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CONDUCT OF INVESTIGATION

An accadent involving axrcraft NC 21712 occurred in the vicinity of Moorhead, Minnesota,
on Ocloher 30, 1941, akout 2 04 a m 1/ while the aircraft was being operated in scheduled
air carrier service between Chicago, Illinois, and Seattle, Washington, as Trip 5 of North-
west Airlines (hereainaftler referred %o as "Northwest") The acczdent resulted 11 the destruc-
tion of the airplane, death to the 12 passengers and 2 members of the crew, and injuries to
one member of the crew The Washington office of the Civil Aeronautics Board (hereinafter
referred to as the "Board"} was nctified of the accidenti by 1ts Senior Investigator stationed
at Chicago immediately after he had recexived notifaication of the accident by telephone at
approximately 3 25 a m on QOctober 30, 1941

Inspection and Freservation of the Wreckage

Immediately after receivaing this notification, the Board initiated an investaigaticn in
accordance with the provisions of Section 702 (a}(2) of the Civil Aeronautics Act of 1938,
as amended (hereinafter referred te as the "Act") As soon as possible after receiving
notification of the accident, the Board's Senior Investigator at Chicago called the County
Attorney of Clay County, Minnesota, in which county the accident had occurred, and reguested
him to make arrangements to provide an official guard for the wreckage until the investigator
could reach the scene of the accident This request was granted and the investigator pro-
ceeded 1o the scene of the accident, arrivaing there about 2 00 p m , QOctober 30, 1941 He
immediately itook custedy of the wreckage and ascertained that the guard which had already
been provided by the Sheriff of Clay County would continue to guard the wreckage A prelim—
wnary investigation made by the investigator upon his arrival indacated that ihe wreckage
had not been disturbed The guard was malntained until the inspection of the aircraft was
conpleted and the aircraft released to Norihwest

Publi¢ Hearing

In connection with the investigation of the accident, a public hearing was held at
Moorhead, Minnesota, on November 3 and 4, 1941 Stuart G Tipton, Assistant General Counsel
of the Board, was designated by 1the Board to preside as examiner at the hearing He was
assisted by Frank E Caldwell, Chief of the Investigation Division of the Safety Bureau,
William Butters, Senior Investigator for the Safeiy Bureau at Chicago, and B € Haynes, Aar
Safety Specialist i1m Meteorology of the Safety Bureau

All the evidence available to the Board at the time was presented at the hearing
Testimony was glven by 21 witnesses and 19 exhibits were received in evidence  Since Captain
Clarence Bates had received injuries ain the accident and was confinmed in a hospital at the
time of the hearing, the examiner adjourned the hearing to the hospital and took his testi-
mony there

While the examiner and the representatives of the Safety Bureau were the only ones
designated to ask questions directly of the witnesses, the examiner, acting under instruc-
tions of the Board, announced at the opening of the hearing that any person who had any
evidence, questions, or suggestions for consideraticn in the proceedings maight submat them to
the examiner Accordingly, 19 written questions were submitted and were asked of the appro-
priate witnesses

1/ All times used herein are Central Standard unless otherwise indicated
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Upon the basis of all the evidence acoumulated in the i1nvestigation and hsaring, the
Beard now makes 1ts report in accordance with the provisions of the Act
II
SUMMARY AND ANALYSTS OF THE EVIDENCE
Air Carrier
Northwest, a Minnesoia corporation, was opsrating at the time of the accident as an air
carrier under currently effective certificates of public convenience and necessity and air
carrier operating certificates theretofore 1ssued to 11 pursuant 1o the Act, authorizing it
to enpage in air transportation with respect to persons, property and mail on various routes,
ameng them being the route betiween Chicago and Seattle via numerous intermediate points in-

cludig Minmeapolis, Minnesota, and Fargo, Norih Dakota

Flight Personnel

Cn the flight in question the crew consistied of Captain Clarence F Batles, First Officer
Alden Onsgard, and Stewardess Bernice Blowers

Captain Bates, who 1s 41 years of age, had, at tre time of the acocident, accupulated a
total of approximately 7000 hours of flying time, of which about €000 hours had been with
Northwest He had served as a first officer for Northwest from June 1, 1932, until November
17, 1935, when he was advanced to captain Cf his total time as captain, 275 hours had been
on DC-3's Company records do not show the amount of Captain Bates' instrument time and
singe his personal log books were burned in the accident it is necessary to rely upon an
estimate on that point Capiain Bates estimated that he had approximately 1500 hours of
instrument flight time and company records show that he had about 21 hours of Link Trainer
time He had undergone an instrument check by the company check pilot on fpril 23, 1941,
and a line check under contact conditrons on Qcteoter 21, 1941, from Minneapol:is to Billings
and 1n both cases he was reported as satisfactory Capta:in Bates' last physical examinatlon
required by the Civil Air Regulations was taken on July 19, 1941, and showed him %to ke in a
saiisfactory physical condition

First Officer Onsgard, who was 25 years of age, had, at the time of the accident, accu-
mulated approximately 1300 hours He bad begun flying for Northwest on May 25, 1941, ana his
total time with that company was approximately 407 hours, of which 387 hours had been in
DC-3 eguipment His personel log book algo having been destroyed at the time of the acci—
dent, 11 1s i1mposgsible to determine definitely the amount of his instrument t.me, but he had
received an ingirument rating from the Administrator of Civil Aerorautics on March 24, 1941,
after successfully completing the required wriftten and flight tests, and had passed an in-
strument flight test given by Northwest prior to his employment He had acoumulated 22
bours and 3% minutes cf Link Trainer time Fairst Qff:cer Onsgard's last physical examina—
t1on required by the Civil Air Regulaiions was taken on June 25, 1241, and showed him 1o he
in satisfactory physical condatzon

