L. ARL., 1 VP Uladlooiun
WASHINGTON

Janugry 29, 1938.
RFPOPT OF THE INVESTIGATING BOARD
Statement of probable cause concerning an aceident which
occurred to an aircraft of Worthwest Airlines,
Incorporated, near Bozeman, Moniana, on
Jznuary 10, 1938.
To the Secretary of Commerce:

On Januvary 10, 1938, at 3:;07 P.M., Mountain Standard Time, at a point 1in
Bridger Canyon approximately 12 miles northeast of 3ozeaman, Montana, an airplane
of Unxted Stabtes registry, while being flown 1n scheduled interstate operation,
carrying mall, passengers and express, met with an accident resulting in death
%o all on board and the destruction of the aircrafi.

On Japuary 12, 1938, the Secretary of Commerce issued an order appointing
the undersigned as a Board to investigate this accident and hold a mablic hearing
in relation thereto. Pursuant to said order, an investigatlon was made and a
public hearing was held at Bozeman, Moniana, January 18 to 21, 1938, inclusive.

A transeript of the testimony obtzined at said hearing is tranmmitted herewrth
for your information and for the records of the Department.

The pilet of the aircraft, liick B, MNamer, held a current Federal transport
prlotts license =nd the required ratings for the flight involved. The report of
his last physical exzamination, as required by the Department of Commerce and taken
on Ociober 13, 1937, showed him to be 1n good physical condition for fiying.
Pi1lot Mamer had a record of apprommately 10,000 hours of flying time and long
experience over the route in question. The co—pilot, Frederick W, West, Jr., held
a current Federal transport piletls license and the required ratings asg co-pilod
for the flight involved. His flying experience over the route 1n question dated
from April 1937. Hig latest physical examination, taken orn July 27, 1937, showed

him to be 1n good physical condition., e testimony chowed that both pilot and

cowpilot enjoyed excellent professional reputations with their company and fellow

pilots,
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Passengers on board were;

Te Anderson I. E Stevenson
St. Paul, Minnesota Seattle, Washington
G« Ae Mnderson I, Levin

Spokene, Washington Detroit, Michigan
Walter Ton A. Crooncuist
Hinneapolis, Minnesota Billaings, Montang
Douglas McKay W. E. Borgenheimer
Winnipes, lMfanitoba Basin, hontana

The aircraft, a Lockheed, model 14-H, was owned and operated by Northwest
Mrlines, Incerporated, of 5t., Paul, Minnesota. It was inspected and approved
for license by the Department of Commerce on November 30, 1937, and bore Federal
license number N(-17388, The Iockheed model 14-H is a new high speed type of
aircraft and was placed in scheduled air line operation sbout November 1, 1937,
Several minor modifications of the aircraft were effected after placing thig
new model 1n operation, some made Dy the factory, some by the operators and all
approved by the Department of Commerce. At the time of the accident, this
alreraft was Deing opsrated between Sesttle, Waslungton, and Billings, Montana,
as a part of Trip 2 of January 10, 1938, which was scheduled to temminate in
Chicago, Illicoig., Scheduled intermediate stops between Seattle and Billings
were Spokane ooc Butte.

Trip 2, scheduled to arrive at Butte at 2:30 P.M., MST., arrived at 2:31 P.l.
Departure from Butve was made at 2:41 P.M. five minutes later than usual due
to loadin, adjustments. Before this departure, clearance was given for the
flight from Butte to Billings through the company dispaicher at Billings via r=dio
Contact and/or ingtrument flying was suthorized by thas clearance. The alrcraft
carried approximately 280 gallons of fuel and 30 gallong of oil. The gross welght
at time of degparture was approxumately 14,500 pounds. The authorized gross
welght for this model sircraft was 15,500 pounds. The Thited States Teather
Bureaw 1:51 P.ld., MST., weather sequence reports for January 10, 1938, covering
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the route to be flown and furnished to the prlot as a part of his clearsnce
from Butte, were as follows:

Ceiling Sty condition Visibility Tenp.& Wind di~  Barometer
Dew Point rection

Drummond, T 3500 Overcast 5 44/ WA 23.50
Yoniang
Remarks: Ceiling varlable, stoming mountains W& SW

M1ssoula, T3200 Broken 10 4431 SY 16 29,75
Montana
Remarks: Tone

Superior, TI500 Overcast 10 24/37 SE 2 -
Montana
Remarlzs: Sprinkling, ceiling and visibility variable

Wallan Pass, Zero Dense fog Zero 28/28 w22 -
Idaho

Ranarks: 3RBlowing snow, light snow, wind variable
Coeur &t £ 2000 Broken 1¢ 43/37 MW 15 -
Alene, Idsho

Remarks: Yone
Spokane, Unlimi-  Scattered with 2o £5/37 WSW 15 29.88
Washington ted lower scatiered

at 2500

Remarks: None
Butte,
Montana E 4000 Broken 15 40/ 30 SW 21 29.63

Remarks: Frequent squalls surrounding mountains
Billings, £ 4000 Broken 112 50/ 28 MW 37 29.45
Montana

Remarks: Blowing dust
Livingston, B 4500 Overcast 20 4avf 4 SW 3% 29,45
Montana

Remarks: Storming all mountains, occasional sprinkles, few
small breaks, sky condition rapidly changeable.

