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ihe accident

Horthwest Airlines' Flight 103, a “lartan 2u2 aircrsft, M-3051,
crashed during tekeoff from the Billings .lunicipal sirport, Eallings,
. 1
ontana, at 14027 Sentember 4, 1¢50. Yone of the 15 pasSengers or crew
of three were anjured. Aircraft dz uge was confined to trhe risht wheel
asserbly, the risht vang and engine nacelle, and vropeller blades.

History of the Fliths

Flagat 1C3 departed on schedule at 0815 “eptember 4, 1$5J, from
- 1nneapolis, Tinnesota, for Seattle, ~ as.angton, and interediate stovps.
o dafficulty was experienced during the first segment of the trip to
Ballings, 'ontana, where - routine chmnge of crev was made. The i1ncoming
capbain reported the aircraft to be necnanically W1l right for the
remeinder of the route to Seattle., Lthe new crev, consisting of Gepuaan
ira Bortles, Conilot Brooks Johnson, and Stewardess Adrianne Dietz, itoxied
cut for takeoff to Bozeman, ‘ontana, ot 1355,

On board were 15 vassengers, ~CO z-llons of fuel, and 45C no.wnds of
cargo, vhich resulted in o cireraft - eight of 35,259 pounds. This

weight vas ell -2thain the 2llo able lamit of 33,760 —ounds, “na the

1/ 41l times refcrred to herein are “ountain Standard and b.sed on tne
2Z~hour clock.
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arrcraft was properi;” loaded. The e was a clear sky, good visibility,
and the temperature was 9 degrees. Copilot Johnson, vho was sealed
on the left or pilot's side of the cockpit, varked the aircraft at the
soutlwrest end of Runway 4 vhere he and Captain Bortles completed the
"belore takeoff check." During this check both engines operatad nermally
and no trouble mas found in the oparation of any part of the arreraft.
In rasponse to their regusst the tover clearsd the flighit for taxkeoff,
reporting the vind to be from the nortinertheast at fave ralss per hour
and the altaineter sct.ing to be 254 7.

ihrottles were auvancad, bat befcre the a.rcrait had rolled far,
aluz smoke was noticed betieen tne rudder pedals on the leftv side of the
cocknit. 'hen the aircraft had prozgressed aoout 1/2 of the - ay dovn the
rumay, and vaen 1t had accelerated to an air spead of anproximately £0
rmilzs per hour, a largs puff of ths blus smok:e suddenly filled the cock-
pit. Accompanying 1t tas a sharp odor of burning. Tnrottles ware
r.tarded and brakes applizd to disgontinu: takeoffs PFrakces vzrc effsctive
only mementarily. There was only slaizht d:ecleration, sad che aireraft
contnued v1th spezd unchecksd toward the end of Rum ay 4, vhichk uis
2,00 fiet long.

wmrvay 4 at Billings ras a domhill gradient vhich ancreases fronm
1.G percent at the aprroach .ndé to 3.11y parcent at the northeast ends
It scemed to the creir that becausce of this dovn grade the aircrafi
actually inecreased in gpeed alter they discontinucd takeoff. As scen as
1t became apparcnt that brakes were uscless, Captain Bortles appilicd

full reversc thrust and inslructed Copilot Johnson to stecr the aircraft
/



by the nose vheel control. b~ sver, the nose vheel steering control, as
were the brokes, was totally ineffective. Both pilots then observed
that the hydraulic pressure in ihe mzin and smergency systems had drepoed
to zero. As the aircraft progressed over the runway, 1t turned slightly
to the lelt and went off the paved area 1,074 feet from tne northeast
end. Since the ground was hard snd dry, no ~ppreciable loss of speed
resultea Ifrom leaving the paved runway 2nd rolling onto the dirt surfaces
By application of revarsz thrust tne asreraft ias slo ed to about 15
miles pes hour, After tnat, aven reverse thrvst seemed %o be ineffective.
At reduced smeed the aircraft contigaued Lo roll to ard the norsheast
bowndery of the field vhere thz zround level dropned sharpiy in a bluff.
In anticipation of rolling over this pluff, tne cre. turned cff all
cslectrical svitches and fuel wvalvas, PBeiore the aircraft reached the
oluff, however, 1t struck a cement culvert and 1light stondard. 4s a

result, the right main landing gear feiled to the reor vhich permitted

ol

the right vaing tc touch zround. This turnzd the aircraft slightly to
the right ond brought 1t to a full siop.

