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Dedicstion

To pecple, like nyself, vho re=lly get a thrill

cut of vatching ¢ tr=2in go Yty.



Protatly the rost uneglected strbject by stvdent engi-
neers, here ¢t Michigen Stste Collere, is cur grertest
recne of goode trrnevorteticn, the R-ilroccs,

In pest* veers, rcilroscding vas vhet aviaticn is te-
drys the tep interest to rost ycung ren es fur ¢s a red-
ivr of travel,

Reilrcece rede grect strides in inprecverent until
the first %orld Ver. Since thet tine, they heve dcene

little rescerct or advancerent uvuntil the end cf the last

var vhen roct of their eguiprent had fcne beyond the
mcintenance pcint £23d rust be repleced,

In viev of this fact, I have chosen this thesis
title, "A Light Weigrht avterctile Corryiag Freight Car."
I chose to desigr this cer due tc the zdventifes this
vould h:ve for the indvctry s a vhole,

Rt ilrcrds zre in their infenecy ¢€s fcr ¢ their de-
velcprent, They are teing forced to ccerrete vith vaor-
iovs recdes of transporteticn ¢n? chipping. Vhen they
drcve the stcgecoech fror the roacd, they red a mencpoly
on lend trensperteticn until the auvtcrctile cepe into
existence, Dvring thie period, they had no reason to !
purchise nev ecuiprent excevt tc calirgc their business 1
and profits. Then, in the tventies, trucking corpanies
btegan to infringce on their treffic, 2nd i the Depression

of 197¢ throvch 1934, mwany rocds chonged hands and failed,



Tr.rocvgh the later thirties, uvp uvntil the last ver, the
rzilrcsds vere feeling the laetest pinch of competiticn.
This vee the ¢irplane, eand it ves, in most prrt, beirng
veed && 3 passenger carrier, liow, ncvever, the air-
plane has 2lso correnced to carry freight znd their
epeed, vhich rezns tine seving to the prcdvcer &s vell
eas the consvrer, is only the beginnirg of infringerent
of air trenspcrtetion on the revenve of the rzilrocds.

Reilrocds can bect the cowpetition if they sre will-
ing to give services to the trcveller end the shipper
thet ¢re eaquel or better then other methcis of trenspor-
tztion, Yrny cf the new passenger treins heve inproved
their corfort #nd cleanliness and hcve instituted many
nev services to mcke trevelling by train the moest cone
venient, Mlcvies, excellent diners, znd plsyrocmes for
chiléren are some of the inducements now avzilsble on:

& few of the nev streemliners; yet, they heve rcre things
to do that vill help put the rzilrwocds zheed.

The mrain thing to improve upon 2t present is speed,
During.the lest twenty to thirty yeats, little advence-
rent in speed nes taken place, Trcins in 192vu were
travelling st epprexiretely sixty miles an hour; todcy,
the streerliners averege 2bout fifty-five to sixty-five
miles &n hcvr, Little or no chznge vhatsoever hes tzken
place,

To increase their speed, there is the need for rsil



improvercht; the vese c¢f Lreavier r=ili, strci, nter ¢nd ease
ier curvee, znd more gentle grades, All cf thece cre
£lowly being done on the major rosés, Before the war, I
read sn erticle ctrting thet it vould tzke one huncred
thousznd ren, vorking five eight hour days for tventy
yeers, to bring the standerd of &all railroeds up tc the
present ncst advenced system, That was before the wsr
vhen the trains were not bteing run zrcvnd the cleck ce=-
ven deys & veek s they have teen doing for the luct
eight yeears,

With the trneca 2nd roesdted irproverent designed for
trevel at one hundred end fifty miles an hecvr, the trd ns
covld actuvally conpete vith air travel &and shipring, and
ovtrode a great deel of the lcrg distance truvcking,

The bigecest cecset a railroad hes is convenience, It
has, vith little eyception, its stztions in the heart
of the cities teczuse reilroads have been the nmein means
6f transportetion since our country tegan to enlerge,
Airports are vsvrliy ten to tventy riles fror the city
end en hour is lost on toth ends of a trip, Travelling
by air is 8lso nore expensive., Chort hops by zir are not
econoricel to operste, 2nd the prresent day reilroesds can
ecsily corpete vithin s radivs of three hundred rmiles,

