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THE PENNSYLVANIA RAILROAD SYSTEM 

INFORMATION 
FOR EMPLOYES AND THE PUBLIC 

Broad Street Station 
PHILADBLPHIA. PA. February 20, 1915 

Pennsylvania Station 
PIILTSBURGH. PA. 

The Story of a $50,000 Experiment 
That Proved Worth While 

FOUND-AN AIR BRAKE THAT WILL STOP THIS TRAIN IN ITS OWN LENGTH 

Wouldn’t you be interested today if while riding in a railroad 
train you were told that it had just been fitted out with a newly in- 
vented air brake that was the last word in devices for the safety and 
comfort of passengers ? 

Would it not add to your confidence to know that this brake 
could stop the heaviest train-say one of 12 steel cars-in two-thirds 
the distance any other brake could ? 
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Such an air brake has been adopted by the Pennsylvania Railroad 
for its passenger trains. It will be put on all new equipment as 
rapidly as available funds will permit. This is a story of that new 
brake, and how it was tested. 

0 t + + 

The operation and management of a 
railroad demands skill of the highest order. 
No branch of applied science is more 
complicated. 

To place on two rails thousands of 
ponderous engines on wheels, to have them 
plunge at high speed day and night, pulling 
heavy vehicles filled with passengers and 
freight; to have them all work and work 
safely and efficiently, requires forethought, 
infinite preparation, exhaustive attention 
to scientific detail. 

The perfecting of the new air brake by 
the Pennsylvania Railroad marks a tremen- 
dous advance in this art. The steps leading 
up to that advance illustrate the refinements 
and the extraordinary character of thescientific 
experiments which must be made to achieve 
an important result in this highly compli- 
cated business. 

Y t + t 

If an engine could not be stopped .at will, 
few trains would ever start. 

The beginning and the end of steam rail- 
roading, therefore, are in the piston and the 
brake-the locomotive couldn’t start without 
the piston; it could not stop at will without 
the brake. 

The air brake made high-speed railroading 
safe, and therefore possible. 

* * * * 

The New Problem 
For several years past officers of the Penn- 

sylvania Railroad have been disturbed by the 
difficulties of stopping passenger trains quickly 
and without jar. The new all-steel cars, 
each weighing 120,000 pounds, developed 
an entirely novel problem. Brakes that 
stopped a train of wooden cars running at 
60 miles per hour in 1000 feet would not 

stop a steel train of equal length in less than 
1600 feet. 

The enormous mass of passenger trains 
must be stopped many times on each run, 
and often, when confronted by a stop or sig- 
nal or a train ahead, a matter of a few feet 
in their stopping distance is of very real im- 
portance. The air brake had itself made 
high-speed trains safe. It would not be 
feasible to run a train fast if in an emergency 
it could not be stopped quickly. 

But the increase in the weight and length 
of cars had resulted in taxing the present 
standard brake to its capacity, leaving no 
margin for future development. It was 
found to be of great importance that the 
stopping distance in emergency should be 
shortened, that the shocks and surges in the 
train be eliminated, and that a more respon- 
sive release action be obtained after a service 
application of the brake. It is believed that 
these modern problems have now been 
solved by the development of an entirely 
novel electrically actuated air brake. 

* * * * 

Pennsylvania First to Use 
Air Brakes 

The Pennsylvania Railroad was itself the 
first railroad to use the Westinghouse air 
brake. Regarding the development of this 
new brake as a most important advance in 
the art of railroading, that Company will 
now equip all new passenger cars with the 
new device. Cars now in service will be 
equipped as rapidly as opportunity and avail- 
able funds will permit. 

The new brake reduces by 600 feet the 
distance in which a IZ-car steel train going 
60 miles an hour can be brought to a com- 
plete standstill-without jolting passengers. 
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Contemplate the power and effectiveness 
of a device that will stop a train composed 
of 2,000,OOO pounds of steel in 1000 feet- 
practically its own length-and stop it gently. 

