
'1'1'1111111111I1m~1111111111
1176 00137 0106

....

NASA Contract or Report 159100

NASA-CR-1S9100
19790022993

Development of Crashworthy
Passenger Seats for
General-Aviation Aircraft

. M. J. Reilly and A. E. Tanner

BOEING VEHTO~ CO,*,PANY
PHILADELPHIA. PENNSYLVANIA 19142

CONTRACT NASl-14637
AUGUST 1979

NI\S/\
National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23665
AC 804 827-3966





03-01 CO""ERCIAL AND GENERAL AVI1TIOB
III AND STAR ISSUES .22 NOVE"BER 1979

, ~

\ f

.,-,n. \',\.' ,~.

D Airport power supply --- Russian book GLADYSH, I. S.
ANDREEV, P. L. 1979 248 PAGES Moscow, Izdatel'stvo
Transport, 1979. '248 p. In Russian.

'*AIRPORT PLANNING, *CIRCUIT PROTECTION, *ELECTRIC NETWORKS,
*ELECTRIC POWER SUPPLIES, *GROUND SUPPORT EQUIP"ENT,
*TERMINAL fACILITIES
BLOCK DIAGRAMS, ELECTRIC POWER PLANTS, ELECTRIC POWER
TRANSMISSION, ELECTRICAL GROUNDING, ENERGY REQUIREMENTS,
POWER SUPPLY CIRCUITS, SHORT CIRCUITS, TRANSfORl'IERS

C09 A79-50499 •

D The need to distiDqoish air space fro a ooter space
HOSENPHLD, S. B. 1978 9 PAGES 46 REFS. In:
colloquium on th~ Low of Outer Space, 20th, Prague,
Czp"hoslovakia, september 25-0ctober I, 1977,
peoc""di.ngs. (A79-50851 22-8/1) Davis, Calif., University
of Califoenia; L,ittleton, colo., fred B. Rothman and
to., 1978, p. 61-69.

*EQUATORIAL ORBITS, *NATIONAL AVIATION SYSTEM, *SPACE LAW
CONVENTIONS, EARTH ATMOSPHERE, INTERNATIONAL LAW, OUTER SPACE
TREATY, SPACE SHUTTLES, SYNCHRONOUS SATELLITES

C84 A79-50852 •

D Aeronautical inforaation data subsystems /1105/
PI:jCIIER, P. W. AA(Studiengemeinschaft fuer
Plu'lsicherung, westerngrund, West Geemany) SEP. 1979
4 PAGES The controller, vol. 18, Sept. 1979, p. 30-33.

*AIR NAVIGATION, *AIRTRAFFIC, *DATA SYSTEMS, *FLIGHT RULES,
*SY STRM~; ENGINEERIIIG
COMPUTER GR, APIIICS~DATA ACQUISITI9N, MAN MACHINE SYSTEMS,
TABLES (DAT~ I C03 A79-50920

~ "r;'~n s!s~e~ • f~'q-a}r tr",ffic con\rol JORGE~EN' P. A.
A~H (~)denl~SfA" Romo/, Itaiy) SEP. ~979 3 AGES

.J /.... (rnt,,~.na~ioh,l '{"e"rI,e,Fatiqri of Ai,r Tr"',~fic con',t ol,lers.
;, ~ AS,,,oclat10ns ,Anl)~11 C,o,nference, 18tlt. Brusse· s,
~ ll<'l.qium, Apd 2~-'\I!' 1979.) The ContrdUer,~ol. 18,

* AI R br;YT~926h~6L;-~X&TbMATIC~~~;·R~~·" "C~II~U ,E~"~~A;HICS,
*COMPU'rEH SYSTEMS IJESilGN;·,.*,SYSTEMS ENGINEERING '. ...._.

DATA ACQUISITION, D"A"TA" "PROC.e,:;SI, N, G, DISPLAY (EV, IfEq, MAN )
MACHINE SYSTElIS, lIIC!lO~OMPUT~~S 9011 A';Z9-50921

D A comparison ,OfP~edictio~~"obtainedfr~-.l wind ·~~.llel ,-' '
tests and the r,esults fro. d:'\lising flig,£t: Airbus'~nd
Concorrle -~t cpnferences Natio~al Aero?autics and Sp~ce
Admillisteat'io,i, Washington, D. C. BERrR, J. AUG. 197~

., 1 PA(:I::S 'liE,f;'. Transl. into ENGLI H of to Comparison'
"ntt'" Ie" f/sultats rle vol en c['oisier ,: Airbus et
Concorrl"", A(;ARtr-CP-242, Rept-20 Presented at flight
Mech.Jnics Panel Specialists lIeeting on Peeformance
I't.,ctiction lI.,thorls, Paeis, france, 11-13 Oct. '1977
Te,ln"1. by Kannee (Leo) Associates, Redwood City, Calif.
Or iqin.11 doc. prep. by Aeeospatiale (Feance) oeiginal
lauql1tlCjf! document was announced as N70-26074
IIA;,~-TN-75231l AGARtr-CP-242 REPT-20 AVAIL- NTIS IIC
A04/lIl' AOI

-A-lOO AI IlCHAfT, *CONCORDE AIRCRAFT, *CONFERENCES, *FLIGHT
n::;1',;, 'WINP TUNNEL TESTS
UROIlYIIAMIC COEPI'ICIENTS, APoRODYNAMIC DRAG', DATA ACQUISITION,
PHOI'UI.SIUN SYSTEM PERfORlIANCE COl N79-31136*'

D Pow.'e",j low-aspect-ratio Wing In Ground effect (WIG)
ae['odynaaic characteristics --- condocted in Langley
V/STf)L tunllel National A~ronautic5 and Space
Admill i:.lr-dtion'. Ldn<Jlf~Y np::;~:'ilrch Cf!ntOI:, lIampton, Va.
TllfJMA:;, ,I. I.. PAULSON, .J. W., ,JR. MARGASON, R. J.
,1111.. 1'11'1 'I') PAGE~; 11I:fS. NASA-TM-7679.l AVAIL-
NT f', II<: AUI/M~' AOI

-AIHCIlAfT Ilfo:~;rGN, *GROUND RfPf,CT (AERODYNAMICS), *,IET LIfT,
',11':1' TItIlIl::T, 'pOWEReD I.IfT AIItCHAPT, *PROPULSIVE EfPICIENCY,
·=;~:AI'I.AN'';:;

A!':1l011Y NAMI r: COEfFICIENT:;, AIRCRAPT I.ANDI NG, nOItNDAH Y LAYP.R
CONTIlOr., I.lf1' fAN~;, NACELLES, PITCIIING MOM~:IITS, TAK P'Off,
"'ItIW:;T'WF!I;ItT RATIO, WINIl TUNN~:L TESTS, WING I'I.APS,
WJN(;-~'!I:;":'.A(;I; :;'I'ORP,S C02 N79-31141*'

PAGIl 2

D Rotary balance data for a typical single-engine general
aYiationdesign for an angle~of-attack range of 6 deg t·
90 deg~ 2: High-wing .odel 1 Bihrle Applied Reseaech,
Inc., Jericho, N. Y. MULCAY, W. ROSE, R. Washington
NASA SEP. 1979 116 PAGES REFS. NASA-CR-3101
AVAIL- NTIS HC A06/llf AOl

*AERODYNAIIIC CHARACTERISTICS, *GENERAL AVIATION AIRCRAfT,
*ROTARY STABILITY, *SPIN TESTS
ANGLE OF ATTACK, BODY-WING AND TAIL CONFIGURATIONS, WIND
TUNNEL TESTS C02 N79-31149*

a Rotary balance data for a single-engine trainer design
for an angle-of-attack range of 8 deg to 90 deg --
conducted in langely spin tunnel Bihrle Applied
Research, Inc., Jericho, N. Y. PANTASON, P. DICKRNS,
W. Washington NASA AUG. 1979 327 PAGES
NASA-CR-3099 AVAIL- NTIS HC A15/Mf Aul

*~EnODYNA~IC CHARACTERISTICS, *ANGLE OF ATTACK, *LEADING
EDGES, *SPIN TESTS, *TRAINING AIRCRAfT, *VORTICES
AERIAL RUDDERS, AILERONS, AIRCHAfT MOIlELS, AIRCRAfT
PERFORI! ANCE, ELEVATOHS (CONTROL SURFACES), fLIGIiT
CHARACTERISTICS, GENERAL AVIATION AIRCRAFT, WING PROfILES

L _ ~ \f:'\ J... COl N'19-31152*'
~..N~-(A.A. ('1 C. lh"'-' ~A-

~ Develop.ent of crashlrorthy passenger seats tor

(PV
~ general-aViation aircraft Boeing Vertol Co.,

Philad~l'a. RRILLY, 1'1. J. TANNER~E. AUG.
1979 )J21'AGELiRP.fS•• ,.. NASA-CI!.-.!.59100 210-11JJ!>-'
AVAIL- ~-~6/MF {0'1' ,-,.,

*GENERAL AVIATION AIRCRAfT, *LIGIIT A RCHAfT, *SAPRTY
~ANAGEMENT, *SEATS . '" .,
CRASHES, DESIGN ANALYSIS, ENERGY BSORPTIO~'~PACT LOADS~~

..... .1 fJ' 'C03 1I'l9-311!>4*'
""':~ ~1tM':. ;-C.-.A.-lj -'•.. ,.. _~._.. _

a Airport flaaaa6tiii y , foil' cale fire tests National
Aeronautics and Space Admi istration. Lyndon B. Johnson
Space Center, Houston, Tex. BRICKER, R. W. In NASA.
Ames Res. Center Conf. on fiee Resistant Mater. p 1-1,
(SEE N79-31166 22-03) JUL. 1979 11 PAGES AVAIL-
NTIS IIC A13/MF AOl

*AlRCRAfT, "'BOEING 737 AIRCRAfT, *fIRES, *fl.A/lMABILITY
AIRCRAFT COMPARTMENTS, EVACUATING (TRANSPORTATION), PLAME
PROPAGATION, fUSELAGES, SMOKE COJ N79-Jll!>"*~

D Recent advances in aaterials toxicology Southwest
Foundation for Research and Education, San Anton10, Tex.
RUSSO, D. 1'1. In NASA. Ames Res. Center Cont. on fir"
Resistant Mater. p 27-113 (SEE N79-3116!> 22-U3) JUL.
1979 17 PAGES AVAlL- NTIS HC A1J/MP AOl

*AIRCRAfT COMPARTMENTS, *COMBUSTION PROIlUCTS, *I'IRr.S,
*TOXICOLOGY
ASSESSIIENTS, BOEING 737 AIRCRAI'T, FUSELAGES, GIlAI'IiS (CHARTS),
METIIODOLOGY, PYROLYSIS, TOXICITY CU3 N7,)-3 11!>9'f

D Statos of candidate materials for full-scale tests in
the 737 fuselage National Ae~onautics and space
Administration. Lyn,\on B. Johnson Space C<,nt.er, Houston,
Tex. SUPKIS, D. In N'ASA. Allies Res. Center C'ont. on
Pice Resistant Mater. P 45-69 (Sr.E N79-311b6 22-03)
JUL. 1979 25 PAGES AVAIL- NTIS IIC A13/Mf AOI

*BOEING 137 AIRCRAfT, *fIRES, *FLAMMABILITY, *PUSEI.AGRS,
*NONfLA"MABLE "ATERlALS
AIRCRAFT COMPARTMENTS, EVACUATING (T"ANSPOATATIOII), GRAPHS
(CHARTS), SEATS, SMOKE, TAllLES (DATA). TPoMPERATllflE
MEASUREMENT, TIiPoRMAL INSULATION, TOXICITY COl N/~-Jl110"

D Dewelopment of fire-resistant, 10. smoke gelle['ating,
theraalIJ stable end items fo~ commercial aircratt and
spacecraft using a basic polyimide .resin SoL.lr "lJrhin('::
International, SHn Dipqo, Calil. GAGLTAIII, J. In NAS~.

Amp.s UPS.. ,Center' Coot. on Pir ... n("!~i~)ti\nt t'\,ltl'L. p
71-92 (Sr.E N79-3116& 22-0J) ,TtlL. 1~"" /./ PAra',:;
AVAIL- NTTS IIC Al.l/MP AUI

*AIRCIIAPT STRUCTUIIEs, 'COMMI~HCIAI. AIIlCHAPT, *1'1J<{,,:,"HOOflN(;,
*POLYIMIDE RESINS, *SPACECRAPT STRUCTIIRES
fIREBREAKS, I'LOORS, I'OAMS, GRAPIIS (CIIAHTS), NONrI.AMMAII/.E
M'ATERIALS, TABLES (DATA), TIIERMAL INSULATION, WAl.I.:;

r:UJ N'/'}-,ll1/1"

CONTINUED o •• r.XT PAGf.



RECFiV
LR,'C ! 1 ["1.



..

NAS1-14637

0210-11336-1

NASA CR-159100

Development of
Crashworthy Passenger Seats
for General Aviation Ai rcraft

by

M. J. Reilly and A. E. Tanner

Distribution of this report is provided in the interest of
information axchange. Responsibility for the contents
resides in the author or organization that prepared it.

Prepared under Contract No. NAS 1-14637 by

Boeing Vertol Company
Philadelphia, PA 19142

for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

August 1979

;tJ 79- 3 I / to i-:::tt





ABSTRACT

This report documents the design and analysis effort
undertaken in the development of two crashworthy passenger
seats. Rationale used in the selection of the concepts is
discussed and advantages and disadvantages of each concept
are presented.

i



FOREWORD

This report was prepared by the Boeing Vertol Company
for the National Aeronautics and Space Administration, Langley
Research Center, under NASA Contract NASl-14637. E. Alfaro-Bou
was NASA technical monitor for this work. The Boeing Vertol
Project Engineer was M. J. Reilly.
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SUMMARY

The purpose of this program was to design two types of
epergy absorbing passenger seat concepts suitable for instal
lation in light twin-engine fixed wing aircraft. An existing
passenger seat for such an aircraft was used to obtain the
envelope constraints. Ceiling suspended and floor supported
seat concept designs were developed. A restraint system
suitable for both concepts was designed. Energy absorbing
hardware for both concepts was fabricated and tension and
compression tests were conducted to demonstrate the stroking
capability and the force deflection characteristics. Crash
impact analysis was made and seat loads developed. The basic
seat structures were analyzed to determine the adequacy of
their strength under crash impact loading.
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INTRODUCTION

This study was conducted to develop 2 crashworthy passen
ger seat concepts suitable for use in light twin-engine fixed
wing aircraft.

Background

Serious development of crashworthy seats for aircraft was
begun approximately 15 years ago, principally for use in mili
tary helicopters. Development progressed slowly due to the
constraints of low weight and cost and the need for reliable
energy attenuating devices. Arrangement of the attenuators
such that the crash impact stroking kinematics were not affec
ted by various impact angles presented a formidable challenge.
This was complicated by the need to maintain the integrity
and function of the seat in a crash environment where its
mounting structure and attachments are severely distorted by the
impact. Providing an adequate restraint system to limit the
occupant's motion relative to the seat, necessitated the
development of new materials and configurations.

The lightweight crashworthy seat state-of-the-art has just
reached a point where the first practical seats are being
designed for production military aircraft. Consideration can
now be given to adapting some of these proven principles to
crashworthy seating in private and commercial airplanes. The
Boeing Vertol Company, who has been a leader in crashworthy
development, was awarded a contract by NASA-Langley to design
2 crashworthy passenger seat concepts suitable for light twin
engine airplanes.

Technical Discussion

A crashworthy seat is one that will withstand a specified
crash impulse loading and will reduce the crash accelerations
on the occupant to within the limits of human tolerance. A
crash mpulse, produced by the rapid reduction of the aircraft's
velocity at impact, consists of a high acceleration for a
short duration of time. The resulting peak G can produce
serious or fatal injury to the aircraft occupants. The
objective then is to reduce the peak G to within the limits
of human tolerance and to account for the energy in the pulse
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by increasing the duration of the lower G pulse until the
areas under the curves are equal. An example of this reduc
tion in G level or energy attenuation is shown in Figure 1.

Energy attenuation in a crashworthy seat is accomplished
by suspending the seat in a manner so that the seat, with the
occupant, can move or stroke, relative to the aircraft, in a
direction opposite to the resultant crash force. Load limiting
devices or energy attenuators resist motion in the direction
of the crash impact at a level which is within force levels
that can be tolerated by the occupant. The limiting load
of the attenuator is set by mUltiplying the occupants weight
by the tolerable acceleration level or G.

Human ·tolerance limits vary depending upon the direction
in which the forces act on the occupant. Higher forces can
be tolerated in the forward and rearward directions than in
the vertical direction (Figures 2 and 3). Seats with separate
attenuation systems for the various axes require different
load settings for each axis so as not to exceed the human
tolerance limits.

Load settings for energy' attenuators should be set for a
light weight occupant at their maximum human tolerance limit.
Heavier occupants will experience lower G level accelerations
at this load setting because a lower G level multiplied by
the heavier occupant weight will equal the load setting of
the attenuator. Heavier occupants, however, will stroke a
farther distance than the lighter occupant. For this reason
stroking requirements are established for the heavier occu
pant.