If trzins were trsvelling «t 1850 niles per Lkcur,
they conld elirinrte the zirplene on short havls tecau-

ge of the ccnvenierce, safety, 2nd ccst. Fester trains



need lighter cars, enéd zlong this line of thcught, the
cluninvr-fabricected cers have develcped. Lightnecs
nezns lecse deed losd vhich is the rein item thet raile
roczCe are intereeted in 2t present, The lovering of
the dead lozd vevld increasce efficiency of the engine
end vould lover oper:tion costs,

Railrced ren c¢re, generally,keenly &éveare cf the
fact thet the avercge pey lczd in freight cars tends
to decrease stecadily, If the pay lozd, the emcunt of
veight cerried es peying freight is going to continue
to decrezse, the veight of the dead load vill also
Ysve to decrezse accordingly,

Czr loads heve decressed as follovs:

29.3 tcns per cor in 1920
25,6 tons per cer in 1933
27.1 tons per car in 1¢27
20f1 tons per car in 1946

This decrease can only rean thet scre radicel de-
€ign changes rust ve terthecoming and that they are com-
ing soon,

In generrl, (are that are in service todey ere nide
of 14, 000 pornd steel, This is lov strength steel as
corpared vith the steels of todey. Drvring the lzst ver,
the steel industry wes called vpon to develcre steels
that vovld vithstend as nmuch s 180,000 pounds per sguvere

inch; hovever, =t ihis time, the cost of thile chrore steel
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is mcuh too expenive to even ccensider for freight cer
construction,

1the eteesr iauuntry hes develcped 2 nev high streng-
th ¢nd corrosion resist =t stecl vith reny essy frbric-
ating properties =nd Jow cost, This etecl is cclled
Yeayeari-R, end it hes e ninirum tencile strength of 70,000
pounds per scvere inch rrd a yield péint of 50,000 pouvndés
per square inch wiln #n endvr-nce lirit ecrcl to the
yield poiunt. Tris ves cdeveloped ty the Bethlehenr Steel
Corranye In this uesign, it vill be veed for the rezin
vndercarricge conoirvection,

.nother veight saving device is to veld the nrernbers
together therely eliminsting the flrngee, lcps, =nd the
rivet heeds. By veing the Tnienreclt cortinucve, an suvto-
rctic procecss develcped bty CiWeld Irilreed Service Cer=-

r2s, The jcint is strong-

<

rany, yov heve nuvmrercus advent:
er thcn the porent plates viuich eliminstes cne of the
detrircatel reascns vhy velding hee reer frcvned vpon for
50 rany years, Ior nany yeareg, veldere vic vere not
couzlified to do vniforr vork hcove held brck the vee of
velding in railrosd construction. Now, vith the develcp-
rent c¢f rechines te do the scme vork, it is acccepted
practice,

Ancther cdvintege of welding is the veter tightneces

feztvre, Thie nct cnly e€lirinates & lct of corrosion,

m

but it tencs to lessen the chrnces of dirzpe due to



to roistrre getting to the merchrndise ineicde the cer,
zilrecas lecee 2 greet ceal of morey due tc weter da-
rcee covused by lecse joints,

Still e¢nother is the edv:ntege of strecsces being
distribvted cver 2 grester zrer elirin~ting the ccnesn-
trztion dve to riveting,

Veléding can Ye vsed on roet ery thicknese and sec-
tions of the pvonels crn ersily Ye reroved and hend-vwelded
nev. ones put in their plece,

Ore thing rvst te rerentered in c=r ccnstruvction,
¢s in znyv otrer viork vhere repair ¢nd replacerent is
necessary, and thst is the ¢bility to remove perts end
rerlece or repcir with the rinimrum cost. Freguently this
is irpocsible #nd nckes the vhele vnit of no vrlue or the
coet of replccerent so expensive thzt it wouléd hcve been
chezper to buy =z =nev vurit,

The firet 211 zlurimr freight cecrs vere buvilt in
1931, ty the Canton Cer Ccrpncy =nd vere pleced in ger-
vice in the a2lurinur industry in the ridéle vect, These
czrs zre nov sixteen years o0ld end heve shown nc evide
ence of wezr or te:r frer service, However, there vas
sore evicence cf electrolytic corrosion betveen dissimilaer
glvrinumr slloys vhich wes princips11y duve tc the vse of
steel rivets, A grezt dezl of recezrch h~e been done on

eglvrinur freight cors by the Reynclds Cir Tirnufecturing



Corpany.

