.75 " Cénter to

Center of Tangs
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Table B=-1 continued OF POOR QUALITY
Part Number Name (Quant.) . Description
WG=46 , Compression . (2) 17.75"x1" OD
Strut Tube
WG=47 Compression (2) 17.75"x1" OD
Strat Tube
WG=T7 Spoiler Pulley (2)
sssembly
WG=54 Black Flastic (20) 0.625" CD 0.25" ID
Washers ,
WG=21 PIF pin (1)
WG=62 Leading Edge Rib (2) 6"x1.875" CD
Tip Sleeve
WG=63 Rear Spar Tip (2) 6%x1.875" CD
Sleeve
WG-87 ™p Rib Tubes (2) 50"x1" CD at
Center Line
WG =60 Black Plastic (10) 1" CD 0.875" ID
Flugs
WG=66 Batten Tubes (12) 61.75"x0.5" CD
with black plastic
*tips
KU- 1 Tail Section (2)
Fabric
KU=2 Tail Frame (2) 4 Fieces(3 surface
. frames, 1 elevator
-frame)
TS=11 Leading ZEdgze (2) 25.5"x0.75" CD
. Stabilizer Tube
1S=-23  Aluminum Insert (2) 1" long x 0.625" CD
for TS=-11
TS-39,38 Stabilizer Mounting (1each) 9.125"x1"x0.1875"
Bracket aAluminum angle
TS-37 Stabilizer Mounting (2) 9.125"x1"x0,1575"
Bracket Back-Up Flat aluminum
Flate . plate

B.4
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Suspension Cables
B.s

Part Number Name (Quant.) Degcription
TS-28 iluminum Inserts (6) Designed to fit
0.875" CD Tubes
s
nS=8,7 Upper Diagonal (1 each) '45,5%x1" CD with
Tail Tubes large Bend
PS=6,5 Lower Diagonal (1 each) 44 .5"x1" CD with
Tail Tubes Small Bend
TS=36 Mixer nssembly (2)
Mounting Brackets
TS=20 hctuator Arm (2) 13.75"x1" GD
Control
TS=26 'L' Shaped Stainless (8) 1.625"x0,.75"x0.5"
Steel Brackets
TS-29, 30 Bell Crank (2)
TS=31 Black Plastic (4) . Designed to fit
Saddle 7S-29, 30
TS=21 Spreader Bar © (1) 72"%x0.625" CD
aAssembly
TS«66 Range Grip Clevis (2) 0.1875"x0.625"
Pin
TS-33 Aing Pin (12)
TS-25 Triangle Shaped (2)
Tang
TS=49 Wing Nuts (28)
TS-34 Black Plastic caps (2) Designed to fit
0.625" ID Tube
TS=69 Mixer Assembly (1)
KU-3 Rear axle assembly (1)
HC-67 Bungee Chords (2) 0.375"x36"
HC=-107 landing jear (2)

y . NRSCHES e ary
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Part Number Name (Quant,) Tescription
HC-58 Main Gear Wheel, (2 each) 20" in Diameter
Tire, and Tube
“w / .
KU=4 Nose Jear (1) ‘assembled at the
Assembly Factory
NG-17 Cable Mounting (1) Cast Aluminum, .
Bracket 'L' Shaped with
Small Diagonal
Slot
NG=21 Black Flastic (2) 0.625"x0,.25" ID
Washers
NG=49 , Nose Jear Tire (1) 16" in Diameter
NG=50 Nose Gear Tube (1) 16x2.125
HC=-97 Seat Sling (1)
HC=-25 Seat Sling Back (1) 15.75"x1" CD
Rest Tube '
HC=91 all Threaded Rod (1) 17.875"x0.25"
28 threads
HC=120 Sleeve Tube (1) 16.5"x0,5" CID
EN-22 Fuel Tanks (2) 2.5 gallons/tank
NG=53 Threaded Rods (2) 3"x0.25"=-28 threads
N3-27 'Heim'=-Ball Swivel (4)
Joints
Cs-24 'L'-Shaped Torque (1)
Tube Mounting
Bracket
CsS-21 'PYC' White Plastic (2)
Bushings

CS=26 Torque Tube (1) 33"x1" CD

B.6
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Table B-l continued

Part Number

CS=21 (Steel)

CS=-30
CS=22

CS=-28
EC-47

CsS-23
C5=25

WG=2,3
WG=52
W3=T1
HG=T72
WG=35
C5-35,36
CS=37
C§-34
Wi=T73,74

W3=109
HWG=TS

. hMame §guant.2
Rear &orque Tube (1)
Sleeve Bushing

!

large Flat Washers (3)
Joy Stick Contrel (1)
Assembly

Black Flastic (5)
Washers

Rear Torque Tube (1)
Bracket

Swing Arm Bracket (1)
Short Control Tube (1)

| King Post Tubes (1each)
iing Pins (8)
Inboard Jround (1)
Cable issembly
Cutboard Jround (1)
Cable asseably
Black Plastic (4)
Saddles '
Spoiler Flap (2 each)
Stiffeners
Spoiler Joining (2)
Plates
Spoiler activator (2)
Arms
Flying Cable (2 each)
assenbly
Shackel Spacers (2)
Forward Cable (2)

Ag8semblies

ORIGINAL PAGE IS
OF POOR QUALITY

, Description

1"x1.125" CD

1" ID x 1.25" CD

0.625" CD x 0.25" ID

one end nas swivel
clevis

48"x1" CD assembly -

‘includes wrap
brackets

Designed to fit
1.875" O Tube

4.75"x31.75"
flat Steel

2.5"x9"
0.25"x0.5"x7.5"
Slightly 3ent

1.1875"x0.5" CD

77.75" length

. EmwmT
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Table B=-1 contiiued