Al) passengers lelt the aircraft through thz for ard cargo deor and
the emergency <xits. +he main cabin door znd ramp covid not be loered,
since the tail secbion of the caircraft vhere the ramn 1s leocated vas
resting on the ground. No one receivad any injuries and thers veos ne firce

Investagation

o aaireraft come $o rest 155 feet to the left 2nd abeam of the
northeczst end of wumray 4. The rizht landing gear -ras found breken from
1ts fatting osnd folded reamrm ard into ths raght {lap vwhich wis extanded

in the take-off posaticne. The right »1az tip was badly damoged, and the
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leading edge of the rignt waing betwecn the engine nzcelle and the qing
tip wis ciushed, hov sver, there i28 no damage to the wing sovars. 3Soth
the nose and the left landing gear essaemblies ramained extended ond un-—
daoirgeds Considersble crushing reaul ted to the covling and oil coolar
cf the right engine. All blades of the propcllars vere tiisted and bent
nzar the tips.

No evadonce of braking action rms founo in th: examination of the tire
tread marks, either on the rum.ay or dirt surfocee, nor vas evidence of fire
found an the aireraft. hovever, comsideracvle hydravlac fluid i as found
in the nose vheel compartmant, 2nd this wrs tr-ced to 2 separziion of the
tubing from the reducer fitlin, in the hydraulic line fron the smergency
accumulator tc the cnorgency pressure gauge 1n the cockpite.

In the Fartin 202 the emsrgency accumulator 1s charged from the
garme linc which suppliss the moin gecumulator. The t.o accumulators
are sgparated by 2 check valve vhich prevents the fluid fron reforning
from the emergency system. The fittang whrch fazled in this cose was
located in the line butween the energency accumulator and the emergency
pol er brake valve. when the fazilurse cccurred fluiad from the mzan
sccumulator flowed through the check valve into the cmergency accumulator
and from thare cwt of the open lane vhe e the fittang we=s located. As
a result, all pressura vwas lost from both accumulators, and nexther the
brakes nor the hjdreulic nosc=rhezl gtecring mechanism could bLe actuateds

Northwest's 12antenance .iznual includes detailed instructzons for
the installation of the type fitting invelved, the treds name of which
1s Mirmctol." Briefly, thes. instructicns provide for tightening of the
parts sc¢ as to collapse o motal sleove aroand the end of the tube or laine

to be Joined, “hen the work 1s properly done the sleeve actually cuts

b



into the tubing and, in effect, becomes a part of =t. Instructions then
reguire that the fitlang be disassembled s¢ as o determine whether or

not the sleeve has cut into the +tubing. Examination of the failed
fittaing in this case showed that the sleeve had not cut wnto the tubing.
As a result, the necessary holding pover of the fitting was never obtained
vhen 2t was instailed.

In Uctober of 1949, lorthwest Airlines experienced a similar failure.
In this case an "Ermeto” fittuing, located at thes same position as the vns
which failed gt Billings, separated while the aircraft was in flight from
Innneapolis tc Chicagoe The result as the same.s A1l hydraulic nressure
was lost from both the main and the emergency accunulators. This
incident, which occurred almost onz year vefore the Billings' accaident,
demonstrated that one single failure could result in the loss of both the
main and emergency brake systems%/

Followning the Chacago incident, the Administrator, Rogion I, notified
the Glenn L. Martin Company of this condition in the nodel 202 nydraulic
systeme To ccrrect the defecet tn: manufacturer, on February 21,1050,
1s5ued Service Bulletain I'o, 105, This bulletin described the installation

of a2 hydrawlic "fuse" in the line betieen the main and thc smergency

2/ Seccion 4b.337 of the Civil Airr Regulations nrovides
Te o« «(2) The brake system shall be so designed and constructed
that 1n the evant of a sinzle failure 1n any connection or trens-—
mitting elceaent in the brake svstem (.zcludine the operating pedsl
or handle), ov the less of any singlz sourcc of nydruuliic or other
brake operating energy supply, it shzll be pozsible to pring the
alrplane to rest under conditicons soecified in 4b.122. « o L'



accunulators. The fuse was, in effect, a spring-loaded valve designed
te prevent a substantial flow of fluid from the mzin accumulator to
the emergency accumulator.