Requirements

The design requirements established by NASA were for two
seat concepts, one a ceiling suspended seat and the other a
floor pupported seat. The seats were to be designed for a 75kg
(165 lb) occupant. Navajo aircraft crash test data was to be
provided by NASA to be used in establishing crash design pulses.
However, due to the unavailability of finalized test data, NASA
directed that the Crash Survival Design Guide impulse data in
TR 71-22 (Reference 1) be used as a guide in establishing the
crash pulse for the NASA seat designs. This essentially is a

lCRASH SURVIVAL DESIGN GUIDE, Dynamic Science; USAAMRDL Tech
nical Report 71-22, Eustis Directorate, U.S. Army Air Mobility
Research and Development Laboratory, Fort Eustis, Virginia
October 1971, AD 733358.
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Aircraft floor crash pulse

Occupant attenuated acceleration
to human tolerance limit

Time

Figure 1. Crash pulse and attenuation curves.
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Figure 3. Human tolerance to downward acceleration.



forward impact at 15 mls (50 fps) and a three-axis vertical
impact at 15 mls (50 fps). Both seats were to be designed
within the envelope constraints for installation in the Piper
Navajo aircraft. The seats however, could be adapted to any
fixed wing aircraft or helicopter. Seat weight was to be
approximately the same as that of the Navajo seat which is
10 kg (22 Ibm).

GOALS

The following goals were established as the objectives of
the crashworthy passenger seat development program.

• Establish energy absorbing seat design criteria

• Develop ceiling supported and floor mounted seat
geometries.

• Determine crash loading on seat structure

• Perform stress analysis on basic seat structure

• Develop, fabricate, and test energy attenuating mechanisms

• Prepare detail design drawings

Scope

The crashworthy seat design program was divided into the
following tasks:

Task I

Task II

Task!II

Task IV

Crashworthy ceiling suspended seat design

Crashworthy floor mounted seat design

Restraint System Design

Energy attenuators development and tests

6



CRASHWORTHY CEILING SUSPENDED SEAT DESIGN - TASK I

Design Considerations

Ceiling suspended seats have been the preferred config
uration selected for light weight crashworthy seating in mili
tary helicopters. This concept can be designed to be inherently
stable during stroking without using guide tubes or tracks
generally used on heavier floor mounted crashworthy pilot seats.
The energy attenuators of seats suspended from the ceiling
tend to be self-aligning with the occupant's center-of-gravity.
This feature minimizes the change in moment and results in a
near constant loading on the attenuators and a more constant
acceleration on the occupant. One disadvantage is the need
for adequate ceiling structure from which to suspend the seat.

Ceiling suspended seats must be designed such that they
are fully suspended from the ceiling with energy attenuating
devices. Supports below the seat pan (such as diagonal braces
or cables) should only stabilize the seat and should freely
collapse as the seat moves down. Rigid legs, even with de
forming or stroking features, should not be used because
attenuating devices above and below the seat do not tend to
act together. Center-of-gravity shifts due to variations in
occupant weight or variations in impact angle cause the load
distribution to the attenuators to vary. As the load is shifted
toward one or the other attenuator, that attenuator will stroke
first, and the threshold stroking load for the second atten
uator may not be reached (Figure 4).

Seat Design

In designing a crashworthy seat which is fully suspended
from the ceiling and has no vertical supports from the floor,
the seat pan must be stabilized by attachments to the ceiling.
This can be accomplished by slinging the seat with straps
attached to the four corners of the seat pan (Figure Sa).
Although this would provide the lightest weight approach,
ingress and egress to the seat would be encumbered by the
front straps.

The geometry of a seat which is fully supported from
above, yet provides unencumbered freedom to the seat pan, is
shown in Figure Sb. In this design a compressive tube member
is used at the back of the seat and a tension strap runs from

7



Seat Pan
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Ceiling
Energy Attenuator
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Ceiling Suspended Seat

Floor Supported Seat

-~

Figure 4. Effects of attenuators in parallel.
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a b c

Figure 5. Seat pan suspension and stabilization.



the ceiling attachment to the seat pan, a short distance
forward of the back. This provides a truss from which the
tubular seat pan is cantilevered.

-
The seat is stabilized by members under the seat. These

members are designed so as not to impede the seat from strok
ing fully to the floor. Diagonal tubular struts provide seat
stability during vertical stroking. The struts rotate down
ward as the seat moves downward to the floor (Figure 5c). The
seat pan is maintained in a level attitude through the action
of the struts and the cantilevered suspension system. Energy
attenuators are incorporated in the diagonal struts which
stroke during predominantly forward crash accelerations.

Two sets of energy attenuators are used in the seat, one
set at the ceiling and the other set in the diagonal struts
under the seat. The attenuator at the ceiling consists of a
hairpin loop of high tensile strength wire and 2 double grooved
rollers. Each side of the wire loop is passed over both rol
lers in a double pass manner, providing a compact arrangement
(Figure 6). The ends of the wire extend down into the seat
back tubes.

During crash impact, controlled force/deflection is pro
duced by bending and unbending wire as it passes back and
forth over the rollers. Force of the occupant against the
seat will cause stroking or movement of the wire over the
rollers when a predetermined crash force is reached. This
stroking force is determined by multiplying the occupant
weight by an acceleration within the human tolerance limits.
Stroking length of the attenuator is limited only by the
length of the wire used. The unit is light in weight, weighing
less than 0.06 kg (2 oz). It is highly reliable producing
repeatable and flat force/deflection curves and is not affected
by environmental factors. The unit is limited to use in ten
sion load applications only.

The diagonal strut wire-bending energy attenuators
(Figure 7) consists of telescoping aluminum tubes' with fittings
at each end for attachment to aircraft structure and the seat
structure. Music wire or similar high tensile strength wire
is attached to both ends of the inner tube. The wire is
passed through 3 rollers on a trolley inside the tube. The
trolley is pinned to the outer tube and a slot is provided
in the inner tube to allow the trolley to move back or forth
relative to the inner tube. This arrangement provides all
the advantages of a pure wire-bending attenuator which is
highly reliable, producing repeatable and flat force deflec
tion curves and is not affected by environmental factors. It
has the additional advantages of being able to stroke under
tension or compressive loading ~nd will maintain the rigidity
of the seat after stroking.
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Figure 6. Typical tension wire-bending energy attenuator.
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The diagonal strut attenuator serves as a stabilizing
brace during predominantly vertical impact accelerations. It
also serves as an energy attenuator and will stroke under
predominantly forward impact accelerations. Figure 8 shows
the kinematics for the seat in the fully stroked vertical and
forward positions.

Energy attenuation is also provided on the seat in the
lateral direction. Annealed stainless steel cables are crossed
under the seat to provide stability for normal use and also
to act as an energy attenuator. In a crash impact having
lateral components, the annealed cable will yield at a pre
determined load and will limit the lateral acceleration on
the occupant. Due to the close proximity of the seat to the
side of the aircraft, the seat will stroke laterally only
toward the aisle. The seat and occupant would be restrained
on the opposite side, by the side of the aircraft.

The seat pan and back are constructed of tubular frames.
These frames are covered with low elongation polyester fabric
which distribute the occupant load to the frames. Foam seat
and back cushions are placed over the fabric covers. The
thickness of the seat pan cushion is the maximum recommended
for crashworthy seats. Thick cushions are not used because
the occupant would be accelerated into a thick cushion
during a crash and a high peak G overshoot would occur as the
occupant bottoms-out.

The foam cushions are covered with upholstery material
and vinyl. A metal skirt is provided around the bottom of
the seat pan for aesthetic appearance and is padded with
foam and covered with vinyl. The skirt is made of thin alumi
num which is designed to crush as the seat pan strokes to the
floor, providing the maximum seat stroke.

A foam headrest is provided over the top of the seat
back. The vertical energy attenuators and shoulder strap
attachments are contained in the, headrest. The headrest is
covered with the same material as the seat cushions.

Installation of the seat in the aircraft consists of 2
attachments at the ceiling and 4 attachments at the floor.
Brackets are provided on the floor at the rear of the seat
for attachment of the diagonal struts and vertical hold-down
cables. Clips are provided on the floor at the front of the
seat for attaching the stabilizing cables.

Attachment to the ceiling is by means of turnbuckles.
One end of the turnbuckle is attached to the aircraft struc
ture in the ceiling and the other end is attached to the

13
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vertical wire-bending energy attenuator. The tightening of
the turnbuckles provides tension on the cables under the
seat, producing a rigid seat installation.

The attenuation system is designed for the vertical effec
tive weight of a 75 kg (165 Ibm) occupant with a predominantly
vertical resultant force impact and for the full 75 kg (165 Ibm)
occupant weight in a predominantly forward resultant force
impact. Vertical effective weight is 80 percent of occupant
weight because leg weight is supported by the floor. Ceiling
attenuators are sized to limit the 75 kg (165 Ibm) occupant
acceleration to 12 G so as to minimize ceiling structure loading.
Diagonal strut attenuators are sized to limit the forward accel
eration of the 75 kg (165 Ibm) occupant to 15 G. Crash pulse
is as specified in TR 71-22 (Reference 1) and as amended by
TR 77-13 (Reference 2). Details on the crash pulse used in
the ceiling suspended seat design are shown in Table I (Refer
ence 2). To obtain the crash pulse input to the seat, mea
sured at the floor, it is assumed that some of the crash energy
is absorbed by airframe structural deformation or stroke. The
energy remaining is absorbed by seat stroking. Table I shows
the total system crash energy to be absorbed and the total
stroke required to absorb the energy. The energy absorbed by
airframe deformation, represented by test sled stroke, plus
the energy absorbed by the seat when added together equals
the total system energy absorption.

with energy attenuators provided above the seat for verti
cal stroking, diagonal struts below the seat for forward
stroking and crossed cables under the seat for lateral stroking,
energy attenuation is accomplished in each of these directions.
When acting together, the attenuators provide combined three
axis seat attenuation.

A weight estimate of the ceiling suspended seat shows the
weight to be comparable with the weight of the non-crashworthy
Navajo seat.

2Reilly, M. J., CRASHWORTHY, TROOP SEAT TESTING PROGRAM,
Boeing Vertol Company, Philadelphia, Penna.; USAAHRDL
Technical Report 77-13, Eustis Directorate, U.S. Army Air
Mobility Research and Development Laboratory, Fort Eustis,
Virginia, August 1977.

15



TABLE 1. SEAT STROKE

TEST PULSE Calc.
Test Stroke cm (in. )

or Impact Velocity 100% Estimated Required
Condition Item * Change,fps Peak G Avg G Efficiency Efficiency Stroke

em (in. )

3-Axis System 42 -- 10.5 79.5 (31.3) 87% 91.4 (36.0)
Floor Sled 42 34 . 17.0 49.1 (19.3) 85% 57.8 (22.8)
Seat Seat 42 -- 10.5 30.4 (12.0) 89% 33.6 (13.2)

Fwd System 50 -- 10.5 112.5 (44.3) 85% 141.1 (55.5)
Floor Sled 50 24 12.0 98.6 (38.8) 85% 123.2 (48.5)
Seat Seat 50 -- 10.5 14.0 (5.5) 85% 17.7 (7.0)

3-Axis System 50 -- 12.0 98.6 (38.8) 85% 116.0 (45.7)
Ceiling Sled 50 34 17.0 69.6 (27.4) 85% 82.0 (32.3)
Seat Seat 50 -- 12.0 29.0 (11.4) 85% 34.1 (13.4)

Fwd System 50 -- 10.5 112.5 (44.3) 85% 140.8 (55.5)
Ceiling Sled 50 24 12.0 98.6 (38.8) 85% 123.4(48.5)
Seat Seat 50 -- 10.5 14.0 (5.5) 85% 17.7 (7.0)

* System = Total deceleration of test sled plus seat
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CRASHWORTHY FLOOR MOUNTED SEAT DESIGN - TASK II

Design Considerations

Design of a lightweight, free-standing, floor mounted
seat is more difficult than the design of a ceiling suspended
seat. A structural/mechanical system must be provided on
the floor to guide and stabilize the floor mounted seat dur
ing crash impact stroking. The approach used for crashworthy
pilot seats in military aircraft is to provide a structural
stand or carriage on which guide tracks or slides are mounted.
to control the seat during stroking. Such an approach is not
practical for a lightweight passenger seat. The structural
stand not only would be heavy but would also present a hazard
for impact by the occupant seated behind the seat. The atten
uation and stabilizing guide system must be integral with
and contained within the seat bucket envelope to minimize
weight and to avoid impact hazards to other passengers.

A stabilizing guide system which is integral with the
seat must move as the seat strokes. Loads on such a system
are constantly changing as the center-of-gravity of the seat
and occupant change relative to the point that the system is
anchored to the floor. As the center-of-gravity shifts rela
tive to the energy attenuators,-the load or occupant acceler
ation required to cause the attenuators to stroke will also
vary.

The resultant load on the seat, due to variations in
impact attitude, will also have a similar effect on the
occupant acceleration required to cause attenuator stroking.
A ceiling suspended seat, being free to pivot about its
ceiling attenuator, tends to align the attenuators through
the point of applied force. This minimizes the change in
the moment arm and results in a more constant occupant accel
eration. The floor mounted seat, being more affected by the
variations in the direction of the applied force, will have
more limitations than the ceiling supported seat. The floor
mounted seat design loading will have to be optimized for
the more probable impact attitudes and conditions.

The floor mounted seat concept presented uses the
predominantly vertical impact condition described in the
Crash Survival Design Guide (Reference 1) as the optimum

17



condition for which the energy attenuating system is designed.
This condition prescribes a resultant force on the seat,
acting through the occupant center-of-gravity, at an angle
of 0.524 rad (30°) from vertical and with a 0.175 rad (10°)
roll. An impact velocity of 15 mls (50 fps) is prescribed.
At this speed the airplane is not flying but is in a stalled
condition. Its vertical speed is probably near to or greater
than its forward speed. Impact would occur with a predominantly
vertical component. Some forward component would most likely
be present for a fixed wing aircraft. A pure vertical impact
is not as likely for a fixed wing aircraft as it would be for
a helicopter. For this reason, the pure vertical condition
will not be considered in the optimized design condition.

The requirements of the Crash Survival Design Guide (Ref
erence 1) establishes a 15 mls (50 fps) velocity change for
forward impact. Lateral components are considered by designing
for impact with a 0.524 rad (30°) yawed attitude. For this
condition the aircraft impacts the ground "in a normal landing
attitude with landing gear either down or retracted. The air
craft is considered to be flying at the instant of touchdown
and has a speed much in excess of the maximum design velocity
change of 15 mls (50 fps). It is considered that the velocity
change occurs rapidly but the aircraft does not decelerate
completely. A bounce may occur after the first impact decel
eration and subsequent decelerations would be more gradual
until the aircraft comes to a stop. Another horizontal impact
consideration is that the aircraft has landed and runs into
an abutment after the aircraft had gradually decelerated;
impact occurring at or below 15 mls (50 fps). Little or no
vertical component is present in these horizontal impact
conditions. Human tolerance to forward acceleration is con
siderably higher than for vertical, therefore, energy attenu
ation in the forward direction is not critical.

Design for impact with resultant forces in the area between
hortzontal and 0.524 rad (30°) from vertical will be given
minimal consideration. The reason is that for the aircraft to
develop resultant forces in this quadrant, the aircraft would
have to impact the ground in a nose-low attitude. The impact
velocity would be greater than 15 mls (50 fps) and deceler
ation would be rapid, producing a high peak crash impulse.
Velocity changes above 15 mls (50 fps) are not considered to
be potentially survivable, therefore the energy attenuation
system design for the floor mounted seat will not be optimized
for this region of impact attitudes or resultant forces.

Due to the lower efficiency of the attenuation system of
the floor supported seat, as compared to the ceiling suspended
seat, the predominantly vertical 15 mls (50 fps) crash impulse
requirement of Reference 1 and 2 could not be met. A 13 mls
(42 fps) impact was used for this condition and is shown in
Table 1 .

18
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Seat Design

The basic construction of the floor mounted seat structure
is similar to that of the ceiling suspended seat structure.
A tubular member outlines the seat pan and fabric cover is
stretched across the tubular frame supporting the foam cushion.
The seat back is also formed of tubular members covered with
a fabric membrane. Seat back support is provided by a tubular
strut attached to each side of the seat back at the top and
to each side of the seat pan. Shoulder harness loads, applied
to the top of the seat back, are reacted by a tension load
on the vertical back members and a compression load on the
diagonal strut members.

The seat pan is supported from the floor by a .4-bar
linkage system. The arrangement allows the seat to stroke
downward and forward during crash impact while maintaining
the seat pan in a level attitude. Figure 9 shows the kine
matics of a stroking seat. Parallel links attached to the
front and rear of the seat pan are rigid, withstanding tension
and compression loading. A third link connected between the
top of the rear fixed link and the bottom of the front fixed
link is a compressible link or energy attenuator.

The energy attenuator is a wire-bending tubular device
similar to the telescoping tube diagonal strut attenuator
used under the ceiling suspended seat. The principal difference
is the outer telescoping tube which has been shortened and the
attachment to the seat is at the trolley pin, rather than at
the end of the outer telescoping tube. This arrangement allows
a greater stroke-to-Iength ratio permitting the seat to stroke
to the floor. The stroking attenuator is projected into the
seat back (Figure 9). During stroking, as well as during
normal flight, lateral stability of the seat is maintained
by diagonal cables attached in the plane of the fixed links.

The parallel -linkage energy attenuation system provides
an optimum crash force attenuation for the 0.524 rad (30°) from
vertical resultant condition. It also provides energy attenu
ation up to the 1.571 rad (90°) from vertical resultant or
horizontal crash force. The single attenuator, through the
action of the parallelogram linkage, provides for the predomi
nantly vertical as well as horizontal impact pulse while
separate attenuators are required for the ceiling suspended
seat. With the use of diagonal cables for lateral attenuation,
the seat provides energy attenuation in all three axes.