The 2:31 weather sequence reports, available to the pilot enrcute,
were as follows:

Billings, 4000 Broken 5 4g/26 MWW 23 29,46
Montana
(Special) Remarks: Blowing dust, visibility variable

lavingston, % 4000 High broken 15 a5/ 27 W 3l 29,45
Montana Lower broken

Remarks: Storming all directions, intermittent sprinkles,

1a- condirtions changeable,



The United Stabtss Westlier Furcau forccazat forthe pericd of 2:3) AM. 1o
4:2) P.M., MST, on January 20, 1928, for the route covered by thie flight out
of Butte, was 25 follows:
MILES CITY — MISSCULA STCP SCATJSERED TO 320KEN SCUTHERN UTAY AND EXTREME
SCUTAERT WYOMING %0 OVILCAST NORTHIZW UTLE CRILINGS 4 TO 6 THOUSAND STCP
BROKZN 70 CVIRCAST ERRMALIVIER TYOMING WITZ OOCASIOULAL LIGHT SNOW OR SNOW
FLUARIZES CEILING GENFERALLY 3 TO 5 TEQUSAND BUT LOWERING AT TIMZS IN SHOW
TC 1 TECUSAND STOP OVERCAST NOJTANA WITH CCCASIONAL SPRINELES OR SMOW
FLUREIES EXCEFT SEUALLS I MOWIZAIME CEILINGS 2 70 4 TREOTSAND LOWERTNG AT
TIMBS TO 1 THOUSAND I PRAECIPITATICN 4D ZERC MCOUNTALIS STOP OVERCAST
EASTERN IDsH0 AT BROKIN TC OVIRCAST ZEWAINDER ITAHC CEILINGS NORTHEAST
PORTION & 10 1000 AdD SCUTH PCIIICH GAFIRAILY 2 T0 4 MHOUSARD STOP VISIBILILY
OVER DiSTRICT OVER 6 FXCTPT I PREECIZPITATION ARTAS VARTABLE 3 TO & TZOUSAID
The termynal forecasts far Tubtte, Eslena, Great Falls and Billings during the
selie per.od were:
CVERCAST WITH OCCASIOWAL SPRIVIES CR SwOW FLURRIES EACEZPT SQUALLS IN
MOUNTAINS SICP CEILINGS 'a-TO 4 TEOUSLD BUT LOWFRING AT TIMEsS TC 1 THCUSAND
I PRECIPITATICY AND ZELC wOULTAINS STCP VISIBILITY VARIABLZ IN PRECIPITATION
2 T0 g THOUSA'D CTHERWISE CVZR 6 THCUSATD
lay witnesses on both east and wost sides of Bridger Mountsin Range testified
that there were strong, gusty and violent wind conditions on the ground the
afternoon of Januwary 10, 1938,
After departing Butte, Trip 2 was contactved by ithe company radio operaior
av Billings ot 5:05 P.M., LET,, for the purpose of giving the rrlot the Z:51
weather. Im response, thne pilot revlied at 3:05, "Cruisiug 2:53. 9000 feet,

wlch weant thot after taking off frow Butte ot 2:41, the airplane reached an

t+

indicated pressure altitude of 3LCC feet a 2:5% P.l.. 4s nearly as can be

determined, the airplane struck the ground approximately two minutes after the

2:05 contact.
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In tracing the course followed by Trip 2, several witnesses were located
who saw the airplane pass on course over Belgrade, Montans, waich 1g to the west
of Bridger Mountain Range and approxzimetely 12 miles west of the scene of the
accldent, TFrom this point on, a sufficient number of witnesses were found to
definitely trace the flight patn of tze zirplane eastward. Bozeman Pass 1s
wmmedialely south of the Bridger Mountain Range, on course for visual contact
fiying, aud at the time of this flight was obscured by a dust storm. As the
alrplane proceeded toward Pozeman FPass, 1t was seen to turn toward the northesst
to avo1d the dust storm and to cross the Bridzer Range &t a point slightly north
of Bridger Mountein Peak., The range 1s spproximately 8,500 feet above sea~level
at the point of croseing., From the testimony of witnesses, 1t 1s apparent that
the airplans weat out of control in turtulent air conditions almost immediately
after 1% cleared the Bridger Mountain. It was observed to assume a stall attitude,
then a glide, and vhat was varicusly described s a spin, a tight gpirsl or dive
to the ground. Fire fellowed immediately. No witnzsses, however, saw the air-
plane during the last 200 tn 400 feet of descent due to uneven wooded ¥ferrana.
Te ground elevation at the scene of the accident 1s approxamately 6,000 feet.

