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INTERSTATE COMMERCE COMMISSION

REPORT OF THE CHIEF OF THE BRUREAU OF SAFETY COVERING
THE INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON
THE ST LOUIS-SAN FRANCISCC RAILROAD AT KNOBVIEW, MO,
ON DECEMBER 21, 1912

Drcvwmrr 10, 1920

To the Commesseon

On December 21, 1919, there was a deratlment of a passenger tram
on the St Lows-San F1rneisro Ralltoad near IKnobview, Mo , which
1esulted 1 the death of 3 passengets and the injury of 26 passengeis
and 2 cimng-cax employees  After mvestigation of this aceudent T
1espectfully submnt the following report

The Eastein Dhivision of the St Loms-San Fiancisco Rathioad, on
which this aceident occiured, extends between St Lowms and Monett,
Mo, a distance of 282 miles Tt 18 a single-tiack line over which
tlam moiements ate goveined by time-table, tiam oiders, and an
automatic block-signal systemn  Approaching the pomt of acodent
from the west there 15 a tanegent 2,600 feet 1 length, followed by a
3° cmve to the left about 1,400 feet m length, and then a tangent
ol 1,560 feet m length to the point of aceident The point wheie
the st wheel was derarled 15 o a 1 per cent descending gracde
From this point castwaicd the grade varies from 13 per cent de-
scenthng to 0 54 per cent descending, the latter bemnp the gade at
the west passing-track switch, at which pownt the first serious damagpe
occutied The track 1 the viemiiy of the pomnt of aceirdent 15 1a1l
with 90-pound 1a1ls, 33 1eel m length, tie-plated and smgle-spiked
to about 20 haidwood ties to the taal  The ballast consists of about
12 meches of gravel, the gauge, alignment, and surface of the t1ack
were 1 good condition and well mamtamed .\t the time ol the
aceadent a light fog prevailed

Lastbouinl passenger tram 2d No 10 consisted of 1 baggage cay, 1
mail car, I baggage ca1, 1 coach, 1 chair car, 5 Pullman sleeping
ca1s and 1 dinmg ear 1n the order named, hawled by engine 1062,
and was m chaige of Conducton Myers and Engineman Tice This

tiamn, en 1oute from Olilahoma City, Okla, to St Louwis Mo, left
25280—21
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Newburg, Mo 21 miles fiom Kuobitew, at 732 a m and at 818
a m, while fiaveling at a speed of about 35 miles an how wag
derailed at a pomnt about one-half mile west of the west passmg-tiack
switch at Knobview  The wheel first derailed 1an on the ties on the
msule of the Teft 1a1] until 1t encountered the left ov north switch
pomnt oi the west passmg-tiack switch Al this point the chaur cau
and all of the sleeping cars weie derailed, the char ca1 and the fist
sleeping car strilang the engine of a westhound {icight tiain which
was standing on the passing track

The engine and first 5 cars of tramn No 10 remawned coupled to-
gether and came to a stop with the engme about 1450 feet east of
the switch points  Of this portion of the train, only the chan car
was derailed, the 1ea1 truck of this car having been the first part of
the train to derall This car came to 1est leaning agamst some of
the fieight cais on the siding, with its right side quite badly
damaged, as seen in 1llustration No 1 The train paited hetween
the fifth and sixth cais, the 1ear portion of the tiamn coming to a
stop with the last cai, which was not derailed, just cast of the switch
pomnts  The fiont end of the mixth car, which was the Pullman
cleepor Tolanda, was demolished fo1 about 20 feet by reason of its
coming 1 contact with the front end of engine 26, of the freight
tram  Illustiation No 2 shows this car, 1esting on 1is side aftes
having been cleared fiom the track The next four eais, although
derailed, 1emaimed upright and were not seriously damaged, wlile
the dining cax, the last car 1 the tiain, was not derailed o1 damaged
The fiont end and side of engine 26 wers badly damaged, as shown
mn lustration No 3