A weight estimate of the floor mounted energy attenuating
seat shows the weight to be comparable with the weight of the
non-crashworthy Navajo seat.
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RESTRAINT SYSTEM DESIGN - TASK III

The restraint system proposed for use on ceiling suspen
ded crashworthy passenger seats is unique for aircraft instal
lations. A system for proper crashworthiness requires a lap
belt and double shoulder strap arrangement. The problem is
one of designing a system which makes it difficult for the
occupant not to use the shoulder strap portion of the system.
When a system is provided which employs an individual lapbelt
and an individual shoulder harness, only the lapbelt is used
in most instances.

The proposed system combines the lapbelt and shoulder
strap into a continuous strap such that the shoulder strap
must be used in order to properly adjust the lapbelt. The
shoulder straps are connected in an inverted Y arrangement
to the seat back at the headrest (Figure 10). Conventional
lapbelt anchor fittings are provided on each side of the
seat pan. The shoulder straps are threaded through the
anchor fittings and a lapbelt buckle is attached to one end.
The other end is threaded through an adjuster which plugs
into the buckle.

Donning the restraint system consists of sitting in the
seat and slipping the shoulder straps over the shoulders.
The ends of the lapbelt are grasped and the plug-in connection
inserted in the buckle. The free end of the strap is pulled
through the adjuster until the shoulder straps and lapbelt
are s~ug. Only one adjuster is provided otherwise the lap
belt could be. adjusted snugly while the shoulder straps
remained stowed against the back of the seat. The position

.of the lapbelt buckle would be toward the right side of the
seat when the system is properly adjusted for a heavy person
and toward the left side of the seat for a small person.
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Figure 10. Combined lapbelt shoulder harness restraints system.
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ATTENUATION SYSTEM TESTING - TASK IV

Types of energy attenuators tested and the performance
of the tests are discussed in this section.

Energy Attenuator Configurations

Attenuators used for the ceiling suspended seat and the
floor mounted seat are similar in that they all employ a wire
element which bends in passing over rollers during crash load
stroking. Two types of attenuators are used for the ceiling
suspended seat, a simple tension wire and roller arrangement
at the ceiling and telescoping tube tension/compression device
under the seat. The floor mounted seat uses only one type
attenuator, a modified telescoping tube type, which is supported
at the center pin rather than at the end, allowing a shorter
couple between support points. The outer telescoping tube is
shortened to provide more clearance.

Energy Attenuator Static Testing

Four static tests were conducted on the three types of
energy attenuators. The test number will be the same for simi
lar tests; however, a letter suffix designates the repeat of a
given test. Tests were conducted in a tension/compression
Instron test machine.

Test 1 - Tension Attenuator Ceiling Mounted - The ceiling
mounted energy attenuator, consisting of a wire loop passing
over 2 rollers in an aluminum housing, was installed in the
test machine. The wire loop was 2.54 rom (0.1 in.) diameter
music wire. Adapters were used for attaching the test specimen
to the lower base plate and to the load cell at the top (Fig
ure 11).

A load was applied and increased until-it reached 4804 N
(1080 lbf). At this point the attenuator began stroking as
the wire moved over the rollers. A characteristic peak force
due to starting friction was recorded (Figure 12). The load
dropped down to 4448 N (1000 lbf) and ran steadily as the
attenuator stroked 0.33 m (13 in.). The test was stopped and
then restarted at the 0.33 m (13 in.) point to determine the
peaking effect. The load rose to 4671 N (1050 lbf) and dropped
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Figure 11. Pre-test 1, tension wire energy attenuator.
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back to 4448 N (1000 Ibf) during the remainder of the run. A
smooth and flat force/deflection curve was produced which is
characteristic of wire-bending energy attenuators. Figure 13
shows the attenuator in the stroked condition.

Test lA - Tension Attenuator Ceiling Mounted - A second
test was conducted with a wire-bending tension attenuator
using a different configuration wire element. To eliminate
the starting peak, shown in Figure 12, a slack loop configur
ation was used (Figure 14). The wire element was made of 302
stainless steel wire of 2.8 rom (0.11 in.) diameter. Test
installation was the same as shown in Figure 11.

A load was applied and stroking began at 4715 N (1060 Ibf).
The starting peak had been eliminated and" the load rose gradu
ally until the steady stroking force of 5516 N (1240 Ibf) was
reached at 0.05 m (2 in.) of deflection. Stroking continued
at this level until test was stopped after 0.33 m (13 in.) of
deflection (Figure 15). Elimination of the starting peak is
desirable to prevent excessive initial peak accelerations on
the occupant in a crash.

Test 2 - Tension/Compression Telescoping Tube Attenuator 
A test was conducted on the attenuator used for predominantly
forward crash lo~ds and installed diagonally under the ceiling
suspended seat. The attenuator consists of a telescoping tube
in which a wire element is passed over 3 rollers during strok
ing (Figure 7). Music wire of 2.54 rom (0.1 in.) diameter was
used for the wire element. Adapers were used to install the
test specimen in the Instron test machine (Figure 16). Attach
ment was made to the load cell at the top and base plate at
the bottom.

A force was applied to the attenuator and was increased
until a load of 4849 (1090) Ibf) was reached at which point,
stroking began. An initial peak of 5071 N (1140 Ibf) was
recorded and the load dropped to the continuous stroking load
of 3870 N (870 Ibf) (Figure 17). Stroking continued until the
test was stopped at 0.20 m (8 in.) of deflection ..

The initial starting peak was excessive; however, this
can be eliminated by providing slack in the wire loop similar
to that shown in Figure 14. Figure 18 shows the attenuator
in the stroked condition.

Test 3 - Tension/Compression Trunnion Tube Attenuator -
A trunnion ·tube energy attenuator, similar to the telescoping
tube attenuator, for forward load attenuation of the ceiling
mounted seat, was tested for the floor mounted seat. The
trunnion attenuator is mounted by a trunnion connection at the
wire bending rollers (Figure 19). The attenuator consists
of a tube in which a wire element, anchored to both ends of
the tube, is passed over 3 rollers during stroking. Music
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Figure 13. Post-test 1, wire in stroked condition.
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Figure 16. Pre-test 2, telescoping tube energy attenuator.
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Figure 18. Post-test 2, attenuator in stroked condition.
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Figure 19. Trunion tube energy attenuator assembly.
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Figure 20. Pre-test 3, trunion tube energy attenuator.
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wire of 2.54 mm (0.1 in.) diameter was used as the wire
element. The attenuator was placed in the Instron test machine
between the load cell at the bottom and the base plate at the
top. A length of tubing was used between the load cell and
the attenuator trunnion point to provide a space for the atten
uator to stroke into (Figure 20).

A force was applied to the attenuator and was increased
until a load of 4003 N (900 Ibf) was reached at which point
stroking began. An initial peak of 5160 N (1160 Ibf) was
recorded. The load dropped to 3825 N (860 Ibf) within 0.03 m
(1.0 in.) of stroking and settled at a load of approximately
3559 N (800 Ibf) during the remainder of the stroke (Figure 21).
The test was stopped at 0.163 m (6.4 in.) when the end of the
attenuator contacted the test fixture. Figure 22 shows the
attenuator after the test with the length of tubing, used for
support, removed.

Energy Attenuator Static Test Summary

All of the attenuators tested functioned properly pro
ducing flat force/deflection curves. Initial peaks experienced
with the tubular attenuators can be eliminated by the use of
slack in the wire loop similar to that in the tension attenu
ator. Wire size may also be changed if the loads produced
during stroking differ from the desired load determined by
the load analysis study.
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Figure 22. Post-test 3, attenuator in stroked condition.
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APPENDIX A

STRUCTURAL ANALYSIS

The two seat concepts are shown in Figures A-l and A-2
indicating the primary structural members and the notations
used in subsequent analyses. The structural analysis sum
marizes the requirements and predicted performance.

Ceiling Suspended Seat Analysis

This concept was derived from the Boeing Vertol design
for a U.S. Army troop seat. This seat has been satisfactorily
tested and the selection of material and sizing has been re
tained substantially the same for this NASA seat. Changes
have been made to attenuator limits to ensure maximum specified
G limits are not exceeded for a 75 kg (165 lbm) occupant.

Applying simple Newtonian relationships to a seat/air
craft system results in occupant acceleration levels, velocities,
and strokes as the total system comes to rest, subsequent toa
selected impact condition. A floor acceleration characteristic
was selected to be consistent, or as nearly so as possible,
with the U.S. Army crashworthiness requirements in TR7l-22 or
TR77-l3. These conditions are shown in Table I.

Figures A-3 and A-4 show variations with time of selected
parameters for bqth a longitudinal impact and a three-axis
0.524 rad (30°) nose-down vertical impact. These data assumed
100% efficiency and were used to compute member loads as the
seats stroked for use in the structural analyses.

Floor Mounted Seat Analysis

This seat introduces a new concept and more detailed
analypis was performed to define the structure.

As for the previous seat concept, analyses were performed
to define the variation of acceleration, velocity and displace
ment as functions of time. These results are included in
Figures A-5 and A-6.
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This seat posed greater structural loading especially so
when approaching the end of its stroke. These variations are
included in the detail analysis.

Discussion

It is important to remember that a certain pulse has been
assumed to act at the aircraft floor. If such a condition is
not compatible with a given installation then the total analysis
must be recomputed to ensure realistic boundary conditions.
If a given underfloor structure/landing gear combination is
incapable of providing the assumed energy absorption, then the
seat will only provide protection at a given lower velocity.
An impact velocity much in excess of this recomputed lower
velocity will result in higher occupant G levels which may
be fatal, or structural failure of the seat which may be equally
catastrophic.

A further factor which can dramatically influence the
performance of a ceiling mounted seat is the relative displace
ment of the ceiling, relative to the floor, during the crash
sequence. Excessive deformation which occurs concurrent with
seat stroking can result in a drastically reduced stroking
distance and occupant impact with the floor. To overcome this
problem, adequate structural stiffness of the overhead frames
is required when attenuators are attached.

Seat elements have been sized, wherever possible, using
their full plastic capabilities; for the design case, crash
condition permanent element deformations are expected. Some
elements which experience low load levels have been sized
using a criterion to preclude in-service damage, due to handling
or normal wear and tear.

The detail structural analysis is as follows:

45



THe:BOEI~& COMPANY

NUMBER

REV LTR

NASA Ge~e.:"..Al-. A'JtAT,ON 'PASSE;. N SG-K.- ~A"" ,
CRA'SH \f'JOKTl4 ".I) D I: TA IL oS Tltli eTC; f2. ft L A tv AL "'( oS 1:S + >

"+O~ ~ \""N'O \""{P~ ~ w\~ Cc"'!:f'>.JSd,;;;;'E..p_~..:~ "1"'1+e
toU""'OV\i\,.,J~ l..O.~,,../G ~~~<...IA,. ~ A~~\J'MG:~ \U

ACCON\MO\:::)A.\ e. -n+:e. Me- s:t u '(!!:..(;;.,\-.......( C J<r\~H ,M~".'\C-T

COf'.Ju \TlONS .

..

•

•
(lbS Ih)
( e. 0 Ib)

o
• SeA-, J:>ESl a,.~ ~S ~«. 30 NOS~ ~a..."'t N

~e:c:::...-r"'-J~\M~~T ANG~. ~SE L,.oACS ("",)11..'-
SI~C A-i~NVA-!'l~a..£ ... £Tc... (e."",e:;,p,- ~"G. ON C~/t..("'G

I fI{\ OUf'l'i't;"1) ~~.,..).
~ G ~'YCl..S :: V~\ .... ~OO = I'2CO f.J\~'i-.

I....eN--rG • .,. ,5 ~ tv' f\ '/... •

Il-te Fo~~''''G- A-r-fth...'(S.S WIU.... "DE.'FiNE. 'S,':L£e:. 0';:

~1«UCT\i lA\.. 6 ......lc2'N\~NTS t\-N 1::1 Sl-fo-"" '""Jl+C:., V..;-R.l f=l"'n O'N /"J
'G '1-~f:::,."\..S A-'S Sl.;..~ S"'t"~"'NG c::> cC.It<t.~ •

*" IJOTe:. ~ Meir\c' un 1+5 ho..v"e been us e~ In TA,S

sec.+,on I/VAe¥) def1ntnj masses ClnJ 0;1 'SrcfpAS'~

Allsvppor-+Jn:J CLI1t:t/ysl.S has bee", comput-~c!l

u S jfa 'j fJ~ u 'r1~ S (I b) Q 11 J. -Fee.+ (f-r.) U 11 j -rs .
FORM 46284 (2/66)

SHEET 46

..



•

•

r--..--.----.---.--

.BAS,.Co GEOME:r~Y

OF S~UCTU((t A L
MS""BERS .

LATERAL
A-TTE NvA TO r<..
WI RE. .( 4-)

FORM 4~284 (2/~6)

-,

SHEET 47

NUMBER
REV LTR

'---_ LcNGrr\J'CINf'\1..

~~'V~TOR.. (z)



THE BOllA'S COMPANY

NUMBER
REV LTR

I /

SeAT:

Ve,~ICM... ~

A~UI'\\Ct'

E.

£A~G \"o...>i:) 'N'~~

A~"'t'\;.""'uM6~S

I.
I
I
I

L

I
I I
J : I
I . /\ A
rt\ .,.. I)_ ..~ .. ~ L..--...1 __I --1-----

,
i

IN TIC. 7J-Zt. FIe,. 3-za ·

f~
I

I

REFERENC.e: POINr A-s SHOWIV

Slt>e- e\..EVA\T~
B.A.SIC GEl,) M E-~"<.

(~N -ro SCA......... )

&0+5 =C.G.OFOCCt./PAN"T + SGAT

coMBINATION"

Go ASSUMED TO. 8 E' Ii; If VER..T ~

b"LON&ITUDINItL FR.OM sellT

FORM 46284 (2/66)

SHEET 48



THE BOEINC COMPANY

NUMBER
REV LTR

[kC'iZ.aN\€N TAl,..".

'Fo\~ C O~1..';;'~:·"t

p..,\i~ UA\O\~-

·~'·:'fi\.,..~CI:;;_·';"" '?~~\i'IO''''' 0;:' :::"~C7'/'~\

\-\ ",.,J~ C,' .;:: ACT I 0 ",.J Q ,;:- v e._~T, c ,.\ t..

kOj~.o • . ... .I: ~D.si\m~S / })M~", l::D seA'.£...

•
ANGLEOF AS WITHF=L.ooR
-.Pas IT/oN AN&LE r

, -----3~o r

e. a~o I

.3 2'/ ..s° I
4 1'r.S o

'

5 1"/ Q

G Cf Q

7 ~r>

I GO-l-S
.... --------,.....--,/--

FORM 46284 (2/66)

SHEET 49

-~--
I



y

THE BOEI/V& COMPANY

NUMBER
REV LTR

I. CON$:lDE2-ING ttt£ ",S2.4ret.d..(.3o Q j NOS£' (:jOWN..- ., -.,'-'. "'" .~-....~
1M PAc. r CON 0 I rIo N ;-

~t.UN\£. ~ ON l-Y VeK"\c,A~ Att"n:2t'1 UM'·a~s. .::~~.

= ttl; ~ o-co ox 1"2 -+- 20)( ,~

1824 tb.

("'Tl+1s. VM-U€ CcN$I$TS 01= -n:>"'~lL. SEAl W8lG-t+r W 1"'TH
Se>elO et= occ...uI1ANT- \AJ£l~' ~~~c....T-I\J5-L.'f Ac11NG:,
Of" $EA, ). .

t=i<oro/\ TH-e P(2.€CE..t;) lNG;. . bl AG-R.A-M IT'S v, .s:vA- u,y
AgeA-tLe,NT ~~ seA"\' t.~'l.L. "''''''....;1 Su G-t-l-TL"-(
Ie.> AL\GN Irt-E:. !-(Ne;s or=-- Ac..(fdf'1 0';:· ~ V(.i\~.:nC.rJL

A~uA-1C<LS A~ P"30
c

'

-- ~ (/8"24-) 912 \b.

/N ~ \C..l t-fG ~.O·('''' -rt-te ti: ( ~-s. i T70"'t'J . 'rD .:::t 7 ~.
LA Ne., of ~c.·n o-N e f' 1l~ ~\T'bwuA-t-O~ L()'-~~ I IS

,:o~ ~AA-c..TlcA1- ~vf-fos~s J '~L.t~. W iT',i ~,MfL.tl:6'U
l()'~\lo~G \.~,*,c...~ ~'-\s Ff..()-I'v'\ O~C.t.N'i·\-t-J"" G U::."\J\':"''\...~.

~~ \NDlc..~'I:-..~ ~ ~. Q,,,fi WIU-. S:i~O\'-E:.. !'<{-}::;;

~\l\-1N~N A (~S~"T - ~~~4"N A...'T\1 NeG: ~\...\rVilV€
To ~ f"~~ fLA-N'e OF T'*C ~~e..tL.M=-\".

