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ARTICULATED RAILWAY TRUCK 
This application is a continuation of my copending 

application Ser. No. 882,359, ?led Dec. 15, 1967, now 
abandoned, which'was a continuation of my applica 
tion Ser. No. 680,257, ?led Nov. 2, I967, now aban 
doned. ‘ 

BACKGROUND OF THE INVENTION 

This invention relates generally to railway trucks and 
more particularly to railway trucks having a plurality of 
axles so mounted as to allow each to take a position on 
a curved track substantially radial to the curve. 
The axles of wheels mounted on the type of railway 

truck normally used always remain substantially paral 
lel. Since the axles do not move radial to a curved track 
on which the railway vvehicle may be traveling, the 
?anges of their wheels strike the curved rails at an an 
gle. This is a main cause of the noise which occurs 
when ordinary railway trains travel on a curved track. 
Resulting wear of the wheel flanges causes a high level 
of noise when the train is traveling on a straight track. 
With a rapid transit system in a heavily populated area, 
this noise is particularly objectionable. _ 
Since the usual trucks do not steer themselves, 

wheels having conical treads and rails having rounded 
tops are used to assist the train around curves. How 
ever, a tendency to nose,’ i.e., an objectional lateral os 
cillation of the train at high speed, may result from the 
use of these features. 
Because of the high stresses produced in an ordinary 

railway truck having stationary axles when rounding a 
curve, the‘ use of sound and vibration absorbing resil 
ient material is limited. 
To overcome these problems, articulating railway 

trucks have previously been designed for the purpose 
of allowing the wheel axles to become positioned on a 
curved track substantially radial to the curve. In partic 
ular, US. Pat. No. 243,797 issued to W. Robinson on 
July 5, 1881 discloses two railway trucks supporting a 

'_ railway car, each having _a main truck pivotally joined 
at its center to a railway car, and a pair of sub-trucks 
pivotally joined to the main truck. A pair of wheels is 
rotatably mounted‘on each sub-truck by a single axle, 
and ,the pivotal connections between the main truck 
and sub-trucks lie over these axles. One or both of 
these sub-trucks are also pivotally connected to the 
railway car. However, the Robinson patent neither dis 
closes nor appreciates the fact that a pivot connecting 
a sub-truck with the railway car must be located at a 
particular point determined by the truck’s wheel base 
and the distance between trucks. A pivot otherwise lo 
cated will prevent rather than assist the axles in turning 
radial to a curve. 

SUMMARY OF THE INVENTION 

It has been discovered that the axial lines of wheels 
in two railway truck assemblies which support a railway‘ 
vehicle‘ and each of which comprises a main truck piv 

‘ otally connected to the railway vehicle and two sub 
trucks pivotally connected to the main truck, can be 
positioned substantially radial to a curved track on 
which the railway vehicle is located by pivotally con 
necting at least one of the sub-trucks in each truck as 
sembly to the railway vehicle at a particular point, 
whose location is determined by the ratio of the truck 
assembly’s wheel base to the distance between truck 
assemblies. 
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2 
With the truck assemblies steering the train, flat 

wheel treads and rail tops may be used. This allows 
higher load ratings on the wheels and longer wheel and 
rail life, as well as assisting in the avoidance of nosing. 
Sound and vibration ‘absorbing material can vbe used 

more extensively in this truck assembly thin in the usual 
railway truck, because its articulation avoids many of 
the stresses produced when rounding curves. 
Since the pivotal connections between the railway 

vehicle and main truck, and between the main truck 
and subtrucks, need not be positioned at any de?nite 
location, one designing an embodiment of this truck as 
sembly has a great deal of ?exibility. The pivotal con 
nections between the main truck and sub-trucks need 
not be over the axles, thereby allowing this area to be 
utilized for brakes or other apparatus. Where the 
weight of a locomotive is transferred to the main truck 
at the pivotal connection between the two, this connec~ 
tion may be placed near a powered pair of wheels in 
order to increase traction‘ between those wheels and 
the rails. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic plan view of a railway car on a 
curved track and supported by two truck assemblies . 
embodying the present invention. 
FIG. 2 is an enlarged fragmentary schematic plan 

view related to one of the truck assemblies shown in 
FIG. 1. 
FIG. 3 is a plan view of one form of truck assembly 

in accordance with the invention. ' 
FIG. 4 is a longitudinal section taken along line 4-~4 

of FIG. 3. . 