The first mndication of derailment was a flange mailk on the ties
about 7 mches south of the noith 1a1l, neaily 3,000 feet west of the
west passing-t1ack switch  This mark continued on the ties parallel-
mg the track untal it reached the switch point.  The foice of the
blow broke off about 10 inches of the switch pomnt, the track and
frog weie displaced, and 1t was at this point that the six rear cais
of the tramm, with the exception of the last, left the track There
were also about 80 spiles cut off o1 bent on the mmside of the noiih
rail, evidently caused by the detailed wheel There weie no indica-
tions of any character west of the passing-track switch to show that
any of the wheels of the south side of the t1am had been off the track

An mspection of the equipment of train 2d No 10 discloged that
the axle of the leading pair of wheels of the rear truek of the chan
car the fitth car 1 the train, had broken within the wheel-ft of the
south wheel, the bieak bemng 1 to 1} inches {rom the outside of
the wheel (See fip 4)  Apparently this axle broke when the t1ain



Fig 1 —Side view of chair car No 753 after derailment  Axie
under this car was brolen
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Fig 2 —View of Pullman sleeper lolanda on its side after having
been cleared from the frack



Fig 3 —View of freight engine 26 showing damaged front and
side after side swipe of passenger train 2d No 10
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was on the stiaight track preceding the 3° cutye and when 1t broke
1eleased the weight lom the journal, allowing excessive welght on
the joninal at the opposite o1 noith end of the axle  This hifted the
south wheel f1om the 1a1l and carried 1t 1n that position while moving
over the stialght track, and as the tiam rounded the curve it 1
vely apparent that the truck with the broken axle was forced toward
the outside of the curve and with the 11ght leading wheel up cleax
of the 1a1l, the left wheel diopped off on the 1nside of the rail The
flange of this wheel evidently made the marks found on the ties, and
when this wheel stiuck the switch point at the passing track 1esulted
m the general derallment

Engimeman Tice stated that the fiist mtimation he had of any-
thing wrong with Ius tiamn was a hitle jetle  Ile then noticed that
the air had been applied from the tram and he 1minedhately placed
the an valve in the lap position and sounded two short blasts of the
whistle to mdicate to the conductor that he had detected the applica-
tion of the an brakes At about the same time he glanced back and
saw the t1aimn was derailed and he then reveised the engine and made
every effort to stop quickly He stated further that he had noticed
no riegularities 1 the opetation of his train prio1 to the derailment
and 1 his estimation he was running at a speed of hetween 35 and
40 miles an honr at the time

Fireman Iilderbrand stated that he looked back along the tiain
about a half mile hefore reaching the point of derailment and saw
nothing wrong He estimated the speed at the time of the deiail-
ment to be between 35 and 40 miles an hour

Conductor Myets stated that he and the tiam poiter were sitting
n the fourth car of the tiam appiroaching Knobview and the first
ntimation he had of the impending accident was a jerk as the car
went over Lhe switch point at the west end of the siding Realizing
that something swas wrong, the porter jumped up and pulled the
signal cord Conductor Myeis thought the tiamn was lraveling at
a speed of between 35 and 40 nules an hour at Lhe time of the
deraillment

Tramn Porter Bairy stated that at the time of the derailment he
was riding 1 the fomth car of the iram, and when he felt the yeik
he jumped up and pulled the signal cord and then opened che
emel gency valve He estimated the speed at the time at 35 o1 40
miles an hout

Members of the ciew of extia 26 who witnessed the deiailment of
train 2d No 10 variously estimated the speed at the time at between
20 and 30 miles an hour

At the tume of the acuident none of the emploiees involved had
been on duty in excess of the statulory peitod and all had had the
required 1est pellod before going on duty
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Investigation defimtely developed the fact that the cause of this
accident was a bioken axle on the fifth car in the tram  An mvesti-
gation for the pumpose of ascertaining the 1eason fou the failme of
this axle was conducted by My James . Howaid, engineei -physicist,
whose 1eport. follows