Captain Bates had had a rest peraod of more than 89 hours, arnd First 0fficer Onsgard mare
than 30 hours, prior o goung on duly Octicber 29, 1941
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It appears from the evidence that both Captain Bates and First Officer Onsgard were
physically qualified and held the proper ceriificates of competency covering the flight and

equipment involved

Airplane and Equipment

Aircrafi NC 21712 was a Douglas, model DC-34, manufactursd by the Douglas Aircraft
Corporation of Santa Monica, California, and purchased by Northwest on April 25, 1939 it
was powered with two Pratt and Whitney SC3G engines, each rated at 1050 horse power for
take—off, and was equipped with Hamilton Standard, constant speed, hydromatic, full-feather—
ing propellers The hub model of these propellers was 23E50-109 and the blade design was
61534-18  Thas model aircraft and :ts equipment had been approved by the Civil Aercnautics
Administration for air carrier operation over routes flown by Northwest with 22 passengers
and a orew of 3 The airplane had been certificated for operation with a standard weight of
24,400 pounds and provisional weight of 25,200 pounds 2/ The airplane and 1is equipment had
received the cverhauls, periodic inspections and checks which are provided for in ¢ompany
practice and approved by the Civil Aerornautics Administration

History of the Flight

Northwest's Trip 5 of Qctober 29, 1841, originated at the Chicago Munisipal Airpori,
Chicago, Illincais, with Seattle, Washington, as i1is destination Intermediate stops were
scheduled at Minneapolis, Minnesota, Fargo, North Dakeota, Billings, Montana, Butte, Montana,
and Spokane, Washangton Captain Bates and First Officer Onsgard were assigned to operate
ihe flight from Minneapolis to Billings

Trip © was scheduled 1o depart Minneapolis at 12 midnight In planning the flight,
Captain Bates and Northwest's Minneapolis dispatcher had available the 10 30 pm alrway
forecast made by the United States Weather Bureau Staiion at Chicago, which included the
area proposed to be iraversed by the flight and the terminal fcrecast for Farge The area
forecast reported the existence of a cold front which, at ihe time the forecast was made,
had reached Fargeo and was moving eastward at approx:imately raght angles to the airway and
predaicted that the front would advance to near the Duluth, Minneapolis and Des Moines line
by 6 30 a m , Qctober 30 Snow was predicted over northern Minnesota during the period of
the forecast with covercasts at about 500 feet in that area and freom 600 {o 1200 feet 1in the
eastern Dakotas Ii was predicted that in the snow areas of norihern Minnescta visibility
would be from 2 to 5 miles, ingreasipg to over 6 miles to the rear of the cold front Icaing
conditions were forecast i clouds in advance of the froni zn all parts of the area except
northern Mainnescota and Wisconsin where such conditions were expected above 5000 feet above
sez level The forecasi alsc contained a general statement that there would be "icing in
clouds to rear of front", indicating that icing cond:itions might be expected at any aliitude
behind the front No altiempt was made to predict ihe severitiy of these conditions

2/ The "standard weight" of an airplane 1s the maximum allowable weight for landing while
the "provisional weight" of an airplane 1s the maximum allowable weight for take—off
When an airplane takes off with a weight in excess of the designated standard weight,
the weight of the airplane must ke reduced by gasoline consumption, prior to arrival at
1ts next scheduled siop, to ths extent necessary 1o bring 1t withain the standard weight
for landing If sufficient gasoline has noi been consumed between the time of take-off
and any emergency landing, gascline c¢an be dumped by the use of iested and approved
dump valves in order 1o reduce the total weight to tlhe approved gross weighit for land-
ing

20633



-4

The terminal forecast for Fargo predicted low ceirlings of from 200 to 400 fest during
the early part of the period soversd by the forecast but laifting to 600 to 1200 fest about
midnight and to about 1500 by 5 am Visibility was forecast to be from 2 to 4 miles, im-
proving to 6 or more by 1 30 a m

In addation, Captain Bates discussed the weather condiiions over his proposed route with
Captain Delong of Northwest's Trip 2, who had arrived in Minnegapolis while Captain Bates was
preparing his flight plan Capiain Delong stated that be nad encountered light i1ce at 7000
feet above sea level over Fargo and had increased his altitude to 9000 feet above sea level
in order to avoid 1t  Therefore, according t¢ the testimony of Captain Bales and the Minne-
apolis dispatcher, they planned the flight to operate at lower altitudes than usual in order
to avoid the possibility of icing cenditiors The flight plan for the trip provided for
operation between Minneapolis and Alexandria (about 100 miles southeast of Fargo) at 2500
feet above sea level and the remainder of the flight to Fargo at 2700 feet above sea level
The aliztude usually flown along this route, wesibound,; 1s 4000 1o 6000 feet above sea level

Another problem iavelved in the planning of the trip resulted frem the fact that the
weather conditions reporied Irom Fargo at the time the irip was being planrved, were well
below the company minimumg for that point, 1 e , 600 feet ceiling and cne mile visibility
References to the reported weather cobservations from the United States Weather Bureau Sta-
tion at Fargo indicated that for several hours the ceiling at Fargo had been reportea as 100
feet with visibility of half & mile I% had improved, however, untal about 11 30 the weatber
was reported as 300 feel ceiling with 2 miles visibality

In view of this improvement 1in weather corditions at Fargo and the indication in ihe
Weather Bureau forecast that ceiling and visibility conditions would coniinue to improve.
Captain Bates and the Minneapolis dispatcher agreed that it might be possible for the trip
to land at Farge Because of the uncertainty as to whether tne weather at Fargo would im-
prove sufficiently t¢ allow the zrip to land, 1t was cleared by the Minneapolis dispatcher
to land at Fargo upon condition that weather conditions would permat The trip was also
cleared to land at Bismarck, North Dakeots, a stop not usually scheduled on Trap 5, in order
that necessary arrangements could be made 10 provide for Fargo passengers and cargo in the
event that no landing could be made at the latter place The aliernate desigrated for Fargo
was Bismarck and the alternate designated for Bismarck was Dickinson, Neorth Dakota At the
time the irip was being plarned the c¢eiling at Bismarck was repeorted at 1400 to 1600 feel
with unlimited visibility, while the reporis for Dickinson indicated a ceiling of 800 to
900 feet and 7 miles vigibility Tre terminal forecast for Bismarck predicied an overcast
al 1000 to 2000 feet and visibility greater than 6 miles