FIG. 5 is a transverse section taken along line 5-5 
of FIG. 4. _ 

FIG. 6 is a transverse section taken along line 6-6 
of FIG. 4. ' 

‘ DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
FIGS. 1 and 2 are used in deriving the equation defin 

ing the invention. FIG. 1 schematically represents a 
railway car 1 supported vby two truck assemblies on a 
track 2 of constant curvature. Body bolstersf3 con 
nected together by member 4 transmit the load of the 
railway car to the truck assemblies. The term “railway 
vehicle?’ will be used herein and shall refer to a railway 
car or locomotive, together with any otherv devices 
which remain ?xed in a'horizontal plane with respect 
to the railway-car or locomotive such as body bolsters 
3. - ' 

As illustrated in FIGS. 1 and 2, each truck assembly 
comprises a main truck 5 and two sub-trucks, 6 and 7. 
A pair of axially aligned ?ange wheels 8 having axles 
within an axle housing 9 and radial to the curve are ro 
tatably mounted on each sub-truck. The main truck is 
pivotally connected to the railway car at point X which 
is not shown centrally placed in order to illustrate the 
broad application of the equation de?ningv the inven 
tion. However, the X points on the‘truck assemblies 
must be located equidistant from a point which is inter 
mediate points midway between the axial lines of the 
two pair of wheels in each truck assembly, when the 
railway vehicle is on a straight track or one having a 
constant degree of curvature. The sub-trucks are pivot 
ally connected to the main truck at Y and Y’ which 
need not be located above the axial lines of the wheels; 



3,789,770 
3 

however, Y and Y’ need be placed equidistant from a 
point intermediate the axial lines of the wheels when 
these axial lines are parallel, and on a vertical longitudi 
nal plane passing through point X and perpendicular to 
the parallel axial lines. 

Referring to FIG. 2, extensions of sub-trucks 6 and 7 
may be pivotally connected to the railway vehicle at 
points Z and Z’ respectively, which lie on lines passing 
through the Y points and perpendicular to the axial 
lines of the wheels. Since the axial lines of the wheels 
are initially positioned radial, pivotal connections at Z 
and Z’ will of necessity ?x the axial lines of the wheels 
in a radial position. 

In deriving an equation by which points Z and Z’ may 
be located as a function of each truck assembly’s wheel 
base and the distance between truck assemblies, the 
letters shown in FIGS. 1 and 2 represent the following: 
A = one half the angle formed by two radial lines, 
each line bisecting the angle formed by the two ra 
dial axial lines of the two pair of wheels in each 
truck assembly; 

B = the angle formed by one of said bisecting radial 
lines and an adjacent axial line; 

r = radius of the arc concentric with the rails of the 
‘ curved track on which the railway vehicle is lo 
cated, and passing through the intersections of said 
bisecting radial lines with a line going through the 
X points; 

a = horizontal measurement of the truck assembly’s 
wheel base; 

b = horizontal distance between truck assemblies 
measured from points located at the intersections 
of said bisecting radial lines with said arc, these 
points also being located intermediate, or’ approxi 
mately intermediate, the axial lines of the two pair 
of wheels in each truck assembly when these axial 
lines are parallel; 

c, d, e and c’, d’, e’ are the distances shown in FIG. 
2. 

Since only relatively small angles are involved, it may 
be assumed with sufficient accuracy that angles A and 
B equal their sines. Therefore; A = sine A = l/2b/r = 
b/2r, B = sine B = l/2a/r = a/2r, and B/A = (1/1). Small 
angles also closely approximate their tangents, there 
fore; A = tan A = e/c or e’/c'; B = tan B = e/a' or e’ld’, 
and B/A = c/d = c’ld’ =. a/b. 

Since, with the approximations made, the radius of 
the curve does not affect the location of point Z or Z’, 
pivoted connection at these points will be effective irre 
spective of the degree of curvature of the track. Addi 
tionally, these points can be located by the c and d, or 
c’ and d’ measurements when the railway vehicle is on 
a straight track. 
By pivotally connecting the railway vehicle and sub 

tracks at these Z points, an interdependent linking ar 
rangement exists among the railway vehicle, the main 
truck and sub-trucks, whereby the axial lines of wheels 
mounted on the sub-trucks are placed radial to a curve 
which the railway vehicle is rounding. When the ?anges 
of the wheels strike a curved rail, the main truck will 
pivot with respect to the railway vehicle. This causes 
the sub-trucks pivotally connected to the main truck 
and, at a point located by the equation, to the railway 
vehicle to pivot and place the axial lines of their wheels 
radial to the curve. Of course, contemporaneous with 
the above action initiated by the main truck pivoting 
with respect to the railway vehicle, the axial lines of the 

IO 

20 

25 

30 

35 

45 

65 

4 
wheel mounted on the sub-trucks will be positioned 
somewhat radial to the curve by the force of the curved 
rail on the wheel ?anges. This action will compliment 
the prior action and assist in placing the axial lines ra 
dial to the curve. 

