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My invention relates, generally, to balancers 
and, more particularly, to balancers for steam 
locomotives. 

In a two cylinder steam locomotive it is im 
possible even to approach good balance of the 
oscillating forces by the methods now used. The 
reason for this is that the counterbalance weights 
are put in the wheels of the locomotive where 
their motion is rotational, whereas a large part of 
the vibrations originate in the reciprocating parts 
of the driving mechanism, such as the pistons 
and part of the connecting rods. The usual 
method of balancing steam locomotives is to put 
sufficient counterbalance weights in the wheels to 
counteract the rotating forces and about half of 
the reciprocating forces. The other half of the 
reciprocating force is absorbed by the inertia of 
the locomotive and results in vibration. An even 
more serious consequence is that the vertical com 
ponent of the counterweight force has only the 
rail to react against and causes a fluctuation in 
the wheel load with each revolution. This fluc 
tuation in wheel load is commonly known as “dy 
namic augment' and is one of the chief limita 
tions to the speed of steam locomotives. To give 
some idea of the magnitude of this fluctuation, 
the example might be given of one popular type of 
high Speed locomotive for which the dynamic aug 
ment at 100M. P. H. is two-thirds of the wheel 
load. This means that the rail load of each 
wheel, even on Smooth straight track, fluctuates 
between 4 and 1% of its static value during each 
revolution. - . . . - - - - - - - 

An object of my invention, generally stated, is 
to provide a locomotive balancer which shall be 
simple and efficient in operation and which may 
be economically manufactured and installed. 
A more specific object of my invention is to 

counterbalance the reciprocating force in a steam 
locomotive. - 

... Another object of my invention is to prevent 
fluctuation in the wheel load of a locomotive of 
the reciprocating type. 
A further object of my invention is to provide 

a locomotive balancer which will not increase the 4. 
unsprung Weight of a locomotive. 

Still another object of my invention is to pro 
vide a balancer which can readily be added to an 
existing locomotive. 
Other objects of my invention will be explained 

fully hereinafter or Will be apparent to those 
skilled in the art. 

In accordance with one embodiment of my in 
vention, a hollow shaft or quill surrounds one of 
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mounted in the locomotive frame. The quill is 
driven by the shaft which it surrounds and it 
drives two other shafts mounted in the frame. 
Balancing weights are so disposed on these shafts 
that all the reciprocating force is Counterbal 
anced. . 

For a fuller understanding of the nature and 
objects of my invention, reference may be had to 
the following detailed description, taken in con 
junction with the accompanying drawings, in 
Which 

Figure 1 is a view, partially in plan and par 
tially in Section, of a portion of a locomotive struc 
ture embodying my invention; 

. Fig. 2 is a view, partially in side elevation and 
partially in section, of the structure shown in 
Fig. 1; . . - 

Fig. 3 is a vector diagram of the balancing 
system shown in Figs. 1 and 2; - - 

Fig. 4 is a Vector diagram of a slightly modi 
fied balancing System; 

Fig. 5 is a view, in plan, of a modification of 
the invention; - 

Fig.6 is a view, partially in side elevation and 
partially in section, of the structure shown in 
Fig. 5; 

Fig. 7 is a vector diagram of the balancing Sys 
tem shown in Figs. 5 and 6, and 

Fig. 8 is a diagrammatic view showing the loca 
tion of the reciprocating and the rotating parts of 
a steam locomotive. 
In practicing my invention, the rotating forces 

which are due to the inertia of the side rods, crank 
pins, etc. are counterbalanced in the usual man 
ner, that is, by means of balance weights placed in 
the Wheels of the locomotive. A novel feature of 
my system is the method of counterbalancing the 
reciprocating forces, which may be accomplished 
by means of the device shown in Figs. 1 and 2. 
These figures show the application of the device 
to a steam locomotive of the Pacific (4-6-2) type. 
There are many different Ways in which the de 
vice could be arranged some of which will be 
mentioned hereinafter. 

Referring to the drawing, the structure shown 
in Figs. 1 and 2 comprises a portion of a main 
frame of a locomotive having driving wheels 2 
secured to axles 2' in the usual manner. A hollow 
cylindrical member 3 surrounds the middle driv 
ing axle 2' and rotates in bearing 3’ disposed in 
the locomotive frame f. The member 3 may be 
compared to the quill in the well known quill drive 
utilized on electric locomotives. It is driven by 
the axle which it surrounds through a flexible 

the driving axles of a locomotive and is rotatably 55 coupling 4 which may be one of the types usually 
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utilized on electric locomotives. The coupling A', 
illustrated in the drawings, is similar to one coin 
monly known as a "cup-drive.' A gear A is se 
cured to the outer surface of the cylindrical mem 
ber 3, The gear 4 drives two other gears 5 and 
6, which, in turn, drive shafts 7 and 8, respec 
tively. 
The shafts 7 and 8 are mounted in bearings dis 