REPORI OF IPHL ENGINILR-PHIAICISI

According to the 1ecords of the St Lowms-San Francisco Raihoad
the bioken a cle was furnished by the Standard Forgings Co, Indiana
Haibor, Ind , under Master Car Bulders specithcations wlieh called
for the followmp chemical composition
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Tts journals wete 5 inches diametel by 9 inches long

Tt was mounted on wheel 503855319 and 50386-442 at the noith
shops of the 1a1lroad company, Springheld, Mo, on September 12,
1917 The wheels were pressed on with a toree ol 118 tons each
The axle was first put under dining car No 637 and theie used
until Febinary 26, 1919 It was then taken from its truck, at the
west shops of the company, the tires of the wheels tuined, and on
March 11, 1919, replaced under chair car No 753, where 1t 1emained
until the time of 1ts fracture

The axle failed with a progiessive fractuie, the ovigin of which
was at the peiiphery of the wheel seat, but located within the hub of
the wheel The surface of rupttine was fiom 1 to 11 mches below the
outer face ot the hub

Figutes Nos 5 and 6 a1e end and side views, respectively, of the
axle as 1t appeared after 1emoving the wheel It 1equired a pres-
sure ol 250 tons to remove the wheel at the fiactured end, ant 260
tons pressure to remove the other wheel The concentiie cunved line
which shows on the end view, about 4} inches diameter 1epresents
a depiession on the fractured surface made by the follower of the
wheel press m forang the axle fiom the wheel

aammation of the fractuied smiface showed the progre-sive
character of the break Its mitial pomnt was at the circumference
of the axle At the surface of the wheel seat the plane of 1upture
followed a tool mark made by the lathe tool 1n tuinung the axle  The
prmitive suiface of 1upture was deflected after followwng the tool
mark a shoit distance, and then meiged with a second plane of rup-
tute  The latter also had 1ts origin at the peripheral surface of the
wheel seat, and hkewise at a cicumferential maile made by the
lathe tool Theie was an eatension of the fist plane of 1uptwie
shown hy a fine c1ack on the encumference of the axle also two other
meipient eracks which were located quartering with the primitive
point of 1upture
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The surface of 1upture progressively extended unfil three-quarters
or more of ihe cioss section was fractured, then final sepaiation of
the axle occurred, precipitating the derailment

Chatter maiks of the lathe tool appear on the turned surface of
the wheel seat marks which are indicative of heavy cuts having been
talken 1 twmaming forgings At the bioken end, the wheel seat was
not coneentric with the adjacent part of the forging Aboul one-
eighth 1nch had been {uined off one side of the forging, and one-half
mch fionr the other side, 1n the formation of the wheel seat The
fead of the lathe tool was 15 per inch

The eccentiicity of the wheel seat 15 not 1egarded a vital matter,
nevertheless 1t 15 desizable to have axles balanced ag well as the
heavier 10tating paits of motive power and equpment This 1= a
featuie not to be distegarded n high-speed machinery It 19 1n-
dexical of careful worlananship when this feature has been observed
and 1 the case of 1mpoitant members, such as axles, susceptible to
mjuries 1 fabrication and when being assembled, 1t 1s assming that
due caile has been taken

The chief cause which conliibuted to the farllmie of this axle 1s
assigned to the rough cut taken in the lathe when the wheel seat was
tmned No mechamcal, physical, nor chemcal tests weie made on
the fragments of this axle None appeaied necessary The origin
ot the 1uptme was clearly shown, and the characler of the tuined
surface furmshed a reason for its occurrence ,

Tests have been quite fiequently made on similar fractutes, the 1e-
sults of which have rehieved the steel from responsibility in causing
rupture  When a defect ol machine practice 1s encounteied, one
which mvariably tends to shorten the life of the axle, 1t does not
clarify the situation, as a rule, to enter upon an mvestigation of the
propetties of the steel used m the fabiication of the axle The 1eal
cause of failure may be clouded by profuse intioduction of data, um-
portant in themselves, but not attaching to the paramount 1ssue

