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RESULT OF AN INVESTJGATION OF AN ACCIDENT INYOLYING ATRORA
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Acoident involving aircraft NX 19901

of the Boeing Aircraft Company, near

Alder, Washington, March 18, 1939,

nt involving aircraft of United States registry NX 19901 having occurred in the

r, Washington, on the 18th day of March, 1939, with the resultant destruction

ﬁft'and fatal injuries to all ten persons aboard, the Air Safety Board of the 
ﬂiﬁtiAS.Authority on the same day, directed that full and complete investigation
béfinstigated jimmediately pursuant to the provisions of Section‘7?2 {a) {2} of
ahtioé Aot of 1§38 {52 Stat. 973, 1013), and that the facts, conditions, and
ViQting tp the accident and the probable cause thereof be determin;g. It was
'd7££a£ the investigation include such field investigation and researchrand suoh-
_é hearings as might be oconsidered necessary.

0s¢ of carrying out the above order, the Air Safety Board designated Frank

hlef of the Investigation Section of the Air Safety Board, as Investigator in.
od M. Glags, Chief of the Examiners Section of the Air Safety Board, as legal
avestigator in charge during the field investigation and as Examiner empower-

nd dohduot such public or private hearing or hearings in connection with the

: the Board might direct. It was further ordered. that Mr. Caldwell and Mr.
¥d and advised by Phil ¢. Salzman, Air Safeity Investigator, Air Safety Board,
n, Aercnautical Engineer, Air Safeﬁy Board, and pursuant to the provisions

nautios Act of 1938, by the following technical personnel:




j_: . ' Major Carl F. Green (expert on aircraft structures),
i Air Corps,
United States Army

¢ Lt. F. R. Dent (expert on flutter and vibration),
' Air Corps,
United States Army
, . ;
Alfred S. Niles (expert on aircraft siructurs),
_ Leland-Stanford University
~ ) Palo Alto, California

R. D. Bedinger, Regicnal Supervisor,
Civil Aercnautics Authority

J. N. Boudwin, Senier Engineering Inspector,
Civil Aeronautics Authority

G. W. Haldeman, Engineering Inspector,
Civil Aeronautios Authority

H, C. Sine, Associate Alroraft Ingpeotor,
Civil Aerconautics Authority

A. D. Niemeyer, Air Carrier Inspector,
Civil Aeronautics Authority

0. A. Rosto, Air Carrier Inspector {(Maintenance),
Civil Aeronautics Authority

F. Hammerberg, Associate Aeromauticl Engineer,
Civil Aeronautics Authority

M. P. Crews, Aeronautioal Engineer,
Civil Aeronautics Authority.

'li;f;_-The air Safety Board further ordered that all phases of the investigation, research
;&?hegring or hearings be carried out under the direct supervision of Thomas 0. Hardin, Vice
h;irhan. and C. B. Allen, Member, Air Safety Board.

: invéstigation of the accident was begun on the 19th day of March, 1939, by the above-
Qr?ersonnel and‘the public hearing in connection therewith was ordered and held in the
ty of Seattle, State of Washington, on the 30th and 3lst days of Maroh, 1939, and the 3d,

Bth, 6th and Tth days of April, 1939, In addition to the personnel already named, the

stance of the following agencies and organizations was solicjted and obtained:



) . ' Civil Aeronautios Authority

Air Corps, United States Army
2 Bureau of Aeronautics, United States Navy

Bureau of Standards, United States Department of Commerce

’ S | ) Federal Bureau of Investigation, Department of Justige
" National Advisory Committee for Aerconautics
o Having considered the evidence adduced during the investigation, the following facts,
oonditions, and circumstances relating to the accident and conclusion as to the probable
cause thereof are hereby reported, and recommendations, which, in the opinién of the Air
lSafety Board, will tend to prevent similar accidents in the future, are hereby made, 10 the
Civil Aerona;tics Aythority:
| FACTS, CONDITIONS AND CIRCUMSTANCES
& - Airorai‘rt NX 19901, manufactured by the Boeing Aircraft Company of Seattle, Washington,

'ia gorporation organized and existing under and by virtue of the laws of the State of Washing-
ton, was a four—engine all-metal low-wing land monoplane designed for commercial operationm
‘and known as Boeing Model 3-307. It had ; wing span of 107' 3" and an overall length of 74!

4", Provision had been made for optional installations requiring orews of 3 or 6, during
commercial cperation, and for a maximum of 33 passengers. The aireraft, which weighed 28,800
'boundq empty and bore the manufactiurer's serial number 1994, was issued a temporary experi-

- ‘mental certificate by the Civil Aeronautics Authority on December 30, 1938, authorizing
flight wifh a standard gross weight of 41,000 pounds. This authorization was amended in
V:f;:January, 1939, to permit a standard gross weight of 41,000'pounds and a provisional gross
_ﬁéight of 45,000, Both auythoirizations prohibited the carriage of persons other than bona
fide members of the orew.

GENERAL DESCRIPTION OF AIRCRAFT

- This airoraft was powored with four Wright Cyclone GR-18200-102 engines manufaciured
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' . by the Wright Aeronautiocal Corporation. Each of these four engines had aporoved power rat-

-
ings as follows:

(a) Maximum, except take—off, at 6000 fi. pressure altitude — 900 horsepowsr with 35

inches of meréury manifold pressure and 2200 r.p.m.

(b} Maxium, except take—off, al sea level pressure altitude - 900 horsepower with

v o 36.7 inches of meroury mapifold pressure and 2200 r.p.m.
{0} Take—off {one minute} 1100 horsepower with 43 inches of meroury manifold pressure

and 2200 or 2350 r.p.m.

The propellors installed on the aircraft were of the hydromatic quick-feathering type
- with éonstant speed conirol, and were manufactured by Hamilton Standard Propellers, Division
of United Aircraft Corporation, East Hartford, Connecticut. Three ¢f the propeller hubs were

Model No. 23E50-31 and the fourth hub, which was installed on No. 2 engine, was Model No,

 23E50-85. ALl of the propeller blades were Hamilton Standard HModel No. 6153A-18. ALl hubs

éﬂd}blades installed on the aircoraft had approved power and speed ratings which were satis-
fagory for the approved power and speed ratings of the engines.

"Provision had been made in the airoraft for a total fuel capacity of 1790 gallons, to

:.be carried in six tanks. A main tank with a total capacity of 4257ga110ns, and two auxili—

ary ténks, each with a capacity of 2124 gallons, were located im the inboard panel of each

wing. A twenty—five gallon o¢il tank was ;nstalled in each engine nacelle, giving a total

oil ocapaoity of 100 gallons.

dynamic Deslen and Performance

This airoraft was of exceptionally clean aerodynamic design, all wing énd tail sur—
}aégs being full cantilever internally braced and any longitudinal section through the body
ﬁg symmetrioal.
%ﬁe airfoil sections of the wigg wore the NACA 0018 Symmeirioél section at the root,

aper d into the NACA 0010 symmetrical section at the tip. The wing was tapered in plan
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form, the root chord being approximately two and ome-half times the tip chord. The wing had
43° dihedral and was set at 3%° incidence with respect to the bedy center line.

Symmetrical airfoil sections were also used for the empennage surfaces, which consisted
of a single fin and rudder and right and left horizontal stabilizers and elevators.

Pest flights of the aireraft indicated that it would have a maximum speed in level
flight at sea level of apout 230 m.p.h., and a maximum lavel flight speed of approximately
250 m,p.h. at 9000 feet density altitude. The maxigum L over D appeared to be about 15.

STRUCTURE
Design Logdg

The design of this aircraft for accelerated flight was based upon an ultimate design
load factor of 4.29 with 45,000 pounds provisional gross weight and 4.56 with a standard
gross weight of 41,000 pounds. The limi{ loads for the wings, upon which the ultimate de—
sign loads were based, were such as to enable the aircraft to withstand 30 fit/sec. up or
down gusts at sea level high speed in level flight of 240 m.p.h., and a 15 ft/sec. up or

down gusts at a design gliding speed of 303 m.p.h.

Hings

The wing was of semi-monocoque construction and derived its primary strength from the
box formed by two wing spars and the smooth aﬁd corrugated aluminum alloy sheet of the top
and bottom surfaces between the spars. The portions of the wing ribs between the spars
served to maintain the airfoil shape for this part of the wing and to provide the proper
restraint for the smooth and corrugated wing covering between the spars at each rib location.
The wing spars were of the irussed type. The chords were aluminum alloy sguare tubing,
and the web members were aluminum alloy barrel and rectangular section tubing. The spar
web members were joined te the gpar chords by means of aluninum alloy gusset plates which

were riveted and bolted to the web members and the sides of the spar chords. The corrugated

gheot of the top and botiom wing surfaces between the spars was of aluminum alloy, aand the



. - smooth skin covering, which was riveted to the corrugated sheet at each corrugation pitch,
- was Alclad aluminum alloy. The attachment of the smooth and corrugated covering between

v ' tho spars was made through aluminum alloy spar cap plates riveted to the tops of the upper

Ehord members and the bottoms of the lower chord members of the spars and to the covering
by means of aluminum alloy rivets. With the exception of the special wing ribs in the vi-
¢inity of the wing fuel tanks, the wing ribs were all of the trussed type. Their chords
werg hat sections formed from aluminum alloy sheet and the web members, which were attached
to the rib chords by means of aluminum alloy gusset plates riveted to the chords and web
,yemberg, were made from aluminum alloy round, square and rectangular tubing.

The leading edge of the wing oconsisted of Alclad aluminum alloy sheet reinforced with
oorrugated sheet, which was-attached to the nose ribs by means of aluminum alloy rivets.

. The attachment of the flat sheet to the corrugations was made by means of flush type aluminum

1Q§110y rivets., The portion of the wing aft of the rear spar was metal covered. The wings -
on oither side of the body were made in three sections, oonsisting of & short tip section, an
- outboard panel, and an inboard panel incorporating the two engine nacelles on each side.

" The wing tip sections and the outboard panels were joined by means of aluminum alloy terminal

ifittings bolted to the spar chords of the outbeoard panel and by héat treated gteel fitiings .
ftﬁolfedrto the wing tip, the terminals being joined by means of heat treated steel bolts. The
i%@#tinuity of the wing tip gnd outboard panel doveéing was maintained at this jeint from the
fegf.ﬁo thg leading edge on both top and bottiom surfaces.

'The attachment of the outboard wing panels to the inboard wing panel$ was made by means
ia}uminum alloy terminal fittings machined from forged blocks and bolted to the spar chords.
Aip;'zsso steel taper pins were in¢orporated at the hinge. The corrugations and smooth
in 5étween the spars at this conneciion were made continuous by means of a specially de—
'ed'joint, which e@hbled the outboard and inboard surfaces to be connected with special

wa and bolts. Though the continuity of the spar web members was also maintained at this
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point, no attempt was ﬁade 10 preserve the continuity of the leading edge of the wing at
_ this connection, other than to cover up the-gap. The inboard wing panel was connscted to the
body by means of special heat treated S.A.E. 4345 steel ferminals. These terminais wore
bolted to the spar chords and the mating members of the supporting bulkheads in the body,
" while heat treated steel taper pins were employed at the hinge. The continuity of the spar
web members was carried through into the main wing attachment bulkheads in the body.

The bending moments in the beam direction were resisted by the sparéhordsamd.thesmooth
and corrugated skin between the spars. The beam shears were carried by the trussed spars.
-The bending moments, due to chord loads, were carried by the front and rear spar chords, and
the shears, due to chord loads, were supported jointly by the wing covering between the spar
ohordé and by the spar chords. The torsion on the wing was resisted by the box formed by the

" 1'._w_o spars and the top and bottom covering between the spars. The wing was so designed that

-1-:ﬂ;'permanent get or failure of ihe material between the spars was to be expected before per-—
;mﬁﬁent set or failure ;esulted to the spar chords. With the exception of a few minor varia-
J, tions. due mainly to differences in equipment installations, this wing was identical to the

éi'wing used on the Boeing Model B-17B airoraft, which was uesigned for 45,000 pounds gross
,;ﬁeight and an ultimate design load factor of 4.5,

Thougl the wing used on aircraft NX 19901 was neithsr proof tested nor strength tested,

“ the stress analysis metﬁods were substantisted by a strength test of the outer wing panel of
":g:Boeing'Model XB-15 aircraft of the same general iype of design. In addition, static testis
;éf ﬁings on other of the ocommercial and military aireraft previously construcied by the
'Béging Aircraft Company had been analyzed in detail for the purpose of refining the stress
'halysis methods employed for this wing. The allowable loads employed for the numerous
rqctural members were substantiated by means of numerous supplementary static tests wherse

sited necegsary by the Boeing Aircoraft Company during the course of the aircraft's construc-



Body

The fuselage of this aircraft, which was of the all-metal, semi-monocogue type consiruc-—
tion, was shaped in such & manner ihat every transverse section from the extreme nose to the
tip of the tail was circular. The shell of this body consisted of aluminum alloy sheeti sup-
ported by a system of transverse rings of "C" section and by closel& spaced continuous long~
itudinal stiff;ners of extruded _luminum alloy bulb angle seétions. The only exception 1o
this construction were the main bulkheads whioch were hat sections.

The body was designed to be air-tight from its nose, inoluding the pilois' cockpit, back
to a pressure bulkhead at the rear of the passenger cabin. The part of the fuselage to be
subjeote@ to pressure was designed for & maximum internal pressure of six pounds per square
inch, acting alone, and 3.5 pounds per square inch pressure combined with the maximum ex-

peoted accelerated flight loads.