The perfection and adoption of this device 

followed a series of experiments probably 

the most thorough and far-reaching ever 
undertaken by any railroad. For three months 
the experiments took the entire time of 45 
experts, who, during several runs each day, 

made in great detail observations of the per- 

These tests are of great scientific impor- 
tance in the art of railroading. They could 
not have been made except by a company 
with large resources. 

Though these tests are made by the 
Pennsylvania Railroad and the Westing- 
house Air Brake Company, the results have 
been made available without charge to the 
railroad managements of the world. 

The &s*t ii,* Tests 
The Westinghouse-Galton brake trials on 

the London, Brighton and South Coast Rail- 

ONE OF THE INSTRUMENTS USED IN THE BRAKE TESTS 

This is the type of complicated device which automatically and simultaneously recorded the brake cylinder 
pree.sure. the time necessary to bring a train to a stop. the distance required. and the speed at each stage of the 
slowing up of the train. 

formance of the action of both the old and 
the new air brake on a train of 12 steel cars. 

Some $50,000 were expended in making 
these important experiments. 

The trials covered three months. A total 
of 691 stops were made from varying speeds 
-up to 80 miles an hour-and with a test 
force of 45 observers, 160 separate records 
of data were made for each stop. The com- 
pilation of the reportsof these experiments 
fills a volume of 401 pages. 

* * * * 

way, in England, during 1878, constituted the 
first scientific investigations of the action of 

brake shoes in retarding the motion of railway 

vehicles. They have occupied a unique posi- 

tion in the railway art. as the classical and, 

in fact, the only source of information regard- 

ing the characteristics of brake shoe friction 

under certain typical road service conditions. 

But the conditions under which those ex- 

periments were conducted represented an 

early state of the art, when much lighter 
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BRAKE PRESSURE INDICATOR 

One of these was used on each car employed in 
these tests to make an auto ra h record of the 
pressure of air in the brake cy m en. FB 

cars, simpler mechanism and lower braking 
pressures were used than has been common 
practice in this country for many years. In 
consequence of this, although the results of 
those experiments remain conclusive and 

fundamental as to the general principles in- 

volved, they are far removed, in degree, from 

modern railroad train operating conditions. 

To develop every possible phase of the 
modern braking problem, it was considered 
necessary to go into the question with the 
utmost thoroughness and detail. Apparatus 
was devised and used to obtain the condition 
of the rail under all conditions of weather, 
the speed of the train before the brakes were 
applied, the pressure exerted by brake shoes 
against the wheels, the time required to ob- 
tain and the variation in air pressure during 
a brake application, the relative motion be- 
tween cars and extent of this action with 
various types of apparatus. In addition to 
these observations, special apparatus was 
used to determine the amount of wheel slid- 
ing which occurred during brake applications. 

What the Air Brake 
Must Provide 

The air brake mechanism presents a 
difficult study for the layman, but when the 
description of it is robbed of its highly tech- 
nical phrases it appears fairly simple. In 
present day railroad service a brake, to insure 
safety and comfort, must provide the greatest 
amount of stopping power at all times, the 
greatest protection against accidents to the 
device itself in ordinary cases and in times 
of emergency, and it must insure absolute 
certainty of response to the engineer’s con- 
trol, and that most important factor-uniform 
and simultaneous action of all the brakes in 
the train to secure smoothness in stopping. 

The evolution of the air brake prior to the 
development of the steel car had kept pace 
with other improvements in railroad science. 
In 1887 the old trains of wooden cars weigh- 
ing 60,000 pounds each could be stopped 
with the air brakes then in use in a distance 
of 1390 feet. The improvements of the 
air brake in 1894 with the invention of the 
so-called high-speed system, such as is now 
in general use, made it possible to stop the 
same train in something over 1000 feet. 

+ * * * 

Various improvements - usually in the 
workings of some intricate actuating valve- 
had been made in the air brake mechanism 
since 1888, when the quick-action valve was 
invented. In some cases two separate air 
brake equipments had been placed on steel 
cars, but this only tended to shorten the 
distance in which a train could be stopped, 
and did not do away with the occasional 
shocks and surges in a train, which seemed 
inseparable from the operation of the present 
day pneumatic air brake. 