The traip took off from Minneapolis for Fargo et 12 13 a m with 620 gallons of fuel, 44
gallons of oil, 1R passengers, a crew ¢f 3, and certain cargo on board The total weight of
th airplane at the time of take—off was 25,008 pounds, and thus within the provisional
weight &/ From the evidence 1% appears that the airplane was loaded so that the center of
gravity was well withan the limatations prescribed by the Cavil Aeromautics Administraticn

After leaving Minneapolis Trip 5 procesdsd toward Fargo on instruments at the assigned
altitudes  According te Captain Bates' {estimony, he anticipated ice constantly durirg the

3/ See Footnote 2, page 3 It was anticipated that approximately 135 gallons of gasoline
would be consumed between Mirnespolis and Fargo, thus reducang the total weight of the
aircraft at the time ¢f the anticipated landing by 810 pounds The airplane would there-
fore be brought well within the standard weight by the time 2t reached Fargo
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flight and checked the leading edges of the wings frequently by the use of a flashlight
He turned on the propeller anti-icers leong before reaching the Fargo area because, as he ex-
plained, they must be turned on before encountering ice i1n order to be completely effectave
He did not turn on his de—icer beooits at this time

When he had reached a point about 25 miles southeast of Fargo, he noticed that the
airplane was picking up very light ice "but not any amount to even be bothered about" He
siated that about this time the air-speed indicaters "started letting up and didn't read
accurately" The air—-speed indicator needles indicated about 130 m p b Although he did not
know what the exact reading had been prior to that time he said that i1t had been scmewhare
around 165 m p h and that at any rate the reading had been normal for the altitude ainvolved
He concluded that the pitot {tube had 1¢ed up and decided that he would disregard his air-
speed indicators from that poini on

As 1s shown by the radio log of Northwesi's Farge station and by Captain Bates' testi-
mony, the trip arrived over the Farge radio range stataon at 1 47 am at an altitude of
2700 feet above sea level  Since Fargo is 890 feet above sea level, the airplane was approx—
imately 1800 feet above the ground at this time A short time prior to his arrival over the
range statzon, Captalin Bates had received the report of the current Fargo weather observa—
tion which stated that the ceiling was 500 feet and the visibility 8 or © miles  Thus, at
this time the ceiling was 100 feet below Northwest's authorized ceiling manimum at Fargo
Nevertheless, Captain Bates began a standard let—down-through procedurs He explained this
action by saying in effect that in view of the constanl improvement, which had taken place
during the past few hours in weather conditions at Fargo, he decided to lei down to his
authorized minimums to sse 1f the ceiling had risen in the interim sufficiently to permit
him to land

After passing over the range station at 1 47 a m , he made a left furn o go out on the
west leg of the Fargo radio range in accordance with standard procedure A procedurs turn
was made on the west leg, the ship again passed over the station, and proceeded out the east
leg A gradual descent was begun afier passing over the staiion a second time and was con-—
tinued for about 3 or 4 minutes, according to Captain Bates' estimaie, unt:l he had reached
an altiiude of R000 feel above sea level Durang this descent he engountered light 1ce
He made a procedure turn to ihe right at this aliitude and jusi as he was returning te¢ ihe
leg at the complelion of this turn, he again began descending At this point he directed
Firsi Cfficer Onsgard to l1ei the landing gear down and turn the de-icer boots on While the
rate of i1c¢e accumulation had increased to some extent at the 2000~foot altitude level, Cap-
tain Bates st:1l did not consider the 1cing conditions existing to be sericus enough to cause
any great concern He stated that the air temperature was about 30 degrees and 1dentified
the 1ce as rime i1¢e, "the itype that forms in arregular chunks and irregular chips, little
extensions out on the windshield”

He continued his descent from 2000 feei above sea level at about 400 feet per minute
proceedang toward the station i1n the "4 twilight" of the ¢asl leg unial he reached an indi-
gated altitude of 1500 feet above sea level, when, according to Captain Bates, "we did start
to pick up quite a lot more ice™ However, having on previous flights erperienced what he
considered heavier 1c¢e accumulation, he still was not unduly concerned

Upon reaching 1500 feet above sea level, he had net broken out of ihe overcast, and
since he had resached his manimum altitude of 600 feet akove the ground, he leveled out in-
tending to proceed over the station at this aliitude and if he did not break out ol the
overcast, to proceed io Bismarck  However, as Captain Bates described his experience, just
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ag he leveled cut "the airplane started to act peculiarly and I knew sometbing was ihe
matter I yelled, 'Gear up', to the co-pilet, the 1dea being to keep all the speed I
could possibly get, and T increased to full horsepower to fly straight ahead at 1500 feet
until T could fird out what was the matter the airplane started to flutter or shake,
and the controls worked hard I had dafficulty turning ihe wheel ané the yoke werked
hard fore and aft Avout this time we must have setiled, because I started seeing laights
(probably of Moorhead), saw all the lighis on the horizon, and I knew We Were in a level
position from the instrumenis, and from the fact that the lights were all on the horizon,
and a1t was Just a few seconds after that we crasred I don't rememwer apything from that
tiwe on " Captain Bates also stated that he had the carburetor temperature set at sbout
120 degrees and that when he "increased to full bhorsepower” the engines responded and he
"got all the power that 1t had" He was unable 1o recall definitely whether he had pushed
forward the prepeller patch conirols (thus reducing piich and increasingr p m } &t the same
time he opened the ithrotiles, but he thought ithat he had

About the time Capiain Bates leveled out at 1500 feet above sea level, the indicated
21T speed reached 90 m p h , but because of hig earlier conclusion that the air-speed andi-
cators were 1noperative he disregarded this reading entirely