posed in the main frame f of the locomotive. The 
gears 4, 5 and 6 all have the same diameter. Thus, 
the members 3, 7 and 8 comprise a System of 
shafts mounted in the main frame which all ro 
tate at an angular velocity equal to that of the 
driving wheels. As indicated by the arrows in 
Figure 2, the shaft 3 rotates in the Same direc 
tion as the wheels, while 7 and 8 rotate in the Op 
posite direction. 
The shafts 3, 7 and 8 each have two counter 

weights mounted on them in angular relation, 
thereby making a total of six individual weights, 
9, 10, fi, 2, 3 and 4. As shown in Figure 1, 
the weights 9, 0 and are disposed on one side 
of the longitudinal center line of the locomotive, 
and the weights, 2, 3 and 4 are disposed on the 
other Side of the center line. 
The effect of the three weights which are on 

one side of the locomotive, for instance the left 
side, Will be considered first. The Weight 9 is at 
tached to the shaft 3, weight 0 is attached to 
the shaft 7 and the weight is attached to shaft 
8. If all three weights have the same mass, and 
9 rotates at twice the radius of either f0 or , 
the centrifugal force of 9 is equal to that of 0 
and combined. Any combination of masses 
and radii which makes 9 equivalent to 0 and 
combined is satisfactory. As may be seen from 
Fig. 2, weights 9, O and f all reach their ex 
treme fore and aft positions at the Same instant. 
However, because of the different directions Of 
rotation, 9 is in its uppermost position when to 
and are in their lowermost position. There 
fore, the vertical components of the centrifugal 
forces are cancelled. However, the horizontal 
components add. Therefore, the net result is a 
sinusoidally varying, longitudinally directed, re 
ciprocating force exerted on the frame of the 
locomotive. 
On the other side of the locomotive a similar 

set of three weights 2, 3 and 4 produces an 
other reciprocating force. 
ship between these forces on each side of the loco 
motive can be adjusted to any desired Value. By 
correct choice of the magnitude and phase posi 
tion of the counterweights it is possible to coun 
terbalance any system of longitudinal reciprocat 
ing forces in the plane of the axle centers both as 
to forces and moments. 
The calculation of the correct magnitude and 

phase position of the weights is most easily done 
by means of vectors. In the vector diagram, ill 
lustrated in Figure 3, the line ABCD represents a 
horizontal line perpendicular to the longitudinal 
axis of the locomotive. The points A, B, C and 
D are the points at which this line intersects war 
ious vertical longitudinal planes in which we are 
interested. A and D are in the planes of the pis 
tons and connecting rods of the locomotive. B 
and C are in the planes of the counterweightS. 
The pointS X show the locations of the driving 
wheels. The vectors drawn from points A, B, C 
and D represent the reciprocating forces in mag 
nitude and phase. The actual forces are the pro 
jections of the rotating vectors on a horizontal 
plane. The vectors rotate counterclockwise. 
The vectors L and R represent the inertia forces 

The phase relation 
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4. 
of the left and right pistons and rods. They are 
90° apart. BL and BR are the counterbalance 
forces required to produce equilibrium. Wector 
BL=L1-L2 and BR=R1--R2. The equilibrium 
equations are (1) L1-R1=L, (2) R2-L2=R, 
(3) L1a-Ri (a-b), and (4) R2d=L2(b.--d). From 
these equations we can determine L1, L12, R1 and 
R2, from which we can find BL and BR in both 
magnitude and phase. 
To take a simple example, let L=R=500 lb. 

equivalent weight at the rim of the driving wheel 
and a-b=d=30 inches. (These figures approxi 
mate an actual case). Substituting and Solving, 
We get: R1=L2=500 lb. L2=R1=1000 lb., 

alpha=beta=arctan 0.5=26°30'. 
BL=BR=V 10002--5002=1120 lb. equivalent weight 
at the wheel rim. 
In Fig. 2, weight 9 is shown rotating at a radius 

about equal to that of the driving Wheel and 
weights O and have half that radius. There 
fore each of the weights 9-4 inclusive should 
weight 560 lb. The angular spacing between any 
two weights on the same shaft (say weights 0 and 
3 on shaft T) should be 90°--2X26°30'=143°. 