What the Air Brake Is 
The air brake apparatus controls a flow of 

compressed air through the train and to and 
from the brake cylinders on each car. A sys- 
tem of levers transmits the force exerted 
by the compressed air to the brake shoes- 
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that part of the brake which comes in con- 
tact with the wheel. As a rule, there is one 

shoe to a wheel. As the controlling force of 
the brake is air and the control itself is given 

from the engine, brakes on the first car apply 

first, on the second car next, and so on to 

the rear of the train as the flow of air travels 

from car to car. About eight seconds elapse 

from the time the brake application is started 
by the engineman until full braking force is 
obtained on the last car of a 12-car train. 
This serial action results in surges and shocks 
throughout the train during brake applica- 
tions, the shocks increasing in severity as 
the train length is increased. 

How the New Brake Differs 
from the Old 

The new brake differs from the old mainly 

in that the control of the compressed 
air is electric, with the result that the 
brakes are applied at the same instant on all 
cars; the full braking power of the train is 
exerted in two seconds after the engineer 

turns his lever. With the brakes in use 
today it is impossible to make a full emer- 
gency application of the brakes immediately 
after an ordinary application has been made. 
With the new mechanism the emergency and 

theregularbrakefeaturesareentirelyseparated, 
so that the emergency brake can be applied 
with full force at any time. By attaining 
almost instantaneously the maximum brak- 
ing force, the distance in which an emer- 
gency stop can be made is cut down con- 
siderably as compared to stops made with 
ordinary pneumatic brakes. 

To find out just how the new brake would 

work, as compared with the old and under 
similar conditions, unusual preparations were 
made. A train of 12 Pennsylvania Railroad 

standard steel passenger cars and one of its 
large high-speed locomotives weighs some- 
thing over 1000 tons. When running at a 
speed of 60 miles an hour it is moving with 
a force equal to that in a charge of dynamite 
powerful enough to blow the whole train 
120 feet in the air. It exerts as much force 

as a ton weight would have when falling 21 
miles. It was just such a train that was 
used for these tests. 

Where the Tests Were Made 
The train was equipped with both the 

new and the old brake systems, so that a 
complete change could be made from one to 
the other quickly. The tests were made on 

a portion of the south-bound track of the 
Atlantic City Division of the West Jersey 
and Seashore Railroad near Absecon Siation, 
probably as fast a piece of roadbed as there 
is on the lines of the Pennsylvania Railroad, 
if not in the world. 

While the track over which the actual 
tests were made was level, the approach for 
some twenty-five miles was slightly down- 
grade. The conditions were propitious for 
a train attaining very high speed. The 
point chosen for applying the brakes was 
less than ten miles from Atlantic City. 

The track was harnessed in various ways 
with electrical measuring contrivances for a 
distance of more than a mile. Wires ran 
from these electrical devices to a cabin near 

t- 

A WHEEL SLIDING INDICATOR 

In order to determine the efficiency of an air 
brake. it was necessary to find out how much the 
wheels of cars slide on the rails. One of these in- 
struments was utilized oneach of thecarsemployed 
in these tests. 
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At the end of the year 1903, eleven years ago, 214,029 freight cars were 
owned by the Pennsylvania Railroad System. Air brakes were on 171,839 
of them-80 per cent. 

At the end of 1914 there were 282,000 cars. Air brakes were on all of them. 

the point where the brakes were first applied 
to the train on each test. This cabin con- 
tained a clock and chronograph-a machine 
which recorded the speed of the train before 
and during the stops. 

Telephones connected this cabin with 
two others, one 1200 feet and the other 
3600 feet from the point at which the brakes 
were applied automatically-the “ zero cir- 
cuit breaker,” as the experts termed it. 

The Complicated Apparatus Used 
Wet and dry bulb thermometers-hygrom- 

eters they called them-recorded the atmos- 
pheric temperature and the relative humidity. 

A delicate piece of mechanism on each 
car furnished an autographic record of the 
revolutions of the axles in coming to a stop, 
and by this record it could be observed if 
there was any wheel sliding, and if so, the 
distance of sliding exactly determined. 