B.8

Part Number Name (Quant,) ____ Descpiption

NG=20 Nose Gear Cable (1) 50.75 lengtl;
aSSembly

NG=13 Root/ Tube Plug (1)

WG=-67 Black Flastic (12)
Batten Tube
Frotective Caps

IS=-3,4 Upper Boom Tube (1 each) 93"x1.125" CD

WNG=97 Radius Based 'U' (2)
Shaped Bracket

TS=1,2 Lower Boom Tube (1 each) 97"x1.125" CD

TS=33 Ring Fin (1)

TS=19 Rudder/Elevator (2) 32" Long x 0.5" CD
Control Rod

TS=22 Long Elevator (1) 88.75"x0.75" OD
Contral Rod

CS=46 Spoiler Control (1) 43.5"x0.625" CD
Rod

CS=33 'L' Shaped Spoiler (1)
Bracket

CS=32 Spoiler Triangle (1)
Nounting Flate

CS-42 Stand-0ff Bushing (1)

Cs-39,40 Spoiler Cables (1 each) Cable bushing at

one end and nothing
. on the other end

CS=-38 long Bungee Chords (2) 0.125"x20"

CS=-47 Spoiler Cable assea. (1)

NG-18 Brass Disconnect (1) Designed to fit
Lever NG=17



Table B-1l contirued . OR‘G'NAL PAGE '9
OF POOR QUALITY

Fart Namber Name uant Jescription
CS-50 'Heim'' Ball Swivel (1)
Joint Connector
/
NG-51 Ring Fin (2)
EN-24 Engine (1) 30 HF 2-Stroke
Cuyuna ZEngine
KU0-5 Fuel Line - Clear Flastic
EN-6,8 Engine lMounting (2,1) ' Preassembled
Bracket sssem.
EN-17 Engine Drive Shaft (1) . Short Sleeve to
Coupling fit over engine
output shaft
EN=12 Drive Shaft (1) Chrome=-toly Steel
Ku-6 Eccentric Bearing (1) Set includes mounting
' Block for:Drive kit for the Rcot
Shaft : Tube
EN-55 Reduction Trive (1) aluminum cast frame
Assembly flange mounted bearing

assembly, 2-turnbuckle
asgemblies, 4 grooved |
pulley bearing, and
shaft assembly

KU=17 V-belts (4) Fulley belts
EN=-16 Propeller (1) 54"x27" pitch
EN-15 Fropeller Hub Plate (1)
EN-14 Fropeller Hub (1)
EN-25 Engine Muffler (1)
EN-48 ¥anifold Eeader (2)
Fipes '
IN-96 Muffler Nounting (1 Xit)
' Bolt Kit
Ell-26 Carburetor Assembly (1)
EN-95 Throttle Cable (1) Connected to
Lever

B.9



_ ORIGINAL PAGE 19
Table B=l continued OF POOR QUALITY

Fart Number tame (suant.) Description
KU -8 adjustable Clamps (2)
EN-94 Ignition Switch (1) .
Assembly '
EN-29 Squeeze Bulb (1) In-Line
EN-44 Fuel Filter (1) Ig-Line
KU-9 Nylon 'T! (1) Connects fuel line
' to both tanks
. EN=92 Bungee Chord (1) Straps fuel tanks to
vehicle
HC~-111 Seat Sling Harness (1)
KU-10 Wing Fabric : (1)

B.10



Note Regarding Compiled Parts List (Table B=-2):

Table B=2 contains the raw data that had to be input into the
computer before processing. This raw data table contains the measured
parameters Z coordinate, horizontal angle (PSI), horizontal distance
(HDIST), and component weight. All the components listed are actually
used on the ultralight,

The following naming convention was adopted to distinguish the nut,
bolt, and washer that were used:

Example:
AN4=24A 2F2T
[ S | ——
bolt washer type and quantity
Note: This convention assumes the standard size nut
unless otherwise states ('A').

Convention: .
S - safety bolt |
F - thick washer
T - thin washer #
W - wing nut g

R = safety ring.
The complete listing is shown in Table B-2.

woew o

B.11
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Table B-2  Compiled parts list and coordinate C.G. locations.

TRIS FILE 'MEASURE’ CONTAINS ALL THE MEASURERENTS TAKEM
ON THL BASE CONFIGURATION,

conPoNEN) I-COORD  PSI DISTANCE UE J6HT
He-54 90,25 11.67 23,373 2376
AN4-Z34 2F,27 90,25 10,33 09.625 03459
Ec-9 30.62 .03 18.875 01279
i 87 88,078 0.33 106.625 1,146

EC-9 07,073 7.33 119,625 .01279

Ald- 24p 3T 87.31% 1.61 110.625  ,05238

NC-51 $5.25 0.75 138.25 007253

u6-66 07.07% 26,33 123.3715  .25%9

ue-37 85.5 25,8 131,128 2.3%

N6-37 07.2% R”N 102.13 2,354

ANG-30A 2T $5.623 42,3 116,315 05710

N6-3%5 15,625 €0 116,375 .005952

u6-33 05.315 41.67 122.315 * .04867

ANd-14A 1T 85,375 41.67 122.31% 03167

£s-38 ¥5.375 40.5 123.0 0147

N6-93 8 %4 05.29 33,718 122.915  .281

u6-47 41.33 r{ 20885

ue-17 04.625 34,15 136.625  .02353

AN3-1CR 2F 93.15 34.50 136,015  .02637

ANd-144 1T 03,075  34.33 136.875  .03167 g e '
u6-53 03.80715  34.08 136.075 048677 : -

AN4-268 2F 03,8715 3.8 130,375  .05679
AN4-24p 2F 84.0 3.3 138.75 03326
Us-66 130.28 233