The normal maximum operating pressure was to be 2.5 pounds per square inch controlled as

::ollows: To be built up at a uniform rate after a pressure altitude of 8000 feet was attain-

'ed 80 as t¢ reach the maximum internal pressure differential of 2.5 pounds per square inch

a£_14.600 feet; this differential pressure of 2.5 pounds per square in¢h to be maintained up

' “toa pressure altitude of approximately 19,000 feet, at which altitude the equivalent pres-
..sure altitude inside the pressure cabin was to be approximately 12,000 feet. No provision
2:1 was made in the design of this pressure system for operating at heights greater thana press—

7 ure altitude of 19,000 feet.

Because of this design for internal pressure in the cabin, the main entrance doors, the

gargo loading doors, the accessory compartment door and ail emergency exits opened inward.
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L 7 The body of an identical airoraft (Serial No. 1995) had been proof tested to an internal
pressure of 3.5 pounds per square inch acting simultaneously with the proof loads for the

- f' ' " coritical accelerated flight conditions. The body also had been proof tested for the criti-

'cal flight condition loads without internal pressure in the pressure cabin.

w o The 12 ocockpit windows were mounted approximately flush with the contours of the body
and in a OGontinuous horizontal row of 6 on each side, starting from the very forward tip
of %he body back to points opposite the pillots' seats. Each pane had a& vertical height ‘
6£ about 14 inches while the actual length of the panes depended upon the slope of the bedy
gontdur. The panes were 8o installed that the only interruption to the pilots' view were
_the_frame posts bétween the window panes. The front three panes on each side of the oookpit

wéfa fitted with 5/8 inch thick laminated glass (3 laminations of glass and 2 of plastio)

rilﬁﬁile the three rear panes on oach side were fitted with 3/8 inch "Plexiglass."
; ] All panes were mounted permanently in a rigid stainless steel frame for the purpose of
';2ffe§ﬁbing deflections and avoiding magnetic oompass deviations, with the exception of the third

‘pane from the front on each side. These two panes were mounted in separate frames which were

o;pable of being pulled inward by means of a handle to be provideqd on the rear edge of the
ff?dme. After being pulled inward, the windows were designed to be moved to the rear by means
fﬁf:aﬁ insidp'groove S0 installad as to be free from ice at all times. These movable panels
wbge'held in place when the windows were closed by four latches, one located at each corner
%;ghe frame. 'The two forward latches were operated together by a common handle and the two
5# - latches were also operated in the same manner. No handles for operating the wiﬁdows

ad been installed on airoraft NX 19901.

 These particular windows were designed to move directly inward before being moved to
rear =0 as to pull the glass direotly away from any ice which might be present and break

"geal by putting it in tension. This design also locates the slide guides to the inside
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of the aircraft where no ice can form and jam them. These windows were chosen as the ones
7 . t0 be opened for the reason that they permiited forward vision from the pilots' seats and yet
were considered for enough aft from the nose of the body that the airstream would not enter
the cockpit when they were opened.

The design of the heating system for this aircraft provided means wherein all the hot

air from both the cabin heating systems could be directed onto the inside surfaces of the
P - cockpit window panes. The effectiveness of the design in preventing ice from forming thereon
- or to loosen and melt any ice which had already accumulated had never been tested, however,

a8 ihis equipment had not yet been installed in aircoraft NX 19901.

Horizontal and Vertical Tail Surfaces

The horizontal tail surfaces were identical with those incorporated on the Boeing Model

ViB;iTB aircraft. The stabilizers were all-metal, siressed-skin surfaces, incorperating front

_:ﬁpd rear spars of the built—-up "I" beam type, the metal covering being reinforced by "T" seciion

‘ B 'Va-luminum alloy stiffeners. The stabilizer attachment to the body was accomplished by means of
Vaiuﬁi;peoial heat treated steel fittings riveted to the stabilizer spar chords and boltéd to the
':-?fbody attachment bulkhead members. The hinge attachments were made by means of heat freated
Véteel taper pins. The elevators were of a conventional all-metal frame construction with fab-

' ‘ff;ric oovering. The control and trim tabs on the elevators were of conventional all-metial

:ﬁonstruction. The two elevators were interconnectied by means of a rigid aluminum alloy tor-
:,dﬁe'tube framed into the nose sections of the outboard portions of sach elevator.

The fin and rudder of aircraft NX 19901 ﬁere of the same type design as the fin and
;uddqr 1ncorporated-on the Boeing Model B-17B aircraft, though both wers somewhat larger.
The fin was of the same type all-metal structure as the stebilizers, and its attachment to

the fuselage supporting bulkheads was made with the same type of fittings. The rudder frame,

gonstructed of aluminum alloy, was fabric covered, while the construction of the rudder con-
irol and trim tabs was the same as that employed for the elevator control and trim tabs.
‘rthé lower portion of the rudder was a rigid aluminum alloy torque tube to which the rud-

&,rﬂdéntrols were attached. This torque tube was framed into the upper nose section of the
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rudder in a manner similar to the way the interconneqting tube beiween the two elevators was
framed into the outboard sections of the elevators.
The horizontal and vertical tail surfaces were of the same type design as those enployed
on other large commercial and military aircraft manufactured by the Boeing Aircraft Company.
The tail surfaces wers designed for ultimate loads either equal to or in excess of
those required by the Civil Air Regulations., The stress analysis of these surfaces was
supplemented by proof tests of the surfaces, including the control and trim tabs, for all
critical }oading copditions.
Allerons |
The ailerons, which were fabrio covered and of the conventional Frise type, incorpor-
ated aluminum alloy tubular spars to which were attached conventional formed aluminum alloy
sheet metal ribs. The ieft aileron incorporated a irim tab of all-metal construction.
The ailerons and the aileron trim tab were designed for ultimate loads either conforming
_-to or in excess of those required by the Civil Air Regulations. Proof testis were resorted
~to for supplementing the stress analysis of £he ailerons.
gégjrg; System o
The oontrql systems for the elevators, rudder and ailerons for aircraft NX 19901, were
conventional, with the exception that the elevators and rudder were cont;olled for the normal
range of their operation by means of the aerodynamic forces obtained from control taks which
wore attached to the trailing edges of these surfaces, and worm gear and quadrant assemblies
which were incorporated in the control system for each aileren.
The pilot's and co-pilot's elevator and aileron controls in the control oabin were of
the conventional control wheel and column type, while the rudder controls were of the con-

- ventional stirrup type pedals, incorporating integral brake controls. The control systems

- for the elevators and rudder incorporated extra flexible steel cables from the control cabin

to the surfaces and the control systems within the surfaces, The alleron control systems
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incbrporated extra flexible steel cables from the contirol wheel in the cabin to the worm
gear and quadrant units in the wing and push-pull Tods from these mechanisms to the ailerons.

~All trim tabs were controlled by means of irreversible mechanisms located near the tabs,

the irreversible mechanisms belng oontrolled by the pilot and co~pilot by wmeans of trim

S wheels operating extra flexible steel ocables.

i ' All control systems ware'designed for loads either qonforming to or in excess of thosge
required by the Civil Air Regulations. The stress analyses for all systems were supplemented
_By approﬁfiate pro&f tests.
.1L§ﬁéiag_ggﬁx
o The landing gear was of the conventional type, utilizing a tail wheel and with the front
;.whaels mounted forward of the center of gravity. All wheels were retractable, the front

’ ﬁheels moving forward and upward into the inboard engine nacelles and the tail wheel moving

:rz,rearward and up. The retraction was accomplished by sorew giruts operated by electric motors.

.°;:”“Thershook abgorbing system consisted of a combination oil and air strut fbreachwheel.
:”'fhé front wheels were mounted on overhung axles with the bending moments and to;que being
ff.{'darried through the shock strut. The tail wheel was mounted on a cantilever knuckle which
:,ii%n iurﬁ was carried by a treadle supported by a combination oil and air shock absorbing sirut.

Drop tests to which the landing gear and tail gear had been subjected indicated that

7 the shock absorbing chracteristics of both met the pertinent requirements of the Civil Air

V_aégulations.

Bagine Nessles

:fTﬁe.nacelles were of semi—pgonocoque construction from the engine mount atiachment and
V'rewali aft to the wing. This struciure consisted of aluminum alloy sheet stiffened by
m;é;a:of a system of transverse and loangitudinal aluminum alloy stiffeners. In addition
f@_theqe'stiffeners, four longerons were incorporated in each inboard nacelle to compensate

ifhé_large cut=out in the nacelle necessary to accommodate the landing gear when retiracted



The engines were mounted on steel tube truss iype engine mounts which in turn were bolt-
gd to the semi-monocoyque nacelle structure.

#ith the exception of the attachments of the lower portions ¢f the inboard nacelles to
the wings in the vicinity of the cui-cuts for the landing gear, the nacelles were attached

to the wing leading edge and the upper and lower surfaces of the wing in the conventional

| manner.

That the strength of ithe nacelles and their = attachment to the wings met the

pertinent requirements of the Civil Air Regulations, had been substantiated by stress analy-

sis and by supplementary proof tests.

Provigions for the Prevention of Fiutter

Consideration was given in the design of aircraft NX 19901 to the provision of stiruc-—

" tural rigidity for its various component parts in excess of that required for siructural
"stfength 80 as to obtain structures with natural frequencies as high as it was feamible to

. obtain with the sizes and types of structure employed.

Complete vibration tests were conducted with the aircraft on the ground to determine

-Eihe;natural frequencies of the different modes of vibration for the folloying cgomponent parts
z::_iéf the airorafi; wings; body; stabilizers: elevators; elevator control tabs; elevator trim
uf,g;iabs; fin; rudder; rudder control tab; rudder trim tab; ailerons; aileron irim tab; and, all
"i,?ifontrél surface control systems. The elevator vibration tests were conducted with the 74.3
e:;;;ﬁound elevator mass-balance weight in place forward of the elevator hinge line in the plane
':Ellﬁf'éymmetry of the aircraft. These vibration test data werse stuéiedlfor evidence of possible

l:'irouﬁle due %o inadequate separation of the natural frequencies of certain pairs of the coi-

N _ ponent parts.

-The mass properties of the control surfaces were as follows:
{a} The elevators, with the 60 pound elevator mass balance weight located

21.4 inches ahead of the elevator hinge line installed for Test Flight No. 12 on
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: . ; March 18, 1939, had 55,2 percent static balance. The coeffioient of dynamic bal-
™ o ance for the elevators with respeot t¢ the hinge line and the center line of ihe
‘airoraft was 0,10. The eolevator control tabs were static balanoced by means of

lead weights placed ahsad of their hinge linea.

- (b) The rudder had 104 percent static balance, and a dynamic balance coeffic-
ient of 0.028 with respect to the hinge line and the ¢enter line of the aircraft.
. o _: _The mgsé balancing was realized by means of a 17.0 pound weight in the tip over-

hang, placed 24.8 inches ahead of the hinge line, and a 50.0 pound weight on an

arm ét the body center line 24.2 irches forward of the rudder hinge line. The
ruédef control tab was not statically balanced,

{¢} There were no mass balance wéights ingorporated on t{he ailerons, there-

~ fore the mass propertiés given for them were based on the.actual structural welght

'distribﬁtion of the ailerons. The ailerons were 18.7 percent statistically bal-

" anced. They had & cceffioient of dynamic bhalance of 0.292 with respect to the

.:; alleron hinge line and the center line of the fuselage. The semi-irreversible

“aileron oontrol units employed for each aileron were considered to be a protection

--against flutter, as their purpose was to prevent or retard lagging fendencies.

{(d) No mass balancing was employsd for the trim tabs because of the rigidity

of their structure and irreversibility of their control systems,

:The airoraft, with the foregoing provisioﬁs for prevention of flutter, was dived during
'Ttéé; flight %o an indicated air speed of 303 m.p. h. with no evidence of any flutter trouble,
| ;For'Test Flight Nos. 16, 17 and 18 of aircraft NX 19901, a 50;pound elevator mass bal-
bo;wqight was instalied in place of the 60-pound elevator mass balance weight, which in-
1afi§n'provided 47 percent static balance for the elevators. During Test Flight Ne. 18
iréh'17, 1939, made with the B50-pound elevator mass balance weight, trouble was encount-
ith flutter at an indicated air speed of approximately 240 m.p.h. As the result of

xberiénce, the 60-pound elevator mass balance weight, providing 55.2 percent statig



wlB=

bélance, was installed on the elevators for Test Flight No 19 of March 18, 1939,
TEST FLIGHT HISTORY *

Flight testing of NX 19901 was begun immediately subsequent to the issuance of the
axéerimental certificate on the subject aircraft by the Civil Aeronautios Authority. As
chief test pilot on these flights, the Boeing Aircraft Company employed Edmund T. Allen, a
test pilot and aeronautical engineer.

These flights, exclusive of cartain tests not considered here pertinent, were conducted
from Boeing Field, Seattle, Washington, and consisted of the following tests:

The first test, consisting of ground tests as to functioning of the brakes, including
éffecti&eness, forces required and cooling, was made on December 30, 1938, with a crew of 6,
gross weight of 30,884 pounds, and center of gravity looation 25.5 percent. The test was
ooncluded with checks as to ground handling characteristics at all speeds up to take-off
shead, and the functioning of the engines and propellers.