A chronograph on the sixth car in the train 
made another record of the distance of the 
stop, the time it took, the rate at which the 
train slowed up and the air pressure secured. 
An exact record was also made of the 
time during application at which sparks 
coming from the brake shoe were noticeable. 

Telephones were located in the first, 
third, sixth, ninth and twelfth cars, in order 
that observers in each car might communi- 
cate with one another and call attention to 
peculiar indications. 

Especially designed devices were used 
to measure the pressure delivered to the 
brake shoes during some of the tests, the 
object being to determine the efficiency of 
the brake rigging. 

Other instruments recorded any move- 
ment or slack action between the cars. 
These were located between the first and 

second, sixth and seventh, and the eleventh 
and twelfth cars. 

Making the Tests 
As these tests were made on a track in 

daily use, care was exercised to cause no 
delay to passenger trains. In order to run 
the maximum number of experiments each 
day, a program was prepared on the day 
previous in accordance with the schedule 
of regular trains. 

When making a test the engineer always 
endeavored to have the train running at a 
speed slightly above that desired just be- 
fore entering the measured track. When 
the train was within a given distance of 
this stretch of track a man located in the 
first car gave a signal to all of the observers 
on the train, so that they might have all 
instruments ready to perform their respec- 
tive functions. 

The throttle of the engine was closed 
just before the train reached the place 
where the brakes were applied automati- 
cally by a tripping device. At this instant 
the brake valve handle-the device with 
which the engineer controls his brakes- 
in the engine was moved to the emergency 
position for all emergency stops, and to 
the closed or “lap ” position for all ordi- 
nary applications of the brake. 

When it was desired to stop the engine 
and the cars separately-these were called 
break-away tests-the above method was 
followed, except that steam was applied to 
the locomotive just as soon as the coupling 
was broken between the locomotive and 
the cars; this was done to get the loco- 
motive away from the rest of the train and 
permit the cars to stop without any inter- 
ference on the part of the locomotive. 
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Some of the Results 

The descriptions and analyses of the detail 
tabulations and diagrams made by the 
experts in charge of the test train and 
locomotives are very technical. Certain 
results arrived at, however, are of more 
than ordinary interest. 

The shortest emergency stop of a single 
car, no locomotive attached, running at 
60 miles per hour, was made in 725 feet. 
The retarding force exerted by the brakes 
in this case was 332 pounds per ton, which 
is equal to that which would be encountered 
on a grade so steep that one end of a pas- 
senger car would be 13.3 feet higher than 
the other end. This stop in 725 feet by 
a car running at 60 miles per hour estab- 
lished a new record for stopping a railroad 
car, and the record was made by the 
modern heavy steel passenger car. The 
shortest stop of a single car from a speed 
of 80 miles per hour was made in 1422 

feet. 

The shortest stop of a locomotive and its 
train of 12 cars from a speed of 60 miles 
per hour was made in 1021 feet. 

The shortest stop of a locomotive and 
train of 12 cars from a speed of 80 miles 

per hour was made in 2197 feet. 

Of very great value were the observa- 
tions made during the air brake tests of 
the performance of brake shoes and brake 
rigging. The result has been that a more 

efficient form of rigging has been developed 
and a new basis for designing brake shoes 

and rigging has been formed. Shoes and 
rigging of the various designs are now 

being made the subject of exhaustive labo- 
ratory tests. 

It seems a natural assumption that a shock 
would result from the application of emer- 
gency brakes to a train traveling at 60 miles 
an hour. But this is not true. 

The tests show that the higher the speed 
of the train the less noticeable is the applica- 
tion of the brakes. The controlling factor 
proved to be the serial application of brakes 

such as prevails with the modern air 
brake equipment; yet with the electro-pneu- 
matic brake, insuring instantaneous appli- 
cation of all brakes on the train, there 
was no shock at any speed, except a very 
slight one in the first few cars on account of 
the low braking power of the locomotive. 

Air Brake*&&t*ed in 1869 
In the beginning of railroads the necessity 

for brakes was obvious, and in 1833 Robert 
Stephenson patented a steam brake for the 
driving wheels of the locomotive. That 
same brake, with compressed air substituted 
for steam, is in principle the Westinghouse 
device of today, but Westinghouse made air 
do the work of steam. 