All necessary angular relationships can be found 
from Fig. 3. . 
In Figs. 1 and 2 there is illustrated just one of 

the many forms which a device utilizing the same 
fundamental principles could take. Some of the 
more important variations are as follows: 

(1) Any two weights on the same shaft, Say 0 
and 3 on shaft 7, could be replaced by three 
weights on the same shaft, two in the same planes 
already shown and the third in the plane of the 
center line of the locomotive. Fig. 4 illustrates 
how these weights would be arranged. The Vec 
tors and 3 represent the forces from the cor 
respondingly numbered weights of Fig. 1. The 
vectors 5, 6 and 7 represent the forces from an 
alternative system of weights. The counterweight 
i5 of Fig. 4 would be located in the gear 5 of Fig. 1. 
The counterweights 6 and 7 would replace 0 
and 3 and be located 180° apart, instead of 143°. 

(2) Figs. 1 and 2 show a device large enough to 
counterbalance the whole locomotive with a single 
unit. A larger number of smaller units could be 
utilized. This would be particularly applicable to 
locomotives with four or more driving wheels. 

(3) A unit could be built with two, instead of 
three, rotating shafts. A single unit with two 
shafts in a horizontal plane would apply a pitch 
ing moment to the locomotive when one weight 
was up and another down. However, with an even 
number of such units, the pitching moments 
could be made to counteract each Other. 

(4) The two or three shafts comprising a single 
unit might not lie in the same horizontal plane. 

(5) It is possible to use any desired combina 
tion of the old method of balancing and the one 
herein described in case the full benefits of the 
new method are not required. 

(6) It is not necessary to have one of the bal 
ance shafts enclosing an axle as does shaft 3 in 
Figs, 1 and 2. A complete unit consisting of tWO 
or three balance shafts could be located between 
two axles and be driven from one of the axles. 

(7) The gears used to drive the balance Shafts 
could also be utilized to transmit tractive effort 
from one axle to another and thus eliminate side 
rods. 

(8) Similar devices could be devised for use on 
three or four cylinder steam locomotives. 
A further modification of my invention is illus 

trated in FigS. 5 and 6, in which like parts are 
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designated by the same reference characters as 
in FigS. 1 and 2. The balancing device illustrated 
in Figs. 5 and 6 is similar to the one shown in 
Figs. 1 and 2, with the exception that the counter 
Weights which rotate in the same direction as the 
Wheels are located in the wheels themselves, in 
stead of on a separate shaft, such as the shaft 
or quill 3. Thus, the balance weights are located 
in four different planes, instead of in two planes 
as in the structure hereinbefore described. The 
method of obtaining correct cross balance with 
the weights in four planes is explained in the fol 
lowing analysis: - . . 

In Figure 7 the line ABCDEF runs acroSS the 
locomotive through the center of the axle being 
balanced. A and F are in the planes of the left 
and right connecting rods. B and E are in the 
planes of the Wheels. C and D are in the planes 
of the counterweights 2, 22, 23, and 24 of Fig 
ures 5 and 6. 
The vectors at points B, C, D, and Erepresent in 

magnitude and direction components of the cen 
trifugal forces of counterweights rotating about 
those points. The vectors at A and F represent 
the phase positions of the reciprocating forces 
from the pistons and connecting rods, but the 
magnitudes of these forces are the projections of 
the vectors on a horizontal plane. The direction 
of rotation of the vectors is shown by arrows. The 
equilibrium equations are: 
(I) U-W-H-I-V-- G = 0 

(2) G-V-- H-W = 0 

(3) U(a+b+d)-. W(b+d) - Ha-Va-G(b.--d)=0 
(4) G(b.--d) - Vd-Ha -- W(b.--d) = 0 
The Solution of these equations is: 

To take a simple example, suppose the recipro 
cating force is 500 lbs. equivalent weight at the 
radius of a driver on each side of the locomotive 
and a-b=d=15 inches. U for each axle is then 

500 
- = 167 lbs. 

for a 4-6-2 type locomotive. Then W=104 lbs., 
G=20.9 lbs., H=167 lbs., and V-83.5 lbs. The 
combined effects of weights 2 and 22 must equal 
the vector Sum of forces H and W. 

H--V-V1672-83.52-186 lbs. 
If the weights rotate at a radius about 3% that of 
a driver each weight is 

l 
2 

One advantage of the device illustrated in Figs. 
5 and 6 Over the one illustrated in Figs. 1 and 2 
is that the counterweighting in the wheels is just 
about the same as that used in the usual method 
of counterbalancing. This simplifies the conver 
Sion of old locomotives to the new method of coun 

xx 186=248 lbs. 
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6 is also more compact than the One shown in 
Figs. 1 and 2. 
From the foregoing description it is apparent 

that Some of the advantages of my invention are 
decreased vibration of the locomotive and de 
creased forces applied by the wheels to tracks 
and bridges, thereby permitting the locomotive to 
operate at a higher speed. Furthermore, the bal 
ancing device, herein described, does not add to 
the unsprung Weight of the locomotive, since it is 
mounted in the locomotive frame and not on the 
locomotive axles, as is the case with previously 
known balancing devices. 
Since numerous changes may be made in the 