Service Bulletain 105 was considered satisfactory by the Civil
Acronautics Administration; howzver, Northwest Airlines dad not believe
that the fuse gave complete protection since 1t reouired a substantial
flow ol fluid to actuate the fuse, 2nd conseguently d1d not vrotect
agalnst small leakage =n the system. According to %ests of the fuse

L)
mpde by Morthwest Airiines, o quarter of a gollon per minate ¢ould pass
through 1t without causing 1t ?o close« The company, 1in turn, suzgested
that a manual shut—-off valve be installed to szparats the two systoemse.

The modification incorporating the shut-off valve “'as to be thz
subject of Martan's Zervice Bulletan 107. This bulletin was never 1ssued
for the reason that the substantiating test data reouired by the Adminis—
trator ves not furnished bv the m.nufacturer and the Administrator dad
net 1ssue 4an air orthiness directave ragurring Northwest to anstall the
rfuse described in Sorvice Bulietin 105,

Tests were risde by the (lean iu I2rtn Companv to determine the
effectiiveness of revorss thract 1nrstobp1ng the ~ircrait. The tests
shoved that on a level runway ~na with calm vand conditions, the aircraft
could be brovght to o complete stop from = rolling specd of <0 m1ies per
howr 1n 1,750 feet 1f the throltles were »laced 1n the first detent of
the reverse thrust throltle qurdrante Thos would be using approximately
750 brake norscpovier per engine, 7T2sts conductud by the . arzan Company

further sheoved that at high specds reveorsz thrust was as effecilive as

“hezl brekes in reducing the speed of an arrcraft, but thot 2t lo speeds
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wheel brakes were much more effective.

Tests were also concducted by Horthwest Airiines at the time the reverse
thrust featore was adced to the 202's, It was found that éhe ;:rpianes
covld be brought to a full stop ﬁithout brakes by use of reverse thrust.
Thesec tests were conducted on a level runusy at the hlnnegpolls and¢ St. Paul
airports,
Analysis

It 15 appareat from the facts described above thal thas accident occurred
as a result ol an mrproverly 1unstolled "Ermeto! f:tblng.' Because the fitting
was not proverly ipstalled, it separatec, and the separatiocn perratted all
pressure in Lhe main and thne energency hyaraulic systems to escape. Without
hydraunlzc pressure, the aircraft could not be slopved by brales, aor could
1t be stecred, The only means ol control ihat rerzined was reverse thrust,

Reverse thrust served as a seconcary safety device, though the areraft
vas not co.pletely stopoed untal 1t struck tne cenent culver: and the light
standard. DTy this means the crew was able to decelerale the aircraft from

-

i
80 1o appro:amately 15 mrles per hour,and thoy might have sicoped 1t completely

+

1f 1L had ot beea for tne cownhill gracdzeat of Sthe runway. A iore positiye
deterranetaon i1n t115 resvect 15 not pessible, since the available test
information, referrec to above, does act tzke into a;count such variables
as runway gracieat aad alreraft wez-ht,

Underlying tne amnedrate cause of ois accacent, tie scparation of the
hydraulice faitting, 15 Lne fact tiat this accident shoula net have occurred
1f tae requarereat of Sectaon Lb.237 of the Cival Axr Rezulations nad been

satisfied, As previonsly stated, tluas re-ualation provicdes in effect that a

brake system be designed so that the aircraft can pve stopped even tnough
L in
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there 1s a single faalure, such as occurred in this case, Compliance with
this regulation was required before the Martin 202 was certaficated, After
the similar fazlure on the flaight to Chicago, which was almest 2 year before
this accident, the government, the manufacturer, and thec operator were fully
aware that the design of tne Martin 202 hydraulic system did not satisfy

the regulation inasmuch aaiiec separdtion of the fatting that occurred on that
flight resulted i1n & loss of »ressure in both the main and emergency hydraulic
systems the same as 1t dad at the time of this accident, Accordingly, it is
concluded that the failure of the manufacturer to comply with Sectron 4b,337,
the failure of the government to require corpliance at the time of certifica-
tion, znd the lack of positive corrective action required by the government,
all were contmbuting factorse.