Following the completion of certain adjustments recommended after this initial test,

~ the second test was made the following day with a crew of 6, gross weight of 30,605 pounds
" and center of gravity location 25 percent. After determination as to the effectiveness of
':-the adjustments which had been made, the speed of the aircraft was gradudlly increased until

. ‘take-off speed was reached. Three runs were made down the length of Boeing Field, during each

of which the wheels were slightly off the ground for ten or fifteen seconds. The controls,

flapa and landing gear shock absorber system wers tested during ithe remainder of the test

" and determination made as to the balance and stability of ‘the airoraft, Minor adjustments
ufor the .engines carburetor air temperature control and o¢il temperature control were recom-—

meaded by Pilot Allen afier the completion of the test.

) ?t BOARD NOTE: All references to speeds in ihis report are in terms of indicated air spesds

““unless specifioally otherwise noted. All reference to centér of gravity locations are in

perocent of the mean aerodynami¢ chord and referenced to its leading edge.



Later the séme day, Dscember 31, Test Flight No. 3, was made with a c¢rew of B and a
gross load of 32,000 pounds. This test was concerned with brake testing at high speeds and
. more severe application of the brakes asz might be expected after landing. After testing
the directional stabilitiy of the aircraft on the ground and finding it satisfactory, a take—
_— off was made. During the flight, both static and dynamic longitudinal and yaw stability,
control forces and balance were tested, and the operation of various control instrument
readings was checked. Stalls, which were approached with power off and power on and flap
positions varying from zero degrees to 30 degrees for the purpose ofcheckingcontrollabiliiy
and stability_during landings, occurred at 65 m.p.h. indicated air speed with flaps down and
T3 m.p.ﬁ. indicated air speed with flaps up but without any indicated tendencies to stall

abruptly.
| Test Flight No. 4 was made on January 4, 1939, with a crew of 7, gross weight of 37,000
. . pounds, center of gravity leocation R7.7 percent with wheels down, and 26.9 percent with wheels
up. The first tests made on this flight were megsurement of {ake—off distance and iﬁitial
rate of olimb, followed by engine, c¢il and brake cooling tests and air speea meter calibra-—
tions by means of a.trailing botb, A oheck was then made to determine longitudinal stability
oscillations at gradually inoreased rearward locations of the center of gravity, following
which & determination of rudder forces under extreme conditions of unbalanced engine opera-
tion was made in addition to a check of rate of climb with two engines inoperative. ‘A check
was also made to determine elevator forces in changing from power on to power off and from
. flaps up to flaps down position. Further checks were made to determine spiral stability, con-
j;Q: trol forces in maneuvers, and minimum landing speed and length of landing run. Additional
checks on this flight also included a test of rudder adequacy with No. 1 engine completely
throttled and then with both Nos. 1 and 2 engines on the left side completely throttiled at

various airspeeds, side-slip angles and trim tab positions.

The rudder force was reported io be lighter than the Boeing Model Y1B-17 and approximate—

4y as Llight as the rudder forces of the Boeing Model 3.4. Ths rudder force increased
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smoothly as thrust was simultaneously inéregsed on one outboard eéngine and decrsased on

the opposite outboard engine. When engine Nos. 1 and 2 were throtiled and *he propellers
left windmilling in low pitch (ihe worst condition from the standpoint of increasing torque
reaction) and engines No. 3 and 4 were operated at full ithrottle (1900 r.p.m. at 32 inches H
g. manifold pressure), the rudder force increased to 100 pounds with full assistance of the
rudder control tab. A side—slip of a few degrees relieved the rudder load required to keep
the aircraft from turning under these conditions. It was apparent that there was nc dis-
tinct yaw period measurable thus far. The elevator forces were reported by Pilet Allen as
being so light as to oreate the likelihood of passengers being inadveriently liftedfromtﬁeir
seatis.

During the flight the windshield became badly iced both inside and outside.

The next iest flight, WNo. 5, was made on Januvary ll, 1939, with a crew of 9, gross

welght of 40,990 pounds and center of gravity location 26 percent. Although changes had

been made in the aircraft gince the last test flight, the majority of such changes were rela-
tively unimportant adjustments which did not affect the general operétion of the aircraft.
Tegts as to three-engine take-off performance of the alroraft were the first to be conduct-

od on this flight. The procedure on each of these tests was to begin the take-off run with

all engines operating and to attempt the actual take-off after No. 1 engine had been out at

a prede?ermined distance down the ruaway. During the first of these tests No, 1 engine was
throttled after & run of 1250 feet. Lack of directional control because of insuffiocient
aifspeed. however, necessitated the throtile of No. 1 engine being reopened on this partiocu—
lar test.. On the second attempt No. 1 engine was throttled after a speed of 90 m.p.h. in-
dicated airspeed had been reached at a point 1650 fest from the start of the take-off.

Though sufficient rudder contirol was present to permit continuation of the flight under thig

condition, the directional control was marginal.
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Landing tests conducted with various center of gravity positions indicated that as the
C.G. was shifted progressively forward, iﬁ became increasingly difficult to get the tail down:
The tail wheel was not quite touching the ground during the landings made with the 22 percent
or the 20 percent C.G. locations. The indicated airspeeds during these landings increased
from 60 m.p.h. at 26 percent C.G.; to 64 m.p.h. at 24 percent C.G.; to 67 m.p.h. at 22 per—
cent C.G.; and, to 70 m.p.h. at 20 percent C.G. Climbs at rated power to detsrmine optimum
speeds for climbing at various altitudes were also made during this test.

Test Flight No. 6, whioch was made on January 12, with a crew of 8 and gross weight of
41,000 pounds and 27 percent center of gravity location with wheels down, included saw tooth

¢limbs, dives at 240 m.p.h., and longitudinal stability testis under varying conditions of

power and locations of wing flaps and landing gear. All propellers ¢overspeeded approximately

100 r.p.m. at an indicated airspeed of 140 m.p.h. shortly after take—~off. A climb was start-
ed at 2000 teet, using rated power and continued to 8000 feet altitude. At this altitude
the throttles were closed and a descent was made to 5560 feet, from which altitude saw-tooth
olimbs were started at 140 m.p.h. indicated air speed. This flight test was discontinued
during this ¢limb because the oil temperature of No. 2 engine began to rise and reached 102°
Centigrade.

Test Flight No. 7 was made on January 13 with a ¢rew of 8, a gross weight of 41,050
pounds and center of gravity locailons of 26,75 percent with landing gear down and 26 percent
with landing gear up. Following the take-off and climb, a dive was made to determine the
€ction of the controls and to check for flutter and vibration on reaching a speed of 250
m.p.h. indicated airspeed. Neither flutter or excessive vibration were encountered during
the dive., Following this test, the level flight high speed at sea level was determined,
Longitudinal stability tests werermade to find the most rearward center of gravity position

at whioh the aircraft was longitudinally stable. Rated power c¢limbs made to determine cooling

.and rates of olimb, ocompleted the flight.



- 10 =

The determination of longitudinal stability of ihe aircoraft under varying conditions
of power and wing flaps and landing gear positions oonstituted the purpose of Test Flight No.
8, which was made on January 14, with a crew of 8, gross weight of 41,060 pounds, and ¢enter
of gravity location of 27 percent with wheels down and 26 percent with wheels up. On com-
pletion of these stability tesis, high speed tesis using rated power were conducted at 10,000
fest altitude.

Prior to Test Flight No. 9, which was made on January 15 with a orew of 8, gross weight
of 41,000 pounds and center of gravity 26 percent, the slevator mass balance weight was chang-

ed from 74.3 to 60 pounds., After take-off on this flight, a steady climb was made at rated

_power to 12,000 feet, followed by saw-tooth olimbs to 16,000 feet. A high speed run was made

at 15,000 feet using rated power, following whioh high speed and cruising speed runs were

made at 10,000 feet. A dive was jhen exeouted during which an indicated airspeed of 260 u.p.
h. was attained.

Longitudinal stability tests were conducied to determine the rearmost center of gravity
positions under varying power conditions and positions of wing flaps and landing gear. FPro-
pellers No. 1 and 2 were feathered and the rate of climb was ohecked at an altitude of 10,000
foet.

Teat Flight No. 10 was made on January 17 with a orew of 8, gross wéight of 45,004
pounds, and with center of gravity location of 2% percent. The first test on this flight
was the measurement of the take-off distance required to reach 85 m.p.h. indicated airspeed
and of determination of altitude reached one minute after take-off. The tests which followed
wore & climb using rated power at 120 m.p.h. indicated airspeed, speed runs in level flight
at 10,000 feet with various amouqts of power, deternination of dynamic longitudinal stability
using rated power ai 10,000 feet with the landing wheels in both the up and down positions

with Nos. 3 and 4 engines operating at rated power and with Nos, 1 and 2 engines inoperative

~
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and their propeliers feaghered. Fuel dump testis were conducted in a glide at 110 m.p.h.
Gentle turng were made during this tesi and a slight amount of spray touched the stabilizer
while the airoraft was in a turn. Further fuel test dumps were made with the aircraft in a
climbing attitude at 110 m.p.h. during which tests the spray stayed about 8 inches bslow
the talil surfaces.

Test Flight No. 1l was made on January 18 with a crew of 8, gross weight of 45,000

pounds, and with the center of gravity located at 27.6 percent. A olimb was made from 2000

‘to 12,000 fest altitude for the purpose of determining the average rate of ¢climb using rated

power, following which the aircraft was climbed from 12,500 feet fo 14,480 feet altitude

with No. 1 engine inoperative and its propeller feathered for the purpose of gathering infor~—

-mwation from which various ceilings could be determined. After descending to an altitude of

10,000 feet, high spesd runs were made using rated power and cruising speed runs were made
using cruiéing power. Longitudinal stability tests were conducied at this same altitude with
the center of gravity located at 28 percent. The test flight was c¢oncluded with fuel dump-
ing tests: (1) in a glide 110 m.p.h., zZero flaps, spray 3 feet below the horizental tail
surfaces; (2) 110 m.p.h. glide, 15° flaps, spray 6 feet below horizontal tail surfaces; (3)
11¢ m.p.h. olimb, zero flaps, spray 6 feet below horizontal tail surfaces; (4) 110 m.p.h.
olimb, 15° flaps, spray 9 feet below horizontal tail surfaces; slight amount of spray touched
the flap.

The following day, Januwary 19, Test Flight No. 12 was made with a crew of 8, Eenterof
gravity locations 28 percent with wﬂeels up and 28.67 percent with wheels down, and a gross
weight of 40,000 pounds. After an altitude of 4000 feet had been reached, a climb to 8000
feet was madé at approximately 125 m.p.h. indicated airspeed using oruising power to obtain
rate of ¢linb Qata. A high speed run was then made at 7000 feet using rated power, following
which an investigation of the longitudinal stability characteristios was made, with the
center of gravity at 28 percent, under varying trim and power conditions, with ianding wﬁeels

up:ahd down and with wing flaps 0 degrees and 45 degrees.
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Following these longitudinal stability tests, another cruising power climb was made
from 6000 feet to 8500 feet and additional speed runs were made with various power conditions
at an altitude of 10,000 feet. Tests were also made to determine the time required to feath—
er and unfeather the propellers for Nos. 3 and 4 engines. The aircraft was then stalled on
five successive ooccasions, three of which stalls were with power off and two with power on.
The wing flaps were fully retracted during all five of these stalls, with the exception of
two of the power-off stalls, during which 45 degree flap settings were used. On the first
of these tesis, which was made with power off and flaps at 0°, the aircraft stalled at an
indicated airspeed of 80 m.p.h. and lost 600 feet alitude before recovery was effected at an
indiocated girspeed of 90 m.p.h. The test was repeated with power on and the aircraft stalled
at an indicafed airspeed of 66 m.p.h. and lost 200 feet before recovery was made at a speed
of 110 m.p.h. The third stall was a dupl;cation of the second and the aircraft stalled at
68 m.p.h. indicated airspeed and lost 500 feet altitude hefore recovery was made at the same
speed as in the preceding test. Flaps were then lowered {o 45° for the nexi two testis, both
of whioh were made with power off. 1In the first of these tests at this flap setting, the
airoraft stalled at 68 m.p.h. and in the second at a speed of 69 m.p.h. Recovery was effect—
ed in the firsti test at a speed of 80 m.p.h. indicated airgpeed after the loss of 400 feet
of altitude, and in the second test at indicated airspeed of 90 m.p.h. after the loss of an
identical amount of altitude. Determinations, made by means of tufts fastened to the upper
surfaces of both wings, indicated that during power-off stalls with neo flaps, thé fillets
at the intersections of the wings with the fuselage and the inboard sections of the wing
wore completely stalled, and that the outboard sections of the wings were unstalled. In the
power—off, flaps down stalls, the wings were only partially stalled at the fillets, though
the poertions of the wings just inboard of the ends of the ailerons wére completely stalled.

These same conditions existed during the power—on stalls with no flaps.
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Later the same day, January 19, with a crew of 3, gross weight 41,000 pounds and center
of gravity position 26.2 percent with wheels up, test flight No. 13 was made to determine
whether £he aircraft had any tendency to flutter during dives up to its design gliding speed.
After an initial olimb to 13,000 feet, a dive was made from this altitude to 9,000 feet with
the propellers set for 1900 r.p.m. and with the full throttlermanifold pressure reaching
33 inches., Though an indicated airspeed of 285 m.p.h. was reached during the course of
the dive, there was no excessive vibration of any of the ocontrol surfaces or any part of the
aircraft, except for a very f;ne engine vibration, which had previously been noticed at 2200
r.p.m. &t 140 m.p.h.. indicated air speed. Using the same setting on engine controls, with

the exception of partial closing of the throttle at the bottom of the dive to prevent the

manifold pressure from exceeding 34 inches, the second dive was made from 11,000 feet to

8,000 feet, during which an indicated airspeed of 301 m.p.h. was reached. Another dive was
made from an altitude of 9,500 feet to 6,000 feet though it was started at a slightly steeper
angle for the purpose of maintaining a dive angle of less than 30° when maximum speed was
reached. No excessive vibration was noted in either this or the preceding dive, though the
indicated airspeed'was 301 m.p.h. in the first dive and 303 m.p.h. in the secpnd. An indica-
ted airspeed of 142 m.p.h. was reached in the fourth dive which was made with 45° flaps.
Elevator forces were then measured with the aircraft trimmed at various speeds.