IFailuies of other axles have furmshed examples 1n which featmies
of design and mechanical matters have been overlooked, the omission
of which led to prematuie rupture Figuie No 7T shows the appear-
ance of a trailer axle which 1uptured from apparently preventable
causes This axle failed at the end opposite that shown by the cut,
at the junction of the rough tuined central portion and the abrupt
shonlder next the wheel seat A 1ough cutl had been taken acioss the
muddle of the length of the axle, and an abiupt shoulder lelt at the
end of the twined portion Each of these features doubtless had an
mfluenece 1n promoting early faillure  Iiguie No 8 shows the appeal-
ance of the fracture of this axle This failure was a progressive one,
beginning at the encumfeience of the axle at a distance of 21 inches
from the nside face of the hub of the trailer wheel The diameter
of the axle at the place ruptured was 8% inches

This axle was furnished by 1ts manufacturer in the condition 1t
was expected to be used, excepting the fitting of the wheel seats
and journals It wag fimished on those surfaces i the shops of the
railroad on which 1t falled The 1esponsibility for its rough turned
section rests primarily upon the manufactmer of the axle

25280— 21—2
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Failures of driving axles have been witnessed in which the planes
of rupture weze located near the middle of the lengths of the jour-
nals ~ The 1nciprent points of such planes of rupture comncided with
cairenmferential lines, evidently 1epresenting tool marks in turming
the axles TFimshing cuts 1n the lathe had not obliterated them
Axles 11 inches 1n diameter have failled in this manner Apart from
the nfluence of defective surface metal, the magmtude and number
of stiesses recerved mn seivice did not appear sufficient to account
for these failures

It 15 not dafficult usually to 1dentify the ineipient pomnt of ruptuie
i the failure of an axie, and such identification 1n the majority
of cases has placed responsibility for failuie upon the design or the
treatment of the axle 1ather than upon inherent trouble 1n the
quality of the metal Different grades of steel necessaiily possess
ifferent degiees of endurance but premature failure may occur 1n
any girade from the causes connected with fabrication processes

Attention has generally been dizected to the avoidance of shaip
1eentermg angles 1n steel shapes, yet on the other hand there are
places 1 which shaip external corners are objectionable Locomo-
tive side rods have fatled with ongins at shaip exterior corners A
chance hammel blow on a shaip colner may lead to 1uptuie Side
rods are exposed to altexnale bending stresses and 1equire the same
cate 1n therr fabiication which attaches e all materials which are
required to endyre 1epeated stiesses Well-1ounded fillets are gen-
crally provided at the webs of side tods Well-rounded exterior
corners would also be of advantage

The ntroduction of ligh-speed tool steel has given impetus to
shop prachices which have resulted 1 economy 1 certamn machine
opelations The oppoitunities offered by such steels call fon a
proper chsciumination of what are permissible depths of cuts and
feeds in machining critical parts of axles and other parts of 1unning
cquipment which are susceptible to mjurious effects fiom machine
opelations

An earlier 1eport, published by the Commuassion, covering an acei-
dent caused by a hroken asle, occurrimg near Hoffman, I11, June 7,
1915, presented data on the cffects of heavy machine cuts i the
machimng of axles The removal of a clup by a lathe tool 15 a
shearing action It shonld be done 1 critical eases, with 4 mumimum
disturbance to the metal next below the chip 1temoved Sheaimg and
punching of steel of the grades used in axles 1s objectionable on
account of severe local stiains sel up 1n the steel by these nperations
with the danger also of forming meipient cracks The punching and
shearmg of steel has been abandoned en important engineeiring stiuc-
tmres DBrittleness and logs 1n stiength attend such operations n
haxd steels

The 1niroduction of high-speed tool steel has gradually led to
machine practice mn the emplovment of 1onghing cuts 1 ¢he Jathe
which closely approach if they do not equal the severity of the oper-
ations of punching and shearing Thus operations admtted to be
objectionable 1f performed bv a power punch or shears are bemg
peimitted if performed in a Jathe o1 planer  Punches and shears
have a comparatively Iimited range of adaptability svhich matenially