1\$ A ~~ e-F--~ So \T' \.i.,) I u.... ~ A~SU-M~
~, A- Co-N'n--A'NT 0 ec..uf(~i <:;.' IJ:-Vt:;.'- 9-(!' (G.!j
~l'-'- G="l'ST - ~G-t+-~j' ""h+-cE:. S"r{~\~. (A-C'nN-C'!:
A-~ Go A' /-1'Ve 60° _Tb ~ F~Cf)(,,"- ¥'Lf\-NE' ).
~ ~ "'n:l~,-. S""n?O \l:.I.NG ~u"""'1..Nc.E. ~~ "Zo·'~-

(\A~~\I ~t::> p,::;- ~ C, <iD • AN 6~'/"\M,;'·1e. C tJt-N (l,e
tv'\A--\)e: FtI2. ~:' iQt1~0d~'''~ ~(t.\Jt.!fUt~"r,- ~!Y"¢.\~1','-Jt:;
-';;"1 ~l·,\·c,e..~" '"'To etrl'\i\~~ \t+-£ )r~ii (\A, I..,t-..\'\ <-j(', r- \~'~""-~'''''; T"
'?'~ l\. r: '\ .O"'i ~,-L. A ~~ f't. (t~ c. I I Mtf\r 'i \I/'''~)'' \~"t t nl '
~ ~U._M\ t.l~ ("'~~\l"nt~.s -f{1.rN1 DE l>hs.

FORM 46284 (2/66)

SHEET 50

"



THe: BOEING COMPANY

PREPARED BY:
CHECKED BY:
DATE:

NUMBER
REV LTR
MODEL NO.

&

1'2 ·7)< 1'6 24 )< o· B
(SS~?- ~,-. It:>

I

...L
1.-

~r/':. v+(..u~ tc.:;.!t.LI:X... ·,.'t.':. ""ifL.:: // •.;, f!i';;' ',',i (tv\OI~\CT Vc.:l.i;cl'T"( ,.~

--r:H-£ SEA "I ¥T.N G A {. ()"I'i,:"" •

?-~((U, ~ Ci~1~N\

(fA "l-'-- V'- ) -

'.

~~ rrrc
V{.9"Ot:. ~
(c)NC c..>1.·tLt)'.\

I~ (L ~~+--v.~ !LA-n:'''JG, . ,G~''':{'- (' cJ'iI.1, I~ INn=;; 6."
C 4.Vr,~ . l I f\1 r ~ f'~\;;" ~ n"!;.. T\r"\. Sl..'iL,/L0'=

(".}~ "i'\~1 7r~ :::L:~,,~\~·~ ~~i\/i' ~(' (:-~

HO'IE ~ C~4t..(\ ..}lw.l"~·~I';·\i~ dth/~. ';. ..l\; ,;.~; "';"':.: (i{.trJ~;-~··l(', ... ,,:,'V\,",
- t~\"',Jr~ \..1(. 'i\Il:.~'\1 ~N ~ • \t.~ ~~. l'..l fit t ~, ,>'.f \,., \U': '("I+U /.1 \"1 ,.... j

(\t'.CCU(,\('( i\.\.(}t:\ (\''i;;.. \''''':1C--t.::N t".; g.N'( 1)c:.~''Iilr<\-,'''j(J-NS Wl"4'CJ-1
/' '.1 - ~L:: ......,~.. ,.~ t::"."" .. "."... .rI,:: ~,";....... t=:",-::..;:: .. r:-T.,r.(, .. C'C;,L- l..,.j .,., t...\::. , •,.,.~. ..;'';':\~'f·'''1 I. -' ..... ,'-.'.7 i'-" "r",-:> ,.,. _ i I' \. .... • ,_. , V--

S-.a,V .<..l "1 G .JJ \. ~T~,'+CV cC .,.'~$':'''''' ,2E rLC~ \) ( t: ....;,,;. ,-\/,Ce i" i ,~ .?~ i... V .

h·,{'
"" L: \ G'rt '\

FORM 11180 (6/87)

("('1·CC ~ ''\u' ~v 0-
-:-n ~. ~-~ \;;.. ~ .•~=.

SHEET 51

2,.1 I S- \~
~.

'''' j l' ""\



THE.OEI~& COMPANY

NUMBER
REV LTR

A$'&UMING::J b'"N20':::".E.U fbs. (TION~ I~4 PrN OfT/M IZA::t?,tN'J

CA-N bE- MA1::>E:. 10 Sc:::.\...e.c:.T ~ A-T1~l..JPi1jNG UIVI ,TS
""t==oa... M\:;"'Mlb8'2-~ ~b :f; ~'b :-

..
A

/

/.
/

/
/.

/,
/

/
/

/,
':0

-I~
A

Arv G, L.e 0 F AB WITH r:l-OOR...

N'0l~ ...
• L.c~G.l\U1:)lNA:C- CA~e. .
'l:>~A-v-JN \6 ~CAl.E- ~

""ffiE;. ~8-'ECTE;t) ~

?a~c-r,o-NS .
• fo-{L. Gi\C.,\o\~ ,,\O~ i I,'LJ~ t~)

A 5'""NT'\C. ~-A-LA1'.{c..i. ~~

teMPI(£!) ~~ M~NG "tl*-
l..t IJrt'o OF A-CT,~ C'F t..b.~ ~

?Sr--L Pc:, ,AroND 1'*-( ~Svt,...~
Dr {('~~ 'Pi'\i) p~s ~

.~ 'D~6- (>~""(" 'N Sf't\cG ~
~~N A-t:S. fblN," ""x.' ~
'J ~(~(t.. 1) '1\6 (l.A-M.~ ~~c.rl

~,

POsrnON AN~L.e

I 37°
2 31 GI

23° •3 I
4- , 7°

.$1

~.c2. ~ COMPUTATION) 1Nf))VIDuAt.. t.o-A-O Ver:S~(l,.

't) 1~GQ.A..M C f..-l-Mf: (?)~ CO"CST~c:..T<2C ~ P~i17o-NS

\ ~G-\-\- 4 ' J)+~~ I'rf-'.;. f~NTE;D 0("4 N~
'":FoLL9-WtN Gr S.H~€::-rS .

FORM 48284 (2/88)

SHEET 52



NUMBER
REV LTR

M~e.e- LoA-t:> ~St()", •
( ((0) (I';'"

Ae,. 22.0

At> 1$&

E;: 1~4

G 920
(5s)

-------_._~

FORM 46284 (2/661

SHEET 53

/
A

F



NUMBER
THE BOEINC COMPANY REV LTR <.;

S\M'~'{ ~ .....-

'?OSiTiON.... '2 ~rL D IAG<=2AM S. :-

l'V\EM~~ LoAi) ~11::-""'f'(StON. *
(Uo (1":-0)

Arb 170-0 3'~

~D 3$'"o 0-\ •

E..~ 1'324- 0' I
G bo~o '~4(~)

Ub'S<j;-

I
I

.~ I\.
I

/
I

'* -SCALED FlloM
{HAGR..AM

A

/
/

F,ORM 46284 (2/S61

SHEET 54



THE BOEING COMPANY

NUMBER
REV LTR

A
700

""&;.N'\~ U::JA.'D ~\C~SfC>N F
Clh) c.,~.)

I'\~ / ~O"b IO-~

1\-1':::> 70-0 0'4

E-~ l<a 24 Cj . (p
0'1-' 1G 3<i-20 { (7.0 (~)

Llg-55) ..- .-
J /
/
I / /I

I

/!

,
-vV( /\tb

X 34-t.o

I
"-

-~ /

L
j

..

FORM 4628412/66)

SHEET 55



THE l'OEIlt'O COMPANY

/,
/
I.:t:>

/,
/

I

NUMBER
REV LTR

A

...

1/LoT1!NG 'TIt€:. ~ - J)1~"LAC6M6.,r VhL..Uc~ fi,«.. PCSj'i';dN
(T1-f-(l..o0G-~ 4- ~ It:::\.-D -n+€- f=l bvd...£ orv P~' 7. (}t7 S /t-L..J.-c-Y'>/ S
AN 0 Plii\..\ I i,;:~,-'7(~" ~f M/&JV}=,'O-,t.. Lo-A'~ L,6{c<~t.S F;)((..

M 8v\W{.-& A;i:) ~.t. fT6. (tf01~' ONt.Y ON~ Lu~ ~"\I,=-'\-- CAN
tb~ Sf:;;,-e;c...,...~ ~ SA1, 'P A'N A-V8'iZA<SE. 'CONi) IltC)-N ).

FORM 4&Z84 (Z/&6)

SHEET 56



THE BOEING COMPANY
NUMBER
REV lTR

•

cr
loll

~
J:

~.crJ:
C1~

~;
~'lr
1-'0
"'~
C'X
o!:
Ii:
0/
't
M·.

• 01
z

b

~ ,-
=:,'

0.
U 1.;1

'"\

II:...
~

\
1/

!,.)'

1_

I i

SHEET 57

II



THE BOE,iV& COMPANY

NUMBER
REV LTR

, I'1tC. U'n~L i\;11G"NvA1 D"'-.. ewtS Wlf.E- Lofu1)ING
\I"JA~. Ct:rN-..f ,..i\\::.~ rtr-tZ.. T~c;::. ecxv..R~~ ( r-.J 1TtE:.
y...--r:: QLA-NG. -"IF C~SS Wt~ A-~ US~: ~~

~PO'N~r V~U6 ~~r fee A.~S~~.

CCNV\Pb-N\:;;W' c,.J K-~ ~LA-Nt::: -=-- Sq.o (~ .

Ac.T<.>A-l- M~()v l:2t- Lr% = ?~o J~.

Vf::."f:nc~ A1it..'\'\luA-=.., O<?,. .LoA-D - 9r'"2- \~.-
Lo- t\fGti"0)::) ,N'4 \- '\ II - :5"(.1.0 l~.-
l,-rn~'<tA-\.... l\ (l 0::.. .5"'-1-0 lb.

~~:
IN 1) j\~ I c::> v A-L.

..
• I th--se F&~ A-'"r'Tc:..w u A1,,'~SVA-WE~ ~.

FORM 46284 (2/66)

SHEET 58

..



NUMBER
-REV LTR

rz.
..

,-----_ ..

IV/-.:" ::1'-\ C! :.':>"""\.r::- / ! -- !_ /'\./ ! ;. I., ~,,- i ::>,..\ S ~.~ t:; I' :~:; F ~I C 'QA'':'>'we,,,"n-t'J-{ ~,f:--............:...\="_LC'_._0_,_:..:-._ tv,;D>-' ~.J-'" 1;"r~ .

I

I
I

I
!

--_.------

,
E.

('lr)
J_SvPfc~T

./ M 01'.."68a...
/ (ftJ")

/'

S-;;t..T 6/··0;;..

~.S (I)
Ccs)

'"7-:.....

. ---- ENoz.Gy #--r:v·JV,~:;·'''t {Z
I ~ (Ai+) ("2.)

/ /L'Suff'w (\.IC\\(~Ul- C1. )
/' (A1~

SeA'! PA-N_.
~v'<-{'';::::''T

M~JV\bt"J..('2.- )
(be)

..

SHEET 59



THE BOEING COMPANY

NUMBER
REV LTR

{VACbA ~'"'Nea-AI- A\Jtf\'\, Or-J t?A"S.S.'6,NG-~ ~

~-H~'I - J- r=~ Me-u~7c.l::>·,

BA-~\c G-~M~'(.

pos ITION ANGtLE

I S8°
2- 'I 'to

3 28,5 0

't 15°

N

:r.:-
j~

'~ /'

// /J ,.,
/ - i

! - /
/-

i ..

/

FORM 46284 (2/66)

SHEET 60

E:Lf:MElJ\ L. t:"l.J'TH, -I N.

AB J7. 10 •
AJ 13'''9
H J '3.l.f'1
eH 17. /1

•



THE BOEING COMPANY

NUMBER
REV LTR

..

~~ !""7"I1-,- ~ (_1(2._ p()':.,,,:,""~ .... ( \~ :::~-:f'..,.·Hj''''' -,..•.~-,:. -:'\::.'.·f':~
\~ l 1'""'..... .. - - -

Sh)~'" .r.:. <:_~-.:::::, ~I -+<;, "!';~~ Ll....Ci ....) . 1·.j G :...,:; .4::b.: YV:; l<. e; !' b"4t\ ~ I;T=c
ft,·tL ~ 6E;:;DMt;(2..J~1:. :::':~~i',j ~(;::... t':'\:,,'(. ,r;,;;:, '~;:.(~'1 ,~,:t.

.t>rS~'~f\.I\\ ~\G ,>rr,~-, G ~Qu IW 6(Z.tU--IV\ fOl2- E-A-C~ rriSI Tierl ,
A:~:,.,j M \\\J G k (~-:'·'j)<t~{ 'I (() cO \\.0 1.),- J \ T (....-.~;.'\;",:.; l::,,-"I i ../'"

-r-ol-.,/ .~" - \ -4,.; --.....;:; C G· fL-r- --r--,.J.:;; ~ "''-7' • ~ I F""" .i.\;-,J<-~':' ( _,:I j. i'j.·~·., "~ \.::..", \ "C-~ ~ ., ~ , .. , ... ..."....e-~, I"· ~ r' "0......., ~.......'k,... ·-

:~' 3(\°· (UNIT Ld,-I\-C C+s40 ) .

-SOb -l (l..l--C)

~ -/09 -I (82-

"6 -73C)
I

-\4-4{"
-r---

4 -31+79 - b '2J
---

0'(

-+ 385e

(·to ..~J,
t+-A:"~i.5:"
\.t+\~

-eriC- :'T~("\ r::, fore; .~~ '-t' I;;' "'-j:~>'.\ \.p-:'-, r' ...A ti.,; i\'\ U ": '(

A. r:1:',-'" ~1-.4 \'., ,., &r.'j f\;:;';' 'w\ t.,..\. ,,~.. ( c-)IG!~entV G- ,,~ ,~_

\.(Ii:..'\..\:J S ~- (~.'r.c:,... MtIt,( a' 12. i 'Ale-Fr;, o~ occ+S&":''';"'--. 152)

-----.-~---..-~- ---._....._-_.__.- --"'-.' ..-----.-r----......----...---------

rth.t Pd' ::r G b c:<:.
- -~_·.w.. ~~.;z:-

•

I - ~'t~ - 2oC?><e + (14-4- f '2' 0

!Z (2.S7 - '2..0 ~ ~ 1:'-~-;-5--- II · 1
t--------ii--------+-- -+i . +-__. _

3 (bI I - "2.t.:lC) <0 ! -+ ?t2.~7
1-------'---1--------+--------+1-------.:..--+-------------··,-·--

~ -11736 1- 2096 ;+1 '66 '7 'Ze.a_________L .. L-.... ___-L__.w .._. • _

Grc.APH ON 5/-1 T, G'Z. PL.OTT£D AT ~'2... TI-I~

A80 VE: LOA DS •

FORM 46284 l2!66J

SHEET 61



THE BOEI.NG COMPANY

I ...

I I~

NUMBER
REV lTR

..

I-+-l-H"'I-H-l-l-+-l-17+';:'-+-HI-t--HI-t--HI-++-1-f-+-1-f-+-t-l-+-t-l-+-t-l-+-+-l-+-t-l-+-t--f-+-t--f-+-+--f-+-+--f-+-+--f-+-+--f-+-t--f-+-+-r-I
~~+t-+-++-H-+-+-+-+-iH-+'+-t-H-+-+-+-H-+t-+-+-+-HH-+-t-+-H-+'+-+-H--H-+-t-:t-HH-+'+-t-t-H..,'

H--l-H+H--l-r-+-t-H~H--t-t-++-H--hH--hH-+-IH-+-IH-+-I-+-+-I-+--H-+--H-t-+--i-t-+--i-j-+--i-t-+--i-j-+--i-++--i-++i'-1-+"!~c.c..

"

I:;;>

..

SHEET 6Z



THE BOEING COMPANY

NUMBER
REV LTR

. ,

12, I '6- r~rt . G. i':3S
I.-

( B~G. '1-1 '2-
e...+

•

•

FORM 46284 12/661

SHEET 63



THe: BOEIN'G COMPANY

-

fO'S,i/~ (?~

I -14"2..2-

-Z - z4-Bl;,

6 -~\3g

3A -- 1Lf-?;;g-g

NUMBER
REV LTR

~q..~o /0 '3 0

51~ (~I'Z ''6 \".$

'Z.2~o~ "1"Z,.,~ 5·9
276 /5'2... 3q·~ 6',7

..

FORM 46264 (2/60)

SHEET 64

..



THE BOEING COMPANY
NUMBER
REV LTR

z
o

~«.
O~
11.
«~
Ozu-

wzo
1lI~
\!II

~
III'

a

It
1M

~
II.

:t
II.
«:tlI: UC1

Z

~;
~ ~'
1-0
~
Ox

0°--
d:
o
'l'
1'I

.. g

H+-+-++-MlId.:-H+-+--..

t-t=1~=tttttttt~~.ttttjjjtttjj:tlttttttJ=tt:ttttttJ::tj~Iooo""++++++-I-H-++-++++-HI- ~ -HH--HH--HH--HH-+-H-+-l

SHEET 65



THE BOEINC COMPANY

NUMBER
REV LTR

..

o M 8 (2/60)

NASA G~,- AV'A==c.'o-"N ~~6NGEJL &.~

Cf2.AcSH WOe-~I it ~o<2- M~Nit::~ I

LONGlT\..?\>lNA L-- ,,,,,PAcT • ~""'il f\A.A--1-C o.f= dCc.uPrOINl.
G'l0J0-S A-NC Sf3;..A-" S~~~'"\.A1'VE- TD "T"H"6
kt~;..,,\ ~LoOe...