The only change made in NX 19901, prior to Test Flight No. 14, which was made on January
20, 1939, with a crew of 7, gross weight of 41,000 pounds and center of gravity of 22 percent,
wheels down, was a change in the dump valve chute on the right main fuel tank. The first
part of this flight was devoted to take-offs and landings at forward center of gravity posi-
tions in order to determine limited forward positions for satisfactory landings. Maximum

elevator angles of 17°, at which point the controls hit the stops, were used on both landings,
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which were made with 41,000 pounds gross weight and a center of gravity location of 22 per
cent. Landing was effected on the first test at 70 m.p.h. indicated airspeed with 45° flap
angle. On the second test, the 1anding was made at 67 m.p.h. indicated airspeed with 30°
flap anéle. Pollowing the third take-off, speed tests were run at sea level under varying
power conditions, and at 7,500 feet altitude with rated powsr.

Power-on stall tests were then made with 45° flaps. The approaches to these stalls

_wWore gradual, as had likewise been true in all stall tests which had been made up to this

time, and the wings and ailerons were never at any time completely stalled. It was the
custom of Pilot Allen to place the controls in position for recovery as soon as the nose
began to drop.‘and at no time were the elevators held in the up position until the nose had
dropped bhelow level flight position. The aircraft had shown no tendency to fall off on eith—
or wing during any of these stall tests.

Spiral stability tests were made under varying power conditions, followed by a fuel
dumping test, during which dyéd water was dumped during a glide of 110 m.p.h. with flap 0°
and landing gear up. No spray went within iwo feet of the stabilizer during the test.

Further landing tests were made with 33,350 pounds gross waight and with a center of
gravity location of 19.8 percent. On the first 6f these testis, which was made with 45° flaps
at 65 m.p.h., indicated airspeed, a pull of 80 pounds was required to force the elevatoer
against the stop and a two-point landing was made with the tail wheel two to three feet
above the ground. An identical pull was likewise required on the gecond test which was made
with 30° flaps at & speed of 67 m.p.h, and with {the itail wheel two to three feet off the
ground. Pilot Allen reported that the airceraft was nose heavy under this loading condition
t0 such an extent that it was very easy to raise the tail during these tesis through the usse
of the brakes.

Test Flight No. 15, the purpose of which was to dump water from the right main fuel tank

~in a 110-mile per hour glide, was made on January 20th with a crew of five. The aircraft was
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loaded to 34,261 pounds, with a center of gravity location of 25.2 percent at the time of
take=o0ff. The reoport of the flight indicated thal some of the dyed water went on ihe flaps

when they had been lowered ito 15 degrees after most of the water was out of the tanks, bui

that no water touched the tail surfaces of the aircrafi. Both the landing and take-off on

lthis test were made by Co~-pilot Barr, who was officially approved as First Pilot on this
model aircraft by Pilot Edmund T, Allen immediately following this flight. Mr. Barr, who
had served as co~pilot on the majority of the test flighis made with air¢raft NX 19201 io
_this date by Mr. Allen, had not, according to Mr. Allen, been at ithe controla during any of
the stall tests made with this airoraft.

. Julius Barr was in command of the aircraft as pilot for the first time on January 21,
1939, when, with a gross weight of 45,000 pounds aboard, taxying charactieristics of the air-
qraft were tesled as a part of test No. 16. The report of Pilot Barr on this test indicates
that the results of such test did not differ materially from the original taxying tests con-
ducgted by Pilot Allen. At the conclusion of this test, during which the airoraft did not
leave the ground, it was returned to the Boeing Aircraft Company plant for changes and furthe
er installations.

After a lapse of almost two months, test No. 16 was resumed on March 16 with a crew of

8lx men, gross weight of 35,360 pounds, center of gravity location of 21 percent, and with

 Ju1ius Barr as pilot and Earl Ferguson as co-pilot. During the period the aircraft was in

the Boeing plant the following major changes had been made: heating and ventilating and
cabin pressure systems had been installed; a 50-pound mass balance weight ﬁas installed on
the elevators instead of the 60-pound weight that was used on all flights subsequent to tesi
flight No. 9; elevator travel siops had been reset to permit 25 degrees "up travel" instead
of 17 degrees, which had been available on previous tesis; long exhaust channels were in-
stalled in Ne. 1 and No. 4 engine nacelles. Accelerometers, including a visual acceleromster,
were installed; and, an additional vacuum selector valve was installed.' The c¢abin heating

and pressure sysiems were not, however, connected for operation.
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Julius A. Barr received his flight training in the United States Army Air Corps in 19286
and 1927 and had accumulated a total flight time of approximately 5,000 hours prior to the
time of taking off oﬁ this test flight, which was his first flight on NX 19801 as first
pilot. Approximately 2,030 hours of this time was in single engine aircraft, while approx-
imatel& 2,240 hours was in twin engine aircraft and 765 hours in three-engine aircraft,

Since his employment by the Boeing Aircraft Company as a test pilot on November 18, 1938,

. Mr. Barr had acoumulated & total of 3 hours 5 minutes as an observer and 9 hours and 17

minutes as co-pilot om the Boeing Model 314 (Pan Americen Flying Boat); and a total of one
hour 52 minutes as observer and 17 hours 55 minutes as co-—pilet in NX 19901, Boeing Model
307.

Co-pilot Earl Ferguson had accumulated a total of approximately 1400 flying hours since
his first flight training in 1932 as a reserve student officer at the Naval Air Statlon,
Pensacola, Florida. His flying experience, in addition to various types of single engine
and twin engine aircraft, included, while employed as a test pilot by Boeing Aircraft Company,
9 hours and 15 minutes as co-pilot pf the Boeing Model Y1B-174 (ﬁnited States Arm& Flying
Fortress); 27 hours 57 minutes as observer, 18 hours 1 minute as oo-pilét, and 16 hours 39
minutes as pilot of the Boeing Model 314 (Pan American Flying Boat); and 2 hours 46 minutes
as oo-pilot of NX 19901, Model 307.

Following the take-off on test flight No. 16, a climb was made to 4000 feet using 53
percent rated power. A%t this altitudg No. 1 engine was throttled and tests were conducted
to ascertain the minimum flying speeds at which directional control could bhe maintained
with flaps at zerc degrees. Propeller feathering tests were then conducted, following which
a landing was made with No. 2 engine inoperative and its propeller feathered.

Test Flight No. 17, a very brief flight, was made on the morning of March 17 with a crew
of 10, gross weight of 41,000 pounds and center of gravity location of 21 percent with wheels .

down. The aircraft was held with the brakes at the start of the take—off unitil all engines
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were at 1500 r.p.m. The brakes were then released and the throttles were gradually opened,

a8 the aircraft proceeded down the runway, until take—off power was attained. The aircraft

left the ground at an indicated airspeed of 78 m.p.h. Checking of the feathering operatiohs.
of No. 2 propeller was the only test conducted during this flight.

Later the same day, March 17, NX 19901 took off on test flight No. 18 with a crew of 10,
gross weight of 45,000 pounds and center of gravity location of.25 percent. The 50=pound
elevator mass balance weight was still installed on the ﬁircraft. The piloi's report of
this flight was never compietéd by Pilot Barr, although notes taken during the flight by
Aerodynamist Cram and statements made subsequently by crew members es£ablished with some de-
gree of completeness the details of the flight., Julius Barr was in command of the aircraft
as first pilot, aithough Mr. Hull, Chisf Pilot of Transcontinental and Western Air, Inc.,
was a member of the crew and flew the aircraft from the co-pilot's seat during various stalls,
gide~slips and other maneuvers.

During a dive at an indicated airgpeed of approximately 240 m.p.h. subsequent to a

. stall, the right rear emergency hatob blew into the cabin and a mode of flutter involving the

elevators (appargntly due to improper mass balancing) was encountiered. Inspection revealed
that the emergency hatch had not been properly secured in place. The aircraft was again
placed in a power glide, after the emergency hatch had been securely replaced, and the same
mode of flutter was experienced at an indicated airspeed of approximately 240 m.p.h. The 50-
pound elevator static balance weight was replaced following the completion of the flight with
the 60-pound weight which had been used on test flights Nqs. 9 to 16 (first part) inclusive.

On the evening of March 17, subsequent to the completion of Test Flight No, 18, Mr. Piet~

A

er Guillonard, technical direcior of Royal Dutch Airlines, and Mr. A. G. von Baumhauer, of
the Dutch Air Ministry who had just arrived in Seattle and who were inspecting and consider—
ing the Boeing 307 for possible commercial operation by ithe Royal Dutch Airlines, conferred
at length with representatives of the Boeing Aircraft Company concerning the flight character—

istios of the aircraft and certain tests of such characteristics in which the two Dutdh

represantatives were particularly interested. Tentative nlans were made to include the tests
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suggested by Mr. von Baumhauer and Mr. Guillonard in the tests to be conducted on test flight
No. 19 the following day. The first_ofrthese tests in whioh Mr. von Baumhauer expressed
great interest, was that of cutting No. 1 engine during a 100 to 135 m.p.h. climb following
take~off and observing the reaction of the aireraft if no correction whatsoever was made with
the rudder. The second test consisted of stalls under varying conditions, i.e., power—on with
flaps up and landing gear up; power—off with flaps up and landing gear up; power-ocn with
flaps down and landing gear down; and, power-off with flaps down and landing gear down,
Mr. von Baumhauer emphasized, during the course of the conference, his keen interest in
"oomplete stalls", emphasizing his conception of such maneuvers as embracing a complete
breakdown of lift upon the wings ag distinguished from stall tests from which recovery was
nade as soon as good indigations of the stalled condifion became apparent,

Mr. von Baumhauer, who had made a special study of stability and contirol of aircraft,
had previously delivered a lecture before the Royal Aeronautical Society on the subject
"Testing the Stability and Control of Aeroplanes."” An article appearing in the March 15,
1939 issue of "The Aercoplane," an English publication, gives a summary of such lecture, in
which Mr. von Baumhauer sets forth his views concerning aircraft stability and control, par-
ticularly with regard to certain tests he considered as necessary to prove the desired re-
quirements. The tests required by him as set forth in this artiole are as follows:

GROUP _NO.1. (a) "The first test is made in rectilinear symmetrical flight.

The throttle is fixed but the tests are repeated with the Centre of Gravity in its

most extreme forward and backward positions. The elevator position is measured for

a series of speeds. This test is especially important, as it deals with the static

longitudinal stability of an asroplane.”

(b) "The next test is side~slip. The positions of the aileron and rudder are

measured for a series of bapks which show whether thers is positive weathercock

stability and whether the relling couple which results from side-slip haq a re—

storing tendency.”
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{c) "The third test deals with steady turns. The positions of the three con~
trols are read for left and right—hand turns with little and steep bank without
side~slip. The control forces are estimated. Abnormal bahavioﬁr in turns nay
thus be found."

{d} "The fourth test is to find the behaviour in a steady turn with the three
controls held fixed."

{e) "The fifth and last test in the first group gives an impression of the re-
action of the aeroplane when a given force is applied to the elevator control."

GROUP No, 2. "The second group of tesis are to study the effects of quick con~

trol movements from the position of balance. These are made for rectilinear flight

with elevator and rudder."

GROUP NO. 3. "The third group of tests, for behaviour when going ini¢ and

coming out of a turn, are made for a few values of bank. They are done, first
with all the controls, next with the rﬁdder only and then with ailerons only."

GROUP NO.4. "The fourth group of tests are to find out the effegt of throttl=
ing or o¢pening up one or more motors. These are done while gliding first symmeti-~
trically with ali the motors, then symmeirically with one or all motors on ¢one side
only."

GROUP_NO. 5. "The Dutch requirements provide that aercplanes shall coentinue

in straight gliding flight when the control column is fully back and the other con-
trols are kept central. Some aeroplanes on the market could not fulfill thiz re-
quirement, so¢ the requirement was altered so that heavier machines were accepted
if they gave adequate warning before their stall.”

GROUP NQ. 6. "The sixth group of requirements covers various miscellaneous items

which must be looked into, including the behaviour of the automatic pilot.”
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In addition t¢ the above, Mr. von éaumhauer expressed his views, during the course of
the lecture, to the effect that control forces should not be lightened to such an extent
that a pilot would not have a definite reaction to the response of the aircraft to the con-
trols by foroes required in the application of the conirols.

Mr. von Baumhauer held a private pilot's license issued on November 28, 1931, by the
Dutoh Air Ministry, the records of which show that his total flying time as pilot amounted
to 116 hours, and that he had no experience as pilot or co-pilot of 4-engine aircraft, but
had been observer on trial flights of 4-engine Fokker F~22 and F=36 aircraft.

