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Everett Eugene Adams, Martin P. Blomberg, and 
William H. Mussey, Chicago, Ill., and William 
B. Stout, Detroit, Mich., assignors to Pullman 
Standard Car Manufacturing Company, Chi 
cago, Ill., a corporation of Delaware 

* Application May 28, 1934, Seria No. 727,950 
2 Claims. 

The application of the principles of aero 
dynamics to railway cars presents some real diffi 
culties. In the first place, it is necessary to take 
into consideration that a railway car travels ad 
jacent to a fixed surface (as distinguished from 
an airplane) and that the ties and ballast of the 
right-of-way offer very substantial resistance to 
air flow beneath the car. It is, therefore neces 
sary to minimize this source of resistance if effec 

10 tive streamlining is to be obtained. 
But there are many other considerations which 

influence the final result. For example, the cross 
sectional shape of the car must be such that it 
comes within the clearance line prescribed by 
the American Railway Association (indicated in 
Flg. 6), the car must have a low center of grav 
ity; it must have appropriate load carrying space; 
the structural design must meet the limitations 
imposed by the strength of the materials used; 
suitable truck clearances must be provided; all 
these things must be blended with the funda 
mentals of aero-dynamics in order to have a prac 
tical car construction; and last but not least, the 
car must present a pleasing appearance to the 
Ordinary person. 
The principal object of this invention, there 

fore, is to provide a car body which utilizes the 
principle of aero-dynamics to the fullest extent 
consisteht with the above considerations. 

Further and other objects and advantages will 
become apparent as the disclosure proceeds and 
the description is read in conjunction with the 
accompanying drawings, in which 

Fig. 1 is a plan view of a three-section articu 
lated car made in accordance with the inven 
tion; 

Fig. 2 is a side elevational view of the same: 
Fig. 3 is an enlarged side elevational view of 

the motor car section, a part being broken away 
to show the control cab and engine room arrange 
ment; 

Fig. 4 is an enlarged side elevational view of the 
rear portion of the car; 

Fig. 5 is a front perspective view of the motor 
car section; 

Fig. 6 is a front, elevational view of the same; 
Fig. 7 is a perspective view of the engine bed; 
Figs. 8a to 8 are diagrammatic cross sectional 

views illustrating the shape of the car at the sec 
tion lines a-a, b-b, etc. respectively, indicated 
in Fig. 2; and . . 

Figs. 9, 10, and 11 are perspective views show 
ing the framework of the leading section, inter 
mediate section, and trailer section, respectively. 
For the purpose of disclosure, the invention has 

(C. 105-2) 
been shown applied to a multi-section articulated 
car, but the invention is equally applicable to a 
single car unit. The appended claims are, there 
fore, to be construed broadly unless a narrower 
construction is necessary to avoid the prior art. 
The car comprises a leading or motor section 

20, an intermediate section 2, and a trailer sec 
tion 22. The adjacent ends of the first and sec 
Ond sections and the adjacent ends of the sec 
Ond and third sections are articulated and are 
supported on trucks 23 and 24, respectively. A 
motor truck 25 supports the front end of the mo 
tor or leading section 20, and a trailer truck 26, 
the rear end of the trailer section 22. 

the space between the car sectigns is closed 
by a shield 2 overlapping a forwardly extending 
flexible canopy 28 that is resiliently urged to the 
fore by springs or equivalent means. The shield 
and canopy at each articulated joint conform to 
the cross sectional shape of the car. 

Further details of the diaphragm arrangement 
between car sections may be found in the copend 
ing application of Martin P. Blomberg, and Wm. 
H. Mussey, Serial No. 717,417, filed March 26, 
1934, now Patent No. 2,056,227, issued October 6, 
1936, for Articulated car, the disclosure of that 
application being hereby made a part of this dis 
closure. 
The motor section 20 has an elevated control 

cab. 29 which affords good visibility for the car 
operator. An engine room 30 is directly in rear 
of the control cab and it provides space for an 

- internal combustion engine 3, preferably a dis 
tillate burning or Diesel engine, which drives a 
generator 32 which in turn supplies current for 
driving electric motors, not shown, On the motor 
truck 25. 
A trough 33 is formed in the roof of the engine 

room directly above the engine 3, and cooling 
radiators 34 are placed on opposite sides of the 
trough immediately beneath the roof. The en 
gine muffier 35 rests in the trough, as shown in 
Fig. 1. 
The radiators 34 are cooled by air drawn by 

fans 36 through grilles 37 in the nose of the car, 
the air passing beneath the control cab 29 and 
sweeping over the engine and radiators and then 
being discharged to the atmosphere through 
openings 38 in the side walls of the trough 33. 
The fans 36 (there being one for each of the 
grilles. 37) are driven from the armature of the 
generator 32 and they build up a static pressure 
in the engine room which effects a continual cir 
culation of air over the engine and cooling radi 
ators. 
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The general cross sectional shape of the car ? 