However, since extensions of the sub-trucks will 
overlap if they both are pivotally connected to the rail 
way vehicle at their respective Z points, this arrange 
ment may not be a practical design. The same purpose 
may be achieved by connecting only one of the sub 
trucks with the railway vehicle at a Z point while link 
ing the sub~trucks together such that rotation of one 
causes the other to rotate an equal amount in the oppo 
site direction. 
FIG. 3 shows a preferred embodiment of the truck 

assembly on a straight track 10. A body bolster 3 trans 
mits the load of the railway car from springs 11 to the 
truck assembly and is horizontally ?xed with respect to 
the railway car, thereby being included .in the term 
“railway vehicle.” Member 4 connects the body bolster 
shown to-another body bolster located above a similar 
truck assembly disposed toward the opposite end of the 
railway vehicle. The main truck comprisesa substan 
tially horizontal top 12 and two- downwardly extending 
sides 13. Two apertures 14 are located within the top 
of the main truck. A main pivotal connection 15, cen 
trally located at point X, joins the top of the main truck 
to the railway vehicle. interposed between the down 
wardly extending sides of the'main truck are two sub 
trucks disposed toward opposite ends of the main 
truck. The sub-trucks like the main truck have substan 
tially horizontal tops 16a and 16b, and downwardly ex 
tending sides, 17a and 17b; the tops of the sub-trucks 
at theier adjacent ends are narrow. Each sub-truck r0 
tatably mounts a pair of axially aligned ?anged wheels 
8 whose axles 5a are within axle housings 9. 
As shown in FIGS. 3, 4 and 5, resilient spacers 18 

comprised of slightly resilient plastic pads are inter 
posed between the sides of the main truck and those of 
the sub-truck. Stiff steel springs may be used as resilient 
spacers. Each sub-truck has a pair of these spacers 
placed at corresponding locations on its opposite sides. 
These spacers allow the sub-trucks to rotate with re 
spect to the main truck about predetermined pivot 
points, Y and Y’, corresponding to the Y and Y’ pivots 
shown in FIGS. 1 and 2. The ?exibility of the resilient 
spacers also permit a slight amount of longitudinal 
movement between the sub-trucks and main truck, 
thereby allowing rotation of the sub-trucks with respect 
to the main truck and railway vehicle without binding. 
Although in the truck assembly illustrated, resilient 
spacers provide a ?exible connection between the main 
truck and each sub-truck, other embodiments of my in 
vention may avoid binding within the truck assembly by 
providing ?exibility at another connection or other 
connections joining one or both sub-trucks. 
Also illustrated in FIGS. 3, 4 and 5 are bearing mem 

bers 19, a pair of which is interposed between the top 
of each sub-truck and the main truck. The bearing 
members transmit the load from the main truck to the 
sub-trucks but allow relative movement between them. 
FIGS. 4 and 6 show the sub-trucks linked together at 

adjacent ends of their tops by a pivotal connection 20. 
Pivotal connection 20 is placed midway between the 
pivot points Y and Y’ such that rotation of one of the 
sub-trucks will effect an equal but opposite rotation of 
the other. By overlapping adjacent ends, the opposite 
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torques produced on the sub-trucks by braking coun 
teract each other. 
FIGS. 4 and 6 also disclose the preferred means of 

joining the railway vehicle with one of the sub-trucks 
such that they pivot with respect to each other about 
a particular point, Z. Pivotal connection 21 joins the 
narrow end of one of the sub-trucks’ tops 16a to plate 
22 which is rigidly suspended from the railway vehicle. 
Two pins 23 secured to the railway vehicle extend 
downwardly through the apertures 14 in the top 12 of 
the main truck, pass on both sides of the narrow adja 
cent ends of the sub-trucks’ tops and hold plate 22 rigid 
with respect to the railway vehicle. 

Pivotal connection 21 is at a particular point, point 
Z, which is located on a vertical longitudinal plane 
passing through main pivotal connection 15 at point X 
and perpendicular to the parallel axial lines of wheels 
8, and at a location such that the equation a/b = c/d is 
satis?ed; where 
a = horizontal measurement of the truck assembly’s 
wheel base; 

b = horizontal distance between the two truck assem 
blies measured from points intermediate the axial 
lines of the two pairs of wheels in each truck assem 
bly; 

c = horizontal distancebetween the particular point 
Z and the main pivotal connection 15 at point X; 

d = horizontal distance between the particular point 
2 and point Y whichis intermediate the pair of 
spacers located on the sides 17a of the sub-truck 
joined to plate 22 by pivotal connection 21. 