Fer the design c¢f freight cars, the engineer hes a
nurber of «lloys to chooce from, but he is veueclly in
dovtt vhich 110y vill te test suited fer & perticular
pert of the car.

e 31loys reconrenced for load cerrying fraring
cre, in the créder of preference; 17 S-T, R 23€1-T, cnd
R 3€1-W. Alloys 17 S-T and R 361-T heve strength equcl
tc thet of Open Heerth Steel, 2nd cheovld be uvesed wherever
no severe cffsetting or forring is required,

R 3€1-V is reccrrended for parts requiring severe
offeetting or forring., The strength of R 3€1-W is ecbort
cne half of the strength of R 3f1-T or 17 S-T, &nd if
gluninum perts are designed to equ:zl deflection of sin-
iler steel perte, msually, the stresscs vill he low enough
to uee R 2€1-W, Wwnen the razimumr strength is required,
then the forred shopes cen be ege hardened to K 3€1-T,

For outsice shesthing of cars, ¢luminun clloys thet
ere recorrenced ere, in the order of preference: R 301-T,
R 301-W, R 201-0, K 3€1-T, 2nd R 261-0, Alloys in "T"
terper should not be sed for perts without severe terds
or flenges, #nd then only uvsed vhen prcper bend redii ccn
be veed., For parts recviring flanging ¢nd sonme forring,
"W" terper ©llcys Ehould be used. For perts recuiring
severe forring corbined {ith drew, "O" tewper, vhich is

ir the anne:led stste, shculd te used, In &ll cssfeg, &n
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elvrinmur service engineer sherld ke ccecnsuvlted for infore
reticn as tc the exsct tyres of netcl tc ucse,

All tris rrduction cf decd losd leads to the rcin
purrpcee ¢f this thesie, Thrt ie th:it cne cf the services
th~t ie teing cerpletleyv neglected Tty the railroede tede)
is the »rctler ot precenger traasncrt-otion zfter the trezin
destination hrs bteesn reached, Ir this ccrple> life of

ours, it is necescery thet & trivellery,»»or reaching the
etetion nearest nis destinnticn to vee public trinsperta-
tion to ccntinue cn his vay. Freguently ppon re:ching
gaid stzticn, iL iov necessrry te go rony dciticnel rmile:z
1y tuvs or taxi, ‘1his inconvenience and expense cocvld be
eacily elimincted oy trzunsporting the cuvtenctile on the
cere trein vith tne peesenger, It is frcr thise idez,
thet thic thesie hee grecvn,

Yot eltogether = nev idea tc the vorld, I thevght

I had hit vpon &n vntried thing, butilre Hongrriesn XNotionsl

)

Reilvey hed a fev cere converted to cerry ¢ e~r irn the bog-
guge car for the scre purpecses hovever, ry icder de:ls
vith the csxryirg ot tour rsutcrectiles in onz freight car,

This cer

)
m

desicrned to te .irply 1lc:rded elirinsting
leycver tire vhicu tends tc resise the ccst of shippirg,.
It ie decigned v ve* placed at trhe nerd end of passenger

h)

treine, cirectly behind tre engine, g0 th-t ezse in un-
lcading cen bte vtilized, Cr this jcdec, the end locding

cyster has core, IJInstesd cf the conventional type cf



side loeding, the cnds of the box e“r cin e tvo doors
trhet eving to erca oide vhich e€limins tee the reed of
tirnirg dollys.