On the morning following the conference between Mr. Guillonard, Mr, von Baumhauver and
representatives of the Boeing Aircraft Company, March 18, 1939, a flight plan concerning.
doetailed tests to be conducted on test flight No. 19 was prepared by Boeing personnel and
approved by supervisory officials of the Boeing Aircoraft Company. Included im the flight
plan as adopted were the following items:

"Gross Weight 43,000, Aux tanks full
C. G. 26.8% N Main tanks water.

"Changes since last flight.
a - Elev. static bal. - 59 1lb. 13 oz., installed,

Repair flap autosyn.

Co pilots airspeed lines checlked.

All emergency hatches realigned.

e ~ Alternator replaced.

I = Main gas tanks outlets plugged.

g - No. 4 prop governor set for 2200 r.p.m.

oo o
i1

'

"1, Take—off - 15° flap, accelerate to 100 m.p.h, and hold climb for 1 min. at 100
p.p.h. with T.0. powsr.

", Qlimb to 10,000 ft. using M.E.T.9. power.

"z, Longitudinal stability at 28% c.g.
*4, Slde slips.

"5, Directional stability.
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"6. Throttle No.. 1 engine, hold rudder in neutral and hold for 3 to 5 sec.
"7. Repeat with Nos. 1 and 2 throttled. -

"8. Stalls - gear up - flaps 0 — power on & off.
" down )] 45 " 1] m "

"9, Simulate overshooting of airport
a. Trim for glide, flaps 45° gear down.
k. Give full power.
"10. Landing. 26% (center of gravity location) 45° flap."

It hppears, on referring to the above flight plan approved for test flight Neo. 19, that
the tests were to be conducied along the lines outlined by Mr. von Baumhauer before the Royal
Aeronautical Society.

Two special instruments were installed in the airoraft prior to take-off on Trip 19
for the purpese of obtaining special data desired by Mr. von Baumhauwer from the flight. The .
first of these was a special instrume;t installed on the vo—pilot's control column for meas—
uring the elevator forces in pounds required to operate the elevators during specific maneu-
vers. This instrument was installed to be operated from the co-pilot's seat. The second
instrument was the property of Mr. von Baumhauer and was mounted on the top of the insiru-—

ment panel in front of the co-pilot. Its purpose was to indicate the travel of the contrel

oables of the elevators, rudder and ailerons while specific maneuvers were being executed,

and from these data to obtain information concerning the positions of these control surfaces

in the various maneuvers. The indication of the conirol cable travels were accomplished by

“means of light oords extending from the instrument and connected ito the conirol cables so

-that any movemént of the controls would be registered without interfering with the operation

of the controls.

NX 19901 took off from Boeing Field, Seattle, Washington, at 12:57 p.m. (PST), Saturday,

.

fl,f'Haroh 18, 1939, on test flight No. 19 with a gross weight of 43,000 pounds, center of gravity
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. ’ looation of 27.8 percent, and the following designated crew members aboard:

Julius A. Barr, First Pilot

Earl A, Ferguson, Co-Pilot

Benjamin J. Pearson, Alternate Co-Pilot

Harilan ﬁull. Alternate Co-Pilot

Ralph L. Cram, First Aerodynamist

John Kylstra, Assistant to Mr. Cram in recording data during the flight
Albert G. von Baumhauer, Assistant Aerodynamist

Pieter Guillonard, Recorder and Photographer

William C. Doyle, Uperator of the Oscillograph for taking vibration measuremenis follow-
ing take~off

Harry T. West, Engineering Officer

Pilot Julius Barr, at the time of take-off on the flight, had a total experience of 17

. hours and 55 minutes as co~pilot and 2 hours and 6 winutes as pilot of the Boeing Model 307;

whileVCo-Pilot Ferguson had a total of 4 hours and 52 minutes as co-pilot on this model air-
oraft.

Permanent seats had not been installed in the aireraft though seven temporary seats were
installed in the cabin and two temporary seats, in addition to the pilot's and co=piloi's
seats, were installed in the pilot's compartment on test flight No. 19,
| Woather conditions from Seattle to Portland at the time of take-off and during the per—
iodiinvolved in the f{light, as reported by the United States Weather Bureau in sequence

woather reports, were as follows:



12:41 P.M, (PST}:

"SEATTLE:

'FT. LEWIS:

"CHEHALIS:

Y"CASTLE ROCK:

"PORTLAND:

1:41 P.M. (PST):

- "FT. LEWIS:

"CHEHALIS:

"CASTLE ROCK:

C-special
Vigibility

Temperature -

Dew point
Wind

Barometer

Visibility
Temperature
Pew point
Wind
Barometer

Visibility
Temperatiure
Dew point
Wind
Barometer

Vigibility
Temperature
Dew point
Wind

Visibility
Temperature
Dew point
Wind
Barometer

Visibility
Temperature
Dew point
Wind
Barometer

Visibility
Temperature
Dew point
Wind
Barometer

Visibility
Tempsrature
Dew point
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Broken clouds

3 miles ~ smoke

54

45

South Southwest 9 m.p.h.
30.08

Broken c¢louds

60 miles

61

44

Southwest 3 m.p.h.
30.03

Broken clouds

30 miles

63

51

Southwest 4 m.p.h.
30.056

Clear

30 miles

65

48

South Southwest 13 m.p.h.

Clear

12 miles

66

46

North 2 m.p.h.
30.06

Broken clouds
60 miles

65

ar

West 12 m.p.h.
30.05

Broken ¢louds
50 miles
65

4T

Southeast 5 m.p.h.
30.04

Scattered clouds
30 miles

66

48



WPORTLAND:

WELEVATION
Surface
. 1,000
S 2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000

Visibility
Temperature
Dew point
Wind
Baromeier
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DIRECTION

Wast
West
West
West
West
West
West
West
West
West
West
West

Northwest

Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Scuthwest

Clear

15 miles

69

48

East Northeast
30.05"

Through the use of a pilot balloon, released at the Seattle station of the United States

' Weéther Bureau at 1:42 P.M. (PST) on the same day, the following upper air winds were recorded:

VELOCITY
6 MPH
€ MPH
8 MPH
12 MPH
24 MPH
30 MPH
30 MPH
32 MPH
33 MPH
33 MPH
37 MPH
38 MpH"

B ! pilot of the United States Army Air Corps Reserve, who was flying in the general vic-

iﬁity of Alder, Washington, at an altitude varying from 4,000 to 9,000 feet during the early

- ..afternoon of March 19, 1939, reported the weather in that vicinity during the course of the

-_:fiight as being clear with unlimited visibility, The air-was reported as belng very smooth

Notes made and recorded by Mr. Cram, subsequent to take—ofr, include the following

- _data concerning the flight:

.- The aircraft took off with zero flaps at an indicated airspeed of 86 to 100 m.p.h. and

' *:diimbed t0-1,300 feet in one minute at a speed of 106 m.p.h. From this point the aircraft

';ﬂpéﬁtinued to climb with maxiwum, except take—off, power with a manifold pressure ranging from

©- 36 inches to 33.5 inches and an indicated airspeed of 118 to 127 m.p.h. until an altitude
fot'alZOQ feet was reached. The aircraft climbed from this point to 10,000 feet in 7 minutes

aﬁd_25 soconds, and at this altitude was itrimmed for level flight at 140 m,p.h. indicated
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alrspeed, with orulsing power at 1,900 r.p.m, and 23 inch manifold pressure. Tab setting for

*

~ this condition was 5° nose down and the coatrel force was zero. The airovaft was then pulled

“up to 117 m.p.h. indicated airspeed, ai which speed & conirol force ai 8 pounds was necessary
to hold the aircraft in this attitude.
(The data to this point indicates that the purpose of the iest above described was one

of gtatio longitudinal stability determinatlon as distinct from the dynamic longitudinal

. Stabllity tests which were apparently then started. The difference besiween the static

stability test and the dynamic stability test is that in the static stabiliiy test the stick
_foroes and the elevator angles are measured at various airspeeds above and below trimmed
speed in static condition; whereas, in the dynamic stability test, determinations are made
as to the action of the aircraft when left free to oscillate when trimmed in that condition.)

The conirols were released and as.the_aircraft oscillated freely in a longitudinal sense,

" readings were taken at lO-second intervals during such oscillations to determine the flight

“path and the damping of the longitudinal oscillations. The zero position was recorded as

" the alroraft passed 100 m.p.h. indicated airspeed'on its downward oscillation. At 10 seconds

Vthe indicated airspeed was recorded as 115 m.p.h.; at 20 seconds, 120 m.p.h.; at 30 seconds,
110 m.p.h.; at 40 seconds, 100 m.p.h.; and, at 50 seoonds, 110 m.p.h.

A gtatic longitudinal stability test was then conduocted, during which readings were
taksn of the elevator control forces and positions. The speeds listed were 85, 80, 78, 75,
-and 72 m.p.h., with readings being entered after 85, 80 and 75, Nothing was written after
78 or 72. The elevator position indicator read 395 at 85 and BO, and 400 at 75 m.p.hﬁ A
qontrol force of 9 pounds was entered after 80 and of 10 pounds after 75 m.p.h.

It is to be noted by referenée to the flight plan for this flight ihat sideslips con-
stituted the next test to be conducted.

At 1:12 P.M. (PST) a radio message was transmitted from NX 19901 to the Boeing aircraft

Company radio station located at Seattle, Washington, which message gave the position of the

" alroraft as being between Tacoma, Washington and Mount Ranier at an altitude of 11,000 feet.

‘Sotne two or three minutes later, while flying at a comparatively slow rate of speed in the -
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vicianity of Aider. Washington, the airoraft stalled and began to spin in a nose down atti-
tude, After completing two or three turns in the spin, during which power was applied, it
recovered from the spin and began to dive. The aircraft partially recovered from the dive
at an altitude of approximately 3,000 feet above sea level, during which recovery it began
to disintegrate. Outboard sections ¢f the left and right wings falled upward and broke en-—
tirely loose from the aircraft. Major portions of the vertical fin and portions of the rud-
der were carried away by the wing wreckage. The outboard section of the left elevaior sepa—
ra;ed from the stabilizer and both fell to the ground detached. The right horizontal tail
surface, being held on by the fairing along the top surface and also by the elevator trim
tab cables, remained with the fuselage. The No. 1 engine nacelle also broke loose from the
aireraft and foll to the ground separately. The mein body of the aircraft settled vertically
and struok the ground in ah almost level attitude both longitudinally and latterally at a
peint approximately 1,#00 feet above sea level. Watches and clocks Aboard the airoraft, which
were broken by force of the impact, indicated the time of the accident as approximately 1:17
p.m. (PST).

Major component parts of the aircraft, which broke loogerin the air struck the ground
wlth respect to the fuselage as follows:

Left outer wing panel, about 1,000 feet in a southwesterly direetion; right outer wing
panel, about 530 feet in a southerly direction; left outboard engine nacelle, about 660 feet
in a southeasterly direction; left horizontal stabilizer, about 200 feet in a southerly di-
rection; and the left elevator outboard portion, about 500 ft. in a southeasterly direction.
The great majority of small parts were found within the distance incompassed by the location
of the larger pleces from the fuselage, though a few parts were found at a distance of 2,500
feet in a southeasterly directioﬁ.

Parachutes of either the seat or chest type were available for all perscns aboard the
alrcraft though were not being worn at the time of the accident.

The ¢rash resulted in fatal injuries to all persons aboard the aircraft., Juliug Barr

was seated in the pilot's seat and A. G. von Baumhauer was seated in the co-pilot’'s seat at
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SPECIAL INSTRUMENTS
égcélgromgjg;
During the last four rlights of NX 19901 a visual maximum indicating accelerometer, the
purpose of which was to enable the pilot to know exactly the loading to which he was subjooti-

ing the airoraft during maneuvers and to prevent him from overloading the structure, had been

'inétalled on the aircraft. One hand of this instrument indicated at all times the normal

acoeleration to whicgh the instrument was being subjected while the other hand indicated the

maximum acoeleration to which the instrument had been subjected since the hand was last set

“back. This instrument was romoved from the wreckage of WA 19901 and forwarded to the manu=-

faoturer for analysis, who reported that it had been subjected to an acceleration in excess
of 10 g, the exaot amount of such excess being indeterminable. (This indicated acceleration
oﬁviously ocourred at the time of impact with the ground.)
7; Recorde

A V-G reocorder, owned by the National Advisory Committee for Aeronautics and lent to the
Bpeing Alroraft Company, had been installed on NX 19901 during ihe early flight testing of

the airoraft. This instrument traces, on a piece ¢of smoked glass, a graph of the accelera=

tion encountered parallel to the vertical axis of the airceraft and the‘indioated airspeeds

of the airoraft as the accelerations oscur. This graph enables a determination i¢ be made

of the mazimum positive and negative accelerations to which the airoraft had been subjected

~.nd the indicated airspeed at whioh they occurred since that particular glass had been in-

stalled in the recorde:.

During lateral stability tests on test flights Noz. 10 and 11 of NX 19901, a wmaxinum

-ao0eleration of 1.7 g had been recorded at 230 m.p.h. indicated airspeed and a minimum of 0.2¢

_at 195 n.p.h, indicated airgpeed. The normal value for steady unaccelerated level flight is
1.0 g. During similar tests on flight test No. 12, which also included climb, high speed runs

épd stall tests, a maximum acceleration of 2.0 g ocourred at 228 w.p.h. indicated airspeed

i;and the minimum of 0.4 g at 150 m.p.h, indicaied airspeed. A wmaximum positive acceleration
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of 2.1 g and & minimum of 0.4 g were recorded during dive tests conducted on test flight No.