While the truck assembly shown has two pair of 
wheels, my invention may also be used with truck as 
semblies possessing three pair. In which case, the axial 
line of the center pair of wheels in the truck assembly 
need not be rotatable with respect to the main truck to 
assume a radial position. 

l claim: , I 

1. Supporting and steering means for a railway vehi~ 
cle, said means comprising two articulated truck as 
semblies disposed toward opposite ends of said railway 
vehicle, each of said truck assemblies comprising: 

a. a main truck > _ 

b._ two sub-trucks disposed toward opposite ends of 
said main truck; I 

0. two pair of axially aligned ?anged wheels, each 
pair rotatably mounted on one of said sub-trucks; 

d. a main pivotal connection joining said main ‘truck 
with said railway vehicle, the main pivotal connec 
tion of the two truck assemblies located equidistant 
from a point intermediate points midway between 
the axial lines of the two pair of wheels in each 
truck assembly when the railway vehicle is on a 
straight track; 

e. two connecting means, each joining one of said 
sub-trucks with said main truck, said connecting 
means allowing said sub-trucks to rotate with re 
spect to said main truck about pivot points located, 
when the axial lines of said wheels are parallel, on 
a vertical longitudinal plane passing through said 
main pivotal connection and perpendicular to said 
parallel axis lines, said pivot points also located 
equidistant from a point intermediate said axial 
lines; 

f. means pivotally connecting said sub-trucks, 
whereby rotation of one of said sub-trucks about its 
pivot point causes the other sub-truck to rotate an 
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equal amount in the opposite direction about its 
pivot point; 

. means pivotally connecting said railway vehicle to 
one of said sub-trucks, said means not in contact 
with said main truck and pivotally joining said sub 
truck at a particular point, said particular point lo 
cated, when the axial lines of said wheels are paral 
lel, on said vertical longitudinal plane, at a location 
such that the equation a/b = c/d is satisfied; where: 
a = horizontal measurement of the truck assem 

bly’s wheel base; . - 

b = horizontal distance between the two truck as 
semblies measured from points intermediate the . 
axial lines of the two pair of wheels in each truck 
assembly; 

0 = horizontal distance between said particular 
point and said main pivotal connection; 

d = horizontal distance between said particular 
' point and the pivot point on the sub-truck joined 
to said railway vehicle by said pivotally connect 
ing means; - . 

h. at least one ?exible means integral with at least 
one of said connections joining one of said sub 
trucks to said main truck, said means allowing con 
trolled movement of said connection, thereby per‘ 
mitting rotation of said sub-trucks with respect to 
said main truck and said railway vehicle. 

2. Supporting and steering means for a railway vehi 
cle, said means comprising two articulated truck as 
semblies disposed toward opposite ends of said railway 
vehicle, each of said truck assemblies comprising: 

a. a main truck; . 

b. two sub-trucks disposed toward opposite ends of 
of said main truck; 

0. two pair of axially aligned ?anged wheels, each 
pair rotatably mounted on one of said sub-trucks; 

d. a main pivotal connection joining said main truck 
with said railway vehicle, the main pivotal connec 
tion of the two truck assemblies located equidistant 
from a point intermediate points midway between 
the axial lines of the two pair of wheels in each 
truck assembly when the railway vehicle is on a 
straight track; ' 

e. two connecting means, each joining one of .said 
sub-trucks with said main truck, said connecting 
means allowing said sub-trucks to rotate with re 
spect to said main truck about pivot points located, 
when the axial lines of said wheels are parallel, on 
a vertical longitudinal plane passing through said 
main pivotal connection and perpendicular to said 
parallel axis lines, said pivot points also located 
equidistant from a point intermediate said axial 
lines; I 

f. two means pivotally connecting said sub-trucks to 
said railway vehicle, 'each of said means not in 
contact with said main truck and pivotally joining 
one of said sub-trucks at a particular point, each of 
said particular points being located when the axial 
lines of said wheels are parallel on said vertical lon 
gitudinal plane, at a location such that the equation 
a/b = c/d is satis?ed where: ' 

a = horizontal measurement of the truck assem 
bly’s wheel base; - 

b = horizontal distance between the two truck as 
semblies measured from points intermediate the 
axial lines of the two pair of wheels in each truck 
assembly; 
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c = horizontal distance between said particular 
point and said main pivotal connection; 

d = horizontal distance between said particular 
point and the pivot point on the sub-truck being 
joined to said railway vehicle at said particular 
point; ‘ 

g. a plurality of ?exible means, at least one of which 
is integral with at least one of said connections join 
ing each sub-truck to said main truck, said means 
allowing controlled movement of said connection, 
thereby permitting rotation of said sub-trucks with 
respect to said main truck and said railway vehicle. 