05,625 30.5 . +2359
u6-33 00.1% 45.25 163.31  2.118
i6-33 92,0 3.0 144.075 2.118
Ue-57 00,3715  %4.17 134,125  .21%
u6-51 0315 54,17 134.125 2150 ’
us-66 00,625 @9.17 163.75 2559 '
U6-35 15.625  61.67 171915 005952
AN4-308 3F 10.625  61.65 1719.15  .05938
U§-33 18.625  60.92 118.0 Q4867

ANG-144 1T 18.50 60.92 110.0 03167
Us-46 1 2783

HG-66 19.75 35.0 189.5 2939
Nd-144 17 17.315  S4.17 192.625  .03167
AN4-24A 1T 78,625  60.03 118.0 04913
i6-93 18.25 59.17 110,075 .2603
H6-53 17.25 53.67 193,90 04867
ANG-26A 2F 11315 §3.58 195.5 05675
aga;;qn oF 177315 53,5 195,15  .085326 .

17.25
ANG-17S 1FITUR 77.25 53.0 195.5 0508
(s-40 19.5 .
u6-150 54.125  63.17 203.15  .6015

N6-56 14.315  62.67 218.0 «2000
§6-92 14.31  62.67 210.0 0125
Us-27 14.0 38.18 2.7 2.330
ue-217 16.25 65.15 207.625 2.380
u6-66 14.0 63.15 248.625 2553

B.12
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Table

B -2 CONTINUED

conPoNENY

AN3-248 1T2F
AN3-248 1TeF

L]
ANG-244 1F1T

1
AN3-244 2F
He-71
us-74
EC-9

HS n
AN3-164 2F
ANd-148 1T
U6-353
ANG-24A 2F
ANd-cSA 2F
UG-66
U6-57
U6-37
6-33
UF-33
UG-66
U6-¢6
H6-35
AN4-30R 1F
U6-33
ANd-1¢Z 1T
Us-93
UG-46
ANG-14p 17
U6-33
AN4-28A 2F
ANS-26A 2F

Z-C00RD

§5.379

91.62%
89.378
89.0

08.62%
88-.625
85.87%
08.875
85.625

B.13

rs1

eve 875
264.0
256,625

233.25
252.5
253.625
256,625
256.5
258.125
243.0
243.0
206,125
199.875

329 .625

ORIGINAL PAGE 18
OF POOR QUALITY

OISTANCE UEIGHT

02078
02078
07352
008538
06209
04799
03273
03273
«3759
/05216
1003
05326
0123
1.5625
01279
05569
2376
1,146
01279
03369

" em——— - .
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Table B-2 CUNTINULD OF POOR QUALITY

conroni n} 2-COORD Psl DISTANCE  uE I6NT
ﬂl“ 175 1F1TUR 76.7% 68.82 330,75 0505
6.9 7¢ .03 2%0.315  2.330
UG 9? 74,50 69,67 2%0.075  ,912%
Ue-56 14.5 . 2%50.875 +2000
H6-66 765 73.33 29%6.% 2559
U6-217 76,879 67.11 239,975  2.330
NG 66 4.0 66.0 271.0 2559
BB 13.37% 70 .08 2%4.,0 24003
ANG- 2GR 2F 13.375 0.08 254.0 05326
| LK 71.0 63.67 266.625  ,1003
ANG-24R 2f 71.0 63.67 364.625 083z
£s5-39 19.5 70.67 355.5 +3438
46-15 55.625 15.33 285.25 6875
#G6-12 94.5 70.08 308.25 8125
UG- 283 3%.7% 67.17 258.25 3.660
AN365-524 117.075  ¢4.92 258.25 01127
ANG-5R 1T 14.3715 70.63 246,15 .1550
§6-13 13.62% 10.75 246.75 01562
u6-9 * 73,3718 16.37 245.825  ,103¢
ve-6 73.315  10.58 251.5 .103¢
ANG-26R 2F 72.0 10.67 €45.0 05679
ANG-26R 2F 71.075 70.33 264.875  .05¢79
ANG-24A 2F 3.0 70.5 244.375  ,05326
fiNG-248 2 74.42%  10.7% 243.,2% Q%326
ANG-244 2F 0 10.25 244,625 05326
ANG-28A 2F 13.25 §3.83 247.0 05823
ANG-28R 2F 13.715 70.0 247.0 05829
ANG-25A 1F 73.375 69.92 248.125  .052917
MG-115 2FUR  76.0 7.5 0 05163
£5-28 76.0 70.42 248.0 +000661
Cs-28 %0 70.58 248.0 ,000661
ENG,RED,MOUNT €5.315  66.33 254,15 16.375
SPARK PLUG 7.5 66.67 256,125 .1240
SPARK PLUG $1.5 €5.83 254.0 .1240
Y-PIPE 64.125  65.58 252.25 1.6435
J-PIPE 3.0 66.83 245.15  1.0104
RUFFLER 60.125 65.5 246.0 $.000
NUFFLER SPR 64.625  65.15 245.75 01213
RUFFLER SPR .25 66.0 .15 01213
AUFFLER SPR $9.875 67.0 245.125 01213
NUFFLER SPR 59.875 67.17 207,125 01213
ANG-12R 2F §7.5 66.38 249.0 03578
RUBMBIE UASHER $7.5 $6.38 269.0 02469
ANG-12R 2F $71.2%5 65.17 252.8 03578
RUBEB1E WASHER S7.25 65.1? 252.5 -. 02469
ANG-20A 2T 12.25 66.03 252,315  ,05608
ANG-28R 2T 72.25 65.33 254,715 05609
EN-26 €1.625  66.83 262.3715 2.00
46-3¢ 70.875  ¢1.58 266.0 06883
ANS-42A 2F . 69 75 61.67 264.0 .1280
AN3-25R 2F 1. 61.5 264.0 03131
AN3-254 2F 10.‘25 61.15 264.0 03131
ANG-20A 2F 12.15 61.61 264.0 084445
¥6-3¢ 72.15% 61.67 266.0 06883
B.14
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Table B.-2 CONTINUED