Mr. George Westinghouse invented the 
air brake in 1869. It received its trial on a 
Panhandle train, but not before the inventor 
had pledged himself responsible for any 
damage done to equipment. Four cars and 
an engine were fitted with the device, and the 
train ran from Pittsburgh to Steubenville, 
Ohio. 

That one trip demonstrated that the air 
brake was a fact. 

* * * * 

Now all cars, both freight and passenger, 
are equipped with air brakes. The new 
brake will add wonderfully to both safety and 
comfort. It will require a very large ex- 
penditure of money, however, before all cars 
can be equipped with the new device. 

* * * * 

What the Air Brake Means 
What does the air brake mean, aside from 

Safety ? Probably no better answer to this 
can be made than the following, contributed 
recently to the Scientific American by A. L. 
Humphrey, Vice-President of the Westing- 
house Air Brake Company : 

“To the railway manager racking his 
brain for ways to curtail controllable ex- 
pense in order to meet other expense 
which is beyond control, the air brake 
has been and is one of the most effective 
of economizers. Think what it does. 
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The train running at speed can be quickly 
stopped. What follows ? That you dare 
run it at speed ! And how does speed 
effect economy’? By increasing the revenue 
which can be earned in a day by the crew ; 
by the locomotive, which can haul alonger 
and heavier train ; by the car, which will 
hold more tons; by the trackage, which 
can accommodate more trains a day ; by 
the traffic solicitor. who can bring more 
fre$ht and passengers if service is quicker. 

It is not alone that longer and heavier 
trains and more of them can be operated 
at speed, because the air brake will stop 
them when there is danger. Countless 
station stops, slow-downs and applications 
while descending grades are made to one 
emergency stop. The time saved in such 
routine operations and the larger use of 
plant, especially at junctions and termi- 
nals, due to quick stopping, without 
damage to cars or cargo, is one of the 
most important results accomplished in 
the whole brilliant history of organized 
railway endeavor for economical and 
efficient operation.” 

reached by specially equipped instruction 
cars. Both the rooms and cars are equipped 
with all modern brake appliances and, 
in fact, represent a complete train. The 
teaching is just as practical as if given on 
an actual train. 

Proof that the teaching has clearly im- 
pressed upon every man what he ought to 
know about air brakes is required in the 
form of searching examinations. 

IT IS SOLELY TO INSURE THE 
SAFETY OF THE COMPANY’S EM- 
PLOYES AND THE TRAVELING PUB- 
LIC THAT THE RAILROAD INSISTS 
UPON RIGID EXAMINATIONS OF ALL 
EMPLOYES ATREGULARINTERVALS. 

Firemen are required to pass an examination 
at the end of the first, second and third years 
after employment, and again when promoted 
to Enginemen, if the promotion does not 
come within three years after employment. 
Enginemen are examined after three years, 
or even oftener if necessary, because of the 
installation of new equipment. 

* * * * 

Having helped in the development of 
what seems the best, surest and safest 
air brake in the world, the Pennsylvania 
is sparing neither effort nor money to make 
certain that the brakes it uses will be 
operated with equal skill. 

Education of trainmen in the construc- 
tion and use of air brakes is most thorough 
and persistent. Large sums are expended 
for this purpose every year ; the Company 
has never kept a record of the exact time 
paid for to instruct its men. At every 
large terminal instruction rooms are main- 
tained and the men “ out on the line ” are 

Trainmen are examined at the end of the 
first and second years that they work for the 
Railroad and every three years thereafter. 

Because the Company does insist uoon 
these thorounh examinations. emoloves in 
train service and passengers have the 
assurance that those handling the brakes of 
the trains on which they ride are experts. 

* * * * 

The Pennsylvania Lines East of Pittsburgh 
have $7,600,000 invested in air brakes. The 
Pennsylvania Lines West of Pittsburgh have 
$7,500,000 similarly invested. The total for 
the Pennsylvania System is thus $15,100,000. 
The air brake equipment on a locomotive 
averages in cost about $325; on a passenger 
car, $220; and on a freight car, $36. 
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