13 at speeds 1ln excess of 320 m.p.h. indicated airspeed, which speed is the upper limit of

the range of this instrument. A slight discrepancy between this insirument and the airspeed

indicator was indicated during this test inaswmuch as the latter instrument'read 303 m.p.h.
at the same time the V-0 recorder indicated the speed above menticned. No acceleration in
excess of those encountered in the previous tests were recorded during take—off, landing,
speed run and spiral stability tests conducted on test flight No. 14, the only other flight
on which the instrument was utilized.

The glass in the V-G recorder during test flight No, 19 was not smoked and consequently
no graph was obtained. Exhaustive scientific tests failed to reveal the paih of the instru-
ment stylus, and congequently no information whatsoever was revealed by this instrument con-

cerning test flight No. 19,

Horizontal Acceleromgter

There was also aboard NX 19901 at the time of impact a horizontal agcelerometer, the

purpose of which was to record accelerations along the fore and aft axis of the aircraft.

This instrument was badly damaged in the crash and subsequent examinaiion did not revesl any

readings which would indicate the acceleration at the time the aircraft disintegrated,
gscillograph

An oscillograph, the purpose of which was to record engine vibration, was installed on
NX 19901 during tesi flight No. 19 but was not in operation on this flight,

ATRCRAFT ENGINES

An inspection of the four airerafi engines subsequent to disassembly revealed that all
four had bheen badly damaged by impact with the ground, and that certain damage had ocourred
during the flight, as the result of which the engines were in the foilowing conditions prior
to impact: |

Engine No. 1 (left outboard), Serial No, 25030, which had fallen to the ground separate

from the wing and the main body of the airoraft, had 44 hours and 40 minutes total operating
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time. The thrust nut had scored the 0il seal ring hearing surface of the gear case thrust
plate rlange,.dragging metal into the ring grooves and thus sticking all rings. The region
of maxXimum scoring on ihe thrusi plate flange was near the bottom and to the right of the
vertical center line, though the scoring continued entirely around the surface.

The sticking of the thrust nut rings and the scoring of the o0il seal ring bearing sur—
face on the thrusti plate resulted from temporary\misalignment of the propeller shaft due to
gyroscopio forces induced by precession of the propeller during the spin and at the time of
pull-out from the dive. The master rod bearing was burnished about 3/4 inch from each end.
{This condition is normal in engines which have run several hundred houfs, but due to the few
hours that this engine had been operated prior to impact, this condition evidenced operation
at excessively high r.p.m.)

There was‘no indication of malfunctioning or fallure of the engine to deliver rated
power during normal riight.

Engine No, 2 {left inboard), Serial No. 26031, which had remained with the main body of
tﬂe alroraft, had 45 hours and 10 minutes total operating.time. The front o¢il =zeal ring
of the thrust nut was slightly stuck in the groove and gear case thrust plate flange was
scored in a manner similar to that on Engine No. 1 but to & lesser degree and on the opposite
side of the seal oil ring bearing surface. This scoring was also caused by gyroscopic ferces
due to precession of the propéllors during the spin and pull out from the dive. The master
rod bearing-was in good condition.

There was no indication of malfunctioning or failure of the engine to deliver rated power
dﬁring normal flight.

Engine No. 3 (right inboard), Serial No. 26032, which remained with the main body of the

alroraft, had 47 hours total operating time. All oil seal rings of the thrust nut were stuck

in the grooves and the nut had scored the oil seal ring bearing surface of +the gear case

thrust plate flange. The condition of each was ldentical t¢ those of Engine No. 2, and had

heen caused by the same type gyroscopic forces as had been imposeden No. 1 and No. 2 engines.
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Some of the teeth on the pinion and stationary gears were scuffed and blued indicating
that there had been a short period in which they were out of alignment possibly due to the
same gyroscopic forces which had caused misalignment of the propeller shaft. The cam beéring
was slightly scuffed in such manner as to indioage high r.p.m. Thére was no indication of
malfunctioning of this eagine or failure to deliver rated power during normal flight.

Engine No. 4 {right outboard), Serial No. 25033, which had remained with ths main body

- of the aircraft had 42 hours and 25 minutes total operating time. The thrust nut oil seal

rings were stuck in the grooves and the gear case thrust plate flange was scored in the same
manner as that in No. 2 engine. The condition of the thrust nut and the thrust plate flange
indicated that in the case of these parts the heat had been greater, the thrust plate being
cracked around the flange (possibly due to a greater gyroscopic force being applied to this
enginq).

The c¢rank shaft was burnished and slightly blued ¢n the counter~weight side of the ¢rank
pin, which is evidence of heat and excessive r.p.m. The master rod bearing was very aslightly
scuffed and there was evidence of some etching of the bearing material. The bearing metal
of the cam bearing was slightly etched which further evidenced excessive r.p.m. No cohdition
was pregsent which would indicate failuré of the engine to deliver rated pdwer during normal
flight.

PROFELLERS

The propellers, all of which were atiached to their respective engines, Wefe found to be
complete with no klades or parts missing, The blades which were partially burled in the ground
were uncovered and the blade angles after impaci, as indicated by the hub graduations, were

noted as follows:

Blade No. 1 Blade Ne. 2 Blade No. 3
No. 1 Propeller 33° pge ' 100
No. 2 Propeller R’2° RE° _7°
No. 3 Propeller 33° T70° 170¢°

No. 4 Propeller 18¢ 13° ~-17° (negative angle)
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Each propeller was removed from the engine and later disassembled and exaﬁined in detail.
All blades ¢f each propeller were bent to varying angles as a resuli of impacti with the ground.
Propeller No. 1, hub Serial No. 33543, had a total operating time of 44 hours and 10
minutes. No. 1 blade of this propeller was sheared from its bushing toward the high pitch
angle approximately 25 degrees. Blade No. 2 was noti sheared_from its bushing. Blade No.

3 was sheared from its bushing toward the low piich angle approximately 20 degrees. Other

than a dent in the dome there was no damage to the hub assembly or iis operating mechanism.

Propeller No. 2, hub Serial No. 37347, newly installed, had a total operating time of
only 2 hours. There was no failure of parts in the hub assembly and none of the blades were
sheared from their bushings.

Propeller No. 3, hub Serial No. 33544, had a total operating time of 47 hours and there
was no failure of the -hub assembly parts, Blade No. 1 was not sheared from its bushing.
Elade No. 2 was sheared from its bushing toward the high pitoh angle approximately 30 degrees.
Blade No. 3 was shearsed from its bushing toward ihe high plich an:le approximately 130 degrees.

Propeller No. 4, hub Serial No. 33699, had a toial operating time of 42 hours and 25
minutes. Blade No. 1 was sheared from its bushing toward high pitch approximately 4 degrees.
Blade No. 2 was sheared from its bushing toward the low pitch angle approximately 2 degrees.
Blade No. 3 was not sheared from its bushing, but the blade gear segment was broken in such
manner that it rotated toward low pitch. Microscopic examination of the break in the gear
segment-showed that it was due to tenzion and that there was no sign of fatigue or defect in
the material.

No condition was found in any of the propellers that would indicate any malfunctioning

during normal flight.
STRUCTURAL FAILURES

The principal failures of the structure of NX 19901 and the nature and extent of such
failures, as indicated by exhaustive ingpection and analysis of such failures, were as fol-

lows:
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Right Wing

T;e initial failures were a oompfession failure in the upper wing cqvering. compression
and bending failures in the upper spar chords, tension and bending failures in the lower spar
chords and tension failures in the lower covering. The outer panel of the right wing failedA
upward near the joint which connected the inner and outer panels. As the outer panel failed,
it carried the outer section of the right aileron with it. The inboard section from the
control rod inboard, which was left attached to the wing, late; became detached with a sec~
tion of the wing trailing edge. The section of the upper covering between the spars and be~
tween Station 17 and Station 21 were detached from the alrorafi, though most of the covering
was still attached to the aircraft,.

As the outer panel moved upward after failure, the aileron cables, which were just be~
hind the rear spar, out through the uppsr trailing'edge skin in a straight line parallel to
the spar directly into the body, thus removing all support for the upper side of the trailing
edge. All airloads on the trailing edge appear to have been upward from the time the cables
out through the upper skin uptil the aircraft reached the ground. (This is evidenced by the
fact that the cut ends of the ribs on this upper surface butted against the spar and the spar
oap, and the oonclusion that any down load on the tralling edge would have caused it 1o
break away from the aireraft.)

The marks of the aileron cables on the body olearly indicate that as the right outer
panel swung upward still attached to the aircraft by means of the iwo aileron cables, it

swung over the body until it ocoupied a positicn to the left of and about three foot below

the top of the fin.

Loft Wing and Outboard Nacelle

The outer lefi panel failed upward between Station 19 and Station 13, which loocation is
farther inbeoard than the point of failure on the right wing, and carried the entire aileron with it

as it left the aircraft. The failures of the panel were compression in the upper covering
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- and in the upper spar chords, tension and bending failures in the lower spar chords and ten-

sion and tearing in the lower wing covering. | As the outer pansel moved upward, the upper
covering, which had not heen failed az cleanly as on the right side, peeled upward to a point
just inboard of the left outboard engine nacellse.

The upper support for the engine nacelle, known as the upper skate, rests on top of the
wing skin and is bolted to the covering and ribs. In peeling upward and inboard.the wing
covering tore this upper skaie loose from the wing, lleaving the engine and nacelle supported
only by the inboard leading edge angle, the lower skate and the connectiné tubes and controls.
The nacelle, as indicated by the direction in whioch the rivets in tpe 1éading edge sheared,
then failed forward and downward.

The strength of the covering and riveis was greater than the remaining strength of the
front spar, andras the covering moved upward it broke a section of the spar into several
pieces, the largest being a section of the lower spar chord about 6 feet in lengih. The
rear spar was falled in'ﬁ similar manner.

The wing covering was broken into a number of pieces, which ranged in size from about
three feet by six feeit to about one foot square. The flap was torn free and was broken into
four major pieces, ranging from four feet o six feet in length.

As the outer panel moved upward the aileron cables cut through the upper skin of the
trailing edge parallel to the rear spar., One aileron oable then failed at the body, and the
other cable, after failing about 18 feet outbecard from the body, rebounded inward, leaving
a mark along the body.

The upper surface of the trailing edge and ihe outboard half of the lower surface of the
trailing edge of the left wing wers entirely détached from the aircraft. A number of paris
fr?m the left wing struck the body of the aircraft, leaving marks whioch were substantially
along a line from the wing 1o the base of the fin. Many of the marks were covered with al-

uninum pigmented P-27 primer with which the internal structure of the wing was finished.
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The weight of the aircraft at the time of the accident was approximatély 42,500 pounds.
The acceleration required to cau;e complete failure of the winges of the aircraft with this
welght was estimated to be 4.8g.
m.

The fin was failed backwards and slightly towards the right as the result of impaoct by
some part of the wing wreckage. Both chords of the front spar had tension failures about!
one-third of the way up from the body, the failure of the right-hand chord being somewhat

lower than the lefi-hand chord. The rear spar was falled in compression, whioh failure was

" conglderably greater than the left-hand chord, indicating that the loads which cauwsed the

failure were directed partly from the left. (It is believed that the fin could only be fail-
ed in this manner by loads abting near the top ¢f the fin in a direction almost straight to
the rear. It is difficult to conceive of any airload of sufficient magnitude which would
cause the fin to fail in-this manner. )

The upper ¢one-third of the leading edge of the fin bore heavy marks, which apparently
were made by the aileron cables from the right wing. As stated above, these cables came out
of the body just back of the rear spar and extended up and around the body of the right outer
panel, which was in a position to the lef{ and below the top of the fin. While in this posi-
tion, the cables broke at their intersection with the body, snapping outward and striking
the leading edge of the fin about one—third of the way from the top. They ihen slipped up
the leading edge of the fin to the point where the radio antenns fairlead, which was attached
by means of a 3/16" steel tie rod, extending through the top of the fin from the leading edge
%o the rear spar, came ¢ut through the leading edge of ithe fin.