From the examinat:on of the marks the airplane made on the ground, 1t appears that 1t
struck the ground in an open field ain almost a level attitude, with power on, and at a speed
of appreximately 90 m p b The tail wheel and the tips of the lefi and right propeller
struck the ground almost simultaneously  After making contact with the ground, the air-
plane proceeded forward on a bearing of 206 degrees magnetic and left marks of the propellsrs,
the tail wheel, and the rear radio mastis It ther jumped over a ravine approximately 16
feet deep and 80 feet wide and struck ihe bank on the opposite side head-on It bounced
over the top of this bank to come te rest on level ground just beyond it, right side up and
on a bearing of 235 degrees magnetic The point at which the airplane came to rest is
1-1/4 miles north of Meoorhead, abouit 2-1/2 miles east of Hecter Field +the Fargo airport,
and about 1/2 wile directly south of the centerline of the east leg of tbe Fargo radio
range The east leg of the range, i1n the "A twilighi™ of which Captain Bates had been fly-
ing, has a magnetic bearing of 259 degrees

Irvestigation revealed only one sye-witness to the crasb, Mr E ¥ Gregory A short
time prior to the zccident he was driving south on United States Highway No 75, vhich ruas
directly north and south and passes within a gquarter of a mile west of the scene of the
accident He first saw the airplane when he reached a point about 1-1/2 miles north of the
scene of the ascident His attention was directed to 1t by the sound of motors which appear-
ed to him 10 come from a point almost directly overhead, but on Iooking cut ihe side window
of hig car to his left, he saw the lights of an airplane which he thought to be flying in an
easterly direction less than a mile southeast of Fam At this time the zirplane appearesd to
be flying at a normal altitude He proceeded on for approximately ons mile when he saw the
airplane again, directly through his front windshield, flying a few feai above the ground
and a few seconds later he saw 1t crash It immediately burst into flames so that by the
time he reached the airplane the heat from the fire, fanned by a northwest wird, prevented
him from reaching the cabin door on the south side of the plane He was urable to tesiify
as to the conditron of the airplane at this time except to say that he believed ttat the
nose ¢f the airplane had been broken off He found Captain Bates, who probably had been
catapulted from the cockpit ai the time of i1mpact with the bank of the ravine, close to the
wreckage 1n a dazed and injursed conditaion
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Condxrtion of the Wreckase

The fuselage of the airplane was completely burned back to the leading edge of the
stabilizer and the wing butis were partially melted The leading edge of the left wing and
the de-icer boot were burned and melted and the fabric had been burned off the left aileron
but the aileron hinges and contrcls appeared to be in operating condition While the out-
board section of ths raght wing had not been burned, the leading edge had been damaged from
the wing tip section to a point about 6 feet in toward the fuselage {apparently caused hy
striking trees) The raght zileron was intact and undamaged and the contrels appeared to be
in cperating condition  The flaps were in the up position and the landing gear was retracti-
ed The tail assembly was only slightly damaged.

While the fire had destroyed most of the cockpit instiruments and controls, 1t was possi-
ble to determine the settings or indications of some of them The throttiles were in closed
position, the mixture controls at cruising position, the right propeller pitch control ain ths
2050 r pm position, and the left i1n the 2450 r p m position The pilot's air-speed in—
dicator showed 83 to 85 m p h and the dial reading of the directional gyro was 220 degrees
Both cockpit ¢locks were damaged and burned but :it was possible to determ:ine that they both
had stopped about 2 04 a m The propeller de-icer gauge and valve and the de-icer valve for
the wings and stabil:izer were completely burned and melted so that 1t was impossible to
determine their settings

The left engine rested on 1ts nose in front of the engine mount with all c¢ylinder heads
in the rear bank completiely destroyed by fire The propeller was attached with one blade
pelied off about 8 inches from the hub, another blade was bent and the tip melted, and the
third blade was bent 1n approximaiely a 75-degree curve and was twisted

The right propeller and the nose section of the right engine had broken off and remained
at the point at which the airplane had struck the bank of the ravine and at the time ihe
alrplane came to rest the remainder of the right engine apparently broke free from the engine
mount and nacelle and rolled approximately 15 feet forward of the nose of the airplane

After examination at the scene of the wreckage, the engines and propellers were removed
to Northwest's shops at St Paul, Mannesota, where they were disassembled and inspected by
Mr Earl L Swmith, Air Safety Investigator for the Civil Aeronautics Board, Mr Ralph E
Geror, Superintendent of Maintenance for Northwest, Mr R Paul 0'Neal, Service Representa-
tive for United Aircraft Service Corporaticn, and Mr Chester ¥ Brown, Propeller Divaision
Superaintendent for Northwest The examination and inspection revealed very little evidence
which would indicate whether the engines were producing power at the time of impact, but
nothing was found which would indicate any failure or malfunctioning of either engine prior
to the accident The left engine was so badly damaged by fire that 1t was impossible to
determine whether 11 had been operating at the time of the accident With respsct {o the
right engine, the condition of the reduction gear splines and of the propeller governor,
and a sheared generator, indicated that the propeller was rotating at the time of impact
Whether this rotation was undsr power, or merely windmillang, could not be determined from
the inspection of the engine

Damage to the gear segments, blade bushings and rotating cams of the propellers, and

spader arms bent from 0 002" to © 010" out of their planes, 1ndicated that breakage had
occurred as a result of sudden stoppage of rolation
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The gear segmeont on the end of each hlade of sach propeller was broken beiween the fourth
and fifth teeth, indicating that the propellers were in low pitch at the fime the breakage
occurred

Careful inquiry was made of persons who arrived at the scene of the accident shortly
after 1% occurred in order to determine, 1f possible, the extent of 1ce accumulation on the
arrplane at tbhat ftime Mr Henry Olson, a mechanic¢ for Nortbwest, stationed at Fargo, was
found to be the first person to have made a careful cobservation of i¢e accumulation He
arrived there at approximately 2 30 a m and obgerved that there was a coating of rough i1ce
on the de-icer boot of the right wing ranging from 1/2 1o 2 inches thick and extending from
a point about 8 feet outbeard of the landing light to the wing tip He described the i1ce as
"white and snowy"” He also observed some 1ce of the same type lying bkeneath the right
airleron but was unable to testify with respect to any i1¢e which may have been accumulated on
the stabilizer Mr Olson dad not believe that the 1ce he observed had been affected by the
fire since 1t had been on the windward side Mr Olson's iestimony was corroborated by Mr
Filoyd Berglund, an apprentice mechanic of Northwest at Farge During the period frem the
time of the accident until the arrival of these witfnesses at the scene the temperature was
abont 32 degrees -