1,- lS ~~vM~ A-S f:t;,~ ~ 'I"}+e. TCh~-c... $~-r+-

" ~

O~fH..4" WEc\Grt1 -= \8G \'0. ANi::>~ A-1"71:YV~~

£..c>Ai:::, -56--rn"'-fG, IS ~ ~~"J\:;."'O f6\( "l)te

V~i)Cf\c... IM~f1C.'" ~ 145=-·

f7+~~,e c ¢-N.Pvi'A-ll~t V~\S SIMPLE;. ~tA-N k"\.JiM) N'1SIf, fs
~(2. "N"'f. kt,e..e·~ A--Nc ""J')+f; . ~ ~"A--1 Fc-tL I4-N IM~~a

Cb-Nc \11 O"'N ~~N~ IN -rR.'.1-"2'" ~ A. ~ l'\-N Gv'-"'"
,"?-J",~= 1-\.-'1 ~ fin. tt.e..,~;:-,... ~ +b.e. .5o~~.

tf\.t~l}cr Vt=::~ e·l-TV wl"l'\f A.. p~~ Go .: 2.~ ~o

1)~.h...Sf:.. JJu~·,(.tN - O. r! 0 S".Ac",-
..

A\~ ~Il. St;Ar-+ o~.,. ~"I6"IIJO,NM..

t~~ Ii\l. Vr@.(f!J:l! ~ S.6;..) ~~~c) as S's G~)
Mcm~,vE;
~~(.b~·6~

0 0 !P 0 0 So 0 0 0
-~.----..- -

45-0 '0.3- ,+s-~
.

/Do ~ 1(0.0 00-028 O"o'ZB J&O
_.

0-0$ o-Ol2.- 3,5-1 f~-~ ~,b .3.7- to.b to·S Z6·99 O·J,S

o-ofO 0-015 ZS.O ~·o .st.. 0 30./Q ff' 0 33·1' ,.do

o,o~5 o-ot.o If-~ fb'~ 3.~.4--~ 2-~13 IZI~ 39·)"9 3·':{
-

0-10-0 O-Ol$. s;_~ If&o~ 37-~ IS-~ (8·0 43·o! S·o~

o-Ho 0-010 z.-'2.o -"3'0 3a·q.3 g'be> Ze,s..,o A.+~,( 6,01..-
•....

0-\'0 0·0\0 o,~ 3'b9 ~~·60 0 z..~·'fZ Lf4' t:j7 G'?;,7
'._--

O-l~ )0.010 0 0 3~.~!. 0 C> L.ft:;;.0 6.37

NO!C ~ \'ABLE- VALves. J>~"£C 'f>'I \N ~"'·'v\€NTf<-t..l".}l e~6"!1fG-

, -<:: 4No L tf'IM.~ullN G - o-'d As VA\-u~ 'ncL "1)1£ A-'Rc:~A-kAi!"
ylo-bJ- ~ s.~loc-e:.uf~'T \lSt..r G ~E: 'G \ vs .S;O.~ c.t.fi..ve
~~ ~r~-IfSl..C-U9~T('-"6~) ~ JrtE.... .~ ~ .... C-u-~~ fb-tt..lr\E;- fl,o-b(,

F R 4 284 ! '- ,

SHEET 66



,...•.,
...;.~

~I

'.>, • Ne: :Jt!!J~-1 0 DIETZBEN I3R AP!1 f'APJ:R

,.,) 19 ~ 10 PgR 'N9H
P!H;z:~t::N CDRPDRAT,q~

~A~~ ,H ~~ ~~ ~~

•



THE BOEI/vC COMPANY

NUMBER
REV LTR

VC!2..'TtcA--t- tMPAGT &ST'MMe:: (Jccv~r
... f

L..E'J£t-~. OF G-•

4!G J) SeA=1 ST8:0'1'f:. ~et..ATt\le TO TlfE A-J fl..G2A-FT
l..D~o

As ~) -nt6 A~SUMf£t) el'"~E'"CTtve' wetG1'+'T ttF
fM.--E: SE'A;' + OCC, u(/PrMr - 'S~~\'.

ft{Jp'-'tI~G SIMPLE. NEWi&NIQ'N .71tEDfl-V -Ib-R.. -mE IJ\fPA-cr
CO'rIDmON I)e.r,Nf::O IN T~ 7'-~'"'L ,-

to

'T12JA-NGUL--f.\..(. f'V ...se ,4-,.- 'T'Ii'e A-i~~r f=1.,col4. l=O£.
A '"Z..~l se.c... IMPAcT Vs...cCfT'{ ~ ...'Tlt- h p~ G -==- Jf-8 !tNt)

. f>u~se :D utMtON = O~OS'+

A\~"- F'-O&L S~T 0\- oc.c.,ufli:+N r !VI::~C*t.

At: - fM~'n~ O~

'"t~
~ ;"L , Crt: SF (ii,) V&(~,l

se-A-r (2.c;."\.A·iI~
5ec. Gs ~ (,~ \ ro~C~.)

0 0 4" 0 . -C> 42- 0 0 <::)

-----.. ~..,,-~ f..-._--
.()ofg .~ 4D'6~ /2·0 3-°7 40'~ IZ·O 3i3>7 <::>

-010 -0032 ~~.I<P t7·1cg 4·90 .39-4-6 (I' 9 4·91 0'0 ,,

octo O-O( 3o ..s7 ~s,~ 9·08 ~E>3 {(. c:; I 9·4-2- o -~~
,--- -.

o'o~7 21'\;:) 4-8 (\' (..~ 32·:>5
I

{- 05-02-7 1I. ~ ! ''2-36

~o';o o 'otl3 "~'11 42.·~7 I'·£j~ ~1,Bo 1{'9 1~'4'7 (,$4-

, oq-o 0- 0 10 5,,(O( 2~,S~ (:)'17 ~f '0'0 {f··7 (7,oc:> 1.,-79

~Otf-~ CO oo,S 2..;~ Ib'ao (3'S' '2.(ry7.,{ (0. () 1~rh9 5"{6

-05'0 o"i)()~ O·'t-~ Tn 1~'r9 Z4-'-1'l.,.. g·o 2,D'll b'-b3

6't'>~ o-teq.. 0 0 1~·Co,i z~'$,b 3. 0 l.(.~~ 7·77
--'""-

-oo~ 21. ,~ I 1'S,c '22-7'2.
,

?;-41,
j
~

q

~3'~J r'0-2&·O( 6 l7·9,3 II 20.0
I

I

'O·t 0
~ T1h~ ~~ C'~-xv'::Vt'.\.L ....t .~~~~

.--

ttv.~LA6lE.. ~A1" :;:r-'::;;t~... .,.
~c. - [ r\-tPkJc -G· Le::.VE.<..~- ..... , . ,-~ ...., , " . .... ___. t;,. _... __ _ T

1
FORM 46284 (2/66)

'SHEET 68



THE BOEING COMPANY

NUMBER
REV LTR

UStNGs G = 2C4- ~D 'J = L+-2...(''\-\~c:. ) -t = a· \D~~G .

"-(I\L ~ ." /;'.-...., ~ • \ , ", .~ I C·. .,'~
\f'~ )V"- '~'11..,;..ii.t> 1-':'te:.- ,",,",.. 'l)(:;,,. '~""j!,.;"'~""\ - 'J-;- .•

I--~--""""---------'----'r-"-"--'-'-'-'-'-"-'-'--~----' "-'-
~ ;Ab j A"~_~i'~_""'~.l!l:: ... _._..~_._~.A~ ~_~ (f ~~~h~ ._,-~--...-,lE;~~A::

C i SLc, ;: j[p (f'-(kc E G~ ~ ~~ 0;') .. ~_:.f-r0,(~; { (.~:;- f s ..:; 7O~ c:" i

o i 0 4- z. 0 ,C? 4'2- c.) 0 C

I--~---------'--+------" - _ -------+----+---
4''f b.oo 4(~31 Lf-ttf t,a'b 0

I--" 1
...... , •..._-....., •...

g ·6 9·-63 , 6q 0(' '8. g 9,:g ~ 0

('- 13' I~ 36,71.. I'l-- \6 I I ~ 0
i-'- ..._ ..t'-..._........-.-"_........""-~- .. _ ......._.-._.~ ""-'."~-' ." -~," ..,~-_.~",,_.~

-_..._._---~-----------.--

'oi)~ ;' oo7!; : 36'/'L.

O·O{ :'of ! 41·2<;
~'-----"----

, 06;) 1. celT 33 -31. I!> 4'1 N~, ~'j ~b'7ra! (('9 I (h· '+ I ' o· 01,

+-,-O-U-~-~'01Q ~2-7,-f,.:>~r--<--- 19.'i;:;-1O'O~~~?-1I·5-j. 20-.·~~_~_!=O :'~~.::.: ..
wOS'4'SI'00,95f ZD·q< i 2Af j 22'81.. 2.f,ol·l ((-5 I '2.~·6o Ol/~

• . ~__........-..--_..._ ..,'''''~.,·..........."..,,-...w...,,__,'r~........~..~"'"'''_ ..'~.....'l_.,.,........~ ...._''''...·w._,_,...... .,.· -~ ... , ..__.,__•

'oro( !.of OS! IH?-! :~:~:~2~_=~·1-L._.~?__l-~b.c:.h_I~~:
'07{ I o.e( Q I¥-( 0 1 Iu. ·1/..-! ~C?'3o {<l,45, II'Co 2..:)'! I z· il
'o$~ l o'o/ol-4·;T-~·~5~T-;..7-:-~"<: ~4-'B'~i ((·0. JI'I/ /.flof

l------t-:---f~---~-·.L··__···~~--+-~,-.~~·......;...->~··-=-··~.:.-; ---·+-1·---'--t-------
'c)9{ I C,c, \ /,~7. \ 6. [2 \ 2"}~~' 1I,u-tJ..- \ ().2-1 ~1..·b~ S'1~

! • ! ~--,-+-_._---,_--:---_.-------~-----------l-

• toC) j ,0/4-! 0 0 i 2.}l.fb 7'01 9,'2. ~4'24-1 (P'log,

.~ll~. I.' 0/ .L-:--L~~:~J-_--====_4-_-(0=1===_,-_,-;=.==~=~_'-9=o-'-_-_-~-:.~-4--__-_...
_~ (2~ I ~c r J..__.__=l_. -- ! (j_,_1C}__(O_,O__~_!_,I.::.-~-...;. 7·73
. I ~~ 'cot;) 0 g'9 3.s.~ 7.7'-1-
---J----.-.. -- ..---.--f------+------------~------:.-~--

i
i : 1

. -''''1·'' ..... -.. ' ji' ..-·'---·-..---.:·----------~--·'''--···-- ..-----'
~ 1

.~-- --"-..-I---"-+--"I------·~ .. --"..~--+--··----1- ---.--. ---.--
f 1 i ;
I . I .

"_••~•.--, ·1 . . -',' j " ._.. -- --."" r··--··.. --,,·.. ··· _-- -_. . .. "'-'''.. ',,, .
I

...

FORM 46284 (2/86)

SHEET 69



THE BOEINC COMPANY

NUMBER
REV LTR

C~P\f7iM~ ~ GM~:: 3~ ,4=t- A-( c. ~~:-

(~. -:0"117) _.

A.\~ ~ ~-Ta-~c~•. f\It~

·t~c. A-~
AA.';'l~ ~

" $'=A; ,L6A·jjv£
~ ~(f.Ktu) G.: ~~ (..;.) vs!.f;r~} G: S~ (..:. ) ~~(r':')

0 0 42- 0 0 41.- 0 0 0

O·ot olof 40·89 b·«3 4.':)7 A().'gt;:) 6-·~ 4·~7 0

o ,ot. o-o( ~1·SI. f3.,tj Q'6CO .J7-6!J ~2 '3-b~ O·O(

O-c)~ 0-0/ ~2 '01 2b'69 (bti~ 33,·8q.. 1('9 t';'B8 o ' I'~

.._....

O'D~~~
,

'2.0 .~Cj 16.67 /1'9 Ig,Oq.o·o~~ ';0.(10 f 9 "ef D'~O
. . -

o·o~.3t OO! ( 2 ·<.I-tf 'Z~ I I ')..0- (~ ~~85 I'·~ ll.~-r 2 -(0
- .

C·C6~S o-of 6\ {f (~ ,20 ~{, z..C:. ZI· 01 II· (>
~S~ol. 3·7f>

0-07'3> 0-0/ z·(jO tj ·.31 2l '1~ I g.o9 {DoO 1,7·38 ~'h3r

o -<;'i7 'D/35 0 0 -LC '9, 1~1b 9 1;5 2'}·% -g,-07

0-0,7 • 0 ,
~\lb 18'0 ~(I~ , 9"40

"

0107 ·or 0 z,$.o ~"fo ~-'FJ

r
1,
.
;

!

._------
~'7~ ?, i ''-Vb

I ('2. i'/~ 0
• o(~ .Cb'l !,1'410 It l

t t
FORM 46284 (2/6&1

SHEET 70



IX'
lU
11..«
II.

:I:
~.

~a'zz;
~lU
Nil.·
.. C·
lU_

OX
CC--
~.
C:
<to
1'I

• 0:
Z.

THE BOEING COMPANY

1'-

SHEET 71

NUMBER
REV lTR

Ii:





THE BOEING COMPANY

NUMBER
REV LTR

-'\
G=3S 3 ,

ihr.::; 4- '2. J1r\~C .
L\t::;::- t)·Of4.$.

..::}f. 1itt~ VA~u€.. NN\~(Mr\n.'\CS

Aifl\ L.A ib Lt: ~~AT Sf jl:.{,-:.~ 'ICE:. .

i!¥ leA~ G' J>u:2.A::fi~tl) ~·~S S~,

FORM 4eZ84 (Z leel

SHEET If 0....



THE BDEI.NC COMPANY

NUMBER
REV LTR

""T'l-hfS I F&L AN ,Mft+e7' W'fW A ~<;.uc..:rAMT vc\.tJcA7¥
N\ .a 01) (1:) "1'tt:. ~\:) '?LA-f'.I~ A- MA-Yo'MU/V1 C;:.:
l-~a 0;' Mft.t1x-'f\,t,A·:7"e-L'I 35 FD'~ 1+ A-t. ~ .(c;.u;.. .
V€a-TtCA-'\. V(:..'-oc..l W taM-fcrNl;.""t\.fT LUIL.l- ~-SUL,...'" '''' i).+C;.,

SeA,- "5~~ \NG -Tn \\~ M A)( ",,-, (1M PllS."iiaN •
S"Uet+ M ,I\,tPI1c.T (C1'ND (TiUN ~(.pc.h e..::.. Ttf1Z

nl..LClV-J,Ne M~E:... C~Tt.""t2-'tnLS.',

~

~\c..~ O~ Arti!-r<t-~e =- (~·43i.,.;.((NCt..UJ)("'G l-/S)
11 1\16 Fait- A--t (l...Ft.A-M€ 1b So.~ = 0 ·075 s..e.c"

LNt5il?::~ VA-UJE. WU€ '~"'t::C (3\1 A~VI\1ING
4"2... ~kc:=. ~~"-ty C(f'M.-IdWt:..""~ \i).(L. ~~-n+ ~
1>n.~A-N\~ V~\)r-'r1- IMPA-cT ~S> ~~'\ JC)G,t\\.PAc:r,
~s. I) IVlri ""j"'t..JG Bu, fl,y ,(jNb'~N6 ~ Efh:::z:7S

<5"F ~l3lT U'Ct Nl"h.... C~ON1;.''',,\/, S. ~ lb~ u\..-T'" O·~lvt.:.."t;)
l $ CC"',t~ ('t)t,.\ft..t:C ~~uth-e. ~ G~~r\.\A-1l(\/(b ~
.~~ (M~~":'.,,,,. J .

""" ~ ~~~e..+,-{ G ~'71iD~ ~1'thN'-~ RZ-a-M
~lE:: Ol""''P 7 (~ .

FORM 46284 (2/66)

SHEET 72

.



THE BOEING COMPANY

NUMBER
REV LTR

L~fu";'(RlttN Of
V: \ t-.JG:.- S I No.P l- \oS

kt (2..t:l~ .J
N~W't("'N 1 A-rJ

1'2. ! 1~'<j8 0·\3
I
~

0·901'2. ;
'0 '0'-fl,

\
Z'Z.·~ '2.. 0 ')11., }

,,
2,c.f-. 'j811.. ! 3 '')1.-

-· ').!'),-{' :;.S-011--
,

·· .
· zCj 'S?) 7·681'2.. ;

..._..- ..

I

J('rl I
1

I
17-03 I

3,2· 01 2D'69 I ~'6{,

20',;)9 ~ ~.O\) 18 "\j~

'1-, ~cJ 'Z~ 10 l,u.,-r...

b·{{ /6·t..o 2..vlb

L.cl:) ~.~,
......... '",.\ - f ~

<:> 0 2..1. t'j t
,
1
; 0 ,0/

o'o( I 0"01
r
I

0'0 I'&' i 0 ,De'S

o .o42>~1 0 'Ol~{'
f

FORM 46284 (2/681

SHEET 73



THE8DE'~C COMPANY

NUMBER
REV LTR

s"-~ -+ O~c:.uP4N-'- . \It;..''t!:..,...,(f.K,. .
r-,.oo.~1 fI~

"'0$ (f+(~(c) G~ £'s G~J_
c:~ ~ii"~
if) ~~. (i\.-

L./.?- ~ 0 0

4ol~ '13·83> 4t~,(
,
i 0

">7/'22 It <.3.6'2.. () -010

~3'bG 12 ! 1:"65 C?·'!,b

30'06 (2. 17,o~ i· 04

'7-&'~C) (1.- f9·99 2-.~ 3>

2. ~'9'f- 11- 27,·0;7 Lf-, ("Z.,.
._-~--- -_._----~.- ..---

1~,oB 11.. 1.~·1.\o-9 G·t3
--l ._-0-'------

) ~,t:t, l~ "2../'~~ 7·,fa
- ..