CONPONENT Z-cooro
£5-28 12.15
CS-28 72.15
PROPASHAF T $6.25
EN-12 66.25
EN-95 66.25
EN-95 66.125
ANG-35A 2F 3.0
ANG-35A 2F 67.625
EN-90 67.625
EN-90 67.625
EN-92 BI6 UASH 69.125
EN-92 69.25
EN-99 69.125
EN-99 69.25
ANE-S0R 69.125
ANS-164 2F 66.625
15-4 73.87%
78-2 q7.5
15-22 48.7%
75-3 73.62%
78-1 47.25%
PUSH CLEVIS  26.0
AN3-11A 27 26.5
AN3-11R 27 171.73
PUSH CLEVIS  72.315
(s-47 35.0
HOSE CLARP SN 33,75
HOSE CLANP SM 45,125
AN3-6R 27 23.0
AN3-64 27 13.123%
ANG-14S 1FUR  6€6.5
ANG-14S 1FUR  71.0
AN4-14S 1FUR  66.0
ANd-145 1FUR 70,625
AN3-11A 2T €3.3
fSA-4 35
NSA-18 69.5
75-36 71.25
fSA-1 9.5
#SA-108 7% .628
AN3-12A 2T 63.5
AN3-12p 2T 69.5
AN3-ss 27 74.5
nSA-$ 69.5
NSA-18 63.3
NSA-2 69.5
nsA-11 72.25
AN3-58 1T 11.25
AN3-34 17 11.25
NSA-26 58.625
NSA-16 66.625
ANd-14A 2T 67.5
AN3-13R 27 63.5
AN3-13A 2T 63.5
RSA-98 68.75

B.ls

47

61.63
62.93

41.83

DISTANCE UEIGHT

264.0
266.0
R72.0
213.0
268.875
211.2%
268.0
268.5
276.25
275.2§
STS.ZS

296.37%
2%6.0
2%6.5
296.875
296 .625
297.0
297,125
300,75
300.5
300.5
300.5
300.5
299.25

000661
“\006e
#.:79
1 o 0
1109
.1109
06842
06842
2826
2826
1001
.1001
05754
05754

1282

.04700
01431
01431
1.023¢
02127
02205

08488




Table B-2 CONTINUED

CONPONENY

ANI-SA 1F
AN3-5R 1F
AN3- 64 3T
nsa-12
AN3-12R ST
nsA-13
nsA-8
NSA-1
NSA-23
nsa-12
n5A-135
AN3-6A 37
NSA-94
MNd-138 27
ANg-138 27
nsA-18
AN3-SA 1F
AN3-S4 1F
NSA-18
nSA-4
AN3-11A 27
nsa-3 -
AN3-128 27
AN3-128 27
NSA-10A
nsa-1
fSA-18
T5-36
AN3-118 27
nsSk-4
AN3-14a 27
AN3-144 27
AN3-15A 2T
AN3-154 27
AN3-154 27
AN3-154 2T
AN3-15R 27
AN3-158 27
15-37
75-38

T5-11A

TAIL TUBE 81
T5-8
FABRICCTAIL)
TS-

Z-CO0RD

71.5
70.975
$7.62%
10 .s
73.7%
7.5
14.25
70.625
10.625
72.875
10.6235
12.12%
70.75
69.5
69.%
69.5
70.878

*11.825

69.3
69.3

B.16

PSI

41.7%
47.75
41.5
47.5
47.67
47.19
47.33
“7 I‘?
41.17
48.17
41.33
48

300.0
300.5
301.07%
301.75
301.73
303.375

320.0

317.425
317975
316.315
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DISTAMCE UEI6HT

01330
01530
0111
06030
.02495
021%
09832
02535
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.Table B-2 CONTINUED OF POOR QuALITY