Titnesses who lmmediately rushed to tae scene of the accident were prevented
from rendering ony possible assistance by tne intensity of the fire. Tocal
anthoritiecs were notified at once and investizating officials reached the scene
that night =ad the following morning.

The first thorough examinabtion at the scene disclosed that all of the
component parts of the airplane were accounted for 1n the wreckage except upper
portions of both the right and left vertical fing and both upper rudders were
missing, These parts could not be found 1n or near the wreckage and a search
for them in the surrounding terrain was in progress during the public hearing
and still continues. A minute exemination of the remaining structure adjacent
to the horizontal stsbilizer at the points where the major parts of the vertical

hEalcy)



fing separated from the airplane disclosed that there had been severe vibration
and Lending of tae fins botk to the riglt and left. The rudder tab control
cables had parted i1n tersion, bending nulley brackets and bending and cutting

a guide post as they failed and pulled awa. Trese findings leave no room to
regsonacly doubt that the upper portions of the right and left vertical fins

and rudders separated from the airplane wuile in flight. The propellers were
found to be i1n high pitch, intact and dent backwards toward the engines with

all indications that they were turning over very slowly at the moment of impact.
4 tear-down inspection of the engines indicated that they were in nommal worling
order and turning over slowly at the tire of striking the ground. The alrcraft
radlo eguipment was destroyed tevoend possibility of checking on its use in flight.,
However, radlo coamunication between the airplane and the ground approxzimately
tro minutes beTore the accident, as ~ell as two—way comrmnicatinn throughoutb

tae flight, indicgtes that thae radro equipuent ‘'had been functioning normally.

411 of the evidence 1ndicabtes that the airplane contzcted the ground at an angle
of betwcen 80 arnd 0 degrees.

A checd: o the teletype circults 1nvelved disclosed that all stations were
fonciioninzg norrally except tie drop at Iavingston which was printing messages
illegibly. 4Ll of the radic ranses invoived were functioning normally and aligned
as advertised except the east leg of the ZEelgrade hange wnich was found to Dbe 59
south of 1ts advertised course alizmment. Neither of these things affected the
flight in question as all teletype messages sent through or from the Iivingston
station were received correctly at their destinasions and the pilet of the flight

—_—

was definitely flving by visual contact method.
¥ Jing oy
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In revieving the friets ond cirveumsiances surrounding this rceident, there was
nothing uwnususzl sbout the ~ismatch of the sirol-ne ovt of Puste. When tas flignt
passed over Belgrade, approminately 12 niles “est of ihe accidenl, it was on the
reqular course ald snpeared and soundel rnxminl., Betresn Belgrade and Bridger
Mountein Ronge, the airslane wes seesn to turn to thie northesst vo averd flyin
through & dust storam ceatered in Bozeman Pess. Thig and the radio message from
the airplane thet they were Tlying at 9,000 fcet establiished the flight as viesusl
contact. The w=eight of the evidence leads tne Investigating Board to the com-
clusion that the loss ol the upper vertical fins with the upper rudders in flizht
was the reosult of fluftter. The loss of these zurfaces deprived the pilot of
wificient control of the ~irnlane to avend the resulting crash.

"Flutter" as an scronauvtical term relers to a vibration of increasing severity
wiich sometlmes cccurs in the wings end contrcl surfazces of an cireralt vhile L1n
flignt. A certoin amount of wibration, due %0 sirflov and engine vibration, 1s
pregent in these and other varts of any cirereft while in flight, Ordinary vi-
bration 1s normally of smell srplitufe and intensity and has no immediste damaging
effect on the cireraft structore. In orler thst flubter may occur. the vibrations
of one mart of the arrcrefl -mst De ot or clore to the natural frequency (rate of
vibrztion) of sone related movable cosbrel surface. When influenced in this
manner, the vibration ol o01e par: moy continuonsly increase in amplitude (distance
through vhaich the vibration ocecurs) to a point beyond the cemacity of any normsl
structure Yo "ntastand 1t ernd a siructural failure will resuli. Further and dztail-
ed analysis of the phenomena »f Tlutter may be >btained by referrianz to tecanical
papers cn the subjecv.