Weather Ceonditions

Reinhart ¢ Schmidt, Supervising Forecaster at the United States Weather Bureau Station
in Chacago, and B C Haynes, Air Safeily Specialist in Meteorology for the PBoard, tesiified
with respect to analyses they had made of the weather conditicns éxisting in the area trav—
ersed by the flight about the time of the accident From this testimony i1t appears that
the cold front whaich had been moving easiward at 15 to 20 m p b had reached St Cloud,
Minnesota, about the time of the accident with the frontal surface sloping back westward so
that over Fargo 1t lay at an altitude of approximately 3000 feet above the ground at this
time In advance of the frort, the wind direction was south-southwest and to the rear of
the front nerthwest, Fargo reporting a northwest wind of 17 mp h about ihe time of the
accident In advance of the front the temperatures were above freezing up 1o approximately
4000 feet ahove sea level At Fargo 1in the rear of the front, the ground temperature at
1 30 am was 33 degrees, lowerirg to about 32 degrees at 300 feet above the grourd, 30
degrees at 900 feet, and to a minimum of 28 or 29 degrees beiween 1500 feet and the fronial
boundary, where the temperature probatly increased to above freezing

These witnesses agreed that the atmospheric conditions near Farge, as above descrabed,
were favorable to the formation of ice just above the base of the overcast, since the ter-
perature was below freezing and, by reason of the relatively strong northwest wind, sone
turbulence could be expscted However, neither could expre-s an opinion as to the severiiy
of the icang conditions to be enccuntered there

Mr Haynes testified that 1cing 1s usuvally greatest in a freezing rain area Or 11 a
long and active cold front and that the high moisture content or the c¢louds near the base
of the overcast would render conditions there similar to those encountered in a freezing
rain Mr Haynes was of the opinion that the 1ce accumulated in this area would be a soft
type of clear ice but would accumulate in a jagged form

Filight Tests

The behavior of the arrplane, as described by Captain Bates, suggested stalling of the
inner sections of the wing, witb buffeting as a result, but 1t gave no clue to the reasen
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for the appareri development of vzolent bulfeiirg after the power was applied, or to ihe
failure ol the applicatzon of power to check the descent of the narcraft  With throtiles
fully open, an aircraft with the general characterisiics of the DC-3 would ordinarily be
expectied not only to maintain altitude but to climb, even at a speed very nesar the stall,
and 1% 1s the common charactsristic of multi-engine aircraft of this general form that they
are much lesg susceptible to buffeting with power on than with power off It 1s for that
very reascn, indeed, that such aircraft as ine DC-3 are more liable to stalling of the wing
t1ps, wxth resultant uncontrollable areppang of the wing, in the power—on condition than in
that with power off In the latter c¢ase, buffeiting due to stalling of the inner part of
the wing gives the pilct a warning which 1s ordinarily much less apparent, 1f not entirely
lacking, when the aircrafi approaches the siall with power on

Captain Shank, check pilet for Northwesi, testified that he had encountered simila:
gonditions in his experience with Douglas aircraft  Captain Shank has logeged a tetal of
approximately 13,500 hours sole flight time He has had between 2000 and 2500 heours in DC-3
airplanes, of which approximately 1600 hours were spent checking pilots He has checked
between 50 and 60 pilots in stalls and recover.es, the check for each pilet including a
manimum of 48 stalls and recoveries and for most of them a check in about 75 stalls and
recoveries

Captain Shank tsstified that in this pilot checking experience he had observed ithat, in
attempting to reduce loss of altitude io a minimum, occasionally a pilot would apply fulil
power when the airplane had reached a nearly stalled condition and rapid cescsnt had begun
Occasionally in ihese instances, at an arr-speed i1ndicator reading cof from 55 T0 90 mp h , a
terrific buffeting occurred about concurrently with applacation of full power During this
lateral and directicnal contrel were retained, although with dafficulty, but an uncontrelled
descent tooh place In order to avoid a prolonged and severe strain on the girplane, this
condition was not permitted by Captain Shank t¢ coniinue for any great length of time, re—
covery being effected by dropping the nose of the airplane, thereby increasing air speed
Little had been known about this tendency or characteristic ¢f the airplane, accerding to
Captain Shank, Mr Marshall and Mr Ferguson, and it had been believed that ihe application
of power would pull ths axrplane ocut of the condition described without 1t being necessary
to drop the nose i

A series of flight tesis were accordingly planned, wath the object of simulating the
behavior of NC 21712 immediately prior to ths accident, as described by Captain Bates, and
discovering any relation which might exist beiwsen the behavior during the agcident and that
shich had previously been encountered in test and check flighis by Captain Shark  The %tesis
were made on November 28 and Descember 2, 1941, at Minreapolis, Minnesola, and were witnessed
and participated in by Frank E Caldwell, Chief, Investigation Daivision of ithe Safety Bureau,
and the following personnel of Northwest Captain Clarence F Bates, Captain Eugens S
Shank, W Fiske Marshall, Div.sion Saperintendeni, Kenneth R Ferguson, Assistani to the
Vice Presicent 1in Charge of Operations Karl Larson, Chief Engineer, and Don Jones, First
Officer The data accumulatsd 1in these tests and testimony of the participating witnesses
were incorporated in depositions taken at St Paul, Minnesota, on December 1 and 3, 1941,
which thercafier were made a part of ths record of the investigation The tests have not
been fully worked up as yet, and are to be amplified by further studaies, bui certain general
conclusions can be drawn, and will bs discussed berein