One month after this accident occurred, the Adminmistrator of Civial Aero-
nautics reduired by an airworthiness directive that the hydraulic fuses be
installed as described in the Glenm L, Martain Service éulletln 105.

Firdings

On the basis of all available evicence, the Board finds that:

1. The carrier and the crew were properly certaficatzad,

2+ The aircraft was not properly certificated in that Section 4b,.337
of the Cavil Aar Regulations was not complied with,

3, An "Ermeto" reducer frtting in the hydraulic line betweoen the
emergency accumulator and the emergency accumulator gauge was not properly
installed, and, as & result, it separateds This separation resulted in
the loss of pressure in both the main and emergency hvdraulic systems,

L. Although a2 simlar faalure occurred one year prior to the time
of this accident, no positive corrective action was tsken by erther the

govemment, the manufacturer or the operator,
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50 Revecrss thrust was a substentizl safecy factor in this accident
in that a2t permtted the deceleration of the arccraft from 80 wo 15 milos
per hour,

Probeblc Cause

The Beard determines that the procable cause of this accident was the
farlure of an "Ermeto" hydraulic fitting due to improper .nstallation.

BY THE CIVIL A&RONATLI ICS BOARD-

/s/ D. ¥, R«NTZBL

/s/ JOSH 1EE

/s/ HLROLD A, JOWES

Cswald Rycn, Vace Chaimmaon, and Jossph P. ~dams, Mhember of the Board,

d1d not participate in the adoption of this report,



STUPPLISSNTAL DATA

Investigation and [esaring

lhe Civil Asronsgutics Board was notafied of {his accidsnt through
the CA4 Communications Station at the Sesttle-Tacoma Airport at 153G,
September 4, 1650, An investigotion was initisted immediately in accord-
ance wath provisions 702 (a)(2) of the Civil Aeronautics sct of 1938,
15 amended, A public hearing -ras held as a2 part of this iavestigation in
Seattle, Wwashington, Sentember 27, 1950,
ALr Carrier

Nortimast Al1rlines, Inc., 1s a Minnesota corporation witn 1ts principal
place of business ot 1395 University Avenue, St. Prul, Tannesota, The
company 1s engaged in trensportation by car of persons, proverty and mail
under certificates of public convenience cond necessity issued by the
Civil #gronautics Board ond operates xn sccordence with an cir corrier
opercting certificate .ssued by the Adminastrater of Civil Aeronautics.
These certificates authorize and describe the route which wes being
slowr at the tame of this ccecident-

Flioght Personnel

‘The cantzin, lra Bortles, age 41, vas amployed oy Fertlrest Airlines
July 7, 1939, %¢ nad served as a rmilet in comnand since Anril 9, 1842.
Captain Bortles hzd a toual of 7,896 hours, of which 4C4 were in the
sarbin 202. He held a valid airline transport pilot rating. He completed
a first class CAA physical examination on July 14, 1930, his last & months
instrument flight check .ay 1, 1950, and his annual line check February ¢,

1$504



The copilot, Brooks Johason, age 3C, vas employad by Northvest
Airlines July 7, 1947. Ye had a total of 4,55 hours, of - hich 151
vere in the Martin 202, He held g vzlid airline trensport prlot rating.
He passed s first class CAA physical exgminction on July 13, 1350,

Poth pilots vere fully gualizizd *to fly the zrtin 202.

The Arrcraft

03051 a5 a rartin 202 ran.factured by the Glenn L. iartin Comrpany,
Balti ore, saryland. The "arpeto! fat*anz which was the sibject of
frilure 1n this case was manufactired by the” eatherhéad Commeny of
Cleveland, Ohio, and the fuse vhich " as descr.bsd in the wartin Service
Bulletin 105 1s manufactured by Simmonds Acrocessories, Inc., Tarrytown,
ITe Yo

An examination of all of the historical, maintenance, ¢nd inspection

rgecords of N-93051 discloszd no item "hich had any perticular significance

to this accrdent.