ovate rotundate, as best shown in Fig. 8e, which 
is a typical cross sectional view through the car 
body. The nose of the car may be said to be 
semi-pyriform in side elevation and parabolic in 
plan. The taill of the car is substantially para 
bolic in plan and in side elevation the roof of the 
car slopes gradually downwardly to form a blunt 
point at the rear end of the car. 

Before attempting to discuss the reasons for 
these particular shapes, it will be helpful at this 
point to describe in a general way the framing 
of the three car sections. 
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All of the car sections are characterized by 
what may be termed trapezoidal framework lying 
Substantially along the center line of the car, 
this framework comprising a center still 45, a pair 
of top sills 46 and 47 joined by plates 48, 49 and 
50 which make the top sills in effect a box girder, 
and end framework which joins the top sills to 
the center sill at opposite ends of the car. In 
the motor car section 20, nose framework, gener 
ally designated Sf, accomplishes this function at 
the front end of the car, and in the trailer sec 
tion 22, tail framework, generally designated 52, 
accomplishes a like function at the rear end of 
the Car. The other ends of the car sections 
which include the rear and front ends of the 
motor and trailer sections, respectively, and both 
ends of the intermediate section, have framework 
consisting of an end sill 53 which is rigidly united 
with the center sill 45, door end posts 54 and 
55 rising from the end sill 53 and securely united 
thereto, and a top plate 56 which rests upon the 
door end posts 54 and S5, and supports the ends 
of the top sills 4 and 4. Gusset castings 57 
provide means for fastening the top sills to the 
top plate. 
This main framework is supplemented by 

curved ribs 58 which emanate from the top sills 
and terminate adjacent to the top of the center 
sill 4. These ribs are spaced at intervals 
throughout the length of the car and serve as 
combined carlines, side posts and floor supports, 
Obviously, the ribs may be made in more than 
One piece if desired. 

Side sills 59 extending longitudinally from the 
extremities of the end sill 53 connect the lower 
portions of the ribs 58 and hold them in proper 
Spaced relation. Other longitudinal framing 
members, Such as belt rails 60, window headers 
6, deck stringers 62 and roof stringers 63 run 
continuously throughout the length of each car 
section and maintain the ribs 58 in their proper 
position. These longitudinal framing members, 
of course, take much of the longitudinal stresses 
travelling from one end of a car section to the 
Other. - 

The bottom of the car has a rounded belly 
formed by arcuate bars 64 which extend between 
the side sills 59 and the lower portion of the 
center Sil 45. 
The car sections are covered with a metal 

sheathing 65 which is securely riveted or other 
wise fastened to the skeleton framework so that 
it may serve as a stress member. It is particu 
larly useful as such at the car belly where the 
metal sheathing is under considerable tension. 

All parts of the car framing are preferably 
made of aluminum, some being extruded alumi 
num sections and others being aluminum castings. 
Steel castings, however, moy be used where ex 
ceptional strength is necessary. The outer skin 
or sheathing 65 is also preferably of alminn. 
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The motor car section 20 is necessarily framed 

somewhat differently than the other sections due 
to the engine load which it must carry. The 
framing that is preferably used is shown in 
Fig. 9, and consists of a box frame 70 having an 
opening 7 adapted to receive the engine if 
which is mounted above the center bearing 72 
of the motor truck 25. The engine is mounted 
on a bed, generally designated 73, which is adapt 
ed to be detachably secured to the box frame 70. 
The purpose of this arrangement is to facilitate 

the removal of the engine 8 for repair or replace 
ment, the removal being accomplished by lifting 
the car body from the truck 25 after removing 
the fastening means between the engine bed and 
the frame. 
The frame 70 consists of cross ties 14 and 75, 

the former being secured to the front end of the 
center sill 45. The cross ties are joined by string 
ers 7 and 77 which are secured to the side sills 
by short bars 78 and castings T9. 
A pair of buff sills 80 and 8 extend forwardly 

from the front cross tie 75 to a coupler casting 
82 to which the ends of the side sills 59 are also 
Secured, as well as diagonal braces 83 and 84, 
and a ridge beam 85 extending upwardly and 
rearwardly to the cab framework 86. Heavy 
plates 87 on opposite sides of the ridge beam re 
inforce and strengthen the nose structure, these 
plates being fastened at their lower ends to the 
buff sills 80 and 8. 
A plurality of ribs 88 connect the ridge beam 