The Lockhesd, model 14«H, was desisced and coastructed in sccordance with the

latest knowledgs available at the time. The structure was carefvlly arzlized for

strength and this snslysis was checlzed by the Department of Commerce. Extensive
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static tests vere conducted by the fechor, to Turther demonstrate that alequante
strength existed $o satisfy tne minirmum airwortainscs requircrments. In the process
of factory *ests, tne vibration {requencies of the various componsnt parts Jere
carefully measured, using a vibration nachine desizned by the factory. The fizures
thus obtained showed 2 difference in the nabural freauency periods vhich iniicated
thet fIlutter would not occur. Both the static tests and the vibration tests vere
witnessed by representatives of the Department of Commerce., The results ol these
tests were accepited snd used as a part of ihe bagis for asprovinz tais type alr-
plene as being airworthy and the subsequent ass:anment of Approved Type Certificate
No. 657 by the Depariment of Commerce.

As soon as fluiter became sugpected as 2 facter 1a this aceident, the Depart-
ment of Commerce at mid-afternoon of January 11, 1938, srounded &1l zirplones of
this model., Shorily thereafter, tasts were started on another airplane of the
model 14-F type as a check sgainst lhe figures obtainsd 12 the orizinal vibration
tests. This check test, amade with a rore nizhly developsd machine, definitely
indicated the possibilivy of flutter and demonstratel tuet tre vidbration wmachine
uged by the factory and recognized by the Denertuens of Comrmerce [or measuring the
naturel vivration pericds of the component parts of the airnlazne apparently zave
misleading results.

It ghould be noted again tanat the upper rnalf of tle wveritical fins sad the
upper half of the rudders have not Deen found as yet. Aa exarancticon of these
parts might disclose that through some previous occurrence of fatigue or dis-
tortion or through osne or toth finsg khaving becn struclk: vhile in flicht by some
object, the sbtructure could have become wealzened to the noinv thart 1t Leceme
susceptitle to flutter on ercuimniering turbulent aire Hovever, this is in the
realn of possibilities rather than probebilities. It mx zt De noted that ome
instance has been recorded where in this regzoe a bird scriking a vertical fin of

a s1milar airerafi almost resulted 1n a serions zccidenta
1357



In curstion, Tie evidence iniicates ih- o teas flight was dxspstebed out of

Butte in accordsnce with morTal corpany wrocalire, Was prosrecsing normally, Flying

a

by vistel contact retihod, clcarel the wountein roag: vith a fair macgin of salfety
aad tnat the loss of controil of ile alreraft as 1n no wey the fault of the palot.

Tac aircraft vas caretully Ccsigacd 1n ligns of =211 of the movledgs ol the art at

L

tazt tame and consiructed 1m accordnice with the dicheles of accepted safe proc-

1ice. The vidbration mechine used n determining the natursel frequencies of

vibration o7 the var.evs cosponceate arvecred to be a practical oae and its accuracy

g

quesiinned by tne faciory or by t..e Devartmert of Commerce. It had been ir
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z long veriod of fime end vas ol the tyve used by other aircralt memfac-

o
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turers. Tre Department of Commerce :s and Las been making a ressarch sbudy look
mg to the elimmmation of structuwal failure 2s fthe result of flutter and in this
study lhes had ond urdoubtedly 11l contirue to have full eooperation from the
nlugtry. The Denart-ent ol Commerce is acquiring new type mackines for measiring
natural wrriods of vitratina., Thaese meenines or iheir exact ecur—alent vi1ll De

rade nvailable <o or by the industrye Ag a0 ermamnie of the indusiryle cooper-

ation, 1% moy be aoted thot the manulzcturer's Assistant Chief Engineer testziied

"Ia gonclusion T vash to stete For the benefit of taes Board and any
other interested parties that 25 scon as the Lockheed Company learned of
the zceideat whicn occurred tn Plans 86 rad the censeguent element of
deubt whick was raised s to the pogsibility of flutter heing induced in
the a1l surfaces, 1t 1rmecdistely toolr steps o eliminate such a possibil-

.,

g the surfaces in such s

1tye This has been accomplished by re—designin
nanner that the normel frecueacies of the component parts are as Tar

epart as 1t 18 phys:iecally possible to malte them."
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As has been indicated, 1% 1s the opainion of tae Iaovestigeting Board that the

probable cause of this accideat was strvctunicl foilure of the vpper vertical lins

and rufders Cue to Tluiter which resvlitcd in o loss of control of the aircraft.

Advigory menmberv:

Fred B. Sheriff,
Commissioner of Aeronzutics
for vhe State of Montana.

Technical advisor:

Jesse W. Lankford,
Chiel, Accident Analysis
Section, Bureauw of Air

Cormerce, Departacat of
Commerce.

APPROVED:

Daniel C. Roper,
Secretary of Coomerce.
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esoectiuily submitted,

1ilser C. Fositer, (Chairman)
Assistent to Assistant Secretary

of Commerce, Je e Jolinsoa.

E. A. Peleruan, Chief, Wes: Coast
Br-oncn, Arreralt airrvorthiness Sechg
Burean of Air Commerce,

Denarinent of Commerce.

Robert I. Hazen,
Airline Inspector,
Buresn of Air Commerce,
Department of Commerce.
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