The airplanes used were DC-3's, c¢wned by Northwest, and they were piloted by Captain
Shank The gross weight and ¢ G Lecation were kept as nearly as possible identacal with

those of the airplane invelved in the accident The general procedure in the tesis was to
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bring the airplane up gradually toward the stall, while fly:ng wiih reduced power (20 to 29
in manifold pressure), until siight buffeting became apparent  The landing gear was then
retracted and full power applieu 16 both engines, the conirols being used 10 maintain approx-
imately a level attifude with respect to the horizon

Follewing the application of power, the buffeting ingreased sharply, and in some cases
became quite violent Instead of flattering out the flight patbh and beginning tc c¢limb, as
would nermally have been expected, ihe airplane lost altitude rapidly, the rate of descent
seeming typically to stabilize at about 1500 feet per minutie, though rising at times to 1800
The airplane could be kept in a constant attitude with respect to the herizen, and on i1ts
course, by normal use of the three controls, although the maintenance of lateral equilibrium
required constant aleriness and much rapid and exlreme movement of the ailerons, and the
elevator also required constant manipulation to hold a constant attitude

Subject to this necessity for congtant use of the contrels, i1t appeared that the air-
plane could be kept for an indefinite length of time i1n the attitude that produced the
buffeting and the rapid descent despite the use of full power The readings of the air-
speed indicator during the descent varied beiween approximately 63 m p h  and slightly over
8 mph , 4/ and the artificial horizon maintained an 1indication of approximately level
flight To regaxn normal flight 1t was found necessary to push the control column forward
enough to change the attitude of the airplane with respect t¢ the horizon by approximately 4
to © degrees

Captain Shank i1dentified the maneuver as the cne that he had previously experienced in
checking pilois on stalls Captain Bates, who took the contrels during one of the tests,
testified that the feeling during the tests was quite like that shortly before the accident
"In the accident at Fargo," he said, "I do not remerber this severe fighiing ¢f the controls
to keep the airplane level, but I do remember the similarity beiween the way the airplene
felt according to my last recollection in ithe accident at Fargo and in the way the airplane
felt in our fest the other day That buffeting was very similar to what I eXperienced
at Fargo " He stated also that the approach to the stall and the begimnning of the buffeting
in the tests were very similar to the beginning of the condition which he experienced pre-
ceding the accident

The tests included trials with the de—icer boats in operation, and witd power applied
on one engine only The resulis an those cases did not differ, in any substantial respect,

from those previously recorded

As the failure te realize the anticipated checking of the descent by the application
of power suggested a failure to secure the expected increase in propeller thrust when the
throttles were open, the propeller performance was made the subject of special investiga—
tion  The propeller pitch was measured during the various stages of the maneuver of stall
and recovery, and with various seitings of the propeller pitch control Certain of the test
data are tabulated in an appendix fto this repori, and indicate a substantial zncrease in the
piich angle of the propeller afier power was applied

4/ The power—-off stalling speed of a DC-3 with flaps up 15 approximately 80 mp h  The
power—on stalling speed would be appreciably lower, but 1% 13 well known that air-speed
meters are prone to read scmewhat low at speeds near tte stall, becazuse of the manner
of irstallation of tneir recordang element, and the read:ings during the tesis may also

have been affected by thre violent vibrations of the airplane
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The analysis of the problem, as previously indicated, has not proceeded to the point of
making any final conclusion possible, but iwo alternative explanations of the behavior of
the aircraft are immediately apparent The explanation might lie either in that (1) the
arrplane was so completely stailed, at such a large angle of attack, that the power required
to maintain level flight would have been more than the power plant could supply even with
the engine and propellers functioning perfectly, or (8) the particular conditzons of the
maneuver may have so adversely affected the functioning of ithe propellers as to prevent them
from developing the thrusi which would normally be anticipated

Each of these alternative explanations presenis certain difficuliies If the wing had
been sialled %o the degree that the first explanatior would have reguired, 1t 1s hard to
conceive of the airplane having been kept continuously under control during the descent
The normal consequence of such a complete stall would be the dropping of ore wing tip, with
the recovery of normal attitude only after a dive 1o gain speed and escape the stalling atti-
tude Also, the farst of the alternaftive explanations would fail to account for the violent
increase in buffeting as power was applied

The second explanation, that relaied to the prepeller, presents the difficulty that af
the propeller blade sections had been stalled and the propeller efficiency correspondingly
lowered during flight at stalling speed, at full power, and with the rp m of the engine
equal to the r pm normally used 1in a take-off, the same phenomenon would be expected to
appear 1n an even more severe form during the take—off 1tself, and i1t would become almost
impossible 1o gain the speed necessary for take—off There 15 no immediately apparent ex-
planation for a leoss of propeller thrust at an intermediate speed, 1 e , at the stalling
speed without any corresponding difficulty being encountered either at lower or at higher
speeds In view of these difficulties of explanat:ion, we arrive at no definite conclusion
here, but merely present the facis as so far encountered

Conduct of the Flight

As indicated previously in this report, we have determined that the aircraft had been
properly maintained and inspected in accordance with the requirements of the Civil Air Regu~
laticons The evidence has disclosed no indication of structural or mechanical failure of
the aircraft until 1t crashed with power con 1n the vicinity of Mocrhead, KMinnesota, and we
conclude that 1t was in an airworthy condition pricr to that time It has been determined,
also, that the aircraft was properly loaded and 1t appears that 11 had ample fuel for the
flight It 15 clear from the evidence that the radzo range and cother radic facilities in-
volved, operated and maintained by the Civil Asronautics Administration, were operaling
normally duraing the flaght

In seeking to determane the cause of the accident, we must consider first whether, under
the weather conditions which exisied at the time, 1t was proper to dispatch the flight from
Minneapolis to Bismarck with clearance to land at Fargo in the event that weather improvea
to permit a landing under ceiling and visibility conditions at or above prescribed minimums
It appears from the evidencs that ihe observed weather information and current weather fore-
casis gave suffzcient indiycation at the time of clearance ithat the ceiling and vasibilaity
at Fargo probably would be at or above the prescribed minimums when the flignt should arrive
at that point We conclude, therefore, that the clearance was accomplished in accordance
with Civil Air Regulations and that 2t 1s not subjeci to criticism