85 and the cab structure 86 to the side sills 39 
to complete the nose structure. 
The front ends of the top sills 46 and 47 form 

the side walls of the trough 33 and connect with 
a pair of closely spaced ribs 89 and 90 to tie the 
upper structure to the lower structure. 
As will be seen from Fig. 7, the engine bed T3 

includes a plurality of extruded longitudinal 
members combined to form box girders 9 which 
Serves not only to support the weight of the en 
gine but also to transmit longitudinal forces. 
The purpose of this arrangement is to protect 
the front end of the car in the event of collision 
by transmitting the inertia of the engine through 
the girders or columns 9, cross tie 75, buff sills 
80 and 8, and diagonals 3 and 84 to the car 
nose, the effect being that of a battering ram. 
Since the operator's cab is somewhat in the rear : 
of the extreme nose portion, it is fairly well pro 
tected, but at the same time its location affords 
excellent visibility. 
The tail framework consists essentially of a 

spinal sill 00 which joins the top sills 46 and 
4 to a rear coupler casting for at the extreme 
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end of the center sill 45. The ribs at the rear . 
of the trailer section are truncated, as indicated 
at 02, and other ribs 03 join the spinal sill to 
various longitudinal framing members, such as 
the belt rail 60 and window headers 6. 
The above description, in a sense, is a preface 

to the discussion of body shape which follows. 
it represents the first part of the solution of the 
main problem, i. e. the combining of streamline 
form to the exigencies of railway car construc 
tion. The problem now considered is the par 
ticular application of aero-dynamics to a car of 
this type. 

Referring now to Figs. 8a, to 84 inclusive, it will 
be seen that one common characteristic of all 
cross sectional forms is the sloping side walls. 
Also, it will be observed that the roof of the 
car merges into the side walls with a Smoothly 
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2,098,585 
rounded curve (Figs. 8b and 8c being exceptions, 
these figures being taken in the vicinity of the 
cab) and that the belly of the car is continuously 
curved from side wall to side wall, with the low 
est part of the curve occurring at the center line 
of the car (there being exceptions at the trucks 
due to the necessity for providing struck clear 
ance and at the nose of the car for reasons which 
will later be described). 
This generally ovate form satisfies the require 

ments of load carrying capacity and passenger 
comfort (ample room being provided near the 
bottom for seats, and the more limited head 
room being unobjectionable) and more impor 
tant, this shape is particularly advantageous in 
reducing wind resistance to a minimum. It has 
been found experimentally that a 16' headwind 
not only creates more wint resistance than any 
other angle of air current, but also that it has 
the greatest tendency to overturn a car. By 
making the cross sectional shape of the car ovate, 
the center of gravity is kept low and side winds 
can pass over and beneath the car body with 
minimum effect. The generally ovate form of 
the car, therefore, is particularly advantageous 
in combating angular headwinds. 
The car, with its component sections, each of 

which has a length approximately that of a 
conventional railway car (60 feet more or less) 
is of ample length so that when the streamlined 
nose of the car strikes an angular headwind, the 
relatively slight turbulence set up does not ma 
terially affect the useful purpose served by the 
cross sectional shape of the car. 
The transverse cross-sections, taken adjacent 

the ends of the car, are more truly egg-shaped 
or ovate than the intermediate sections, but for 
convenience the term Ovate will be used to desig 
nate the characteristic shape which includes up 
wardly tapering side walls and smoothly rounded 
top and bottom walls. 
As the intermediate sections are fuller and 

more, nearly round than the end sections, the 
term ovate rotundate may be used to more spe 
cifically describe their shape. 
The term "ovate rotundate' wherever it ap 

pears in the appended claims is used in the sense 
above described. This term also implies that the 
car has its greatest width in the region of the 
floor level and a smaller width in the region of 
the roof level; also that the curve which joins 
the bottom of the car to the side walls is of sub 
stantial radius as distinguished from a mere 
filleted edge, with the result that winds striking 
the car at an angle are passed beneath the car 
with ease and without turbulence, thus effectively 
reducing drag and equalizing to some extent the 
pressure differential on opposite sides of the car. 