Duvring the ver, the 2rry veed to trenspert @1l cf
their larger ecuipnent on flat czrs, Thies ver dcne by
running ther ficl cne flat car to the next rerely bty
rlzcing plenks Ttetveen the cecks cf ecch svccessive one,
This idea is incoipcrazted in ry cer vith the 2éditicn of
= regvlaf tcp cra gides to conferr tc the strrndrrd pese-
enger Cecigns,

Side lesding, or stondard retheds, cre ¢t this tire
trhe cnly eccerted nethecd in generel veey hovever, the
en® loecing method hes the esdventige of driving right up
& rerp to the deck of the eccr rnd right cn vithovt the
chence cof derge thrcvgh atterpting e treschercus turn,

Also sloing this line, the railrced vould need attend-
ents fcr end-le~ding to do the driving of the cire on aerd
off the trein. Vith sidelozding €lec, it is rnecrly irc-
poseirle to vse rore thzan the fleceor, but vitr the end
lezding, tvo decks are easily rccessible Yecevse of the
eze~ of entry.

Cipilar tc the cvtchevler trailez, this cer cen
carry tre csrre con ecch deck, #lleving crrle rcer fer
e=ch artcrevrile. Cirple chonrels are veed ¢s renps end
ern ergjly cerried vith the freifht crr, A1) cof this

lezde to cavings fer tre 1 ilrcad thet cen be pacced



10

on to the tr-veller,

1the ccst of present frei;ht cecr eervice, cver & per-
icd of & yeesr, is frcr one to five riles per ton per rile,
Fror thie rete,ve cen see thet cur ccr vill be sbcecut
helf e Yezvy ¢es stenderd cers, For convenience, ve uvse
cne ril per tcn per nile, 1his vevld rern that the reil-
rccce ere deing the service for coet, vhich is inprectical,
tut ve con vee this eg ¢n 1llvstr-tion.

A trip fror Detrcit, Michig: n, to Buff:lo, Mew Ycrk,

™M

distrnce of 2E0 riles will be used &= & corprricson te
ghov the difference betveen driviig «n¢ the vee of this
freicht crr,

Ve zre £lloving tvo tcne for the stznd:rd sutcnc-
tile. The veight cf the freight car is 20,000# and
16,000# or tventy-three tons tot.l: therefere, the cost
to the r-ilresd, tc inclvde the avtc-cerrier cer in the
trrin, verld be five dollrre £nd seventy-five cents(25.75).
If this were put in 2s 2 service tc the poscengere, it
vourld be gbout one ¢cll-r #nd tventy cents(31.20),

Fromw Hirhvey Dceinerices, it is lecrned that ycv ¢ n
not oper:te =n svterobile for les:t then seven cents e
rile, Thie includes 2l1 depreciittion, cost of cperztion,
ta:es, and insuraence. This vouvld resn ¢ ccst cof severteen

dollers cnd fiftr cents($17.50). In corpariscn to the



11
21

coet of the c-rrier c-r, there vouvld Ye ¢ civiig of ¢iz-
teen dollars ~nd thirty cents($1€.30) vhich verld te &
great encocurzagerent to drivers to vse the service offer-
ed by the trcins,

Begides = spving in menetary velves, there ic the
safety velve & rericn gets by veing reil tr nsprortoticn.
Reilroads huzve teen sited for their record cf safety for
yeari,

il the fecte presented are the rezscons vhy this

9,

icea helped to convince re thet there is not only s rneed
for this cer,tut this service vcrld help increc: e pescen-
gr troffic end lescen tralfic accicdents by lescirg traf-
fic on the highveys, Iwerycne veoulé te rcre relzzed Up-
cn erriving et their destineticn tecazvee ¢of the leck of
¢riving fetigve., ZResides thece reescns, the fincrei:zl

gevings and timre szvinge vwouvld rore then rike thelr pro-

Jject vorth trring,



40-6" AUTO-CARRYING FREIGHT CAR

Z Z Z Z 7z Z Vi Z 7z Z 7 Ve Z 7 Z Z Z A

ME T IHOD s ORI ai@ NN T O




SPECIFICATIONS




General Dimggg;om:

Distance c/¢ of Body Bolsters 30'=-10"
Height inside 11'-0"
Height of Door Opening 11'-0%
Height of Top of Rail to Center

of Couplers 2'-104"
Total Height, top of Rail te Roof 15'=-00"
Height, top of Rail to Floor 3'=7 3/4"
Length inside 40'-6'
Length inside to inside Coupler XKnuckles 44' 4"
Length over end sills 40'-10"
Truck wheelbdase 5'-6"
Vidth over side plates 9'-10"
Width inside 9ta2%
Width over roof eaves 9'-4 3/8"