The alleron c¢ahles, which had an ultimate tensile strength of approximately 10,000
pounds, pulled this tie rod out of the fin about one-half way back to the rear gpar and out
away the tip of the fin which is located above this tie rod. The top of the fin between the
loading edge and the rear spar was also failed in compression. After passing over the fin,
the cables also caught the upﬁer rudder mass balance weight and scored this weight the full

length of its leading odre.
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The fin also was struck a heavy blow from the left side by the wreckage from the wings.
One member of the striking obﬁect entered the fin just back of the leading edge, and after
passing through the fin, struck the right-hand cﬁord of the front spar, tearing out a section
of this gpar chord together with its attaching skin. The upper two-thirds of the fin was
broken entirely c¢lear of the aircraft but it remained attached ito the mainbody of the air-
craft by means of rudder trim tab cables which had pulled out about 10 feet., These rudder
trim tab gables came back through the body and turned on pulleys, supported by a bracket in
the body below the base of the fin, and ran directly uplthe rear spar of the fin. The brack-
et in the body was failed and the c¢ables had cut into ihe bulkheads in ihe hody near this
bracket and alsc had cut into the section of the fin which remained on the body. As indicat-
ed by additional marks down the center of the rear fin spar, made by the rudder trim tab
cables, this fin spar was bent approximately straight back.
Rudder

Az the fin meved hackward it forged the rudder, which was attached to the body and fin
by means of three hinges on the fin and two on the body, backward., As the rudder was forced
back, a failure ococurred in the top body hinge (which indicates that the rudder was turned at
an angle of 20 degrees to the right at the time this hinge wag pulled loose from the body
portion). The half of the top body hinge attached to the bod& was damaged very little, being
bent dowaward about one-half inch (which fact lndicates that at the time of contact with the
ground, the rudder was not attached to this hinge). Tﬁe rudder control tab was detached from
the rudder and along with a section of thg rudder was not found subsequent to the accldent.
The piece of the rudder which tore loose was one-half the length of the control tab in length
by about 18 inches deep and was normally located immediately forward of the top half of the
ooﬁtrol tab. The rudder apparently hﬁd been siruck a heavy blow from the left reaf by sons
part of the wreckage, the force of which was carried into the fin. The stub of the fin re-

maining on the body had been struck twics, the first blow coming from the front and left and
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bending the stub of the fin over toward the right and denting it badly near the left side of
the rear gpar. This blow apparently was struck by some failed part of the internal structure
from one of the wings, as there were marks on the fin which had been made by the protective
coating of P-27 primer with which the internal structure of the wlngs were finished. The
second blow, which came from the rear and the left, also struck the rudder and bent a section
of the fin covering forward and over the section which was marked with the P-27 primer. This
pisce of skin has a general shape of the rudder torque tube and also bore some marks made by
aluninumized dope {which fact indicates that the blow prgpably drove the rudder torque tube
into the fin). |

The rudder was broken into two pieces on a line between the rudder control and trim tabs,
the two pieces bqing held together only by the fabric on the rudder. The rudder was held to
the main body of the aircraft by one of the gpring cartridge links of the rudder contrel tab
and rudder control systemslat the lower end of the rudder. As the failure of the one spring
cartridge link assembly appeared to have been caused when the main body of the aircraft made
oontact with the ground, it is possible that at the time of suoh contact with the ground it
was held by both of the spring cartridge links. On contact with the ground, the lower end of
the rudder torgue tube was driven about one foot into the ground, with the top pointing to-
ward the left at an angle of about 60 degrees. The remainder of the rudder was practically
flat on the ground along side of the lower portion. The rudder mass balance weighis which
were installed approximately 12 feet apart, were driven into the ground oaly four anq one-
half feet apart, both weights having failed directly at right angles 1o the rudder torque tube.

The rudder trim tab remained attached to the rudder.

Body

As the main body of the aircraft made contact with the ground in an almost level pogsi-
tion. both longitudinally and laterally in vertical descent, the eantire fuselage structure

failed downward, breaking completely through in cross-section at three peints. The upper

portion of the pressure bulkhemd in the rear part of the body buckled toward the front por—

tion of the fuselage. As far as could be determined, no damage was done to the body while
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the airc¢raft was in the air, except for ihe control cable marks on the right side of the body
as above desoribed. There was no evidence of power being applied by the engines at the time
of impact with the ground.

tabilizers and Elevators

Both the stabilizers and elevators failed upward, and, as vwas indicated by the symmeiry
of the failures on both sides of those surfaces, both as to type and location of the failures,
these tail surfaces were apparently symmetrically loaded at the time of such failures. The
failures in the stabilizer front spar upper chords consisted of the rivets attaching the hinge
fittings to the spar chords heing sheared by loéds acting inward. The upper spar chords
made deep symmeirical demts in the body on their respeciive sides. The lower front stablli-
zor spar chords failed in tension, the one on the left failing in the steel hinge terminal,
and the one on the right failing in the spar chord jusi outboard of the steel hinge terminal.
The failures in the rear spars were similar to the fallures in the bottom chords in the front
spars.

" The elevater torque tube, as indicated by the inward failure of the rivets attaching the
outboard flanged couplings Lo the cuthoard elevator torgue tube, and the outward failure of
those on the bottom sides, failed ln bending on boih sides of the alrcraft at the polnt where
the outboard elevator torque tubes are joined to the geotion of the torque tubse which passes
through the body of the alrcraft. The outboard torque tubes, which fit over the male por—
tions of the flanged ocouplings, failed by splitfing along the tops of the torque tubes length-—
wise of the tubes.

The left elevator was broken‘into two pisces, the outboard failure cccuring in the nose
section of the elevator formed by the elevator channel seciion spar and the leading edge skin
Just outboard of the point where the heavy torque tube ends within the elevator. The failure
was due to torsien and bending, with bending predominaiing. As the stabilizers and elevators

were deflected uwpward under the action of the upward acting loads, the elevators moved out-
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hoard with relation to the s;abilizers due to interaction of the stabilizers and elevaiors,
This relative motion bent the elevator ends of the hinge brackets.attached to the stabilizers
outhoard, and caused the hinge brackets on the left stabilizer to tsar loose from the stabil-
izer, while those on the right—hand stabilizer showed only a slight evidence of such inter-
action beotween the stabilizer and elevator. Though the top half of the leading edge of the
left-hand outboard section of the elevator had been cut into deeply by the elevator hinge
braékets. there was only & slight indigation that the hinge bracketis had contacted the bottom
half of the leading edge portion of this part of the left elevator. Both pieces of the left
elevator were ripped from the left stabilizer. The trim tab of the left slevator was intact
on the outhoard part of such elevator and was set approximately in neutral, while part of the
control tab, including its static balance weight, was found on the inner portion of thé
left elevator. The torque tﬁbe of the left elevator control iab had failed at the side of
the hody at the coupling. The left stabilizer and both pieces ¢f the elevator were detached
from the aircraft.

The leading edge section of the right-hand elevator, at the point just outboard of the
end of the elevator torque iube, showed evidence of the same type of failure as that which
oqcurred at this location in tﬁe left elevator leading edge section. However, as 1s eviden-—
oed by the fact that the elevator torque tube and both stabilizer spars were driven directly
into the ground about 18, inches, the right stabilizer and left elevator were in a vertical
position at the time of ¢ontact with the ground. There also were permanent wrinkles in tﬁe
right-hand elevator just outboard of the point where the heavy torque tube ends within the
elevator, which wrinkles had been caused by a rotation of the elevator in the up direction
due io the action of torsion about the elevator hinge line. The right-hand elevator and its
trim and control tabs were intact when the aircraft struck the ground, though the elevator
control tab operating torgue tube was failed at the side of the hody. Holes which had been

punched through from top to bottom in the trailing edge of this elevator were apparently‘

caused by the elevator having contacted what was left of the vertical control surfaces after
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the right stabilizer and elevator had failed upward. The e1evator hinge brackets also had
out deep gashes in the lower half of the right elevator nose gection at all hinge points.
The right—hand stabilizer and elevator were held on to the body of the aircfaft at the time
of impact by the left stabilizer fairing strip and by two 3/32" elevator trim tab conirol
cables,

Ingpeciion

A very detailed inspection of the body, all working paris whioh remained with the air-
craft, and all conircl cables failed io revesl any indication of malfunctioning or failure
prior to disintegration of the aircrafi, which would have accounted for lack of or loss of
ocontrol. All fuel lines and the entire fuel system were also thoreoughly inspected and no in-
dioation of stoppage in the fuel line or failure prior to disintegration of the aircraft was
found, A1l control surface balance welghts were accounted for in the vicinity of the main
body of the aircrafi, and inspection of such weights revealed that all conformed to spe¢i-
floations. The possibility of sabotage was considered and investigated thoroughly, bhut no
evidenoe was found to indicate that it was involved in this sccident.
Sping

It is of interest in connection with the facts hereinabove enumerated ithat records are
available indicating ithat alrorafi of the same general type and design gs NX 19901 have been
spun on iwo occasions.' In the first of these exparienceg, an airoraft of the same general
dimensions and design as the Model 307, with the exception of the fuselage, while flying with
a gross load of about 42,000 pounds at an aliitude of 14,000 feet, went into an inadvertent spin
and made two complete turns befors recovery was effected. During the pull-out from the en—
suing dive, permanent distortion occurred in the structure of both wings, naéessitating the
installation of new wings on the aircraft.

In the second of these experiences, a similar ship was intetlonally permitted to enter
& gpin following a complete stall. The controls were immediately reversed and the airoraft

responded prouptly, enabling the pilot to effect recovery after three—fourihs of a turn in



S Evidence indicated that power was used in recovery from the spin in the casze of NX 19801.

It should be noted that in the two instances above described recovery from spin in similar

aircraft was accomplished without the employment of power. In one of these cases, permanent

distortion occurred in both wings.

oy
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SUMMARY OF FINDINGS

I. Aircoraft NX 19901, Boeing Model S 307, met the pertinent regquirements set forth in
Section 01.3 of the currently effectivé Civil Air Regulations and was properly issued an ex-
perimental certificate by the Civil Aeronautios Authority.

2. NX 199201 had only been opera:ed experimentally by the Boeing Airoraft Company and
had never been submitted to the Civil Aeronautics Ahthority.for final insypection and flight
tests required prior to certification as to its airworthiness.

3. The currently effective experimental certificate issued on air;raft NX 12901 by
the Civil Aeronautics Authority authorized flight of the aircraft at a maximum take-off weight
of 45,000 pounds and a maximum landing weight of 41,000 pounds. The certificate prohibited
the carrying of passengers and resiricted flight personnel to boﬁa fide members of the corew.

4, Aircraft NX 19901 crashed near Alder, Washington, at approximately 1:17 P.M. (PST),
Saturcay, March 10, 1839, with the resultant destruction of the aircraft and fatal injuries
to all persons aboard.

5. The weather in the vicinity of Alder, Washington, at the time of the accident was
clear with unlimited visibility. The upper air was very smooth with a moderate west south-
west wind prevailing at altitudes above 2000 feet.

6. Pilot Jullius Barr held a currently effective Commercial Certificate of Compstency
issued by the Civil Aeronautics Authority with appropriate ratings for the flight heéein
inveolved. Bar had a total flying time on NX 19901 prior to test flight No. 19 of one hour
and 52 minutes as oﬁserver; 17 hours and 55 minutes as co-pilot; and, 2 hours and & minutes
as first pilot. The remainder of his flying time in four—engine aircraft consisted of 3
hours and 6 minutes as observer, and 9 hours and 17 minutes as co-pilot on the Boeing Model

314.

t. Co=Pilot Earl Ferguson held a ocurrently effective Commercial Certificate of Com-
petency issued by the Civil Aeronautics Authority with appropriate ratings for the flight

herein involved. Ferguson had a total flying time on the Boeing Model S 307 prior to test

-
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flight No. 19 of 4 hours and 52 minutes as co-pilot. The remainder of ﬁis flying time in
foqr—bnéine_aircraft consisted of ¢ hours and 15 minutes as co-pilot on the Boeing Model
Y1B-17A; 27 hours and 57 minutes as observer; 18 hours and one minute as co-pilot, and 16
houré and 39 minutes as pllot of the Boeing Model 314,

8. Albert G. von Baumhauar held a private pilot's license issued on November 28, 1931
by the Dutoh Air Ministry, the records of whioch show that his toial flying time as ﬁilot
amounted to 116 hours. He had no experience as pilot of co-pilot of four-engine aircraft,
but had been observer in trial flights of four ang;ne Fokker F 22 and F 36 aircraft. He
occupied the co-pilot's seat and was serving as co-pilet in aircraft NX 19901 at the time of
the acoident.

9. The performance of aircrafi NX 19901 on flights prior to test flight No. 19 had
either met or exceeded the manufacturer's estimates.

10. The main control surfaces were mass balanqed during test flight No. 19 as below
indicated: | .

The rudder had 104 percenf static balance accomplished by means of a 17 pound weight
at the top of the rudder, loocated 24.2 inches ahead of the hinge line and a 50 pound weight
on an arn at the.body center line 24.2 inches ahead of the rudder hinge line. This gave
a ooofficlent of dynamic balance of 0.028 with respect to the rudder hinge line and the
center line of the body. The rudder control tab was not statically balanced.

The elevator had 55.2 percent static balance accompli;hed by means of g €0 poﬁﬁd weight
locateq 21.4.inéhes ahead of the elevator hinge line and on the body center line. This gave
a éoefficient of dynamic palance for each half of the alevators of Q.10 with respect to the
elevator hinge line and the center line of the body. The elevator control tabs were static-
ally balanced,

The ailerons were 18.7 percent statically balanced based on their actual structural
woight distribution and there were no méss balance weights incorporated. Fach aileron had a
coefficient of dynamic balance of 0.292 with respect to its hinge line and the center of the

body. Senmi-irreversible aileron zontrol units were smploved.
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The airoraft with the foregoing ¢ontrol surface mass balancing was dived in a flight
test previous to test 19 to an indicated airspeed of 303 miles per hour with no evidence of
flutter, though the adequacy of such balancing had not besn determined under varying con-
ditions of flight.

11. The original mass balancing of the elevators incorporated a 74.3 pound weight.
During the early flight tests of aircoraft NX 19901, this weight was reduced to 60 pounds in
order to obtain an increase in the center of gravity range within whic¢h the aircraft was
longitudinally stable.

A further reduction in the elevator mass balance wieght from 60 pounds to 50 pounds was
made on test flight Nos. 16, 17 and 18 in an attempt to further increase the range of center
of gravity. During the dive, in recovering from a stall on test flight No. 18, mild flutter
developed at an indicated airspeed of 240 miles per hour. Following this experience, the 50
pound elevator mass balance weight was replaced with the 60 pound weight for test flight No.
19,

As 303 miles per hour was the design glidin speed for this aircraft, no tests were
made to determjne at what speed in excess of 303 miles per hour flutter might ogcur with the
60 pound elevator mass balance weight.