COMPONENT 2-co0RD  ps1 DISTANCE  UE IGHT
TAIL TUBE 84  171.8715  42.42 300.25 68178
AN3-134 2F 70.3715  41.75 324.375  .02337
AN3-114 1F 70.25 41.67 325.5 «01357
15-28 10.25 41.67 325.% 05236
AN3-114 3T 57.5 40.15 304.15 .02096
15-26 57.75 40.03 304,75 01736
AN332-13 RING S6.75 41.0 301,0 .00396
ANG2-013 11F 56,15 41.0 301.0 02523
15-20 $6.0 41.0 300,75 05236
AN3-118 1T 55.15 40.75 300.75 .01658
AN3-118 3T 85.25 45.17 326.875  ,020%¢
15-26 04.5 45.17 327.0 01736
AN3~11R 2F §6.625 45.5 327.8715  .02116
T5-28 06.315  €5.5 327.015  .0523
AN3-118 T 86.5 45.5 R27.815 01858
AN3-11R N0 1T, 87.25 43.17 308.5 01384 .
T5-3¢ 86.0 49.50 308.25 «00425$
AN3-11A 1F 81.5 49.33 308.25 01957
AN3-154 2T 66.625  S51.67 333.3715 02315
AN3-15A 21 67.0 51.65 332.50 02315
AN3-154 27 68.5 51.68 332.875 02315
AN3-158 2T 11.5 $1.,25 327.8715  .02315
AN3-154 2T 71.315 S1. 327.315 02315
AN3-154 2T 7,315  S1.0 1.8 02315
78-37 .015 51,33 329.25 <1046
75-39 3.0 51.33 330.15 «2315
AN3-GA 27 14.315  $1.03 323.% 01658
15-3¢4 7.815 4.5 310.371 004285
AN3-11A NO 87.075 49.33 310.5 01265
15-23 87.625 49.42 310.2% 02232
AN3-11A 2F 17.0 43.5 11015 .021%
15-11 8.2 50.5 319.625 .333
TAIL TUBE 81 71.90 49.33 325.0715 875
15-7 $3.25 31.0 338.5 1.01
TAIL FABRIC LF 1.0 48.67 340.0 ~1184
AN392-13 R $5.25 50.0 355.2% 00396
ANd2-813 $5.25 36.0 3%5.2% 04136
AN3-11A N0 54.625 50.0 355. 01265
T5-38 54.62%  50.0 355.5 .05236
AN3-11p 3T 6.0 49.67 356.0 02096
75-26 56.15 43.67 356.2% 01726
AN3-1da 27 10.5 47.15 343.0 .02203
T8-2¢6 11.75 47.87 340.625  .01736
T5-26 10.25 47.03 341.0 01136
15-20 1.315 41.0 348.0 2256
TAIL TUBE 84 12,15 46 .67 399.3715  .687S
AN3-118 oF 72.2% 46.25 353.0 01483
TS-2¢ 12.25 46.17 353.0 05236
AN3-11A 1F N0 172.25 46.17 353.0 .01483
15-19 76.315 €5 335.315  .2¢0
15-30 12.815  471.67 344.0715  .0857
AN3-6A 3T 74.315  41.67 345,315 .1
AN3-114 27 1.8 41.67 343.625 .019M
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Table B-2 CONTINUED

CORPONENT
AN3: 114 2T
78-31

15-3

15-26
AN3-11R8 3T
AN3-11R 1T NO

T5-28
AN3-110 2F
ANG-12A 2F
ANd-128 2F
AN4-125 2FUR
15-25

T5-21
AN4-26R 1F
AN3-6A 27
C5-46
HC-3

HC-3

He-2

HC-1

HC-1
EN-94
NC-2
16-20
ANG-24A 1F
HC-08

NGSA-12
N6SA-10
N65A-10
NG6SA-11
NOSE WHETIRE
NGSA-11
NGSA-12
HC-08
NESA-9
AN4-24R 1F
NESA-0
N6SA-8
NGSA-T
NGSR-18
NGSA-14
N6SA-13
N6SA-13
NESA-13
NGSA-13
N6SA-6
N6SA-19
NGSA-19

N6-53
ANG HALF WUT
ANG HALF MT

2-CoO0RD

71.15
72.0
12 L]
84.625
.s Io
86.375

21.5

B.18

Ps1

41.33
47.67
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OF POOR QUALITY

OISTANCE UEIGHT

343.62%
343,625
343.625
332.715

0197
004299
004299
011736
02096
.01384
05236
.01483 .
035178
03578
04308
04148
12
05436
.01658
563
3658
36358
1.1360
1.00
1.00
.3018
1,156

007253
007253
01318
01390
03908
004630
004530




ORIGINAL PAGE IS

Table B-2 CONTINUED OF POOR QUALITY

CONPONENT 2-C0RD  ps] DISTAMCE WE IGHT
NG-21 21315 76.61  245.25 01598
ANG-16A 2F  21.25 9.0 2455  .03908
AN3-108 2T 22.375  17.33  241.875  .0182
AN3-104 2T : 11.25  237.015 L0182
N6SA-14 20,25 7147 240.0 05682
ANG-TA 1T N0 22,00 71017 236,25  .01918
NG-21 21875 11.0  236.5  .0159%
ANG-16R 2 24.25 1610 23¢.0 03039
NGSA-1 26,25 1641 236.315  .03638
NGSA-2 24.25  16.25  235.25  .0097
NGSA-3 26.25  16.33  235.875  .03351
TR 24815 16,11 2315 1.0097
NGSA-3 24.25  76.92  238.5  .032%2
N65A-2 24.25  16.58  239.125 .0097
NGSA-5 26.25  16.61  261.625 .5126
N654-2 20,125  76.70  245.25  .0097
NGSA-3 24,125 16,75  2¢5.625 .03351
NG5A-d8 4.5 16.61  245.75  1.0423
NG5A-3 26,125  16.83  245.625 03351
NGSA-2 20.125  16.92  247.125 .0097
NGSA-1 24,125  11.0  248.125 .03638
ANG-16A 2F 24,125  71.08  250.0  .0429
£$-50 29,315 11.0  247.625 .05997
AN393-61 R 25 M0 2465 .01763
NG-53 21.625 16.58  237.5  .03908
ANG HALF WUT  21.75°  76.67  236.875  .00430
ANG WALF WT 21315  76.33  231.5  .00430
NG-21 25 16, 231.625  .0159%
ANG-148 2F 21,125  16.0  237.625 .03%08
HC-99 0.9 15.50 2505 .063%
HC-57 32.45  715.08  250.625 .007187
ANG-35A 1FIT  31.85  15.25 23200 .06732
HC=5 31.85 1533 252.15  .009458
NC-12 3185  15.33 283.125 L0317
ANG-16A 2F  31.85  715.42  254.0  .04290
HC-57 2.05 1558  254.0  .007187
NG-18 30.9 15.61  249.25 02127
ANG-35A 1TIF2P 29.9 7583  250.875  .06864
T$-31 9.9  15.83  250.875  .004299
U6-35 3.9 155 249.15 004299
€5-42 0.0 15.67  243.25  .008598
AN392-13 R 30.15  15.58  249.25  .003%
AN392-13 R 29.52  15.58  249.25  .00396
AN4-15 2F 2.0  16.0  253.625 04081
ANG-240 2F  32.10  15.83  251.75  .05326
HC-11 30.3 1592  251.75 06548
HC-11 33.1 76.0  251.765 .06548
ANG-1TA 2F2P 34,20  75.83  251.75  .04579
£C-9 32.1 %41 251,25 .01219
NC-8 2.0 1533 243.375 8208
ANG-15A 2F 319 695 232. .odost
£C-9 3.9 1500 233528 01219
ANG-1TR 2F2P 34,15  74.67  234.125 .045T9
NC-11 33,40 76467 230.125 .06548
HC-11 N7 46T 236125 L0654