Naterials

All materials covered by A.A.R. specifications shall con-
form thereto,
The following aluminum alloys shall be used:

Outside sheathing R-301-W
Shapes : . 17 8.T

Follower Blocks R «303-T
Rivets A-17 ST

Plates R=-30l=C & Re301-¥W






e 1 (4
The number, dimensions, locations, and manner of
application to be in accordance with the Interstate

Commerce Commission orders and A.A.R., requirements,

Yeldings
All welding to be automatic by the OxWeld Railroad

Service Company process,

Center Sillss
Two 12 7/8" - 31.3f# 36,000 psi Steel Standard center

sill sections, spaced 12 7/8" apart, extending full
length of the car from striker to striker, welded.

8ide Sillss
Aluminum angles é° x34" x 5/16° - 3.49# alloy 17 8-T,
extending full length of the car and reinforced &t
bolster with 4" channel shaped bent steel plate,

End Sillss
6" x34"x 5/16" « 3.49# alloy 17 8-T aluminum
angles extending full width of the car and welded
to center sill,






Bolsters:
Built up type of alloy steel plates., Top and Bot-
tom pans 5/16" alloy steel with edges joined by
continious weld and secured to center sill by weld. .
| ing. 5/16" alloy steel tpp cover plate extends over
center sills and is welded to the bolster pans,
Bottom bolster pan reinforced over side bearing with
4 3/4" x 5/16" pressed alloy steel channel welded ]
in place as specified by A.A.R. Standard requirements,

Crossties:
3/16" pressed alloy steel diaphram flanged 2 3/4%
all around and securely fasted to center sill and
side sill, |

Diagonal Bracess
1" pressed aluminum plate, alloy R=-301-¥W welded to
side and end sill at one end and to 5/18' pressed
steel gusset welded to center sill,

oupl Device:
Standard A.A.R. coupling.

Braking:
Standard Westinghouse Air Brakes with braking power
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to be 75% of light weight of car dbased on fifty

pounds per square inch eylinder pressure,

8ide Plates
3/16" thick aluminum plate weighing 2.69# per
foot, alloy 17 8 -T,

Sjde Posts:
Thirty per car special aluminum, 17 8-T, 3" 4.,05#

per foot "8" section 5/16% wed with flanges 7/16"
and 9/16" thick,

Corner Postss
Special aluminum, 17 S-T, "W* sections with {" wed

and 9/16" flanges, weighing 4.06# per foot,

Irack Channelss
Jour standard channels, 12" x 4" weighing 35.5#

per foot, 40' long,

Degk beams;
Nine standard 4" x 2 5/8" "I" section weighing

7.7# per foot,

End Doorss
Four hinged doors made of 1" thick aluminum plate






alloy 17 S-T weighing 3.59# per foot.

Roofs

Murphy aluminum (.072) welded roof as manufactured
by the Standard Railway Manufacturing Company.

Floorings
Tongue and groove 1 3/4" x 5 1/16" face yellow

Pine fastened to underframe with clips as manufacte-
ured by the Maclean-Yogg Company.

ark Sh H
Black Iron #18 gauge to be nmailed to the bottom
of the floor over wheels to meet Interstate
Commerce Cormission safety appliance rules that

requires car operating in passanger service to have,



TRACK CHANNEL

P- ZSOO#Fer wheel

Max. Moment - P‘T‘ = 2500 (460'75) = 38000 1n. lb.

Zwneeded = 1.9

12"x4" Channel
weigut - 35.5 lbs /F’f
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DECK BEAM
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Allow 2500" per wheel, o Factor of
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vibration and inectia effect for the
mundin3 curves.

CriTicaL Secvion
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SIDE POST
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SIDE  SILL
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CORNER POST

>
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- 2526 4914°

AREA = 5.27 sqm.
Axis -l Axis 22
I- 15.52 20. 64
Z - 3.54 4.5

Z - 1.76 8.11



- SIDE PLATE
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ALUMINUMWM 178-T
AREA  2.96 sqmn.
WEIGHT 359%/ft.
Axis -] Axis 2-2
I- 11.26 .94

Z~ 2.70 2.34
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A SECTION OF=AUTO-CARRYING FREIGHE CAR

JB. Sreven s
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