Fig 6 —Side visw of broken axle showing character of turned surface of wheel seat
Origin of fraciuie at tool mark on rough turned surface of wheel seat



Fig 5 —End view of broken axle after wheel was removed  Progsressive
fracwre having its onigin at circumference of axle 1147 within odter face
of hub



Fig B8 —Appearance of progressive fracture of trailer axle



Fig 7 —Appearance of a trailler axle which fractured at the shoulder at end opposiie that
here shown  Its failure attributed to 1 rough cut in the lathe used 1n turming the niddle
of the length of the axle together wath the abrupt shoulder next wheel seat
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1estiict then use, wheieas the flexable adaptablity of lathes and
Planers biing to them a wider 1ange of wolc

In connection with the accident report above referred to, exper-
ments then conducted showed that machine-tool cuts could be so
vailed that mternal stiains of compression would be introduced m
some cases, while 1n others 1t was possible to reverse the stians and
introduce those of tension Heavy chips ale heated and acquire
oxide tints after a few seconds exposure to the an stiaw colois,
merging mto a deep blue  Thas effect 18 evidence of the severe me-
chanical effort expended 1n 1emoving heavy chips  To 1cmove chips
without permanently disturbing the physical properties of the metal
next below requires careful turning, using shaip tools and taking
light chips, the problem being how to detach smface metal without
causing overstiain between the particles of the sleel which become
the surface of the finished axle Provided the suiface metal 15 not
affected beyond a certain degiee the effect on the physical properties
1s negligible  The himating degree depends npon the severity of ihe
stiesses which the axe receives 1n service Sinece the siresses aie
variable from time to time and of magmetude not veadily ascerlamed,
1t 15 prudent to mimmmze the effects of mechanical t1eatment thiough
the exercise of care in fabrication

Heavy chips are commonly taken m turming the treads of forped
o1 pressed steel wheels and rolled tnes Regardless of the internal
strains set up by the turning tools, the treads of steel wheels and
tues when put into service immediately acquuie inteinal strans of
complession, the countereffect of the cold 1olling which the 1ails
1ecelve  This state of inteinal strain has advantages 1 opposing the
{formation of tensile ciacks, while the abrasion of the s face metal
of the t1eads of wheels soon removes the effects of the blue-chip lathe
tools

The machining of the bore of a tue 1s & different matter from that
of the ticad Dhiiving tues, shrunk on then centers, 1equiie caicful
turning on the surface of their bores 1 order to provide swtable
shrinkage conditions While peneral smoothness 1s a controlling
factor 1 the machining of shrinkage surfaces, imndependent of that
1equirement 1s the Tact that a rough cut on the mterior diameter of
a tire 18 objectionable as that swiface 1s put mto a state of tangential
tension when the tue 1s assembled and which 1t must continune to
work under while m service Driving tnes ate 1etained on then
wheel centers by frictional 1esistance alone Occagionally a broken
tire 13 mel on whach the onigin of 1uptme 13 located at an 1nner
cornel of 1ts cioss section, exhibiting the class of fiactures displayed
by side rods, previously mentioned Sharp corners or edges may
well be avoided 1 such situations

Specifically staiimg the cuts and feeds which aie being used m the
entrent fabuication of aales, a cut along the middle of the length of
an axle has been witnessed having a depth of five-erphths mch with
a feed of one-eighth mech This ent reduced the diameter of the
forging Trom 11 to 93 mnches It constituted both the 1o0ughing and
the fimshing cut along this part of the axle This depth of cut 1s
exceeded at tunes Cuts having a depth of 1 1nch on a side 1edneciag,
the diameter of the axle 2 inches have been repoited
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On wheel seats and journal hearings lesser depths of cuis are un-
derstood to be current practice, the customary depths not, however,
bemng stated IFimshing cuts are taken on those surfaces On wheel
seats an allowance ol one siaty-fourth ineh on a side 1s reported, on
journal bearmgs one thunty-second mch