B‘.lg
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Table B-2 CONTINUED

COnPONENTY
ANG=17R 2F2P
He-12
ANd-16A 2F
HC-S

HC-57
ANd-23A 1F1T
HC-6

HC-13
AN3-23A 171F
ANg-24n 2F
AN3-6A 2T
£5-24

€s-21

€S-30
ANG-16R 2F2P
(5-22

ANG-6A 27
HC-107
£s-30
HC-217
£s-25
£S-26
HC-10

FT-1

EN-92

F1-2
HC-120
HC-91
1$-35420~14 R
TRNK TANG
TARK TAKS
AN365-428
AN4-23R 1F
AN4-234 2F

ANG-24A 2F
ANG-26R 2F
HC-12
HC-S

HC-S
HC-12
ANG-16A 2F
ANG-244 2F
HC-$5
HC-12
ANG-17S 2FUR
U6-105

AN3-6A 2T
¢s-23
AN3-6A 2T

HC-110
M5-234 1F

2-CO0R0

2.8
..
31 .’
1.
1.9
n..
1.4
30.5
31 l‘
23.3

B.20

rsl

74.67
16.0
14.0
14.08

ORIGINAL PAGE i3
OF POOR QUALITY

OISTANCE WEIGHT

234.12%
233.0
232.%
233.37%
235
234,875
239.315
240,125
240.125
240,125
239.125
238.75
237.62%
237.625

251.62%
251.625
266 .5

266.5

250.12%
250.875
250.875
248.375
249.125
249,125
249 .12
246 .625
248.625
248,625
248 .625
248 .625
248.625
248 .625

253.125
2%2.5

04579
03717
0429
.009458
.007253
0343
2.940
1300
03044
03326
01638
09722
03368
.008973

1
07576

F
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Table p-2 CONTINUED OF POOR QUALITY
CONPONENT 2-CO0RD  PSI DISTANCE WEI6HT
ANS-23 I 29.8 63.58  253.0 07576
HC-35 29.8 63.5 252,5 00948
HC-35 2.8 €3.58  253.0  .00948
€s-21 8.0 63.5 251.0 0338
€5-30 2880  §3.5 250,375 ,008973
€5-21 28.0 63.25  250.15  .01925
€5-30 28.0 63.25  250.625 .008973
HC-41 2.0 63,17  252.75  .1384
ANG-16A 2F  28.0 £3.0 251.125  .0429
HC-57 zn.o 62.75  252.0  .00725)
AN3-6A 27 6347 35500 .01658

UNEELSTIRE RY 15.1 61.5 234.0 5.43

AXLE STRIP 13.7 61.87 213.23 05566
AXLE STRIP 13.7 63.75 273.875  ,05566
ANd-16A 27 13.5 64.5 248,725  .03688
ANG LONG 2¢  15.4 63.75 245.875  ,06056
ANG-16A 2F 23.8 64.25 249.5 0429

NC-84 .19.9 65.55 260.75  .250
HC-84 19.9 55,58 260.75  .250
REAR AXLE 15.5 £3.08 261.015  7.0072
HC-9 30.0 63.5¢ 260.315  2.0213
HC-25 30.2 67.17 257.315  .333
HC-87 30.2 66.33 249.815  .005842

ANd-244 1TIF  30.2 66.25 248.125  .05215
324;3‘“ 2F 3.2 66.42 250.75  .0429

3.2
ANd-16A 2F 30.2 67.93 263.625  .0429
HC-12 0.2 264,73

HC-87 30.2 68.0 265.875  ,005842
ANG-24A 1TIF  30.2 §8.0 266.0 05215
HC-9T(SEAT)  23.9 69.83 233.715 8.1
HC-111 4.1 10.75 2353.1%  .9751
AN4-16A 2F 28.1 6.0 273.2 0429
ANG-16R 2F 24.0 66.92 213.5 0429
ANG LONG 24  15.6 66.67 273.625  .060%6
ANG-14R 2F 134 67.17 272.315  .03908
UHEELATIRE LF 15.2 67.92 290,75 5,46
ANg '225 1R 30,0 67.25 273.25  .05324

H6-10S 30.0 67.25 213.25  .005842
ANG-26R 2F 30.9 63.17 272.625  ,05679
HC-12 20.6 63.17 272.625  ,03117
HC-$ 2.3 63.17 272.625  ,009438
HC-5 30.9 $3.17 272.625  .03117
HC-12 3.3 67.0 a711.125 03717

HC-S 30.9 67.0 271.125  -009458
ANG-264q 2F 30.0 67.0 211.125 05326
ANi-24Q 2F 30.0 67.08 212.0 05326
HL-28 30.8 66.03 272.25  ,03717
HC-5 0.4 66.03 212.125  .009458
ANG-17S 2FUR  30.6 66.67 272.125  ,05163
ANS 3/4 24 0.9 66.75 269.125  .063M
ANS 374 24 30.0 66.67 268.75 06371

HC-3S5 0.0 66.75 269.25 009480
HC-35 30.0 66.67 268.375  ,00948
HC-109 30.15 67.25 267.875 46500

B.21
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Table B-2 CONTINUED OF POOR QUALITY