((,,<0 11.- ').,9 "'1 ~f~.{
--_.,-

o

t7·7(p

o

o-Of ~ o-o(
i

o 0
1

i

o,c>1,io·o/
f

o ,o~t 1 0 . 0 (

o·o~ i 0·01
i

o ·o~~{ I 0 'oei(
I

O'()~7 ! () 'of.
i
i

0'097 j 0 ·o( i·~o I 11- 30·1,7 i (o.~<a
I---+-;--+----+------l---+----+;---+---f-- ,. -
C)-t o7 10 '0' 7J.btf I (~ bO'Bt I l('l~

\--- _-:..'----t----+----·--+----·f--·---t·-------...:--------·-L----------
0 '11 Gl'~<jf 0 ! l" I 2> f· IS I I{ ,~
...._-_._.+-'--f-----+----+-----t----+1------l-----L -.--

I I I
. I I

1-0-d.-3Co--'I:--0·-0l)-*,--'I-?/-~':;-1-.,...--1-rz,-o--t--fO-.6-<a--r--~-~-·~-7-+--I"Z..--t:-6-, 6-8--'---0---

:=~~-_-i1-_====:======:=====:=~_-_-_-_-:_-_-_-_-_-_4.1.-_-_-_-_-_-~+-_-_-_-_-_-_-:_..-_-._.--_.-_".~._.~:.

FORM 46284 (2/66)

SHEET 74



/~"~'

x...."J'

"';"~>~"

.#-:-l"'t"\
I

-...,'~.~/

..,

~. ' t-+.~ !: : v J : 1_\ "'~:' I ' ,.,t. " ! i'
; i t· , ;~:.i : :' . I , -:-,--+-,--;-,f-! '\.. i " 'r-= ';+-+'-!-fi~t-:~t-=r:t4H-r++-H-+, -f,-f

'" 1 h :11 ~._-: .t-r.'. i : , /.: ", : '." ,---;-, - '1-'-r--t-',.-;.'-+-'+-H--+->-+-j
1-: .,. , ~ . . f, ' ·f '\: .....,'" f '._L ',...L:..'; -+-i-<-...,.'.-l-+---'i-'-i'-++";-H-++-1-i-+-~'v Ie;;.. . ~ ,,,,, :j' '.... '-'-,,-1 , ....,.

, ,"-..:-r------+--,-!-~~q±;!'-;--hr...... " ; t-:!' :'. I, I i 1
i " , , ........-1" , _ ........1-'-,-" _ ' .. ' ~._~.~,.:I ~_ .~+-+-+-.;-;.-j

! f / , " ' i I ' :, , . I \ J...L:' '...l..-.:l...~L--,IH·+~H_-l
'--+++"-l-~..L ' ! . L '\ ' , , ; ! ' , I . , .' :;, I ' I" I 'k: ; - ,
r ! . I ! - ;: ~, t • '\.' i 'I i 1 \ "" I I' li-1-



THE"DEI~& COMPANY

NUMBER
REV LTR

tvASPr Gc:tJeRt:\1- AV/A-TIOf>J pASSeJc::.ee- ScAT.
0

CR-ASH4,Joltf14Y if C.£.JL,tN6 SUS PE.'N OED

LCNGffUOI NAt.. IMf'AC'r. itT 15 '1rtjSC Co ( f-tIs~<:) - 2 4 G

I

(PNC.-{fuD#'vAf-I I A,tctn-Fi F~ $UT ..... Occc.;(,-IN r
M (}"";/~ tJ;'C I A~ I ).4 G,: SF (fl-) 1,f ~~cl Gs- ~s (;:..)
~ ':uhivt

Sec I sec.! '1J ~(~( \ n ~,(t..)
, -,

0 0 f So C> 0 So 0 0 0,
I

I J

4-~'67 6 t6.2>( ~.B7 b- 8·!> Io.o(<.f I0 1°'+1 0

o 'oz,g i0 -014- I *5"·42 . 10:,3 1~'Z.3
r

S'S (h, "P2. 0.091t4b"~O

O'O.3~ 10 '010 t.{1'SO 14-"01 2C -<..f-S t/{.f,q'1 l;{ 2.t "I .0 '~u.r

o '04--i o,OIQ 3 (,. !.c, (/'/1- 2-b I 1"2- Lt (·11S" g 1-&'9Cf () ,~z..

o ·o~~ 10 -0 f. ISo,oct "2-1 .<.V1. 3D, (f 1i·{".3 Il >('Ifo I'bs

() '<H:J~ I -0 ()7 I 2.4·Q7 }.c.f 3",. c.l-1- ~{·e8- /1,..- .$ ~c.J..I '89 2.'4-7
0'017.. .001 ICjIB~

r

$~·ol ~/:l8 Z·fo~"2.1 •4-'2- "?o.:>-I{ (3

0-0'81 o' \), ( 3·{:)' 17'11- 3,·11 "2. ' .....-;:; I~ '*(-'-(-7 tt·36~.,~z> ') .",
! "

·oC?J2. 0. 01 I g,CHf 14-'.03 ~f·<.l--~ 23~J r'.( w'.r-;, b'{ C.I,
I

!-'

'(ol !0-01 I 4-~'l,.. (0· ~ ~9'll 1~12/3 0·( 47'o~ 7.j'g

i i ('°7 '?,;.9·6CO (0 '2 \ f&'3 U.9·~S 5·g0-!flO 10014.-! :5
t !

• f ;:;0 rJ 'Ol~ ! 0 0 3~''''''l {-gS t8·6 Sa. 4-9 10-71-
I j

.(;'}; o·~o~ I gg'71 () {~ ~D .,&'2. (o-i{
,

!

t I
I

1
;

I
~ I
I !

I j
I I

I I
FORM 46284 (2/66)

SHEET 76



,

\~~-J .
iO'£TZGEN CORPORATION ~

a.A"~ '''1 ....... ~. . ..... '"()

-+-- --'-. '+t-J- - ~fJ-- +. '.. --j.J-L<!: =!-~.! 1I Il-U.L.- -t-A~.L 0.::r.7"-':T-TUJ L.L.~.T~11.J.:!.J._'~.u~. &L+.i.If+JBf~rr.:rf-fft:.' -11.:"1~.+J.·i.J.--~.f~.-.I·'~.-T.+L+-i' t+- i:' - -'j-.!- - t -- - ., .Ij-~"CI\ .>n i- ..;;rJ~. ~ -- .~N"I,.I:ibijlL-:-P~:SSL~~ 4'=..... . -. - T --Lt.--I-'I 1]+- c 1+- 1'1
--or --1- --- r-I- - +.-----+~' >.J"l..••C:-i.H.l,~ ~.Ul.p-·--\d-. t-t.--,.:'j~fi.--,lo.:;.Jo-!-!J-v' Isr.p:""; -N·,...-::~~-:--Ti -- -r-- --.' +Hffi·:.,.-r: j - -.,.+.-.'i-. -'-! i~.,-r" t---~-- ---- -- -- - --I ~ ,." ~r- \('.Ie> ~ I,""TI --·I~ 1foo.,..l;~I'" r...,.~ ,_'"l , .E L/' ....U\. -- --, -i- -tTl l-r-l-~--t"++h--h- ~
rr - - -- -#1,. -...,,,-,=' -'h.±,t- --'--II\'Jlh.c:"';-M~.-:-r--t-&::-Z:Ai~/~;,,~-r- ; -.N- -'-++-. ---H--1-T ~
- ---- ,'-' ----,- . -I -~/p~ \J.I"'t7\~.I"f'r, iTl'j-iT\-III-II;'f'''-~ 1~lt·1 'n._ ,-.--t+-+;-+-+-. ·,--"-----1-
-t -R ·tl'l< ',- '" ~I-t-f" 1'1 i -," -'1' r l' J" p'J11 -,.., ,,#-tt· -I::±t -'i-.F- +. ,- (~.'+- -- i- --t A· . --. - -++Jr r-l----t - -, -- - -- - A --1- - -+--,---- -- -J --I' -- --. -tt-- --HT'-~ -j- --t- ~
T ---I ;,t'lh ..' . -r,.:At· ++f~l- .---- - --1- +Lt ,. ·!-+-fl----hT -,. --, --~Ti+--!-+-- ,--1 -'-+ --t ~-- +rH-- -- + '~-. ' i '.,' I ."

------r --i-~ ~~I r'.,.- .. ·· .-1..·····~ "f--'" '" -j -t-- --l--·--l·----t····· +- - --1"--"'-+1'" ··- .. -~.. ~ttl." ..t·-~.·-L.~ .. -, ... ·ll.~- --L.~---L.-T-tt J1__ ~.--'I~.. 1 i' I'-Tj __ ,_+ ..J ---, -/ ~"i'~'" ~-'-.----"- -- - .,- - -T---· f'''f--- -i - -. -H-I. '.-"" I r+-h f·· ~.___ ,1.1, f-- ,r-···t· -"""-1 .--- 1... 1-- ----- .. -'. -"---Vi\- 1 - .. -. - -! I !~c4i.J II Hr-""I' "1 ~- '1-1. 'I, .. ,t- -.-- +--1 ... t'- - .. ' -- -- - - " -I - .. .--- -I~. - - "-.J.. , .• " 'l/~,N; '" ' ! ff(.'O?~\\.'~4J) I ! I .'. l<;:
-r -tt . - -- - -,--- -- -1- - f-l- - - - --I - . ''t- +- - - .f -l- + -- 'Tl-- ,-' - - i-H-- -rot -- __'..l_I__ l~ 1 - - -- .

", '.+ ~ .1' f Irtf (:: mi~ i' t vi l' J'rt,"''if! + i -liJ -"IJ1 ~ '~
4.1.----. H@J'1/l-l;'I1'11-+-'" --t(i -~.I- ~+I++ h--]-,T .... lf .. --i~.-;-r+-+·l-j:l·-tt·- ..·ll-.-fr~-tt.· ~-1- ,--'----:' ····-·k--· . -- ·-·----I---V-\..,--,--- ,..··----,---i:-111., ··---,,!.-.--Jl ~
-..-i-····H-

1. -'--.'. ·-tl.-l.- f ... f1l. 1'11 -'f -1'-'---. ---, .... -.--.-- -, -- ..,-- L.... -- -I~·.-f' -.....1.,. -.,-j-'I---.,-t',... rml~--l·i-t-. Ir;,·-l--I z-1- - ····-1 .-. . . .. ~.'+ '.. I-~ -,- I-H .... -, .. - ... ---i --. . - ~ ... -. . ..... ·ft+·\j- -- - tUJ--+-L..+-rI-lj t I ti--I r-,rj--l-P··.+ 1
1
-"1' -<

-f---~ - T- -, H- : - .- - - - . - -I -t:' ' -l, ...,...r-;-i-H-+- ,j-ti+li" -'--1--- .- -tilt- .. -'- ..-- -- , ...•.....~ t--- l~ -r If·- 1·--,-- .... _+ -- -JlJr"i-- -['\'1"-1 I,;' 11.I-l-t'lf·\lt-di--1 d-rlr---
-1-... --.' ·.HI.I ~j .•.... ~'- . 'tJ.'--.. t:l .. f-l--' •... Ii" - - - .' -- - ... ·-1-- - ."-. -- \l-- - -'.. -- ....' .t-V.''. f\ i It -.. ' -r···· .. ff·-... 1' I- •.•. .f T .. t-t-.,.- - ....1 --- -!'." '.. ---Tl11~ r - '-!- f-- -," -Ip ::-.,- ij - -t-.'. r +-;-+--[ - - ---l-l-;.-

r:I~.'.I~.-I.-.r..JJ.r.·j-- Pf' :;~i! 1.. I .. ·~.'.•...r':· - I---~.·"-Jl.. - '.: f'" -..---::.' ~-.-; -;.--:. ---{-.=.:Ji-:- t. -. ~l··..+t.·.:'.·t:/t~ -.. -- .H_.. 1-:+ 1-'_H' ••t.~=.:-M=1.. !.l-:.i' j:- -.~··.··lL.·I-+,.·:.j.'t.-.t '..I :. -..;J.-:ft..'.-1 - .J-t-·~_r· 1'· ntH'"1 t'"';:N' .' ", -- -- -- -- ..--J --- -, -- --N'... -1,; -t -I' J - J-t=rIrrt- --- :r -t T T-Ht t I: !
~r +1=::" -_lf~--'_ ";~ ' -~-r:- -- - -- --.- -- ,. ---- ". ! ldl __ r:~~h -\j- - ';-(fi~·J-~:.: -j r -},_j_m~ -Lli--;

~ .T~.,---(,-~l- ..-...t..-.... -j .T.·..l· :\r +-. FT- -.. t:-.-'.---~~-- . -- - - ..'=.. --.ff- :. v' ~tl :..:I ll
,'_ . '. 'l#- (i.-'~.--~- -...1:.-.' -'..:F-:IT.-l-..··~T-tr.l,~.:··j .t

j rllr ..#r.'~' }:2~/t ~ -l~ ll~ t!> :.~: 4:-' =-: :t-·· .: ----:-: .. ~ '. -~tl'l --- .'. 11 \1, ,~. ·U·

J-1J .. --: r--I:lfrt11flh I
r-'-:r .. --.'.:i 1 'tULI ~I +1: :. -~ .~; ~~: 1ft:- fL-!\'I\-J'-~I-::_ ll__ +l~:~... ···':j-~-J::· ttl '- .,~--,- IPcI- - .j.--- ------ ~- .. -~ ----~-- - -- VII----- -'--j",H--~, i I-t~- +F- ----or

.=J.~----.-.':'.'t.:. -,I i.-- --- r.'. i.' J ,•.L " "~l. ' .,. J~ "." j[ Jdr r!'K.-.i\t+~- ·t-.If-H.Ll.: ...-ftt=.:-r:....1J.... :till.··' f.lli. --.-r- t-~ --/- -"~or -,---- ---+ ....'.' - -, . --- - -- -- - ---11.- -\k-r -- ~~£,l'N-'-l-trtij- ITtf,t+li-=-11iTr
----ft·1" "* ·····-1jj~'- +-I-···· 51 -}--'- - ~ - - _.- . ··-----·ff-'+ - -t-ft\f.-f······-- ,i--··-~ --,··~--tt+H. :s:+- -e;.. -, . f-.L - - -+- - ~'-I-\~- . - - i-+~- r- CD+-1- +'-:----.i!-f--I-Ll-- ---- '\1- -,- --1_,- --II-rt;. T+!!--, ---- -fl ~~

~".. '.". t.'.-l-. +.- -.t. -11.' --.. 1'.--"-- '....·..l-.·- -l- I-I' .'.I'd.Ji-
l

- -J ...11-.-
1
.-'.-.'-.'.-.'.-.'" -t·;·~·-.l ..-.. -'-.--1--' -t- _·.-.··.'·t.-..... -r.,-,,··j1.'-:.·.1· ti I-··--·.--f··· -~.'~..~- --1--.-.]1

.1.1"'--- . -, --.- - ---Mr-J!·-1}-··J-----I.#.-'t----' _.. L.._ ... . ,-~-- ....j-! .. -j-'4'-- f····j------- .-t------·--+I----- -1--; -1 - - - . -- -- - -- - - 'i' - ··-'-tl·, --- - - - --I -, -1- .v - ---- "'- -- .I-I ' --,--!--! t- . ..- -i'- + -.
't+ - , - r- -, -- ~f-' -t., +- - +- -,+ "'-; -f -. ,. H i--' . '-'--r-.. - ... ---, ---- - - .- +--, - -- y --1- - -- ···-l --- ~ - -- -- -- --,- - ,- -- --t' --t- - - ,- - -- -. ---- -- ..}. -H-- ~-rt: .::: ',1- ,~j:: 11tL~lt -: .f.;h" :t._ :: . -~- t ~l- -,: __ 1.L: ~: ," ti: - ~:i

•... -- ·······------1 , ... ,---- -·f··- "-1 .L,.. _........ -~~r""rlJ .. -..,E -I .«l-IT·-·' -1-r1 ---t-----' .. - ++tt--H-r,
- - - f- . -- - - I- - -- -!- -- -+ -- - I:?- - -- "l" ... :.." -~-. ,.. ~ -'-t $;,'1 - .- -t-T -:- I " '--f-. -;- ,---rt-r

.. 1" ,·-.- .. r - - -----Rl,j--r·' ------j .. --. ···--t.,.-!-----l,iltTriL+-·-lr--l-·'~:~l,n
---ILL:' •. .--+tf--j: :: =1- -. -. ,,- -~-:I:--- .- 'f:j :l+~- -i- .: --. ilJJl+ --1: -- ---Tf'--Il ':-=1-- :.: JJj-ll'-fT-rl'+fl-~ ---: ~f'-itli '". -l;-Jl.r J!·-11-;'H---! I . j ···1 .-. t- 1- '111- +- .. - ilIB-:- Lei_r-! 1 r It- -ffiLLli1Iill--r +l-j-r-l- _. r-d}! T -r .