There 15 a 1elation, no doubt, between the depth of the affected
Zone, beyond the cutting edges ot the lathe tool, and the depth of the
cut, infiuenced by the feed of the tool, its shape and sharpness of cut-
ting edge, and also influenced by the giade of the steel being ma-
chined A distortion of the grain of the steel due to cold work of
excessive degree 15 readily shown with the microscope Steel of ex-
hausted ductihity, the result of repeated stresses of a degree compe-
tent to cause ultimate rupture, does not, howevei, appear to change
the shape of the grain  The piresence of internal strains erther of ten-
sion or compiession has evaded detection micioscopically  Unden
the present circumstances 1t would seem piudent, 1n turning axles, Lo
allow considerable depth of metal for 1emoval by the fimshmg cuts
Following roughing cuts of 1 to 1 mch on a side, two linishing
cuts ol praded depths might be desnable of aggregate depth of one-
sixteenth inch

Whale not relevant to the falluie of the present axle, the practice
of sudden quenching of axles that have run hot may be referred to
The sudden coohng of hot siteel introduces internal stiains The
quenching of forgings from temperatures no higher than 900° F
has ntrodueced mteinal stiaing, the coriesponding stiesses of which
ranped {from 30 000 to 40,000 pounds per square inch

Axles which fail by repeated stiesses have longer or shorter lives,
according to the magnitude of the seivice stresses  Tf the ser ice
stresses a1e sufliciently low, the Iife of the axle 1s practically indefi-
nite, hundreds of millions of 10tations not causing rupture On the
other hand, a comparatively small number of rotations will result in
ruplure 1if the wotlang stresses aae very high The lme of demarca-
tion between these 1wo zones 15 sharp, 1n linear dimensions the strains
amounting to only a few ten-thousandths per umt of length There
15 1eason for bebeving that internal strang from heavy cuts of
machine tools augment the stresses of service when of the same alge-
braic sign, whenee 1t would follow that the elimination of such auxil-
11y strains would be a step m the right direction and tend to mneiease
the margin 1n safe strength of the axle under working loads

It Wll% not be lost sipht of that certain defects of structure, shape,
or of fabrication, which de not appreciably detract from the strength
of the axle under prirmitive tesis, may ultimately shorten 1its Iife
under repeated sliesses

In the days of puddled 110n axles 1t was believed that the superlor
toughness of muck bax 1wron would make 1t a peculiarly valuable
metal fo1 axles It was considered to be evidence of superior quality
1f the 11on could be tied into knots The low elastic limits of muck
bar axles led to their prompt failure even under the low wheel loads
then prevailing Those axles in their failure displayed the same
characteristics witnessed 1n steel axles-—that 15, they ruptured with-
out display of ductilily
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y
. The degree 1n which axles are strained 1n sei1vice 15 not the same
over all parts of theiwr lengths, whence 1t follows that some por-
+trons will retain then primitive properties ummpaired while other
portions reach a state of exhausted ductihity This explains why 1t
15 generally futile to examine an axle for the cause of 1upture at a
placs remote from 1ts inciplent pomnt  The proximate cause of rup
ture mast be looked fo1 al the place where 1t had 1ts beginning  The
outer ends of journals ale not eritical portions of the axle Disks
have been welded on the ends of straight journals, to form shoulders,
without detrimental effect to the axle as a whole

Tiaboratory tests have shown that an intermediate stage exists in
the progressive effect of 1epeated stresses m which stage theie 15 loss
of ductility, but preceding actual separation of the steel At this
intermediate stage the 1estoration of ductihity may be effected by the
process of annealing, and with such 1estoration a 1eturn to notmal
tensile strength  This accomplishment leads to a 1ecognition of the
fact that 1epented stresses are competent to destroy ductiity and
effect the ruptute of steel which 1mtially 1s structmrally sound and
flee from imherent tendency to 1npture  That preexisting planes of
sepatation o1 weaknesses of the metal are not of necessity present as
precuisors of 1upture