FUEL LEFT a2.9

B.22

conronenT Z-CO0RD  PSI OISTAMCE WEIGNT
ANG-23A 2F 30.15 67.17 267.25 0510
AN4-234 2r 30.15 67.33 266.875 0510
HC-10 30.45 68.33 265.25 4394
HC-27 20,85 63.58 266.0 1.540
(s-38 14.6 68.25 263.315 Q1477
HC-107 14.4 71.58 260,90 +3625
NC-1 31.5 12.75 257, 3?5 2,540
EN-95 0.2 13. 230, <7668
NOSE CLARP L6 32 o1 14.0 254.75 06217
HOSE CLAMP L6 32.2 13.33 255.75 06217
£5-35 09.25 36.25 121.5 1474
(5-34 06.85 33.67 133315 09017
AN3-SA 27 80.85 40.117 132.125 01550
AN3-5A 2T 08.05 39.5 135.3715  .0155¢
ANB-524 07.85 40.17 135.625 .01323
AN3-SA 27 08.85 4.5 5.5 .015%0
£s-37 - 08,75 42.0 137.0 1109
AR3-SA 2T 07.15 43.25 139.315  .01550
€S-36 6.9 46 .32 148.75 .74%
€$-35 90.15 1.0 407.3715  ,747¢
£S-3¢ 49,85 16.67 399.25  ,09017
AN3-5A 271 09.85 16.83 399.125  .01550
AN3-38 2T 83.85 16.42 399.625  .015%0
ANB-524A 88.85 17.17 398.375  .01323
AN3-3A 2T 89 .£5 76.5 395.125 01550
§-317 89.45 16.42 2 1109
AN3-54 27 l!.’S 16.17 387.315  .01550
-36 07.45 5.67 o3 1436
UING FAB AT  179.8 50.50 167.23  8.125%
UING FRB LF  19.8" 13.75 360.25  8.125
FUEL LIME NSS, Si.lTS 67.83 263.875 435
FUEL BULB 8. 67.83 oS <1060
u6-1 72.25 66.25 233,0 3.312%
PiLOT 24.1 70.75 233.75  0.000
FUEL RIGHT 2.9 64.67 234.0 0.000

260.125  0.000
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C.G. CHECK OF POOR QUALITY

C.1 WEIGHING CHECK AND ERROR ANALYSIS WEIGHING CHECK:

To determine the C.G. by weighing, the aircraft was placed on three
scales; the left and right main gear on two large scales and the nose gear

on a smaller scale.

N

\
M. ) d.z |
- o

1 A |

right and left . nose gear
main gear reactions reaction

FIGURE C.1 Reaction Diagram of Weighing Check.
Two Measurements were taken:
1) Level: Right = 133.'2 1b Nose = 11.49 1b
Left = 127.0 1b
Total -‘”27.1.‘6;9‘ bounds

2) 16° Tilted: Right = 103.2 1b Ry = 65.99 1b
Left = 102.5 1b
Total *_&Zl .7 pounds

CENTER OF GRAVITY

The C.G. was edlculated as follows:

Level: E,MX,N =L Wogp = 73.75 <RMR+ R.M_L) =0

ose C.G.
Gear

£ = 73.75 (133.2 + 127.0)
%c.G
- 271.69

L = 70.63 in from nose gear
*c.G.

£

x = 112,39 in from reference

C.G.

C.l
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OF POOR QUALITY

Refcrenca X«3xis /

iharizental) b - -
!
% “l @
g 4Ly
T
i 1
Ry, Rn

Weight and horizontal position of center of gravity,

Relere~ze ¥-axis

\

Herizantal B B
\

Ry, 8

- , .
Weight and vertical and horizontal position of center of gravity

FIGURE C.2.
Experimental Techniques for Determining Weight and Center-of-Gravity Positions

c.2
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The vertical center of gravity was calculated using techniques outlined

L3

in Ref. 3. Flight Test Principle and Practices.
Where Ryd = W (%cosé - zsinf )

See FIGURE C.l1l and C.2

However, the ultralight was tilted nose gear down therefore:
RNose - RMain (Total)
Ryd = W (xcos6 ~ zsiné )

d = 73.75 cos(16) = 70.89 in
x = 70.63 in

” W= 271.69
’ 8 = 16 deg.
g” RM = (103.2 + 102.5) = 205.7 1b

f—
€ = 16 deg. |

PTIT T T r I I T I TP T 3PP T P T I T T 7T T 710 7 7 7T Ty i T T s/

FIGURE C.3 Tilt Angle for Vertical C.G.

and

-z sine = M9 - % cose
W

z = (xcosf - Ryd)

= /siné

= [70.63cos(16)- 205.7(70.89) ]
271.69 /8in(16)

C.3
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z = 51.59 in from ground

= 51.59 + 5.3 in from reference

= 56.89 in from reference

N

Y-Direction C.G.:

73.75"
left 1 l right
nagl_ i main

32,0" el
P 64.0" t

FIGURE C.4 Top-view of Ultralight Gear Geometry.

M

32 Ry Ry D - dy . Oiyo)

Main C.G.

RN = 11.49 .

RMRT = 133.2

LV

L, = 32(11.49) + 64(133.2)
c.G. 271.69

= 271.69

ly = 32,73 ir from left main
C.G.

Ly = +0.73 in from ¢
C.G.

LY to CL = 235.0 in
C.G.

C.4
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ZY w 234.27 in from reference
C.G.

TOTALS:
ZX = 112.39 in. from reference axis

%

L = 56.89 in. from reference axis
Zc.q.

w 234,27 in. from reference axi.s
Cc.G. !