It remains to be determined whether the dispatcher, in failing to dairect the pilet to
proceed to his alternate prior to the arrival of Trip 5 in the vicinity of Fargo, and Captain
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Bates, in lettaing down to the prescribed minimum altitude io determine wheiher he might
land, exercised sound judgment and a proper degree of cautaion

In considering this question 2t should be observed at the ouiset that it has beconme a
rather common practice for airline pilots to engage in what 15 descraptively known as "tak-—
ing a look" In brief, this practice consists of letiing down, when approaching an airport
at which the United States Weather Bureau has reported the ceiling or visibilaty below
minimumns for which landings are permitted, to the aliitude prescribed as such mEinimum ceil-
ing for the purpose of enabling the captain to observe the condition of visibilaty and
ceiling from the cockpat If, upon reachang the minimum prescribed ceiling altitude, the
captain finds that he has visval contact with the ground sufficient for a safe landing, a
landing may be effected If that proves not to be the case, the captaan reiurns io cruising
altitude and continuss on to an approved alternate  This practice has not besn expressly
prohibited by the Civil Air Regulations or otherwise It is evident, therefore, that neither
the failure of the dispatcher to direct Captain Bates to preceed to his alternate, nor the
action of Captain Bates in descending al Fargo, constitiuted a violation of regulations

It 1s obvious, however, that even in the absence of any prohibitoery regulation the
question whether it 1s proper, under any given weather conditions, to let down for the pur-
pose of determining whether a landing might be made must be decided in ihe laight of aill
weather factors existing at the particular time and place When Trip 5 reached the vicinity
of Fargo, the continued existence of a critical cealing was not the only adverse weather
factor involved The existence of a cold front moving eastward had been well established
and was known by the dispatcher and Captain Bates  They knew, or should have known, that
Fargo was to the rear of this cold front and that ieing cond:itions and perhaps freezing
rain would occur at various points, particularly near the base of the overcast in the rear
of the front With only siight variations the temperature at Fargo had remained at, cor
close to, the freezing point for a considerable period and an addifion the dew point had heen
approximately the same as the temperature Moreover, the dispatcher and Captain Bates must
have realized that the iemperature which would be encountered near the base of the overcast
in the vicinity of Fargo would be lower than the ground readings at that point  Furiher-
more, Captain Bates had already encountered ice The dispatcher and Captain Bates should
have realized that a marginal ceiling in c¢ombainatron with -i1cing conditions constituted a
very great hazard tc any attempt to land Under all these circumstances, therefore, the
dispatcher, in failirg to direct Captain Bates 1o proceed 10 his alternate, and Captain
Bates, in descending for a possible landing, failed to exercise sound judgmenit and a proper
degree of caution

Thus far we have determined that the descent for a peossible landing at Fargo was un-—
Justified and that Captain Bates and the dispatcher were at fauit in that regard This may
be considered to have contributed to the cause of the accrdent, bui in order to determine
precisely the probable cause of the accident, we must go further and inguire into the cause
of the partial loss of contrel of the airplane A careful consideration of the evidence has
satisfied us that the partial loss of control was not caused solely by the i1ce which had
been accumulated on the airplane A collection of xce upon airplane surfaces is not an un-
common experience and, while i1t 1s to be avoided to the fullest extent possible by the exsr-
cise of great caution, in the nature of things i1t cannot be eliminated entirely Although
the amount of ice which had been accumulated on the airplane was substantial, experience has
demonstrated that aircraft may safely be flown with a far greater accumulation of ice than
that which obtained in this case  The testimony 1n the record of this accident, as well as
general knowledge previously acquired, convincingly shows that the accident was not caused
solely by ice It 13 equally clear, however, that the amount of 1ce which had been gathered
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by the azrplane was sufficient to affect mater2ally the flight characteristics of the plane
The effect of such 1ce 1s tc reduce air speed and increase the sialling speed

Considering all the evidence, 2t 1s our conclusion that the uncontrollable descent of
the airsraft was primarily caused by a stall of the type which was repeatedly produced in
the tests made following the accident and described herein Captain Bates, during the tests,
noticed only two features for which he recalled no strict parallel during the eXperience at
Fargo {1) the necessity for constant rapid movement of the aileron controls, and (2) the
sensation of loss of speed With respect to the first point, however, Captain Bates re—
called a sensation of uncontrollability of the airplane immediately prior to the accident
and that his "main idea was to keep 1t level” His absence of any specific recollection of
having made vigorous use of the controls for that purpose does not seem significant in view
of the ¢obvicus difficultly of recalling every detairl from a time of such stiress, and i1mmediate-~
ly prior 1o the pilei's having suffered a staggering blow on the head

With respect to the loss of speed, the pilot’'s sensations alone, while flying in a
closed cockpit, could hardly be a reliable guide, and Captain Bates, having concluded that
his air-speed indicators had been disabled by 10e, was disregarding their indicaiioms

The 1increase of power, from the amount ordinarily used during an approach to the maximun
possible, would ordinarily be expected to change the rate of vertical motion of a DC-3
airplane, at a constant air speed, by at lesst 800 feet per minute 5/ The atiempt to fly
straight ahead, using full power to check the descent, was consistent with the normal prac—
tige of highly sk:iiled pilois, although the violent shaking of ithe airplane, typically char—
acteristic of close approach to a stall, might well have suggesied, waithout any reference
whatever 10 the conditions under which the propellers may have been operating, that the rate
¢f descent could have been reduced by increasing the speed to a walue nearer that corres—
poading to the best angle of climb (at least 25 percent above the stalling speed) It must
be admiited, however, that 1t 1s not easy even for a skilled pilot when already at a low
altitude and approaching the ground rapidly, %o overcome the i1nstinctive tendency to try to
pull the nose of the airplane up away from ithe ground, and follow instead the correct course
of pushing the contrel forward and nosing the airplane down with respect to ihe horizon in
order that the flight path may be brought nearer to the horizontal