THE BOEINC COMPANY

NUMBER

REV LTR

~AL,(SI'S

,A,. s:' ,I\I\PW ~(<2(J M"cZo4~.H f ~ us.1SC
~ S'\~ ~ ~~i" ~'~c.~U l?-A-L Mt.2:IV\~~ 4N~
""FA-~-a..$ j Iv\A~1 MljM L..e>~'S ~clM.PV~'O ffl.t.\fLNS ,-y
~ \J'S.~ TZrG;~ v.l ,1'ri A ~u~ ,LA"'N Ci!...J.. Tt.--Rto-r-J
"16 1\-';$\j(LE ~ S~'-E:"C-~~ \'U~\N~ ~ ~
CA(7~1Lt7'( Tb L.)\ 1",..J~~'t) NoK:-M4-L. "'w8A-t-·A-NC--"'l\..."'A<,.\A 5-~~nt.~
:l>~Nc;. ~ u.~ O'ICu::' eF- ~ s.~,.

~MA--rt""S nL SeA=! ~N i=-A4 C2..tc. ~ ::t>t :>~tlt. \J7iI3N~ A--N t;)

~~A-,NI f+.-e.lLN13...t ~\N~ ~ (NCUJCi'C IN i)k;

A-,-.i~"S \. ~ H.L ~·CM $'~#.

'1>'\.. ~ I g~.g 110. .... SeA-r ei:..""\..."\' U>-A-O (Cf'MfrJWlY'f'T ltV

)<..-~ 9~E;.

..

No~;

FORM 46284 (2/66)

~~_,( S~N \~ ~,~ ~e..~~ e-;"
S\tl \J\-OO(~ ~IE:~ ~D ,cE:-+\-:.!i'" B~(....,r "-0
~~ Hi2.A~.MZ::.. S~Q A-'t'-(G~ 15 "'T\;PI c..A·t, ~'h;J
~T fh'1&U-/ {2..£.;LA~\j~ TO S€..nTf'· p~,} Ri'

&~'G" 0 cc.J~A-N"'r·

SHEET 78



THE BOEING COMPANY

NUMBER
REV LTR

':;.=;A'T .~\e...~\

y-~ £>~~t2 f

=-

"" A-'X 1M0/\" L.~ A-~l riG AT St:..'T--1- (61; \...."T" A~C\·+tv\\;:;:C'~T

eN eACH .~IOe.. or S""'C:A~ ~ ..

'-
V t£(;-"\Ml- ~\A<3.'it.,"::~..i'-\S

~"""\6"JS c...v ) .

t?l;.C ..
J

c

FORM 46284 (2/66)

SHEET 79



THe:BDEI~G COMPANY

NUMBER

REV LTR

V1\-«l~oN ~f: \.-.oA-'O tN MGM6a,s &.c. $ e--o fPtQ 'T1t-e
LoN6t1'uC'NA-t.- S'7(u)"-~ Or-~ c-G VARJ.£s.:-

(.~ fumlh.JS valOR- '1':>{~£.."M$ )

p()StT(~ p~ ?--e
( 2-0(0 ~4-

2- 1193 -595

~ ',74--1 -164

Lf- 2~~ 28~

"......

~
v

~(JO

cl
~

~
< 0

(-
~ -5"'oe
~

~----r-----r---r---'-r-

5 IS

-/000

FORM 46284 (2/66)

SHEET 80



THE BOEING COMPANY

NUMBER
REV LTR

VA{l..lA(f'oN o~ Lo·A-£) IN (\,\ENe~a..$ 5C.t ~ ,4.-$ A- h..>NC:;-;(.,~

oF- V~·"t'lCAL... S~I:...€:. OF ~ e.G·
CR.~ ~\I\<l\)s Vec..T0c2-· b t A <'S.c.~ S ') .

t. A~\,JMING. No S~...sl..b~ ~l"\.::.-"~ 'l,..~ ~ NO

~\N6 :cu~ "'"\"() '\~ crcc-t,,)!A-MI ~lS,) N(E;. ~~t.:C (",71)

'l"1ii:. ~~- a A-o\G. i-

~st{,ts"IV
Vf:."(l..... t)lc;~l...

'YSC t c;t.) ?~. (0,)o\- c. G. (i", )

{ 0 (06,+- +179

'2 3·2 7qo -/35

~ j 5.$ 6.;!.g -'2.aq.
-~~~

1
-,.~ 790 - (.35~

- 10',3 "86b -60~
_., 1'l·Co I ~q.1. -+(S

I, _.
I

7 I 14-~8 i lotO~ 4/3.5;
j

7e7

~ ~ (:)M~t%.-

6:;c. C~N~I

~IST CcMA~.

'-~,

3
4 I 7'b
.-.----!------+-----I-------

l~D'3.__',----'--~l (7... b 1'--~-6-~--.......j..--G--~-~-

t----~r-·-r------4----- ---- ..-~
I 7 ! 14-'~ I 3&~ ! 7S~ !

. I i I

FORM 46284 (2/66)

SHEET 81



THE BOEljVG COMPANY

NUMBER

REV LTR

""Ro-r=rt~G ~AA'"'Cf'\S ai=' ~ W,\\1 C,G, J)l$~c.~\
t1>L ~ 'TW'o C4-SES ',-

-
--

.... -_..---
_ ....

----- --
........... -- --

bOo ~
......

"
'" "'-- - -
~ .....

......... .....

~\{S ~

Mft..{ 'Psc...
MA)( r:>B1)

+ l06'-f- Ib.

-= +19 7 ~ - 2~4- \'0.

~~ ::. 130-0~.
~

+>oe:-t :: -, '25 ~,
~

FORM 46284 (2/86)

SHEET 82



THE BOEINC COMPANY

NUMBER.
REV L TR

lD
C

~S\G-N ~s. (~L,T ").

fV\6Jv\e,~ E.c.
/ ?a:. ': I~a-o \\. .

lV\~ Bt:."«.. E..D ~$.l) - -6'2S Ib .
,/

(tv ~\)\~c:w I UC4<.. IIVT£'i?-NI'rL
INI.=.~l' A· R'=:..'--.. l tV~ 'IA-LLA-'1"J~

l..<)'A-CING
Nh.J~'I RJ e..

D\)t~ fO

c~ SlOE.~.~O.·

.'

t
~~\D~ tv..~~'"'L Lf::L ~-

~~S L.GA.C ~~L.J.k.'"\.:) 1"-1 '""i"Yv'D PL.A-Nt..--:, ~ul.,~/i
~.,-ec:... =- AI2 . /40 'Z. ....

'= (~e~ '10..
(

FORM 46284 (2/661

SHEET 83



THE BDEI/VG COMPANY

NUMBER
REV LTR

(707S-- T~ \

~~ I ... I CD 't"--C L."")
b~ 0

( -:Co -'Dl) *- ::= e
~.t;.1'Wl.:.~N ,A. '" NNli.'O ~NC ~o 't9""~

,A. •

M:. Ier ~ S-~ ~~. ANtJ t; =. o~ 04·~.

It
M":Ie. '2-401 ~ t,..:. •.tt> ~ AN c t -= .o· 0 '2 .:-

'"1');.u~ ;'r- ~~~~ ~ 7l+,CJ::N"a.s W"1 L-L-

16~ O'OA~ ':, (-nh-S A~lb'W~ ~ Lo-e:<;. e~ A..l<A,~t*'t-c..
A-\ ~OtN~ ~ CO'l(~l'-.\~ • S/S'ME. A ~A-NGe ~ wt'~t._
~j;) ~. ,IN.-.~a·VI~ . 4-A-N'DI....v v<5-. J.

J::tte. .:t==- ~4- (I' 5'+- ,·,qott) = "OS~ \Mt.+'

(Nolb: '5;\-M-e... V'A-<-~ f¥V~~i::. As<. c=;~ t )

Ct'i-N $ I J:)£o,L f\v\ '>t'fv\~t:L t:t:> :-

~·~~Ti\JS\.'( AM ~N.u L,G Ac50
G~'''T'L'~~L Lt:i\"~ ~~ ('b' ~T L.

smuT (.Of111 A
( A'SSvj\\~"';> :::-"f't-lhG-'<~'1 ').

~

E ~ L-
at:>

6~.s - mE =-bZS'1 .,n
i- 6 27 _.._...... a--Go
i - )1 b=27

2>2> .. .._-=.~._--,;:.-.
L-s~i .

• I,

~ M~VSIS ANt:> ~1.G-N 0: t=(,AG-~ \k.)+tClC $~c:'iU'(~~

E.'F BeuHN ~ - (lAlCl"J; A6. \ ) ? AS ..1~) .-J

FORM 46284 (2/661

C t e. - 'NJ S'f~ ~
~

- $"" L.

C,- '=' 0 3"

-fCw) =- 0

SHEET 84

j _ .r~r"\
-~ '"? .



THE BOEING COMPANY

NUMBER
REV LTR

:Foa.. ~S MtE.M6.GL "W,LL. ee- A-S~UvY1~ 'T>-f.A.i~-

-f:., =- I:' <0 .....3 C7o/S" - Tb )
1)0 =- I f S"

--n+vs I=- o<o~ ~ tf f j:= 3b'/"L

C = -/01), JC):")1. S..:.. ~)()~,,,\\ "J:: -( 65/«' ~\l..
t S""'" 'lj Ij~.),- "' I '- -

M - -\S8f~ s...:.. ~I j

"

C L.-:= -~. S~ eyj -=- -Jere, 10 '11.. . S;~ -b (~o oJ\-

~ - ~'LS~ .:... .\.~'

I
j • . ~ A ( • .'- ..f...,. ,... .~.. \ '/l"
~\J\ ~K \ ,\AOM ""\Ol\A_~'\ ~ \..c:, . '-'\.- )

-= b 4--4-~ w:..., \It. •

~(~ fLA-'5l1C- I6ENC\"tG 0;' Q;.~O~~~ .'-

tL -- (J-L.{. .J (ju .....,.;: (ol dlj'\) (/~/~'-""")-

,'- I MLN ~ b'f.:f.9.. I, ~.... -:::- O· C,+~ ~<.I..
"l.. l 0 ~ 4IiJ1)

FORM 46284 (2/86)

SHEET 85



THE BDEliVG COMPANY

NUMBER
REV LTR

~~..\~ e.u, ~.~ "
A:'>b' \i csN~L'-'{ S.~"" e..

~....., ~ ..)131",,\ ~s~~f.

~ AC\vA\.- M~~~ \ OS rles,,\
e,~b NC.~ t")f-€ Lcw-(,:.'(L 6N-~.

S~&n-l ~~IJCT,~ -I> Ct+-VS~

l~~ ..
-A,S;S\JM\t.{G ~~ M.CMA~~ JX;t::" 'T"D lJ-h; ~l:.wD

~ ~ i1-l~e 1~y\S~"S IN f\..t~~L.:Jz... ~S~-

A~ liiu-NA1.- A.A..b...~,,~i =- ~~ -6 ) O.:S x. b'\..\ '= :z.l a0 ..:; It...

SW~lW& "'1"'m"- tWo 0'1~ M~~ '"=! 8 ·637 w..lL.,

N OV\J I ~ ~~~c:..~ v\.4*"""'""t."\'(.,1 ttL.· :J:), M e¥:j~! ~.

~~E:.. ~~ ~.~ 1\-.~f '~"fr1 CO"N'c:.to..~"" ~c.t-l ~~

fb~~ ~~~ ~..:ec..e~" 'F'Vl-'--'i A-N1::> w:\)f~ LCS--~<)It\iG
-:t~t~~ f6 V '1ftt;: U .~" ~ \.{ o-1Z- t:J.:...y1'Lc..;;erVTi4-t-z \.tle
~\"Lc:o--P~ IlV\iA'c:r~ \ .

~ '~~"Ll.Ch__ ~ ~~ lJ'\~ L~
II

Is 6 ·0 , 0 ·o·~~ W,4t..L 7'O/~-T~ .JU6ltl"Ci.

~ I,.".G f!M./ ~ ~~ ~ 'h64v"'1 e: ~tJ,-1 \ Rtf~
~ l~C(.' '\ \...~~·~\Nct ev ~-n,,\et-h:.:'Q t\.\\£:'.'\-\ r~ ~,~ ~ ~\:)

~«.\.~ L~lNG ~l<'~\SC.~ ~y l)~cut~·-r . Le-~l rVG ,

~,<.Lc:..... l..b4Q loNG /,

- l C't--f'5 l~ l N ~ (l.t-C-. -=- \IV Go-ec.. tu'L- ~l 0 ~

~t"'

C~ ~ fh~ Ui\A \;;-0 A-Nf3,1_!J- 0 f 'S(J·~ ;1-.~ [;~f"y)

!)tiS k~v(v\~ Lo~~"'G- frh~ eY 'iWD SloE Mt.'w\.!t6tJ{\
FORM 462.84 (2. /66)

SHEET 86

y.

..



THE BOEING COMPANY

NUMBER
REV LTR

. (ow, I 'C\:~. "",""\fa ~ ~"V'v\CS .~ 6 \ ~I.. '<-eO '$.t-.~(~ r-)

(,:-) CI ~f".t\,~"~ ~~.~$, ":\-·C'TIJ&\... f ~t'~ ~t:"'''\i(~~'''\"" ..1 (~ •

~~ ~JC-0~ GrvD:-

M- 'N 0 (b+c\.)
e'\.

- 0'+0· 2., (6.
(?

FORM 46284 {2/86J

SHEET 87

--
(i2M~):' 'r \\1- )

g'36 y.;... ~



THE.OEI~C COMPANY

NUMBER
REV LTR

M~~'.

1t<-{Hu!tN I~C ) ('~A O·c,

(,061 - T'.
.og~ W4u

(O"Ut,.,-t-:: $ e01J'0 ) .

to~·o. 1~7~

2..'!"-' 071

C6WS04-lJA-1.vl;.'\..vJ f3n:>'C \N~ "er..-n.-e...T CJ~ ~i2-!<-
~''''G Cs~e-' ~ C::;l~ (v\\:,."""'--~~~ ~.~ ...
trs s u-M~ "tV S~~.. Pvt-tvt:: ) (W".. 9 9 ,'" I~ )

~ rc'><.~ E:I\JCS:

tJ -=- {9 rb ~- ~

~C~ ..

~ 2,7f+ ,.:. l~ ·

= /o~o +- l.-1'8'f == Z~ b t/- ~. l4 .

=-- ~ ~ ..,,U-l G::. Ib I~ "-:
FORM 46284 (2/66)

SHEET 88



THE BOEINC COMPANY

NUMBER
REV LTR

'7}tIS 'I'h,.y..:2Dt.?li:.s NeT" /Nc.G.lUCt. e:~:-C'T 0';:::
Cc--M.P(b.i:~~ l I/t2. ~ ,

I., A5: ~ I\A i;.. 'tva ~ lJ c:::A=. t..(I\;e:. PjLd 6 ~t.\ey "n\;, -:. ,.. (L.,lt': '-J 4-..,...~ . )

S" U M,V{ I fV~ , \::;.\Yb \ ~cq.

~ • 'S'jyt.-E:,S ~-

.* ~"'''D U".~ .s'~S

( J I !.f,{1. +- 71 '1 & )

'1('-" I 2 ,~( ~\. .

(v '-'\ ~(t,., IO"lS .....T4 'I;'::'" 8.$1~ llQ\~"". )

f f+J $ 1'\>~e ~S t...;"C-'f I f,)"'" t SiteC';)$ PiA;'6 (.f,.. ~

'!-t.R
~ ..~

O;~tC-

FORM 46284 (2/66)

~5e vA--<-U~-c;. '. Me 1\tr+)C\ ¥\.-f ~ ~
~~ N 0'\ 0 (" c, c.,..,/4, Suv." 1..Jl....'1' A'1"'Yf2t) t...1:' ,-y ,

jJ>w'vA;\..\f'~I~ PU{t.lil~'lt:.t'~ fl\-1;> =S',,+-o ,ANO gE!L..."f'"
1.01''- H.I. Wl '--~ Ii t. A~.sU M e:.o (' "NS.T'A·f<;ir .t...
\I rt·"""UE:'~ W t &...1- aE. I\Oj USoTE;'Q ""\1) (;1 v~

SHEET 89



PREPARED BY:
CHECKED BY:

THE IiIOEI~GCOMPANY ·DATE:

NUMBER
REV LTR
MODEL NO.

~:'CJ:)c. ~ Il.t+ b 16.

1)N~ ~... ( \J eLT fl-A-NE:. )

b"'~ I&l;' I- ~ ........_.-...... --- .-- .-... ----...- "..~...... .....,
..