C.5



ERROR ANALYSIS

Weighing: All weighing was done using scales and balances at the
University of Kansas Department of Physics.

The pieces which weighed less than 2 pounds were weighed on a 'pounds-
weight' balance that could handle the heavier items; the other components

were welghed on two standard triple=beam balances.

"Exrror ‘Reason for Error
Triple Beam +0,10 grams = +,00022 pounds Reading Balance
Balance
*#0.05 grams = £,00011 pounds Balance Accuracy
Large +0.15 pounds Reading Error
Scale
#0.10 pounds Accuracy

TOTALS: 28 parts weighed on large scale
555 parts weighed on triple beam balance
Weight = 555(.00022) + 555(.00011)
+ 0.15(28) + 0.10(28)

WEighterr = 7,183 pounds

Center of Gravity (3-axes)
The center of gravity was calculated using reference covordinates that were
calculated from a horizontal distance, vertical height, and horizontal angle.
Error Reason

Weight = +£7.183

Measurements:
"
#1.0 x,y direction Non=-stable Plumb Line
0.5 inches Vertical Height Evror
due to C.G. Locationu
error.

C.6



Error " 'Reason

+ 10 minutes = 0.167 deg. Transit Reading
. 2 Ry
Oy = I W(X)[(Ga/w) + (Gi/x) ]
C.G.
W + o
TOT waT
Where:
oF = 7,183 = .01232 1b.: 7.183 weight error
each 583 583 number of items
o= - £1.0¢ .167n
x 180 sin (psi)
W - = component weight
X - = x - coordinate
W10T -- aircraft weight (empty): 277.48
on -- average weight ovvor = +7,183 1b
TOT
The Oy and 9, are identical to this except the coordiate Y
C.G. C.G.

or Z is interchanged with X, and i

1

g=-, = 1.0+ ,1677
Y 180 °°S (psi)

g~ = +O.!'
z 9

These errors were computed to be:

1+

o = 3.78 inchles

o= = +* 6.38 inches

w
L

Q
1
"

I+

1.74 inches

= 110.02 £ 3.78 inches
C.G. N
ernty

Yc G = 233,77 * 6.38 inches
[ ] .empty

Z = 53,91 *+ 1.74 inches.

C.G,
swpty ¢.7
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D.1 'PRINCIPAL INERTIAL QUANTITIES

This chapter presents the methods, assumptions, and results of the
principal inertia calculations. The principal inertias are defined here
as the inertial contribution to the total aircraft inertia due to the
contribution of the larger components many components such as nuts,
bolts, and many other small items' principal contribution was assumed
negligible, but however were not excluded from the 'MR?' term in the
inertia calculations performed within the computer program in Appendix A.

To simplify the task of computing the principal inertia calculations
the following ass;mptions were made:

* Fach wing and tail half were considered to be rectangular
prisms using the sum of the masses of its components

* Inertia of the tubes were calculated as if they were slender
rods (see example calculation)

. * Tires and whe;ls were considered to be circular cylinders

The following example problem justifies the slender rod assumption

for the tubeing:

D.1l
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SAMPLE CALCULATION:

Part HC - 9, see FIGURE D. l Hang Cage Primary Structural Member.
(1.875" x .098" Aluminum Tubing)

Mcog ™ 0.06282 slugs

(not to scale)

1.875" 0.D. A *
2 0.098" double walled
—— - —
x y
= 30" —

Figure D.1 Hang cage primary structural member.

*I MR = 0.06262(.07813)% = 0.000383 slug/ft>

-

e MY T W M-

2 2

*T =71 =1/12M.° +1/2 MR

zz XX

= 0,03272 + 0,000192 = 0.0329 slug/ft2
* assume member to be a cylindrical shell (Ref. 1, p 276).
Now assume member to he a slender rod: ;

2

I, =05 I =1 =1/12M> = 0.03272 slug/£t® (Ref. 1, p 276) ;

Yy

It can be seen that the results of the two methods are quite close.
Part HC-9 was chosed for this example because it is one of the largest
diameter, thick tubes on the aircraft.

Because the difference between the solutions is small all round
tube members are assumed to be slender rods for the calculation of their

individual moments of inertia.

D.2
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SAMPLE CALCULATION OF THE TAIL PLANES:
Tail Planes - assume solid rectangular parallelepiped

b = 50", ¢ = 40", 6= Tan - 3/4 = 36.89°, Figure D.2.

(not to scale)

"
T e N7 _
L) -t e
3o" \\\\jy y x ,x'
"‘%W'—-——————’J
| y' don—]

Figure D.2 Tail plane sample axis system for calculationms.

1, = 1/2M(b>+c2) = 1/12(0.21695) (50, >+

2 2
D *Ep)

I, = 0.51474 slug/£t® (Ref. 1, p. 276)

2

I, = 1/12 Me” = 1/12 (.21695) (40/12)% = 0.20088 slug/ft2

Ixx=Ix,=l/12Mb2=1/12(.21695)(50/12)2 = 0.31387

Iyy and Izz are found using the inclined axes method.

(Ref. 2, p 419).

The products of inertia Ix'x" Ix' v» 1.4y are assumed zero

z y'z

due to symmetry.

The above assumption will be applied to all components unless
otherwise noted.

I =1 ,cosze - I, :8in20 + 1 ,sinze
yy ¥ yz z
2

= . - 2
Izz = Iy.sin 8 + Iy,z,sinze + lz.cos 6

D.3



Iyz = Iy,z,cos26 +I, - Iz' sin26
2

SAMPLE MOMENT OF INERTIA CALCULATIONS
Substitution of the previously obtained values of 8, Iy.,

and Iz. yields:
I = 0.
vy 31387

Izz = 0.40175

The results of these calculations are listed in Table D.1.

Db
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