111
CONCLUSTON
Findings
We find upon all of the evidence available to the Board at this time that the facts
relating to the accident invoiving NC 21712 which ocourred approximately 1-1/4 miles north
of Moorhead, Minnesota, on October 30, 1941, are ac follows
1 The accident which ocourred at approximately 2 04 a m on October 30, 1941, fo
Northwest Airlipes' Trip 5 resulted in complete destruction to aircraft NC 21712, fatal

injury to the 12 passengers and 2 wembers of the crew, and injury to one member of the crew

5 At the time of the accident, Northwest Airlines held a currently effective ceriifi-

5/ e 5., to convert a rate of descent of 500 feetl per minute into a rate of cligb of 300
feet per minute
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cate of public corvenience and necessity and an air carrier operating certificate authoraiz-
ing 1t to conduct the flight

3 Captain Bates and First Officer Orsgard were physically qualified and held proper
certif:cates of competency to operate as air carrier pilots over the subject route

4  Aircraft NC 21712 was currently certificated as airworthy at the iime of the aceci-
dent

5 Trip 5 was cleared in accerdance with company procedure from Minneapolis, Minnesoia,
to Bismarck, North Dakota, wath clearance to land at Farge, MNorth Dakota, 1f weather condi-
tiors there would permit The aliernaie designated for Fargo was Bismarck and the alternate
designated for Bismarck was Dickirson, North Dakota

6 At the tame of departure from Minneapeolis, Minnescta, and at the time ¢f {ihe acci-
dent, the gross weight of the airplane did not exceed the permissible gress weight and its
icad was properly distributed ,

7 At the tire of departure from Minneapclis, Minnesota, the aircraft carried suffi-
¢-_ent fiel to permit flight at rermal cruising power to Fargo, Nortr Dakota, or to Bismarck,
North Dakotaz, and thereafter to permit 1t to proceed to 1ts alternate airport with surficient
f.el still remairing in the tanks for about 3 hours of flight

8 Weatbter forecasis reporied the existence of a cold front which had reached Fargo,
North Dskota, ard was moving eastward Before Trip 5 deparied Minneapclis, the ceiling at
Farge had teen reported as varyaing between 10Q and 300 feet The terminal forecast for Fargo
pred.cted that the ceiling would 1.ft to €00-~-1200 feei about midnaight

9 At the time the trip was teing planned the ceiling ai Bismarck, North Dakota, was
reported as 1400 to 1600 feset with unlimited wvisibilaty The terminal forecast for Bismarck
predicied an overcast at 1000 to 2000 feet and visibility greater than 6 miles

10 Trip 5 proceeded normally from Minpeapolis, Minnesota, *to Farge, North Daketa,
accumglating light i1ce on the airplane upon approaching that point Upon the arraival of
Trip 5 1n the vicinity of Farge, North Dakotia, the ceiling remained about 100 feet Lelow
tre prescribed minimum for landing .

11  After arrivarg 1n the vicinity of Fargo, North Dakota, and descerding from cruis-
wng level fto aboutl 2000 feet above sea level, 1t was noticed that the airplane was taking on
censiderably more 1ce and the de-icer boots were turned on

12 Captain Bates made a normal descent to approximately €C0 feet above the ground, at
which point, while sti1ll on instruments, he leveled out Immediately the airplane "started
to act peculiarly”, and Captain Bates applied full power & severe buffeting condition
commenced and the airplare began an uncontrolled descent, continuing until 2t struck the
ground 1n an almest level attitude with a forward speed of approximately S0 mp h

13 There was no structural or power plant failure prior to the accident
14 The engines were functicning normally at the trme the aircraft struck the ground

15 Whale 1cing conditions existed over the route, the dispatcher farled to recognize
the seriousress of that cordition at the tase of the clouds in the Fargo area and as a re-
/
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sult did not direct Captain Bates io proceed te his aliernate
16 The actien of Captain Bates in continuing his descent over Fargo after encounter—
1ng more ssvere 1cing conditions than had existed at cruising altitude was not consistent

with good operating practices

Probable Cause

Upon the basis of the foregoing findings and of the entire record available at this
time, we find that the probable cause of the agocident Lo airgraft NC 21712 (Northwest Air~
lines' Trip 5} on October 3Q, 1241, was the failure of the aircraft, when the inboard por-
tions of the wings were stalled, to respond to the applicaiion of full power in the manrer
reasonably to be expecied an the light of the aeronautical knowledge then available

Contrabuting Factors

1 Acoumnlation of 1ce on the wings and other surfaces of the airplane, increasing the
stalling speed and the drag of the airplane con the power required to maintain flight

2 Failure of the captain, due to his having lost confidence in the air-speed meters,
to realize his close approach to a stalled condation

3 Action of the captain in descending to attempt s landing at Fargo with known icing
conditions and critical ceiling corditions, instead of proceeding to an available aliernate

4 Fazlure of the dispaicher to recognize the seriousness of weather ccondiiiorns in the
vicinrty of Fargo and to direct the pilot to proceed to his alternate

Comment

1 Because the investigatizon of this accident, and the tests described herein, appeared
to have revealed a flight characteristic of the DC-3 airplane whaich had not been recognized,
the Board, shortly after the tesis were conducted, circulated to the industiry the informa-
tien then available with respect to the observed effects of the application of full power
under the conditions described and the apparent indispensabilaty of depressing the nose of
the airplane in order 1o reduse the rate of descent even after the application of full power
As we have indicated earlier herein, further studies are being made for ihe purpose of ex—
plaining the behavior of the airplane  Any further information, discovered during the study,
which may appear to be helpful to the industry likewise will be circulated

2 It appears that the practice of letting down to "take a lonk", when weather condi-
tions at the point of intended landing are officially reported to be less than prescribed
pinlmuns, may at times create a serious hazard  Accordingly, the Civil Aeronautics Board is
now considering a regulation which would prohibit that practice
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BY THE CIVIL AERONAUTICS BQARD

/s/ 1, Welch Popue

L Welch Pogue

/s/ George P Baker

George P Baker

- /s/ Harllee Branch

Harllee Branch

/s/ Oswald Ryan

Oswald Ryan

. /s/ Edward Warner

Edward Warner
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