/..: tb ,

-rUl6e.. ~ I'SoC 0' Dct~ wA~ l...:>-'L4 - T~ .

r:: ~ C'·S"l_ I-~, 4-- J 0'(0"1-
,,~- "-

elf -
S~-.~ =. IOb~.. O'/~' - 7b.G/~ Vo\;""yo-O· 104--

,

u~ :: ItJ~n 1=i-~ \..6~'" T3 .
/

~~ \I\-A-S1'\c- tOCN'i,)\N~ ~ Co l ,~{
I

'1J.w ~ 1'u61 N Go Ao\t..~ l,)"A-"'i"1E, I

CNO'7'G;.~ ~ ~.,IV\N~ J N ';('-- Y ~~NE. Du~ 10
~({.lc.........~ N<::"\"" Cc-Ns.\j)€JL~ S iI"eA;.. ~ S-J'vO I fV<=,

M.C'Y\A~,t,-~ Nl¥'l...t>c . S"~ Eo V~·~~ A..$~ i~t....

l F .~. D'-·F-(...E.CT'Ol'\I\' occ:.uf!.... ~ S~4-t1

C AN"A·~ l"U\ t-t- S\..AC(c..6J'.-J /4NC "'" E·I'lrif.3/~

~ (4;."'C u .c..E. .J
. ttotSVE VA L,..tJES ALl..ow ~r'\1E" (2.x·C.ES ~
CA-Y'r~ I LtT"/ '.::a A- f-W'y'V Ft ,L £...0 .s .s 0 F M t4-jf2I?.I/t L
A--r v 0 / /VI '-0 c. A T/.orv S ,

FORM 11180 (8/87)

SHEET 90



PREPARED BY:
CHECKED BY:

THE BOEINC COMPANY DATE:

NUMBER
REV LTR
MODEL NO.

11

'..

S 40\.) I...~"- I v~¥-·-r-, i~\- ~~',-

tv! ,\,')( ~;'~r\'C I'\~ 2. b '5 -:::- 1'6'2.3 'b.

~-eo ~ -\- ~S'5a ~ '0

'"'Pee :: - 9Q '2.0 1,1.0,

~: -r'*E ~N~"'l;;I SIN ~N~\'; 14 ((..X¥S-"'"
L.o~ \ 5 ~ 1.-'"1 \ra"~Q

r. c!i N C::. t;:>-{'i 'S~' I~A C~(;.,.
/'rts 'S;;.~~~~ ('v1A'>Ct M U,\I\

~Gr' ('01'< ~.::)(""(lj't".J t:::' :D{~;'S-(C..,\,j
CA-S~ f'=o~ i.:\'{€.(\"'i~,5: t<..:;;,

t· 2$ 0.1). 0 '0<0.5 wAW- 70'S -TGt

CON'$'1:>£~ &; c.. :-
K. NKel) C. 0'-.\,;1\ p~e-S~t ON M eA1 aE.~...... ,

, e.-
:~._~-----------~~ .

~ ~. ~ 5~_.... "-"-'2~,~t__~

Cc-tfs lCE.eHJC~ CE.. A.s.
\Ai rn+ ~t:) M 0-1"1 'E'Nl' S '.

FORM 11180 (8/67)

SHEET 91

7 ;-



PREPARED BY:
CHECKED BY:

THE.DEI~G COMPANY DATE:

NUMBER
REV LTR
MODEL NO,

..

~ -=M. l ~c:... 1. tJ
l0-

U:: .e
P-

.J

~~4y'

.:J ~ 16ol.;.;Q.1.-1 )
4 ~'8' 0

U ':- {.. =- -..,
J ,-,:l'b~

..

iJ ,. \u. \.4..~ ~c. ll~
1-- \1 Itt' \ "" \(",...

'\
l~~ - 111~ (,t.-~ -- . ---- -. 0"1.,.1 1.-

1~~~'LlA-L- -,o...,~- \0

S~r~ ~ IN6' 'iAVQQV A-,-c.. W\.l'rt- ~LLcr\."'JA.N c..E, h~ ,L
.J cn.N"'\ ~~N 6-i'"I-+ ~~U'-:Vl.'r'l .. S'ic.." A-N~ ~~)-'\~t~tr''',j a;::"
{f.J\.:..~if-h- .(2.~t:.\,.. ~\MI\)·N\)N"G ~S (E-\) Ac.c.~\l1b\.~ (l\{ INSyt'i::\lO"-1

. C;U:s~ s. ~s.s ~.@.. \ tv2':(t'-"hA \... ~\.. f\.AC'\)N'f r"\:{".} t:)
~o (2.i8iC-'7'fSN :- --_._..__ ... ~

COv"\...pui~l~':. SIMIl.A-iL 70 ~sc:. of Cc)L.\~~ A.{c:V'v7Cc·
"5~~' .:"-

.'

L/)~ b+J ~P M~~U. ': [~. l"it~

X -=: It> t-S

FORM t t t 80 (11/117)

;\
2Sil'3 ~M :;;r .1... ID'S .3 :;>""») . >'

2- - - ,:)'f~ ' ....... i~ ,- I
'"'2. 1-

~b.z4-. 1,1,...~ ...L - 1~3~3 Ib( ."--- ,
'01,; - .;- .

I

SHEET 92



PREPARED BY:
CHECKED BY:

THE!: BOEING COMPANY DATE:

NUMBER
REV LTR
MODEL NO.

\)+.J to ~v,.~~ ..,\'(\ /\\"... S~c.n'~ I ') A-Vc~uA '(':- S. /;Vc.E..

CJ\: - 6 ~ OIJ~ AN~ CC-~C-{1(~·I'.,J ~j;';"
~Ul..""'- .. ) ,'j- ....-Pl-o-\-S';c:... ~~"J ~ \ r'{G f+..l'i /voi' (c.,;.,-:~"v i rVC.'-U0~\:':: ,

A'-'&-0 ;4 '-LL\.-v ~ I\-l A-iLGs:r N ~11.. U:::~ 'S 'T)~... ~, I F! X $.:.D
t~\..J I. \1 ",,'~ ';;. AA-" Po CM-t"" \S"-J~ ~ •
liM u oS r A l- S\) Ibi ,.~y~ c',"" .t. L''<- l\+,.::j "T 'i}-"::

Il-t ;;+-)C! I \It \jM ~Y'1'~ if""G c ty 4..>ICc c. t.Ji~ S ;,+:1 '!'rTi,
8-v{~ c'}:-, "'ftc... S~';>f" j 'Siyi..t3 ~- ~)~\/ .4
5?P .~. I Kc...· 1/"",11'1 cr dec. lJ"-S,. ~~ . v~t4y /Lt:..::;tJLr
IN ~C'ME. P~L,\..1 J4vv~vi~ Di;.;V.,(rYI i~'~; s·t·" a i.J'i F-4-: I-Lt',:"'(;.

/':3 l'y1,)1 '- (~"" \( ,

~ Lawl.::.'\t c..,4r-S't ~ 1~_V\.>t r6 \:)L. I S A<. c L:r'T);.~ i_C
(6 Y lN~ f/;;,c.:rr~ S' "'vee 'T'n'"'C Ll',,+4)iI'\,I ($ f 5 L.1.::..1"S 1/-itA\J
fOL IJf£ (..);:11".£((. M(;;.VI>'\ i~ -Ef{, ~u 7}f-[ ( ..:,6/1vG,
SC:l-e-cT~ H II ~ ~ S f\-rv1 ~ '$\;;;.t"";- 1eY'....f ft.,"-I ~ ;I.-tA,;~>';·,'-;

f"\e.M~~ *
M~1-\MU"'\ t-rr~) ~ - 400~ Ito. (~~, CA'$C)

-.:: - t4,f.J'.t'U
• Zit..

"Tlo.t1 S Gt~~ A-b~vA-1\:. ~~:'{'f"'t'l pi!.oie~IES roa- 1l+E:.
oPt~\ e.N A-\.. ~...illlO'N (\\~ ~~ f'1:U..d\....\ ".
r;-41. "'~_~~~T~~~ I~'

.fv\t=....1\.1.i\i~"- \4::r \
M~\MU'j\A ~..t~

--
FORM 11180 (8/67)

SHEET 93'



PREPARED BY:
CHECKED BY:

THE BIIII.NS COMPANY DATE:

~T' pA-tJ. FP--f\-ME: :

( LON"TO'..£) I N A··L. CASe.. )

NUMBER
REV LTR
MODEL NO.

//

VA'-U~ ~ \,~ M-/1Jr.L.'1s,. S "

~~ '=- - 4-00"0 l\, .,
7~~ - -\o4e \\Q • No'lt: 1t\-e;e:.- VA-We~- ,

oec.ut.. ~A-t.CS'

'Pvc. • - 4-e (0 \b. 1l't£ ~c ol?
I

1)+E~ ~.tE

p~ - 4- ~'1$' \\0. Ptr~~.TtON~-- I

'P~ - + lo,OO-O ,~,-
f~ ",-\..r - + 2fo'Cp \b.-

FORM 11180 (0/071

SHEET 94



PREPARED BY:
CHECKED BY:

THE BOEIND COMPANY DATE:

C~~·'''''(,'i'Il·Y

) "

/11

NUMBER
REV L TR
MODEL NO.

i -{'"'- ~

::::: Cfo67 t.-::.. (I-".,

~.-'" .

~<I'I ~bl. 1'3,):; 0""'t+-- =- ~·o~.- .
00-0 G-,

':D~ - I·! 9 c:,

,~ = ·oqo WAU-· tubE- (70"~- lb )

FORM 1 t 180 (8/07)

SHEET 95



THE IIOEliVG COMPANY

NUMBER
REV LTR

'-)'01;>~
o.()~ w~c..'

70;5- \(0.

M •- I,+- oro ("". '&. .- ,

Ob - , lJ fAA) ·7( -=- ((J))/'ib J ,,,,p...'L.-'•10,",-

..

..

FORM 46284 (2/66)

SHEET 96

~4- = I ~82.~ t~}.;;.'-.,

(folS"-TG



THEBOEI~G COMPANY

NUMBER
REV LTR

"4
\

\

4:. =- o· \
~=- O·~

0( - 0·2$

, ,

Q6l2.- -::. 4mso == e~e(,r() ~\~'-,
0·0$

LJ(.,~ ~t;.~"NGt fi) <~ 00b( - T(;>:;'.:' e 0/0(;0 '1,~l';.. ':""

Tcrw~ :;) EN~ 0;: S1E.,.4-'1 S~~

~\(".ull.t:. 0';' (...UGS M~"'( OCe..u~.

LoC-A1-

FORM 46284 (2/66)

SHEET 97



PREPARED BY:
CHECKED BY:

- THE IIDEI~GCOMPANY DATE:

NUMBER
REV LTR
MODEL NO.

su<~ T>t&- iJ&' ~l~ ~ ON,-'"'( ~e-~u~15
~e A 400-0 \l? CtJ'M.i~tiUt \~ ~A-C CWI\NG~
\N ~ \v\\~"'" t,~ t AN~frl- ~~r'h"t.."~F\-·t.",e MU~"" 6~
~.~ ~. ~~ 1)+-t~ ('A·S s.. .

.
\ \ "'T'H?C)c:..~Ss.

D 1M (2:7'4~ \ ON s:

~0lr0 fb\,-'-

o-F ~CH l-.0 G (~'\I'~ IN G
(L.;;;v, 4-., <',l (2~ s:~ ') .-

I _ o· '7 f\Il.IN.
4){-?.7

fLtf3t£.- S"12.-E: CAN ~G, Fi:~uc~ TO f'\ W f7t...L-

-,--;+r~~ s: oF O. Q,tJ.~ r..AfJ(l~YVi 11Il1N, VVrl L~ AVtt-tLr~L£)

I
(

~.. - -

(I
/

'1-/30
fvi>e
·O~

,tit\-(...£-

._....

-,
_I

; II i
'l I/ I/ ;

'}.-LOGt
t,::- 0,'7 f'-' IN. ,

-
I--

FORM 11180 (0/07)

SHEET 98



PREPARED BY:
CHECKED BY:

THE 1I0E'~GCOMPANY DATE:

NUMBER
REV LTR
MODEL NO.

.. ,

I

~lM~ \....o~ ~ tE ~~M \ "\"1"1;-'0 v", V s~CA;J~t.,

fr'N-a FA'1:\ G;N~ M-E.. t\.S' S'"r+t...-..s N ,

'"T'i-H; t....~.~~S ~'e:A'" \Ow~'2..,.'Q S ~4 'S''iC or=- ~
'SSJr'r S"l'(~~ ~~ \ N'l\:~1t41'\1 ~iL '"T'rhs.. (:CN+:;i 1'1>~(".j
t..\J\\..L. ~\==- C::ON~ \.:1)S~ •

'?A1A-' == - 10 "4-'~ lL-,.

'P ITS" ... -+- lO. CO·1) I~.

k-S"''-~.T ~
~\SO 'To ~

FORM 11180 (8/67)

=" ~liJO t"'" .-
~li£-~' q~.....

SHEET 99



PREPARED BY:
CHECKED BY:

THE.DEI~G COMPANY DATE:

t=t.L Il.-'$:'C.S \ &0'-\.1 5A6 .s>r 4- ~'C.Q\!d'~ti:'~.

Lv& S'lh--S (}N MA-cCrhN~t> hT'r'"lNG--~-
,.-_0·· ......... ,.

NUMBER
REV LTR
MODEL NO.

~ S-Hc:..~ OU.; (U Sl-r-lG cJSU\..1"" -= 4 6 p,so ~je..70'") S -""Ih)

~""",t-JJ.' =- O·o~ \.,;:;..

"J) v~ \t) \lte ftl.t:,."'E: t. rJ G g~ y\J G ~~ So Surf~iYl~ '11f,;.}t-.j

~' b~ A-~c{ttl;.~ TC ~ S~;\, P;;h-.S f·"evA-,,\.·\~ I r
1<";;, ~'A~ N,4it \.£., fO A'SS\tMt \1\-&1' '\\+e' ~~ L,uc;.
V0tt..l... ?~E ~~&R~r~ ~ LCf\.•·f~'~ f~?l~(t.,n;')1'Vt4~it W(~IN6-
~ ~1..A"tTtc.. C ~a...M{~1h)f~ {)CC'f..J(;;;~.~.

ONCE Tt+t ~,tlG 1$ (N~t>lJC-~~ 1.N'l'U T'H-C
"Ft\i")NG II MI.fS I '"ht-G.~ ~~ ~"Ac.1l:..\:> (b'-{ 'T'r+6 ~~
~ruN~ f'n~~H,NG -n-n:::FtTTiNGf"()~
s'o~ M~tt..~ O~ ~ ~~1 ()t4fVt

FORM 11180 (0/071

SHEET 100

'.



PREPARED BY:
CHECKED BY:

THE IiIOEI~CCOMPANY DATE:

NUMBER
REV LTR
MODEL NO.

~ h· ~_e:;..
-~:- ---,;-----~I---f~---~----··-- --...-...------------.--..---------.-.-----

/-/ ", (. (

i "

I~ ve I N VLtt;v'l,; ,'f FA£f;::rJ(~S =: q)CJO X • s,'1.
... ~ f0<f 1._. \1...

os t+t..~'t (FA-<-. 'it'-", ~\{., DI.1~ T;) "j'")e..qut. =- ?, f()1-' .. (~7~ ~,
"2.' (

A·lJP~. I~Acc.

'PA-- 'iTbv t.~

~ I+"t.~ tt:J G'Jl>
~ 4fl7D \b.

~""L ~ft,-WLlL. ~tT-D '~ .s 1..~ 0 Il.,-
l

J)N~ 5/rb (11 uL.T~ (t l,,; \c..S I Mrhl-. ) N~"'\;:.~ ~l) ;1-,-

., ( ,
0- ~

'- '
~'1;) A J... 1)IA. A;-' \.c:

4

[ No7E'

FORM 11180 (1l/1l7)

SHEET 101

US\:;4) fi'it
s /t:-~ ('t+rJ

A--'1 ~



PREPARED BY:
CHECKED BY:

THE BOllA'S COMPANY DATE:

NUMBER
REV LTR
MODEL NO.

44-76 n. .

+-

:::- ~7~ lGo .

'\)h~ Tb~ ~t.~ 8y LuGs.
of ~~"'(11~~ : -

cPA-\'> ON CA.; to t c..

~ Ov-.( e\.. i ~

1HJ€ 7b s~t... = 14-9 '2 (~.

D\..)2 'TO 9-Ff~~:::. /. (xCJ.<J,.-,r
2,.1.-

-::r 4.. '2.:!,.CO tb.

~C)iE,' "11+e.~ ~tf-<;.~ L...c+O ~

{fV1(1oS t:'.'C (1;;y f..1,qC!+zN~

" IJpe.'V-\ Mf01- 11"1<3' :_

If¢e ~~ t· 'ii vt T~ /)fer;,
Fl Til/\;t:'S ,

t4,;-zU\....~ ~s •- 0... -. 4~c-o \t.... } s",; t...::z::rm
~ .

3i+O'Q II, • ~-n:'Nc:<L~ ¢Wb =-
• - 52.';~ \10 • 1:> (0 I ~€q(),:f;tc

FORM 11180 (0/07)

SHEET 102



PREPARED BY:
CHECKED BY:

THE 1I0EI~G COMPANY DATE:

NUMBER
REV LTR
MODEL NO.

:kb\A-.~o('T- ..

.L :D IA . S~AC6R..
'2.

--++4--'"-

• -eM«N -=a o· 072 v::. .

- I ?"~Jen.'Se )

,', 0\<".

..
LVG-S

V. 07?. ri\'

FORM 11180 (6/67)

SHEET 103



PREPARED BY:
CHECKED BY:

THE"DEI~C COMPANY DATE:

17ec.. =- - 4-8JO (b.

r-- ~r~ ~N~t\(G .

'/

bC- .

NUMBER
REV LTR
MODEL NO.

~ .

..3 ~\'J~ A<:c-~~~ S'N'C£ (N O'vv\t~-r~IV~
~,n(N"/ ~ 'l"U6c €Ne WtLL 1bEA4- CoM
'1=t'i""Ji rvG ~Cre:-' 1 0 ~SMl1'" t.oA-r.::>.

FORM 11180 (8/87)

SHEET 104