It will be understood that a car body may have 
an "ovate rotundate' cross-sectional form al 
though the lower portions of the side walls 
(above the lower curve) are substantially ver 
tical. The essential relationship defined by the 
term "ovate rotundate' is that the body is shaped 
(consistent with the above.) so that when a hori 
zontal wind strikes the car at an angle with 
respect to the longitudinal axis of the car, there 
will be a substantially greater tendency for the 
air to pass over the car than beneath it (disre 
garding the spacing of the car body, from the 
ground), but that in either case, the air is guided 
in its path across the car by smooth broadly 
rounded unobstructed surfaces. It is this in 
creased tendency for the air to pass over a cir 

75 of ovate rotundate form rather than beneath it 

3 
and the spacing of the car body from the ground 
so that substantial quantities. Of air can pass be 
neath the body, that lowers the center of pres 
sure as compared with a car of similar dimension 
that does not have this tendency (as for example 
Adams 489,912 and Zimmerman 542,746). 
When a vehicle such as a rail car is travelling 

at a high rate of speed, a certain amount of air 
is trapped beneath the car, and if the carbot 
tom is relatively flat, a static pressure is built 
up which tends to lift the car from the track. 
This tendency is overcome in the present case 
by having the car bottom rounded with the apex 
of the curve at the center line of the car. In 
this way, the air column beneath the car is di 
vided and the building up of static pressure is 
avoided. 
The nose of the car is shaped to accomplish 

the mechanical functions already stated, to give 
a pleasing appearance, and to reduce wind re 
sistance. To this end, the side sills 59, the ridge 
beam 85, the ribs 58 and other structural mem 
bers of the nose are curved so that in plan the 
general shape is parabolic, in side elevation, semi 
pyriform, and in end elevation, more or less cir 
cular, but changing to Ovate as it merges with 
the main portion of the car body. 
The pilot 06 directly beneath the nose serves 

not only to keep the track clear for the trucks, 
but also to direct air in the vicinity of the tracks 
to the sides of the car. In this way, the air is di 
verted from passing beneath the car where it 
would tend to build up static pressure and pro 
duce turbulence, both of which actions are unde 
sirable from the standpoint of reducing car resis 
tance. 

All of the trucks are equipped with skirts or 
shrouds to further reduce wind resistance. It 
has becn found by wind tunnel tests that a fur 
ther substantial saving in power can be achieved 
by reducing wind resistance at the trucks to a 
minimum. 
What we clain is:- 
it. A railway car for ground rail service having 

Smooth, continuous, 
structed surfaces and characterized by its sta 
bility to side and oblique Winds, said car compris 
ing a carbodyspaced from the rail a sufficient dis 
tance that substantial quantitles of air may pass 
transversely beneath the carbody, sald body hav 
ing a substantially uniform ovate rotundate 
cross-sectional form from end to end which gives 
the car body a relatively low center of pressure 
and which permits side and oblique winds to pass 
above and below the car body with relative ease 
and minimum turbulence, the car being of sufi 
cient length. So that the ovate rotundate cross 
sectional form of the car lessens the tendency of 
said winds to overturn the car, the car body hav 
ing its greatest width in the region of the center 
of pressure and having inwardly sloping side 
walls which merge at the top with a broadly 
curved roof sheet and at the bottom with a broad 

and Substantially unob 
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ly curved bottom sheet, said bottom sheet being . 
substantially continuously curved from side wall 
to side wall with the lowest portion of the curve 
at the car center line, thereby preventing air 
pressure from building up beneath the car. 

2. A railway car for ground rail service having 
smooth, continuous, and substantially unob 
structed surfaces and characterized by its sta 
bility to side and oblique winds, said car compris 
ing a car body spaced from the rail a sufficient 
distance that substantial quantities of air may 
pass transversely beneath the car body, said body 
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having a substantially uniform ovate rotundate 
cross-sectional form from end to end which gives 
the car body a relatively low center of pressure 
and which permits side and oblique winds to pass 
above and below the car body with relative ease 
and minimum turbulence, the car being of suf 
cient length so that the ovate rotundate cross sec 
tional form of the car lessens the tendency of said 
winds to overturn the car, the car body having its 
greatest width in the region of the center of pres 
sure and having inwardly sloping side walls which 
merge at the top with a broadly curved roof sheet 

2,098,585 
and at the bottom with a broadly curved bottom 
sheet, said bottom sheet being substantially con 
tinuously curved from side wall to side wall with 
the lowest portion of the curve at the car center 
line, thereby preventing air pressure from build 
ing up beneath the car, and a pilot at the nose of 
the car for dividing the air in the vicinity of the 
rails. . . 
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