3. Supporting and steering means fora railway vehi 
cle, said means comprising two articulated truck as 
semblies disposed toward opposite ends of said railway 
vehicle, each of said truck assemblies comprising: 

a. a main truck having downwardly projecting sides 
and a top having an aperture therein; 

b. two sub-trucks having sides, located between the 
sides of said main truck and disposed toward oppo 
site ends of said main truck; 

c. two pair of axially aligned ?anged wheels, each 
pair rotatably mounted on one of said sub-trucks; 

d. a main pivotal connection joining said main truck 
with said railroad vehicle, the main pivotal connec 
tion of the two truck assemblies located equidistant 
from a point intermediate points midway between 
the axial lines of the two pair of wheels in each 
truck assembly when the railway vehicle is on a 
straight track; 

e. a pivotal connection joining said sub-trucks to 
each other‘ and located, when the axial line of said 
wheels are parallel, equidistant from said parallel 
axial lines and on a'vertical longitudinal plane pass 
ing through said main pivotal connection and per-, 
pendicular to said parallel axial line; 

f. two pair of resilient spacers, the spacers of each 
pair being located on corresponding opposite sides 
of one of said sub-trucks between the sides thereof 
and the sides of said main truck, said pairs of spac 
ers being equidistant from the pivotal connection 
joining said sub-trucks to each other; 

g. connecting means secured to said railway vehicle 
and projecting downwardly through the aperture in 
the top of said main truck with clearance relative 
to said main truck, said means pivotally connecting 
said railway vehicleto one of said sub-trucks at a 
point displaced longitudinally from said main piv 
otal connection. 

4. The supporting and steering means of claim 1 in 
which saidjconnecting means pivotally connects the 
railway vehicle and one of said sub-trucks at a particu 
lar point, said particular point located when the axial 
lines of said wheels are parallel on said vertical longitu 
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8 
dinal plane, at a location such that the equation a/b = 
c/d is satis?ed; where: 

a = horizontal measurement of the truck assem 

bly’s wheel base; 
b = horizontal distance between the two truck as 
semblies measured from points intermediate the 
axial lines of the two pairs of wheels in each truck 
assembly; 

0 = horizontal distance between said particular 

point and said main pivotal connection; 
d = horizontal distance between said particular 

point and a point intermediate the pair of spacers 
located on the sides of the sub-truck joined to 
said connecting member. 

5. Railway vehicle running-gear comprising at least 
two rotatable load-carrying axles, movable to different 
relative angularities in a horizontal plane, each of said 
two axles having a pair of spaced-apart ?anged wheels 
mounted normally ?xedly thereon to rotate therewith . 
and adapted to transmit weight from the axle to a pair 
of rails, a pair of frame structures, one for each of said 
two axles, each frame structure having means for rota 
tively mounting its associated axle, and having, in rela 
tion to its associated axle, a substantially ?xed angular 
ity in a horizontal plane, and each frame structure ex 
tending from its associated ‘axle to a'common point sub 
stantially midway between said two axles and substan 
tially equi-spaced from the two wheels of the associated 
axle, a pivotal connection between saidstructures hav 
ing a substantially vertical pivot axis at said point, and 
means providing for limited bodily lateral motion of 
said pivotal connection. ' 

6. A railway vehicle truck assembly comprising at 
least two rotatable load-carrying axles, movable to dif 
ferent relative angularities in a horizontal plane, each 
of said two axles having a pair of spaced-apart flanged 
wheels mounted normally ?xedly thereon to rotate 
therewith and adapted to transmit weight from the axle 
to a pair of rails, a main truck frame having a pivot for 
articulation with the vehicle, a pair of sub-frame struc 
tures, one for each of said two axles, each sub-frame 
structure having means for rotatively mounting its asso 
ciated axle, and having, in relation to its associated 
axle, a substantially ?xed angularity in a horizontal 
plane, and each sub-frame structure extending from its 
associated axle to a common point substantially mid 
way between said two axles and_substantially equi 
spaced from the two wheels of the associated axle, a 
pivotal connection between said sub-frame structures 
having a substantially vertical pivot axis at said point, 
and means resistively permitting lateral motion be 
tween the sub-frame structures and the main truck 
frame. 
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