12, During the stall tests of this aircraft, there was a stall warning consisfing of a
characieristic buffeting of the wings and control surfaces at indicated airspeeds from 5‘and
8 miles per hour with power off and from 1 to 2 miles per hour with power on faster than
the speed at which the agtual stall ogcurred., Recoveries from all stalls conducted on flights
prior to test flight No. 18 were begun immediately aftgr the nose of the aircraft began to
drop. Under these conditions, thé nose was not permitted to fall below level flight posi-
tion before reobvery was started, the result of which was the loss of 200 to 800 feet alti-
tude in efifectiing recovery. The aircraft showed no tendency to fall off on either wing

during such stalls.

T
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Stall tests were conducted on test flight No. 18 by Harlan Hull, of Transcontinental
and Western Air, Inc. During some of these tests Mr. Hull completely stalled the aircraft
and permitted tﬁe nose to drop helow level flight positions before recovery was started.
Under these conditions there was no tendency of the aircraft to spin and recovery was normal.

13. The notes madse by Mr. Cram on iest flight No. 19 indicated that the take-off was
normal and that the climb up to 11,000 feet altitude, using rated engine power, had been made
in a nermal manner. At this altidude longitudinal stability {ests were made and the notes
indicated that this phase of ihe flight tesi was nearing completion, il neot actiually com=
pleted. The next tests, as outlined by the previously approved flight plan, wore side-slip
tests.

14. At the regquest of Mr. von Baumhauer, who occupied the co-pilot's seat of NX 19201
at the time of the accident, iwo special instruments were installed on the aircraft. One
instrument was installed on fhe co-pilei's contfol column to be uged for measuring the forces
in pounds required to-operate the elevators during specific maneuvers. It would be nec¢essary
to operate the aircraft with the co-pilot's controls in order to obtain readings from this
instrument. The second instrument, which was mounted on top of the instrument panel in front
of the co-pilot, was connected to the control cables of the ailerons, rudder and elevators
for the purpose of indicating the amount of movement of these controls during various man-—
guvers,

15. The flight plan covering test flight No. 19 was based upon specific requestis made
oy Mr. von Baumhauer for the purpose of determining whether or not this airecraft would meet
the flight characteristics desired by the Dutch Air Ministry. Although this flight test was
intended to include tests set forth in the flight plan, it was also a demonstration of the
aircraft to representatives of the Dutch Air Ministiry, Royal Dutch airlines and Transcon—
tinental and Western Air, Inc.

18. All pertinent evidemce indiocated that the aircraft went into an inadvertent spin

subsequent tora stall at an altitude of approximately 11,000 feet. It made two to three
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’ turns in the spin, during whioh the engines were used to aid recovery. In recovering from
the dive subsequent to the spin, the wings and horizontal tail surfaces failed upward appar-~ 1
ently due to air loads in excess of those for whioh the aircraft was designed. -

17. There is no conclusive evidence as to which wing failed first or whether the wings .
. failed before the horizontal tail surfaces. The left elevator falled about 3 feet outboard
of the side of the beody, such failure being due to bending and torsion in the elevator nose
section with bending predominating. The outboard section of the left elevator was torn loose
from the stabilizer and the condition of the hinges indicated that its movement had been up—
ward and outward with respect to the stabilizer. Indications are that this was the first
failure which occurred in the horizontal tail surfaces and that it was followed by the separ-
ation of the left stabilizer and the inner portion of the left elevator from the body. The
riéht stabilizer and elevator were subjected to and failed by forces similar to those which
failed the left horizontal tail surfaces. These surfaces, however, remained attached to the
body by means of the upper fairing and the elevator trim tab cables.

The vertical tail surfaces failed as a result of being struck by parts of the broken
wings. = The wpper porticn of the rudder and fin remained attached to the body by the rudder
trim tab cables.

18. A vertical acgelercmeter had been mounted on the instrument panel to indicate to
the pilet the acgeleration to which the aircraft was being subjected in order that dangerous
stresses due to excessive acceleration could be avoided.

- 19, A V-G recorder, the property of the National Advisory Committee fér Aeronautics,
was installed on NX 19901 during test flight No. 19. The glass installed in this instrument
on this flight had not been smoked, and consequently there was no record of the maximum in-

« dicated airspeed attained or the vertical accelerationsfencountered during this flight.
20, The weight of the aircraft at the time of the accident was approximately 42,500
pounds. The acceleration required t¢ cause compleie failure of the wings on the aircraft

with this weight was estimated to be 4.8g.
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21. An oscillograph was installed on NX 15901 for the purpose of recording engine vi-
brations, but was not in operation during test flight No. 19.

22. Examination of the engines and propellers subsequent to disassembly disclozed noth-
ing which indicated railure to deliver rated power prior to impact.

23. Each person aboard the aircraft on test flight No. 19 had a parachute of either
the geat or chest type available for his use.

24. Flight tesis conducted with NX 19901 indicated that the control forces required to
maneyver this airoraft were light in comparison with ¢ther four—engine aircraft of comparable
weight and design.

25. On a previous test flight (Mo. 13} employing ithe same conirol surface mass halance
woights used during flight No. 19, there was po indication of flutter at the design gliding
speed of 303 miles per hour which was atiained during a shallow dive in smooth air, No
high speed dive tests were run under varying atmospheric conditions to determine whether
flutter might develop at less than the designed gliding speed if executed in turbulent air.

26. Stalls and spin tests conducted with aircraft, comparable to the Boeing Model

307 in size and design, do not indicate with any degree of finality the characteristios of

such airoraft in these maneuvers.

In addition to the facts, conditions and ¢ircumstances presented above, the following
known and potential factors may have contributed to the accident although evidence to this
effect is not conclusive:

1. Assignment of a first pilot inexperiencgd in testing and demonstrating alroraft of
this type, particularly with respect to the maneuvers galled for on test flight No. 19,

2. Inexperience om the part of Mr., von Baumhauer, who was serving as co-pilot, in the
handling of this airc¢raft in maneuvers being conducted at his request.

3. A test flight of the aircraft involving demonstiration of maneuvers which had not

previously been investigated thoroughly.
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4. Inexperience with the radical difference in stall characteristics of théairéraft
with 256° up-elevator travel as compared with the 17° up-elevator travel previously usged,
particularly in view of the probability that the aircraft was not completely stalled during
tests oconducted with the 17° up-elevator travel.

B. Sengitivity of the elevator and rudder control system such as t¢ enable the pilot
to over~contrel easily, and thus change the attitude of the aircraft so abruptly as‘to im—
pose stressges exceeding those for which the aircoraft was designed or would withstand.

6. Elevator flutter in the dive, following recovery from the spin, which may have dev-
eioﬁed, becauge of inadeguate mass balancing of the elevators, at an airspeed in excess of
the designed gliding speed of the aircoraft.

(Flutter developing during this maneuver might have influenced the pilot in recovering
from the dive too abruptly.)

7. Loocking of the rudder during a sideslip, because of the lateral inflow of the air
on the rudder and the loss of the assistance of the contrel tab, resulting in the inability
of the pilot to exert sufficient force upon the controls to prevent spins.

8. Insufficient vertical tail surfaces, as presently designed and installed, to give

adequate control of the aircraft under all conditions of flight.

Sketches showing ihe probable flight path and maneuvers of the aircraft during its

descent; relative locations of parts of the aircraft subsequent to impact with the ground;

~and the main structural failures prior to impact with the ground, are attached hereto and

marked Exhibits "A", "B", and "C", respeotively, and are by referencg made a part of this
report,
* * * *
PROBABLE CAUSE
Structural failure of the wings and horizontal tail surfaces due to the imposition of |

loads thereon in e¢xcess of those for which they were designed, the failure oocurring in an

abrupt pull-out from a dive following recovery from an inadvertent spin.

* * * *




. . . _ RﬁCOMMENDATIONs
? o Ag the result of its invéstigation of this accidenf, the Air Safety Beard recommends
that: |
1. The Civil Aderonautics Authority make:
y7 a. A further study of the mass balancing of all conirol surfaces of the'Boeing

Model 307, as presently designed aﬂd installed, for the purpose of determining its

. adequacy in all respecis before issuing a type certificate for this aircraft.
by proper mass balancing of these units or by satisfactory mechanical means in the evént
of lag or fallure in the operating mechanism.

A L ' 6. Continued studies of the factors which cause or contribute to flutter and vi-

able to the industry and minimuz requirements based thereon be included in the Civil

Air Regulations.
2. The Civil Aeronautics Authority make a study of the Boeing Model 307 tail group,
particularly to deiermine the adequaoy of the attachment fittings of both fixed and movable

component parts,

3. The Civii Aeronautios Authbrity:

a, Make a further study of the stall and gpin characteristicé of the Boeing 307
by such flight and other tests as may.be required for the purpose of determining the
effectiveness and ddequacy of itgs design in the prevention of oritical sta;ls and spins,

and in recovery therefrom. Should the results of such studies and iests prove the

————
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prior to the issuance of a type certiticate on this model aircrait.

T

b. 7Require all future civil aircraft to bhe so designed as to eliminate critical

stall-characferistics and be inherently spin-proof.

b. Studiés for the prevention of flutter in control surface tabs on all airoraft

bration of aircraft structures, and that the results of all such studies be made avail—-

characteristios to be unsatisfactory, it is réecommended that corrective measures be taken .
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4. The Civil Aeronautics Authority expedite the development of an adequate stall warn-

ing device. It is further recommended that suoh device, when developed, be a required in-
P

&
stallation on all air carrier aircraft.

——

§. In addition {0 any other similar studies, the Civil AeronautiAS'Authority require
extensive wind tunnel tests on scale medels of all aircraft designed for air carrier service
and submitied for type certificate and that the resulis of such tésts to be submitted to the
Civil Aeronautics Authority for review and approval. It is further recommended that the spin
characteristics of such aircraft be determined in so far as possible through the use of a
spin-tunnel.

6. The Civil Aeronautics Authority thoroughly investiigate the tendency in certain large
aircraft designs to so reduce the foroes required to operate the conirols as to permit undue
stresses being imposed inadvertently on the airoraft.

7. Thorough study be made by the Civil Aerconautios Authority to determine the adequacy
of the mechanism employed on the adjustable cockpit windows of the Boeing Model 307, parti-
oularly as to the satisfactory functioning of this mechanism under severe icing coanditions
and the visibility provided under such circumstances,

8, The Civil Aeronautics Authority consider the advisability of inoreasing present
maneuvering-load—-factior requirements for large airoraft.

9. The Civil Aeronautics Authority investigate the adequacy of the differential between
the design level speed, the plagarded "never-excesd-speed," and the design gliding speed of
the Boeing Model 307, to give reasonable assurance that the airorafi can be controlled within
these design limits under adverse flying conditions and that l;ads beyond its designed siruc-
tural strength will not be imposed under operating conditions in turbulent air.

10. The Civil Aeronautics Authority require determination of the design leading for
tail surfaces on a basis which takes into account the definitely calculated effect of gusts

and maneuvers on the total loads imposed and their distribution,

st e




become involved inadvertently under turbulent air or other conditions to be anticipated in

air carrier service.
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11. (a)

ficates that a V=G recorder be installed on all aircraft intended for air carrier use and

that the record obtained from it be preserved and made a part of each flight test report.
1t is further recommended that a complete record of all flight tesis be submitted to the

Civil Aeronautics Authority prier to test flights conducted by the Autheority in conaneotion

with the granting of a type certificate.

{b) An accelercmeter be installed in full view of the pilot during all flight tests,

and that a limit mark be placed on the imnstrument to represent the maximum acceleration to

which it is safe to subject the aircraft. It is further recommended thai such an accelero—

mefer be made a required insiallation on all air carrier ai

reraft, and that all readings cb-

tained in flight exceeding an amount tec be specified by the Civil Aeronautics Authority for
each particular type airorafi be reported to the Civil Aeronautics Authority together with a

desoription of the circumstances, {i.e., indicated air speed, altitude, air conditions, etc.)

under whioch the acceleration was obtained.

{¢) An immediate study be made looking toward the development of adequate vibration
recorders, taking into consideration the size and capacity of various model aircraft and fre—

quencies whioh would include the entire range of vibration and flutter affecting their stiruc—

ture and control. As such recorders become available, it is recommended that aircraft manu—

facturers be required to install them and make the data so obtained a part of the record of
&ll phases of the experimental test flight program.

12. The Civil Aercnautics Authority establish by regulation uniform and more adequate

test flight procedures for aircoraft intended to be used in air carrier service, It is spec-

ifically recommended that such test Ilights include all maneuvers in which the airoraft might

__-_-_-_““'*-—k

It is further recommended that the test flight procedure include com-

plete stalls from straightaway flight and high angle sideslips both in turbulent air and

vnder oonditions of unsymetrlcal power.

The Civil' Aeronautics Authority require as a provision of experimental certi~
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13. The'Civil Aeronautics_Authority by reguldtion establish a special rating for test

pilois of large aircrafi and require all test flights of airoraft in this category, prior to

issuvance of a type certificate, to be conducted by pilots holding such certificates.

Studies and research are being continued in connection with certain technical phases of

this accident which may require a supplemental report and additional recommendations at a

later date,
BY DIRECTION OF.THE BOARD

Exocutive Qfficer
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LOCATION, WITH RESPECT TO THE -
FUSELAGE AFTER THE GRASH, OF
PARTS OF THE AIRCRAFT WHICH
SEPARATED FROM THE MAWN
STRUCTURE IN THE AIR. .
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