Since annealing 1esults 1 the 1estoration ot ductility, and as 1t 15
also known cnuses the 1elief of inteinal stiains, and gomng a step
further, 1t may effect a change 1n the density of the steel, therefore 1t
seems probable that an mmtimate 1elation exists among these several
properties Inasmuch as they represent changes thiough which the
steel appeals to pass in approaching 1uptuie by repeated stiesses and
also represent the results of conditions to which axles aie exposed,
the failure of axles 1n service should be judged, 1n part at least, ac-
cordimg to condifions of service and of fabrication as heremn men-
tioned

In summation, the failure of the present axle 15 beheved to have
been precipitated by reason of the effects of a heavy cut taken in the
lathe m tuinng the poition of the axle which embraced the wheel
seats, causing a disturbance m the physical propeities of the metal
leading to 1ts prematuie failure, locating the plane of 1uptmne withm
the portion of the axle covered by the hub of the wheel, a place on the
axle which fiom position should be exempt fiom ruptuie, unless
affected by a special cause which the condition of the tuined suiface
of the wheel seat appears to explain

SUMIMALY

Ag shown by the 1eport of the engineer physicist, the fineture of
this axle occurred at the wheel seat, the suiface of which 1anged
from 1 to 11 mches below the face ot the hub 1t 15 unusual to wit
ness the fiacture ol an oxIn at this place, mnd 15 suggestive of some
local canse aflecting this part of the axle which preeipitated 1upture

The journal, including a short section of the wheel seat, was de-
taclhied at the time of deraillment The journal 1emamed m good
condiition  The section of wheel seat was Diwsed by 1ts svabbling
motion 1n the hub at the tune of yuptue
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Upon pressing off the wheel the character of the sutface of the

wheel seat was 1evealed It showed that a 1ough cut had been taken -

m the lathe mm turmmng the axle The hne of 1uptuie had its 1n-
ciplent point at the circumference of the wheel seat, comncading with
a tool markk Olher mneipient c1acks on the same sut tace followed
simular tool marks

In briel, the chuiacter of the surface of the wheel seat was ap-
parently responsible for the failure of the axle From informaiion
al hand, on the results of 1epeated stiesses on axles, the chailacter
ol this suiface 15 1egarded as an adequale cause for its farlure

FExamples aie not of infrequent occurrence in which suilace de-
fects of tlus natuie have led to failuies, although bending and other
direct stresses did not r1each a maximum at the place of rupturs,
thus showing the gravity of such defects, although located beyond
the most straned sone Ilowever, 1t 15 one of the polemics of the
case as to just what the stresses actually arc at places wheie the
normal stiesses are meleased by the presence of tool marks or other
mterruptions to the {1ansmssion of shiamns  Kxperience has shown,
neveitheless, that such suiface defects ale by no means neghgible
factors, 1uptuled members substantiating this point of view, leav-
ing no doubts conceiming the necessity ol avouding such contingen-
cies  Stecl under the action of repeated st1esses 15 cleaily susceptible
to prematuie rupture under the influence of shight surface defects

This 15 a matter which demands attention m the manufacture of
axles Slight economy 1n first cost results fiom taling a 1ough cut,
i turmng an axle, omitting a prope. fhmshing cut, economy meom-
parable with the dangeis involved and expense memired 1n 1ts fail-
ule 1n selvice

Axles a1e vital members Lavish ependitures on inteilor fittings
ot cais are out of place 1f necessary precautions are neglected 1n the
manufactwe of the axles Curient methods of mspection appear to
have 1gnoted o1 omitted consideration of the importance which at-
taches to the proper machiming of axles Speciheations govelung
then tesis and acceptance are singularly ladang m 1eference to this
featmre, the neglect of which leads to the destruction of the axles
and becomes a menace to the safety of tiavel Tt should be sufficient
to call attention to these er11018 of omussion to 1< e the introduc tion
of cotrective measutes

Respectfully
W I Borvawn,

(" feet, Bureaw of Sajety
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