above-described construction and different em 
bodiments of the invention may be made without 
departing from the Spirit and scope thereof, it is 
intended that all matter contained in the fore 
going description or shown in the accompanying 
drawing shall be interpreted as illustrative and 
not in a limiting sense. . 
I claim as my invention: 
1. In a locomotive having a frame, reciprocat 

ing pistons, Side rods, crank pins, driving wheels 
and axles therefor, in combination, a rotatably 
mounted quill Surrounding one of the axles, 
means for rotating said quill, shafts disposed on 
opposite sides of said quill and driven thereby in 
a direction opposite to that of the axles, said 
shafts being rotatably mounted in the locomotive 
frame and supported thereby, a plurality of bal 
ancing weights of predetermined magnitude and 
phase position rotated by said shafts at the same 
angular velocity as the driving wheels to counter 
balance the reciprocating forces of the locomotive, 
and additional balancing Weights of predeter 
mined magnitude rotated in the same direction 
and at the same angular velocity as the wheels 
and cooperating with said first-named weights in 
counterbalancing the reciprocating forces. 

2. In a locomotive having a frame, reciprocat 
ing pistons, side rods, crank pins, driving wheels 
and axles therefor, in combination, a quill Sur 
rounding one of the axles and rotatably mounted 
in the locomotive frame, means for rotating said 
quill at the same Speed as the axle which it sur 
rounds, a gear secured to said quill, shafts dis 
posed on opposite sides of said gear and driven 
thereby at the same speed as Said gear and in a 
direction opposite to that of the axles, Said shafts 
being rotatably mounted in the locomotive frame 
and supported thereby, a plurality of balancing 
weights of predetermined magnitude and phase 
position rotated by said shafts to counterbalance 
the reciprocating forces of the locomotive, and 
additional balancing weights of predetermined 
magnitude rotated in the same direction and at 
the same angular Velocity as the Wheels and co 
operating with said first-named weights in coun 
terbalancing the reciprocating forces. 

3. In a locomotive having a frame, reciprocat 
ing pistons, side rods, crank pins, driving wheels 
and axles therefor, in combination, a quill sur 
rounding one of the axles and rotatably mounted 
in the locomotive frame, means for flexibly driv 
ing said quill from said axle, shafts disposed on 
Opposite sides of Said quill and connected in driv 
ing relation thereWith, said shafts being rotatably 
mounted in the locomotive frame and rotated in 
a direction opposite to that of the axles, a plurality 
of balancing Weights of predetermined magnitude 
and phase position rotated by said shafts at the 
Same angular Velocity as the driving wheels to 
Counterbalance the reciprocating forces of the 

terbalancing. The device shown in Figs. 5 and 75 locomotive, and additional balancing weights of 



2,432,907 
7 

predetermined magnitude rotated in the same dia 
rection and at the same angular velocity as the 
Wheels and cooperating with said first-named 
weights in counterbalancing the reciprocating 
forces. 

4. In a locomotive having a frame, reciprocat. 
ing pistons, side rods, crank pins, driving wheels 
and axles therefor, in combination, a quill Sur 
rounding one of the axles and rotatably mounted 
in the locomotive frame, means for rotating said 
quill, shafts disposed on opposite sides of said 
quil and driven therefrom in a direction opposite 
to that of the axles, said shafts being rotatably 
mounted in the locomotive frame and Supported 
thereby, a plurality of balancing weights of pre 
determined magnitude and phase position rotated 
by Said shafts at the Same angular velocity as the 
wheels to counterbalance the reciprocating forces 
of the locomotive, and additional balancing 
weights of predetermined magnitude and phase 
position secured to said quill and cooperating with 
said first-named weights in counterbalancing the 
reciprocating forces. 

5. In a locomotive having a frame, reciprocat 
ing pistons, Side rods, crank pins, driving wheels 
and axles therefor, in combination, a quill sur 

0. 
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8 
rounding one of said axles and rotatably mounted 
in the locomotive frame, means for rotating said 
quill at the same Speed as the axle which it Sura 
rounds, shafts disposed on opposite sides of said 
quil and driven thereby in a direction opposite 
to that of the axles, said shafts being rotatably 
mounted in the locomotive frame and Supported 
thereby, a plurality of balancing Weights of pre 
determined magnitude and phase position rotated 
by said shafts at the same angular velocity as the 
driving wheels to counterbalance the reciprocate 
ing forces of the locomotive, and additional bal 
ancing weights of predetermined magnitude sea 
cured to said wheels and cooperating with said 
first-named weights in counterbalancing the rea 
ciprocating forces. 

BERNARD F. LANGER. 
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